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Abstract 
 
To address increasing irrigation water demand consecutive to the increasing population pressure in terms of 
food demand, there is an imperative of developing relevant mechanisms to regulate irrigation water 
consumption patterns. A radical shift from uncontrolled flooding irrigation as currently practiced by 
farmers in Mugerero paddy farming zone towards efficient allocation and use of water resources is 
important to save water that could be allocated to other water users. 
This paper surveys current and past views on the way irrigation water is allocated in the irrigation scheme 
of Mugerero and how farmers are using water for paddy production purpose. The existing irrigation water 
practices as well as paddy productivity are assessed and the results are expected to be useful for water 
policy professionals, while addressing the growing water demand. According to the respondents, the causes 
of low paddy yields are the increasing and uncontrolled extension of paddy farming, non adapted irrigation 
infrastructure and water pricing systems as well as lack of updated knowledge and technologies on 
irrigation. These issues faced by the paddy farmers have led to pronounced economic, social and 
environmental consequences which are manifested  in conflicts over irrigation water use, increasing soil 
salinity and pollution, destruction of infrastructure and above all, low irrigation paddy yields.The 
identification of the core problem in the irrigation system might be important for water managers as it 
would provide a starting point to establish comprehensive baseline towards efficient irrigation water 
allocation and use. This would improve paddy productivity within the formal as well as the growing 
informal paddy farming referred to “hors- perimeter” in the low land of Imbo region. 

 
 

Key words: Mugerero low land, Efficient irrigation water use, Paddy productivity, Water allocation, Water 
pricing.    
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1. Introduction 
 
1.1 General introduction 

  
There is an overall recognition that a good deal of available freshwater is used in irrigated agriculture. 
Kadigi et al. (2004), The Nestlé (2007) and Transparency International, (2008) stated that the sector 
withdraws about 70% of the World’s freshwater supplies. At the same time, this sector is playing a 
determinant role, especially in developing countries where the livelihoods and economies are widely 
agriculture based, and competition for water utilization between irrigated agriculture and other sectors are 
in escalation. The increasing population rates registered in these countries lead inevitably to competition 
and conflicts over the scarce water resources. A quite radical shift in the way people are using agricultural 
strategic resources, like water for irrigation is required not only to increase water productivity per drop but 
also, to allocate each drop to different users on a basis of equity, sustainability and profitability. Howell 
(1993) agrees with this idea, arguing that any increase of effectiveness in irrigation water use is perceived 
as an opportunity to free up water for other users. 
 
 These principles of water allocation efficiency could be highly useful once applied in Mugerero paddy 
farming perimeter of Imbo Regional Development Company (S.R.D.I.), a community based paddy 
Producer organization, where water until now is still distributed and priced on rudimentary estimations. 
  
The core problem arises in terms of water quantity and quality which every user claims to have right to, 
since all of them are struggling in their capacities to own the best share, regardless of other users needs. 
Bad and good yielding years follow each other, depending upon either “heaven’s clemency” to provide 
rainfall or people’s ingenuity to divert the water along distribution canals network at the cost of 
environmental and socioeconomic consequences. In case of heavy rainfall, when there is hope for paddy 
farmers, there is a risk of floods due to the way of damming water, need driven and taking in account 
environmental requirement. The situation often results in crop field and settlement destruction, fauna and 
flora that end up in Lake Tanganyika. When it dries up, downstream paddy farmers have only chance to 
access to irrigation water, strongly polluted by all sorts of chemicals which are drained from paddy fields. 
Under severe water shortages, people adapt by reducing cultivated areas, waiting for the best year to come 
(Good season). Since the rice produced in this region is mainly consumed in the capital Bujumbura and in 
the rest of the country, bad years of yield are characterized by higher prices, which most of the poor people 
cannot afford.  
In these regards, paddy cropping could be effective if irrigation water is sustainably well managed and 
improved, irrigation and drainage facilities being appropriately rehabilitated and maintained. Most analysts 
believe that future increases in food supply will come mainly from improved system of production ( more 
crop per drop) since the natural resource base will not support either significant expansion of farm lands or 
more extensive irrigation (De Wranchien, no dated). The most important option for enhancing the 
productivity of irrigation agriculture is to improve the way irrigation water is allocated to individuals or 
groups of irrigators, as well as how beneficiaries of this limited irrigation water resources are using it. 
 
This study therefore, attempts to produce a baseline for improving irrigation efficiency in the study site, in 
regards to water availability, soil quality, climatic conditions, paddy crop water requirements, and 
socioeconomic conditions. It is expected to provide understandable tools to improve current and outdated 
irrigation schemes and come up with a proposal of better water delivery-system management (cost 
efficiency and water allocation techniques) to paddy farmers and other users.  Farmers should then use less 
water or lower input in investment while obtaining higher production and more water remaining in the 
sources which can maintain the ecological cycle and environment of the river basin (Phengphaengsy & 
Hiroshi, 2006).  
 

1.2 Problematic background and scope of the study 
 
1.2.1 Geography 
 
Geographically, Burundi is a small highland and landlocked country of 27 834km2 of which 25 200 km2 are 
terrestrial. It is located a little bit close to the Equator, between latitudes 2º20´ and 4º27´ South, longitudes 
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28º50´ and 30º53´ East (MINATTE,2007). It is bordered by Tanzania in the East and South, Rwanda to the 
North and the Democratic Republic of Congo (RDC) to the West (Figure 1 and annex 3). 
 
The country is divided into two hydrological river basins which are the Nile Basin whose mouth is at the 
Mediterranean North-East Africa and the River basin of Congo which ends in the Atlantic Sea. The crest of 
the Congo-Nile river watershed oriented South-North is simply the natural limit between those river basins 
as shown in figure1. At normal times, the weather pattern in Burundi is made of a rhythm of two rainy 
seasons alternating with two dry seasons, which are a major and a minor season. The minor rainy season 
usually begins mi-September until mi December. It generates roughly 1/3 of the annual precipitations. The 
latter is followed by the minor dry season from mid December until mid February and precedes the major 
rainy season beginning in mid February until approximately mid June. The remaining time to close a year 
i.e. from mi June to mi-September is sunny and habitually called dry season. However, the National 
Adaptation Plan of Action to climate changes (PANA, 2007) of the MINATTE , reports since 1999, a 
general trend of extension of dry season from 4 to 6 months, from May to October, especially in low land 
regions and central highlands plateaus regions.  
  
The annual precipitations vary in the range of 750mm in low-lying regions and 2000mm in high altitudes 
with an average of 1274mm/year (FAO, 2005). 
Average daily temperatures oscillate between 20º and 24° C in the western, northern and eastern low lands 
and 12° to 15ºC on the top highland stretching along the crest Congo-Nile.                                       
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Figure 1:  Burundi hydrological  map 
 
 
1.2.2. Problematic background 
 
This research mostly focused on Mugerero irrigated paddy area, which is roughly considered equivalent to 
Gihanga commune in Bubanza Province (Figure1 and 3). The population in the area is 46,284 inhabitants 
according to recent census of the population (MININTER, 2008); more than 90% depend on agriculture as 
their major source of income (MPDRN, 2006). The major food crops grown are maize, sweet potatoes, 
cassava, sorghum, vegetables and above all, irrigated rice. Paddy is indeed the main crop grown under 
irrigation, especially during wet season, while other crops are cultivated after rice is harvested or on other 
less irrigated areas. Water diverted from Mpanda River support hence local livelihoods through irrigation 
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of approximately 6000ha of rice and non-rice farming divided into 6 villages corresponding to 6 paddy 
farmers’ associations (See figure 3).  
Of the total area, 67% are rice fields, the rest being affected to non paddy crops such as cassava, maize, 
bean and vegetable (MPDRN 2006).Water for irrigation is distributed and taxed on arbitrary basis, where 
both farmers’ water share and charge are not function of farm’s size or water productivity, but according to 
an old fashion, a flat rate is fixed annually regardless of farm-scale and water availability. This system of 
water allocation is actually leading to many socioeconomic and environmental problems:  
 

a. Economic 
 

Farmers are mistrusting water managers and water allocating bodies, because they are paying water fees 
within a less participatory and irrelevant charging structure. In fact, there is lack of any quantitative tool 
(Volumetric, water right, water entitlement…) that can inform farmers and water managers on how much 
irrigation water an individual or association of farmers has used and for which they have to pay for.  
 

b. Social. 
 
Conflicts over control of water between close and remote farmers are not rare. These conflicts are among 
farmers living at the head and tail in the area officially supervised by the SRDI, but also opposed this 
perimeter’s farmers and informal paddy growers, generally running intensive paddy farming which 
demands much irrigation water.  

 
c. Environmental. 

 This way of charging fees creates environmental problems since this structure of fees for water use in its 
current nature does not enhance incentives for users themselves to save water and use it more efficiently. In 
contrary, people feel they are actually entitled to more water because they often feel as paying too much 
(Dinar, A. et al., 1997). To draw the highest profit, each farmer on one hand is diverting from Mpanda 
River as much irrigation water as possible, disregarding the minimum environmental flow. On the other 
hand, too much chemicals (fertilizers, pesticides, fungicides, etc) are being used which ends in the Lake 
Tanganyika without any control. Loss of endemic fish species and signs of eutrophication are already 
reported, even if deep researches to investigate on real causes and main point or non-point sources of loads 
are not yet done. 
 
 
1.3 Research questions and scope of the study. 
 
The questions to be addressed in this study include among others bellow issues:    

a. To what extent do current water management practices relate to irrigation water allocation and use 
efficiency constrain rice productivity in the study area?  

b. Are different water users satisfied by current water allocation and pricing approach? 
c. How can paddy cropping yields be increased through best water management practices    (efficient 

irrigation water allocation and use)? 
To answer these questions, the study is committed to fulfill the following objectives: 

a. To investigate on issues related to the inefficient irrigation water use within current irrigation 
water allocation and use practices in the region; 

b. To assess the impact  of these issues on paddy productivity;  
c. To propose relevant options for alternative solutions and recommendations. 
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2. Theoretical framework and literature review. 
 
2.1 Paddy irrigation scheme of the Imbo Regional Development Agency (SRDI). 
 
2.1.1 Irrigation paddy practices in Imbo low Land Region 
 
According to a 78-79 survey done by Burundian’s Civil Engineering Department, and reported by FAO, 
2005, Imbo low land accounts for the largest potentially irrigable region with 75 000Ha.  But the total area 
presently developed for irrigation is only 6000 ha (FAO, 2005), which is equivalent to 8% of the irrigation 
potential area in the region. Irrigated paddy is the main crop which is grown; sometimes alternating with 
rain feed crops, such as cassava, sweet potatoes, corn, sorghum and vegetables grown during rainy season.  
The irrigation method used until now is flood irrigation, consisting of bringing water to levelled fields, and 
allowing water flow by gravity along the ground among crops. Although this method of irrigation is quite 
simple and cheap, it leaves very little room for water saving since a good deal of water ends up in the drain 
without reaching the targeted crops, especially if the field’s slop is not well controlled.  
The paddy farming area of Mugerero, which is the target of the present research, has been  originally 
designed with assumption that rice will be the dominant crop with a yearly simple harvest, corresponding to 
wet season. During normal times, transplantation corresponds to the early January and the harvest in the 
latest May for belated varieties. The choice of this period is double: first, in order to allow rice crop benefit 
from rain fall as much as possible at the plot level and second, to phase with intense rainfall period, when 
the diverted river is at high level to ease water collection towards main reservoirs. Any pumping equipment 
is used at the diversion station.  
 
2.1.2 Irrigation and drainage technical system 
 

a. Irrigation:  
 

The system of irrigation practiced in the study area is mainly if not exclusively, surface or flood irrigation. 
Such kind of irrigation technique is defined in accordance with factors which the  FAO(1988)  training 
irrigation manual defines as function of natural conditions (type of the soil, slope, climate, water 
availability, and water quality), type of crop practiced, type of available irrigation technologies, and 
previous experience with irrigation, required labour inputs, cost and expected benefits. The scheme is a 
quite simple controlled gravity system, however complicated to manage, especially in case of excess of 
water because of rapid soil saturation and rise of water table.  
 

b. Drainage 
 
As the irrigation system practiced in the area is surface irrigation by simple gravity, deemed irrigation 
water excess is removed also by surface drainage, the optimum water depth in the paddy pond depending 
on the vegetative stage of the crop. This drainage technique is in fact described by the American Society of 
Agricultural Engineers (ASAE) quoted by FAO (2002) as a removal of excess water from the soil surface 
in time to prevent damage to crops and to keep water from ponding on the surface. This technique is 
actually applied by discharging irrigation water from the plots to the drainage canals’ network, through a 
series of overland trenches or drains arranged downstream at each plot’s dykes. Excess water collected 
gravitationally from connected plots is then gathered in the main drainage canal and finally disposed in 
Ninga River (see Ninga river localisation on the map of the study area represented on the figure 3). 
The technique has been applied in humid and sub humid zones, especially on permeable soils and shallow 
groundwater table (FAO, 2002), which are in large extent natural conditions prevailing in the study zone as 
mentioned in above paragraph.  
In case of irrigation water shortage, Ninga River is often diverted and the drainage water reused; 
particularly by paddy farmers in villages located downstream as most of the irrigation waters being 
captured by upstream users.  
This approach of reusing water is not bad as such since it is saving water that could be allocated to other 
users, but, the long term sustainability is questionable, so far that salt and other chemicals disposal cannot 
be removed by any kind of available irrigation technologies. The situation is worsened by the high monthly 
evaporation averaging 153 mm while the rainfall is quite low (average of 87 mm/month) to flush deposited 
salt compound out of the root zone (PDNE, 1997). The accumulation of salt left on the soil surface leads to 
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soil salinity. This situation is increasingly becoming problematic in the perimeter even though there is not 
any attempt to study the impact of this threat to paddy farming in the region. 
  
2.1.3 Water and land management in Mugerero Irrigation by gravity with water abstraction on Mpanda 
River. 
 
Water for irrigation used in the targeted study area of Mugerero is diverted from Mpanda River, and 
collected into two reservoirs of 4m3 each as shown on the plate taken from the top catchment at Gatura, 
upstream of the whole irrigation scheme (Figure 2).  
 

 
 
Figure.2: Double reservoir upstream of the irrigation scheme of Mugerero (source: Field data) 
 
From the reservoir, water is conveyed by lined primary and secondary canals, distributing irrigation water 
to different villages of farmers under the responsibility of the SRDI, a governmental organization mainly 
responsible for paddy farming in Imbo low land region.  
On one side, existing irrigation infrastructures were designed for irrigation water supply by gravity to 6 
villages of paddy farmers. Head and secondary canals are lined while tertiary canals and further canal 
network for water distribution to different users are not lined. Farmers are supposed to be autonomous in 
water management at tertiary level, locally called “arroseur”. For each of the tertiary canal, an elected water 
management committee is supposed to follow the irrigation schedule on behalf of the whole village’s paddy 
farmers association. These committees are asked to organise collective works to clean and maintain 
channels, but since they are not paid for the task; fixed schedules are often not respected. In reality, these 
committees are less operational, because neither they are heard nor respected by water users, let alone 
water management committees at high level of the SRDI Staff. Disobeying farmers are sometimes charged 
by farmers’ association committees and collected money to cover local expenses.  
Management of secondary canals has been recently transferred to the entire responsibility of famers’ 
associations at the village level while primary channels maintenance remain under the SRDI authority. The 
cost of operation and maintenance of the primary canals (actually in bad conditions) are covered by water 
fees perceived by the SRDI.  
According to Abernethy (2000), the cost of providing irrigation water is divided in four different 
components which are: 
 

- The capital cost of building the irrigation facility, 
- The routine annual cost of operating and maintaining the facilities, 
- The occasional costs of major maintenance and renewals of the facilities, and 
- The overheard cost of any national or regional organisation that exists to organise and provide 

technical support services. 
 
The last one seems to be the most money consuming, since  less have been done in the last years, to extend 
or at least to maintain sustainably existing irrigation infrastructures. 
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In this regard, an equivalent amount of harvest of 300 kg of paddy/ha/year and per farmer is collected 
regardless of the water quantity used or volume of production got. Actually, no one escapes from paying, 
since individual accounts are maintained and if a member doesn’t pay within a permitted time, the season 
debt is classified as arrear and unpaid arrears are carried forward to the following season. Thus, at each 
charge of season, the total of arrears accumulates quickly. Until recently (no legislation text available), no 
payment of water fees meant expulsion from the plot which was given to any farmer committed to pay for 
the former occupant’s debt. It was mentioned that the staff members of the SRDI and other state employees 
were the main beneficiaries of this kind of regularization. Poor farmers were the most expropriated and 
since then forced to leave a plot they may have been exploiting for more than a decade.  
On the other hand, along the primary canal of 6700 m long with a calculated flow of 3200 l/sec, has risen 
illegally an intensive paddy farming, with two rice cropping seasons a year, on an area roughly estimated at 
540 ha (Figure 3) according to the responsible for infrastructure maintenance and Advisor to the General 
Directorate at the SRDI interviewed on the 12th of January 2009 (BITANTAMURA, Personal 
communication). 
 
This spontaneous category of farmers developed on a former animal farming of Randa, and currently 
named “hors casier” or hors- perimeter, is diverting irrigation water directly from the  main canal 
conveying water to downstream users supervised by the SRDI.  Profiting from the geographic situation 
upstream, they own the best share of available irrigation water, and thanks to their context of illegality, they 
have no obligation to pay despite the large quantity of irrigation water used for the double paddy harvest 
per year. At the beginning there was a strong resistance of the SRDI and farmers against uncontrolled 
proliferation of “hors casier” perimeters but they came up against landholders’ opposition, given that they 
belong to the highly placed category of farmers, who rarely can be sued for such “banal” issues related to 
access to irrigation water in societies where corruption is common.   
 
 2.2 Principles of irrigation water efficient allocation and use. 
 
It is not possible to guarantee food security under the conditions of keeping sustainable development and 
sound ecosystems and environment without advanced irrigation systems (Li, 2006). This means definitely 
that sustainable agricultural development relies on sustainable irrigation water allocation to different users 
and efficient use of each drop allocated to irrigation purposes. In this perspective, Ostrom (1992) quoted in 
Abernethy (2000) develops a set of eight principles of irrigation water allocation and use which appear to 
be correlated with sustainability. The principles can be summarized as following: 
 

1. Clarity: There are clear boundaries and rules about who has the right to water. 
2. Equity: Rules ensure that each member’s contribution and benefits are in balance 
3. Flexibility: Rules can be modified by collective decision of the members. 
4. Transparency and accountability: Monitoring of conditions and actions is done by users or 

people accountable to them. 
5. Compliance with rules: violators of rulers received graduated penalties, decided by other users 

or by people accountable to them 
6. Conflict resolution: Arrangements exist for settling conflicts, among users or between users 

and officials, quickly and at low cost. 
7. Autonomy: Government authorities recognise the user’s right to devise their own organization 

and rules. 
8. Decentralization:  There are different levels of organisation, which deal with different 

functions and decisions. 
 
The author of this study agrees with these principles as unavoidable pillars of a successful locally managed 
irrigation system. An irrigation scheme, whatever the design, may fail if it is not grounded on farmer’s 
active involvement within a relevant institutional framework. 
Some forms of allocation indeed are likely to require a set of laws and regulations, organisations and water 
resources infrastructure to operate effectively (Dinar, Meinzen-Dick & Rosegrant, 1997). 
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2.3 What does efficient irrigation water allocation and use mean? 
 
The word “allocation” is defined in McMillan Dictionary (2002) as the process of deciding to give amount 
or share of something to someone. Irrigation water allocation is therefore defined as the process of deciding 
on the amount or share of irrigation water that could be entitled to every farmer, involved in an irrigation 
scheme. However, to be entitled to water for irrigation as such, whatever the quantity or quality might be 
less sustainably productive if not efficiently used in accordance with other water users and the 
environment. The efficient irrigation water use is be defined as a system of water saving measures 
undertaken in order to reduce as much water loses as possible at every stage of the irrigation scheme. Water 
loses that ought to be reduced along the whole irrigation scheme are described by Howell (1993) as the 
fraction of water that is consumed, unavailable to other users and returned in the hydrological system. Part 
of water withdrawn from rivers or groundwater for irrigation purposes is diverted by evaporation along the 
conveyance canals and the crops themselves or percolation under the root zone where the water cannot be 
recaptured. The remaining part is the drainage water that often become highly polluted by salts and other 
chemicals, making it no longer usable, or causing more harm once it is used. This kind of water must be 
discharged to a sink for a disposal (Howell, 1993). Malashkhia (2003) states that the efficiency 
improvements of the irrigation system are important for water saving measures as they result in reduction 
of water losses at each level of the irrigation system, both  at the conveyance as well as the application 
system. Wallance and Batchelor (1997) quoted in Bucks (n. d.) suggest a series of efficient irrigation water 
use improvement options to enhance water saving incentives, applicable in whatever irrigation scheme.  
 
 
Table 1: Efficient irrigation water use improvement options (Source: Bucks, n.d.) 
 
Improvement category Options 
Agronomic Crop management to enhance precipitation capture 

or reduce  water evaporation (crop residues, 
conservation tillage, plant spacing), improved 
varieties, advanced cropping strategies (double 
cropping, rotations) that maximize cropped areas 
during period of lower water demand  and/ or  
periods where rainfall may have greater likelihood 
of occurrence.  

Engineering  Irrigation systems that reduce application losses and  
improve  application uniformity, enhanced rainfall 
capture techniques, etc. 

Management Need-demand based scheduling and preventive 
maintenance of equipment to reduce unexpected 
infrastructure failure. 

Institutional Water user’s participation in the scheme operation 
and maintenance, water pricing and local incentive 
to reduce water use and penalties for inefficient use; 
training and educational opportunities for learning 
newer and advanced technologies. 

 
    
All these options may not be applicable in social, economic and environmental context of the study area, 
but could be adapted in order to fit in local realities. 
 
 2.4 Determination of water allocation in paddy irrigation scheme of Mugerero. 
 
The determination of water to be allocated to farmers in paddy irrigation scheme is based on the 
comparison between irrigation water demand and actual water supply, in accordance with the scale 
(adopted system of irrigation) and time frame (seasonality). The FAO (1992) distinguishes two methods of 
determining quantitatively water needed as well as water supply for an entire irrigation scheme, both being 
function of the soil characteristics, nature of the crop to irrigate and the climate.  
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The first one, quite simple is approximate method, less data demanding and mainly used for preliminary 
project planning. The second method is based on calculations of precise water requirement for a given 
irrigated crop and season. An example of irrigation water needs is given bellow to show how individual 
areal water demand could be calculated by using the second method.   
Water needs for an irrigation scheme are calculated in accordance with the following formula as it was 
suggested by the 3rd training manual for irrigation of the Food and Agriculture Organization of the United 
Nation (1988)  
 
IN (mm/mo) = ET crop (mm/mo) + SAT (mm) + PERC (mm/mo) + WL (mm) - Pe (mm/mo) 
 
Where: IN is Irrigation Needs( mm per month), ET is Evapotranspiration, which is a variable characteristic 
of a given crop to be grown and is directly associated to the reference Evapotranspiration ET0 and the crop 
factor Kc; SAT is the amount of water needed to saturate the root’s zone and depends on the soil type and 
rooting depth, PERC is the amount of water that is lost through percolation and seepage and depends on 
the type of the soil, WL is the amount of water needed to establish and maintain a required layer depending 
on the vegetative stage, Pe is the portion of rainfall that is effectively used by the crop.   
 
In the case of paddy farming of Mugerero, the amount of water that should be allocated to an individual 
plot, averaging 0,75ha was calculated by using the above formula as following, if it is  consider a single 
crop,  the normal cultural season scheduled from January to May: 
ET. Crop = ET0. Kc  
Where Kc is suggested to be averaging 1.1 for paddy cropping while ET0 were given by the Hydroplan-
Fichtner, 1991 and quoted by the PDNE (1997) for the whole central Imbo region. 
ET.rice is calculated for the cultural season scheduled from January to May as presented in the table n.2 
Table 2: ET rice calculated for a cultural season scheduled from January to May. 
 
Month January February Marsh April May 
ET0 146 134 152 132 143 
Kc rice 1.1 1,1 1,1 1,1 1,1 
ET rice 161 147 167 145 156 
 
SAT (mm) is the estimated by the 3rd irrigation training manual of the UNFAO (1988) at 200mm of water. 
PERC (mm/month) is estimated as averaging 150mm/moth in sandy clay soils prevailing in the Imbo low 
land, especially in the study zone of Mugerero. 
WL (mm/month): The required layer to be maintained in the paddy field varies with the growing  stage, 
100 mm, 20-50 mm and 100 mm, respectively during the active vegetative stage (1,5-3 months), 
reproductive (1month) and maturation stage ( 1 month). WL is taken in account while determining the 
average water that is lost into percolation and seepage (FAO, 1988) 
Pe (mm/month) is estimated by the formula proposed by the 4th training manual of the UNFAO, 1989 as 
following:  
Pe = 0, 8P-25 if P≥ 75mm/month and Pe = 0,6P – 10 if P≤75mm/month 
Using the data provided by Hydroplan-Fichtner, (1991) and quoted by the PDNE (1997), for the whole 
central Imbo region. Pe is calculated and shown in the following table: 
 
Table 3: Efficient rainfall Pe calculated for a cultural season scheduled from January to May. 
 
Month January February Marsh April May 
P(mm) 130 117 129 154 78 
0,8P 104 94 103 123 62 
Pe (mm) 79 69 78 98 37 
 
Since P≥ 75 mm/month at all months, we consider the first alternative (Pe = 0.8P-25) 
According to the Formula above, monthly irrigation water needed along the season in consideration should 
be calculated as following:  
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Table 4: Irrigation Water Need calculated for a cultural season scheduled from January to May.  
 
Month January February March April May 
ET rice (mm) 161 147 167 145 156 
SAT (mm) 200* - - - - 
PERC (mm) 150 150 150 150 50 
WL (mm) 100 100 50 50 100 
Pe (mm) 79 69 78 98 37 
IN (mm) 531 329 289 247 319 
IN/day (mm) 18 11 9 8 10 
 
*assumed that the soil is saturated after the first month of irrigation  
 
The whole paddy season requires an irrigation water need of 1716 mm of water which must be provided by 
irrigation.  
Assuming that irrigation water is provided continuously, the net flow of water needed to the plot of the size 
of 0.75 ha should be calculated for January as following:   
IN/day = 18mm 
                                                        18 
For the 0.75ha, it will be needed                 m/day x 0, 75 x 10,000m2 = 135m3/day  
                                                       1000 
132.75 m3/day is equivalent to 135,000 l/ 24 x 60 x 60 sec = 1.56 L/sec.  
The same calculation approach can be done for the other months. 
 
 It is known that a lot of irrigation water is lost before it reaches the crop, mainly due to evapotranspiration, 
percolation, seepage and other losses during water conveyance. This means that water required to be 
delivered by water managers to irrigators is quite higher, especially in such irrigation schemes where 
irrigation infrastructures are badly maintained with a quite hot climate. The sum of monthly irrigation 
needs and irrigation water losses could be roughly estimated to individual water demand for which every 
user should pay for. 
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3. Material and methodology. 
 

3.1 Study area description.  
 
This study was conducted in the western low altitude plains of Imbo region in Burundi, which is located 
between 10 to 30 km South- North of Bujumbura, capital of Burundi.  The locality is named Mugerero, 
which is similar to Gihanga commune. Since the 1960s, the zone shelters the biggest low altitude semi-
intensive paddy fields in the whole country, mainly along river Mpanda which is running across this zone 
before it ends up into the Rusizi River which in  turn pours into Lake Tanganyika (Figures 1, 3) 
 
 

 
Figure 3: Detailed maps of the study area (Source: Adapted from IGEBU, UNHCR and SRDI archives).  
 
3.2 Sample and sampling methods 
 
The target population comprised of  irrigation farmers and officials in Gihanga commune, especially those 
growing irrigated paddy rice within Mugerero areas. 
60 participants were selected from the chosen population. Purposive sampling was used in choosing 
respondents for this study. This method of sampling was particularly decided by the nature of the study and 
local circumstances. As stated by Merters (1998), this procedure indeed, is one of the best sampling 
approaches, in which samples are selected with the aim of identifying information rich respondents in order 
to allow for an in-depth case study. Thus, three villages distributed roughly linearly along the course of 
Mpanda River, diverted for irrigation of the paddy perimeter supervised by the SRDI was chosen, one 
upstream (Village 1 or Mikataka Village), the second on the middle ( Village number 5 or Mpanda Village) 
and lastly downstream the village number four or Ninga Village. Geographic repartition of the village can 
be seen on the map shown on the figure 3. The choice of the villages was all guided by the desire to capture 
differences in people’s views on the way irrigation water is allocated and used by paddy farmers. 
 
3.3 Questionnaire 
 
 The study employed both primary and secondary data. The primary data were acquired through a designed 
questionnaire based on literature review, in order to collect relevant information related to irrigation water 
allocation and irrigation water use practices, and their impact on paddy productivity in the study area.  
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The questionnaire was produced in two parts: the first one of about 23 items was addressed to 
administrative representatives, technicians and water management officials accredited in the study area. 
The choice of these categories of respondents was determined by the fact that they worked or are supposed 
to be working closely to the irrigation water users and thus being better positioned for responding to the 
questionnaire. The second part, of about 17 items was directed to irrigation paddy farmers who are 
obviously water users and administered by face to face talks. Individual questionnaires were completed by 
focus group discussion aiming to pick farmers’ points of view on water allocation and management 
practices, options and mitigations measures to reduce the increasing pressure on irrigation water resources. 
 
Every questionnaire was divided into different sections: The first section was used to collect socio 
economic background information on the respondent (age, sex, residence, education level, category, the 
size of the farms as well as paddy farming experience) 
The second section was performed to ascertain the knowledge on current irrigation practices in relation 
with economic, social and environmental problems faced or may be faced by next generations of farmers. 
The third section helped to identify and assess required sustainable solutions that could likely contribute to 
address identified irrigation issues in order to alleviate the socio-economic and environmental impact on 
paddy productivity in the study area. 
 
Secondary data basically consisted of gathering of proven information regarding needed irrigation practices 
for sustainable irrigated paddy cropping and the link drawn between the latter and water allocation 
principles. This therefore, involved literature review on irrigation techniques and was compared with 
current irrigation practices in the concerned study area, in order to determine the gap to be improved for 
enhanced paddy cropping productivity. 
 
3.4 Procedure 
 
The questionnaire was administered in the form of structured interview. Participants were in the first 
instance familiarised with the purpose of the study while building up confidentiality and anonymity which 
help to avoid fears and enhance cooperation and honesty in response (Warusi, 2004). The original 
questionnaires were in English and the language used was French, which respondents of a certain level of 
education, mainly technicians or administrative representatives usually speak and use in their everyday’s 
work. Kirundi was used with farmers, who are in a large extent of low educational background. The first 
category filled the questionnaires while the second was requested for a face to face interview since this 
group was mainly composed by farmers less accustomed to such kind of research or definitely who do not 
know to read and write.   
 
The period of face to face interviews ranged from twenty to thirty minutes, followed by one hour focus 
group discussions per village, in order to make respondents interact and highlight the main issues related to 
water irrigation management in their village. Each survey day alternated with a checking time, to correct 
plausible false description, when were still fresh in mind. 
 
Besides administering questionnaires, informal contacts with interesting informants were established and 
individual discussions conducted as well with passengers on the way along the fieldwork. These 
discussions were completed by field observations and plate taking to deepen understanding on the way 
irrigation water resources are shared and used by different users and problems they are facing or may face 
in the future.  
 
3.5 Data analysis 
 
The collected data was analysed empirically by using both quantitative and qualitative approaches. Close 
responses were qualitatively  joined to highlight main points expressed by respondents .The Microsoft 
excel was used to analyse and interpret quantitatively row data in terms of percentage and frequency of 
responses on a given item question. The final results were presented in form of table and chart forms. 
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3.6 Critiques of the methodology 
 
The study was incapable to detect different bias and likely errors from the results of the research as it was 
described by Merters (1998) since that a probabilistic sampling as such was not used, but instead purposive 
sampling was used. These errors might have arisen from two sources: short time duration of interview, with 
difficulties to build up enough confidentiality, anonymity and trust required for such pertinent concepts like 
irrigation water allocation and efficient irrigation water use. 
The Purposive sampling approach used in this research was also gender limited since quite few female 
farmers were really not willing to take part in interviews. Some women contacted were in the unanimity 
responding: “ask the men”. 
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4. Results and discussion 
 
4.1 Respondents’ socio-economic background 
 
The main socio economic characteristics of surveyed sample will be summarized bellow in table 5.The 
variables controlled are the age, profession gender, educational level, total irrigated paddy landholdings, 
years of irrigation paddy farming experience of the respondents. 
The age of the farmers ranged from 30- 61 years with an average of 42 years. More males were involved in 
this interview than females, respectively 44 and 16. This gap can be explained by the fact that very few 
women are willing to take part in interviews. Moreover, there are few women who are members of farmer’s 
association representatives, even if they are heads of households and landholders as it was stated by many 
male farmers. They added that the phenomenon is also observed with other cash crops like coffee, cotton, 
tea, sugarcane, etc. Women have by all the time considered that income earning crops are the task of men. 
Probably due to Burundian culture which in a large extent has always reduced women to the domestic 
activities, while men own the last decision on household’s resource management, especially for commercial 
crops like paddy production. Hence women feel, they are having less knowledge than their husband and 
prefer not to actively participate in meetings and discussions regarding water for paddy irrigation and the 
management of the resource. They referred the researcher to men whenever there was a question related to 
water resource management. This showed definitely a lack of involvement of women at both family and 
village level, even though they are the most active agricultural labour than their partners.   
 
Majority of the farmers had primary education (34) while 10 of the respondents affirmed not having formal 
education; most of them were female and have been in irrigated rice farming all their lives. The remaining 
respondents had educational level equivalent or above the secondary school, of which 6 were of post 
secondary school. As already stated by Rahman (2003), farmers’ educational background influences the 
degree at which they access or are committed to access to innovative technical information which may lead 
to best production decisions. 
 
Overall paddy landholdings averaged 0.75 ha, but this figure is hiding huge disparities, since a good deal of 
sampled farmers, especially less educated and generally poor farmers have smaller plots of about 0.50 ha. It 
was  mentioned that the farmers have a long irrigated paddy farming experience since the average was 30 
years, the least being 2 and the longest 41years. 
 
Table 5: Socio-economic background of surveyed farmers 
 
Characteristics Total responses Range Average 
Age 60 30-61 42 
Gender: male 
             female  

 44 
16 

- 
- 

- 

Education: 
 none (0 years) 
  Primary (6 years) 
  College (10 years) 
   Secondary (13 years) 
   Post secondary (14 years and more) 

 
10 
34 
4 
6 
6 

 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 

Category: Farmers ( Males + females) 
                Government’s representatives * 
                  (males +female) 

(33+15) 
 
12 (11+1) 

- 
 
- 
 

- 
 
- 
 

Total irrigated paddy landholding (Ha) 60 0.5-2.0 0.75 
Experience in irrigated paddy farming (Years) 60 2-41 30 
 
* :  Even government’s representatives, taken from administrative as well as technician bodies were all of 
them involved in irrigated paddy farming and hence responded mostly as farmers than irrigation water 
management  officials. 
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4.2 Causes of current irrigation paddy mismanagements  
 
The causes of current irrigation paddy mismanagements and their impact on paddy productivity are 
summarised and presented in the chart diagrams (figure 4, figure 6).The results are obtained by raw data 
treatment, in accordance with what respondents answered to specific questions related to current irrigation 
practices in the defined study area. (The questionnaires can be found at the end of this work in the 
appendix).  
At this point of view, uncontrolled expansion of paddy cropping areas, aged irrigation infrastructures, 
irrelevant water pricing system, lack of knowledge and technologies relating to irrigation and drainage, bad 
governance and transparency, poor access and management of resources inputs (credit, fertilizers and 
pesticides), climate variability and population increase have been identified by the respondents as main 
causes of low paddy productivity as shown in the graph directly bellow:  
 

 
Figure 4: Causes of low irrigation paddy yields.  
 
4.2.1 Uncontrolled extension of paddy cropping area. 
 
During the survey, all (100%) of the respondents reported that the increasing uncontrolled informal paddy 
farming impacts negatively on paddy productivity in the region. In fact, irrigated paddy perimeter 
supervised by the Imbo Regional Development Agency (SRDI) within Mugerero area, is officially around 
4200 ha. Existing irrigation infrastructures have been designed accordingly and any  problems related to 
water demand as well as water supply were expected, especially from 1972 with the extention of the main 
flow from 2600 L/S to 3200 L/S ( BITANTAMURA , personal communication). However, since recently, 
farmers’ incentive to grow rice has doubled  or tripled  due to  the  likely high incomes generated from rice 
harvest.  No-paddy crops such as palm trees, vegetables, cassava fields and animal  pastures have been 
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replaced by the water intensive  and staple cereal which is rice.  According to the researcher’s interviews 
with SRDI officials and technicians, around  520 ha from former ranch  of Randa and 200 ha of former 
palm groves were developed in irrigated paddy fields, demanding  more water allocation from water 
managers and  surpasing the targeted cultivation areas set by the SRDI. Situated upstream and generally 
owned by rich farmers, they practice intensive rice cultvation which continues nearlly  all year round, 
diverting water even from the main canal. Althought little effort towards water allocation between upstraem 
and downstream have been initiated, such disordered and deliberate actions are still uncontrolable. All 
participants in the interviews as well as during focus group discussions, stated that they were not happy and 
wished more severe measures against informal irrigation water users.  
 
4.2.2. Non adapted infrastructure. 
 
Based on the results of the survey, the study discovered that low paddy productivity is due to  no more 
adapted irrigation infrastuctures. Out of 60 questionned, 58 respondents  (97%) affirmed that the low rice 
productivity witnessed in the region is likely attributed to the badly maintened and poor  irrigation 
infrastructures. Further discussions with  the respondents provided the information that existing irrigation 
infrastructure have been originally designed to capture and convey water for irrigation purpose, towards the 
irrigation paddy farming perimeter of Mugerero in Gihanga commune. The beneficicieries at the ultimate 
beginning were mainly quite few farmers community interested in paddy farming. However, along with the 
increasing population pressure within the region as well as  the neigbouring city of Bujumbura, and the 
consequent increasing subsequent demand for food, rice became the highest attractive  income generating 
staple crop. Paddy farming indeed  keeps on attracting more and more other paddy farmers in the area as 
well as in illegal areas along over time.  Below pie chart shows the relative importance of paddy farming in 
the commune Gihanga, comparativelly to the global agricultural production.  
 
 

 
Figure 5:  Relative  importance of paddy farming comparativelly to the global agricultural  production in 
Gihanga commune (Source: Adapted from MPDRN, 2006). 
 
Through this diagram, it is noticeable that agriculture production in Gihanga commune is mainly based on 
paddy farming (71,64%) followed by sweet potatoes (15,05%). 
 
 People indeed have been moving from the country side to the paddy growing area, searching for relativelly 
better economic advantages due to not only  the high market price of rice but also  jobb opportunities, 
contributing hence to wellfare improvement and related changes in food consumption patterns.  
 
While traditional paddy farmers claim to be automatically  irrigation water   right owners, even though 
there is  any formal regulation in this regard,  the respondents seem to be more stict on the use of 
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infrastructure. Moreover, although most of them acknowledged the right of all citizen to use water 
resources on the basis of equity, they are less flexible on the use of infrastructures which they consider as 
exclusivelly attached  to the SRDI, and hence not usable by hors perimeter farmers. If the government 
wants us to share irrigation water with hors perimeter paddy farmers, the only way out is the extension of 
the  infrastructure, added some  of the respondents met at Ninga village, downstream of the irrigation 
scheme. This statement lets one guess a  real and potential conflict source calling for permanent arbitrage 
from water management officials and government representatives. It is worthy to mention that  it was easy 
to realize along field visits that even existing irrigation infrastructures require rehabilitation and 
mainainance to fulfill its original target.  
 
4.2.3. Current water pricing system 
 
Most people agree that the water pricing system has obvious effects on the relationship between  irrigation 
water supply and demand, but the mechanisms are more important than the pricing (Li, 2006). This is true 
in the context of irrigated paddy zone of Mugerero, where, according to  the informants, since the 
introduction of irrigation paddy farming in the early 1970, each irrigation paddy farmer is taxed on harvest  
300kg/ha of paddy rice per year , regardless of the quantity of  irrigation water used. Water consumption is 
indeed  neither measured at the level of individual farm, nor at tertiary canals serving irrigation water to 
groups of farm households, generally grouped in farmers’associations at the village level. Mention that 
these  The respondents (88%) affirmed that not only they do not know why they are paying for water , 
which some consider as a “Free gift of  God” and for that matter should also be provided freely, but also 
are not informed on the use of the money collected as water charges. As they are  not convinced neither on 
the principle, nor on the mechanism of water pricing, farmers feel  they are overpriced and therefore 
entitled to more water, whatever water availability or other water users needs. According to Li (2006), if 
farmers worry that they will not get their fair share, in accordance to how much they claim to have paid for, 
they might take too much water. Moreover, if farmers become too much effective at promoting their 
interests, this can lead to inefficeincy, as in diverting the entire flow for irrigation , without recognizing  
other important uses such as the environment  ( Groenfeldt, 2006).   
Water officials contacted on their side affirmed that water fees are collected to cover all development, 
operation and maintenance costs and acknowledged the lack of involvement of beneficiaries, without any 
further comments. This reveals presence of a certain friction between water management bodies and 
irrigation water users. Effective pricing mechanisms should focus on fundamental principles, namely  
promotion of incentives for farmers to value irrigation  water resources for a careful use. Water users 
should also be  provided with the information on the use of collected water fees in order to avoid the risk of 
friction and misstrust between water managers and water users.  
 
4.2.4 Lack of knowledge and technology on irrigation /drainage 
 
Improvement in water infrastucture or the water pricing system alone may not result in agricultural 
productivity. Lack of information on the availability, use, and profitability of improved irrigation 
technologies may limit  the rate of  acceptancy (Aillery (1995).  Farmers need to be continuously educated 
and informed on the use of irrigation water by introducing the lattest techniques in the irrigation scheme. 
This was supported by many respondents          ( 70%) who  highlighted that the  low paddy productivity is 
in part a consequence of lack of sufficient knowledge and technology on irrigaton and drainage.  
Moreover, as stated by Hayat(2007), another hindrance to the modernisation of agriculture is social 
structure and the resulting behavior.  In fact, modernization will never occur even if the irrigation 
technlogies, fertilizers and relevant irrigation machinery are available , when social structure resists. The 
researcher noticed on the field that women were the main active  part of agricultural labour, but at the same 
time realized that women are not accordingly considered  as the main stakeholders in agricultural resources 
management as men.  
 
 Actually, there are new irrigation technologies that can for example reduce soil salinity and promote 
irrigation water use efficiency. Alternate Wet and Dry Irrigation (AWDI) method is for instance one  of  the 
most promising water saving in irrigated rice cultivation with both water saving benefits and human health 
control i.e control of mosquito which is the malaria’s vector(Van Der Hoek et al.,2001). However, flood 
irrigation  is still the only irrigation technique in practice all over the study area, despite the fact that  
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interviewed water managers acknowledged  being aware of the irrigation method  wasting to much water, 
especially in less well managed paddy fields of hors perimeter.  
 
A carefull worldwide estimate would show that a proportion of area under surface irrigation has decreased 
in favor of techniques requiring less water, such as sprinker irrigation and in particular localized irrigation 
(FAO, 2005). Although these technologies may not be feasible in the context of high water demanding 
crops like rice or in moderately poor paddy farmers, there is an urgent need of finding out the best 
irrigation alternative practices that could save more water to be allocated to the increasing paddy growers. 
Improved technologies may be less familiar or often sophisticated and necessitate additional technical and 
management expertise. Moreover, they  require prerequisite conditions such as change of current farming 
practices and equipment (Aillery, 1995). The main issue that raises  real barrier againt new technology 
adoption  is related to the production uncertaincies associated therein . In this regard, even though paddy 
farmers contacted stated that the lack of uptodate technologies were a limitation to improve paddy 
productivity, many of them were reluctant to any change, fearing the risk of  possible yield reduction. 
According to some informants, farmers’ resistance might   probably  be consecutive to  the bad experience 
they got along with the introduction in the 1990s of  YUNNAN 3, a high altitude adapted rice variety 
which after a three years high performance, was completely decimated by a cryptogamic desease ( 
Pyriculariose). It is worthy to remind that paddy farming is for a good deal the main income generating 
activity in the area. The less participatory introduction of the new rice variety, the short-lived success and 
above all the negative economic impact on the only source of family’s income increased famers’ resilience 
against any change of agricultural practices. This means that the chance of a new technology to succeed 
relies mainly on its capacity to draw from local knowledge and experience. As shown in table 5, the 
farmer’s experience ranges between 2 and 41 years, with an average of 30 years. They are hence a very 
good source of relevant information that could be capitalized by decision makers  while introducing new 
technologies with high likelihood to be locally adopted.  
 
4.2.5  Governance/transparency 
 
A proportion of 68 % of the sample answered that irrigation issues are handled in any participatory way. 
Water related  questions are rarely on the government as well as water manager’s agendas and if any, it is 
only in cases of irrigation water scarcity. Through this survey, the study discovers that the  SRDI officials 
organize the  irrigation water supply and as such appear as irrigation water provider or water charges 
collectors  while farmers play the irrigation water consummer. In their responses during field interviews, 
farmers repeatedly showed that  they hade a low level of satisfaction in services provided by the 
governmental water management organisation. In fact, the SRDI has not since many years, developed 
sufficiently attitudes of transparency and accountability in their ralationship  with paddy farmers. They 
neither developed ways of involving water users into decision making process, especially concerning water 
related issues management. It is however known and well documented that if farmers are involved in the 
irrigation water management, they can play an effective role in decision making, particularly in 
implementing, operating, maintaining, planning, evaluating their irrigation program (FAO,2005; Hayat, 
2007). Moreover, their  involvement fosters usually full commitment to improve water sharing on a basis of 
equity, productivity and efficiency, given that they know best their problems and for that, they are well 
positioned to suggest realistic solutions (Hayat, 2005). Farmers affirm not being informed on what 
irrigation water fees they  pay every year is used for. Morever, the newly increasing illegally irrigated 
paddy farming zone of Randa and other small scale farmers, generally owned by rich  landholders is taking 
off the best share of irrigation water, diverting even water from head channels. This situation is  
disappointing so much  and may raise in more disastrous conflicts in the future . Consequently, this study 
considers that  interested parties  i.e. both formal and informal paddy farmers, mediated by water 
administrative bodies,  need to come up with a sustainable solution as soon as possible.  
 
4.2.6 High cost of inputs and poor access to agricultural credit. 
 
The high cost of inputs and poor access to agricultural credit has also been highlighted by respondents 
(63%), as another problem leading to low paddy productivity in the study zone. After having a close look at 
the financial system prevailing in the study area, it is important to distinguish a formal and informal 
financial approaches.  
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The formal finance includes banking loans, microcredits such as COOPEC ( Cooperative d’Epargne et de 
Crédit) and  producers association and is generally subject to institutional regulations. The informal 
financial approach, unfortunetly predominant in the study area is typically out of any control. It accounts 
for other sources of funds, such as friends, relatives, rotating lendings and in many cases, this financial 
system is led by private money lenders, whose interest rates may vary in the range 50 to 100% for a short 
period of less than six months, corresponding to the  paddy growing season ( MPDRN, 2006).  Farmers 
contract these credits while purchasing inputs such as seeds, fertilizers, pesticides, and pay off their loans 
when they harvest and sell the produce. During bad production years, a number  of borrowers fail to pay 
back their loans, not due to their unwillingness to pay, but due to inability. Many of such kind of farmers 
resolve themselves by selling the plot, especially when they are no longer able to repay the debts due to  
increasing arrears. This uncertainty created by current financial system around paddy farming is quite a lot 
unfavourable to boost rice productivity forward, especially for poor paddy farmers.    
 
4.2.7 Climate variability. 
 
A number of respondents are frightened  by current climatic conditions in general. 62% of respondents 
answered that irrigation low paddy  yields are tributary of bad weather registered during the last years. The 
rain season is becoming  short, but too heavy and  causing floods, especially  to downstream farmers. The “ 
hors casier” or paddy zones out of the SRDI responsibility are the most affected, due to their geographical 
location and lack of knowledge in irrigation water management techniques since  they are operating outside 
of the formal paddy farming zone with the control of skilled water manager of the SRDI. These climatic 
trends are also reported by PANA of the MINATTE (2007) and might even worsen in the future by 
shortage of rainy season in the context of global increase of pluviosity by 3-10%  as it was stated by 
SINDAKIRA (2007) cited in MINATTE (2007).  
 
4.2.8 Population increase 
 
As already mentionned above, agriculture is the largest commodity producing economic sector as well as 
paddy is the main staple food crop grown by a good deal of  inhabitants of the study area. However, the 
population is increasing at an alarming  pace, which is weighing too much on already limitting resource, 
such as land, water and other agricultural inputs as stated by 61% of the respondents. The average arable 
land  per household is estimated at 0.35ha ( M.P.D.R.N., 2006). The table 6 shows the population evolution 
during last years and the projections for 2010 for the three sampled villages. 
 
Table 6: Evolution of the population in the three sampled village (1990-2010) 
 
           Year 
 
Village 

1990 2000 % of 
pop.increase 
(90-00) 

2008 % of pop. 
increase 
(00-08) 

2010 % of pop. 
increase 
(00-10) 

Buramata 
(V1) 

2500 6304 152 11641 84.6 14465 129 

Ninga (V4) 1980 2823 42.5 
 

3069 9 3465 22.7 

Mpanda (V5) 5478 8250 50.6 10377 25.8 11228 36.1 
 
Source:   Compulation from P.D.N.E.(1997)  M.P.D.R.N.(2006) and MININTER.(2008)  
 
Through the above table, it is visible that population in the sampled villages is increasing at a rate of more 
than 50% within  a decade, even though the trend  seems to decrease since recent years. The strong 
population increase ( more then 100% within a decade) witnessed in the village of Buramata (V1) might be 
due to the fact that the area shelters the informal paddy farming of Randa, but also put up former robelle 
troops since the first peace sign of 2002.  The higher increase of population during the 1990s is justified by 
the crowd of new paddy farmers encouraged by higher rice prices on the market while today’s trend to 
population stabilization might be explained by the fact that there is no more space for paddy farming even 
if the demand for this staple food  still increasing. The hope of paddy productivity improvement  of course 
is not only founded on the capacity of resources managers, if not possible to reduce, the  least being to 
stabilize the pressure on the scarce resources such as land and water  but also to use them husbandly.  
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4.3 Consequences of current irrigation paddy mismanagement defined by farmers.  
 
The results from the survey data show that respondents defined low irrigation paddy yields as closely 
connected  to water management problems like conflicts over irrigation water use, destruction of irrigation 
infrastructures, increase of soil salinity, pollution and threat to the  environment as consequences of above 
mentioned irrigation mismanagements as it is shown in the graph bellow.  
 

 
 
Figure 6: Consequences of current irrigation mismanagements. 
 
4.3.1 Low irrigation paddy yields 
 
Mpanda basin has the largest extend of paddy growing in Burundi, but the yield per ha and per year 
remains among the lowest in Africa.  Average yield of 10,000 - 12,000kg per ha/ year are obtainable with 
irrigated paddy in the Niger Valley (Abernethy et al. 2000, p.7) while an average yield of  8560Kg/ha  is 
produced in Jilin Province in China (Rongle, 2001) cited  in Jin, (2002) through  adoption of efficient 
agricultural  practices.  However, as reported by all respondents (100%), low irrigation paddy yields 
characterise their irrigation scheme. The table 7 shows paddy production during the last paddy cropping 
years (1999-2008). 
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Table7: Paddy production, yield prices and annual precipitations during the last 10 years. (Source: adapted 
from SINDAYIHABURA B, 2005 and SRDI database). 
 
Year Variety Area (ha) Yield 

(kg/ha) 
Total Prod. 
(Tonnes) 

Price 
(FBU) 

Yearly 
precipitation 
(mm) 

1999-00 Iron 2,388 5,300 20,500 200 775 
 V27 1,5780 5,000  205  
2000-01 Iron 260 4,500 18,018 200 729 
 V27 3,728 4,500  205  
2001-02 Iron 133 4,750 20,000 200 742 
 V27 3,863 4,,500  205  
 Iron 1,621   195  
2002-03 V27 2,360        20,499 200 765 
 V18 26       5,000  200  
 V14 12.75   200  

 Iron 2,127   210  
2003-04 V27 650  20,000 215 545 

 V18 760        5,000  220  
 V14 463   220  
 Iron 1818 5,500  245  

2004-05 V27 1254 5,250 21,500 250 757 
 V18 407 5,250  250  
 V14 548 5,250  250  

 Iron 3,090 5,500  280  
2005-06 V27 68.5 5,250 21,560 280 817 
 V18 420 5,250  280  
 V14 400 5,250  280  
 Iron 1,805 5,500  275  
 V14 1,157 5,250 21,000 280 929 
2006-07 V18 1,034 5,250  280  
2007-08 V14 2,602 5,250 21,000 375 * 
 V18 1,406 5,250  375  
*: data are missing 
 
 
Through the table, paddy yield remained low (in the range of 4000-5500kg/ha) for all varieties 
comparatively to paddy productivity of 10 000 to 12 000 Kg/ha/year achieved in the valley of Niger or 
China. Moreover, yields appear to be quite stable along the considered period of time (1999-2008), what 
can be explained by the fact that cultural practices (irrigation methods, fertilisers and pesticides, grown 
paddy varieties) have been in a large extent unchanged during the period. In fact, paddy productivity 
remained in somewhat the same despite favourable conditions such as the increasing paddy prices or 
change in rainfall patterns. It is important to mention that it is not possible to know how much irrigation 
water was allocated to formal as well as diverted by informal paddy growers, which definitely could allow 
an assessment of the impact of rainfall change in the productivity.  
 
4.3.2 Conflicts over irrigation water use  
 
The original paddy farming perimeter used to be only practiced in the rainy season. However, there is an 
increasing expansion of dry-season rice cultivation resulting often in serious competition over irrigation 
water resources. According to the respondents, the most pronounced problem is the water conflict between  
legal and illegal or hors casier paddy farming, where on one hand  are  intensive paddy farmers of Randa 
(520 ha)  and the scattered  small-scale  paddy farmers (200ha). On the other hand is a well established and 
managed middle-intensive paddy farming perimeter of Mugerero, officially supervised by the 
governmental water management agency (SRDI).  The SRDI farmers, through contacted heads of farmers’ 
associations, are argued to be legal and have entitlement of the right to the whole water supplied by the 
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irrigation scheme. They therefore, accuse illegitimate paddy growers, of taking more water, which they 
even don’t pay for. Illegal farmers, generally are located upstream of the irrigation scheme and take 
advantage of their geographical location and social standing to divert water from the head canal. They 
hence reduce considerably the flow, originally designed for the SRDI perimeter. When contacted during the 
field study, r of illegal farmers defended themselves by explaining that the decline of water flow in canals 
is mainly due to irregular rainfall, probably related to climate variability. This means that they are far from 
acknowledging their illegitimacy they are accused of, but at the same time opens room for a hope that they 
are willing to cooperate in finding ways to improve the scheme. The SRDI representatives have been forced 
to negotiate with hors-perimeter paddy farmers, but the problem is still pending as long as there is still no 
formal agreement between different stakeholders.  
 Another source of conflict over water use is among neighbouring farmers, concerning unequal water 
distribution among different rice plots. Farmers whose plots are at the tail of the irrigation system argue 
that those farmers having rice fields close to the feeder canals take more water.  So far there is any water 
measuring equipment neither at farm level, nor at tertiary canal network, every farmer evolves the 
maximum of his efforts to own the best share of irrigation water supplied, sometimes disregarding the 
needs of other water users downstream. 
According to water management officials of the SRDI, tensions are effectively strained in case of low 
rainfall, when irrigation water supply is quite insufficient, especially during transplantation season, which 
is one of the highest water demanding stages of growing rice. This study concluded in this regard that if 
downstream paddy growers do not receive irrigation water on a regular basis, there is high risk of obtaining 
quite bad rice harvests.  
 
4.3.3 Destruction of irrigation infrastructure 
 
Irrigation infrastructures are destroyed both at the farm level and at collectively shared infrastructures, such 
as canals and reservoirs as mentioned by 90% of respondents. They added that the increasing illegal but 
intensive paddy farming located upstream diverts irrigation water directly on head channel. Since there is 
no any formal agreement between legal and illegal water users, the latter takes  advantage of their location 
upstream and social consideration, and disobey even basic rules of irrigation scheme. It is indeed forbidden 
to abstract water from the head canal. Technicians of the SRDI reveal that “hors casier” farmers destroy 
regularly channels, whenever rainfall becomes scarce and current water irrigation regulations allow quite 
little room for downstream farmers to court those water thieves. The phenomenon of water stealing is also 
recorded along the whole irrigation canals network, among head and tail farmers on the same irrigation 
water conveying infrastructure.   
Another issue not less infrastructure unfriendly at farm level is termed “Gusemura” in local language. It 
consists of destroying common dyke between neighbouring paddy farmers, everyone willing to extend his 
plot. When the dyke, originally designed for water detention facility is weakened, irrigation water as well 
as fertilizers is no more maintained in plot. Surface water following preferred pathways downward evolves 
several times in conflicts, upstream plot owners accusing downstream farmers to have stolen both irrigation 
water and fertilizers that may have been carried by the water. 
 
4.3.4 Inefficient irrigation water use 
 
Efficiency in the use of water for irrigation consists of various components and takes into account losses 
during storage, conveyance and application to irrigation plots (Polacio-Valez, 1991). Losses of water for 
irrigation in the studied area might be effectively due conveyance as well as the irrigation system itself. As 
respondents (85%) mentioned that inefficient use of water for irrigation is at the origin of low paddy 
productivity. It was noticeable that a quite high quantity of water is lost on the way to the field even though 
it is difficult to state how much at the time being. A simple observation of conveyance infrastructures as 
well as water use for irrigation allows partially such a conclusion. Below plates are taken during field visits 
and are showing current state of irrigation water conveyance canals and how water is effectively used for 
irrigation.  
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Figure 7: Plate showing how irrigation water conveyance infrastructures are not well maintained (Source: 
Field data). 
 
The plate shows one of secondary canals conveying water for irrigation towards Village 5 upstream and 
village 3, village 6 and village 4 respectively as it progresses downstream. This infrastructure is badly 
maintained or not at all, although the canal is lined. A lot of vegetation has grown in stonework joints, 
increasing seepage and leakage. Losses of water are quite higher, especially where almost the canal has 
been destroyed or blocked by weeds, reducing considerably water that reaches downstream villages.  
  
The plate below on its side highlights poor water management at the field level.  Water is in fact distributed 
without relevance to planned schedule in accordance with water demand.  Several farmers store water in 
their plots, in order to control weeds and prevent soil consolidation before transplantation. However, this 
water evaporates completely thereafter since the climate in this low land and enclosed region is too hot.  
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Figure 8: Plate showing how water is wasted at the farm level (Source:  Field data). 
 
4.3.5 Increasing soil salinity 
 
Salinity is another consequence of irrigation water mismanagement highlighted by respondents. 65% 
answered that salinity is increasing at a rate that is feared by everyone. Upon direct observations done on 
the fields, it is easy to realize that the salinity increases as one approaches drain canals, which are otherwise 
the general irrigation water flow direction. Although any researches on this threat are yet done in this 
perspective, some respondents such as NDAMIYE and BARIKORE (See in the reference) affirmed that the 
growing salinity may be due to an uncontrolled reuse of drained waters collected from main drainage 
canals or Ninga River. This river is the main collector of all drainage waters of this irrigation scheme. Tail 
areas especially downstream villages, where drainage waters are frequently re-poured in irrigation canals 
are the most affected.  Moreover, farmers confirmed also that they usually reuse drainage water directly by 
diverting it from drains close to their fields, especially in case of water shortage. According to FAO (2005), 
pollution of drainage water by discharge of untreated wastewater into agricultural drainage systems has 
increased the deterioration of water quality in the main drain, and therefore, it is a major threat to reuse, 
leading to among other problems to soil salinity.  In such regions where evapotranspiration is quite high, 
often above precipitation (the deficit is above 730mm/year according to the PDNE (1997)), the salt 
containing in drainage waters, is left behind in the soil, since the amount of salt taken up by plants and 
removed by harvest is really small and the rainfall is quite low to leach away accumulated salt.  Increasing 
salinity in the root zone reduces plant growth due to the increasing energy that plants are required to 
develop in order to assimilate water from the soil.  The tolerance of   crops to salinity being quite variable, 
paddy is more sensitive to salt than wheat.  Comprehensive studies in this perspective and on-farm level 
demonstrated that irrigation induced salinity affects negatively paddy and wheat yields by nearly 50% on 
degraded soil (FAO, 1997).  
 
4.3.6. Pollution and threat to the environment 
 
Efforts to maintain and improve production have led to a rapid increase in pesticide and fertilisers use 
(Beanland et al, 1994). Pollution should be accounted for irrigation water consumer because once polluted 
by overuse of fertilisers and pesticides, it becomes less indicated for reuse without any preliminary 
treatment.  If it is, this situation may lead to other negatives effects like salinity as described above. In this 
regard, 35% of respondents, mainly those with a high level of education are estimating that pollution is 
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continuously taking off a certain percentage of paddy cropping land due to salinity and thus, reducing 
productivity. However, very few respondents could establish a certain link between irrigation practice and 
the environment sustainability. That is why a very low percentage of the respondents recognised the 
negative environmental impact of excessive use of chemicals in irrigated agriculture. Fertilizers and 
pesticides are applied whenever they are provided to farmers, without any other consideration. All of the 
famers contacted vowed not having any knowledge related to environmental consequences of using 
fertilisers or pesticides, and some of them acknowledged using a little bit much.  
 
4.4. Attempts of plausible solutions and recommendations. 
 
Paddy irrigation is the major source of income and water consumer in the region. Because of that, it 
requires more attention to improve the way it is currently managed. A few years ago, one should have 
asked why we would need to save water; by then water supply and water demand in Mugerero paddy 
farming perimeter were in balance. However, today’s population growth, increasing urbanization and 
plausible future introduction of high value water users (hydropower) are strongly calling for any attempt to 
efficiently manage this valuable resource in order to  address increasing water demand.  Measures to ensure 
enough water for sustainable agriculture are really indispensable by now more than ever. A quite high 
number of causes of current low paddy productivity and  consequence of past irrigation water 
mismanagement are pointed out by water users, and  might be the start point for water managers, 
governmental and nongovernmental institutions interested  in water related issues. The study considers that 
the government should increase the equity in water allocation between different irrigation water users as 
well as the latter would use this agricultural resource efficiently at the farm level. In this perspective, a 
series of five actions axes have to be urgently addresses: 
 
1-  As agriculture is the major consumer of freshwater in Burundi, 69 % according to the FAO (2005), a 

great deal of water could be potentially saved in this sector, given the low efficiency of current 
irrigation practices. At the same time, if any water saving policy is undertaken, irrigated agriculture 
should be the forefront victim of water shortage and prolonged drought. In this regard, the study 
would suggest the government should run an intensive campaign of experience sharing with countries 
that have adopted high scale on farm water saving irrigation practices such as China, Niger valley, etc. 
It would be very helpful to develop relevant strategies for sustainable irrigation water use, which are 
ecologically and environmentally acceptable. Water saving irrigation practices would increase equity 
in irrigation water allocation, reducing the tension over water use resulting hopefully in increased 
paddy production by moving from one to double rice seasons a year. 
 

2- The second axe is effectiveness of pricing system. It is the paramount measure leading to a reduction 
of water misuse at the strict minimum as it was suggested by some authors and most of the 
respondents of the interviews. Malashkhia (2003) strengthen this thought by stating that a relevant 
water pricing measure ensures the cost recovery and further investments in maintenance and operation 
of irrigation system, which affect the service level and irrigation system performances positively. He 
adds that this kind of water pricing delivers a message that water resources are scarce and do have a 
value.  It is obvious that irrigation water service charges which would ensure the M&O must be higher 
than cost recovery levels and might be confronted to farmer’s incapacities or unwillingness to pay, 
especially on low income farmers.  

 
3- The third axe focuses mainly on transparent irrigation water management and governance. Irrigation 

system performances rely largely on a close collaboration between different stakeholders from the 
national to the field level.  To achieve the gap, a good communication is essential to foster water 
management policies that could allow meeting irrigation water needs and interests of the present 
generation of irrigators, without imposing water scarcity to the development of future generations. 
Past experience shows a kind of dichotomy, where the government representatives (SRDI) appear as 
water charge collectors, while farmers, individually or in association estimate water fees to be high 
given that they are neither informed on neither what they should expect as feedback after they have 
paid, nor the way water fees is used for.  The respondents in a quite high proportion showed their 
disapproval and dissatisfaction of irrigation water services even though less were willing any change 
in this regards. The main service lacking were the maintenance of existing infrastructures and 
extension of irrigation facilities to adapt to the increasing demand. It was highlighted by the interviews 
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that it would be risky for them to accept any government driven change, unless they are associated in 
the decision making process, letting one guesses on one side a kind of mistrust between the two bodies 
of water stakeholders and on the other side, a full willingness to participate in the process of irrigation 
water resource management. Indeed, participatory approach should increase the willingness to carry 
out remedies or necessary adaptations to a changing environment as well as increases the 
understanding between various groups and decrease the potential for future conflicts (Andersson, et 
al., 2008). The weak political will and low determination to address nowadays irrigation water demand 
however appears to be unacceptable in a sector such as irrigation paddy farming which is supplying a 
good deal of affordable  rice for a major part of the population. This study considers that effective 
involvement of the existing paddy farmers associations (today mainly deemed as paddy collectors) at 
all levels of water management decision making could increase the interaction between different 
stakeholders, resulting in best water allocation and use practices.  
 

4-  The increasing salinity especially downstream and mainly close to the drainage system has to be 
urgently addressed. On farm as well as overall measures have to be undertaken to reduce as much as 
possible the increasing salinity in the region. This problem might be mainly due to the lack of 
knowledge of drainage techniques. It is often induced by the reuse of drainage water, containing 
higher levels of salt, which once added to the soil, increases salinity levels if there is not enough water 
to flush it under the root zone. Osmotic pressure induced by higher salt levels in the root zone requires 
plants to develop more metabolic energy to extract water, creating hence unfavourable conditions to 
grow. Hitherto, there is any treatment technology available for drainage water in order to be reused. 
However, efficient water allocation and use is of nature to release water that could be allocated to the 
tail users to compensate the gap that was fulfilled by salted drainage water use. 

   
5- The government should develop an institutional framework in order to support all aspects of efficient 

irrigation water allocation and use. Without a relevant legislation that could support decision making, 
there is high risk of confusion and conflicts over the role taking among the government agency and 
water users. Clearly defined and legally enforced water right and platforms for dialogue, negotiations 
and responsibilities of both public water agencies and farmers are important for the adoption of water 
saving technologies and practices (Tropp, et al., 2006). Therefore, this study calls the government for 
introducing strong irrigation regulations including water right. Water rights should help to make 
awoken user’s consciousness on the limitations while using water irrigation and might be of incentive 
to force water managers to fulfil their obligation to provide this right to their customers “The farmers”. 

 
In addition to the already proposed axes of actions, it is useful to formulate following recommendations: 
  

1- Given the economic and the profitability rate of irrigation paddy farming  growing in the region, it 
makes more sense to envisage the extension of irrigation area. The traditional conflict between 
formal and informal paddy farming might find its way out through the integration of actual hors 
casier perimeter in the area under SRDI’s responsibility. Such extension will likely succeed if all 
involved farmers and the government cooperate in a participatory approach, to generate all the 
financial and institutional support required for infrastructure improvement. Many respondents 
repeatedly stated that the government should improve existing irrigation infrastructures if there is 
any project of extension.  
 

2- The government should enhance the establishment or reforms of  today’s water management 
institution, and the  involvement of water user groups that are able to constantly conciliate formal 
and the increasing hors perimeter paddy farming and come up with a sustainable sound agreement 
over irrigation water resources management.   

 
3- The survey discovered a quite low level of formal education among respondents. Since it is well 

known that environmental oriented education is the key to raise people’s awareness on ecological 
problems, the government should enhance through extensive school system and educational 
programs with ecological themes in focus, in order to help paddy farmers or their children to 
introduce new agricultural and environmental sound practices in their life. This would go a long 
way to increase farmers incentives to sustainably manage water resources.  
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4- There is a strong need of scientific research to investigate and develop an updated understanding of 
the soil characteristics, paddy water requirement and irrigation system parameters in order to foster 
a relevant and efficient irrigation scheme that fits local social, economic and environment 
management regime.  

 
 

5- Actually, domestic rice production has not been able to satisfy the increasing demand consecutive 
to the increasing urbanisation. Yet, importation of rice from Asiatic countries such as Pakistan, 
Indian is growing at a high speed. This means that beside any attempt to improve prevalent 
irrigation system, the government should strategise on how to protect local paddy farmers from 
cheap imported rice by exercising some regulations and control on the rice market. 
 

6-  Rainfall efficient use could alleviate the increasing pressure on irrigation water in the region. 
Hence it is recommendable to water managers to introduce biological and agricultural practices 
that value more rainfall water supply than irrigation water such as drought tolerant varieties, 
rainfall water harvesting techniques, and percolation losses control by using organic fertilisers that 
improve the soil texture. 
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5. Conclusion  
 
This work was an attempt to explore water irrigation related problems in the paddy farming in the perimeter 
of Mugerero in Gihanga commune, a low land middle-scale irrigation scheme. A close analysis of 
respondents’ answers and direct observations on the field allow for a conclusion that the availability of 
water as such is not a problem, but the problem lies essentially on the management of the irrigation system. 
 
In fact, this analysis allowed fulfilling the first objective of this study: “to investigate on issues related to 
inefficient  irrigation water use in the context of current water allocation and use practices in the study 
area” According to the respondents (more  or equal to 80%), the main causes of low paddy  yields are the 
increasing and uncontrolled extension of paddy farming, non adapted irrigation infrastructure and water 
pricing systems as well as the lack of updated knowledge and  technologies on irrigation and drainage. The 
accomplishment of this objective answered to the first question “In which extent do current water use 
practices related to irrigation water allocation and efficiency constrain rice productivity?   
 
These issues faced by paddy farmers have led to pronounced economic, social and environmental 
consequences such as conflicts over irrigation water use, increasing soil salinity and pollution, destruction 
of infrastructure and above all, low irrigation paddy yields which are in a large extent the answer to the 
second objective stated as:  “To assess the impact of theses issues on paddy productivity. A high proportion 
of respondents declared not being satisfied by current water allocation and pricing system. It was noticeable 
that issues related to the environment protection and conservation was quite underestimated by respondents 
with low formation background. Moreover, respondent’s views on issues related to water irrigation 
corroborated with the researcher’s direct observations and conclusions drawn from discussions. Different 
partners involved or interested by water management (water management officials, communal officials, 
school teachers, and farmers)  in their major part converged by stating that a lot has to be done, moving 
from a simple improvement of the system towards a complete reform of the SRDI. Obviously, a complete 
reform might not be the priority of the government, which still struggling to recover after more than 15 
years civil war. However, this study considers that efficient irrigation water allocation and use could be one 
of the key sectors that could contribute to the achievement of the Goal 1 of the UNMDG by reducing the 
number of people suffering from poverty and hunger in Burundi, through increased irrigated paddy 
production.   
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Key respondents contacted. 
 
Barikore joseph, SRDI, Responsible of the associative movement, interviewed on 11th and 12th of January 
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Bitantamura Francois, SRDI, in charge of irrigation infrastructure maintenance and Directorate councilor, 
interviewed on the 12th of January 2009 
 
Ndamiye Joseph, ex-employee of the SRDI, actually retreated and contacted on the 11th of January 2009. 
 
Niyonzima Alexis, ex- headmaster of the Agricultural institute (ITAB), a   high school of Gihanga 
interviewed on the 13th of January 2009. 
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Annexes  
 
Annex 1: Questions (face to face interviews) 
 

A. Background Information 
 

1. Name of Respondent……………………………………………….  
2. Age………………………………………………………………….. 
3. Location 
(a) Village …………………………………………………………….. 
4. Gender         Male            Female 
5. Whether attended the formal school              yes                  No 
6. Level of education: -   Adult education                  Primary                           Secondary               
             College                            University                     
7. How long you have been farming (years)     <  2                  2 -   5                                        >5 
8. What type of crops do you grow? 
(a) Maize 
(b) Rice 
(c) Others 
Specify…………………………………………………………………. 
9. What type of farming system are you doing? 
(a) Irrigation 
(b) Rain-fed 
(c) Others     
10. What is the size of you farm (in ha)? 
  <0.5                0.5-1               1-2                      >2 
 

B. Specific information 
 

1. Are all farmers getting equal proportional? 
    Yes  No     
 
 2. If No Qn. 1 why? 
(a) 
(b) 
2. How much water (abstracted) are you using per hectare (ha)?............m3 
3. How many Kg of rice you usually get per hectare?.................kg 
4. Which factors most determines you productivity? 
(a) Land 
(b) Fertilizer 
(c) Water 
(d) Others, Specify……………………………………………………………… 
5. What factors do you consider are the most important for you to achieve high productivity? 
(a) Land 
(b) Fertilizer 
(c) Water 
(d) Others, Specify……………………………………………………………… 
6. Do you think the current water distribution support high rice production per ha? 
Yes        No    
7. If Yes/No Qn. 6, why? 
(a) 
(b) 
8. If no. Qn 6. What should be done+ 
(a)  
(b) 
9. Are you satisfied with current water pricing system? 
Yes  No      
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10. If Yes/No Qn. 10 why? 
(a) 
(b) 
11. Who decide for the price of water? 
……………………………………………………………………………………….. 
12. Have you been involved in decision making about water i.e. water price, schedule, and so on? 
Yes  No   
 
13. If Yes in Qn. 12 in which way are you involved? 
(a) Through all farmers meeting with administration  
(B) Through farmer association representatives meeting with administration  
(c) Through individual consultation      
 
14.  Is there any kind of conflicts in water use? 
Yes     No    
15. How does the management address them? 
(a) Through negotiation involving concerned parties 
(b) Only the management makes decision (force) without involving stakeholders 
(c) No action is taken to address them 
16. Is there a limit for abstraction? 
Yes    No   
17. If yes, what factors makes you to have limited abstraction? 
(a) Water shortage/dryness 
(b) Environmental consideration (environmental flow) 
(c) It’s a matter a of schedule 
 
 
 
 
Annex 2: Questionnaire for governmental representatives, Institute and other 
organizations 
(Information provided will be confidential and used only for research purpose) 
 
1. Name of Organization/Institute………………………………………………………. 
2. Name of Respondent……………………………………………….  
3. Age………………………………………………………………….. 
4. Location 
5. Village…………………………………………………………….. 
6. Gender         Male           Female 
 
7. Whether attended the formal school              yes                No 
8. Level of education:  
 
      Adult education                  Primary                           Secondary               
             
        College                             University                     
 
9. How long you have been working here (year)      <2                 2-5                        >5 
 
10. What are the major aspects your organization dealing with? 
(a) Agriculture 
(b) Keeping Livestock 
(c) Conservation of water and other natural resources 
(d) Others      specify ………………………………………………………………… 
……………………………………………………………………………………………. 
 
11. What reasons made your organization to start working with rice cropping activities? 
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(a)…………………………………………………………………………………………. 
(b)…………………………………………………………………………………………. 
(c) ………………………………………………………………………………………… 
 
12. Have your organization tried to search (independent or in collaboration with others) for water resources 
allocation in the area? 
Yes     No 
 
13.  What are the main problems related to water allocation in the area? 
(a) Water scarcity………………………………………………………………………… 
(b) Water management………………………………………………………………… 
(c) Other (specify)……………………………………………………………………………… 
 
14. Currently in the perimeter is high pressure on using water resources, are there any effects to the 
ecosystem? 
Yes     No 
 
15.1 If yes, mention those effects 
(a)………………………………………………………………………………………… 
(b) ……………………………………………………………………………………….. 
(c) ………………………………………………………………………………………... 
 
15.2 What are the impacts of increased water use pressure to the water management? 
(a) ……………………………………………………………………………………… 
(b) ……………………………………………………………………………………… 
(c) ……………………………………………………………………………………… 
 
16. How does your organization execute activities/projects in the region? 
(a) Using holistic approach 
(b) Come-up with idea and implement it in a participatory way 
(c) Using top down approach 
(d) Other (specify) 
 
17. If there have been a lot of conflicts over using water resources, how do your organization and the 
management in general have been addressing the conflicts? 
(a) Negotiation with entire groups 
(b) Deciding on what should be done without involving concerned groups 
(c) Using forces (police), to evacuate/silence the groups with conflicts  
(d) Others 
Specify …………………………………………………………………………………….. 
 
 
18. 1. Do you think the water management system (including other organizations contribution) in the 
perimeter has managed to address the water use issues and conflicts in a sustainable way?  
Yes    No 
 
18.2 If no, what should be done? 
(a) ………………………………………………………………………………………… 
(b) ………………………………………………………………………………………… 
18.3 If yes,  
 
19. According to your experience, what should be done to balance water allocation to different users in 
sustainable manner? 
(a) …………………………………………………………………………………….. 
(b) …………………………………………………………………………………….. 
(c) …………………………………………………………………………………….. 
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20.  How do users pay water they use and how water fees are determined? 
(a)……………………………………………………………………………………….. 
(b) ……………………………………………………………………………………….. 
(c)………………………………………………………………………………………… 
 
21. How often the water management bodies involve water users to discuss water related issues? 
(a) Once in a year 
(b) Once within two years 
(c) Once within five years 
(d) Unscheduled 
 
22. 1.Is there a limit for water abstraction, in order to leave enough water that maintains the integrity of the 
ecosystem? 
Yes    No 
 
22.2. If yes, what is the maximum abstraction (m3) allowed? 
(a) Rain season …………………………………………………………… 
(b) Dry season…………………………………………………………….. 
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Annex 3: Localization of Burundi on the African map. 
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Annex 4: Authorization of research by local government’s representative 
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