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Abstract 

Dry season vegetable farming is an important economic activity that generates incomes and sustains 
food security for smallholders in Tabora Region in western Tanzania. Dry season vegetable growing is 
an adaptation to climate change challenge among smallholder farmers. The problems of water 
management and low water use efficiency in tomato (Lycopersicon esculentum L.) and green maize (Zea 
mays L.) growing during the dry season are addressed in this paper. Methodologies used include; on-
farm assessment of maize/tomato watering schedules through a farmer participatory approach. Soil 
temperature measurements using WEKSLER (USA) soil thermometers were recorded after maize/ 
tomato watering after 12, 24, 48, and 72 hours. Results show that in tomato plants soil temperature was 
maintained at 180C with watering after 12 hours and the soil temperature increased to 27.90C with the 
watering after 72 hours. In maize fields soil temperature was maintained at 220C after 12 hours of 
watering and increased to 27.90C after 72 hours of irrigation. Soil temperatures for non-irrigated soil 
ranged between 23.3-33.90C between May and September.  Dry season vegetable growing is not 
supported by water use efficient methods and effective agricultural extension. Dissemination of water 
use efficient technologies in dry season vegetable growing is urgently needed to help farmers adapt to 
climate change challenges.  
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Introduction 

Dry season vegetable growing is an important economic activity to farmers in some sub-Saharan Africa. 
It provides income and improves food security in Ghana (Nakuja et al., 2012); Nigeria (Ojo et al., 2011); 
Uganda (Ssekabembe et al., 2003) and Tanzania (Nonga et al., 2011). Dry season vegetable growing is 
highly profitable to farmers (Tsoho and Salau, 2012).Constraints to dry season vegetable growing 
among other things include water shortage and high incidences of pests and diseases as observed in 
Nigeria (Tsoho and Salau, 2012). Water shortage in irrigation projects has been cited as a major 
constraint to dry season vegetable farming (Ojo et al ,2011; Tsoho and Salau, 2012; Ikilulu, 2006). Dry 
season farming is even more constrained by access to water in areas where farmers depend on 
underground water and small hand-dug reservoirs in semi-arid and arid environments as observed in 
Ghana (IKilulu, 2006). Maize is also grown in dry season agriculture because of its economic 
importance as observed in Nigeria (Ayotamuno et al., 2000). Water utilization efficiency under farmers’ 
management conditions is sometimes low because of lack of scientific based irrigation schedules which 
results into over or under irrigating crops (Ojo et al., 2012).Irrigating soil does not only supply water to 
crop root but under semi-arid and arid conditions, water regulates soil temperatures. Farmers manage 
soil heat balance by drainage, mulching, and adding organic fertilizers into the soil. Microclimate 
regulation has a significant ramification on the physiological performance of the plant (Rosenberg et al., 
1983). The dark soils absorb more energy and become warmer while the bright soil reflected the energy 
and remain cold. High soil temperatures under optimum rain fall and soil moisture increase crop 
biomass production as observed on maize and cucumber crops in Nigeria (Makinde et al., 2009). Soil 
temperature is among major hydrothermal parameters that influence the phonological events in the 
maize crop (Wielgolaski, 2001). Soil temperature variation among different soil layers exerts a major 
impact on water flow and transmission within the soil (Prunt and Bell, 2005). Soil moisture creates 
microclimatic conditions that influence soil microorganisms such as are particularly nematode 
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community structure (Hoschitz and Kaufamann, 2004). It has been found that the thickness of water 
films rather than gravimetric soil water content influence nematode activities, feeding and population 
growth (Yeates et al., 2002; Strong et al., 2004). The study by (Bakonyi et al., 2007) show that soil 
temperature regulates nematode activities in soil. Dry season vegetable production is considered as an 
adaptation of farmers towards reducing the negative effects of climate change to farmers’ incomes and 
their food security (Nakuja et al., 2012). Climate change challenge to smallholder farmers in Tanzania is 
increasing poverty rural communities (Mongi et al., 2010). Vegetable growing during the dry season is 
an adaptation to climate change practiced by smallholder farmers. However, farmers’ efforts to grow 
vegetables during the dry season have not been supported by appropriate water use efficient 
technologies and agricultural extension capacity building knowledge.  This paper addresses the 
problems of water use in growing green maize (Zea mays L.) and tomato (Lycopersicon esculentum L.) 
among smallholder farmers during the dry season in Tabora region, western Tanzania. Climate change 
adaptation strategies should include dissemination of technologies for increasing water use efficiency 
among smallholder farmers in Tanzania.  

Methodology 

Study area 

The study area was carried out at Tumbi-Mapula, (S 05004’08.4’’; E 0320 41’49.7’’ Elevation 1163m. in 
Tabora region, Tanzania. The study was conducted for the period of April-September 2011-2012. The 
dominant soils in the study area are Greyic Arenosols with hardpan (cemented sandy) between 86 – 150 
cm. Farmers use buckets to collect water and irrigate crops from hand dug shallow wells. Water is 
physically carried by hands between 2 to 30 meters from water wells to vegetable fields. Termite 
mounds are often flattened and mixed with sandy soils to improve soil fertility and water retention in 
vegetable growing fields. Termite mound soils are highly valued by vegetable growing farmers. Small 
field plots are used by smallholder farmers. The size of each individual field depends on the amount of 
water available for irrigating crops. The dry season is characterized by significant diurnal temperature 
differences, high evaporation rates, low atmospheric humidity and high maximum temperatures 
(Figure1). Soil minimum temperatures range from 22.40C to 27.20C, while the soil maximum 
temperatures range from 31.10C to 38.30C.Soil temperatures reach maximum peak in August and 
September. 

 

Figure 1: Dry season weather characteristics of Tabora region  

Tomato agronomy 

The tomato variety “Tanya Mkulima” is the most popular among tomato growers. Tomatoes are 
planted in rows at the spacing of 50 x 30 cm with two plants per hill. Tomato is grown on raised beds; 
water concentrating micro-beds are dug carefully between plant rows and between plants to conserve 
water and to ensure water supplies to tomato roots. The tomato variety, “Tanya Mkulima” is most 
favored because of its culinary qualities and long shelf life. Farmers use NPK (10:18:24) as a basal 
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fertilizer for both tomato and maize growing. Calcium ammonium nitrate is used for top dressing for 
both crops. Watering of crops is influenced by availability of in open shallow wells. Field observations 
indicate that farmers irrigate tomato and maize after 24 h. However, as the dry season advances water 
reserves decline in open shallow wells and the crop watering regime changes to 48 h. At the peak of the 
dry season crops are watered often after 72 h. At the onset of the dry season 10 litres of water is used to 
water 14-16 tomato/maize plants. 

During the peak of the dry season, in the month of September 10 liters of water are used to water 
between 4 - 8 tomato plants. Field observations show that a single tomato plant receives between 714-
1250ml per plant per day or two days. Water conservation methods including mulching are seldom 
practiced by farmers. Lack of water conservation technologies increase the negative effects of elevated 
air temperatures to plant growth and have influence on increasing soil temperatures.  

Maize agronomy 

The maize variety “DK” ex Monsanto is the most the popular among farmers in the dry season. Maize 
was planted as the spacing of 0.75 x 0.25 m with two plants per hill. Some farmers planted maize at the 
spacing of 0.30 x 0.75 m with one plant per hill.  Maize was grown on flat cultivated fields or on 
moderately raised beds. Watering was concentrated in micro-catchments dug carefully between plant 
rows and between plants to conserve water and to ensure water supplies to maize roots. Farmers use 
NPK (10:18:24) and organic manures such as bat, cattle and goat manures and by-products of local 
maize brew for basal application. Top dressing fertilization was carried out using Calcium ammonium 
nitrate at the rate of 5-10 g per hill.  Insect pests especially the American boll worms (Heliothis armigera) 
were controlled by the insecticide PROFECRON 720 EC. Field observations further indicated that 
farmers irrigate maize after every 48 h day. However, as the dry season advanced increased 
evaporation caused decline of water in open shallow wells subsequently the crop was watered after 72 
h. Drying of water in open shallow wells caused farmers to abandon pre-mature maize plants and the 
little water was used for supporting flowering tomato plants.  

Soil temperature measurements 

Soil temperature was measured using the soil insalled thermometers; WESLER made in USA.Three soil 
thermometers were installed in a plot at (0-5 cm)  soil depth, six readings were recorded in an area of 
200 m2 the soil thermometers were installed randomly between plant hills. Soil temperatures were 
recorded at least  two hours after watering crops. The mean soil temperature of the field was the mean 
temperature for the three thermometers in 18 locations in the field. The thermometer were installed 
very close to the roots of the plant.The temperature of unirrigated adjacent soil was also measured and 
designated as soil temperature (0 h). Other soil temperature readings were carried out 12, 24, 48 and 72 
h after farmers have irrigated their respective fields. This study addressed problems of water 
management and water use  in  smallholder vegetable growers’ fields and their impact to soil 
temperatures under elevated dry season air temperatures in western Tanzania. Dry season vegetable 
growing was poorly supported by agricultural extension staff. Farmers have no access to technologies 
for increasing water use efficiency in dry season vegetable growing.  
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Figure 2: Soil temperatures and irrigation schedules in the maize field 

 

Figure 3: Soil  temperatures and farmers watering schedules in the tomato field  

 

Disscussion 

Water scarcity is a limitation to dry season vegetable growing in Tabora region in western Tanzania 
because of the long dry season (Figure1). The dry season is characterized by high evaporation low 
atmosheric humidity and raised soil temperatures. Farmers’ watering schedules are a day and two days 
for tomato and maize plants respectively. The watering regimes are determined by the economic value 
of the crop and available water resources access to farmers. Open shallow water wells are owned 
individually and each farmer can produce or use water according to water discharge in his wells. 
Farmers have no support of agricultural extension in dry season vegetable production consequently 
they lack water use efficient methods and water conservation practices for optimizing production. The 
tomato crop is a high valued crop  therefore  it is given a high priolity in  water resource allocation in 
dry season agriculture. Tomato plants were irrigated at least after every 12 hours when water is readily 
available. But, maize plants are irrigigated after 48 hrs when water is readily available in open shallow 
wells. However,  as the dry season advances with increased evaporation  maize was irrigated after 72 
hours (Figure2). and often was abandoned pre-maturely. Field observations show that soil 
temperatures in tomato fields were maintained below 270C when the crop was watered between  12-24 
hours. Water appication in the soil lowers the soil temperatures as observed in other studies (Randas 
and David, 1934; Cherkasov, 1952; Lin Yi et al., 2011.).  Randas and David (1934) and  Cherkasov (1952) 
studied the relation of irrigation under uniformly application of irrigation water. In this study water 
application was valiable  because farmers were using buckets to irrigate crops. Randas and Davis (1934) 
show that soil temperature remains low in irrigated fields after 4 days of water application.  But, in the 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

5 

tropical environment in the Miombo woodland ecosystem in western Tanzania high evaporation and 
air temperatures have a strong influence on soil temperatures. Extending the watering period of  
tomato plants beyond 24 hrs resulted into soil temperature  raise close to that of the non- irrigated soil 
with negative effects to the growth of tomato plants (Garwood,1968). Local irrigation schedules as 
practiced by farmers for the maize crop is shown in (Figure2). According to the soil temperatures 
recorded in maize, it is evident that maize irrigation should not go beyond 48 hours since after that time 
the soil temperatures begin to raise sharply close to that of non-irrigated soil. It is evident from this 
study that farmers are lacking water use efficient methods and water conservation practices to optimize 
dry season vegetable production. Water use efficient methods should be integrated in climate change 
adaptation strategies among vegetable growing smallholder farmers.  
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