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ABSTRACT 

 

Rice is the most important crop in the world and there is a need to produce more rice to 

sustain the livelihood of majority of the world’s population. It is estimated that rice is eaten 

by more than half of the world’s population. In Tanzania rice is consumed by 60% of the 

population, hence it is one of the most important food crops. Over the past decade, the world 

has witnessed a growing scarcity in and competition for water. As the demand for water for 

domestic, municipal, industrial, and environmental purposes rises in the future, less water will 

be available for agriculture. In this situation rice farming will be most affected because it is 

the major user of water comparing with other crops. Since the potentials for expanding 

irrigated area are limited, there is a need to find ways to increase the productivity of water 

used for irrigation purposes. 

 

The aim of this document is to find the potentials of improving irrigation efficiency by 

minimizing water losses in order to increase the productivity of water in rice-based systems in 

Zanzibar. The productivity of rice in Tanzania and Zanzibar in particular is very low due to 

traditional method of farming. Much of the water directed to irrigate rice is lost due to poor 

water management practices and water productivity (irrigation + rainfall) is in the range of 0.1 

to 0.28kg/m3 while water use efficiency ranges from 12% to 46%. This is low comparing to 

world rice water productivity which ranges from 0.15kg/m3 to 0.60kg/m3. There is a need for 

farmers to change their practices and reduce losses so that water can be used efficiently. The 

efficient use of water will help downstream farmers to get more water for their crops and 

water productivity will be increased. There are several methods which save water and 

increase productivity. They include minimizing water losses by only applying the proper 

amount of water to the plant; reduce losses during field preparation and to reduce percolation 

and evaporation water. Also water saving techniques such as alternate wetting and drying, 

saturated soil culture and aerobic rice farming are very effective.  Besides water saving 

techniques there is also a need to improve the fertility of the soil used for rice production.  

 

In reaching the above aim the specific objectives are to analyse and quantify the extent and 

severity of water scarcity in irrigated rice in Zanzibar, evaluate the irrigation stakeholders’ 

strategies to cope with water scarcity, analyse the factors affecting water management 
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practices in irrigated rice, quantify water productivity in irrigated rice with a view to 

improvement, and to assess the effects of fertility management in irrigated rice. The major 

expected outcome for this project is to provide strategies to rice farmers which will help them 

to increase productivity and hence to improve on their food security and livelihoods
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1. INTRODUCTION 

 

The agricultural sector is the main user of water and presently more than 70% of the available 

fresh water in the world is used by this sector (Jianxin et al., 2008). Irrigated agriculture 

occupies only about 20% of the total cropped area in the world but 60% of grain (Ahmad et 

al., 2008). Irrigation has increased food security in the world but there is a need to produce 

more food to feed the growing population (Ahmad et al., 2008). Irrigation also has some 

negative environmental effects. Poor management of irrigation has caused one-third of 

irrigated lands in the world to reduced productivity due to water logging and salinity (FAO, 

1998). Sustainability of irrigated agriculture is being threatened by increasing water scarcity, 

and hence food security and the livelihoods of rice producers and consumers. Also, increasing 

demand of water from other sectors has further increased the problem of competition of 

scarce water resources. Due to these factors it means that water available for agriculture and 

for rice in particular will be less. Already water scarcity is a major problem in some areas, and 

a serious limit to agricultural development. Farmers are now forced by this situation to grow 

more ‘‘crop per drop’’. Hence, every efforts must be done to find means of growing more rice 

using less water; to achieve this, suitable and effective irrigation technologies are needed 

(Khan et al., 2006). 

 

The agricultural sector is very important to the Tanzanian economy. About 80% of the 

population live in rural areas and they depend on agriculture for their livelihood. The majority 

of them are small scale farmers with average land holdings of 1.2 ha per household whose 

production is very low. These small scale farmers depend on rainfall for their farming 

activities. Due to changes in rainfall patterns they experience crop yield reduction more often 

due to poor rainfall distributions. Rainfall is generally characterised to be short and is not 

reliable, hence hindering crop production (SWMRG, 2005). The shortage of rainfall has 

caused water scarcity problems and there is a big challenge of whether the available water 

should be used for agricultural purposes, domestic consumption or for other economic 

activities (Machibya et al., 2003). Due to this challenge there is a need of using water wisely 

in agriculture and to ensure that every drop of water directed to agriculture is used by the crop 

efficiently and productively.  
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This document focuses on strategies to improve irrigation efficiency in paddy fields for the 

purpose of saving water and increasing water productivity. The document consists of 7 

chapters. Chapter 1 is a general introduction, while Chapter 2 deals with rice and water and 

discusses global rice water use, rice environments, irrigated rice production water 

productivity and water scarcity. The performance of an irrigation system is very important to 

ensure that maximum benefit is obtained. This is explained in Chapter 3 to get insights on the 

present performance of irrigation systems. Not all water going to irrigation fields is used by 

the plant, some of it is lost. The irrigation farming is expanding and more water is needed for 

farming and other development activities. Presently, irrigation agriculture is the main 

consumer of global fresh water resources hence there is need to minimize water use in 

irrigation farming. The management options which will lead to minimize water losses in rice 

irrigation fields and reduce water use in rice irrigation are addressed in Chapter 4. Chapter 5 

consists of a conclusion and recommendations while Chapter 6 deals with the project proposal 

to improve irrigation efficiency and water productivity in paddy rice.  
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2. RICE AND WATER 

 

Water is essential to rice cultivation. Adequate water supply is one of the most important 

factors in rice production. The rice crop either suffers from too little or too much water. 

 

2.1 Global Rice Water Use 

 

There are no actual available data on the amount of water used by all irrigated rice fields in 

the world. The amount of fresh water withdrawals in the world are estimated at 3,600 km3 

annually and about 70% of this water is used to irrigate crops (Falkenmark and Rockström, 

2004). The irrigation water supplied to one hectare of rice is up to 2–3 times more than other 

irrigated crops. The available estimates suggest that 34–43% of the total water used for 

irrigating crops in the world is used to irrigate rice. Due to these estimates, rice fields use 24–

30% of the total world’s developed freshwater withdrawals (Bouman et al., 2007). 

 

2.2 Rice Environments 

 

Unlike other crops, rice has the ability to grow in various environments and is also productive 

in situations where other crops cannot survive. Huke and Huke (1997) and Maclean et al 

(2002) classified the environments in which rice is grown depending on their hydrological 

characteristics. Therefore, rice can be classified as irrigated lowland, rainfed lowland, upland 

and flood prone.  Irrigated lowland rice has enough water supplies in the entire growing 

season. Farmers generally try to maintain ponded water of 5–10 cm in their fields. Rainfed 

lowland rice is grown in fields that are sometimes flooded with rainwater. In lowland rainfed 

rice fields there is no assurance of ponded water since rainfall is the only source of water.  

Flood prone rice is grown in areas where the fields suffer periodically from floods. Deepwater 

rice and floating rice are common types of flood prone rice. Upland rice is grown under 

dryland conditions where the only source of water is rainfall (Bouman et al., 2007). 

 

Maclean et al. (2002) estimated that the area occupied by irrigated lowland rice in the world is 

79 million ha and this area produces ¾ of the total rice harvested in the world. In Tanzania the 
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rice production covers an area of 550,000 ha (MAFC, 2008 as cited by Kibanda, 2008). 

Irrigated lowland occupy only 8% (44,000 ha) of this area (Kibanda, 2008). Due to the 

availability of rainfall in the wet season, irrigated rice is normally grown with supplementary 

irrigation during this period. However, during the dry season rice is grown under full 

irrigation.   In some parts of the country where there is enough water, rice is normally grown 

as a single crop in the field twice a year. In areas where water is limited it is only grown once 

a year (Mwakalila, 2006). According to Maclean et al. (2002), the yields in irrigated rice 

fields are in the range of 3 - 9 t.ha-1 and the average is 5 t.ha-1. 

 

In rainfed rice cultivation, the only source of water for a rice crop is rainfall.  Rainfed lowland 

rice occupies an area of about 54 million ha in the world and 19% of the total world rice 

production comes from this area. Most of the rice production in Tanzania comes from rainfed 

lowland. This rice environment occupies about 72% (396,000 ha) of the total area planted 

with rice in Tanzania (Kibanda, 2008). World rainfed uplands occupy 14 million ha and 

produce 4% of the world rice (Maclean et al., 2002). According to Kibanda (2008) the upland 

rice farming area in Tanzania is 110,000 ha (20%). Upland rice under shifting cultivation is 

very common in Sub-Saharan Africa. This shifting cultivation causes land degradation in the 

form of deforestation, soil erosion, and loss of soil fertility (Duwayri et al., 2000). Rainfed 

rice farming is associated with high risk of crop failure due to uncertainty of rainfall. The 

unpredictability of rainfall causes stress on the crops and also prevent timely and effective 

management operations like land preparation, transplanting, weed control and fertilizer 

application.  Drought also is a problem in rainfed rice farming and some 27 million ha of 

rainfed rice are affected by drought frequently (Huke and Huke, 1997). Average rice yields in 

rainfed farming are 2.3 tons per hectare in the lowlands and 1 ton per hectare in the uplands 

(Bouman et al., 2007). 

 

Rice is also grown in the areas where there is excess water and uncontrolled flooding. This is 

the environment where deep water rice and floating rice are found (Bouman et al., 2007). In 

these environments the areas are normally submerged from 10 days to a few months (Maclean 

et al., 2002). There are 11 million ha of flood-prone rice areas in the world with average 

yields of about 1.5 tons per hectare (Bouman et al., 2007). 

 

In general, the relative importance of the rice environments varies by geographical regions in 

terms of area. In Asia the relative importance follows the above order. In Africa upland rice 
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covers large areas, followed by irrigated rice and with rainfed lowland rice and deep water 

rice of equally importance. In Central and East Africa the proportion of lowland rice is high 

(47%), followed by upland (34%) and irrigated rice (19%). Rice is grown in almost all 

countries in Sub Saharan Africa even though in small areas. Tanzania is the second largest 

producer of rice in East Africa after Madagascar (Dalrymple, 1986). The total area under 

cropped land in Tanzania is 6.3 million hectares and irrigation occupies 381,000 hectares 

(ICID, 2009). 

 

2.3 Irrigated Rice Production  

 

In irrigated rice farming, rice is first raised in a separate seedbed and when the seedlings are 

2–3 weeks old they are transplanted into the rice field. Also, rice can be established by direct 

wet seeding or direct dry seeding in the main field. After crop establishment, the field is 

usually kept continuously flooded which helps control weeds and pests. Normally the field is 

prepared under wet conditions before crop establishment. This wet land preparation involves 

soaking, ploughing, and puddling. The purpose of puddling is to ease transplanting, to reduce 

soil permeability, and to control weeds (Bouman et al., 2007).  

 

Bunded rice fields are very effective in increasing water storage capacity of catchments and 

river basins, lowering the peak flow of rivers, and increasing groundwater flow. Masumoto et 

al. (2004) estimated that 20% of the floodwater in the lower Mekong River Basin (Asia) in 

1999 and 2000 was temporarily stored in upstream rice fields. Groundwater systems are 

recharged by percolation from rice fields, canals, and storage reservoirs. This recharge may 

also provide an alternative way of sharing available water resources among farmers, who can 

use pumps to draw water from shallow aquifers at reasonable cost instead of suffering from 

inequitably shared or poorly managed irrigation systems. Since rice can grow well under 

flooded conditions where continuously percolating water leaches salts from the topsoil, it can 

be used as a desalinization crop. Kirk (2004) argued that, flooding has benefit of minimizing 

soil acidity; improving phosphorus, iron, and zinc availability, and biological nitrogen 

fixation  
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2.3.1 Irrigation Water Use 

 
Rice consumes more water than any other irrigated crop and it requires up to 2–3 times more 

water compared to other crops (Tuong et al., 2005). Bhuiyan (1992) reported that rice 

requires between 700 and 1500 mm of water per growing season. The reported amount 

includes 150-250 mm for preparing the land, 50 mm for growing rice seedlings in the nursery 

and 500-1200 mm to meet evapotranspiration demand and unavoidable seepage and 

percolation. Actually, farmers use higher amounts of water for land preparation compared to 

the above reported values. Mdemu et al. (2004) reported that, in the Usangu plains in 

Tanzania, the water use for land preparation was as high as 644 mm. Normally, in order to 

maintain a wet soil condition in wetland preparation for rice adequate amounts of water is 

applied to saturate the soil. This facilitates ploughing, harrowing, puddling and land levelling, 

and makes the transplanting of rice seedlings easy (Guerra et al., 1998). Land soaking during 

the first (wet) season often involves applying water on dry cracked soils after the fallow 

period. It was reported that 45% of water applied for land soaking in fields with relatively 

permeable subsoils, moved through the cracks and flowed to the surroundings through lateral 

drainage (Tuong et al., 1996). The amount of water that flows out of the field may become 

very high when farmers take long times to complete land preparation. Extended land 

preparation times can be caused by inadequate canal discharge, and by the farmers’ practice 

of soaking the field during seedbed preparation (Guerra et al., 1998). 

 

Usually during the crop growth period larger amounts of water, more than the actual field 

requirement, is applied to the rice field. This results in a high amount of surface runoff, and 

seepage and percolation. Sharma (1989) reported that in this situation seepage and percolation 

accounts for about 50–80% of the total water input to the field. Seepage and percolation rates 

increase as soil texture becomes lighter. For puddled clay soils the values of 1–5 mm.d-1 are 

often reported for percolation rates, but in sandy loam or loamy sand soils it can be as high as 

24–29 mm.d-1 (Khan, 1992).  In traditional irrigated rice, farmers tend to maintain a relatively 

high depth of water in order to control weeds and reduce the frequency of irrigation. This 

increases percolation rates because percolation increases with the increase in the depth of 

standing water (Guerra et al., 1998).  
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2.4 Water Productivity 

 

Water productivity has different meanings to different people, and may differ between groups 

of water users (Ali and Talukder, 2008). Water productivity expresses the relationship 

between output and input or ‘crop per drop’ (Kijne et al., 2003). The term water productivity 

is “defined as the physical mass of production or the economic value of production measured 

against gross inflows, net inflow, depleted water, process depleted water, or available water” 

(Molden and Sakthivadivel, 1999).  Water productivity denotes the amount or value of 

product (in this case, rice grains) over volume or value of water used, in other words, crop per 

drop (Jianxin et al., 2008).  There are large variations in the reported values of water 

productivity of rice (Tuong, 1999). The variations are caused by large differences in rice 

yields and the most commonly reported values are range from 3 to 8 t.ha-1. The variations are 

also caused by the denominator used on computing water productivity (Bouman et al., 2007). 

According to Bouman et al., (2007) water productivity can be defined as any of the following: 

WPT : weight of grains over cumulative weight of water transpired. 

WPET : weight of grains over cumulative weight of water evapotranspired. 

WPI : weight of grains over cumulative weight of water inputs by irrigation. 

WPIR : weight of grains over cumulative weight of water inputs by irrigation and rain. 

WPTOT: weight of grains over cumulative weight of all water inputs by irrigation, rain, and 

capillary rise. 

Bouman and Tuong (2001) and Tuong et al. (2005) argued that the water productivity with 

respect to transpiration (WPT) of modern rice varieties when grown under flooded conditions 

is about 2 g grain kg–1 water transpired. Water productivity with respect to evapotranspiration 

(WPET) is ranging from 0.6 to 1.6 g grain kg–1 of evapotranspired water (Tuong et al., 2005). 

Water productivity of rice with respect to total water input (WPIR) ranges from 0.2 to 1.2 g 

grain kg–1 water (Tuong et al., 2005).  

 

Rice consumes more water than other crops, hence its water productivity is significantly 

lower compared to other crops. Water productivity of rice ranges from 0.15 - 0.60 kgm-3, 

while for other cereals the range is from 0.2 - 2.4 kgm-3. Sub Saharan Africa has the lowest 

water productivity in the world. Water productivity of rice in this region is in the range of 0.1 

- 0.25 kgm-3 (Cai and Rosegrant, 2003). In the study conducted by Mdemu et al. (2004) at 

Upper Ruaha river basin in Tanzania it was showed that the water productivity was 0.13 kgm-

3, however according to them there is a room to increase the current water productivity by 9% 
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to 0.14 kgm-3 if rainfall and irrigation water are used more effectively. They also argue that 

the amount of water productivity can be improved further to 0.3 kgm-3 by proper timing of 

rice operations, the use of agricultural inputs such as fertilizer and good water management 

practices such as proper irrigation scheduling. 

 

Water productivity expresses the benefit derived from the consumption of water and can be 

used for assessing the impact of on-farm strategies under water scarce conditions. They 

provide a proper vision of where and when water could be saved (Vazifedoust et al., 2008). 

Since water is the most limiting factor in agricultural production, water productivity of crops 

can be increased by using proper amounts of water to the particular crop (Ali and Talukder, 

2008). Water productivity in irrigated rice can be increased by decreasing the non-productive 

out flows (Tuong et al., 2005), applying water saving techniques such as alternative wetting 

and drying, and by adapting proper irrigation scheduling. The water productivity of rice can 

also be increased by improving transpiration efficiency of the plant (Bouman et al., 2007). 

The scope to increase the water productivity of rice through improved transpiration efficiency 

is small compared with the scope to increase water productivity through reduced total water 

inputs (irrigation, rainfall). The modern high-yielding rice varieties with shorter growth 

durations have reduced outflows in the form of evaporation, seepage, and percolation from 

individual rice fields. As a result of increased yield and reduced growth duration these crops 

have a water productivity related to total inputs that is three times higher than traditional 

varieties (Tuong and Bouman, 2003). 

 

2.5 Water Scarcity  

 
Water availability for agricultural purposes in the world is decreasing due to increasing water 

scarcity (Rijsberman, 2006). Although there is no systematic definition, inventory, or 

quantification of water scarcity in rice-growing areas, it is clear that there is some kind of 

water scarcity in irrigated lowlands (Tuong and Bouman, 2003). Current estimates suggest 

that by 2025, 15–20 million ha of irrigated rice will suffer some degree of water scarcity 

(Tuong and Bouman, 2003). Several case studies indicate that there is water scarcity, even in 

areas generally considered water abundant (Dong et al., 2004). Water is becoming scarce both 

in the quantity and the quality of the water, since degraded water resources become 

unavailable (Pereira et al., 2002). Lowland rice is extremely sensitive to water shortage and 
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many effects occur when soil water contents drop below saturation. Drought may also affect 

nutrient-use efficiency by the crop since water flow is the essential means of nutrient 

transport. How yield is finally affected by drought depends on its timing, severity, duration, 

and frequency of occurrence. The most sensitive stage of rice to drought is during flowering 

(Bouman et al., 2007). 

 

To make water scarcity clear, Pereira et al., (2002) gave the following definitions: 

Water shortage is also a man-induced but temporary water imbalance including groundwater 

and surface waters over-exploitation, degraded water quality and is often associated with 

disturbed land use and altered carrying capacity of the ecosystems. 

 

Desertification “is a man-induced permanent imbalance in the availability of water, which is 

combined with damaged soil, inappropriate land use, mining of groundwater, and can result in 

increased flash flooding, loss of riparian ecosystems and a deterioration of the carrying 

capacity of the ecosystems”. 

 

Drought “is a natural but temporary imbalance of water availability, consisting of a persistent 

lower-than-average precipitation, of uncertain frequency, duration and severity, of 

unpredictable or difficult to predict occurrence, resulting in diminished water resources 

availability, and reduced carrying capacity of the ecosystems”. 

 

Aridity “is a natural permanent imbalance in the water availability consisting in low average 

annual precipitation, with high spatial and temporal variability, resulting in overall low 

moisture and low carrying capacity of the ecosystems”. 

 

2.5.1 Causes of Water Scarcity 

 

The causes of water scarcity are diverse and location-specific, but include decreasing 

resources, decreasing quality, malfunctioning of irrigation systems, and increased competition 

from other sectors. Overexploitation of groundwater during recent decades has caused serious 

problems in northern China and South Asia (Singh, 2000). The heavy use of groundwater in 

Bangladesh has caused shallow wells falling dry by the end of the dry season and created 

severe problems of arsenic pollution in rice-growing areas (Ahmed et al., 2004). In Tanzania 
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water scarcity is caused by drought, competition of water among users, and destruction of 

water sources (Mwakalila, 2008). In principle, water is always scarce in the dry season when 

the lack of rainfall makes cropping impossible without irrigation.  

 

2.5.2 Effects of Water Scarcity 

 

Water scarcity affects not only the ability of rice fields to produce food but also the 

environment and the other ecosystem services (such as recharging ground water) of rice 

fields. Increased water scarcity will sift the rice farming to the areas where there is sufficient 

amount of water. Also the scarcity will lead to less flooded conditions in rice fields and to the 

introduction of upland crops that do not require flooding. These changes will have 

environmental consequences and will affect the traditional ecosystem services of the rice 

landscape. George et al. (2002) argued that, soil-borne pests and diseases and nutrient 

disorders occur more in rice that is not flooded. Mortimer and Hill (1999) reported that, 

weeds grow more in the nonflooded rice fields and in broader weed spectrum. It is expected 

that herbicides will be frequently used in order to control weeds and this will increase the 

environmental load of herbicides residues. With limited water, the pests and predators may 

change in number and type as well as their relationships. The environmental effects which 

will be caused by the frequent use of pesticides in responding to these changes are not yet 

known. More leaching of nitrate is expected with increased soil aeration than under flooded 

conditions. Bronson et al. (1997a,b) argued that, under aerobic conditions there are less 

methane emissions compared to continuous submerged conditions but the nitrous oxide 

emissions are higher. Flooded rice is effective in leaching accumulated salts from the soil 

profile, and the change to more aerobic conditions may result in increased salinization.  
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3. IRRIGATION PERFORMANCE 

 

Surface irrigation systems have the largest share in irrigated agriculture all over the world 

commanding about 85% of all irrigated area (ICID, 2008). The performance of surface 

irrigation systems depends upon the design process, which is related with the appropriateness 

and precision of land levelling, field shape and dimensions, and inflow discharge (Gonçalves 

and Pereira, 2008). Moreover, the irrigation performance also depends on farmer operative 

decisions, mainly in relation to timeliness and time duration of every irrigation event, and 

water supply uncertainties (Pereira et al., 2002).  

 

3.1 Rice Irrigation Water Balance 

 

A rice field has a water balance that is different to other crops. Below is the water balance 

equation which shows water usage in paddy field. 

I + R = E + T + S + P + D + dW 

where I, irrigation supply, R, rainfall, E, evaporation, T, transpiration, S, lateral seepage, P, 

percolation, D, surface drainage or runoff, and dW, change in flooded water depth. 

 

The inflows in the rice field are irrigation and rainfall, while the outflows are by transpiration, 

evaporation, overbund flow, seepage, and percolation. During crop growth, water leaves the 

rice field through the crop stomata to the air by a process which is known as transpiration. 

Only transpiration is a productive water flow as it contributes to crop growth and 

development. The remaining outflows are considered as non-productive water because either 

they infiltrate the soil or flow away from the field. Evaporation is the process of converting 

water from the liquid to gaseous state and the water vapour leaves the rice field directly from 

the ponded water layer. Evaporation and transpiration are usually taken together as 

“evapotranspiration”, since it is difficult to measure each one separately in the field (Bouman 

et al., 2007). The typical rates of evapotranspiration in the rice fields are 4–5 mm.d–1 in the 

wet season and 6–7 mm.d–1 in the dry season, but can go up to 10–11 mm.d–1 in subtropical 

regions (Tabbal et al., 2002). During the crop growth period, evaporation is about 30–40% of 

total evapotranspiration (Bouman et al., 2005). When the level of ponded water is raised 

above the height of bunds by rainfall the excess rain water leaves the rice field as surface 
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runoff or overbund flow. Seepage is the subsurface flow of water underneath the bunds of a 

rice field. With well maintained bunds, seepage is generally small. Percolation is the vertical 

flow of water to below the root zone (Bouman et al., 2007). The percolation rate of rice fields 

is affected by structure, texture, bulk density, mineralogy, organic matter content, and salt 

type and concentration (Wickham and Singh, 1978). The percolation rate is further influenced 

by the water regime in and around the field. Large depths of ponded water favour high 

percolation rates (Wickham and Singh, 1978). In practice, seepage and percolation flows are 

not easily separated (Wickham and Singh, 1978). The combined values for seepage and 

percolation in heavy clay soils ranges from 1–5 mm.d–1 and in sandy and sandy loam soils the 

range is 25–30 mm.d–1 (Bouman and Tuong, 2001). Seepage rates are affected by the soil 

physical characteristics of the field and bunds, by the state of maintenance and length of the 

bunds, and by the depth of the water table in the field and in the surrounding drains, ditches or 

creeks (Wickham and Singh, 1978). 

 

According to Dong et al. (2004), the water lost by seepage and percolation in heavy soils with 

shallow water tables is about 25–50% of the total water inputs. Singh et al. (2002) argued 

that, the water losses in coarse-textured soils with deep groundwater are about 50–85%. 

Although seepage and percolation are losses at the field level, but sometimes this water is 

reused by downstream farmers. Therefore, it is the relatively large water flows by seepage, 

percolation, and evaporation that make lowland rice fields inefficient water users. Bouman 

and Tuong (2001) reported that, the total seasonal water inputs to rice fields (rainfall plus 

irrigation) per season varies from 400 mm in heavy clay soils with shallow water tables to 

more than 2000 mm in coarse-textured (sandy or loamy) soils with deep water tables. The 

outflows which cannot be reused are evaporation and transpiration. Overbund flow, seepage, 

and percolation are generally reusable flows (Bouman et al., 2007).  

 

3.2 Irrigation Efficiency 

 

One of the most important parameters used to evaluate the performance of an irrigation 

system is efficiency. In engineering, a dimensionless ratio of inputs to desired outputs is 

called efficiency (Perry, 2007). ACSE (1978) defined irrigation efficiency as the ratio of the 

volume of water beneficial used by crop to the total volume of applied water. To increase the 

irrigation efficiency it is important to identify losses and minimize them. The ultimate 
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purpose of supplying water for food production is to satisfy crop evapotranspiration demand. 

Other water components which leave the farm without being used by the intended crop, such 

as seepage and percolation, are losses. By reducing the water losses by seepage and 

percolation will result to increase in water use efficiency in the farm. But if the water lost 

from the upstream fields is used by the downstream farmers, these are not losses of the 

irrigation system. So, losses of an irrigation system may not contribute to losses in the water 

basin. Seckler (1996) argued that improvements in local efficiency, where lost water is 

recovered downstream, result only in “paper or dry water savings”. According to him, it is 

only useful to save water that would otherwise be lost to a sink or the atmosphere. 

 

Efficient irrigation is required to increase the effective use of applied water while keeping the 

losses at a minimum (Thompson et al., 2007).  In an attempt to make the irrigation efficiency 

term clear, Burt et al. (1997) presented extra terms, such as consumptive, non-consumptive, 

beneficial and non-beneficial use.  Consumptive use is the water lost to the atmosphere due to 

evaporation or transpiration. Non-consumptive use is the water lost to the cropped area which 

cannot be used to other area. Beneficial water use is the water that supports crop production 

and which is consumed to satisfy agronomic needs whereas non-beneficial water use is the 

water which is not benefiting the required crop. Beneficial uses of irrigation water are crop 

water use, salt leaching, frost protection, crop cooling and water used for fertilizer application 

and for pesticide application. To achieve efficient irrigation it is necessary to minimize non-

beneficial water uses. Non-beneficial water uses which must be minimized in order to 

increase irrigation efficiency are excessive deep percolation, surface runoff, evaporation and 

transpiration from weeds (Hoffman et al., 2007).  

 

3.3 Irrigation Scheduling 

 

Irrigation scheduling is a process of deciding “when to irrigate and how much water to apply 

to a crop” (Pereira, 1999). It requires knowledge on crop water requirements and yield 

responses to water, the constraints specific to each irrigation method and irrigation equipment, 

the limitations relative to the water supply system and the financial and economic 

implications of the irrigation practice (Heermann, 1996). Pereira (1999) argued that the 

majority of farmers in the world have not yet utilised irrigation scheduling. Furthermore, only 

limited irrigation scheduling information is utilised worldwide by irrigation stakeholders. 
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However, it is recognised that the adoption of appropriate irrigation scheduling practices 

could lead to increased yields and greater profit for farmers, significant water savings, 

reduced environmental impacts of irrigation and improved sustainability of irrigated 

agriculture (Smith et al., 1996).  
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4. WATER MANAGEMENT 

 

Conventional water management in lowland rice aims at keeping the fields continuously 

submerged. Water inputs can be reduced and water productivity increased by introducing 

periods of non submerged conditions of several days throughout the growing season unless 

cracks are formed through the plough layer (Bouman and Tuong, 2001). Control of water 

losses is an important aspect of good water management. However, all losses matter, and 

some are unavoidable (Carter et al., 1999). Many factors interact to determine the level of 

water losses, typically leading to very site-specific analyses.  

 

4.1 Over-irrigation  

 

Over-irrigation simply means applying more water than is required for optimal crop growth 

and proper soil management. Over-irrigation is of particular concern with the surface (flood) 

method of irrigation, since management and control of the amount of water to be applied is 

difficult. As a consequence, farmers everywhere tend to apply too much irrigation water with 

the wrong assumption that more is better (Mwakalila, 2006). The most common cause is the 

application of more water than the crops require at a particular stage of their growth by 

farmers. In Tanzania and Zanzibar, in particular, there is a problem of over-irrigation. Farmers 

are using more than enough water in their fields with a belief that their production will also be 

increased (Facius, 2008).  Farmers should make every effort possible to minimize this 

problem. Failure to do so will reduce farm incomes in the short term through reductions in 

yield and will contribute significantly to the serious long term problem of land going out of 

production due to water logging and salinity. The over irrigation can be minimized by 

applying the right amount of water, land levelling, proper drainage and better irrigation 

scheduling. Over-irrigation is effective in leaching the salt if there is proper drainage to 

remove excess water from the field. 

 

4.2 Under-irrigation 

 

Under-irrigation is the application of water which cannot meet the crop water requirement. It 

is caused by the field not being levelled properly and when the available water is not enough 
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to meet crop demand. In Tanzania the down stream farmers in most irrigation schemes are 

mostly affected by under-irrigation. This normally occurs during dry seasons or during dry 

periods in wet seasons when available water is limited (Mwakalila, 2006). This problem can 

be minimized by levelling the field and by proper irrigation scheduling. Every effort must be 

made to ensure the crop gets the right amount of water in order to achieve a good yield. If 

proper irrigation scheduling is applied it will help to solve this problem.  

 

4.3 Water Logging 

 

In waterlogged soils it is difficult for plants to absorb nutrients and crops, such as cotton and 

wheat, are severely affected by water logging. Consequently, plant growth and productivity 

can be seriously affected. For each crop there is a range of optimum moisture conditions, 

neither too wet nor too dry, in which plants are best able to grow and produce. Irrigation 

practices should strive to keep field moisture levels in this range, minimizing excess 

applications of water that contribute to water logging (WUASP, 2005). In Zanzibar there is a 

system of plot to plot irrigation without sufficient drainage and also the fields are not properly 

levelled, hence water logging is very common.  

 

4.4 Water Losses 

 

Water loss is defined as water which is not being used by the intended crops as 

evapotranspiration (Carter et al., 1999). The way to deal with reduced water inflows to rice 

fields is to reduce the non-productive outflows by seepage, percolation, or evaporation, while 

maintaining transpiration flows. Thorough puddling is effective in reducing permeability and 

percolation rates (Tuong et al., 1994). Puddling may not be effective in coarse soils, but is 

very efficient in clay soils (Tuong et al., 1994). Although puddling reduces percolation rates 

of the soil, the action of puddling itself consumes water. Puddling may not be necessary in 

heavy clay soils with low vertical permeability or limited internal drainage. Good bunds are a 

prerequisite to limit seepage and underbund flows (Tuong et al., 1994). To limit seepage 

losses, bunds should be well compacted. Researchers have used plastic sheets in bunds in 

field experiments to reduce seepage losses. For example, Bouman et al. (2005) demonstrated 

a reduction of 450 mm in total water use in a rice crop by lining the bunds with plastic. 
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Minimizing the turnaround time between land soaking for wet land preparation and 

transplanting reduces water losses. The turnaround time can be minimized by the installation 

of field channels, the adoption of common seedbeds, or the adoption of direct wet or dry 

seeding. With direct seeding, the crop starts growing and using water from the moment of 

establishment onward. Direct dry seeding can also increase the effective use of rainfall and 

reduce irrigation needs (Cabangon et al., 2002). However, dry seeding with subsequent 

flooding is possible only in heavy (clayey) soils with low permeability and poor internal 

drainage.  

 

In most irrigation schemes in Tanzania there are no proper water management practices. 

Farmers normally use their traditional knowledge to irrigate their crops. Due to traditional 

practices water is not efficiently used (Mwakalila, 2006). Some of the losses are caused by 

poor irrigation infrastructures which are not maintained regularly. Other losses are due to 

extended period of land preparation and maintaining the high depth of water in the fields 

(Mdemu et al., 2004). Farmers have an assumption that keeping high depth of ponded water 

will result in high yields. Mdemu et al. (2004) found in the Usangu plain that the total water 

requirement for irrigation was 2300 mm per season. Out of this amount 644 mm was used for 

wetting the land during land preparation, 273 mm of water was lost by deep percolation and 

133mm as standing water layer in the fields mainly lost through surface evaporation. 

 

4.5 Copping with Water Scarcity 

 

Usually, interventions to respond to water scarcity are called “water savings” and imply a 

reduced use of water. The decline in water availability in irrigation systems has led to water-

saving technologies besides the common practices of bund construction and puddling. On the 

field scale these technologies include periods of non-submergence named ‘alternate-wet-and-

dry’ or ‘intermittent irrigation’ (Tabbal et al., 2002), continuous soil saturation (Borrell et al., 

1997), and direct dry-seeding. More recently a system called ‘aerobic rice’ was developed, 

where rice is grown in non-puddled and non-saturated soil, just like an upland crop (Bouman 

et al., 2005). The difference with the traditional upland system is the use of supplementary 

irrigation, of higher yielding cultivars, and of other inputs such as nutrients and biocides. In 

the literature (Belder et al., 2007) water-saving technologies show a range of responses in 
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terms of the amount of water saved and effect on yield. This variation can be ascribed to 

differences in weather, soil type, cultivar, and other management practices.  

4.5.1 Alternate wetting and drying 

 

In alternate wetting and drying (AWD), irrigation water is applied to obtain flooded 

conditions after a certain number of days have passed after the disappearance of ponded 

water. The number of days of nonflooded soil in AWD before irrigation is applied can vary 

from 1 day to more than 10 days. Stoop et al. (2002) reported the increase in yield using 

AWD but the research conducted by Belder et al. (2004) and Tabbal et al. (2002) showed that 

that there is some reduction in yield compared to continuous submergence. When Belder et al. 

(2004) and Tabbal et al. (2002) conducted experiments with AWD in China and Philippines 

in lowland areas with heavy soils and shallow water tables they found that the total water 

inputs (irrigation and rainfall) decreased by 15-30% without a significant reduction in yield. 

In both cases, the water table was between 10 and 40 cm and the depth of water in the fields 

during the dry periods never dropped below the root zone, hence making AWD effectively 

into near-saturated soil culture. Bouman and Tuong (2001) suggested that, if dry periods of 

the soil are prolonged and some water stress is imposed to the crops there is a room of saving 

more water and increasing water productivity but the yield is also reduced. Research 

conducted by Tabbal et al. (2002) in more loamy and sandy soils with deeper groundwater 

tables in India and the Philippines showed that water inputs were reduced by more than 50% 

but the yields were also reduced by more than 20% compared to continuous flooded 

conditions. The available research reports indicate that AWD has only a small effect on 

reduction of evaporation losses but is very effective in reducing seepage and percolation. 

Belder et al. (2007) found that in AWD the water losses due to evaporation decreased by 2–

33% compared to continuous submerged conditions. The following potential benefits of 

AWD have been suggested: improved rooting system, reduced lodging (because of a better 

root system), periodic soil aeration, and better control of some diseases, such as golden snail 

(Bouman et al., 2007). On the other hand, rats find it easier to attack the crop during dry soil 

periods. 
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4.5.2 Saturated soil culture 

 
In saturated soil culture (SSC), the soil is kept as close to saturation as possible. In this 

situation the hydraulic head of the ponded layer of water is reduced and hence the water 

losses by seepage and percolation decreases. Saturated soil culture in practice means that only 

a small amount of irrigation water is applied to the field to get a ponded water depth of 1 cm a 

day after the ponded water has disappeared. Tabbal et al. (2002) reported water savings under 

SSC in transplanted and direct wet-seeded rice in puddled soil, and in direct dry-seeded rice in 

nonpuddled soil. Bouman and Tuong (2001) analysed a data set of 31 published SSC field 

experiments and found the decrease in water input by an average of 23% compared to 

continuous submerged condition, with a non significant 6% of average yield reduction. 

 

4.5.3 Aerobic rice 

 

Aerobic rice farming is a way of minimizing outflows from the rice field by growing the crop 

like an upland crop, such as wheat or maize. In this system, rice is grown in nonpuddled and 

nonsaturated soil (i.e., aerobic) without flooding the field. When rainfall is insufficient and 

the soil water is half way between field capacity and wilting point, irrigation water is applied 

to bring the soil water content in the root zone up to field capacity (Doorenbos and Pruit, 

1984). The amount of applied irrigation water should be enough for soil evaporation and plant 

transpiration needs. Bouman (2001) argued that, when rice is grown as an upland crop in 

areas with high seepage and percolation rates, large amounts of water are saved at the field 

level. Aerobic rice farming is very effective in minimizing water losses by seepage, 

percolation and evaporation and totally eliminates water used for wet land preparation. 

Blackwell et al. (1985) reported that, the high-yielding rice varieties grown with 

supplementary irrigation under aerobic conditions, saved water but with significant reduction 

in yield. Artlin et al. (2006) argued that, in order to get high yields in irrigated aerobic 

conditions, new varieties of aerobic rice with high drought-tolerant and high yielding 

characteristics are needed. 
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4.5.4 Copping strategies in Tanzania 

 

Tanzania, like many other countries in the world, has also been affected by water scarcity. In 

many irrigation schemes in the country the water is not enough, especially during dry seasons 

or during dry spells in the wet season. Drought occurs in many areas of the country and in 

some cases the flow in the rivers ceases. During dry seasons there is much competition of 

water between the farmers and other stakeholders. There is currently a dilemma of whether to 

irrigate rice or to leave water to other activities during the periods of water scarcity. The good 

example is in the Usangu plain where during dry seasons farmers do not grow rice, leaving 

water for other purposes such as electricity generation (Franks et al., 2004). There is no 

specific practice adapted by farmers in Zanzibar to cope with water scarcity. Practicing any of 

the water saving techniques will help farmers to get some relief from the current water 

scarcity problems. 
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5.  DISCUSSION AND CONCLUSION 

 

The future of rice production depends on irrigation farming but this sector is already a major 

user of water. Not all water diverted to the farm is used beneficially as some of it is lost. In 

rice fields the water input is irrigation and rainfall and the outputs are transpiration, 

evaporation, seepage, percolation and runoff. Only transpiration water is beneficial, while 

others are lost if there are not used by down stream farmers. Water scarcity is very common in 

rice irrigation farming and several farming techniques have been developed to cope with 

water scarcity. The techniques include dry and wet seeding, aerobic rice, alternate wetting and 

drying and saturated soil culture. All of them reduce the amount of water used by the crop but 

if used extensively these water savings methods lower the water table which is very important 

in rice farming. Hence there is a need of more research on the effects of water saving 

techniques rice environment. 

 

In Zanzibar rice farming is practised by almost every farmer at a subsistence level. Most rice 

is produced in lowland and upland areas where water scarcity is a significant threat. A small 

portion of rice is also produced in irrigated areas. Rice farmers in irrigated areas normally use 

excessive amounts of water. This has resulted in many irrigation schemes to operate at very 

low efficiencies. Due to increased water scarcity there is a need to utilize available water 

more efficiently and to increase production using less water. Using only the proper amount of 

water to the crop and reducing water losses will improve irrigation efficiency, increase yields 

and hence water productivity. Water productivity will also be increased by using the 

recommended rate of fertilizer whether organic or inorganic. Currently most small scale 

farmers are not using the required rate of fertilizer resulting in the problem of soil 

degradation. 

 

The major challenge of rice farming in Zanzibar is to feed the growing population in the 

presence of water scarcity situation. This can only be achieved by minimizing water losses, 

using water saving techniques, using high productive varieties and managing soil fertility in 

the field. The above measures will improve irrigation efficiency and ultimately the rice 

productivity per unit of water used will be increased. 
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6.   PROJECT PROPOSAL 

 

A project proposal on improving irrigation water productivity in paddy rice in Zanzibar is 

presented in this chapter.  

 

6.1 Problem Identification 

 

A greater portion of the Tanzania population and especially Zanzibar are small scale farmers 

who depend on agriculture for their livelihood.  Most farmers are heavily dependent on 

rainfall for their farming activities. For more than ten years the rainfall pattern has changed 

and the rain is no longer reliable for agricultural purposes both in amount and frequency of 

the rainfall received (SWMRG, 2005; Machibya et al., 2003).  In Zanzibar there are two rain 

seasons known as “Masika” and “Vuli”. Masika is a long and heavy rain season and normally 

starts in the month of March and ends in May. “Vuli” is a short rain season and it occurs from 

September to November. Most of the crops are planted in Masika to utilize the rain and to 

ensure that they receive adequate rainfall. Due to changes in rainfall patterns most of the 

crops suffer from moisture stress before maturity, even during Masika.  Farmers are getting 

very low yields from their crops and farming is no longer a reliable source of income and 

livelihood (SWMRG, 2005).  As a result of these changes they do not have specific planting 

dates and they use their own experience to plant their crops. 

 

Rice is the most important crop in Zanzibar and is grown by almost every small holder 

farmer. The total area occupied by rice in Zanzibar is 12000 ha and of this, 500 ha are 

irrigated (Dalrymple, 1986). Both rainfed and irrigated rice is grown during the heavy rain 

season as the farmers expect to get enough rain for their crops. Among all crops, upland rice 

is the most affected from unreliable rainfall. As a result of this, farmers are now planting other 

crops which can resist drought. The lowland paddy is also affected. The demand for rice is 

higher than the production and to fill the gap rice is imported from other countries. Due to 

unreliable rainfall the gap between the production and demand is expected to increase and 

more import of rice will be required. Besides water shortages there are also problems of loss 

of soil fertility, pests and diseases, use of local varieties which give very low yields, 

unavailability of agricultural inputs at proper times, lack of subsidies in agricultural inputs, 
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lack of credit facilities to farmers and poor extension and research services. All these factors 

lead to low rice production in Zanzibar. 

 

In Zanzibar and other parts in Tanzania an irrigated paddy is cultivated twice a year; during 

the heavy rain (Masika) season and short rain (Vuli) season. The irrigated paddy also suffers 

the same problems with upland rice. There are water shortages, especially in dry seasons and 

dry spells during rain seasons. The reservoirs in the irrigation schemes were not designed to 

store much water because during those times there were no problems of water scarcity. They 

were designed only to divert water and they can store very little amount of water. Some time 

farmers themselves contribute to this problem. There is a tendency of upstream farmers to use 

excessive water and leave others at the downstream areas with very little amounts of water, 

which is not enough for crop development (Facius, 2008). In most irrigation schemes there 

are no proper water allocation scheduling during periods of water scarcity. Also the irrigation 

infrastructures are not properly maintained by farmers to minimize water losses. Other 

problems are poor design of irrigation infrastructure and lack of competent staffs in irrigation 

field who can conduct research and extension services. 

 

In Zanzibar the need to minimize the gap between production and demand is dependent on 

irrigation farming. Every effort must be done to ensure the sustainability of rice farming. The 

most important steps which need to be paid attention are to minimize water shortages, use 

fertilizers as recommended and improve the efficiency of water use. These measures will 

boost rice productivity. 

 

6.2 Research Objectives 

 

The overall goal is to propose proper water management practices in the irrigated paddy 

which will improve water productivity in Zanzibar. The specific objectives are: 

• To analyse and quantify the extent and severity of water scarcity in irrigated rice in 

Zanzibar.  

• To evaluate the irrigation stakeholders’ strategies to cope with water scarcity. 

• To analyse the factors affecting water management practices in irrigated rice. 

• To quantify water productivity in irrigated rice.  
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6.3 Research Methodology 

 

The methodology for each research objective is as below:  

 

Objective 1: To analyse and quantify the extent and severity of water scarcity in irrigated rice 

in Zanzibar. 

Methodology: Rainfall and stream flow data will be collated and analysed to detect any 

periods of water shortages and link these to rice production through crop evapotranspiration 

and irrigation water requirements. Rainfall data for a period of 15 years will be collated from 

a meteorological station. Stream flow data will be estimated using acceptable hydrological 

approaches because currently there are no available data.  Modelling will also be considered 

subject to availability of suitable models and required data. 

 

Objective 2: To evaluate the stakeholders’ strategies to cope with water scarcity 

Methodology: Stakeholders who do irrigation farming will be identified and interviewed. 

This will be done for the purpose of gathering information on the scheme management and to 

understand the socio-economics issues around rice production. The information will help to 

understand other factors contributing to the low productivity and poor water management 

practices. Also, it is expected that during the interview useful information about how farmers 

cope with water scarcity will be gained. The available information will be used to devise 

better ways and means to deal with water scarcity. 

 

Objective 3: To analyse the factors affecting water management practices in rice. 

Methodology: Factors affecting water management practices will be identified with the help 

of farmers and other stakeholders and analysed.  Water balance measurements will be taken to 

identify the irrigation efficiency in the scheme. Inflows and outflows will be recorded and 

measured to calculate water balance within the scheme and to identify scheme and field water 

supply and demand. Daily rainfall will be measured by using a rain gauge which will be 

installed in the scheme whereas irrigation water will be measured by a V-notch weir. Other 

measurements such as percolation, evaporation and water levels in paddy fields will be 

conducted during the dry and rain seasons. The discharge in the main, secondary and tertiary 

canals will be measured by using V-notch weirs. Conveyance efficiency tests to identify water 

losses in main, secondary and tertiary canals will be conducted.  
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Objective 4: To quantify water productivity in rice.  

Methodology: Field experiments will be conducted to asses the effects of water saving 

techniques on water productivity. In this experiment three water regimes will be analysed: 

continuously submerged, alternative wetting and drying, and saturated soil culture. The water 

inputs from land preparation to harvest will be recorded in each water regime.  Daily rainfall 

records will be taken from a rain gauge, which will be installed in the scheme. Irrigation water 

will be measured using a V-notch weir and ponded water depth will be measured by tubes that 

can record both above-ground and below-ground water levels. To prevent seepage between 

plots, plastic sheets will be installed in the bunds down to below the top of the hard pan. The 

paddy production will be measured and water productivity will be computed. The experiment 

will analyse water productivity with respect to irrigation, evapotranspiration and total water 

input. The suitability and applicability of these water management practices to Zanzibar will 

be assessed. 

 

6.4 Work Plan, Deliverables and Resources Required 

 
Table 1 Milestones and timeframes 

No Milestone Start Date Completion Date 

1 Field experiments and data collection 

for dry season 

1 August 2009 31December 2009 

2 Data analysis 5 January 2010 25 February 2010 

3 Field experiments and data collection 

for wet season 

1 March 2010 31 July 2010 

4 Data analysis 5 August 2010 31 August 2010 

5 Final MSc. Thesis Document 1 September 2010 20 December 2010 

 

The milestones and time frame for the project are as outlined in the Table 1 above. It is hoped 

that by conducting the experiments for the two cropping seasons (dry and wet) a wealth of 

information will be obtained. The gained information will be analysed to get a clear picture of 

the current constraints and opportunities in rice irrigation farming. Since this project is 

focussed in improving water management practices to maximize water productivity in 

irrigated rice in Zanzibar, the available opportunities will be used to achieve this target.  The 

project will find feasible solutions to the constraints to ensure that proper water management 
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practices are available which will save water and increases productivity. Although the 

experiments will be conducted only in one scheme it is expected that the result from the 

experiments will be shared to all rice irrigation farmers in Zanzibar. 

 

The main deliverables of this project are: 

• An MSc. dissertation 

• Presentation of proper water saving techniques which will help farmers to cope with 

water scarcity. 

• Providing alternative management strategies which will minimize water losses in the 

schemes and to improve irrigation efficiency and water productivity. 

• Advice on the improved fertility management practices which will improve yield. 

• General recommendations to improve irrigation farming in Zanzibar. 

• Journal publication. 

 

Several resources are required to successively complete this project. The required resources 

for this project are listed in Table 2 below. 

 

Table 2 Resources required 

No. Required Resources Total Cost Source 

1 Rain gauges  FARA 

2 Moisture meters   FARA 

3 Rain boots  FARA 

4 Rain coat  FARA 

5 Electronic balance  FARA 

6 Fertilizer   FARA 

7 Rice seeds  FARA 

8 Field operating costs (land preparation, etc.)  FARA 

9 Pesticides    FARA 

10 Herbicide   FARA 

11 Plastic sheets  FARA 

12 Small V-notch weirs  FARA 

13 Field water tubes  FARA 

14   FARA 
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15 Sundry expenses  FARA 

16 Labour  FARA 

17 Computer  FARA 

18 Printer  FARA 

19 Digital camera  FARA 

20 Local supervision costs  FARA 

21 Meteorological data (rainfall, evaporation, etc.)  FARA 
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