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EXECUTIVE SUMMARY
Background
This report presents the study findings on the impact of fertilizers use on the environment in
Rwanda, basing on the Rweru – Mugesera wetland case. The consultancy services were sought by
Rwanda Environment Management Authority (REMA) to generate technical and policy information
on use and impact of fertilizers on the environment, so as to render advice to government as per
REMA’s statutory mandate on environmental concerns related to use of fertilizers. The study is
based on the fact that Rwanda as a densely populated country largely depends on agricultural
production carried out on a terrain, which is mostly rugged with steep slopes. The study was also
instigated by the recent routine monitoring undertaking by Rwanda Natural Resources Authority
(RNRA) that has indicated that most rivers and streams that recharge lakes and other water bodies
in Rwanda show very high sediment load and other pollutants due to excessive soil erosion, mainly
from improper mining practices, improper cultivation with inappropriate fertility and crop
protection practices on the steep slopes, road and building construction and lack of proper
sanitation infrastructure. The RNRA work established that mineral sediment particles provide an
adsorption mechanism through which persistent manmade contaminants especially agrochemicals
are transported by mineral sediment particles. Rweru-Mugesera lakes-wetlands complex was
chosen as a case study for the whole country based on the hypothesis that there is serious
pollution in the area brought about by the high sediment load transported and deposited by the
Nyabarongo-Akanyaru-Akagera river system and collected from the farmlands as the rivers
traverse the Eastern Province. The pollution in the wetlands-lakes complex, if unchecked, was
believed that it would lead to severe eutrophication of the lakes.
The Project
The main objective of the study project was determination of the impact of chemical fertilizers
on the aquatic environment in Rwanda, with the following specific objectives: determining of the
impact of chemical fertilizers on the aquatic environment in the Rweru-Mugesera lakes-wetland
complex; determining the sources of chemical fertilizer residues in the Rweru-Mugesera lakeswetland complex; and recommending of environmental management practices for sustainable and
climate resilient soil fertility management in Rwanda. The deliverables of the consultancy were
two, including production of a report on the impact of chemical fertilizers on the aquatic
environment in Rwanda; and an electronic data set on chemical fertilizer impact on the aquatic
environment in Rwanda in Excel spreadsheet format or other editable format and maps in ESRI
Shapefile format.
Study Outcomes
The aquatic environment in Rweru-Mugesera lakes-wetlands complex was found to be highly
enriched with nutrients of inorganic fertiliser origin. All the lakes, rivers and swamps studied have
been observed to highly eutrophic, with nutrient levels of key agrochemical related chemical
species (Nitrogen; Phosphorous and Potassium) above the set National Standards for natural
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waters. Lakes Rweru, Mugesera, Sake; Rivers Akagera at Kangama, Kabukuba and Kibare; Swamps
Buriba draining from Lake Rukira, Ntaga draining from Lake Mugesera, and Ntovi draining from
Lake Rukumberi; and a water sample from a pit made at Nemba by Lake Rweru were all highly
enriched.
All the three lakes sampled showed an algal flora typical of eutrophic conditions with strong
dominance by both mesotrophic to hyper eutrophic species. Chlorophyl-measurements also
indicated that the trophic status of the three lakes Rweru, Mugesera and Sake were mesotrophic,
eutrophic and hypereutrophic, respectively indicating impact from the surrounding environment.
Relative abundance of phytoplankton was dominated by green algae at all sites sampled, followed
by flagellates, blue-green algae, and diatoms. The onshore sites had the highest relative
abundance for all the three lakes, indicating a greater impact at the point of pollution loading, at
the land water interface. The zooplankton communities, which are dominated by rotifer species
Keratella, Filinia, and Brachionus sp., and their abundance are a further proof of the high trophic
levels of the three lakes as characterized by both, TN, P and Chlophyll-a.
This study confirms that the source of the pollution is leaching and runoff from farmlands that use
mineral fertilizers. This is so because the lakes and wetlands were found to have much high levels
of chemicals typical to those that make up the mineral fertilizers used for agricultural production
in Rweru-Mugesera lakes-wetlands complex, specifically Total Nitrogen and Potassium which were
exceedingly in high concentrations. The previous studies by RNRA in Rweru-Mugesera lakeswetlands complex and other parts of Rwanda did not find such high levels of Total Nitrogen and
Potassium as found in the investigated water bodies. Other sources such as parent rocks or soil
types within the water bodies, livestock farming, mining activity and industry were ruled out
because of the fact that the pollution impact was more observed closer to the potential sources of
pollution, the water – land interface and the other activities were not significant in the study
area.
The study established that there was a move away from conventional and organic farming
practices to increasing use of agrochemicals with increasing number of farmers requesting for the
government subsidized mineral fertilizers owing to higher yield and better value of produce due to
organized marketing associated with government’s programme. Accessing government support was
found to require moving away from diverse isolated smallholder production of variety of crops to
consolidated production of a few crops identified by government, and willingness to be part of
organized farming and marketing system where farmers work in synchronized manner albeit each
on one’s own holding. The lack of requirement to use organic or green manure has made many
farmers opt for less cumbersome and for now a method with higher returns in terms of yields, use
of mineral fertilizers with growing abandonment of organic and conservation farming practices.
Soil analyses indicated that there was loss of nutrients including nitrogen, phosphorous, potassium
and carbon from farmlands with increased concentration of these nutrients towards the edges of
farmlands and wetlands or buffer zones around the lakes. Buffer zones close to areas of high
sediment deposition or by the consolidation crop production expanses where mineral fertilizers
were in use indicated higher content of soils nutrients for chemical species similar to those typical
of those in mineral fertilizers.
Environmental and Human Health Impacts
The water sample from the Borehole used for domestic water in Nemba was found to have higher
levels of Nitrogen, Phosphorus and Potassium, even above the surface water standard for Rwanda.
Fertilizers are leaching /percolating through soil as indicated by the elevated values of TN and
Potassium in the water samples from both the pit and the borehole. Given that the sampled
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borehole is used for domestic, including drinking water, there is a significant risk posed to the
communities and there could also be significant contamination to the ground water resources.
Socioeconomic impact of fertilizers
Use of mineral fertilizers was found to be generally popular with many farmers requesting to join
the programme. This was linked to the boost in yields that was linked to application of fertilizers
under the consolidated land/production programme. Farmers based the application of fertilizers
on uniform rates and recommendations adopted nationally for fertilizing the different crops such
as maize, wheat and rice. This meant that farmers applied fertilizers without establishing the type
and gap/deficiency in nutrients that must be addressed. It was established however, that due to
poverty, many farmers were applying fertilizers below the nationally recommended rates. There
were also some reported cases, which either due to bad timing or under application, failed to
realize the expected yields after application of fertilizers. Farmers preferred applying fertilizers
to use of organic or ‘better’ cropping plots as the latter were found more labour intensive and
demanding. Farmers held the view that price escalation, absence of credit and poor timing of
delivery of fertilizer were their concerns, rather than the environmental consequences of
fertilizer use.
Conclusions and Recommendations
The impact on the aquatic systems is clearly linked to the increasing use of mineral fertilizers and
decreasing use of organic manure and good conservation practices by farmers. The RweruMugesera lakes-wetland complex is faced with serious challenge of pollution and habitat
degradation arising from soil fertility mining and loss of mineral fertilizers through erosion and
leaching. The intensified use of fertilizers that is increasingly spread out amongst all farmers will
have serious environmental impacts, including contamination of the water for domestic use with
serious health challenges overtime.
This study therefore recommends that a comprehensive soil fertility strategy be adapted, which
includes all options and especially taking on board the requirement for use of mineral fertilizers in
combination with composite and green manure to enhance the access and uptake of mineral
fertilizers by plants and prevent the leaching and run off. There is also need to evaluate the need
for fertilizer through more efficient management of nutrient cycle and precise application of
fertilizers as per the different farmers land holdings requirement; better crop residue
management, green manuring, organic manure and composting; and development of less intensive
farming methods with reduced levels of fertilizer application (adoption of alternative agricultural
production methods).
Deliberate efforts must be made with similar relief, as what is being provided currently under use
of mineral fertilizers, to farmers to return to use of organic and conservation farming practices so
as to increase the humus and carbon content of soils which helps to increase dissolution of
nutrients in a form that plants can uptake nutrients, and to reduce the loss of soil fertility. Since
significant farming takes place in water logged soils, especially for paddy rice, there is also need
for deliberate efforts to promote ‘Fertilizer Deep Placement’ (FDP) method especially for UREA
where briquettes containing urea are placed below the soil surface to allow for slow release of
nutrients throughout the growing period.
There is need to couple fertilizer distribution and application to the actual needs of the different
farm holdings by instituting routine comprehensive soil fertility surveys to establish the actual soil
fertility deficiency and needed minerals. This should be done in conjunction with soil permeability
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(Infiltration rates and/or hydraulic conductivity) analysis so as to put in place appropriate
measures to curb the leaching of mineral fertilizers.
In regards to the health concerns arising out of use of fertilizers there is need for government to
institute mechanisms to enforce acquisition and use of protective gears as part of the subsidy
programme, and for conducting routine testing and monitoring of water used for domestic
purposes. This should also include enhancement of the sensitization and training on fertilizers
handling and application with incorporation of information about health concerns regarding use of
fertilizers and how to mitigate such concerns.
To reduce the impact of fertilizers on the aquatic environment there is need for development of a
clear map /lay-out for use of the wetlands including buffer zones and gazetted protected areas.
This ought to be done in participatory manner with the involvement of all stakeholders especially
farmers, to reduce on the costs of management and enforcement associated with keeping farmers
out of the protected areas.
A comprehensive environment management programme for use of fertilizers based on routine
monitoring of key factors such as soils, natural water courses, domestic water, supplied
fertilizers, storage and handling of fertilizers, and knowledge of the end users should be instituted
and popularized among all stakeholders so as prevent and or be able to mitigate any possible
impacts of fertilizers use on the environment.
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1.

BACKGROUND TO THE PROJECT

1.1

Project Description

The Rwanda Environment Management Authority (REMA) in seeking to render advice on impact of
fertilizers on the environment, and in a bid to develop an environment management plan (EMP)
for containing risks associated with use of fertilizers has instituted research on the impact of
fertilizers on Rweru-Mugesera lakes-wetlands complex as a case study for the whole country. The
high population density and the need to ensure food security and socioeconomic development
continue to put pressure on the limited natural resources for agricultural production. This
production pressure coupled with the rugged and hilly nature of Rwanda's terrain that is
characterised by steep slopes and high rains, makes the cultivated areas that are exposed for
production highly prone to the erosion facilitated loss of soil fertility. Such loss of soil fertility is
also compounded by the loss of minerals through leaching both of which end up in natural water
courses with potential detrimental impacts on aquatic environment due to unnatural enrichment.
With the Government of Rwanda (GoR) policy for ensuring food security and stimulating
agriculture sector growth, which includes among others promotion of use of mineral fertilizers to
boost productivity, the country has witnessed significant increase in the importation and use of
fertilizers across the country with appreciable change in the agroecological practices of the
country. REMA recognizing the role of agriculture and the need for proper use of the natural
resources to ensure sustainable production and in line with REMA’s mandate to render advice on
environment management within the framework of Article 3 of Law N° 16/2006 of 03/04/2006,
contracted Green World Consult Limited (GWCL) to conduct research on the ‘impact of fertilizers
on the environment’ focused on Rweru-Mugesera lakes-wetlands complex. Rweru-Mugesera lakewetland complex was chosen because of its ecological sensitivity and recognition of the fact that
the Eastern province wetland-lake complex receives most of the sediments carried and deposited
by the Nyabarongo-Akanyaru-Akagera river system, bringing along nutrients lost through erosion
and leaching of farm lands. The choice of Rweru-Mugesera lakes-wetlands complex was also
instigated by the recent water quality monitoring expeditions by the Rwanda Natural Resources
Authority (RNRA) which continued to indicate that the rivers and streams that recharge the lakes
in Rweru-Mugesera wetlands-lakes complex had very high sediment load and were fast becoming
increasingly polluted. Under this study GWCL will specifically establish the pollution status of the
Rweru-Mugesera wetland-lake complex; analysis the agroecological practices of the area; assess
the socioeconomic drivers and impacts of ongoing practices and changes; and provide guidance on
the development of an EMP for containing impacts of fertilizers on the environment. The findings
of this study will be used to draw lessons and generate advice on management of impacts of
fertilizers on the environment for the whole country.

1.2

The Aquatic Resource Base

Rwanda is endowed with extensive hydrological system characterized by a dense network of
lakes, rivers, and wetlands that feed into two major drainage basins i.e the Nile Basin to the east
and the Congo Basin to the west. About eight percent of the entire country (210,000 ha) is
covered by water; lakes occupy about 128,000 ha, rivers about 7,260 ha, and water in wetlands
and valleys occupies about 77,000 ha. The Nile basin covers 67 percent of Rwanda and delivers 90
percent of the national waters while the Congo basin covers 33 percent and includes 10% of all
national waters. (Water quality monitoring baseline, 2005; MINITERE, 2004b). The forested area
of Nyungwe National Park is Rwanda’s major watershed for both the Nile and the Congo basins.
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The waters of the Nile basin flow out through the Akagera river system, which contributes 8 to
10% to the Nile drainage system. According to USAID (2008), the total estimated withdrawal rate
is 0.8 cu. km/year (equivalent to 141 m³/person/year), which is approximately 22 percent of the
total allowable withdrawal for Akagera river (IISD, 2005) indicating that there is presently little
pressure on the water systems to meet demands. The same observation was made in the Rwanda
irrigation master 2010 which indicates that Rwanda is characterized by high precipitation and
large unexploited reserve of both surface and ground water. The country’ water reserves exceed
by far the expected demand. The recent inventory on water resources identified 860 marshlands,
covering 10.6 per cent of the country surface, 101 lakes occupying 149,487 ha and 861 rivers
totalling 6,462 km in length (REMA, 2008). The major lake systems include the Northern lakes of
Bulera, Ruhondo; the central lakes of Muhazi, Bugesera, the Gisaka lakes, Nasho basin lakes and
the Akagera National Park lakes. The major rivers include Nyabarongo and Akanyaru whose
confluence forms the Akagera. There are others such as the Ruhwa, Rusizi, Mukunga, Kagitumba,
and Muvumba).
Rwanda also has significant ground water resource and according to the Rwanda Irrigation Master
Plan, the best aquifers are found in the quaternary volcanic formation of Birunga with a yield of
up to 110m3h-1. However, the eastern part of the country which is under some degree of water
stress is characterized by granitic aquifers whose yield is low 1-5m3h-1. The ground water study in
the lava region, by MINIRENA (2012), showed that there are important ground water recharge
zones within that part of the country. In Rwanda, the water quality is to a great extent
influenced by human activities in the surrounding of water resources and among them, the
intensive use of agrochemicals, such as fertilisers and activities such as mining. The topography of
Rwanda, which is characterized by a vast number of hills and mountains, contributes to high soil
erosion and increased transportation of pollutants from land to the receiving water bodies.

1.3

Agriculture in Rweru-Mugesera Lake-Wetland Complex

Agricultural production in the Rweru-Mugesera complex is predominantly by smallholder family
labour based producers, practiced majorly for subsistence and livelihood purposes. Considering
the land use map of Rweru-Mugesera lakes-wetlands complex (Fig. 2) it is apparent that nearly all
arable land is under cultivation, and the only option for expansion of agricultural production is
either increase productivity for the current farmlands or encroaching on the wetlands. Through
the interaction with district agronomists of the respective districts during this study it was noted
that agricultural production in the area had indeed increased in the recent years. However
expert analysis indicates that the recent improvement in agriculture sector performance does not
match the country’s needs for a food and nutritionally secure population (Cantore, 2011). This
disparity in agriculture sector performance and growing countries food and nutrition security
needs is said to have precipitated the development and launch of the Crop Intensification
Programme (CIP) by Government of Rwanda (Cantore, ibid). The launch of the CIP was also
followed by policy changes across the agriculture sector focused on better land utilization and
productivity, adoption and use of agrochemicals, use of improved and appropriate inputs,
improved access to extension services, better produce handling and storage, and bulk production
for improved marketing through farmer reorganization and land consolidation. These recent
agriculture sector policy changes and plans are thought to have paused potential risks to the
environment, especially for fragile systems such as Rweru-Mugesera lakes-wetlands complex, in
terms of increased demand for land, change in water chemistry, change in land use patterns,
production and productivity, animal and plant assemblages and communities, and household and
community development.
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This has created a challenge of how to ensure that mineral fertilizers are applied in a manner
that does not harm the soils’ continued capacity to support production and the environment in
general so that the ecological and socioeconomic services from the environment remain
accessible. The use of mineral fertilizers ought to be part of an integrated and comprehensive
soil fertility strategy including use of techniques that maintain and enrich the soil’s humus
content other than a standalone practice. The integrated approach should include promotion and
use of compost, animal manure, agroforestry, green manure and intensive fallowing, measures
against erosion, use of minimal tillage, and crop rotation. The soil fertility strategy needs to be
revisited to reduce on the use of acidifying fertilizers (especially urea, ammonium sulphate and
ammonium nitrate) to be replaced by physiologically neutral fertilizers. The question and
concern for this consultancy therefore is what the impact of fertilizers on the environment is,
and the guidance/advice that is needed to ameliorate any negative impacts while at the same
time supporting government’s efforts to improve agricultural production sustainably. The
Environment Management Plan herein therefore seeks to guide on environment aspects of
distribution and application of fertilizers for agricultural production in a manner that minimises
negative impacts in Rweru-Mugesera Complex as a case study for the rest of the country. The
other concern is whether the positive changes in agricultural production in Rweru-Mugesera
complex so far witnessed are sustainable, and if the negative environmental and socioeconomic
changes (already manifested and future) can be better managed using alternative agriculture
production practice
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Figure 1: Rwanda's water Resources network in 2009
Source: http://www.rema.gov.rw
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1.4

Overview of Green World Consult Limited and its relevant experience

Green World Consult Ltd (GWCL) is a regional private consortium of researchers with its head
office in Kigali. Its geographic focus is the Africa region. GWCL seeks to achieve its mission
through:
i.
ii.
iii.

Applied and action research on, and analysis, monitoring and evaluation of, innovative
policies, institutions and approaches to participation and governance in natural resource
management;
Sharing and dissemination of lessons learned, including capacity building; and
Fostering partnerships, particularly those that build on regional assets and talents and
contribute to closer regional cooperation.

GWCL works through four key areas: Climate Change and Disaster Risk Reduction; Sustainable
Natural Resources Management and Development; Environmental Management and Development
Project Impact Assessment. Key cross-cutting areas of work include community-based tourism,
sustainable consumption and production, gender and natural resource management,
communication and communication research, and the development and application of innovative
tools for participatory natural resource management.

1.5

Terms of Reference

The Terms of References (ToRs) as attached in Annex 2 give a very rich background to the
importance of agriculture as a major source of agrochemicals found in the Rwanda aquatic
ecosystems. The background gives a logic and evidentiary indication that agricultural production
practices are responsible for the increasingly levels of pollution in the lake-wetland complex.
REMA through this consultancy is seeking to establish the pollution status and occurrence and
impacts/effects of agrochemicals in Rweru-Mugesera lake-wetland complex; and guidance as well
as recommendations on the appropriate environmental impact assessment and monitoring
approaches and tools for effective environmental planning and management. It is understood that
at the end of the project GWCL will provide the following deliverables:
i.
ii.

A report on the impact of chemical fertilizers on the aquatic environment in Rwanda; and
An electronic data set on the current occurrence of chemical species associated with
agrochemicals use in the Rweru-Mugesera wetland-lakes complex.

In consultation with REMA technical committee for the project, it was made clear that aspects of
socioeconomics related to use of agrochemicals must be captured as well, and evidence adduced
on how socioeconomic activities relate to the use of lakes-wetland complex and adoption of
agrochemicals, including their impact on aquatic environment. It was also affirmed that the ToRs
have an implied need to establish the impact of pollution on services of the aquatic resources
including water for agriculture, fisheries, and industrial and domestic water needs and services, so
as to provide in-depth understanding and practical environmental management practices for
sustainable exploitation and utilization of the Rweru – Mugesera complex.

1.6

Objectives and Purpose of this Study

The study involved establishing the extent and status of pollution in Rweru-Mugesera lake-weltand
complex and to develop environmental impact assessment and monitoring system so as to improve
the environmental and ultimately the economic performance of agriculture production in the
Rweru-Mugesera wetland-lakes complex. The study was also charged with making
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recommendations on how to improve the use of agrochemicals so as to mitigate the impacts of
fertilizers on the aquatic environment in the country. Therefore the overall objective of the
consultancy was to determine the impact of chemical fertilizers on the aquatic
environment in Rwanda basing on the case of Rweru-Mugesera complex by:
i.
ii.
iii.

Determining the agrochemicals used and assess their impacts on wetland-lakes complex;
Establishing the sources of the chemical fertilizers residues in Rweru-Mugesera lakeswetland complex; and,
To provide policy recommendations on the appropriate environmental management
practices for sustainable and climate resilient soil fertility management in Rwanda.
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2.

APPROACH AND METHODOLOGY

2.0

General Approach to the Study

In this study, the life cycle analysis (LCA) method (Kuesters and Jenssen, 1998) to evaluate the
effects of fertilizer production, transport and use on the Rweru-Mugeresera aquatic complex
environment was used. We assessed how the fertilizers are applied on the farmlands and how they
are lost in the lakes-wetland complex and the role of the different environmental, socioeconomic,
and policy/statutory factors in promoting agrochemical use and impacts on the environment. We
based the analysis on value chain analysis starting from the fertilizer production/supply through to
its destination for use on farm. We used an integrated and multidisciplinary study approach
covering key study areas of water chemistry, soil chemistry, agro-ecology, socioeconomics and
aquatic ecology. The study involved both technical and scientific investigations as well as
socioeconomic assessments. Key issues that were investigated included: sub-optimum fertilizer
application, soil nutrient mining, unbalanced use of fertilizers, accumulation of key minerals such
as cadmium, ammonia volatilization, strategies to reduce ammonia volatilization, nitrate
leaching, strategies for increasing fertilizer usage and strategies to reduce soil fertility mining.

2.2
2.2.1

Methodology
Socio-Economic study

Stage 1: Desk Studies
Collection and review of existing data and information was done.
Stage 2: Detailed Field Data Collection Methods
1) Primary Data Source
Primary data sources included but not limited to the following:
a) Key Informant Interviews Schedule i.e. administered on Key informants’ such as public
institutions (ministries, local government officials and other authorities), private
institutions (importers and suppliers of chemical fertilizers in the study area) and other
institutions implementing projects within the study areas.
b) Focused Group Interview Schedule i.e. with Cooperatives who use chemical fertilizers
within the study area.
The effectiveness of primary sources depended on the design of interview research questions.
Both interview schedules are attached.
2) Focus Group Discussions (FGDs)
Thirty-nine (39) Cooperatives were randomly selected to participate in the FGDs with the help of
the Agronomies. The heads of cooperatives were informed and they mobilized their members
before the day of the meeting. The main purpose of FGDs was to draw upon respondents’
attitudes, feelings, beliefs, experiences and reactions which would not be feasible using other
methods, such as, observation. These attitudes, feelings and beliefs may be partially independent
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of a group or its social setting, but are more likely to be revealed through the social gathering and
the interaction which a focus group entails.
The strengths of the focus group method are that the researchers are provided with a great
opportunity to appreciate the way people see their own reality and hence ‘to get closer to the
data’ (Ivanoff & Hultberg 2006; Gaiser 2008). The method allows the intended individuals and
groups to be more involved in the research project. Interaction is a unique feature of the focus
group interview. Indeed, this characteristic distinguishes the method from the individual in-depth
interview. It is based on the idea that group processes assist people to explore and clarify their
points of view. Such processes tend to be less accessible in an individual interview. This group
interaction has been termed ‘the group effect’ by recent writers on focus groups (see Carey &
Smith 1994; Barbour 2007; Stewart et al. 2007; Krueger et. al 2009; Hennink, M.M. 2007).
3) Key Informative Interviews
An interview schedule was designed especially for civil servants and experts in government
officers who are responsible for agriculture sector in Rwanda. Key informants were interviewed
and selected on the basis of their roles as leaders, specialized knowledge and experience on the
subject under investigation. The researcher interviewed 18 key informants during the survey,
which is in the range of 10 to 25 as recommended (Krishna, 1993). Key informants were
approached with a standard key informant interview schedule presented in Annexes intended to
elicit information on the previous and current state of fertilizer use in Rwanda including potential,
problems, issues, challenges and alternatives.
4) Observation Technique
Not all qualitative data collection approaches require direct interaction with people. Observation
is a technique that was used during data collection especially when other means were of limited
value or difficult to validate. Observation served as a technique for verifying or nullifying
information provided in face to face encounters (Mathers et al, 1998).
Photography techniques of observation were also employed to ascertain the information being
given.
5) Secondary Sources
These included: existing data on fertilizer use for the study area; existing reports/documents,
policy and legal documents to mention but a few.
2.2.1.1

Participatory and Consultative Approach

In accordance with the mission and philosophy of the Green World Consult Limited, and to ensure
the buy-in of the main target audiences for whom REMA is representing, all the work under this
consultancy was based on a participatory and consultative approach, to the extent that was
feasible given the tight timeframe available for the project implementation. Key stakeholders
were consulted during the planning, design and implementation phases of the project, notably
through:
i.
ii.

Consultative meetings and personal exchanges with members of the REMA Project
Steering Committee (PSC) and responsible technical officers in the study area,
respectively;
Regular consultation with technical officers and experts in Rwanda within Government
Ministries, Universities and other government of non-government institutions such as IFDC,
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iii.
iv.

and agro-dealers such as AGROTECH;
Review and discussion by REMA and the PSC of the inception, draft and final reports;
Review and consultation with farmers, fishing communities (fishermen) and other
stakeholders within the Rweru-Mugesera wetland-lakes complex.

2.2.2 Review of Fertilizer Supply Chain and Experts Opinion
This review was aimed at drawing a general comprehensive understanding of the impact of
fertilizers on soil and the environment. For this purpose, published scientific papers and reports
were reviewed. A review of existing information in the country on the supply and distribution
chain of fertilizers was also undertaken including Government of Rwanda (GoR) programs related
to fertilizer use and management. The programs reviewed included: The Crop Intensification
Program (CIP), Lake Victoria Environment Management Program (LVEMP), District Environment
Management Program (DEMP) and planned irrigation schemes. In addition, views and opinions of
experts working in the area of fertilizer use in the country were collected and analysed to
complement written reports and publications.
2.2.3 Drawing on Good Practices
The study has conducted an extensive review of EIA studies related to nutrient/mineral losses
through soil fertility mining and associated impacts focusing on countries in the region such as
Ethiopia, Malawi, Egypt, Kenya and South Africa where fertilizers are significant component of
their agricultural production systems. From review of impact studies done there and global
literature, the study has extracted the most appropriate and recommended approaches for
Rwanda’s scenario and characteristic terrain and socioeconomic status (See Table 1 below).
2.2.4 Field and Laboratory Approaches
This study assessed the present environmental situation in the Rweru-Mugesera lakes-wetland
complex with the aim of determining potential sources agrochemical contaminants and their
impact on the aquatic environment. The study involved quantifying of the chemical loads from the
agricultural activities into the aquatic system and assessing how these chemicals have contributed
to modification in the physical environment; and identification of cost effective agro-ecological
monitoring methods for predicting environmental impacts of agriculture activities and other
related settlement and development activities in the system, so as to minimize those impacts. To
assess the impact of the fertilizers the study investigated the status, and where possible the cause
of the observed structure, composition and function of the aquatic ecosystems in the area. Under
structure, this study has endeavoured to establish the substrate and soil conditions, slope, aspect,
living and dead biomass, canopy openness, gap characteristics, abundance and distribution of
physical features, water and resource presence and distribution. Under the composition, the
following have been investigated; type, abundance, frequency, richness, evenness and diversity of
species and species guilds including level of distribution, dominance, similarity and diversity of
species at different locations; while under the ecosystem function the levels and intensity of
following aspects have been analysed: productivity, decomposition, herbivory, parasitism,
predation, colonization, nutrient cycling, succession and local disturbances.
The research principally focused on the impact of fertilizer chemicals in the study area by
investigating the changes in the river water chemistry; changes in flora and fauna within the
Rweru –Mugesera complex; changes in physical environment; and modifications in the agriculture
activities as farmers adapt to the changed environment. This included establishing the organic and
nutrient loads; determination of chemical species and their levels within the water column,
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identification, description and quantification of the plankton community, identification and
description of the aquatic plant community; identification and description of the vegetation along
the river banks; identification, description and quantification of the microbial community within
the river; and identification and description of invertebrate and vertebrate communities at
predetermined points of in the three lake systems. This study has also established the key
hydrological processes that link rainfall, runoff and leaching of chemically enriched soil particles,
to the transport and fate of fertilizer products used in the basin.
To ensure that the monitoring of the impact of fertilizers is cost effective and manageable it is
imperative that an appropriate package of limited, but effective indicators for ecosystem services
interrelated with agriculture is developed. The indicators must be able to adequately characterize
the complexities of the Rweru-Mugesera lakes-wetland complex ecosystem yet simple enough for
cost effective and efficient monitoring and modelling of the interaction of fertilizers usage and
structure, composition and function of the river ecosystem. To this effect a set of criteria formed
the basis of the choice of indicators that were used in this study:
i.
ii.
iii.
iv.
v.

Ease of measurement with possibility of taking measurements remotely
Sensitive to changes in the system brought about by fertilizer chemicals
Anticipatory change that relates to impending change in key ecosystem characteristics
Integrative changes that happen in response to a wide range of ecosystem services related
to agriculture in river ecosystem
With known variability that is within acceptable limits and can clearly be related to the
variation in the ecosystem brought about by the impact of fertilizers.

Table 1: Field and experimental methods related to different impact areas that were assessed

Impact Area
Physical
environment

Indicator/
Parameter
Soil structure

Water structure

Substrate type and level of
acidification
Slope/topography, vegetation cover,
agriculture practices occurrence,
evenness and distribution of
vegetation
Water coloration, turbidity, siltation

Sediment
structure

Type of substrate, porosity of
nutrients and sediments

Water chemistry

Chemical species composition and
concentration with focus on DO2, total
P, orthophosphates, total N, mineral
nitrogen (NO3+NH3)

Nutrient loading

COD, pH, BOD

Phytoplankton

Key species occurrence, distribution,
dominance & chlorophyll a
Key species occurrence, distribution,
richness

Landscape
structure

Water
environment

Variability

Zooplankton
function
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Means of
assessment
Plotting and
laboratory analysis
Transect field
observation
Plotting and field
observation
Field observation
and laboratory
analysis
Plotting and field
and laboratory
analyses

Field observations &
measurements
Plotting &
laboratory analyses
Plotting and
laboratory analyses

Terrestrial
environment

Aquatic fauna

Type, occurrence and distribution of
benthic organisms, invertebrates,

Aquatic
Macrophytes
structure
Vegetation
composition

Species types, distribution and
evenness

Fauna
composition
Settlement &
development
activities

2.3

Species types, distribution and
evenness, size and type of buffer
zones
Occurrence and distribution of animals
and birds in the basin/lake wetland
complex
Types and nature of livelihoods;
source, type and use of chemicals

Plotting, field
observations, &lab
analyses
Plotting and field
observation
Transect field
observations
Field observations
Field observations &
socioeconomic
analysis

Specific Approaches and Methods for Fertilizers Impact Assessment

2.3.1 Agro-ecological Assessment
The key object of agroecological assessment was to establish the changes in the use of natural
resources including land and water, and evaluating the resultant impacts on the natural ecological
systems given the reported increase in use of mineral fertilizers and deposition in the aquatic
environment in Rweru-Mugesera lakes-wetlands complex. The field work involved establishing the
current agricultural production practices, systems and sizes of land holdings used for agricultural
production; the nature and types of lands used for agricultural production; types, mode of
application and the extent of use of fertilizers; the change from agricultural production practices
of the past given the set conditions for accessing and using mineral fertilizers; the general array of
approaches used by farmers in improving productivity other than application of mineral fertilizers;
and differences between the different practices in terms of productivity. The agroecological
assessment also sought to establish if there were any impacts on natural ecological setting of
Rweru-Mugesera lakes-wetlands complex caused by adoption of use of mineral fertilizers by the
farmers. The assessment involved field observations, direct interviews with farmers and extension
workers, interactions with resource managers and environment workers. The assessment also used
plotting and transects studies in investigating the impact on the vegetation cover and on the
animals known to occur in the target areas. The assessment was purposively and logically based on
administrative spatial units so as to highlight the impact on natural resources of the local
differences with respect to policy implementation and technology application related to
fertilizers. The other two considerations in selecting the study areas were availability of water
and nature of agricultural activity in as much as the two influence the use of fertilizers. In the
preliminary interviews and interaction with leaders of the farmers’ cooperatives, sector
administrative and technical personnel, and farmers found in the field we established areas that
were under use of mineral fertilizers and those where fertilizers were not applied. This allowed
for comparison of the ecological processes, including trophic relationships; reproduction processes
and behaviour; seed and pollination activities; dominance in terms of numbers, competition,
habitat utilization and predator prey relationships; and assessment of ecosystem level ecological
services between areas under fertilizer application and those that were not using fertilizers.
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Seven areas within the lake-wetland complex were identified and focussed upon depending on the
administrative structures; the dominant production system; whether or not the area was under
land consolidation; and closeness to the wetlands or water body (river or lake). The assessment
was generally categorized into four: farm lands using fertilizers; farmlands not applying
mineral/inorganic fertilizers; non-agricultural lands; and farmlands by the river banks. The
assessment included profiling of current and potential impact of use of agrochemicals on key
ecological flora and fauna using data from direct field observations, interviews and historical
data.
2.3.2 Environmental and Social Impact Assessment
In here expert opinion developed through direct field observation and comparison with other
findings elsewhere was used to give a view of the status of environment in general in the river
basin and how the environment has been impacted on by the fertilizers. For a comprehensive
understanding and evaluation of the impact of fertilizers it is critical that stakeholders are
interviewed. In this study socioeconomic survey was conducted to establish the types of fertilizers
used, the usage and management fertilizers usage, the contribution and importance of fertilizers
to the farmers, and the impact and measures put in place to minimize negative impacts of
fertilizers. The survey covered farmers, extensions workers, Agriculture Officers, Water Resources
Officers, environmentalists and researchers/scientists.
2.3.3 Soil Analysis
Soil analysis involved physical, chemical and biological profiling in relation to occurrence and
impact of agrochemicals, as well as assessing the potential for soil structural change with
presence of agrochemicals. The chemical profiling included establishing the mineralogical
composition and content of basic elements or compounds contained in most applied fertilizers,
the humus and organic matter content, and level of acidification (pH). The biological profiling
included establishing the extent and types of organisms in the soil, including bacteria, fungi,
worms and insects. The soil profile description following the guidelines for soil profile study (FAO
World Reference Base 2006) was carried out. Transects were used to select representative sites
for profiles study. The first profile was undertaken in the marshland/wetland complex to take
into account the influence of colluviums material brought by soil erosion and rain runoff in the
marshland/wetland complex. A second site was a section of marshland/wetland, which had been
influenced by a relatively intense organic material accumulation from the decay of existing
vegetation. The third site was in an area strongly influenced by water bodies transported alluvium
materials. It is always expected that the three sets of profiles may provide a reasonable
understanding of the dynamics and mobility of pollutants within the soil-water system of such a
marshland/wetland complex. After the field soil profile description, samples were collected for
laboratory analysis. In addition, un-disturbed samples were collected for soil physical parameters
determination (bulk density and the water holding capacity).
A soil profile at about 1.5 m soil depth depending on the profile development and the level of the
water table was dug at each identified dominant soil category. A scientific profile description was
performed in terms of horizon/layer description, soil texture, soil structure, root density,
permeability/porosity, etc. Soil profiles were made in flooded areas. The soil type was proposed
based on the field description and confirmed after laboratory soil analysis. The methodology used
for soil profiling followed “The guidelines for soil description “provided in the World Reference
Base (WRB) for soil Resources, (2006), a framework for international classification, Correlation
and communication” following three main steps: (1) General site information, (2) soil formation
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factors and (3) Soil description. Brief description for additional soil profiles was performed to
inform the soil map of the study area.
2.3.3.1

Soil Sampling and Laboratory Analysis

Top (0-30cm) soils samples were collected from each site. The Y sampling method was applied to
collect representative samples and for each site, one composite sample was made up by mixing
the four individual samples for each site. Samples were brought to the University of Rwanda soil
science laboratory and were dried and prepared for the following analysis: soil pH, Organic
Carbon, effective cations exchange capacity (ECEC), base saturation, acid saturation, available
Phosphorus, mineral Nitrogen (Nitrates, ammonia). Available Phosphorus was determined by
colorimetric method. K, Mg, Na and Ca were determined by atomic absorption spectrophotometry.
Organic Carbon was determined using the adapted Walkley and Black (Walkley and Black, 1934)
method. The pH was measured in de-ionized water and in KCl using a pH electrode (Rhoades,
1982). In addition, potential toxic elements including: Iron, Lead, Manganese, Copper, Zinc,
Chromium were measured in the laboratory following updated laboratory methods (IITA, 1979).
For un-disturbed soil samples: bulk-density was determined using updated laboratory methods
(IITA, 1979).
2.3.4 Agro-ecological Analysis
by use of fertilizers. The assessment included highlighting of existing farming, soil conservation
and natural resources exploitation practices, level of available technology used in production,
physical and communication infrastructure, farmer organization and structure, gender
considerations and how these impact on fertilizers usage and management. Two most farmed
crops for which fertilizer is commonly applied was characterized for their phenotypic traits
including their growth performance; extent (volume) of foliage, leave shapes and coloration,
visible presence of pests and/or diseases, signs of mineral deficiencies, colour, size and firmness
of leaves and stems. Impact on vegetation was done through establishing of the occurrence,
distribution, patchiness, key types and evenness of vegetation cover in the basin. Particular focus
was put on indicators of fertilizer impacts, such as deliberate destruction, interference in
ecological succession, occurrence of particular species that occur in highly mineralized/enriched
and/or leached soils.
2.3.5 Water Quality Investigation
The investigation included establishing the presence of the leached fertilisers in the water and
establishing their impact on the water resources. This included the establishment of the level of
acidification (pH), eutrophication, occurrence and extent of algal blooms, levels of nitrate,
ammonia, dissolved oxygen, COD, and BOD in the lakes, rivers, wetlands and ground water. The
criteria that formed the basis of establishment of the sampling points in the study area is
highlighted in Table 2 below.

Table 2: Location and Description of water sampling points
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District

Sector
Rweru

Cell
Kintambwe

Rweru

Nemba

Rweru

Nemba

Rukumberi

Rwintashya

Rweru

nemba

Mugesera

Ntanga

Mugesera

Ntanga

Mugesera

Ntanga

Ngoma

Mutenderi
Sake

Kiibare
Rukoma

Rwamagana

Karenge

Kangamba

Bugesera

Kabukuba

Juru

Ngoma

Rukira

Ruliba

Bugesera

Water
sampling
Location /reason
point
X
Y
selection
WQ4
534237
4753368 inside the rweru lake
This point is at the
periphery of Rweruwetland complex and
under maize and seasonal
WQ11
529736
4742116 vegetable cultivation
Borehole just out the
WQ12
529720
4742151 Rweru marshland
Akagera after feeding into
Mugesera lake and
WQ3
531224
4763439 flowing downstream
pump intake sampling in
WQ10
540691
9753368 Nemba cell
Mugesera wetland
complex with surrounding
WQ7
542788
4768995 crop-intensification
Mugesera wetland
complex with surrounding
WQ8
540703
4769327 crop-intensification
Mugesera wetland
complex with surrounding
WQ9
540516
4769499 crop-intensification
Rweru wetland area
under crop-intensification
WQ5
550836
4743888 (Rice)
WQ6
541077
4755198 a sample from lake Sake
Akagera river just before
feeding into Mugesera
WQ2
530032
4765966 lake
Akagera river upstream
before joining RweruMugesera wetland
WQ1
525134
4771399 complex
This area was selected to
for the water quality
sampling due to the
566865
4756709 intensive rice cultivation
WQ13
in the area.
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2.3.5.1

Sampling and Pre-treatment

Surface water samples were collected from various water sources in the study region i.e. the
Rweru – Mugesera Wetland Complex (Figure 3). In total, 12 water samples were collected;
including lakes, rivers, swamps, a borehole and an excavated pit. The samples were collected in
clean1.0  L plastic bottles and were transferred to the laboratory in a big plastic cooler box and
subsequently stored in a refrigerator at 4°C immediately on reaching the laboratory. This helps to
retard biological degradation as well as the rates of possible physical and chemical reactions.
2.3.5.2

Sample Analysis

The samples were analyzed based on standard methods for water and wastewater analysis (APHA
1995). Various physical chemical parameters were analyzed using the indicated methods. In
addition, samples were collected from the three lakes of Mugesera, Rweru and Sake for the
analysis of chlorophyll, phytoplankton, zooplankton and macrozoobethos.
2.3.5.3

Chlorophyll Analysis

Lake samples were analyzed for chlorophyll-a to investigate the impact of fertilizer usage in the
area. Chlorophyll-a was extracted using 90 % acetone as per the pigment extraction procedure laid
down in standard methods for water and wastewater analysis (APHA 1995). The optical densities
were read using a DR 3900 spectrophotometer at 664 nm and 750 nm before acidification,
repeated at 665 nm and 750 nm after acidification and chlorophyll-a calculated from the equation
below.
Chlorophyll a mg/m3 or µg/L = 26.7 (664b – 665a) x V1
V2 x L
Where;

V1 = Volume of extract, L;
V2 = Volume of sample L;
L = Light path length or width of Cuvette, cm, and
664b, 665a = Optical densities of 90 % acetone extract before and after
acidification, respectively.
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Figure 2: Water sampling collection points

30

2.3.6 Aquatic Investigation

2.3.6.1 Sampling locations
Transects on project lakes; Rweru, Sake and Mugesera. The sampling sites were established
and the locations were mapped using a GPS unit (Garmin 12XL)
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Table 3: Description of transects
Transect
L.Bweru

Site
Site 1
Site 2
Site 3
Site 4

L. Sake

Site 1
Site 2
Site 3
Site 4

L. Mugesera

Site 1
Site 2
Site 3
Site 4

Sample
Zooplankton1
Phytoplankton1
Macroivertebrates1
Zooplankton 2
Phytoplankton 2
Zooplankton3
Phytoplankton3
Zooplankton4
Phytoplankton4
Macroivertebrates2
Zooplankton1
Phytoplankton1
Macroivertebrates1
Zooplankton 2
Phytoplankton 2
Zooplankton3
Phytoplankton3
Zooplankton4
Phytoplankton4
Macroivertebrates2
Zooplankton1
Phytoplankton1
Macroivertebrates1
Zooplankton 2
Phytoplankton 2
Zooplankton3
Phytoplankton3
Zooplankton4
Phytoplankton4

Location
N 0533474
E 4741083
N 0534452
E 4741868
N 0536061
E 4742962
N 0537496
E 4743905
N 0542657
E 4751421
N 0542787
E 4751123
N 0542929
E 4750808
N 0542913
E 4750619
N 0564883
E 4764864
N 0534907
E 4765029
N 0534832
E 4765524
N 0534764
E 4765723

2.3.6.2 Phytoplankton sampling and analysis
Water samples for determination of algal composition and relative abundance were collected from
the three lakes; four sites on each lake.
The samples were obtained using a 1-litre plastic water sampler at a depth of approximately 0.1m
from water surface. The samples were placed in vials, fixed using Lugol’s solution, wrapped with
aluminium foil and transported to the Department of Biological Sciences laboratory at Makerere
University for analysis. In the laboratory, 2mls of each of the fixed sample were obtained and
placed in a sedimentation chamber. Algal composition was determined using an inverted
microscope (400X magnification). Relative abundance (%) of the different algal groups was
calculated as the fraction of the total number of algal cells per litre.

2.3.6.3 Zooplankton sampling and analysis
Zooplankton samples were also obtained from the same sites for phytoplankton sampling by
filtering 1 litre of water through a 45μm mesh net. The water samples were collected using a 1liter plastic water sampler at a depth of 0.1m below water surface. In the field, samples were
preserved in 95% ethanol and carried to the Department of Biological Sciences laboratory for
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subsequent analysis. In the laboratory, zooplankton taxa were identified to the lowest taxonomic
level possible and counted under an inverted microscope (400X magnification).

2.3.6.4 Macro-Invertebrates
Sampling for benthic macro-invertebrates (bottom-dwelling) fauna was done at the onshore sites
as indicated on the map in section 2.3.6.1 using a kick net (6x6, cloth mesh 600µ). The macroinvertebrates were preserved in 4% formalin and transported to the laboratory at the Department
of Biological Sciences, Makerere University, for analysis. In the laboratory, the different groups of
invertebrates were sorted, identified to the lowest practicable taxon (family level) using Merritt
and Cummins (1996).
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3.

RESULTS AND DISCUSSION

3.1

Socioeconomics, Agriculture, Fertilizer Use and Environment

According to the statistical abstract for Rwanda (National Statistics Institute of Rwanda, 2012) the
population of Rwanda was put at 10,718,378 in 2012 with population growth rate of 2.6%. This
puts the current population at about 11,275,734. The population, whose economy is largely
dependent on smallholder agricultural production, is projected to grow to 16 million people by
2020. These data makes Rwanda one of the most densely populated countries globally. With a
predominantly agricultural production based economy that is mostly based on smallholder
producers the high density puts enormous pressure on land and other natural resources for
agricultural production. Already, most parts of the country have been cultivated exposing the soil
to erosion. The situation is compounded by the country’s relief, which is hilly with steep slopes
and valleys. Water that flows from the hills into the water networks in the valleys erodes the soil
and subsequently dumps it into natural water courses along with associated nutrients. As a result
most rivers are heavily silted seriously impacting the natural production capacity and provision of
other natural and socioeconomic services out of aquatic environment. The waters of the Mugesera
and Gisaka lakes in which the Akagera River traverses turn brown during rainy season due to heavy
siltation (Rutaisire, 2012).
The increasingly exposed lands, the hilly terrain, and adoption of use of agrochemicals in quest for
increased agricultural production and productivity, has led to serious concern as to the risk posed
for impairing of the ecological and socioeconomic services from both land and natural water
courses. This is exacerbated by the increasingly erratic weather associated with climate change,
putting the country at increased risk of hunger, malnutrition and reversing gains made in fight
against poverty. The increased concern comes at the time when the Government of Rwanda (GoR)
has registered remarkable progress in the fight against poverty, hunger and malnutrition in the
country (MINAGRI, 2013). The adoption of the Crop production Intensification Programme (CIP);
the Presidential Initiative of One Family One Diary Cow; and land consolidation for improved
agriculture production are some of the many efforts undertaken by Government in the recent
times. Under the CIP GoR envisages increased crop productivity and production through land
consolidation and focusing on production of food security crops, and use of agrochemicals as
fertilizers and pesticides, as well as organizing and linking farmers to better paying markets and
marketing systems (Cantore, ibid). Such programmes however require careful consideration and
regard for environment in that if not appropriately planned may have serious ramifications on the
integrity and services of natural environment. This work is out of the concern and need for
consideration of the environment aspects of the promotion and increased use of fertilizers under
the CIP.
3.1.1 Impacts of Fertilizer Use on Human Health
Although fertilizers currently used in Rwanda are not classified as hazardous products (i.e. DAP,
NPK and Urea), they have potential health effects to humans. Table 4 below presents the impacts
of fertilizer use on human health.
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Table 4: Potential Health Effects on Humans due to Fertilizer Use (WHO)

# Product Name
1. Di-ammonium
Phosphate
Fertilizer (DAP 1846-0 )

2. NPK 17:17:17

3. Urea 46% (46-0-0)

Potential Health Effects
 Contact with eyes cause stinging, watering, redness & swelling.
 Contact with skin cause redness, itching, burning & skin injury.
 Low to moderate degree of toxicity by ingestion.
 Effects of overexposure may include irritation of the nose, throat and
digestive tract, nausea, vomiting, diarrhoea, coughing and shortness
of breath.
 High oral doses (1% in the diet) have produced toxic effects on the
bones, kidneys and parathyroid glands.
 This material contains iron compound(s) thus effects of overexposure
to dusts can include irritation of the eyes and respiratory tract,
pneumoconiosis (dust congested lungs), pneumonitis (lung
inflammation), coughing, vomiting, diarrhoea, abdominal pain and
jaundice.
 Prolonged or repeated overexposure to fluoride compounds may
cause fluorosis & symptoms may include bone and joint pain and
limited range of motion.
 Skin/Eye contact causes irritation in case of prolonged contact.
 Ingestion in large quantities causes gastrointestinal disorders, and, in
extreme
cases
(especially
in
children)
it
may
cause
methemoglobinemia, and cyanosis.
 Inhalation of large quantities of dust containing this product may
cause irritation of the nose and airways & the symptoms include sore
throat and cough.
 Cause irritation, redness & pain but doesn’t injure eye tissue.
 Cause irritation, redness, itching, and Pain to skin.
 Urea dust causes irritation of the nose, throat, & respiratory tract.
 If ingested it causes irritation of the digestive tract thus gastrointestinal disorders i.e. Nausea & vomiting.
 Decomposition fumes may cause breathing disorders and/or lung
damage. High dust concentrations of air-borne material may cause
irritation of the nose and upper respiratory tract.

3.1.2 Impacts of Fertilizer Use on Agricultural Systems/Communities
Agroeconomics in this study show that farmers have realized significantly positive change in yield
when they applied mineral fertilizers with a few cases reporting similar or reduced yield – which
can easily be linked to improper application and or timing of application of the fertilizers. Overall
though the statistics showed a positive trend, a factor which has led to increased demand for
mineral fertilizers anchored by the government’s subsidy programme. The government programme
however by design covers a few selected crops considered as key food security and nutrition
crops. This emphasis on few crops has led to significant change in agricultural practices from
distinct smallholdings of diversified crops farmlands to large expanses of consolidated farmlands
with one to two crops albeit owned by several households. The spatial consolidation of production
is one of the key requirements for farmers to access the fertilizers under the government’s
subsidy programme. Under the consolidated production the common practice was direct
application of the fertilizers, and farmers were not obligated to use composite or green manure.
Although many farmers indicated that they were still using organic fertilizers, many more
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indicated that they had abandoned use of organic manure when they adopted use of mineral
fertilizers. It was noted that use and application mode and rates for fertilizers were the same
across the different terrain.
Impact of fertilizers on vegetation was not easily discernable. The only noticeable change in
regards to vegetation cover that could be associated with impacts of fertilizers was the increased
leafy growth and greenness by edges of the wetlands close to areas where fertilizers were under
use, and the increasing occurrence of emergent water weeds including water hyacinth by the
edges of open water bodies. It should however be noted that there is hardly any natural
vegetation besides the extensive wetlands, especially those that are protected naturally by the
high water levels that make reclamation for agricultural production difficult. Such wetlands
contained a variety of plants, several native animal species, and apparently high number of bird
species. By the edges between farmlands and wetlands there was marked dominance by a few
vascular plants for areas adjoining farmlands were farmers indicated that fertilizers application
was in effect. No visible impacts were observed in the field on the animal or bird life. However,
there may be need to take tissue samples to establish if there may be impacts on physiology of
these animals and birds caused by increasing use of fertilizers. Again, this study may have come
too soon to establish any significant change in the animal and bird communities in regards to the
impact of fertilizers, and there is need for continued monitoring as part of the EMP to ensure that
any adverse effects are mitigated in timely manner.
Before the war and the 1994 Rwanda genocide committed against the Tutsi, about 95% of farmers
used organic manure on 70% of cultivated area (REMA 2009). Organic farming and conservation
practices are currently practiced by less than 40% of farm holdings. One impact of mineral
fertilizer application therefore has been the increasing abandonment of the organic farming and
use of conservation practices. With the increasing trend for use of fertilizers there is need for
deliberate efforts to spar use of organic farming and conservation practices given their critical
role in ensuring the soil fertility in the long run. In 2007 about 21,600 tonnes of mineral fertilizers
were ordered and 13,260 tonnes were received and distributed. About 4,200 tonnes of mineral
fertilizers were distributed under crops intensification program (MINAGRI 2008). Over the past five
years, agro-input usage in Rwanda has increased nearly four-fold, threatening supply shortages
(IFDC 2013). Since 2010, the percentage of Rwandans living in poverty has decreased by 20%,
while per capita gross domestic product (GDP) has nearly doubled since 2005-2006 (IFDC 2013).
Therefore the need for agricultural growth to get the people out of poverty and strengthen
Rwanda’s economy, while ensuring food and nutrition security will certainly lead to greater
demand for agro-inputs such as fertilizers. This calls for an environment management strategy
which fosters more long term strategies for boosting soil strategy as use of synthetic mineral
fertilizers alone will certainly exacerbate the environmental impacts and have reverse impact on
agricultural production capacity in the long run.

3.1.3 Rwanda Fertilizer consumption (kilograms per hectare of arable land)
Fertilizer consumption (kilograms per hectare of arable land) in Rwanda was 1.11 as of 2009.
Its highest value over the past 7 years was 8.34 in 2008, while its lowest value was 0.00 in
2002.
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Definition: Fertilizer consumption measures the quantity of plant nutrients used per unit of
arable land. Fertilizer products cover nitrogenous, potash, and phosphate fertilizers
(including ground rock phosphate). Traditional nutrients--animal and plant manures are not
included. For the purpose of data dissemination, the Food and Agriculture Organization (FAO)
has adopted the concept of a calendar year (January to December). Some countries compile
fertilizer data on a calendar year basis, while others are on a split-year basis. Arable land
includes land defined by the FAO as land under temporary crops (double-cropped areas are
counted once), temporary meadows for mowing or for pasture, land under market or kitchen
gardens, and land temporarily fallow. Land abandoned as a result of shifting cultivation is
excluded.
Table 5 below and the statement above shows that there is a general trend in Rwanda of
using more fertiliser per Hectare of arable land.
Table 5: Trend of fertiliser consumption in Rwanda (Kg/Ha) 2002-2009
Year

Value (Kg/Ha)

2002

0.00

2003

2.13

2004

1.77

2005

2.96

2006

3.38

2007

7.35

2008

8.34

2009

1.11

Source: Food and Agriculture Organization, electronic files and web site.

3.1.4 Increase in Production Levels and Land-use Consolidation under CIP
Due to the growing demographic pressure on land, the agricultural lands in Rwanda are highly
fragmented. Since the use of inputs, such as the improved seeds and fertilizer can be translated
into profitability for smallholder farmers only if the land fragmentation is overcome, the land use
patterns need to be organized. With the help of recent government’s policy reforms, the crop
intensification program (CIP) advocated consolidation of land use by farmers. The consolidation of
land use involves successfully rearranged land parcels to consolidate the use of farm holdings.
Under the land consolidation policy, farmers in a given area need to grow specific food crops in a
synchronized fashion that will improve the productivity and environmental sustainability. It also
required resettlement of family housing in an administrative area (Umudugudu) from the
agriculturally productive lands. Although met with reluctance from farmers at initial stages of
implementation, CIP successfully convinced farmers by explaining the various advantages of land
consolidation as it:
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reduces volume/cost ratio, logistics and transportation costs of inputs and outputs;
increases accessibility to inputs, by providing a focused market for farm inputs as the agro
dealers can have a larger coverage;
facilitates a concentrated market for farm produces;
provides increased coverage of proximity extension services; and,
enables equitable distribution of natural resources such as soil and water and increases
land and crop productivity.

As a result, the consolidated use of land area under these crops has increased from 28,788 Ha in
2007 to 254,000 Ha in 2010 and 502916 Ha in 2011. The percentage share of different prioritized
crops under consolidations is shown in Figure 4. It is important to note that the consolidation of
land use area has resulted in increased in productivity as shown in Figure 3 without expanding the
total area under cultivation of crops. These trends clearly clarify that the purpose of CIP is to
raise the productivity levels through an intensification process.
3.1.5 Benefits of CIP
Through the above described approaches, CIP has increased the total production of maize; wheat
and cassava have tripled in the past 3 years. During this time, the beans production has doubled.
The production of rice and Irish potato has increased by 30% in the past 3 years. The total
production improved mainly because of the increase in productivity per unit land area (Fig. 3).
Such outputs have transformed Rwanda from a list of food insecure countries to a country with
improved food security. CIP has provided the much needed foundation for a positive change in
Rwanda's agriculture development. CIP has also revealed the massive potential that exists in the
country in increasing the smallholder agricultural productivity. It has also testified that the cost of
achieving food security is fiscally manageable and responsible. It demonstrates that land use
patterns can define the growth in productivity and development of the agriculture sector. It shows
that a program of national scale is feasible.

Figure 3: Recent trends in consolidation of land use areas under cultivation of priority crops in Season A in Rwanda

CIP has contributed to attaining the millennium development goal (MDG 1) of halving the number
of people living in hunger and poverty in Rwanda. The scale of success has shown that cost of
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achieving food security is fiscally manageable and responsible and that supporting inputs rather
than food aid makes economic sense. The consolidated use of land and synchronization of crop
activities during the season have generated large scale employment opportunities for men and
women. CIP has spawned several microenterprises and small businesses in processing, trading, and
transportation of farm inputs and produce in rural areas. The increases in production of staple
crops in the country have created large supplies of food in local markets thus the government and
World Food Program have embarked on purchase of food.
The government is also engaged in creating a strategic food grain reserve so as to redistribute the
food crops in other needy areas and off production seasons. This has been possible through the
crop intensification process that has raised the productivity of crops through use of modern seeds
and fertilizers and consolidation of land use. The large scale of production has also prompted the
creation of storage facilities in several parts of the country. In addition, the high production has
also begun to invoke interests amongst private entrepreneurs in service provision, trading,
marketing and agro processing in rural areas.

Figure 4: Total cultivated area under the priority crops in Rwanda

3.1.6 Role of Extension Services
The extension services under CIP are performed by agronomist (A2 and A1 qualification grades) in
areas under intensification process. Currently, each extension agent covers about 500 Ha of
consolidated land use areas. The materials and knowledge distributed by the extension agents are
managed by the service providers presented in Table 5 in each district. The Rwanda Agricultural
Board (RAB) coordinates the extension services and serves as a nodal agency for knowledge
dissemination and other consulting services for farmers.
Table 6: Service providers within the study area under CIP

#
1.
2.
3.

District
Ngoma
Bugesera
Rwamagana

Service Provider
INATEK
APEPARWA
ARDR
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Figure 4 shows Changes in on-farm productivity of major crops in response to the use of
distributed inputs (improved seeds/planting materials and/or fertilizers).

Figure 3: Changes in on-farm productivity of major crops

3.1.7 Legal and Policy Framework for Regulation of Agrochemicals in Rwanda
To exploit environment for agricultural production efficiently, profitably and sustainably, requires
a comprehensive environmental management framework that is applicable and rooted in policy
and legal framework that promotes synergies and integrated actions from the different
stakeholders. The existing law provides for specific actions, measures and regulations to prevent
and curb irreversible damage to the environment as presented under Table 7.
Table 7: Legal and Policy Framework for Regulation of Agrochemicals in Rwanda

Legislation
The Rwanda Vision 2020
(2002-2020)

Agricultural Policy (2005)
The National Policy for
Water Resources
Management

Relevance to Fertiliser Use
It sets a target for growth rate for agriculture at 4.5-5% per year
through increase in productivity. It acknowledges that the most
important issue retarding Rwanda’s agricultural development is not
land size, but low productivity associated with traditional peasantbased subsistence farming thus the need to overhaul agricultural
policies in order to promote agricultural intensification.
Seeks to increase crop specialization in wetland areas (rice, maize,
potatoes, beans, tea, and coffee). Promotes cooperatives in Rice,
maize and use of fertilisers as farm in-puts to increase productivity.
It aims at fair and sustainable access to water, improvement of the
management of water resources, etc. through reforestation on
hillsides and water catchments areas. Government proposes to
monitor and assess water resources to identify its spatial and
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The Environmental Policy

The National Water and
Sanitation Sector Policy
The Land Policy (2004)

The Constitution of the
Government of Rwanda
Organic Law No 04/2005
of 08/04/2005 on
Environment Protection
and Management

Organic Law Nº08/2005 of
14/0772005 determining
the use and management
of land in Rwanda
Law N° 30/2012 of
01/08/23012 on Governing
of Agrochemicals
Organic Law Nº04/2005 of
08/04/2005
determining the
modalities of protection,
conservation and
promotion of
environment in Rwanda
Ministerial Order relating

temporal occurrence and distribution in the country with a special
focus on areas vulnerable to water related disasters.
The overall objective of the Environmental Policy is the improvement
of population’s wellbeing, the judicious utilization of natural
resources and the protection and rational management of ecosystems
for a sustainable and fair development.
The Policy provides for integrated watershed management.
Marshlands are a source of domestic water and development of these
areas could have a bearing in water & sanitation of the communities.
Chapter 5 deals among others with the use and management of hill
lands and marshlands in Rwanda and provides development of land
use plans based on suitability of the areas/lands/swamps thus
distinguishing the different categories of land and their purpose.
Agricultural activities must be located 50 meters lake banks and 10
meters from rivers. Buildings must be 20 meters away. Reserved
swamps are protected from all activities
Article 49 stipulates that each citizen has the right to healthy and
satisfying environment. Each person has the right to protect to
conserve and promote the environment.
Article 51stipulates that the State shall establish measures to control
soil erosion; soil pollution by chemical substances; measures to
protect and reserve catchment areas around wells from where
drinking water is drawn. Article 52 stipulates that the State shall
identify reserved areas for protection, conservation or rehabilitation
of ecosystems; water systems and its quality; banks and shores,
rivers, streams, lakes, plains, valleys and swamps among others. It
further stipulates under Article 85 that with exception of activities
related to protection and conservation of streams, rivers and lakes,
agricultural activities shall respect a distance of ten (10) meters
away from the banks of streams and rivers and fifty (50) meters away
from the banks of lakes. In such distances there shall be no
agricultural activities permitted to be carried out. Article 87 provides
for all buildings to be constructed in a distance of at least twenty
(20) meters away from the bank of the swamp.
Environmental impact assessments are now required for any
marshland development project, and there is increased scrutiny on
the appropriateness of crop types for this ecosystem.
Article 30 provides for Examination of agrochemicals and their
residues. Other provisions include: Importation or exportation of
agrochemicals,
Agrochemical
post-registration
control
and
supervision, Protection against accidental spillage.
Establishes provisions relevant to, inter alia: soil management (e.g.
prevent soil use that discourages rotation, Art. 12); relevant to agro
industrial activities); special protection to swamps (Art. 29);
obligation of the State to establish soil erosion control and soil
pollution control measures (Art. 51); establishes responsibilities of
decentralized entities over, e.g. land management and soil erosion
control, afforestation, and management of swamps (Art. 61); the EIA
system (Chapter IV) and control, monitoring and inspection (Title V).
Establishes the procedures for EIA, which are relevant to all major
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to the requirements and
procedures for EIA (2008)
Prime Minister’s Order
Nº26/03 (2008)
determining the list of
chemicals and other
prohibited pollutants
Ministry of Agriculture,
Animal Resources
(MINAGRI)

projects in the agriculture sector, including agricultural & breeding
activities which use chemical fertilizers and pesticides in wetlands
and large scale monoculture agricultural practices.
This Order determines the list of chemicals and other pollutants that
are prohibited to purchase, sell, import, export, transit, store and
pile chemicals, diversity of chemicals and other pollutants.

Planning, coordination and implementation of all agriculture
development in the country including fertilizer application, irrigation
development & livestock development. With a focus on development,
transformation and modernization of agricultural including soil
conservation and improvement activities and the development of
marshland.
Ministry of Natural
Water resources policy formulation, strategic planning, coordination,
Resources (MINIRENA)
quality assurance, monitoring, evaluation and capacity building.
Rwanda Environment
Regulation of development activities to ensure that development is
Management Authority
pursued and achieved in a manner that inflicts minimal damage to
(REMA)
the environment including water resources.
Source: Authors review of Rwanda policy documents

3.2

Agroecological Characterization

3.2.1 General Observations
There is high level of agricultural production activities in the Rweru-Mugesera lakes-wetland
complex. The farming is generally mixed with most farmers adopting zero grazing method of
cattle and goat rearing arising out of government policy and land pressure. The landscape in the
lakes-wetland complex is generally mixed with hillsides, valleys that mostly occupied by wetlands,
flat lands and open water. There is increasingly a trend toward consolidation of the originally
fragmented and diversified crop production system. Large expanses of similar crops, especially for
rice and maize, albeit for several family holdings, were visible throughout the lakes-wetland
complex. Farming was practiced on all the different landscapes with open water used mainly for
fishing. Wetlands remain quite expansive and form thick blocks all around most of the lakes.
There were clear indications of the farmers to modify and reclaim parts of the wetlands for
agricultural production. In a few areas farmers had attempted to farm up to edges of the water
bodies but the REMA efforts have reversed most of this encroachment with a number of innovative
ways for enforcing the statutory buffer zones.
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Plate 1: Bush fclearing or tree planting by REMA around Lake Sake in effort to ensure that farmers do not close over to the
buffer zone

Current agriculture policy requires farmers to emphasize a few crops away from their traditional
diversified engagements with non-viable fragments of farmed plots for different crops. Policy also
assures and provides farmers with input support, technical guidance, and marketing support. This
has influenced the majority of farmers to choose the options provided by government including
use of fertilizations and farmed land consolidation under specific crops. Many farmers expressed
optimism and reported success and improved production and earnings with government
programme, a factor which is driving more to request for the government support. However, there
were concerns on the knowledge and understanding of when a farmer needs fertilizers since some
failed to realize a difference from the conventional practices. There were many farmers who
practiced or had hands-on knowledge of the organic and conservation practices – and these
pointed out that with experience the latter performed better than the new approaches under the
CIP. However, in absence of an economic evaluation which also captures the labour costs, which a
more intensive with organic and conservation practices, the two systems currently being practiced
would not be effectively contrasted.

Plate 2: Land consolidation for production of Maize in Jarama Sector, January 2014
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3.2.2 On-going Projects
REMA has several undertakings in effort to mitigate possible impacts from socioeconomic activities
to the wetlands and water bodies in Rweru-Mugesera lakes-wetland complex. The Districts
Environment Management Programme (DEMP) and Lake Victoria Environmental Management
Project (LVEMP) have engaged communities in attempt to build a natural buffer to fragile systems
including wetlands and open water bodies. Key intervention is planting a vegetated buffer zone
of trees around Lake Rweru and Bilali; construction of a road around Lake Sake to block
encroachment and limit agriculture activities outside the 100 metres from the lake; piloting of
integrated pest management and use of alternative soil fertility measures close such as production
and use of composite manure, and mulching of farmed plots by the buffer zones.

Plate 3: Attempt by REMA through the DEMP project to establish a buffer on Lake Bilira

Plate 3 above shows an attempt by REMA through the DEMP project to establish a buffer on Lake
Bilira by allowing farmers to look after the plant trees by using the buffer zone for crop
production. This however is being frustrated by the cattle as they descend down the lake for
watering.
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Plate 4: Cattle Grazing around Lake Bilira

Plate 4 shows cattle grazing around Lake Bilira - Grazing poses challenges to on-going efforts by
REMA to erect buffers around wetlands and water bodies.

Plate 5: Young trees plantation for DEMP projection
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Plate 6: IPM project in Nemba cell

3.2.3 Wetlands Utilization
There are several lakes with an expansive wetland in Rweru-Mugesera lakes-wetland complex. The
relatively larger lakes include Rweru, Mugesera and Sake while the relatively smaller lakes include
Bilira in Rukumbeli Sector and another just before Akagera enters Lake Rweru after Lake
Mugesera. Field observations and records provided indicate that the much of the wetland remains
intact but largely because they remain inaccessible due to the high levels of water. There are
certainly visible signs moving through the complex of continuing efforts to access the wetlands for
agricultural production. There is certainly need for clear estimation of how much is in place and
how much has already been accessed for agricultural purposes. Under the CIP programme the
policy is not to open up or claim more land for production but intensify the production on existing
land.
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Plate 7: Characteristic of complex is dominance of most wetlands by Cyperus papyrus: Jarama Sector

Plate 8: On-going efforts to reclaim the wetland for rice in Gashora Sector (land consolidation programme for rice)
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Plate 9: Use of wetland for maize production & the land consolidation programme in Gashora Sector

Table 8 shows Wetland plant community and diversity by the edges close to agricultural activities
in selected sites in different sectors.
Table 8: Wetland Plant Community and Diversity

#
1.

Sectors/sites
studied
Rweru

2.

Rukumbeli

3.

Jarama

4.

Mugesera

5.

Sake

6.

Karembo

Dominant
Species
Cyperus
papyrus
Cyperus
papyrus
Cyperus
papyrus
Cyperus
papyrus
Cyperus
papyrus
Cyperus
papyrus

Species richness based on
transect studies
12 vascular plant species

Major crops under CIP

8 – 10 vascular plant
species
3 to 4 species

Maize & Beans (rotation
crop)
Rice & maize

3 species

Maize

5 species

Maize & Rice

3 species

Rice but not under CIP – not
using fertilizers

Maize & Rice

Bugesera District
Bugesera District has a significant portion of the district within the Rweru-Mugesera lakes-wetland
complex. It has three major rivers following through the district including Nyabarongo and
Akanyaru, whose confluence forms the third river through Bugesera, the Akagera River. Most Lake
Rweru is indeed within Bugesera District and forms a big future of the lakes-wetland complex
known to receive most of the depositions as the Akagera flows into this lake. Recent REMA has
moved to create a buffer zone around the open water bodies and also some of the major wetland
patches around Lake Rweru, of 50 metres. There are 50 sectors in District and Rweru Sector is
most concerned with impacts on the lakes-wetland complex as most of the sector is indeed part of
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the complex. A Bugesera DistrictLake Rweru is relatively bigger than the other lakes in the RweruMugesera lakes-wetland complex. Near all of Lake Rweru is surrounded by thick wetlands, major
part of which still remains intact because it protected naturally. The enforcement of the legal
requirement for a buffer zone will enhance the naturally protected wetlands and recover some
that had already been encroached upon especially by the riverside. The major crops produced are
rice, maize and beans followed by cassava, bananas and vegetables. There are some large
irrigation schemes by the River and in some hillsides for rice and maize respectively. These
however remain smallholder operated based on the land consolidation system under the CIP
programme.
Ngoma District
Ngoma has several landscapes including hillsides, valleys, flat lands, wetlands and marshlands,
and open water surfaces. Agriculture is practiced in all systems with open waters used for fishing
and all supply of water for irrigation. Most of the wetlands are not cultivated but this is largely
due to the natural protection in that most of the wetlands contain un-drainable and high levels of
water to permit the conventional production agriculture. Different sectors are dominant in
different crops production but with rice and maize as the two leading crops. These are usually
intercropped with beans, soyabeans, cassava and sorghum. Since the start of the CIP programme
farmers have been mobilized to engage majorly in production of maize and rice intercropped with
beans, away from the diverse and fragmented practice. Since 2007, the CIP programme 1,240 out
of nearly 1,600 hectares under rice have been consolidated for rice production within the CIP
programme using 248 tons of NPK and 124 tons of urea per season. Another nearly 5,000 hectares
out of the nearly 8,000 hectares under maize have been consolidated for maize production under
CIP using up to 490 tons of DAP and 210 tons of urea per season. Farmers have been organized for
consolidated production so as to many the economics of supplying and distribution manageable.
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Plate 10: Intercropping of banana, sweet potatoes & cassava in response to land pressure in Rukumberi
Sector, Ngoma District

Plate 11: Land consolidation for pineapple plantation in Jarama Sector
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Plate 12: Karaba Lake in Jarama sector, Ngoma District

3.2.4 Agroeconomics
Comparisons of conventional to organic and conservation to the CIP agricultural production
practices is presented below in Table 9.
Table 9: Comparisons on the fertilizers usage, farmed lands sizes, and crop yields

Ngoma District

Bugesera District

Commodity and acreage
under production and
Practice used in production

Rice
production
1,240 hectares

Maize
production
5,000 to 8,000
hectares

Rice production
1,122 hectares

Maize
production
5,000 to 7,000
ha

No fertilizer –
conventional/traditional
practice
Using Organic fertilizers –
based on organic and
conservation practices

3.7 tons per
hectare

1.6 tons per
hectare

2 to 3 tons per
hectare

1.5 to 2 tons
per hectare

A number of
farmers
indicated
equal to or

Performed
better when
used
appropriately *

No results but a
number of
farmers
indicated equal

Performed
better when
used
appropriately *
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hire than CIP
production *
Using mineral fertilizers –
under the CIP programme**
Hillside irrigation as part of
CIP
Source: Fergusson, 1990

6.8 tons per
hectare
None

3.9 to 4.0 tons
per hectare
Not known

to or hire than
CIP production
*
6 to 10 tons per
hectare
None

4 to 5 tons per
hectare
225 ha

*Organic and conservation practices however were found to be more laboriously and costly
compared to using mineral fertilizers under the CIP programme.
**The CIP programme include free maize seed, a 50% government subsidy on fertilizers, free
advisory/extension services, support with post-harvest handling, providing of some guarantees on
price and active linkage to better paying markets. Government is said to set minimum and
indicative prices for the produce and support farmers interested in bulk marketing for better
prices. Application rate is largely uniform across the different landscapes and farms – provided at
200kg per hectare of NPK 17 and followed by 100 kg per hectare of urea for rice; and 100kg of DAP
per hectare followed by 50kg of urea for maize.

3.3

Crop Production and Fertilizers

We all depend on plants for our food, and plants depend on mineral nutrients for their growth and
development. Thirteen elements derived from the soil are indispensible for all plant growth.
However, either through extraction by the crops over time and or mining by leaching, the soils
gets depleted of the nutrients needing fallowing or external supply of nutrients to sustain crop
production at the desired levels. Plants form their complex organic matter from water, nutrients
from the soil, carbon dioxide from the air, and the energy from sunlight. Plants use six of the
nutrients in relatively large amounts: nitrogen, phosphorus, potassium, sulphur, calcium and
magnesium. These are called "major nutrients". They are constituents of many plant components
such as proteins, nucleic acids and chlorophyll, and are essential for processes such as energy
transfer, maintenance of internal pressure and enzyme function. The other nutrients are required
in small or trace quantities and are referred to as “micro nutrients", or trace elements". They
have a variety of essential functions in plant metabolism. These include chlorine, iron,
manganese, zinc, copper, boronand molybdenum. For optimum plant growth and crop production,
nutrients must be soluble in soil, appropriately balanced and when needed. The nutrients are
accessed by crops from soil reserves, decomposing plant and animal matter, organic manure,
biological nitrogen fixation and aerial deposition. Sustainable plant production requires the
replacement of nutrients, which are taken out through the crops, and as such fertilizer is critical
to achieve the level of agricultural production needed for the rapidly growing population.
The most commonly used fertilizers in Rwanda are the NPK based and the nitrogen component is
in the form of NO3- and NH4+ whereas the phosphorus component is in form of orthophosphates.
Both Ortho phosphates and Nitrates are very mobile and loosely bound in the soil hence easily
leached. By nature and type of application, fertilizer application is carried out during rainy
seasons in May and October; hence, surface runoff and leachate get into surface water bodies,
which could cause eutrophication and nitrate pollution. The resultant eutrophication can lead to
elevated BOD, COD and reduced levels of dissolved oxygen. The determination of nitrate, and
levels of other related parameters in surface waters is an integral part of basic water quality
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assessment because its concentration is generally an indicator of the nutrient status and the
degree of organic pollution of the water body. Where there are no other sources of nitrates, such
as inadequately treated or untreated sewage, the major source of accumulated nitrates in surface
water and the environment, and in some cases in drinking water, is nonpoint source from
excessive use of nitrate based fertilizers. Urea like other forms of organic nitrogen in soil and
natural waters is converted to ammonia under anaerobic microbial processes. Ammonia is also
converted to nitrate and nitrite, which are soluble in water both of which do not bind to soil and
have high migration potential through soil. Consequently, nitrates orthophosphates and potassium
are washed easily into surface waters by rain or leached through soil into groundwater. Fertilizers
that leach into streams, rivers, lakes and other bodies of water disrupt aquatic ecosystems.
3.3.1 Chemistry of Fertilizers and Roles Played in Ensuring Soil Fertility
Fertilizers contain three primary plant nutrients; mostly nitrogen and phosphorous with smaller
amounts of potassium. The first two are the most important as pollutants. Nitrogen fertilizers
containing nitrates can contaminate groundwater because nitrates are highly soluble in water. At
high levels, nitrates can poison humans, particularly children. Lower levels of nitrates can also be
deadly to amphibians. Certain forms of nitrogen are released as gases, contributing to acid rain
and climate change. Rainwater runoff brings fertilizers into streams, rivers, lakes and oceans.
There are two general categories of fertilizers; the organic and the inorganic fertilizers; with the
latter sometimes referred to as commercial fertilizers or mineral fertilizers. Organic fertilizers
refer to the use of organic matter, e.g. manure, to meet plants’ need for nutrients. In producing
food the crop requires certain nutrients which are absorbed and used by the plant regardless of
whether they are got from organic matter or from mineral fertilizers. The main reason that
mineral fertilizers are extensively used is that they supply the essential nutrients much more
economically than do the other forms of organic matter. However, organic fertilizers have a
critical role in ensuring soil fertility, which goes beyond releasing the nutrients for food
production by crops, including soil structuring to allow for aeration, porosity, adhesion, regulating
of pH, and enhancing water retention in which the nutrients are dissolved/released for plants to
access them; acts as a substrate not only for anchoring plants but other soil life critical to
increasing fertility and easing access to nutrients by the plants; absorbing and neutralizing toxic
substances; and by serving as an adhesive which limits the leaching of nutrients, while providing
for their timely release to plants. Sustainable agriculture practices based on agroecolgical
principles focus on managing and increasing the organic content of soils, as do many of the
practices of traditional agriculturalists around the world. Some of these practices include
ploughing crop residues back into the soil, planting cover crops of "green manures" that generate
additional biomass, and which are also ploughed under; applying compost or animal manure; and
mulching with leaf litter brought form forests or other sources.
3.3.2 Environmental Issues Related to Production and Use of Fertilizers
Production and use of fertilizers require activities including mining, mechanical and/or chemical
processing, transporting of materials, handling of fertilizers at farm level, and ultimately applying
of the fertilizers on the soil. At any of these points the materials can be lost leading to
unintentional consequences including direct harm to the users of fertilizers. Therefore, fertilizer
producers and users are faced with a number of potential points where adverse impacts on the
environment may occur. From the release of emissions during production, to loss of material
during transportation, and leaching of nutrients from the soils are potential sources of pollutants
locally detrimental to environment with serious impacts such as water acidification,
eutrophication, and groundwater contamination at local level; and these local impacts have been
found to contribute considerably to compounding of the global environmental problems such as
the greenhouse effect. As a result efforts have been made to develop and improve practices that
53

minimize adverse environmental impacts, both the local and global levels, including a full range of
pollution prevention processes and use of the highest standards through the whole fertilization
production and application value chain. When adopted and used such practices and processes
eliminate or the greatly reduce the environmental impacts to minor and reversible impacts. The
fertilizers need to be used in the proper quality, at the proper time and stage of the crops, and in
the appropriate quantity to make the desired significant positive contributions. Some of these
contributions include improvement of farming efficiency; improvement of soil quality;
improvement of crop quality; limiting of soil erosion; conserving of water; and air purification.
3.3.3 Causes of Fertilizer Contamination and Environmental Impacts
All fertilizers applied to a field are not taken up by the crop plants as a result of one of the
following reasons: when used out of time or season, applied to the crops at the wrong stage,
applied in an inaccessible form, and or when applied in excess. The loss of fertilizers to the
environment can stimulate unwanted and non-target plant growth, influence the chemistry of air,
water and soil in which it occurs, and impact delivery of agroecological services. In natural
ecosystems, with undisturbed plant communities, there is very little nitrogen loss because the
input to the soil from rainfall and natural fixation is roughly balanced by the amount taken up by
living active roots. Leachate losses are strongly influenced by when and how fertilizers are
applied. Timing of application in relation to rainfall, season and crop growth is crucial. Greater
uptake of fertilizers by crops results from split applications and the use of slow release
compounds. The manner of application of the fertilizer also affects how much is lost, for example,
incorporation produces less loss than broadcasting the fertilizer, but deep application may result
in high leachate losses. Up to 96 percent of nitrate fertilizers, which are more mobile, together
with 60-80 percent of urea, may be lost if they are placed at a deeper depth leading to high
percolation rates. A significant concern with fertilizers is the problems stemming from
inappropriate application and use of nitrates, which can directly impact people and other animals.
Concerns have generally centred on the role nitrates play in methemoglobinemia. This ailment is a
blood disorder caused by high levels of nitrates. It can affect people of all ages (especially infants
and pregnant women) and can be fatal. Excessive consumption of nitrates can result in
gastroenteritis and diarrhoea. Nitrates may be converted by the body into compounds known to be
carcinogenic. Being in direct contact and taking water with high concentrations of nitrates are the
two basic routes through which these problems can arise. However, high nitrates in ground water
cannot be automatically attributed to fertilizer.
Leaching of the nitrogen leads to eutrophication of the surface water and the contamination of
drinking water. Increasing biological production in the surface waters consumes dissolved oxygen
and causes eutrophication. Algae present in the waters with excess nitrates (mainly leached
nitrogen and phosphorus from soil erosion) grow and decay rapidly and consume most of the
oxygen preventing development of other forms of life, e.g. fishes. In some cases eutrophication
can lead to the total extinction of life in the waters and can make surface waters unusable. Use of
fertilizers also causes emission of gases to the atmosphere. Nitrous oxide and other oxides of
nitrogen in the atmosphere are transformed into NO2, which reacts with ozone in the upper zones;
and the emission of carbon dioxide and small quantities of nitrogen and sulphur oxides to the
atmosphere in the production of ammonia, thus causing environmental impacts. Minor amounts of
light hydrocarbons, ammonia, hydrogen and carbon oxides may also be due to leaks from flanges
and stuffing boxes especially during maintenance operations. In the production process of Nitric
acid the main impact on the environment is from NOx emissions to the atmosphere NOx may
contribute to acid rain and ground level ozone. Moreover, effluents and emissions from various
sources in the fertilizer production processes also may pose various environmental impacts.
Application of organic matter as a fertilizer has also some negative aspects. Under continuously
reducing conditions (poorly drained rice fields) organic acids and other organic products may
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retard plant growth. A common source of organic fertilizers – the city compost and sewage
slurries, may be contaminated by the toxic organic compounds and heavy metals. Farm yard
manure is a known source of cadmium, and heavy use of farm yard manure may cause bacterial
pollution of ground water and eutrophication of surface waters. The application of biomass
requires transportation and disposal of large volumes; thus, it is a labor and energy intensive
operation.

3.4

Impacts on Vegetative Cover

Excessive rates of fertilizer application adversely affect plant growth. Intensive fertilizing causes
damage to soil microorganisms which in turn limit the growth of vegetative cover. Leguminous
plants over-exposed to nitrogen fertilizer become ineffective nitrogen fixers.

3.4.1 Impacts on the Soil
Heavy use of most nitrogen and some other fertilizers can lead to soil acidification which brings
about change in biological and physical soil properties. Fertilizers are often cited as having a
detrimental effect on soil structure, mainly because they are thought to cause a decrease in the
soil's component of organic content. Increased concentration of heavy metals can have adverse
effect on soil life. Among key factors contributing to the environment degradation, anthropogenic
sources have been largely emphasized as one of the most disastrous causes of environment
degradation. Although the guidelines have considered these aspects of the potential
environmental impacts of inorganic contaminants in irrigation water on soil biota, insufficient
information is available at present to be able to set water quality guideline values based on
ecotoxicity to soil biota.
Mineral rock weathering and anthropogenic sources provide two of the main types of
metal input to soil-plant systems .Around 100 times more lead can be input to ecosystems
from anthropogenic sources than by natural processes. Mn, Ni and Cr are the trace metals
generally present in highest concentration in soil, although these are not necessarily the
most toxic .Agricultural amendments ,including inorganic fertilisers and organic manures and
sludge, are very important sources of metals in soils. In many countries, their rates of
application are controlled to limit metal loadings. Atmospheric input of metals from
mining, industrials processes and combustions of fuels and waste materials, supply metals
predominantly in the form of oxides and halides. The fate and transformation of these
metal species in soils-plant systems depends very much on soil type and prevailing soil
conditions (Sheilar, 1994). Many researchers have worked on the issue of origin of potential toxic
metals, physical-chemical mechanisms involved in the availability of those toxic elements in the
soil environment (Aaby and Jacobsen, 1979; Alloway, 1990a, 1990b; Berrow and Reaves, 1986;
Bolter et al., 1972). Naturally, potential toxic elements are found in rock and soil systems in
non-available form. In this state, those elements are not toxic because they are stabilised within
the rock or the soil material and are not mobile, According to the above mentioned authors,
anthropogenic activities are increasingly releasing higher quantities of trace metals to the soil
environment (Brabec et al. 1983; Fergusson, 1990). Those anthropogenic activities include mainly:
industrial processes, manufacturing and the disposal of industrial and domestic wastes as
indicated in tables 10.
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Table 10: Anthropogenic Sources of Potential Toxic Elements

Metalliferous
mining and
smelting

Industry

Atmospheric
disposal

Agriculture

Waste disposal
on land

1.Spoil heaps and
tailingscontamination
through
weathering, wind
erosion

1.Plastics (Co, Cr,
Cd, Hg )

1.Urban/ industrial
sources, including
incinerations
plants, refuse
disposal (Cd, Cu,
Pb, Sn, Hg , V)

.Fertilisers (e.g.
As Cd, Mn, U,V
and Zn in some
phosphatic
fertilisers)

1.Sewage
sludge ( Cd,
Cr, Cu ,Hg, Mn,
Mo, Ni ,Pb, V,
Zn)

2.Manures (e.g.
As and Cu in
some pig and
poultry
manures, Mn
and Zn in
farmyard
manure)

2.Leachate
from
landfill(As, Cd
,Fe, Pb)

3.Lime (As, Pb)

4.Bonfires,
coal ash etc.
(Cu, Pb)

(As, Cd, Hg, Pb)
2.Fluvial dispersed
tailings- deposited
on soil during
flooding, river
dredging, etc (As,
Cd, Hg, Pb)

2.Textiles ( Zn,
Al, z, Ti, Sn)
3.Microelectronics
(Cu, Ni, Cd, Zn,
Sb)
4.Wood
preserving (Cu,
Cr, As)
5.Refineries (Pb,
Ni, Cr)

3.Transported ore
separates-blown
from conveyance
onto soil (As, Cd,
Hg, Pb)
4.Smeltingcontaminations due
to wind-blown
dust, aerosols from
stack (As, Cd, Hg,
Pb, Sb, Se)

2.Pyrometallurgical
industries (As, Cd,
Cr, Cu, Mn, Ni, Pb,
Sb, Tl, Zn)
3.Automobile
exhausts (Mn, Pb,
(with Br and Cl), v)
4.Fossil fuel
combustion
(including power
station) (As, Pb,
Sb, Se, U, V, Zn,
Cd)

4.Pesticides(Cu,
Mn, and Zn in
fungicides, As
and Pb used in
orchards )

3.Scrapheaps
(Cd, Cr ,Cu,
Pb, Zn)

5.Irrigation
water(Cd, Pb,
Se)
6. Corrosion of
metals (e.g.
galvanized and
metal objects
(fencing,
troughs,
etc.)Fe, Pb, Zn)

5.Iron and steel
industry (Cu, Ni,
Pb)
6.Metal finishing
(Zn, Cu, Ni, Cr, Cd)
Source: Fergusson, 1990
3.4.2 Sources of Potential Toxic Elements in Soils

Weathering processes of soil parent materials generally results into release and accumulation of
metal element in the environment. Generally, as shown in Table 4, igneous rocks contain larger
amounts of metals elements compared to sedimentary rocks. Some elements including: Mn, Cr,
Co,Ni,Cu and Zn are present in the highest quantities in most rock types. Igneous and
metamorphic rocks contain almost 95% of the total metal elements, while sedimentary rock
account for only 15% of the total content. However, igneous rocks are very resistant against
weathering contrary to the sedimentary rocks which cover the igneous rocks. Indeed, 75% of soils
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are originated from sedimentary rocks weathering (Mitchell, 1964). A small number of igneous
rocks weather easily. These include: Olivine, hornblende and augite which contribute to the
accumulation of Mn,Co,Ni,Cu and Zn and they are mainly found in sulphide ores as
galena(PbS),cinnabar(HgS),chalcopyrite(CuFeS2), sphalerite (ZnS) and pentlandite (NiFe)9S8)
(Berrow , M. L. and Reaves, G. A1986). Trace metals can replace each within silicate and other
mineral lattices through the mechanism of isomorphic substitution. In this line, the following
substitutions may occur: Pb2+ is replaced by K+ in silicates, substitution of Mn 2+ for Fe 2+ in
octahedral sites of ferromagnesian minerals, substitution of Ni 2+ for Fe 2+ in pyrites, substitution
of Ni2+ and Co2+ for Mg2+ in ultra-basic minerals, and the substitution of Cr3+ for Fe3+ and Cr 6+
for Al 3+ in minerals of igneous rocks. In addition to the chemical weathering of geological parent
materials, many anthropogenic sources of toxic metals are also largely contributing to the
accumulation of toxic elements in the soil environment. The contribution of the human activities
to metals deposition into soils was demonstrated by many workers including Nikiforova and
Smirnova (1975) who calculated “technophility indices “which are the ratio of annual mining
activity to the mean concentration of trace metal in the earth’s crust.
The data indicate that the highest degree of change is associated with Cd, Pb and Hg. These
calculations pointed out that mining was the most important means of contaminants transport.
Other important anthropogenic sources of metal contaminants are displayed in the Appendix
1below (Campbell et al., 1993) According to Campbell et al., (1993), anthropogenic sources of
potential toxic metal ions are much more important compared to the natural weathering of rocks.
Indeed, 15 times more Cd, 100 times more Pb, 13 times more Cu, and 21 times more Zn are
emitted by man’s activities than by natural processes. Consequently, relatively important
quantities of metals are released in the environment resulting in a vast number of different metal
ions, species and complexes to contaminate soils and ecosystems (Campbell et al., 1993). Once
released in the environment, the level of toxicity of different contaminants will then depend on a
number of factors including: soil physic-chemical conditions (acidity, water logging, clay content
and clay type), -organic matter, - oxides/hydroxides of Iron and Manganese, -soil and sites
hydrology, -soil microbial composition and size. Indeed, oxides and organic matter have the
capacity to provide adsorption and reaction surfaces while the hydrological status of soil controls
the dilution and transport of pollutants from one position to another. Some microorganisms play
the role of up taking and recycling metals. Agricultural inputs of potential toxic metals to soils
mainly occur through inorganic fertilizers application, irrigation water, pesticides and organic
manure application. In such a case, the cause of toxicity behind is actually the repetition of
application which finally rich the toxic level of given elements. It has been shown that sewages
and composted refuse mainly from urban areas was the most polluting agents. The potential for a
given sewage sludge material to contaminate will largely vary from the origin of the material. It
is also important to understand that fertilizers used to increase soil fertility contain substantial
amounts of potential toxic metal-elements and hence contribute significantly to soil pollution
(Table 11).
Table 11: Potential toxic metal-element added to agricultural soil from different types of amendments (mg/kg)

Element

Farmyard manure

Phosphate fertilizers

Nitrogenous fertilizers

Cr
Mn
Co
Ni
Cu
Zn

1.8-410
0.9-279
13-3580
82-5894

1.1-55
30-969
0.3
2.1-30
2-172
15-566

66-245
40-2000
1-125
7-38
1-300
50-1450

57

Lime
(travertine)
3.2-19
0.4-1.0
7-34
1-42

Cd
Hg
Pb

0.01-100
0.09-21
1.3-2240

0.1-0.8
0.01-0.36
0.4-27

0.1-190
0.01-2
4-1000

0.05-8.5
0.3-2.9
2.0-120

Source: Campbell et al., 1993)

3.4.3 Chemical behaviour of some potential toxic metal elements of environment concern
a) Arsenic (As)
It is usual to find high concentrations of arsenic in agricultural soils, due to previous use of
organo-arsenic pesticides that persist as long-lasting residues in the soil. The measurement of
arsenic concentrations in the soil solution is determined by sorption and desorption reactions with
the soil clay-humus complex, and by co-precipitation with metal oxides (Schachtschabel et al.
1989). Sorption dominates at the relatively low concentrations that are of environmental concern
(water quality criteria for irrigation. Generally, the fraction of available arsenic is very small
compared to the total arsenic present in soil. Arsenic is present primarily in the arsenate ((As (V)
and arsenite ((As)III) forms in soil. Both these forms are subject to chemically and/or
microbiologically mediated oxidation reduction and methylation reactions in soil. Soils have a high
capacity to reduce the toxicity of dissolved arsenic through adsorption to clay and through the
chemical speciation of arsenic as a result of reactions with phosphorus. The higher the clay
content the more arsenic is adsorbed. Soil pH affects the concentration of arsenic in the soil
solution; solubility decreases with increasing pH. At high pH values, in the presence of calcium or
magnesium, oxy-anions of arsenic are precipitated from solution (DWAF 1996a).
b) Cadmium ions (Cd)
Cadmium is found naturally in small quantities in air, water, and soil. Since cadmium is a metal, it
does not break down and can accumulate over time. Burning household or industrial waste and
burning coal or oil may release cadmium into the air. Cadmium also can be released from car
exhaust, metal processing industries, battery and paint manufacturing, and waste hauling and
disposal activities. The chemistry of cadmium is almost similar to that of copper, lead, nickel and
zinc. Cadmium is strongly adsorbed by soil clay minerals and co-precipitated with iron and
manganese oxides and oxy-hydroxides. It is for these reasons that cadmium has a limited vertical
movement through neutral to alkaline soils. The solubility and hence availability of Arsenic to
plants increases as soil pH decreases to acidic levels and with increasing chloride concentrations.
Plant availability is reduced when the concentration of organic matter is high (Schachtschabel et
al. 1989). The mechanisms of sorption and desorption onto soil exchange complex contribute
significantly to Cadmium concentrations in the soil solution. Obviously, the soil reaction (soil pH)
has a major effect on the concentration of cadmium in the soil solution and solubility decreases
with increasing pH. Generally elevated levels of cadmium in surface soils mainly result from
cadmium particles settling from the atmosphere. Relatively high levels of cadmium from car
exhaust significantly contribute to soil pollution. Due to the tendency for cadmium to sink and
accumulate in bottom sediments, its concentration in the surface water will be generally low.
c) Chromium (Cr)
No evidence has been demonstrated to confirm that chromium is essential to plants, although
traces of chromium are essential for humans and animals (Anderson 1987, Schachtschabel et al.
1989). However, when added to the soil, chromium (VI) remains mobile and available to plants,
whereas chromium (III) is adsorbed or complexed and therefore immobile (Breeze 1973). The
toxicity limits for chromium (VI) range from 5 mg/kg to 500 mg/kg, while toxic effects of
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chromium (III) occur at 50–5000 mg/kg, depending on plant species and soil type (NRCC 1976).
Because translocation of chromium within the plant does not occur readily, most of the absorbed
chromium remains in the roots (Schachtschabel et al. 1989). In general, there should be few
problems associated with discharges to land of wastewaters (e.g. from tanneries) containing
chromium (III) because this form of chromium is relatively non-mobile. Research on nutrient
solutions indicated that chromium may be phytotoxic via irrigation water. Indeed a concentration
range of 1–10 mg/L in nutrient solutions has reduced crop yield, depending on the tolerance of
different plant species (NAS 1974), and there is limited evidence that chromium (III) and
chromium (VI) in nutrient solutions are about equally available to plants (Will & Suter 1994a).
Guidelines are therefore set for the chromium (VI) ion in irrigation waters based on the revised
South African irrigation water quality guidelines (DWAF 1996a).
d) Lead ions (Pb)
This element is generally found at a low amount in the earth crust material. It appears bluish-gray
and has no characteristic taste or smell. According to Elliott et al. (1986), lead is strongly retained
by most soils so that soil solution lead concentrations are generally very low (<1 mg/L). This was
confirmed by Brümmer & Herms (1983) who demonstrated that lead was always found at a very
low concentration compared to cadmium, zinc and copper. As for other cationic metals, low soil
pH mobilises lead in soil allowing greater plant uptake (von Judel & Stelte 1977). Due to the
strong sorption by soils, surface applications of lead, whether from atmospheric sources,
inadvertent additions in fertilisers, manures or sludge’s, or deliberate use of lead-containing
agricultural chemicals, are retained in the upper or plough layer of soil profiles (Merry et al.
1983). Sources of lead in surface water or sediment include deposits of lead-containing dust from
the atmosphere, wastewater from industries that handle lead (primarily iron and steel industries
and lead producers), urban runoff, and mining piles.

3.5

Review of Fertilizer supply and distribution chain in Rwanda

The fertilizer supply programme in Rwanda indicated in the figure 5 below was introduced to
support the implementation of the Crop Intensification Programme (CIP) which was established in
2007 and aims to increase productivity and production of the key priority crops in Rwanda.
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Figure 4: Fertilizer supply chain schematic Representation

At the start-up of the CIP, insufficiency, poor distribution network, lack of technical knowledge by
involved partners and non-affordability of fertilizers was mentioned as one of the main constraints
of the CIP success. Since then, the Ministry of Agriculture and Animal Resources (MINAGRI) has
developed a fertilizer supply chain system to improve the availability, accessibility and
affordability of fertilizers for farmers. In this system, the private and public sectors are involved
each of the two having a specific role to play.
3.5.1 Overview of the fertilizer supply and distribution programme
At the beginning, MINAGRI was, performing the functions of bulk purchase of fertilizer and was
managing fertilizer stocks. The distribution of fertilizers was carried out by private distributors
(wholesalers) and agro-input dealers (retailers). The MINAGRI was auctioning the fertilizers to
private distributors. Distributors use to sell fertilizers to agro dealers who in turn were selling the
fertilizers to farmers at fixed prices set by MINAGRI. The agro dealer network is well developed
and each sector has at least one agro-input dealer. The voucher and fertilizer loan system was
introduced to help farmers who have a low purchasing power to buy fertilizers. The voucher
consists in giving 50% of the required fertilizers free (as a subsidy) and the farmer is given the
portion of 50% as a loan expected to be paid after selling the yield. (MINAGRI 2007, 2009).
The MINAGRI together with Rwanda Agricultural Board (RAB), Districts extension workers in
collaboration with private advisory service providers have the task of promoting fertilizer use and
management. The promotion was done via demonstration field trials, training and the Farmer
Field School (FFS). That system has yielded some positive aspects related to awareness of farmers
with regards to the importance of fertilizers in the overall crop production process and the
general increase in productivity. However, one serious constraint remained unsolved: most of the
farmers were not paying back the fertilizer loan contracted. Unrecovered loans have accumulated
overtime and this has yielded a situation of continuous deficit. In 2012, the Government decided
to introduce a new initiative in the supply chain which is the privatization of the fertilizer market.
This change is expected to bring a new incite to farmers who will continue to get the 50% subsidy
for cereals and 30% for rice but will pay the remaining directly from agro-dealers cooperatives
(MINAGRI, 2011). This new system was launched for season A 2012 (September 2011) in six pilote
Districts (Nyagatare, Gatsibo, Ngoma, Kirehe, Rwamagana and Kayonza). (MINAGRI, 2009,
MINAGRI 2011). Figure 6 below indicates the trend in fertilizer importation between 1998 and
2012.
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Figure 5: Trend of fertilizer importation for the period of 1998 to 2012 (in metric Tons)

3.5.2 Types of Imported Fertilizers
The types of fertilizers imported and used in Rwanda are decided by the Ministry of Agriculture,
on the basis of technical recommendations from affiliated research institutions. Different types of
crops require different types and quantity of fertilizers. As shown in the table 12 below, the list of
crops concerned by the fertilizers use includes: Maize, Rice, Irish potato and Wheat. The types of
fertilizers proposed are: Nitrogen-Phosphorus and Potassium (NPK: 17-17-17), Di-Ammonium
Phosphate (DAP) and Urea.

Table 12: Proposed types of fertilizers for Maize, Wheat, Rice and Irish Potato

Crops

Most popular type of fertilizer

2nd most popular type of fertilizer

Maize

NPK(17-17-17)

DAP + urea

Rice

NPK (17-17-17) + Urea (46%)

DAP + urea

Irish Potato

NPK(17-17-17)

DAP + urea

Wheat

NPK(17-17-17)

DAP + urea

Source: MINAGRI, 2011
3.5.3 Main Fertilizer Supply Chain Components and Roles
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The fertilizer supply chain include a number of actors, as shown in figure 7 below including:
Manufacturer’s Warehouse, Pre--shipment Inspection & Shipment, Border Clearance in Tanzania or
Kenya, Boarder Clearance in Rwanda (Rusumo,Kagitumba or Gatuna), MAGERWA, Import
Inspection by RBS, Clearance with RRA, Delivery to Warehouse, Distributor’s Warehouse, Agro
Dealer Store and Farmer. Each of the above mentioned steps perform its duties to release the
upper component and allow the down component performing its duties. (MINAGRI 2009). Standard
Operating Procedures (SOPs) have been developed and introduced to facilitate the operation of
the Fertilizer supply and distribution chain in Rwanda. These procedures are set in a way to
enable the smooth operation of roles and tasks to be performed by each and every fertilizer
program components as shown in the table above. The procedures are developed in such a way to
offer the following benefits: (1) To reduce redundancy of resources (human and capital), (2)
Clarification of responsibilities and roles to be played by each actor of the fertilizer supply chain,
(3) to provide guidelines to perform activities or processes that are critical in operational
efficiency across the supply chain, (4) Useful tools for training and induction for staff, (5)
Customer satisfaction, (5) Provide a friendly management system and enable consistency in
execution of the various steps of the supply chain and ( 6) enhance quality assurance for products
and services related to fertilizer distribution in Rwanda.

1
MANUFACTURER’S
WAREHOUSE
6
MAGERWA
7
IMPORT
INSPECTION BY RBS
12
FARMER

PRE -SHIPMENT
INSPECTION &
SHIPMENT

2

5
BOARDER CLEARANCE
IN RWANDA (RUSUMO,
KAGITUMBA ORGATUNA).
8
CLEARANCE
WITH RRA
11
AGRO DEALERSTORE

3
PORT OF COLLECTION
(DAR ES SALAM OR
MOMBASA)
4
BORDER CLEARANCE IN
TANZANIA OR KENYA
9
DELIVERY TO MINAGRI’S
WAREHOUSE
DISTRIBUTOR’S
WAREHOUSE

10

Figure 6: Summary of the Fertilizer supply chain

Source: MINAGRI, 2009
Description of the role of key stakeholders of the fertilizer supply chain in Rwanda is indicated in
table 13. As described in the table below, stakeholders of the fertilizer supply chain in Rwanda,
perform specific and non-duplicated roles to ensure a smooth operation of the entire system.
Table 13: Description of the role of different stakeholders in the fertilizer supply chain

Stakeholder

Specific role

Development
partners
MINAGRI, Local

Work with MINAGRI to support development of policy and render budgetary
support in enhancing fertilizer distribution and usage
1.Management responsible for setting policy and authorizing procedures for
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Government

MINAGRI (Fertilizer
programme)

RAB
MINAGRI/RAB
MINALOC/Districts
Companies
importing
fertilizers
Distributors
Agro-dealers
Farmers’ Groups
and
Cooperatives
Rwanda Bureau of
Standards (RBS)
Rwanda Revenue
Authority (RRA)

fertilizer supply
2. Procurement of fertilizers according to Rwanda Public Procurement Law.
3. In consultation Districts and MINALOC establish fertilizer quantities
required in the country and ensure timely procurement and delivery of
fertilizer to farmers. Sets farm gate fertilizer prices and subsidy prices
1.Manegement of warehouse for strategic fertilizer stock
2.Distribution of subsidies
3. The sale of fertilizers. Sale of fertilizers as cash or credit and
4. Recovery of fertilizer credit
5. Regulate the distribution of fertilizers
Facilitate distribution of subsidies, fertilizers and promotion of fertilizer
use.
Lead the enforcement of the Law. No. 30/2012 of 01/08/2012 and all
subsequent presidential and ministerial orders as will from time to time be
published.
Ascertain that the local population is served in the best possible manner
and especially ensure that the less privileged and/or vulnerable members
of the society are considered in the Fertilizer Program
1. Get the guidelines from MINAGRI, with regards to the quantity and types
of fertilizers to be imported each year.
2. Import sufficient quantities and types
Liaise with the importers and the MINAGRI and MINALOC teams at the
District level to ensure timely and efficient delivery of fertilizer.
Work in close relationship with the distributors to ensure seamless delivery
of fertilizers to the farmers at the grassroots level.
Liaise with the agro dealers to procure fertilizer in good time so as to
ensure their members use the same at the most appropriate time
Set standards and regulate what quality of
fertilizers get into Rwanda
Collect revenue accruing from the use of the
fertilizers as stipulated in law

3.5.4 Training support for Fertilizer Distribution
At the initial phase of the CIP, the BRD was using its Capacity Building Unit to provide basic
training to distributors, Microfinance Institution staff and farmers cooperatives managers in
various areas connected with bank operations, loans acquisition and provision and loans recovery.
The Rwanda Agriculture Board together with IFDC are also providing training support to
distributors in various areas including, fertilizer transaction, storage and handling, distribution,
marketing, and access to loans.(MINAGRI, 2007, 2009, 2011).

63

Plate 13: FGD in Bugesera District (Rweru Sector) with KODIR and TWUZUZANYE Cooperatives

3.5.5 Fertilizers Subsidy System in Rwanda
Given the relatively high prices of fertilizers in the world, most of the farmers are not financially
capable to buy them at the beginning of the season. In addition, the price of oil has a great
impact on the price of fertilizer, since it is one of the most important raw materials and the cost
of fuel for transport greatly influences fertilizer prices in a landlocked country such as Rwanda.
Therefore, in order to make fertilizers affordable for the Rwanda small-scale farmers, the
Government has introduced the fertilizer subsidy programme for important food crops including:
Maize, Rice, Wheat and Irish potato.
3.5.6 Identification of farmers eligible for subsidy
Farmers eligible for subsidies are selected by the local government institutions including: District,
through Sector Agronomist and Integrated Development Programmes professionals and farmer
promoters. The process involves the local authorities who produce lists of farmers who shall grow
maize and wheat. The lists include the following: the District, Sector, Cell, Village, Farmer
Names, I.D number, cultivated area, fertilizer quantities and are co-signed by farmer and local
authorities. The district then organizes a voucher printing schedule where Fertilizer Program visits
districts to print vouchers for these eligible farmers. Vouchers are serialized and have security
background printing. The vouchers security background must show details such as: the name and
identification of the beneficiary, the subsidy cost and farmers’ cost for fertilizers. The lists on
which vouchers are printed must remain at Districts level. In case vouchers are not available due
to some reasons including technical, farmers lists are used instead of vouchers, after lists of
eligible farmers are compiled by districts. The Agro-Dealers are given a list of the beneficiaries in
their respective areas and farmers sign them when collecting fertilizers. The Fertilizer program
visits the agro dealers to supervise the collection of fertilizers by farmers and make sure farmers
are countersigning. At the end of the season, these lists are countersigned by local authorities.
The distributor collects vouchers or farmer lists from the respective agro dealers. Based on
agreement between the fertilizer programme and the agro-dealer, the Fertilizer Program may sale
fertilizers to agro dealers; therefore, they shall be responsible for redeeming the subsidies. In
such a case, the process is as following:
i.

Vouchers or farmer lists are submitted to Fertilizer Program by distributors or agro
dealers;
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ii.

The Fertilizer staff in charge of the districts’ conducts verification of the vouchers and
submits a report to the Subsidy Manager. The Subsidy Manager recommends payment of
verified vouchers to the Fertilizer Coordinator. The Coordinator requests the Accountant
to reconcile fertilizer subsidy accounts. Subsidy policy with regards to fertilizers in Rwanda

3.5.7 Analysis of constraints and challenges in the fertilizer supply chain
The entire fertilizer supply chain in Rwanda has been performing generally well despite some
constraints and challenges outlined in this section. The fertilizer requirement has been pointed
out by professionals and experts operating in the area of fertilizer use: the way the needs
assessment is conducted does not allow the gathering of exhaustive data. Most of the time,
fertilizer requirement are always under estimated since only the main sectors are taken into
consideration. Indeed, fertilizers needs from small scale farmers are just roughly estimated. The
needs assessment is not scientifically backed: there is no fertilizer recommendation carried out
prior to decide the quantity and the type of fertilizer needed.
3.5.8 Fertilizers Importation
Over five private companies are authorized to import fertilizer in Rwanda. The Government is
putting a lot of control to make sure that the service is being properly delivered and this costs a
lot to the Government.
Fertilizer blending is no longer performed in Rwanda as it used to be when before CIP. Before CIP
was introduce, the company which had the monopoly of fertilizer importation was blending
fertilizer in country. Unfortunately this was not always professionally done because there was no
institution in charge controlling the quality of the product resulting from blending. The
Government has stopped it due to proliferation of fertilizer dealers which was impacting on the
quality of fertilizer, land pollution and low agricultural production.
Insufficient capacity for distributors: The introduction of the private sector within
supply chain is a good strategy but the distribution system is suffer from lack
knowledge and skills connected with general business operation.. New companies
system will suffer from lack of experience in fertilizer distribution, storage, handling
marketing.

3.6

the fertilizer
of sufficient
entering the
and fertilizer

Soil Profiles

A soil profile analysis was conducted to assess the impact of fertilizer use in the study area
and over five profiles were analyzed. The description of the five profiles is indicated in the
table below 14.

Table 14: Soil profile description in the study area
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No Soil profile
.
Description
Profile photo

PROFILE I

PROFILE II

PROFILE III

General Site Information
1
Profile number:

Rwanda- BUGESERA-RWERUNEMBA PII

Rwanda- BUGESERA-RWERUNEMBA P1
Date:

09-01-2014 or 140109
09-01-2014 or 140109

Location:

Elevation:

Eastern Province, Bugesera
District, Rweru Sector, Nemba
Cell, Cyimpala Village

Eastern Province, Bugesera
District, Rweru Sector,
Nemba Cell, Cyimpala Village

1 346 m

1 346 m

Latitude E: 9 741968 m;
Longitude S: 529413 m

Latitude
E :9 742049 m; Longitude:
529566 m

Soil Formation factor
Atmospheric
Climate and
Weather
Conditions:

Present
Weather
condition: Partly Cloud
(PC). Former weather
conditions: no rain in
the last week (WC2)

Present Weather condition:
Partly Cloud (PC). Former
weather conditions: no rain
in the last week (WC2)

Present Weather condition:
Partly Cloud (PC). Former
weather conditions: no rain in
the last week (WC2)
Land form &Topography

09-01-2014 or 140109
Eastern Province,
Bugesera District,
Rweru Sector, Nemba
Cell, Cyimpala Village
1 323 m
Latitude E: 9 742128
m; Longitude: 529723
m

Coordinates:

2

Rwanda- BUGESERARWERU-NEMBA PII

Level: level land:

Flat

flat

Flat

Valley floor (LV):

(Gradient: < 10%)

(Gradient: < 10%)

(Gradient: < 10%)

Slope position:

Bottom BO

Bottom Bo

Bottom Bo

Slope forms and
surface pathways:
Land use and
vegetation:

Flat

flat

Annual field cropping (AA)

Annual field cropping (AA)

Flat
Not used and not managed
(U)
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Cropping:

Maize (CeMa)

Maize (CeMa)

Papyrus

Human influence:

Ploughing (PL)

Ploughing (PL)

Granite

Granite

No influence (N)
Major class = U
(Sedimentary rock
unconsolidated); Group =
UC (Colluvial of granitic
material); Type = UC1
(slope deposits)

Parent material:

3

Soil Description
Surface characteristics
Rock outcrops:

None (N)

None (N)

None (N)

Coarse surface
fragment:
Erosion:

None (N)

None (N)

None (N)

(No evidence of erosion)

(No evidence of erosion)

(No evidence of erosion)

Surface sealing:

None (N)

None (N)

None (N)

None (N)
Horizon Boundary and Depth

None (N)

None (N)

Ap (0-30 cm)

Ah (0-30 cm)

B (>30 cm)

Bg (>30 cm)

Surface Cracks:

4.

Ap (0-25 cm)

B1 (25-51 cm)
B2 (51-75 cm)
B3 (>75cm)

5

Distinctness and topography

Abrupt (A), Smooth(S) Nearly
plane surface
Primary
constituents

Quartz
Texture of the fine earth fraction

Abrupt (A), Smooth(S) Nearly
plane surface
Quartz

Clear (C), Wavy (W)
(Pocket less deep than
wide)

Quartz

Ah: Sandy

Ap: Loam Sandy

Ah: Sandy clay

B1: Sandy

B: Loam

Bg: Clay sandy

None

none

None

None

None

Strong, Humic (D4)

B2: Sandy loam
B3: Sandy clay
Rock fragment and
artifacts:
Degree of
decomposition and
Humification of
Peat:
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Soil colour matrix

6.
Ap : 10 R 3/4

Ah : 10 R 3/2

Ap : 10 R 4/6
Bg: 10 R 4/1

6.

B: 10 R 5/6

B: 10 R 5/6

None

Ap: Common(C), B: very
few (V)

Ah: Common(C), Bg: Many (M)

None

none

None

Mottling
Abondance of
mottles:
Soil Redox
potential and
reducing condition:
Carbonate:

Not applied

Not applied

Not applied

Gypsum:

Not applied

Not applied

Not applied

Readily soluble
salt:
Soil structure

Not applied

Not applied

Not applied

single grain
single grain to
granular

Crumby
prismatic to platy

Blocky

Ap:
B:

Bulk density:

7.

Porosity:
Porosity:

Coatings and
Mineral
concentration:
Roots

Blocky
-when dry: Ap: Loose (LO),
B: Slightly hard ( SHA)
-When moist:
Ap: Friable (FR), B: Firm
(FI)
Stickiness: Ap: Slightly
sticky (SST), B: Sticky (ST)
Soil water status: slightly
moist

-when dry: Ah: Slightly hard (SHA),
Bg: Hard (HA)
-When moist: Ah:
Friable (FR), B: Firm (FI)
Stickiness: Ap: Slightly sticky
(SST), B: Sticky (ST)
Soil water status: very wet

Medium

Medium

Medium

High.
Size of pores: Ap:
High, B1&B2:
Medium, B3: Small
Iron oxides and
hydroxides, Iron
stones

High

Common

Many

Few

Common

Consistence

Size of pores: Ap: Medium
to high, B: Medium to small

Ah: Medium, Bg: Medium to high;
Size of pores: Ah: Medium, Bg:
Medium to high

Iron oxides and hydroxides

Iron oxides and iron stones

Ap:
B1, B2&B3:
Other biological
features:
Hum-made
Material:
Soil type:

Many
Common

Ants, Termites and Weviel
Earth warm

Ants
Not applied

Not applied

Not applied
Comment: The water table was
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Humic/plinthic Ferralsol
Cambic/plinthic
Ferralsol

found at 30cm. And the gleization
has been observed in Bg horizon
and in the lower part of Ah
horizon.
Humic Gleysol
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Profile
description

N0

Profile IV

Profile V

Rwanda- NGOMA-MUGESERANYANGE PI

Rwanda- NGOMAKAREMBA- KAZIBA PII

11-01-2014 or 140111
Eastern Province, Ngoma District,
Mugesera Sector, Nyange Cell, Muyange
Village

12-01-2014 or 140112
Eastern
Province,
Ngoma
District,
Karemba
Sector,
Kaziba Cell, Iperi Village

1 417 m

1 521 m
Latitude E: 9 760743
Longitude: 551372 m

Profile photo

Profile
number:
Date:
Location:

Elevation:
Coordinates:
Latitude: 9
542446 m
2

766148

m;

Longitude:

m;

Soil Formation factor
Atmospheric
Climate and
Weather
Conditions:

Pre Weather condition: Partly Cloud
(PC). Former weather conditions: no
rain in the last week (WC2)
Present Weather condition: Partly
Cloud (PC). Former weather conditions:
no rain in the last week (WC2)
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Partly Cloud (PC). Former
weather conditions: no rain in
the last week (WC2)
Partly Cloud (PC). Former
weather conditions: no rain in
the last week (WC2)

Land form
&Topography

Level: level land:
Valley floor (LV):
Slope position:
Slope forms and
surface
pathways:
Land use and
vegetation:

Flat

Flat

(Gradient: < 10%)
Bottom Bo

(Gradient: < 10%)
Bottom Bo

Flat

Flat

Annual field cropping (AA)
Cropping:
Ploughing (PL)Bananas (FrBa)
Human
influence:
Ploughing (PL)

Fallow

Parent material:

4.

Shales
Horizon Boundary and Depth

Shales

Ap (0-25 cm)
E (25-85 cm)
Bt(>85cm)

Bo/Co (0-5 cm)
R

Distinctness and topography
5
Primary constituents
None

Uartz, mica

Texture of the fine earth fraction
Ap: Loam
E: Loam

Bo/Co: sandy

Bt: Clay

R: Gravel

Rock fragment and
artifacts:
Soil type:

Present

Cambic Leptosol

Luvic Lixisol
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3.6.1 Results of soil physical and chemical laboratory analysis
This section aims to highlight the findings from the soil physical and chemical laboratory analysis
and discuss the findings in light of scientific knowledge and related findings by other researchers.
The chemical parameters presented hear include: soil organic carbon, soil organic matter, soil pH
measured in water and mole KCl, exchangeable acidity, acid saturation, mineral nitrogen,
available phosphorus, exchangeable bases, base saturation, effective cation exchange capacity,
potential toxic elements, soil bulk density and soil texture classes. It is assumed that such
comprehensive soil information together with the information collected from the soil profiles
description will feed an understanding of the soil status and more importantly the pollution status
or risks of future pollution. The findings will be discussed to respond to two main objectives: (1)
assessment of present pollution or risk of future pollution, (2) assessment of the present soil
quality or potential soil quality.
3.6.2 Soil organic carbon and soil organic matter in the study area
As shown in the figure 8 below, the soil organic carbon and soil organic matter measured in Nemba
increases as the distance from Lac Rweru to the plain/hillside decreases. Indeed soil organic
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carbon measured in the first profile situated at the highest distance from the Lac had a relatively
low organic carbon for both top and sub horizons, (0.74-0.81%). The percentage of soil organic
carbon measured in the top soil of the profile situated at a medium distance from the Lac Rweru
was significantly higher than the first one (Cambic-plinthic Ferralsol). The organic carbon
measured in the profile situated in the marshaland was markedly higher than that of the medium
profile (1.97% in the top soil and a mean of 1.52 % in the deeper horizons. ||The reason behind is
obviously the fact land situated far from the marshland were the mostly and the early occupied by
agriculture. This has influenced a more exposure of the non mineralized organic matter to rapid
decomposition (mineralization Naramabuye and Haynes, 2008). This implies that the land situated
closer and/or in the marshland were not cultivated and this has influenced the protection of the
soil organic matter against mineralization.
It was also clear from the results that the soil organic matter measured in the Akagera marshland
(Gashora Sector, Biryogo Cell, Kanyonyoma Cell) was relatively high (1.56%).
Generally, the soil organic matter measured in Ngoma District soils was markedly higher than that
of the District of Bugesera. Many reasons may be connected with this situation, but the most
probable one would be the relatively more recent cultivation of Ngoma soils compared to those
from Bugesera (Haynes 1986). Another important explanation especially for marshland soils would
be related to drainage operation. Soils from Bugesera were frequently drained to allow plant
growth and this operation could have contributed to the rapid organic matter mineralization
compared to those from Ngoma (1.Sake Sector/Kankanga Cell/Bukokoza Village, 2.Mugesera
Sector/Ntaga Cell/Akinteko Village, 3.Mugesera Sector/Ntaga Cell/Akinteko Village and 4.) which
were put under cultivation more recently (Haynes et al., 2001).
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Figure 7: Concentration of soil organic matter and soil organic Carbon measured in selected soils from

Rweru-Mugesera wetland complex

3.6.3 Soil acidity parameters

The soil pH values measured from soils collected from Bugesera District, Rweru Sector, Nemba
Cell as well as Bugesera District, Gashora Sector, Kanyonyomba Cell were slightly acidic with soil
pH values measured in water ranging from 5.1 to 5.7. Consequently, exchangeable acidity
measured was not showing toxic levels. Indeed all values fall below 8 mmol-charges and this level
of exchangeable acidity (exchangeable aluminium is considered as non toxic for plants
(Naramabuye and Haynes, 2005, Naramabuye and Haynes 2006a, Mokolobate and Haynes, 2002a).
The values of the soil pH (water) measured in Ngoma District, Sake Sector, Kinkanga Cell,
Bukokoza village as well as in Mugesera Sector, Ntaga Cell, Akinteko Village hillside were slightly
acidic. In line with this the levels of exchangeable acidity in those soils were not toxic to plant. It
was however, found that all the three selected marshland soil belonging to the Mugesera Lake
were acidic with soil pH(water) values ranging from 10 to 11.6 mmol-charges of exchangeable
acidity. By principle, those values are considered as toxic to plant growth. However, it would be
useful to analyze the total soluble aluminium concentration as well as the monomeric aluminium
concentration in order to get a clear idea on the toxic portion of the concentration measured.
Indeed, it has been demonstrated by many researchers, including Bloom et al., 1979 ; Haynes,
1984; Stevenson and Vance, 1989; Mokolobate and Haynes, 200b, Naramabuye and Haynes 2006a,
Naramabuye and Haynes 2006b, Naramabuye et al. 2008. In addition to this, the yield of rice
(direct communication with farmers) was not significantly different from yield harvested from
other sites with a lower exchangeable acidity.
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Figure 8: Soil pH in water and potassium chloride measured in selected soils from Rweru-Mugesera
wetland complex

Figure 9: Soil exchangeable acidity and acid saturation measured in selected soils from RweruMugesera wetland complex.

3.7 Exchangeable bases, base saturation and effective cation exchange capacity
Results shown in Table 15 and 16 show clearly that the effective cation exchange capacity values
of soils from Bugesera District (Rweru and Gashora Sectors) were dominated by base cations
(Calcium, Potassium and Magnesium). Indeed the base saturation values are ranging from 81% to
100%. This situation demonstrates that those soils have a good soil fertility status in terms of
essential basic cations for plant nutrition and for a good soil chemical reaction. As already
observed for the soil acidity parameters, Soils collected from Ngoma District, Mugesera Sector
(Mugesera watershed marshland) were acidic. The present results of base cations and base
saturation are significantly low compared to those from Bugesera District and this confirms the
results of soil acidity parameters. Indeed, if the exchangeable sites are occupied by a high number
of acidic cations, a relatively low basic cations is expected to occur. The suprising situation is that
rice was growing well and was producing relatively good yield. The reasons behind have been
already pointed out in the previous section.
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Table 15: Soil exchangeable bases measured in selected soils from Rweru-Mugesera wetland
complex (LSD P<0.05 shown).
Dist. Sect. Cell

Profile N0

Horizon

Latitude

Longitude

E

S

Soil
Elev.(m)

529413
Rweru/Nemba/Cyimpala

ProfileI

Ap

9741968

Rweru/Nemba/Cyimpala

ProfileI

B

9741968

Rweru/Nemba/Cyimpala

ProfileII

Ah/Ap

9742049

Rweru/Nemba/Cyimpala

ProfileII

B

9742049

Rweru/Nemba/Cyimpala

ProfileIII

Ah

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Rweru/Nemba/Cyimpala

Composite

Gashora/Biryogo/Kanyonyomba

Composite

Sake/Kankanga/Bukokoza

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

1346

maize

1346

maize

1333

maize

1333

maize

1323

Papyrus

1323

Papyrus

1323

Fallow

1323

Fallow

1329

maize

1322

rice

1328

rice

1364

maize

1339

rice

1339

rice

1339

rice

529413
529566
529566
529723
529723
529723
Horizon
Bg

529723
9742128

soil
surface

529593
9742025

soil
surface

530898
9756526

soil
surface

546696
9757102

soil
surface

542788
9768995

soil
surface

541757
9767123

soil
Mugesera/Ntaga/Akinteko

Composite

surface

541757
9767123

soil
Mugesera/Ntaga/Akinteko

Composite

surface

541757
9767123

Exchangeable bases (Cmol/Kg)

cover
Na+

K+

Ca++

Mg2+

0.23

0.11

0.23

0.5

0.31

0.05

0.31

0.84

0.38

0.62

0.38

1.78

0.44

0.73

0.44

1.7

0.33

0.32

0.33

1.8

0.38

0.45

0.38

2.46

0.4

0.49

0.4

2.6

0.32

0.48

0.32

2.31

0.28

0.58

0.28

1.62

0.46

0.13

0.46

2.13

0.43

0.11

0.43

2.04

0.29

0.23

0.29

1.9

0.4

0.07

0.4

1.52

0.32

0.06

0.32

1.33

0.39

0.08

0.39

1.43

LSD (P < 0.05)

Table 16: Effective cation exchange capacity and base saturation measured in selected soils from
Rweru-Mugesera wetland complex (LSD P<0.05 shown).
Latitude
Dist. Sect. Cell

Profile N0

Horizon

E

Soil
Longitude

76

Elev.(m)

cover

ECEC

Base saturation (%)

S
529413
Rweru/Nemba/Cyimpala

ProfileI

Ap

9741968

Rweru/Nemba/Cyimpala

ProfileI

B

9741968

Rweru/Nemba/Cyimpala

ProfileII

Ah/Ap

9742049

Rweru/Nemba/Cyimpala

ProfileII

B

9742049

Rweru/Nemba/Cyimpala

ProfileIII

Ah

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Rweru/Nemba/Cyimpala

Composite

Gashora/Biryogo/Kanyonyomba

Composite

Sake/Kankanga/Bukokoza

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

1346

maize

1346

maize

1333

maize

1333

maize

1323

Papyrus

1323

Papyrus

1323

Fallow

1323

Fallow

1329

maize

1322

rice

1328

rice

1364

maize

1339

rice

1339

rice

1339

rice

529413
529566
529566
529723
529723
529723
Horizon
Bg

529723
9742128

soil
surface

529593
9742025

soil
surface

530898
9756526

soil
surface

546696
9757102

soil
surface

542788
9768995

soil
surface

541757
9767123

soil
surface

541757
9767123

soil
surface

541757
9767123

3.82

84.0

3.8

81.3

12.34

98.4

10.43

98.1

9.33

94.6

13.93

100.0

12.52

100.0

11.98

100.0

9.96

100.0

9.26

96.8

9.89

94.8

10.09

95.0

4.87

53.2

4.86

53

5.34

52.6

0.8

6.3

LSD (P < 0.05)

3.8 Potential toxic metal cations
In Ngoma District, Mugesera and Ske Sectors, relatively high toxicity in Chromium was detected in
soils receiving mineral fertilizers where maize and rice were grown. The source of toxic Chromium
is likely to be fertilizers application. Indeed many authors have demonstrated that most of the
phosphorus and nitrogenous fertilizers contain a relatively high amount of Chromium. Phosphates
fertilizers can contain up to 55 mg of Chromium per kg of fertilizer. It is expected that continuous
addition of such a fertilizer would result into accumulation of toxic levels of Chromium (Campbell
et al., 1993). On the other hand, Nitrogenous fertilizers can contain up to 245 mg per kg of
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fertilizer. Again this is a relatively high amount of Chromium, which is continuously added to the
soil environment. This may have contributed significantly to the increase in Chromium
concentration in the soils from Mugesera and Sake Sectors.
The relatively high quantities of Chromium added to soil via fertilizers application is a
major concern, however, the same quantities are also added to other soils investigated
which have not shown toxic levels of Chromium. The scientific reasons behind this
observation include the fact that the soil properties have the capacity to complex or
precipitate metal ions in a non available chemical form. Different types of heavy metals
can behave differently in similar conditions. Some are more mobile in reducing conditions
while others like Chromium get mobile under oxidizing conditions and high pH.
Investigated soils from Ngoma, were dominated by a sandy texture, which does not allow
cation fixation on soil colloids. In addition to this, the results have shown markedly low
clay content in those soils. One would expect that the relatively high organic carbon
measured in Mugesera/Sake soils would have retained Chromium cations and decrease its
chemical solubility but this capacity was masked by the relatively high sand content
(Breeze 1973). Another important reason, which could have contributed to the high
solubility and concentration of Chromium is the soil acidity. Indeed, the soil pH values
measured in Mugesera and Sake soil samples tend to be acidic. As demonstrated by many
researchers (Naramabuye and Haynes, 2006, Naramabuye et al, 2008), low soil pH is
responsible of high metal cations solubility and mobility in soils. In line with this, the soil
acidity status of one soil from Bugesera-Rewru-Nemba (cambic ferralsol) could have
definitely contributed to the high levels of Chromium in that soil. Famyard manure was
reported to be a source of Chromium and farmers confirmed that manure is regularly
used as an additional soil fertility amendment. Soil redox potential is also critical in
controlling elemental mobility. Some elements are much more soluble and mobile in one
oxidation state than another (examples include Cr, Mn, Se, and others). Fortunately at
such a low pH value, Chromium is easily reduced to Cr

3+

which is not toxic. Oxidized

forms of Chromium (CrO42-) are the most toxic ones. The elements classified as
chalcophiles (e.g., Hg, Cu, Pb, Cd, Zn, As, Se) form insoluble sulfide minerals in reducing
environments where sulfide (S2-) is generated from sulfate reduction.

Mobility for

chalcophiles is then extremely low unless oxidizing conditions are restored in the soil.
Those elements that, in the sulfide form, have the very lowest solubility products
(notably mercury, copper, lead, and cadmium) are the most likely to become highly
immobile and unavailable in reduced soils
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Table 17: Concentration of potential toxic elements measured in selected soils from RweruMugesera wetland complex (Toxic levels for plant are as following: Iron: Not toxic, Manganese:
>1500, Copper: >100, Lead: >200 and Chromium (CrO42-): >100 mg/kg).
Potential toxic metals(mg/kg)
Latitude

Longitude

E

S

Profile N0

Horizon

Rweru/Nemba/Cyimpala

ProfileI

Ap

9741968

Rweru/Nemba/Cyimpala

ProfileI

B

9741968

Rweru/Nemba/Cyimpala

ProfileII

Ah/Ap

9742049

Rweru/Nemba/Cyimpala

ProfileII

B

9742049

Rweru/Nemba/Cyimpala

ProfileIII

Ah

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Dist. Sect. Cell

Soil
Elev.(m)

cover

1346

maize

1346

maize

1333

maize

1333

maize

1323

Papyrus

1323

Papyrus

529413
529413

29658

529723
529723

Rweru/Nemba/Cyimpala

ProfileIII

Rweru/Nemba/Cyimpala

Composite

Gashora/Biryogo/Kanyonyomba

Composite

Sake/Kankanga/Bukokoza

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

Mugesera/Ntaga/Akinteko

Composite

9742128

Horizon
Bg
soil
surface

1322

rice

1328

rice

1364

maize

1339

rice

1339

rice

1339

rice

49922
28488
31453

541757
9767123

30419
99

LSD (P < 0.05)

2

13

89

2

52

96

6

31

58

8

103

62

10

25

68

14

104

70

14

130

79

12

89

83

4

11

65

12

54

87

14

76

338

10

66

312

8

50

634

10

65

543

8

39

566

2

4.3

21

347

502

65942

Cr

370

40755

38878

Pb

346

477

33819

541757
9767123

soil
surface

maize

541757
9767123

soil
surface

1329

Cu

178

34934

40456

542788
9768995

soil
surface

Fallow

546696
9757102

soil
surface

1323

530898
9756526

soil
surface

Fallow

529593
9742025

soil
surface

1323
529723

9742128

103

38960

529723

Bg

20301

32704

529566

ProfileIII

Mn

34445

529566

Rweru/Nemba/Cyimpala

Fe

454
323

356
462
483
171
137
135
12

3.9 Mineral Nitrogen and available phosphorus
In order to understand the chemistry of Nitrogen from mineral fertilizer in Rweru-Mugesera
Wetland Complex, it is important to consider the ion exchange behavior of different types of soil
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occurring in the sites investigated. Indeed, based on the data shown here and more importantly
the field verification conducted, the types of soils observed in Rweru -Mugesera wetland complex
include two major categories. The first one comprises soils found in the wetland-marshland area,
which are mainly dominated by Gleysols, Fluvisols and Regosols. The second category comprises
hill side or plain soils which are mainly represented by Ferralsols, Lixisols, Acrisols and Cambisols.
The chemistry of those hill-side soils is characterized by variable surface charges while the soils
from the wetland-marshland area are dominated by permanent surface charges in Bugesera. It is
important to note that soils from Mugesera marshlands watershed were influenced by peat and
this explains the relatively low pH and the relatively high organic matter compared to other soils.
The ions movement is rather complex because, the surface charge among different horizons within
a same soil profile may vary due to its acidity and relatively humified organic matter. For variable
charge soils (Ferralsols), the profiles are usually quite thick and within a certain 15-25 cm depth
the mineral composition generally does not differ much. However, if there is a large amount of
soil organic matter (which is the case for most of the soils observed) accumulated in the upper soil
horizon, this may affect the surface charge properties. It is frequently observed that A horizons
carry more negative and less positive charges than do subsoil horizons. In such a case, Ammonia
will be retained in the top horizon while the Nitrates will be repulsed by A horizon negative
charges and leached to the sub-soil which may retain them together with basic cations (Calcium,
Magnesium, Potassium,…). If the situation endures for long, the top soil will tend to acidify due to
the depletion in basic cations and the accumulation of aluminium and hydrogen ions. In addition
to this, trapped ammonia cations will nitrify with time and produce additional protons
(Naramabuye et al 2008, Sposito, 1989, Katou et al.,1996; Qafoku and Sumner, 2001, Qafoku and
Sumner, 2001, Katou et al. 2001). On the other hand, marshland soils may favour the leaching of
nitrates along the whole profile because of the occurrence of neutral and/or negative charges.
The relatively high amount of nitrates found in the humic Gleysol (Bugesera, Rweru, Nemba,
Cyimpara) is expected to be moved from the fertilized Ferralsol land where Maize and Tomato are
regularly cropped. Nitrates and ammonia are expected to have moved by seepage and has reached
the marshland. The level of nitrates and ammonia found in the Gleysol were not at a toxic level,
however one need to be careful because if this continues, toxic levels may be reached soon. The
toxicity may be naturally controlled by the denitrification of nitrates during frequent water
logging conditions. Indeed, water logging conditions reduce considerably the oxygen content of
soil and this situation causes the death of the aerobic microorganism population. The anaerobic
microorganisms population increases because it can use the nitrates as electron acceptor and
source of oxygen. The nitrates get then denitrified and volatilized. By that biochemical process
the soil nitrates is regulated and the level of nitrate toxicity may then decrease.
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Table 18: Concentration of Mineral nitrogen and available Phosphorus measured in selected soils
from Rweru-Mugesera wetland complex (LSD P<0.05 shown).

Dist. Sect. Cell

Profile N0

Horizon

Longitude
Latitude E

S

Soil
Elev.(m)

529413
Rweru/Nemba/Cyimpala

ProfileI

Ap

9741968

Rweru/Nemba/Cyimpala

ProfileI

B

9741968

Rweru/Nemba/Cyimpala

ProfileII

Ah/Ap

9742049

Rweru/Nemba/Cyimpala

ProfileII

B

9742049

Rweru/Nemba/Cyimpala

ProfileIII

Ah

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Bg

9742128

Rweru/Nemba/Cyimpala

ProfileIII

Horizon Bg

9742128

Rweru/Nemba/Cyimpala

Composite

soil surface

9742025

Gashora/Biryogo/Kanyonyomba

Composite

soil surface

9756526

Sake/Kankanga/Bukokoza

Composite

soil surface

9757102

Mugesera/Ntaga/Akinteko

Composite

soil surface

9768995

Mugesera/Ntaga/Akinteko

Composite

soil surface

9767123

Mugesera/Ntaga/Akinteko

Composite

soil surface

9767123

Mugesera/Ntaga/Akinteko

Composite

soil surface

9767123

1346

maize

1346

maize

1333

maize

1333

maize

1323

Papyrus

1323

Papyrus

1323

Fallow

1323

Fallow

1329

maize

1322

rice

1328

rice

1364

maize

1339

rice

1339

rice

1339

rice

529413
529566
529566
529723
529723
529723
529723
529593
530898
546696
542788
541757
541757
541757

LSD (P < 0.05)
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NH4+

NO3-

Avail.P

mg/kg

mg/kg

mg/kg

6.2

5.708

2.9

6

2.941

2.72

22

8.984

15.15

18

10.259

9.02

7

14.742

6.66

20

7.12

8.26

28

7.377

8.87

31

2.722

8.33

29

5.294

8.53

16

5.706

3.5

5.6

4.5

3.1

6.2

3.801

11

2

23

9.1

2.3

26

8.7

3.1

29

10

6.2

5.708

2.9

cover

4. IMPACT ASSESSMENT AND MITIGATION
4.1

Impacts on Water Quality and Aquatic Ecosystems

4.1 Water Quality Profiles
4.1.1 Physical Chemical Parameters as of February 2014
Six key parameters that are directly linked or could be directly influenced by fertilizer application
are presented in Table 19; the other detailed parameters are given as annex 5.
Table 19: Physical chemical characterization of Rweru-Mugesera lakes-wetlands complex

Nr
1
2
3
4
5
6
7
8
9
10
11

Water Source
Rweru
Rweru
Rweru
Rweru
Akagera
Akagera
Akagera
Rukumberi
Sake
Mugesera
Mugesera

Cell
Nemba
Nemba
Nemba
Nemba
Kangamba
Kabukuba
Kibare
Ntovi
Rukoma
Ntaga
Ntaga
Buriba

12 Rukira
Standard for Surface water
All units in mg/l

Type
Lake
Lake
Pit
BH
River
River
River
Swamp
Lake
Lake
Swamp
Swamp

TN
4*
1.9
5.1
3.6
4.6
4.1
4.1
2.9
3.6
3.7
5
3.5

TP
1.76
0.69
2.52
2.13
2.29
2.01
2.32
0.69
1.67
1.95
2.44
2.34

POT
26.485
23.542
62.881
89.325
15.153
25.719
21.138
19.235
16.008
14.799
5.084
6.939

COD
91.2
52.5
114
169
181
80.1
141
80.6
61.4
121
86.5

BOD
56.4
36.6
68.7
100.6
110.7
64.4
90.6
50.7
40.3
78.5
50.4

DO
0.83
3.94
1.14
1.23
0.84
0.68
0.3
0.48
2.22
2.04
1.37
0.74

<3

<5

12

50

30

30

TN*=Total Nitrogen; TP=Total Phosphorus; K=Potassium; COD=Chemical Oxygen Deman;
BOD=Biochemical Oxygen Demand and DO=Dissolved OXygen
*All figures highlighted in red are above the Rwanda Standard
Table 20: Classification of lakes based on the trophic class

Trophic Class

RL

SL

ML

Oligotrophic
Mesotrophic

13.88

Eutrophic
Hypereutrophic

50.20
84.37

Chl (µg/L)

RL

SL

ML

P (µg/L)

0—2.6

0—12

2.6—20

12—24

20—56

24—96

56—155+

690

LR*=Lake Rweru; LS=Lake Sake; LM=Lake Mugesera; Chl-a=Chlorophyl a
Table 21: Classification of lakes based on trophic index

82

1670

1950

96—384+

Chlorophyll a µg/L (mg/m3)
13
84
50

Sample
WQ 4
WQ 6
WQ7

Trophic classifications
Mesotrophic
Hypereutrophic
Eutrophic

Trophic Index bracket
40 – 50
>70
50 – 70

QW= Water Quality (sampling point)
4.2

Biological Assessment and trophic characterisation

The major impact of fertilizers on aquatic systems is nutrient enrichment which results in
eutrophication. Eutrophication can occur naturally as a result of accumulation of sediment with
time but human activities can accelerate the rate and extent of eutrophication through both
point-source discharges and non-point loadings of limiting nutrients, such as nitrogen and
phosphorus, into aquatic ecosystems. The resultant algal blooms can have direct effects such as
affecting photosynthesis through limitation of light penetration. Algal blooms cover the surface of
the water so sunlight does not penetrate as far down as it typically would, reducing the ability of
underwater plants to perform photosynthesis and produce oxygen. Upon decomposition, the algae
and other weeds result in increased BOD and COD, impairment of aesthetic qualities of surface
water bodies and undesirable color, taste and odour.
Establishing the trophic status of the different lakes was based on primary production measured
using levels of chlorophyll-a (Table 22) following Carlson (1996) - in Carlson R.E. and J. Simpson
(editors) (1996).
4.2.1 Interpretation of Water Quality Assessment
A lake is usually classified as being in one of three possible classes: oligotrophic, mesotrophic or
eutrophic. Lakes with extreme trophic indices may also be considered hyperoligotrophic or
hypereutrophic. The table below demonstrates how the index values translate into trophic
classes. Table 22 shows the relationships between Trophic Index (TI), chlorophyll (Chl),
phosphorus (P, both micrograms per litre), Secchi depth (SD, metres), and Trophic Class (after
Carlson 1996).
3
4

Table 22: Relationships between TI, Chl, P, SD, and Trophic Class

TI
<30—40
40—50
50—70
70—100+

Chl
0—2.6
2.6—20
20—56
56—155+

P
0—12
12—24
24—96
96—384+

SD
>8—4
4—2
2—0.5
0.5—<0.25

Trophic Class
Oligotrophic
Mesotrophic
Eutrophic
Hypereutrophic

TI = Trophic Index; SD=Secchi Depth
The TI is a measure of the trophic state and is the total weight of living biological material (biomass) in
a water body at a specific location and time. On the other hand, the SD is the measure of light
penetration or the transparency of the water and is related to water turbidity.
Non of the investigated lakes is categorized as oligotrophic, which is the best water quality class; and
this is an indication that all the lakes are under some level of anthropogenic influence. An oligotrophic
lake is a lake with low primary productivity as a result of low nutrient content. These lakes have
low algal production, and consequently, often have very clear waters, with high drinking-water
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quality. The bottom waters of such lakes typically have ample oxygen. The oxygen content is
likely to be higher in deep lakes, owing to their larger hypolimnetic volume. Ecologists use the
term oligotrophic to distinguish unproductive lakes, characterised by nutrient deficiency, from
productive, eutrophic lakes, with an ample or excessive nutrient supply
Lake Rweru (WQ 4) is mesotrophic and can generally host little vegetation and is relatively clear,
with low productivity and has the best water quality which would be suitable for drinking water
supply, indeed there is a water abstraction point on the lake at Nemba. Mesotrophic lakes are
lakes with an intermediate level of productivity. These lakes are commonly clear water lakes and
ponds with beds of submerged aquatic plants and medium levels of nutrients.
Lake Mugesera (WQ 7) is eutrophic, and can therefore host large quantities of organisms, including
algal blooms. It would be the best choice for aquaculture related utilisation due to their high
productivity that would ensure food supply. However, the fact that there is blue green algal
growth, it is advised to first undertake a detailed study on the dominant algae and zooplankton
species, and potential presence of algal toxins before such an engagement. A eutrophic body of
water, commonly a lake or pond, has high biological productivity. Due to excessive nutrients,
especially nitrogen and phosphorus, these water bodies are able to support an abundance of
aquatic plants. Usually the water body will be dominated either by aquatic plants or algae. When
aquatic plants dominate the water tends to be clear. When algae dominate the water tends to be
darker. The algae engage in photosynthesis which supplies oxygen to the fish and biota which
inhabit these waters. Occasionally an excessive algae bloom will occur and can ultimately result in
fish kills due to respiration by algae and bottom living bacteria. The process of eutrophication can
occur naturally and by human impact on the environment.
Lake Sake (WQ6) is Hypereutrophic, therefore massive fish die-offs may occur as decomposing
biomass deoxygenates the water. Lake WQ6 is the most affected as far as fertilizer input is
concerned if we assume that the high productivity is due to inorganic fertilizers. Hyper-eutrophic
lakes are very nutrient-rich lakes characterized by frequent and severe nuisance algal blooms and
low transparency. Hypereutrophic lakes have a visibility depth of less than 3 feet; they have
greater than 56 micrograms/litre total chlorophyll and greater than 96 micrograms/liter
phosphorus. The excessive algal blooms can also significantly reduce oxygen levels and prevent
life from functioning at lower depths creating dead zones beneath the surface. Likewise, large
algal blooms can cause biodilution to occur, which is a decrease in the concentration of a
pollutant with an increase in trophic level. This is opposed to biomagnification and is due to a
decreased concentration from increased algal uptake.
Using the TP parameter, all the lakes are hyper eutrophic with elevated levels of phosphates. The
obtained results show significant impacts with high levels of TN, Potassium, COD and BOD higher
than the Rwanda Standard for surface water, and very low levels of dissolved oxygen, far below
the Rwandan Standard of 30mg/L. The levels of Total Phosphorus (TP) were within the limits of
the Rwandan standard despite the lakes being categorised as mesotrophic-hypereutrophic based
on the trophic index categorisation.
When the results of the analysis of same water bodies are compared between the two times
sampled by RNRA and this study (Table 23), the current water quality results indicate a slightly
more impacted environment. This can be probably best interpreted as worsening pollution status
due to increasing and intensified use of agrochemicals season after season - and we can indeed
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draw a conclusion that the observed difference is a reflection of the impact of fertilizers that are
continuously accumulating in this wetland-lake complex.
Table 23: Comparison of the current study and the RNRA studies 2012

Sampling
Water Source
This Study
Rweru
August 2012
Rweru
This Study
Akagera
This Study
Akagera
This Study
Akagera
June 2012
Akagera
Standard for Surface water

TN
4
5.42
4.6
4.1
4.1
0.0

TP
1.76
0.13
2.29
2.01
2.32
0.12

COD
91.2
60.2
169
181
80.1
87.5

BOD
56.4
6.27
100.6
110.7
64.4
-

DO
0.83
4.11
0.84
0.68
0.3
-

<3

<5

50

30

30

Trophic status of a lake is the degree of biological production within a lake, a key component of
water quality. Trophic status is usually based on the total mass of algae in a lake, which is
represented by the concentration of photosynthetic pigment (chlorophyll-a) in water samples. A
lake is usually classified as being in one of three possible classes: oligotrophic, mesotrophic or
eutrophic. Lakes with extreme trophic indices may also be considered hyperoligotrophic or
hypereutrophic. Basing on the Chlorophyll analysis the lake trophic level is: Rweru is mesotrophic,
Sake is Eutrophic and Mugesera is hypereutrophic.
According to Coordinator's Guide to Volunteer Lake Monitoring Methods. North American Lake
Management Society 96 pp., oligotrophic lakes generally host very little or no aquatic vegetation
and are relatively clear, while eutrophic lakes tend to host large quantities of organisms, including
algal blooms. Each trophic class supports different types of fish and other organisms, as well.
Looking at the sampling sites, we can categorize the sites into rivers (WQ1, WQ2 and WQ5),
swamps (WQ3, WQ8, WQ9 and WQ10), lakes (WQ4, WQ6 and WQ7) and groundwater (WQ11 and
WQ12). From the analysis and basing on TSS as an indicator of erosion and sediment
transportation, it is clear that the rivers are carrying a lot of sediment through the AkageraAkanyaru systems. The highest recorded TSS was at sampling site WQ1 and right away at the
sampling site WQ, it starts going down. The next highest amounts of TSS is recorded in the
wetland systems and the least in the lakes. This observation suggests that though the rivers are
bringing in significant amounts of erosion and run off related pollutants, most of this does not
reach the lakes. A lot of it settles in the vast wetland, which at the moment are protecting the
lakes (Table XX)
Water Source
Type
River
River
River
Swamp

Sample
Code
WQ1
WQ2
WQ5
WQ3

District

Sector

Cell

Bugesera
Rwamagana
Ngoma
Ngoma

Juru
Karenge
Mutenderi
Rukumberi

Kabukuba
Kangamba
Kibare
Ntovi

165
162
60
63

Swamp
Swamp
Swamp
Lake

WQ8
WQ9
WQ10
WQ4

Ngoma
Ngoma
Bugesera
Bugesera

Mugesera
Rukira
Rweru
Rweru

Ntaga
Buriba
Nemba
Kitambire

36
74
44
13
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TSS (mg/L)

Lake
Lake
Groundwater
Groundwater

WQ6
WQ7
WQ11
WQ12

Ngoma
Ngoma
Bugesera
Bugesera

Sake
Mugesera
Rweru
Rweru

Rukoma
Ntaga
Nemba
Nemba

28
17
48
25

The open water sampling point (WQ4) and the swamp/intake (WQ10) sampling sites located in
Nemba are all far away from the discharge point of the Akagera system, but they still show
elevated levels of nutrients, despite low levels of TSS. This suggests that these points are not
directly influenced by the river system discharge, but are under non point source pollution
influence from their immediate catchment.
Other (groundwater) samples from Nemba site i. e the excavation test pit and the borehole could
have been influenced by the sipage of mineral fertilizer transported underground from the
fertilized maize and tomato cropping situated from 5 to 10 m distance away. The soil texture
being sandy could have facilitated the underground horizon transport (Sipage) of some elements.
the reason behind is simply the type of texture which does not allow.
The sampling site on the Akagera as it flows out of the Rweru Mugesera system has the lowest TSS,
confirming the assumption that most of the discharge is deposited into the system.

4.2.2 Phytoplankton Composition
The algal community consisted of a total of 25 genera belonging to four classes of phytoplankton
i.e. Blue-green algae, green algae, flagellates and diatoms as indicated in table 24 below. Green
algae had the highest number of genera (12) followed by flagellates (6), blue-green (4) algae and
diatoms (3) (Table 2). In general, the number of algae genera was highest from Lake Rweru
compared to other lakes. Overall, the numerical relative abundance of phytoplankton was
dominated by green algae at all sites sampled, followed by flagellates, blue-green algae, and
diatoms. The inshore sites (1 and 4) had the highest relative abundance for all the three lakes.
Dominance of green algae is influenced by addition of nitrogen to the water body1 . The sources
of nitrogen include purification of organic matters that occur naturally or introduced (artificial
fertilizers) to the water body.

Table 24: Algal species composition from the sample sites on Rweru, Sake and Mugesera Lakes

1

Levich, A.P 1995, The role of Nitrogen-Phosphorus Ratio in Selecting for Dominance of Phytoplankton by
Cyanobacteria or Green and its Application to Reservoir Management; Journal of Aquatic Health 5:55-61
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Phytoplankton taxa

A. Bacillariophyceae
Melosira sp
Cymatopleura sp
Diatoma sp
No. of species
B. Chlorophyceae
Zygenema sp
Pediastrum sp
Ankyra sp
Radiococcus sp
Coelastrum sp
Scenedesmus sp
Oocystis sp
Chlamydomonas sp
Tetraedron sp
Lyngbya sp
Desmiduim Sp
Carteria sp
No. of species
C. Cynaophyceae
Oscillatoria sp
Microcystis sp
Anabeana sp
Merismopedia sp
No. of species
D. Dinophyceae
Euglena sp
Phacus sp
Peridinium sp.
Ceratium sp.
Trachedomonas sp.
Strombomonas sp
No. of species

Transects
L. Rweru
Site Site
1
2

Site
3

Site
4

L. Sake
Site Site
1
2

Site
3

Site
4

L. Mugesera
Site Site Site
1
2
3

Site
4

14
8
0
3

11
5
1
3

13
3
1
3

18
11
0
2

27
3
0
2

15
0
0
1

10
0
0
1

34
5
0
2

11
4
1
3

46
0
3
2

25
0
0
1

31
0
2
2

17
25
9
3
39
10
31
2
0
15
0
10
10

9
18
7
7
15
8
8
1
1
6
0
4
11

5
15
3
2
12
6
4
1
4
4
0
7
11

23
32
11
5
45
18
18
5
1
22
0
8
11

37
17
21
0
31
23
25
0
0
45
0
3
8

18
4
16
0
12
17
8
0
0
32
0
7
8

20
5
16
1
15
10
5
0
2
37
0
4
10

50
15
37
0
24
20
11
0
0
54
0
19
8

12
57
10
0
52
7
2
0
7
17
5
1
12

7
84
13
0
8
3
5
0
14
25
0
0
8

11
53
9
0
24
0
4
0
2
14
1
0
8

13
64
7
0
31
5
2
0
7
21
0
2
9

19
32
13
1
4

1
9
8
0
3

3
17
3
0
3

13
42
15
0
3

22
98
56
7
4

14
84
23
0
3

11
88
26
3
4

18
105
78
5
4

1
57
15
3
4

0
115
31
0
3

0
81
12
0
2

0
97
36
0
2

9
33
52
4
33
6
6

5
9
31
1
21
7
6

7
4
26
2
10
5
6

11
12
23
7
19
1
6

7
12
11
32
5
2
6

4
8
9
12
1
0
5

5
3
13
26
7
3
6

5
17
7
41
3
1
6

11
7
36
9
16
1
6

4
4
27
0
11
0
4

9
2
23
1
7
1
6

9
9
35
0
9
0
4

Palmer developed a method to determine the level of organic pollution by studying the algae
present in a sample of water. A pollution index factor of 1 through 5 has been assigned to each of
the 20 types of algae that are most tolerant to organic pollution (Palmer, 1969). Types of algae
most tolerant to organic pollution were assigned a factor of 5. Less tolerant types were assigned a
lower number Error! Reference source not found.6.
Palmer’s index of pollution was calculated for the three lakes for rating of water samples as high
or low in organic pollution. The total score for Lake Rweru was greater than 20, indicating
confirmed high organic pollution. The total scores for lakes Sake and Mugesera was less than 20
indicating probable high organic pollution( (Person, 1989)Error! Reference source not found.25.
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Table 25: Algal Genus Pollution Index (Palmer 1969)

Genus Index
Anacystis

1

Micractinium

1

Ankistrodesmus

2

Navicula

3

Chlamydomonas

4

Nitzschia

3

Chlorella

3

Oscillatoria

5

Closterium

1

Pandorina

1

Cyclotella

1

Phacus

2

Euglena

5

Phormidium

1

Gomphonema

1

Scenedesmus

4

Lepocinclis

1

Stigeoclonium

2

Melosira

1

Syndra

2

Source: Person, 1989

4.2.3 Zooplankton Composition
The zooplankton community comprised of11 genera belonging to two groups; Rotifers and
Crustaceans. Rotifers were more diverse (9 genera) compared to crustaceans (2 genera) (Table
26). In general at all studied sites, dominance of Branchionus sp and Filinia sp prevailed. Rotifer
species Keratella, Filinia, and Brachionus sp. and their abundance suggest high trophic level. .
Higher rotifer abundance in the water bodies2 , therefore observation from analysis suggests
serious eutrophication of the water bodies as indicated in table 26 below.
Table 26: Zooplankton species Composition on Rweru, Sake and Mugesera Lakes
2

Shaikh I.R, et al 2013
Investigation on Eutrophication of Taroda Nala at Nanded (India) through Physico-Chemical Analyses of Water and
Composition of Planktonic Community within the Aquatic Ecosystem International Research Journal of
Environment Sciences Vol. 2(6), 39-48, June (2013)
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Zooplankton taxa

A. Rotifers
Lecane sp
Filinia sp
Polyarthra sp
Euchlanus sp
Anureopsis sp
Keratella sp
Ascormopha sp
Brachionus sp
Trichocerca sp
No. of species
B. Crusteaceans
Cyclops
Diaphanosoma sp
No. of species

Transects
L. Rweru
Site Site
1
2

Site
3

Site
4

L. Sake
Site Site
1
2

Site
3

Site
4

L. Mugesera
Site Site Site
1
2
3

Site
4

8
9
0
5
1
3
0
21
2
7

4
7
0
3
0
1
2
18
0
6

4
9
2
1
1
1
4
14
1
9

9
5
0
7
1
2
0
17
1
7

3
7
1
0
7
0
0
12
2
6

2
1
0
0
5
0
0
9
3
5

2
4
1
0
9
0
0
11
3
6

4
0
0
0
7
0
0
7
3
4

0
6
0
1
1
1
3
10
0
6

0
2
2
0
0
1
4
8
0
5

0
1
0
0
0
0
1
5
0
3

0
4
0
0
2
1
0
11
1
5

4
1
2

5
0
1

5
1
2

2
0
1

1
0
1

0
0
0

0
0
0

0
0
0

2
1
2

1
0
1

1
0
1

0
0
0

4.2.4 Macroinvertebrate Community
Results of analyses showed poor biodiversity of macroinvertebrate community. During the study a total
of seven families belonging to six macroinvertebrates orders were recorded. Diptera were the most
diverse represented by two families. According to EPA (1989), all the families recorded possess a
degree of tolerance to organic pollution. This suggests that all the lakes under study are receiving
organic nutrients (Table 27)
Table 27: Macroinvertebrate community structure, composition and Tolerance Value for the three

Lakes
Taxa

Toleranc

Lake

Lake Sake

Lake Mugesera

e Value

Bweru
Site 4

Site 1

Site 1

Order

Family

Decapoda

Atylidae

6

11

3

3

Coleoptera

Elmidae

4

8

3

5

Diptera

Tipulidae

3

2

6

8

Chironomidae

8

23

4

6

Perlidae

1

-

3

5

Plecoptera

89

Ephemenoptera

Baetidae

4

3

4

3

Odonata

Gomphidae

1

-

2

3

4.2.3.1 Conclusion
All results point to likely increment in nitrogen levels within the three lakes and the other water
systems in the study area. The main causes of eutrophication are, natural run-off of nutrients
from the soil and the weathering of rocks, run-off of inorganic fertiliser (containing nitrates and
phosphates), run-off of manure from farms (containing nitrates, phosphates and ammonia), runoff from erosion (following mining, construction work or poor land use), discharge of detergents
(containing phosphates), discharge of partially treated or untreated sewage (containing nitrates
and phosphates). Looking at the study region, most of these sources of nutrients that could result
into eutrophication were not observed. The only significant source of nutrient input into soil, and
subsequently into water bodies is the application of inorganic fertilizers which is intensely applied
to grow different crops.
Under normal conditions, i.e. outside eutrophication periods, macrophytes at the bottom of the
water body develop normally, and the amount of phytoplankton is such that light can penetrate
down to the bottom and fish and other organisms can live and reproduce. With increased
eutrophication, mainly short-living macrophytes will grow much faster and larger and new species
will develop that will compete with those originally present. This development of macrophytes,
including free-floating algae, and phytoplankton will prevent a large proportion of the light from
reaching the bottom. The first signs of the reduction of oxygen concentration will become visible.
Should the situation become extreme, oxygen concentrations will reach levels that make aquatic
life impossible. Only those species that require very little oxygen will survive in these conditions.
The amount of organic sediment will increase, as will the demand in oxygen. The final step will be
the end of all aerobic life.
In addition to the effect on biodiversity, nutrient enrichment has environmental health concerns.
When algal blooms increase in intensity and frequency, the results can cause community concern,
health problems, and in some cases can be catastrophic to the environment. The impacts are
ecological, social and economic.
The effects of eutrophication on the environment may, have severe consequences for the health
of exposed animal and human populations, through various pathways. Specific health risks will
appear when fresh water, extracted from eutrophic surface water bodies, is used for the
production of drinking water. From the phytoplankton analysis it is already clear that the various
algal types, including those with the potential to release toxins are already dominating other
species. Severe impacts can also occur during animal watering in eutrophic waters.
From the water sample taken from Nemba (Table 14), both the borehole (3.6mg/l) and the
excavated pit (5.1mg/l), show levels of Total Nitrogen above the National Standard for surface
water, which should be a point of health concern, given that the borehole is used for domestic
water.
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Box 1. Effects of Eutrophication

4.3



Annoxia (no oxygen present) which kills fish and invertebrates and also leads to
release of unpleasant and injurious gases



Algal blooms and uncontrolled growth of other aquatic plants



Production of toxic substances by some species of blue green algae



High concentrations of organic matter which if treated with chlorine can create
carcinogenic compounds



Deterioration of recreation value of lakes and reservoirs due to decreased
water transparency



Restricted access for fishing, angling and recreational activities due to plant
accumulation



Decreased number of species and diversity of plants and animals (biodiversity)

ondepletion
Human Health
Impacts
Oxygen
particularly in the deeper layers during

 Decreased
yields caused
by significant
Oxygen
depletion
in the water
While fertilizers
causefish
relatively
little harm
to wild life
at least
in comparison
to the damage
column and bottom water layers of lakes and reservoirs
caused by pesticides, they are hazardous, in certain circumstances, to human health. High nitrate
concentrations in drinking water can result in clinical metheamoglobineamia (often referred to as
the blue baby syndrome). In some cases, the eutrophication can result into the growth of toxin
producing algae (Harmful Algal Blooms) such as the cyanobacteria. Toxigenic cyanobacteria,
including Anabaena, Cylindrospermopsis, Microcystis, and Oscillatoria (Planktothrix), tend to
dominate nutrient-rich, freshwater systems due to their superior competitive abilities under high
nutrient concentrations, low nitrogen-to-phosphorus ratios, low light levels, reduced mixing, and
high temperatures (Downing et al. 2001; Paerl & Huisman 2009; Paerl and Paul 2012). Some of the
algae species produce toxins that can kill fish, birds, and mammals and cause health problems for
humans.

4.4

Socioeconomic Assessment and Characterization

4.4.1 Importance and status of agriculture sector
The current national thrust is for the sector to move from subsistence to commercial mode of
production. This strategy aims to increase household incomes and lead to a 50% reduction in
poverty over 20years (GOR 2008; GOR 2007). By 2020, agriculture is envisaged to contribute 33% to
GDP (GOR 2000). Through bulk orders, CIP imported fertilizers and distributed to farmers through
various service providers. About 83% of fertilizers were used by farmers growing maize, wheat,
rice and potato. In 2009, CIP imported 14,427 tons and distributed to maize and wheat growers at
subsidized rates (50%) the overhead costs (transportation and administrative costs) from Mombasa
to rural areas were covered by the government. CIP continued to import and distribute in 2010
(33,500 tons) and 2011 (22,000 tons). To access these fertilizers at subsidized prices, CIP
distributes vouchers to farmers through service providers. The farmers buy fertilizers from the
distributor/dealer by presenting the vouchers. The distributor transacts the vouchers at the
financial bank outlets which in turn collect from MINAGRI/MINICOM. Estimates suggest that as a
result of these efforts, the national average fertilizer use per year has increased from 8 Kg/Ha to
23 Kg/Ha in 2010 (CIP 2010). Land use consolidation is being promoted and the acreage under
consolidation will be increased from 18% to 70%. Fertilizer usage will also be raised from 14 Kg/Ha
to 45 Kg/Ha (GP 2010).
On March 27th, 2013, the Ministry of Agriculture & Animal Resources signed a Memorandum of
Understanding with Top Services Enterprises Ltd., Alfred Nkubili and Sons (hereinafter referred to
as ENAS), and One Acre Fund-TUBURA for the importation and distribution of mineral fertilizers.
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MINAGRI has established the Crop Intensification Program (CIP) to intensify the production of
important staple crops through the use of agricultural inputs, such as varieties and fertilizers,
among others, to increase the production and productivity of priority staple crops.

4.4.2 Agricultural crops & fertilizer use
In the study area, it was reported that they are 3 seasons and the following crops are grown with
fertilizer in-put rates as indicated in table 29 below.
Table 28: Fertilizer application rates as obtained from the technical managers

#
1.

Crop
Maize

2.

Rice

3.

Cabbages

4.

Tomatoes

Fertilizer Application Rates
 DAP 100kg/ha
 UREA 50kg/ha
 DAP100kg/ha
 UREA 50kg/ha
 NPK 100kg/ha
 DAP 80kg/ha
 UREA 40kg/ha
 DAP100kg/ha
 UREA 50kg/ha
 NPK 100kg/ha

Source: Authors field data collection

Table 29: Fertilizers distributed to study area by ENAS

District
DAP
UREA
NGOMA
NPK 17(X3)
DAP
UREA
RWAMAGANA
NPK 17(X3)
DAP
UREA
BUGESERA
NPK 17(X3)
Source: Authors field data collection

2011

2012
724tn 450KG
344tn 450KG
0
784tn 758KG
365tn 004KG
0
0
0
0
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2013
126tn 050KG
63tn 025KG
0
0
0
0
0
0
0

403tn 000KG
201tn 900kG
800KG
382tn 500KG
189tn 500KG
2000KG
132th 445KG
76tn 048KG
21tn 250KG

4.4.3 Social Impact Assessment of Fertilizers

Plate 14: FGD in Ngoma District (Mugesera, Zaza, Karembo, Sake, Rukumbeli, Jarama Sectors) with CORIMI Cooperative (34
Associations & 1,200 members)

a) Potential negative impacts during fertilizer storage
 Most agro-dealer stores are sub-standard, small in size and congested due to lack of
proper space, in poor condition, and contain fertilizers seeds agro-chemicals and other
goods.
 In these stores, movement of workers to load and off-load is very difficult. Store
congestion and long vertical rows of fertilizer sacks/stacks due to shortage of space
during peak fertilizer supply period severely limit circulation of air inside the stores
thus creating situation of short breath and respiratory.
 Not well arranged long pile of fertilizer sacks can easily crumble and come down in
force injuring workers. This may also cause compaction due to moisture, under weight
of fertilizer sacks, etc.
 Some agro-dealer stores keep agrochemicals (though the agrochemicals being of small
quantity) together with fertilizers: these agrochemicals may pose serious health hazard
to the labor force and other store workers.
 The working forces in these stores are provided neither with protective gears to
counter accidents nor training to avoid them, obliging them to work in constant
danger.
b) Potential negative impacts during application of fertilizer on farmers'.
 Farmers are mainly using blanket recommendations adopted nationally for fertilizing
cereals such as Maize and rice. During the FGDs, due to lack of cash and difficult
economic situation, many farmers apply fertilizer below this recommended rate.
 Farmers also prefer applying fertilizers to ‘better’ cropping plots to ensure good return
from their investment. Farmers think price escalation, absence of credit and timely
delivery of fertilizer are their concerns, rather than the environmental consequences
of fertilizer use.
 Some farmers don’t apply organic manure/compost to compensate for low level of
inorganic fertilizer use. Repeated inorganic fertilizer application (without additional
organic amendment) enhances activities of mineralization of existing soil organic
matter and depletion of carbon out of soil.
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4.4.4 Fertilizer Benefits to the Human Environment
When the right type of fertilizer for a given crop is used in recommended quantities at the right
time, fertilizers do generally not harm the environment. Fertilizers also have numerous positive
impacts on the environment some of them direct others indirect. Positive impacts include:
i.

Improvement of farming efficiency for example maize production levels in in Ngoma
District for one season:
 Without fertilizer = 3tonnes 150kgs/ha
 Use compost = 4tomes 525Kgs/ha
 Both (organic & Inorganic) = 7tonnes 875kg/ha
 Inorganic only (DAP & UREA) = 5tonnes 350Kgs/ha.

ii.

Economic productivity: Yields of CIP target crops showed encouraging results. Wheat yields
more than doubled and maize yields increased by about 90% (Morris et al. 2007). Thus
household incomes have increased due to increased production levels as presented in table
31 below.

Table 30: Fertilizers import vs crop production in Rwanda

Year
2006
2007
2008
2009

Fertilizers import (tons)
13942
22443
17533
33500

Crops Production (Mt)
7166567
7098512
8234188
9261945

Source: RADA (2010) and MINAGRI (2010)

iii.
iv.

v.
vi.
vii.
viii.
ix.

Increased soil fertility, as nutrients removed by crops and/or soil nutrient deficits are
replenished;
Increased use of inorganic fertilizers will result in the production of ‘healthier’ crops with
increased crop cover and increased biomass production (crop residues), which in turn
reduces soil erosion and contributes to building-up soil organic matter levels, increasing
water holding capacity and microbial activity, leading to prevention of soil degradation;
Reduced area under cultivation because of higher yields as a result of fertilizer use and
thus production of food needs that would be met with reduced cultivated areas at various
levels from the household, community, regional and national levels;
Fertilizer is a highly specialized input and its efficient use generally requires
complementary inputs such as improved seed varieties and ‘good agricultural practices’
(e.g. conservation farming) for improved use efficiency and sustainability;
Farmer’s skills will be improved in soil fertility techniques and improved land
management;
Expected increase of farmers’ income and improved living standards including better
housing and nutrition;
Increased awareness of the environment through increased productivity and reduced
pressure to expand cropped areas.
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Table 31: Social & health impact analysis of fertilizers

Social & Health Impact

Main causes of impacts

Socioeconomic

Nutrients carried away from
soils with erosion, surface
runoff, etc.
Better agric. practices and
input use
Increased yields due to
adapted fertilization

Health and
safety

Impairment of aesthetic
qualities of surface water
bodies
Enhanced production potential
of soils and higher yields
increased H/H income and
better socio-economic
conditions
Employment opportunities,
income generation
Methaemoglobinaemia
Malnutrition due to reduced
crop/food quality
Dust nuisance and respiratory
ailments such as
breathlessness, cough and
wheezing
Nerve disorders and toxicity
due to storage together with
pesticides
Reddening of the eyes, physical
injuries such as skin cuts and
blackening of shoulder
Improved nutrition and better
health
Fire and explosion hazards

Mainly during supply and
storage operations
Misuse and overuse of
fertilizer application

Positive
(likely/
possible)

Negative
(likely/
possible)
X

X
X
X
X

Fertilizer handling in stores

X

Storage of pesticides and
crop protection chemicals
together with fertilizers
Fertilizer handling and
exposure

X

Balanced fertilization
generates improved mineral
balances in diet
Chemical decomposition of
fertilizer products when
stored in poorly ventilated
and sub-standard stores or
to the storage of nitrogen/
nitrate containing fertilizers
with carbonaceous materials

x
X
X

Plate 15: Source of domestic water & animals for community in Rweru Sector, Bugesera District
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Table 32: Management proposals on use, handling & storage of fertilizers

# Product Name
1. Diammonium
Phosphate Fertilizer
(DAP 18-46-0 )

2. NPK 17:17:17

3. UREA46% (46-0-0)

Management proposals on Use, Handling & Storage
 The use of respiratory protection is advised when concentrations
exceed any established exposure limits.
 Store in a cool, dry, ventilated area. Isolate from incompatible
substances, particularly alkaline materials, as ammonia gas will be
released.
 Use process enclosure, general dilution ventilation or local exhaust
systems, where necessary, to maintain airborne ammonia and dust
concentrations below the standard or in accordance with applicable
regulations.
 Use Personal Protective Equipment e.g. Safety glasses with side
shields, impermeable gloves, dust mask
 Use adequate ventilation.
 Store the product away from heat and fire sources.
 Restrict stack size to the size mentioned in technical specifications
and keep at least 1 m distance between stacks (stacks on maximum
10 rows for the 50 kg bags and 3 rows for the 500 kg or 1000 kg
bags, and in case of storage on pallets - stacks of maximum 3m,
including pallets).
 Avoid excessive generation of dust. Avoid unnecessary exposure to
the atmosphere to prevent moisture pick-up.
 When handling the product over long periods use appropriate
personal protective equipment e.g. gloves, chemical resistant
gloves approved respirators
 Storage should be in absence of source of heat or fire and moisture
to prevent lumps and dust forming.
 Any building used for the storage should be dry and well ventilated.
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4.5

Proposed Mitigation Measures

4.5.1 Environmental Management System (EMS) for Fertilizer Production, Supply and Use
Putting in place and effective system / framework for monitoring fertilizer importation and use
with clear environmental management plan, organizational structure, planning activities,
responsibilities, practices, procedures, processes and resources for developing implementing,
achieving, reviewing and maintaining the environmental policy. It is important that fertilizer
manufacturing industries distributors and users have to establish and implement effective
environmental management system, which can be integrated with other management
requirements so that the industries achieve environmental and economic goals. The success of
environmental management system depends on the commitment from all levels and functions,
especially from top management.
General requirements for EMS include:
The organization shall establish and maintain an environmental management system including:
a) Environmental Policy
Top management shall define the organizations environmental policy and ensure that it.
i.
ii.
iii.
iv.
v.
vi.

is appropriate to the nature, scale and environmental impacts of its activities products
or services;
includes a commitment to continual improvement and prevention of pollution;
includes a commitment to comply with relevant environmental legislation and
requirements to which the organization subscribes;
provides the framework for setting and reviewing environmental objectives and
targets;
is documented, implemented and maintained and communicated to all employees;
is available to the public.

b) Judicial application of fertilizers
Over their life cycle, plants require different nutrients with varying intensity, when the supply
does not cover, the demand, yields are lower and in case of oversupply the unused parts of
nutrients may pollute the environment. Plant nutrient supply from various sources should cover
immediate plant nutrient demand. If the risks from leaching, volatilization, identification or
fixations are high, such as in rain, tropical climates, it is important to operate in a supply/demand
mode rather than in terms of total nutrient doses. Important considerations have to be taken
when planning for application of fertilizers:
i.
ii.
iii.
iv.
v.
vi.
vii.

Which commercial fertilizer should be used
When it should be applied
How it should be applied.
Which commercial fertilizer to use:- The selection of a suitable fertilizer depends
largely.
The essential element level of the soil with respect to the contents of the fertilizer
The essential element requirement of the crop, and
The season of the year i.e. the influence of the temperature of the soil on the natural
nitrate–nitrogen supply on a considerable period of the year.
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c) Integrated plant Nutrition systems (IPNS)
Plant nutrients are in the soil, in manure and crop residues forming part of the nutrient flow.
Nutrients stored in soils are available for crops, but those in crop residues and organic manure’s
are only available as they are broken down by bacteria. Integrated Plant Nutrient Systems (IPNS)
seek to balance the nutrients available to a farmer from all sources, including mineral fertilizers,
to make optimal use of them. Organic matter helps to maintain good physical soil structured and
micro fauna needed for water-holding capacity, aeration and the conditions to supply nutrients to
plants. There is no fundamental difference where plant nutrients come from organic or mineral
fertilizers. However, organic sources help maintain soil structure and texture, usually involve
minimal direct cost to the farmer and when combined with the careful application of mineral
fertilizers, enhances their effect on yield and helps to compensate for nutrients lost in food
production. Many farmers do not achieve good yield because the fertilizer supply is inadequate to
meet demand, the range of fertilizers is limited and delivery is unreliable. Inappropriate
applications can be counter-productive and the non-availability of nutrients at certain stages can
reduce the beneficial effects of previous applications. For example, mango is fertilized to enhance
flowering, but if insufficient nutrients are available during ripening, fruits fall from the tree
before they are ripe. It is therefore necessary to address the problems of plant nutrition in an
integrated way and maintain the overall balance and flow of soil nutrients, seeking maximum
efficiency and reducing waste and loss. To this end, research education and training activities
should be more focused on the promotion and application of IPNS.
4.5.2 Mitigation measures against fertilizer impacts
In order to protect the environment form the adverse effects of fertilizers programs and projects
there are a number of mitigation and management options that can be implemented. As a practice
it is important to require the promoters to prepare a fertilizer use plans stating the intention,
reason, targeted crops, location, consideration of impacts and mitigation against such impacts and
training farmers at the beginning of each farming season in fertilizer application. For smallholder
practitioners it is advisable that the responsible ministry conducts a Strategic Environmental
Impact Assessment with provision of an Environment Management Plan specific for each agro
ecological zone. The plan should include measures for preventing the leaching of nutrients after
the growing season using practices such as increasing the area under green cover, and by sowing
crops with elevated nitrogen demand. Other mitigation measures/practices possible include
promoting and subsidizing better application methods, developing new, environmentally sound
fertilizers, and promoting soil testing; severely limiting the use of fertilizers in, for example,
water extraction areas and nature protection areas; predicting, evaluating, and monitoring of
impacts of fertilizers; inclusion of appropriate engineering, monitoring and management controls;
sitting process; proper handling, management of hazardous material; and, use of cleaner
production practices. Current issues associated with fertilizer use have intensified in new or
different farming practices. Several directions can be followed in this context.
i.
ii.
iii.
iv.

Reduce the need for fertilizer through more efficient management of nutrient cycle and
precise application fertilizers.
Application of organic wastes from animals and crops, and use of crop rotation.
Crop residue management, green manuring, organic manure and composting.
Development of less intensive farming methods with reduced levels of fertilizer
application (developing practice of alternative agriculture)

Based on renewable energy sources are cost effective supplement to chemical fertilizers and can
help to lower the high investment cost needed for fertilizer use as far as N and P are concerned.
Biofertilizers are known to make a number of positive contributions in agriculture; for example
supplement of fertilizers; fixation of nitrogen and availing it to crops; liberating of growth
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promoting substances and vitamins crucial for soil fertility; suppressing of pathogens and control
of diseases; they are cheaper, pollution free and based on renewable energy sources; and they
improve soil physical properties and soil health in general.
4.5.2 Fertilizer Management
The Government has initiated a number of measures to help overcoming existing and arising
challenges for a better run of the fertilizer management and use. These include subsidized
fertilizers for main crops (Maize, Wheat, Rice and Irish Potato), the use of voucher system and the
use of Auction system to select the fertilizer distributors. For the time being, Maize and Wheat
are given priority in terms of subsidy. Indeed fertilizers for Maize and Wheat are subsidized up to
75% while Irish Potato and Rice are subsidized to 50%. The voucher system was introduced by the
Government of Rwanda (MINAGRI). And IFDC was invited to facilitate the process and increase the
use of fertilizers by farmers and hence promote the Green Revolution in Rwanda. The fertilizer
needs for small scale farmers or cooperatives are identified and proposed at District Agricultural
Unit level in collaboration with selected NGOs) and vouchers are distributed to farmers or farmers
cooperatives accordingly. Vouchers allow farmers to pay only 50% (Maize and Wheat) of the
fertilizer local price. Retailers collect vouchers and submit them to Local Micro Finance
Institutions to get refunded. The fertilizer auction system also allows competition among potential
companies and this increases the quality of service.
4.6 Two case studies on environmental friendly fertilizers management in Rwanda (for Rice
and Maize)
Soil fertility management for an environmental friendly agriculture production is a key area,
which deserves much attention in the context of the overall sustainable development and
environment protection in Rwanda. Remarkable efforts are being deployed in that area by the
Government of Rwanda through a number of policies, programs and projects undertaken by the
Ministry of Agriculture, the Ministry of Natural Resources and the Rwanda Environmental
Authority. Such an initiative can only be achieved if guided by evidence based action. In this
regards, the study conducted on soil quality assessment although not exhaustive, has produced
results which can be used to draw out a reasonable environmental friendly fertilizer management
for two major crops occupying an important area in the Rweru-Mugesera Wetland Complex. The
present environmental friendly soil fertility management was carried out on the basis of the
present soil fertility status and the general crop requirements in terms of important nutrients
including: Nitrogen, Phosphorus and Potassium. In this line with the soil fertility management, the
soil reaction (soil pH and soil organic matter) will also be taken into account.
4.6.1 Importance of environmental friendly fertilizer management in Rwanda
The results from soils investigated in Bugesera plain (Nemba cell) have shown a relatively good
organic matter content. Considering the frequent soil cultivation activities undertaken by farmers,
indeed, frequent soil cultivation activities expose previously hidden organic matter to microbial
attack. In addition to that, a variability of soil moisture content and near neutral pH values are
the other important factors contributing to organic matter decomposition and mineralization.
Maintaining the soil organic matter content in tropical environment is therefore important for a
good soil reaction, water holding capacity, cation exchange capacity and plant nutrition. Soil
organic matter measured in Rweru marshland (Nemba Cell) and Akagera marshland (Gashora
Sector) was generally high due to a high provision of fresh organic materials from native
vegetation.

99

Plate 16: Rweru marshland at five meter from the soil profile III

Since the Rweru marshland is not devoted to agriculture activities, there is no risk of rapid organic
matter mineralization. On the other hand, the Akagera marshland is cropped with rice and regular
cultivation activities, rewetting and drainage is expected to be subjected to rapid soil organic
matter decomposition and mineralization. For this case, regular organic matter application will be
recommended to sustain the soil organic matter content following the recommendations
developed below. Mugesera watershed hillside soils investigated have shown a relatively good soil
organic matter content. For the same reason as pointed out above, regular cultivation activities
on hillside lands for maize cropping are expected to result into significant organic matter
decomposition and mineralization. Therefore, regular application of organic matter in cultivated
soil will be required as proposed in the fertilize management shown in this section. Differently for
Mugesera watershed marshlands/wetlands, relatively high organic matter content was measured
in all investigated sites
As already pointed out in the presentation and interpretation of results from laboratory and field
observation, it is clear that any agricultural speculation would necessarily require a moderate
organic matter application. Soil acidity problem is not presently a limiting factor, however, given
the relatively low soil pH (5), it is important to rise it at the range between 5.5 and 6 to insure a
good soil reaction to favour availability of other nutrients and a good microbial activity. Indeed, it
has been shown that the improvement of soil acidity could be linked to the improvement of soil
organic matter content (Wild, 1988, Wild, 1993, Naramabuye and Haynes., 2006 and Naramabuye
et al., 2008). In this line, a number of researchers have demonstrated that the addition of organic
amendments to an acid soil can play the double role of increasing nutrient content and
ameliorating the soil acidity problem by complexation of toxic aluminium cations (Doran, 1987;
Naramabuye et al., 2008). The soil organic matter shortage in tropical soils has also been reported
to be a limitation to crop growth and production considering the generally high organic matter
decomposition rate in tropical climate. It is important to continuously recharge the soil with
organic amendments to keep it in the range allowing a good microbial activity and good soil
physical conditions. In the present document, emphasis will be made on the most representative
soil units as investigated.
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4.6.2 Environmental friendly Nitrogen and Phosphorus management for Rice and Maize
4.6.2.1 General considerations for nitrogen fertilizer
From agriculture point of view, Nitrogen is one of the most important soil nutrients since it is
involved in vital mechanisms allowing plant growth and yield productivity. Soil nitrogen (organic
mineral) availability is influenced more than any other soil nutrient by changes in soil moisture
and its availability becomes very difficult to manage due to seasonal variability. An accurate and
professional nitrogen recommendation for a given crop shall take into consideration a number of
factors including: type of crop, soil texture, soil organic matter content, soil pH, natural soil
reserves, soil moisture, etc…On the basis of soil results, the amount of fertilizer recommended to
be applied will depend on the type of soil and other important top soil fertility parameters. The
computation of the required nitrogen fertilizer will take into account the fact that some nitrogen
will be provided from natural organic materials, soil humus and applied organic amendments
mineralization as reported by many other authors, including Tadanoa and Tanaka, (1976).
Due to the effect of nitrogen fertilizer on soil reaction (soil pH), one shall monitor the change in
pH and add lime when necessary following the guidelines developed below. In addition, a
balanced concentration of essential elements must be available in the soil for an optimum crop
response to N applications. Nitrogen should be applied as near as possible to the time the crop
requires it the most. The first schedule would be shortly before rapid growth begins or after the
crop is actively growing. Well-timed N application reduces nitrogen losses through volatilization,
denitrification and leaching.
4.6.3 Rice and Maize fertilizer recommendation
Nitrogen
It is generally accepted that a period of five weeks after planting is the appropriate time to apply
most of the fertilizer N for rice. Part of the N should be applied as a top-side dressing because of
the high risk of leaching. Side dressing with N may also be profitable on soils that remain wet for
several days due to shallow water table since much of the nitrate may be lost through
denitrification process. Side dressing and delayed application of N have been advocated for in a
number of cases to be beneficial because of the high potential for early season N losses. It is
proposed that two applications, one on planting and a second one during the growing season are
expected to result into a more uniform growth of rice and yield response. Due to the high mobility
of Nitrates, fertilizer placement is not as important with N as with other plant nutrients, except
for urea and anhydrous ammonia which need more care. The decision of which type of fertilizer to
buy must take into account. For the present case, Di-ammonium phosphates (DAP) is proposed
chosen because it contains phosphorus and does not contain potassium which has been shown to
be at a good concentration level in soils. Details related to recommendation are shown in the
table below
Phosphorus and Potassium
As shown in the results presentation that levels of available P were lower than 15 ppm. Most of
the cases have shown levels even very low (2 to 8 ppm). This demonstrates that there is a need
for additional phosphorus fertilizer application for rice growth, given the important role played by
phosphorus in the overall plant growth and yield. More importantly phosphorus is essential for
energy transfer to allow all reactions within the plant. It has been shown that, P deficiency is one
of the most important yield limitations in tropical soils and more importantly in Rwandan soil. It is
therefore important to combine the P fertilizer with some liming to increase the soil pH and bust
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the charge of soil colloid change from positive to almost negative. This will reduce the fixation of
negatively charged phosphates on positively charged soil colloids and allow its availability for
plants absorption. For rice growth, the available phosphorus needed ranges between 15 ppm and
30 ppm. As shown in the table below, application of phosphorus ranging between 30 to 40 kg per
hectare is largely sufficient. The rates recommended will be slightly increased in case of sandy
soils and acidic pH values (Anders and Ingram, 1989) For an environmental friendly fertilizer
recommendation and for a number of technical and scientific reasons outlined above including soil
physical properties, soil chemical and biochemical properties, it is usually recommended that
inorganic and inorganic amendments be used together. The computation of fertilizers
recommended is shown in the tables below. In some few cases the concentration of exchangeable
potassium was shown to be very low. A relatively small quantity of N-P-K was advised to be
applied to those soils for Maise and for Rice following the recommended rate found in the tables
below. Since Maize was generally cropped on hillside with sandy dominated texture, the
requirement of Nitrogen fertilizer will tend to be slightly higher than the rates proposed in
marshland.
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Table 33: Nitrogen, Potassium and Phosphorus fertilizer recommendation calculation for rice
Texture
class (Top
Horizon)

Soil

Bulk
density

TotN
(%)

Avail. P (ppm).

Soil O.M (%).

If Target
N=0.5%, needed
N addition (%)

inorganic
source=1%

Inorganic
input
(kg/Ha)

kg
DAP/Ha

Quantity of P
contained in
the DAP
recommended

NPK
(17-1717)

kg/Ha

Kg/Ha

(Kg/dm3)

Gashora/Biryogo/Kanyonyomba

Loam

1.29

0.22

3.5

2.69

0.28

0.0028

72.24

156.761

25.08173

20

Sake/Kankanga/Bukokoza

Loam

1.3

0.1

3.1

5.01

0.4

0.004

103.2

223.944

35.83104

20

Mugesera/Ntaga/Akinteko

Sandy-loam

1.39

0.25

9.1

7.14

0.25

0.0025

64.5

139.965

22.3944

25

Mugesera/Ntaga/Akinteko

Sandy-loam

1.43

0.28

8.7

6.93

0.22

0.0022

56.76

123.169

19.70707

25

Mugesera/Ntaga/Akinteko

Sandy-loam

1.44

0.32

10

6.47

0.18

0.0018

46.44

100.775

16.12397

25

Table 34: Nitrogen and Phosphorus fertilizer recommendation calculation for rice
Soil

Texture class
(Top Horizon)

Bulk
density

Total N
(%)

Avail. P (ppm).

Soil O.M.

If Target
N=0.5%, needed
N addition (%)

inorganic
source=1%

Inorganic
input (kg/Ha)

kg
DAP/H
a

(Kg/dm
3)
Rweru/Nemba/
Cyimpala 1

Sandy

1.445

0.119

2.9

Rweru/Nemba/
Cyimpala 2

sandy loam

1.391

0.31

Rweru/Nemba/
Cyimpala 3

sandy loam

1.428

0.283

Rweru/Nemba/
Cyimpala 4

sandy clay loam

1.302

0.337

Rweru/Nemba/
Cyimpala 5

sandy loam

1.389

0.343

Quantity of P
contained in
the DAP
recommend
ed

NPK (1717-17)

kg/Ha

Kg/Ha

1.4

0.48

0.004809

138.98588

301.6

48.256

30

15.15

2.21

0.29

0.002902

80.722512

175.17

28.027

0

9.02

1.19

0.31

0.003174

90.652296

196.72

31.474

0

8.33

2.6

0.26

0.002628

68.427912

148.49

23.758

0

8.53

2.02

0.256

0.002571

71.411268

154.96

24.794

0
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Mugesera/Ntag
a/Akinteko

sandy loam

1.421

0.1

11

5

104

0.25

0.0025

71.05

154.18

24.669

30

Table 35: Nitrogen and Phosphorus and Potassium fertilizer application schedule

Crop

First application

Second application

Third application

Rice

Mix 25% of the
recommended rate with
top soil, 1 day before
planting

Apply 50% of the
recommended rate by top
dressing after the first
weeding

Apply 25% of the
recommended rate by top
dressing 2 weeks after the
first weeding

Maize

Mix 40% of the
recommended rate with
top soil in the row before
planting

Apply 60% of the
recommended rate by top
dressing after the first
weeding

4.6.4 Soil organic matter management method
As shown in the results from this investigation, the rate of soil organic matter in some cases was
relatively low for a sustainable nutrient cycling and conducive soil physical properties. In addition to
this, the calculation of nitrogen fertilizers was based on the fact that organic matter mineralization
is expected to release some mineral nitrogen for rice and/or maize growth. It is therefore important
to envisage a regular addition of organic amendments to the soils with a low organic matter
content. In marshland soil, the relative drainage subjected to the marshland is expected to improve
the speed of microbial activity and hence promote a rapid organic matter mineralization. It is
therefore important to keep a regular check up and regularly recharge the soil with new organic
amendments.
It has been demonstrated that the addition of organic matter to soil has increased soil nutrient
status and has increased the activity of soil microbial community which plays a critical role in terms
of organic matter mineralization (Doran, 1987). A number of soil scientists have shown that the soil
organic matter is very important in the general soil health because it improves the soil physical
properties as well as the soil chemical and microbiological status (Martens et al, 1992, Pascual et
al., 1997 and Naramabuye et al., 2008).
Scientifically, the method proposed by Landon (1991) and Voundi (1998) and universally adopted is
based on the total soil organic C (TOC). The range of total soil organic matter proposed for any type
of soil is ranging from 3 to 8%. For the present case of Rweru-Mugesera wetland complex soils, the
amount of organic amendment to be added are calculated on the bases of percentage nitrogen
needed. E.g.:5% for Rice and 6% for Maize. It has been demonstrated that this way of calculating
organic amendments needed provide optimum soil physic-chemical conditions for crop growth and
release other needed nutrients (R.J. Haynes et al. 2003, MH Graham et al 2002).
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Table 36: Organic amendment quantity to complement inorganic needs in Nitrogen for rice
production in selected sites of Rweru-Mugesera wetland complex
Texture class (Top Horizon)

Bulk density

Baseline TotN
(%)

Baseline Soil
O.M.(%)

Source of N
from O.M(%)
needed

Organic amendments
to be
applied(Kg/Ha)=g/10m2

(Kg/dm3)

Gashora/Biryogo/Kanyonyomba

1.29

0.22

2.69

0.28

7224

Sake/Kankanga/Bukokoza

1.3

0.1

5.01

0.4

10400

Mugesera/Ntaga/Akinteko

1.39

0.25

7.14

0.25

6950

Mugesera/Ntaga/Akinteko

1.43

0.28

6.93

0.22

6292

Mugesera/Ntaga/Akinteko

1.44

0.32

6.47

0.18

5184

Table 37: Organic amendment quantity to complement inorganic needs in Nitrogen for Maize
production in selected sites of Rweru-Mugesera wetland complex
Texture class (Top
Horizon)

Bulk density

Baseline
TotN (%)

Soil O.M.(%)

Source of N from
O.M(%)

Organic amendments
(Kg/Ha)=g/10 m2

(Kg/dm3)
Rweru/Nemba/Cyimpala 1

1.445

0.11908

1.4

0.48092

13898.588

Rweru/Nemba/Cyimpala 2

1.391

0.30984

2.21

0.29016

8072.2512

Rweru/Nemba/Cyimpala 3

1.428

0.28259

1.19

0.31741

9065.2296

Rweru/Nemba/Cyimpala 4

1.302

0.33722

2.6

0.26278

6842.7912

Rweru/Nemba/Cyimpala 5

1.389

0.34294

2.02

0.25706

7141.1268

Mugesera/Ntaga/Akinteko

1.421

0.1

5

0.25

7105

Table 38: Organic amendment application schedule
Site

All sites

Type of crop

Application

Rice, Maize

100% of the recommended rate of organic amendments is
mixed with top soil 3 weeks before planting.. If the total
quantity cannot be secured by the farmer in one
installment, it is advised to continuously add organic
amendments as it gets available
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5.
5.1

CONCLUSIONS AND RECOMMENDATION

Conclusions

The aquatic environment of Rweru-Mugesera lakes-wetlands complex is increasingly becoming
enriched with wetlands, swamps, rivers and lakes presently confirmed to be eutrophic and tending
towards hypereutrophic. As a result the waters in the lakes-wetland complex contain exceedingly
levels of Total Nitrogen, Potassium, COD and BOD compared to the National Standards for
Rwanda. The Total Nitrogen and Potassium are clearly linked to leaching and run off from the
farmlands having ruled out other possible sources, which currently do not seem to be significant.
The higher COD and BOD are as a result of increased oxygen demand stemming from the increased
nutrients enrichment and stimulated primary production, respectively. From the statistics it can
be concluded that certainly there is increasing supply, distribution and use of fertilizers in the
wetlands for growing rice and in the neighbouring raised areas for other crops especially maize.
From the findings we can conclude that a significant portion of the fertilizers are lost due to
leaching and run off which end up the aquatic environment indicating that not all the fertiliser
that is supplied and applied is taken up by the crops. With the exceptional results, in terms of
increased yields with application of mineral fertilizers, that were reported by farmers and
agronomists, it can be deduced that the trend of use and volume of fertilizers applied is set to
increase even more rapidly. It is therefore critical for the environment that measures are put in
place where nearly all the applied mineral fertilizers are taken up by crops, and what is lost as
runoff and in leaching is buffered against entering the aquatic environment by the buffer zones in
the water – land interface. The biological characteristics, including both phytoplankton and
zooplankton confirm the eutrophication of the waters in Rweru-Mugesera lakes-wetlands complex.
Most the lakes are currently dominated by blue greens and proliferation of emergent aquatic
weeds, both of which confirm the plant community in these waters has changed. This is expected
to affect the animal communities with those that withstand reduced dissolved oxygen becoming
ecologically more dominant. Already a number of cases of ‘fish kills’ were reported in some lakes
following algal blooms and high deposition of loads of sediments. The alteration in aquatic
environment with increasing use of fertilizers is certain to become exacerbated by the
increasingly erratic weather and other impacts of climate change.
The high pressure on land with high population density and the quest for increased production is
likely to lead to increased pressure to encroach on the wetlands. It is important therefore for a
middle ground to be taken that allows for higher productivity out of the existing farmed land in a
sustainable and environmentally responsible manner. To this effect mineral fertilizers have to be
part of the environmental management approaches in solving the low productivity and production.
However, use of mineral fertilizers must follow proper assessment of the soil fertility deficiencies
so as to establish exactly how much, in what form and what application method the fertilizers
should be applied. The question should not be only about what quantities to be applied but also
on what the best and appropriate approaches and practices for using mineral fertilizers are given
the high variability in fertility and needs of different crops grown. For example, instead of
spreading mineral fertilizers on surface where the rains can easily was them away or where they
leach through the loose soils all the way to the lakes/marshlands, the needed quantities should be
applied through some media where the crops can access it without leaching away to pollute the
soils, waters and wetland resources. Already the high deposition of nutrients confirmed with this
study has been castigated for the increased growth of water hyacinth and other similar
ecologically obnoxious plants, and the increased cases of occurrence of algal blooms.
The impact of fertilizers use on the vegetation was only reflected in stimulated leafy growth and
relative dominance by fewer plant species by edges of wetlands adjacent to the farmlands that
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were using mineral fertilizers; and the stimulated growth of emergent aquatic weeds within the
lakes. It can be concluded here that increased concentration of nutrients towards the wetlands is
only beginning to have ecological impact on the plant communities. There is therefore need, as
part of the EMP, continuous sampling using indicator species and plots of plant communities to
routinely monitor the impact of fertilizers on vegetation cover and plant communities in general.
With observable defects and imparts on the animal and bird community yet, similar logic and plan
as for the plant communities should be instituted given the confirmed increasing levels of agrobased nutrients in aquatic environment of Rweru-Mugesera lakes-wetlands complex.
The farming practices will continue to be influenced largely by factors that impact on yield. With
the largely positive impact for now on the yields by application of mineral fertilizers, it is the
conclusion of this study that more farmers will demand for use of mineral fertilizers. With
increased demand for mineral fertilizers, unless when guided by policy and rigorous farmer
training, more farmers will likely abandon the cumbersome and labour intensive organic and
conservation farming practices causing a reduction in humus content of soils. It is therefore
advisable that it is made a requirement for farmers to integrate organic and conservation farming
practices in fertilization regime for their farm holdings. This will greatly enhance the soils’
capacity to retain nutrients and provide for release of such nutrients at rates and in form that are
usable by the crops, hence enhance the soil fertility over the long term.
In addition to systems for retaining of mineral fertilizers long enough for crops absorption, there is
also need to observe and protect buffer zones to deter direct entry of unwanted nutrients in the
natural water courses. It was apparent that working with the community as well as promoting
organic and conservation practices where farmers are also compensated and assisted to get
premium for the organic produce will lead to the intended results. In recent report on
biodiversity, it was established that Rweru-Mugesera-Complex is “one of ecologically highly
important cyperus papyrus wetlands with a typical flora and fauna” and categorized as the most
endangered site (REMA, 2011). Such ecologically sensitive and significant area requires prudent
and participatory measures to engender efficient exploitation and responsible use of natural
resources to attain sustainable agricultural production. The use of organic and conservation
practices or a mixture of both organic and mineral fertilizer based practices for agricultural
production needs to be seriously considered and aided with well elaborated agroeconomics for the
different production systems. Switching by farmers from the conventional/traditional productions
practices including the use of mineral fertilizers to the organic and conservation production
practices takes time and may delay the government programme for ensuring food self-sufficiency
as they master cost effective ways of dealing with weeds and crop management in general. The
period of transition to soil fertility content; timely and effective adoption and use of pest control;
and skills and experience in organic practices. It would be therefore a public role to provide a
cushion through cost sharing and support in seeking premium for farmers’ organic produce given
the challenges and socioeconomic cost of transiting to organic and conservation practices needed
for Rweru-Mugesera lakes-wetland complex.
As indicated above the currently levels of agro-based nutrients in the aquatic environment in
Rweru-Mugesera lakes-wetland complex is bound to increase given it’s position, confluence of
rivers, and the surrounding hilly terrains that makes it an area of high deposition. In addition, to
loss from farmlands within the lakes-wetlands complex more nutrients are brought by the
confluence of rivers and from storm waters down the hilly terrain outside the complex. As such it
does not make ecological sense to compare the low national rate of use/application of fertilizers
to such an area of high deposition. Already from the results, it is implicit that extended use of
mineral fertilizers, even over the short run, can bring about impacts that affect the environment
and are detrimental to sustainable agricultural production. It is therefore the conclusion of this
study that immediate steps to stem the negative impacts on the environment be incorporated in
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fertilizers use programme, and such measures will not only protect the environment but will
guarantee the sustainability of increased agricultural production in the country.
The direct impacts to the human beings as result of use of fertilizers can be easily prevented if
the basic measures and approaches are put in place, right from storage, handling, application, to
the monitoring of the fertilizers that may have been lost to the environment. Excessive levels of
agrochemicals pose a direct threat on people in addition to hurting the agricultural production
capacity of the soil. Mineral fertilizers therefore need not be a permanent solution, but used only
when the soil can retain them long enough to be taken up by crops. It is therefore advisable that
mineral fertilizers are combined with composite where needed and after analysis of the soil
fertility actual deficiencies. The confirmed occurrence of nitrate based compounds in drinking
water should be taken seriously and it should trigger need for routine monitoring of all domestic
water sources in farmlands that use fertilizers, both organic and inorganic fertilizers. It is certain
that with leaching and run off the high levels of nutrients in soils and aquatic environment will
become more pronounced and directly detrimental to the people in this Rweru-Mugesera lakeswetland complex. The observation that the sampled borehole had elevated levels nitrogen and
potassium indicates a risk to ground water as well from the farming activities. In the medium to
long term investment should be made based on increased scientific knowledge and understanding
of agroecological practices in the country to employ healthier, cost effective and highly
productive methods alternative agricultural production practices. Most important in promotion of
alternative agricultural practices is that they are much more sustainable especially for use in
ecologically sensitive and important habitats such as Rweru-Mugesera lakes-wetlands complex.
Among the key challenges to mineral fertilizer use is knowledge and skills needed for farmers in
understanding and use the appropriate practices for managing and increasing soil fertility for the
farmed land. It can be concluded from this consultancy that farmers still need more information
and training in handling, transporting and application of fertilizers, as many indicated significant
misunderstanding of the extension information especially for the application of fertilizers. This
can be remedied by exposure and intensive hands-on training together with farmer placement
programmes as part of a more comprehensive strategy for maintaining soil fertility including
application of mineral fertilizers. It also apparent that farmers are adopting a more simplified
regime of crops which is likely to remove the protection against crop failure of diversified crops
albeit in smaller quantities. Even with adoption of use of mineral fertilizers chances of crop
failure in particular season were confirmed by farmers. The simplification of the crop regime
under fertilizers use therefore must be managed in a way that allows for mitigation measures
against occasional drop in yields of key identified food security crops such as maize, cassava,
beans and rice.
To deal with question of fertilizers to all stakeholders’ satisfaction there is need for more
technical cooperation of the responsible agencies and facilitated participation of the
beneficiaries. Among plausible solutions suggested by this consultancy is setting up a national
technical forum in which all concerned agencies are represented and allows for quick non
bureaucratic exchange of information on fertilizer use in the country. It is also important to boost
the budget for capacity building through training and hands-on demonstration as well as using
farmer field schools for farmers; conducting of strategic impact assessment which must include
technical assessment of the soil fertility deficiencies and needs; adoption of integrated pest
management practices to minimize the need for pesticides; adoption of non-tillage practices for
crop production where feasible; promotion of use of mixture of organic and inorganic fertilizers
with increasing use of organic fertilizers especially within and close to wetlands and water bodies;
adopting of other modes of application such as use of briquettes for paddy rice fertilizers
application; and allowing for diversified and integrated crop production supported with farmer
assisted crop marketing strategies for all crops. Also important is the need for economic
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evaluation of all proposed models taking consideration the issues of the sustainability of practices
and health of the farmers and other users of ecosystem services such as domestic waters and
watering wild life. This will allow for cost benefit analysis and provide decision makers with
needed tools and information on addressing the challenges of increasing productivity and
production for food security.

5.2

Recommendation

Following the findings of the study, the following recommendations are put forward to prevent
and mitigate the impacts of fertilizers use on environment:
a)

Mineral fertilizers should only supplement nutrients, which cannot be provided easily through
use and adoption of organic and conservation practices. As such there should not be a uniform
application rate rather that based on established soil nutrient deficiencies for the target
crops that guarantees that when the mineral fertilizers are applied they will not leach out of
the soils into the aquatic environment. Conservation farming combined with use of mineral
fertilizers when needed should be promoted to enable rapid increases in soil organic matter
levels. Alongside inorganic fertilizer use, application of organic fertilizer/compost application
must be widely promoted.

b)

A comprehensive soil survey should be undertaken for Rweru-Mugesera lakes-wetland complex
so as to establish the actual soil fertility deficiency and needed minerals and this can be
scaled up later to cover all ecologically sensitive areas in Rwanda. A soil permeability
(Infiltration rates and/or hydraulic conductivity) analysis across the entire Rweru-Mugesera
lakes-wetland complex should also be undertaken alongside the soil fertility analysis so as to
guide on the appropriate measures required to curb the leaching of mineral fertilizers.

c)

In case of application in water logged areas, especially for rice and such other crops, it should
be made a requirement to supply and apply fertilizers embedded in briquettes to be used
through ‘Fertilizer Deep Placement’ (FDP) especially UREA, where the placement of
briquettes below the soil surface regulates the release of the nutrients and reduces on
washing away of the mineral fertilizers. The briquette releases nitrogen (N) gradually,
coinciding with the crop’s requirements during the growing season.

d)

Government should undertake comparative performance and economic evaluation of the
different agricultural production practices including use of mineral fertilizers alone; use of
organic and conservation fertilizers alone, and use of mixture of both organic and inorganic
fertilizers, to inform the decision makers and farmers on the most appropriate practices for
the different areas.

e)

There is need to expand the capacity building programme to include intensive hands-on
training and placement of farmers on model farms to allow for acquisition of hands-on
experience and technical skills in handling challenges of soil fertility on the respective farm
holdings. Adequate training and awareness raising programs must be organized for all those
involved in supply, storage and application. This should go along with provision of protective
wear for all those handling fertilizers, while farmers should be encouraged to buy and use
protective gear during application of mineral fertilizers.
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f)

Undertake a land suitability study together with development of a lay-out use of the wetland
basin including buffer zones to protect encroachment on the marshlands.

g)

Government should put in place a comprehensive Environmental Management Plan for the
whole value chain of fertilizer usage from production/importation of fertilizers through to
distribution, storage, handling and application of mineral fertilizers, which also makes it a
requirement for promotion and adoption of organic and conservation farming practices.

h)

A long term water quality and biodiversity monitoring plan should be put in place to generate
data for the prediction of the trends of eutrophication and the impact this is having on the
biodiversity of key organisms in the Rweru – Mugesera complex and other similarly sensitive
ecosystems.

i)

Continue enforcement of the water body and land boundary buffer so as to minimise the
transfer of potential pollutants from land to water.
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ANNEX 1: Fertilizer Environmental Management Plan for Rwanda

Proposal for Environmental Management Plan for
Fertilizers Supply, Distribution and Use in Rwanda

Purpose and Objective of the Environmental Management Plan
The Environment Management Plan (EMP) seeks to ensure that the farmers are assisted to
manage the crops nutrients efficiently to save money and reduce environmental risks. The EMP
will also help the farmers to follow the set guidelines and regulations for fertilizers usage in a
step-by-step, manageable way. Following the EMP will ensure that fertilizers use based crop
production industry remains a profitable and responsible industry.
Central to the EMP for fertilizers use in Rwanda will be the requirements for fertilizers planning
across the whole value chain, i.e., from importation to the supply by leading distributors; storage,
handling and distribution to the farmers by agro-dealers; handling and application by farmers; and
to environment impact monitoring by all the responsible parties.
The distribution and application of fertilizers has to be based on established need or deficiencies,
and guided by an established fertilizer use manual produced by the leading suppliers in
conjunction with responsible government agency for agrichemical distribution.
The fertilizer manual should provide specific recommendations and explanations about the most
cost-effective use of major nutrients (nitrogen, phosphorus, potassium, sulphur, magnesium,
sodium) and trace elements. It should also provides information about choosing and applying
fertilizer and organic manures, guide by national established standards for fertilizer use, and
suggests organizations that can advise the agro-dealers and the farmers on fertilizers and nutrient
management.

Basic Requirements for Environmental Management Plan: Nutrient management
Nutrient management protocol with the guidance of the Fertilizer Manual and statutory
instruments will assist the agro dealers and farmers to:





Assess the fertilizers needed for the range of crops for the different particular locations;
Establish which level of nutrients is required to provide the best yield, and what is the
most cost effective application mode;
Establish the contribution of organic manure, and the gap between organic fertilizers and
established need for fertilizers so as only to make up for deficiency and to avoid costly
over-application
Comply with the cross compliance requirements to protect the farmlands and the
environment including watercourses
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As a general rule to be observed by all relevant parties across the value chain for fertilizers usage,
before application of fertilizers the location specific nutrient deficiencies must be established so
that the contribution of nutrients from the different sources is established, including:








Mineralisation of soil organic matter (all nutrients)
Deposition from the atmosphere (mainly nitrogen and sulphur)
Weathering of soil minerals (especially potash)
Biological nitrogen fixation (legumes)
Application of organic manures - including non-livestock sources (all nutrients)
Application of manufactured fertilisers (all nutrients)
Any other materials added to land – e.g. soil conditioners, to boost productivity of the
farmlands

For optimum nutrient management, the total supply of a nutrient from all the above sources must
meet, but not exceed, crop requirement.

Environmental Management Protocol (EMPr)
In line with the established law regulating the production, importation, distribution, storage, handling
and application of agro-chemicals the EMP requires that the farmers and agronomists provide
information on the following aspects:
1. the relief of the farmlands including major soil type; compaction of the soil; slope of
the farmland; saturation of the soil; soil permeability every three years
2. Level of humus in the soil before any planting season
3. Amount of nutrients that can derived from the compost manure every 3 years
4. Nutrients deficiencies and established demand for nutrients every three 3 years
5. All fertiliser and organic manure applications each growing season.
6. Amount of nutrients within the nearest water bodies and wetlands/marchlands
close to the farmlands after every three years.
The samples and analyses should be taken a particular field at the same time of year. The
field records should be combined and collated into a Sector record.
An Environmental Audit must taken for the different fields and key ecological areas such as
wetlands, open waters, and marginal/buffer zones, with a report produced each year.
The Environmental Audit should make recommendations to the farmers and agronomists on how to
avoid the impact of fertilizers use on the environment with detailed report about the existing
impacts on the environment.

Planning applications of fertilizers
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The goal here is that crops get the essential plant nutrients and trace elements so as not to
restrict crop growth; but also to make sure that excessive fertilizers use does not prohibit crops
performance and does not cause environmental pollution. An appropriate planning exercise must
ensure a balance between nutrients, because when nutrients interact with each other too much of
one can stop others from working. A clear guidance to farmers based on Fertilizers Use Manual and
nitrogen based on the properties of different fields should be followed.

Understanding soil physical properties
In each field assessment the agronomists will have to establish he soil texture, organic matter
content, potential rooting depth, soil stone content and soil parent material - as each of these
affect how fertilizers are taken up and act on crops.

Soil acidity
The soil pH of the fields should be taken at beginning of every planting season since the optimum
soil pH varies for different crops and soil types requiring amendments to avoid futile applications
of fertilizers. The recommended amount of lime also depends on soil texture and organic matter.
RB209 describes the available range of liming materials, and when to apply them.

Planning the use of nitrogen fertiliser for field crops
Before applying nitrogen fertiliser, the agronomist will need to take account of the nitrogen
supply and loss process which determines the amount of nitrogen in the fields. This can be
determined through establishing the:




Soil Nitrogen Supply (SNS) in each of your fields every year, using an SNS index value from
zero to six
Mineral nitrogen residues after harvest, but before leaching
Nitrogen released from mineralisation of organic matter

To work out the SNS Index of the fields, the agronomist will have to use the Field Assessment
Method, or the Soil Mineral Nitrogen (SMN) Analysis Method. SMN analysis is recommended if one
expects high or uncertain amounts of soil nitrogen. For field assessment of SNS, the following
information about the soil type, previous cropping, previous manure and fertilizer use and amount
rainfall, will have to be acquired.
After calculating the SNS, there are three more calculations to make in planning nitrogen fertilizer
use:




The crop nitrogen requirement - the optimum amount of nitrogen to apply to a crop,
taking into account the SNS
The crop nitrogen available from any planned applications of organic manure
The amount of mineral nitrogen fertilizer needed to apply

Crops take up different sources of nitrogen with varying degrees of efficiency. Almost 100 per cent
of SMN within rooting depth is taken up by the crop. It is therefore important to ensure that the
soil is loosened up to all for crops to acquire sufficient root depth for uptake of fertilizers.
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As a general rule the timing of applications of nitrogen should coincide with the start of rapid crop
growth and nitrogen uptake.
Generally, nitrogen is best applied across the whole cropped area. But for wide-row crops, band
placement of nitrogen improves crop performance and reduces fertilizer costs and the risk of
nitrate pollution of water.

Planning applications of essential nutrients
Farmers should be assisted be assisted to set the nutrient quantities carefully so as not only to
avoid pollution of the environment by to allow a cost effective way that provides the best crop
yields and also minimizes risks of environmental pollution.

Phosphorus and potassium
Phosphorus and potassium are available in soil reserves, fertilizers or in the organic manures.
Different types of manures have different amounts of phosphorus and potassium.
Excessive levels of phosphorus in soil are financially wasteful and likely to cause pollution of
surface waters, leading to eutrophication. This causes algal blooms and can destroy aquatic life.
In order to plan your use of phosphate and potash fertilizers the agronomists will need to
establish:





The soil indices for phosphorus and potassium, from soil sampling and lab analysis - to be
done every three years
The target soil indices for phosphorus and potassium for the crop
The phosphorus and potassium application policies set by the responsible public agency
And whether to build up or run down the soil phosphorus or potassium index

Magnesium
Soil analysis will show the quantity of available magnesium in soil, expressed as an index.

Sulphur
Ordinarily the source of sulphur to plants is through rainfall and or fertilizers that contain sulphur
as a by-product. The crop symptoms of sulphur deficiency are hard to tell apart from nitrogen
deficiency.
To assess the risk of sulphur deficiency the agronomists will need:




The knowledge of soil type and field location
The a leaf analysis of cereals, oil seed rape and grass
The soil analysis of sulphur levels

Sodium
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Soil sampling and lab analysis will identify if the fields need to apply sodium fertilizers.

Trace elements or micronutrients
These a critical and may affect the crops performance if not provided in the required amounts. It
is therefore important that as part of the soil analyses every three years trace elements/nutrients
levels are also established.

Choosing and applying fertilizer
Recognizing that there are many types and qualities of fertilizer in both solid and liquid forms, the
following information should be supplied and verified considered in making the appropriate
choice:





The total concentration and ratio of nutrients in the fertilizer - the concentration will
affect the amount you apply and the ratio should be close to your planned nutrient needs
The chemical form of each nutrient - different chemical forms of a nutrient may be taken
up by crops more or less effectively
The physical quality of a solid fertilizer and whether you will be able to spread it
accurately - different sources of supply of the same fertilizer type can be physically quite
different and some will be easier to apply accurately than others
The cost of the nutrients - this can vary significantly, and cheaper fertilizers may be
poorer quality and so a false economy

Nitrogen fertilizers include ammonium nitrate, ammonium sulphate and calcium ammonium
nitrate.
Water-soluble phosphate fertilizers are quickly taken up by crops. Water-insoluble phosphate
fertilizers come in different concentrations and types and you will need to assess them for
suitability.
Nutrients in most sources of potash fertilizer are quickly available to crops. Magnesium fertilizers
vary in how quickly or slowly crops can take up their nutrients.

Fertilizer application
Accurate and even fertilizer application will maximize crop yields and profitability. Inaccurate,
uneven application can cause problems such as:




Uneven crops, lodging and disease, and reduced yields and quality at harvest
Nutrient pollution of watercourses at field margins
Changes to biodiversity in hedgerows and field margins

Farmers should be trained in simple and affordable ways for spreading and or spraying of
fertilizers.

Protecting the environment from diffuse nutrient pollution
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To avoid polluting watercourses and groundwater, the farmers must be assisted that they don’t
apply more fertilizer than the crops require and that they apply fertilizer close to the time when
the plants will take it up. This will minimize leaching of nutrients.
To avoid eutrophication caused by phosphorus pollution of watercourses there is need to:




Plan phosphorus applications carefully
Avoid surface application of organic manures when soil and weather conditions are likely
to lead to run off
Apply small annual dressings of fertiliser, which you work into the soil surface before
winter

Organic manures
Good practice in applying manure includes:



Minimizing nitrate-leaching losses by applying the manure before rains
Band spreading to allow accurate slurry topdressing and reduce ammonia emissions - rear
discharge spreaders spread slurry and manure more evenly than side dischargers

Nitrate Vulnerable Zones and nitrate pollution
Nitrate pollution is the most significant problem for Rwanda. Therefore is need for specific
guidelines and regulations on the limits for use including both quantities and the number of
seasons applications including mandatory fallowing.
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ANNEX 2: GLOSSARY OF TERMS
Alternative agriculture:- A collective term for agricultural practices that reject the use of soluble
mineral fertilizers and pesticides.
Biofertilizers:- living organisms which augments nutrient supplies in one way or the other, in the
strictest sense real biofertilizers are green manures and organics (materials of biological origin)
which are added to deliver the nutrients contained in them. It also includes carrier-based
inoculants containing cells of efficient strains of specific microorganisms (mainly bacteria).
Ecosystem:- The interacting system of a biological community and its non-living environmental
surroundings.
Environment:- The totality of all materials whether in their natural state or modified or changed
by human, their external spaces and the interactions which affect their quality or quantity and
the welfare of human or other living beings, including but not restricted to land, atmosphere,
weather and climate, water, living things, sound, odor, taste, social factors, and aesthetics.
Environmental Impact: - The degree of change in an environment resulting from the effect of an
activity on the environment whether desirable or undesirable.
Environmental Impact Assessment: - A method used to predict and identify possible impact of a
proposed action on the environment.
Environmental objective: - Overall environmental goal, arising from the environmental policy,
that an organization sets, itself to achieve.
Eutrophication:-The phenomena of high productivity of aquatic system due to increased
accumulation of nutrients. This has adverse impacts on quality and life supporting abilities of the
aquatic system.
Fertilizer: - A material that furnishes one or more of the chemical elements necessary for the
proper development and growth of plants. The most important fertilizers are fertilizer products
(also called chemical or mineral fertilizers), manures, and plant residues. A fertilizer product is a
material produced by industrial process with the specific purpose of being used as a fertilizer.
Good housekeeping: - Efficient management of resources, equipment, working environment of an
institution or organization. In the context of cleaner production, it often refers to the procedures
applied in the operation of a production process, to ensure environmental sustainability.
Inorganic fertilizer: - A term used for fertilizer in which the declared nutrients are in the form of
inorganic salts obtained by extraction and/or by physical and/ or chemical industrial process
(ISO).
Landfills: - 1. Sanitary landfills are land disposal sites for non-hazardous solid wastes, where the
waste is spread in layers, compacted to the smallest practical volume and cover material applied
at the end of each operating day. 2. Secure chemical landfills are disposal sites for hazardous
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waste. They are selected and designed to minimize the chance of hazardous substances being
released into the environment.
Leachate:- A liquid produced when water collects contaminants as is trickles through wastes,
agricultural pesticides or fertilizers. Leaching may occur in farming areas, feedlots or landfills and
may result in hazardous substances entering surface water, groundwater or soil.
Mitigation: - Measures taken to prevent, reduce or rectify impacts of a particular project of the
evaluation process concludes that the impact s are significant.
Nitrate: - A compound containing nitrogen that can exist in the atmosphere or as a dissolved gas
in water and that can have harmful effects on humans and animals. Nitrate in water can cause
severe illness in infants and cows.
Organic fertilizer:- Carbonaceous materials mainly of vegetable and/or animal origins added to
the soil specifically for the nutrition of plans (ISO).
Plant nutrient: - Chemical elements that are essential for the proper development and growth of
plants.
Pollutant: - Generally, any substance introduced into the environment that has the potential to
adversely affect the water, soil or air.
Pollution: - To make fowl, unclear, dirty, any physical, chemical, or biological change that
adversely affects the health, survival, or activities of living organisms or that alters the
environment in undesirable ways.
Proponent: - Any organ of government if in the public sector, a person if in the private sector that
initiates a project or a public instrument.
Recycling: - the process of minimizing the generation of waste by recovering usable products that
might otherwise become waste.
Waste: - Unwanted materials left over from a manufacturing process and refuse form places of
human or animal habitation.
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ANNEX 3: TERMS OF REFERENCE
The impact of Fertilizers use on Environment in Rwanda
Background:
Rwanda is one of the countries with the highest population densities in the world with livelihood
dependency on agriculture. Furthermore, the largest part of Rwanda's topography is rugged with
steep slopes, a characteristic that has earned the country its nickname, "land of a thousand hills".
Research on the state of water quality in the country continues to indicate that most rivers and
streams that recharge lakes and other water bodies in Rwanda show very high sediment load and
other pollutants due to excessive soil erosion mainly from improper mining practices, improper
cultivation with inappropriate fertility and crop protection practices on the steep slopes, road and
building construction and lack of proper sanitation infrastructure.
Research has also established that mineral sediment particles provide an adsorption mechanism
through which persistent manmade contaminants especially agrochemicals are transported by
mineral sediment particles. Furthermore, it has been revealed that most of the sediment carried
by the Nyabarongo-Akanyaru-Akagera river system is deposited in wetland-lake complex of the
Eastern province, supporting the hypothesis of serious pollution that if unchecked would lead to
the threat of eutrophication.
The Rwanda Environment Management Authority (REMA) is required to provide advice within the
framework of Article 3 of Law N° 16/2006 of 03/04/2006 to conduct research from which it may
render advice to prevent or respond to environmental hazards and disasters. In this regard REMA
seeks to recruit a consultancy firm to carry out an assessment of the impact of chemical fertilizers
on the aquatic environment in the Rweru-Mugesera lakes-wetland complex.
Main Objective:
To determine the impact of chemical fertilizers on the aquatic environment in Rwanda.
Specific Objectives:
To determine the impact of chemical fertilizers on the aquatic
environment in the Rweru-Mugesera lakes-wetland complex.
To
determine sources of chemical fertilizer residues in the RweruMugesera lakes-wetland complex.
To recommend environmental
management practices for sustainable and climate resilient soil
fertility management in Rwanda.
Deliverables:
1. A report on the impact of chemical fertilizers on the aquatic environment in Rwanda.
2. Electronic data on chemical fertilizer impact on the aquatic environment in Rwanda in
Excel spreadsheet format or other editable format and maps in ESRI Shapefile format.
Recruitment qualifications
The consultancy firm shall appoint a team that demonstrates competence in all the scientific,
institutional, legal and operational aspects of sustainable and climate resilient fertilizer
environmental management.
The team should include the following:
Agro-ecologist as Team Leader with at least 10 years’ experience. The Minimum
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qualification is a Masters degree in agro-ecology or related field.
Soil Fertility Specialist with at least 10 years’ experience in sustainable soil fertility.
The minimum qualification is a Master of Soil Science degree or equivalent in a related
field.
Water Quality Specialist with at least 5 years’ experience in water quality assessment.
The minimum qualification is a Masters degree in integrated water resources management
or related field.
Chemist specialist with at least 5 years of experience in related field. The minimum
qualification is a master’s degree in chemistry.
Duration
This assignment will be executed in a period of 60 working days including field laboratory analysis,
review and approval of inception report and the preparation and submission of final report.
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ANNEX 4: ACTIVITY PLAN
This study will follow and cover the following key steps: defining/elaborating of issues; impact
identification; description of affected environment; impact prediction; impact assessment; and
presentation/communication of findings. In general three key approaches: literature review and
document examination; field surveys and sample collection; and laboratory testing and scale
models will be used assess the impact of fertilizers following the outline and general approaches
indicated the table above.
1. In defining fertilizer impact assessment issues will involve review of the project documents,
existing literature on fertilizer impact studies, locally available information on fertilizers
supply and distribution, and fertilizer use policy(ies) and management information; case
studies on impact of fertilizers; expert opinions and systems on fertilizers application in the
country; established environmental indicators and indices on the impact of fertilizers on
agro-ecological systems within river basins; and interaction matrices of fertilizers chemicals
upon environmental, ecological and social aspects of the target river system. This will
culminate in risk assessment of fertilizer chemicals as the preliminary phase of the study.
2. Impact identification will include literature review and use of checklists with specific
questions for different stakeholders including from farmers, experts, fertilizers
producers/suppliers, environmentalists, extension workers, public managers and the
policymakers. This also will involve use of the expert matrix, impact trees/chains and risk
assessment.
3. Description of affected environment will include field surveys and interviews using
checklists; use of expert matrices and impact trees; use of environmental indices and
indicators on fertilizers impact; direct field observations and landscape evaluation;
conducting of a baseline survey on agro-ecological, environmental and social aspects of
fertilizer usage; overlay (GIS) maps on use and impact of fertilizers; field photographs
showing the impacts; risk assessment; qualitative and quantitative modeling of the impacts;
and trend extrapolation.
4. Impact prediction and assessment will involve use of case studies; interview of key
informants including farmers, extension workers and Agriculture and Water resources
Officers; conducting of an Environmental Cost Benefit Analysis; use of expert matrices and
expert opinions; field observations and landscape evaluation; laboratory analysis and scale
models; use of mass balance calculations of impact of fertilizers; use of baseline information;
development and use of impact trees and chains; use of overlay maps (GIS), risk assessment
and extrapolation of trends.
5. Presentation and communication of findings will include use of decision making checklists;
use of environmental indices and indicators; mass balance calculation results; use of matrices
showing intensity and pattern of fertilizers usage and corresponding impact; use of overlay
maps and impact trees; risk assessment and extrapolation of the impacts over a longer time.
The consultancy under this project will be implemented by a team of the Six Green World
Associates with expertise and long-time experience in the respective areas required and called for
in this consultancy: The experts will perform the following functions:
o
o

Wilson Waiswa MWANJA, PhD Ecology, Evolution and Organismal Biology:
Project Team Leader; and Agro-ecologist and hydrobiology Specialist;
George Nkulanga Bob, MA. Will be responsible for project management and liaising with
the client.
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o

o
o
o
o

Denis BYAMUKAMA, PhD, Water Quality and Pollution Assessment (TU-Vienna), MSc.,
Environmental Science & Technology (IHE Delft), BSc (Mak),Certified EIA Practitioner, WSS
Services (U) Ltd Environmental & Water Resources Assessment, Utility Management: Will
serve as the Water Quality specialist and will be responsible for field assessment work on
water quality and associated impacts arising from fertilizers losses
Hannington, T, PhD, Chemistry. Will serve as the Chemist specialist and will take
responsibility of all laboratory processes.
Professor Francois-X NARAMABUYE, PhD. Will serve as the Soil fertility specialist.
Vivien MUNYABURANGA (C.Eng.; MSc): Team member responsible for the assessment of
terrain and topographic issues driving fertilizer losses. Will also be responsible for
mapping and GIS related work in this project.
Pius KAHANGIRWE, Socioeconomics Expert. Will be responsible for socioeconomic
analysis and assessment of the economic impact of fertilizer loss.
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ANNEX 5: CHECKLIST ON FERTILIZER PRODUCTION AND USE.
The following checklists are designed to establish whether a proposed project is likely to
have negative impacts on the environment. All possible negative impacts must be assessed in
detail in relation to the projects positive impacts.
Will the project: - Lead to a substantial use of manure that can cause desire through human contact?
- Lead to nitrate or ammonia toxicity to humour or animals?
- Result in the transport of nutrients off-site via-off, erosion or leaching?
- Lead to nutrient transport that causes algal blooms, growth of aquatic weeds, and
ultimately cause oxygen depletion in water bodies?
- Lead to a substantial pollution of water, air and soil?
- Have a negative effect on surface and ground water quality?
- Cause acute and/or long-term health hazards for personnel handling chemicals, in the
production, storage and application?
- Use and/or produce raw material. Or products that can have occupational health effects?
- Emit and/or dispose chemicals that are toxic to humans, animals and the environment/
- Require large land surface for disposal of waste?
- Employ possible alternatives in the production process, e. g cleaner production, good
housekeeping, etc, Environmental management system, etc
- Envisage alternative agriculture, application of bio-fertilizers, & incorporating judicial
application of in organic fertilizers, in large scale farming?
a. Fertilizer Specifications
Specifications are the requirements with which a fertilizer should conform, as agreed upon
between buyer and seller. Fertilizer specifications meet differing requirements depending on the
use or intent of the specification information. Specification are normally used in the contract
between the buyer and seller of a fertilizer to ensure agreement on product characteristics or
more often to define the product in sufficient detail to effect the satisfaction of both buyer and
seller. More commonly when one refers to specification, it is to specifications that have legal
implications for buyers and sellers of large quantities of materials.
A well-written fertilizer specification should include the following elements in detail.
1. Nutrient contents and concentrations
2. Nutrient chemical composition
3. Moisture content
4. Partial size distribution
5. Physical condition
6. Solubility and/or availability
7. Conditioner
8. Special limitations pertaining to photo tonic production by products or additives
9. Packaging details if any
10. Methodology used in quantifying or qualifying items 1 through 9
11. Penalties or discounts for deviation from the stated values of conditions.
a. Industrial Health and Safety
Unsafe situations and technological accidents are due mostly to poor cooperation between
different units, poor inspection, unclear instructions and responsibilities, lack of trained
employees etc. The company must identify the major hazard and risks, determine how they can
be controlled and establish emergency plans to prepare employees to deal with accidents, which
could be dangerous for themselves, the surrounding population and the environment. Local
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communities should be informed; fertilizer associations, local authorities and the government
should also be involved.
2. Safety legislation and regulation
Fertilizer production includes the manufacture of toxic chemicals (ammonia), strong
mineral acids (sulphuric, nitric and phosphoric) and oxidizing agents (ammonia nitrate) in large
quantities. At the various stages of manufacture, distribution and use, several thousands of tons of
such chemicals are stored and handled.
Health and safety regulation fail into a number of categories, each, with its own special
requirements. Examples are the control of substances hazardous to health and the control of
major accidents. The former deals mainly with the effects on the people handling the chemicals
while the latter deals with the effects on third parties. Process workers and consumers are
protected through various regulations, the aim of which is to ensure that the health risks created
during the manufacture or, arising during storage and use, such as dent and toxic fumes are both
understood and kept to a minimum. Thus, most of this type of legislation is concerned with
information. That is the information, which must be given at all stages of the chain from
production to end-use. Information is given in two ways through labelling and safety data sheets.
3. Safety data sheet
Products (or material) safety data sheets serve two purposes as they inform those concerned in
handling chemicals of the hazards involved and they also provide the basis for risk assessments.
Safety data sheets should be provided at all stages in the distribution chain and some countries
have required their sue under legislation. In addition to the normal production properties, safety
data sheets are required to provide health hazard and eco-toxicological information, which is
generally difficult to obtain and interpret.
4. Safety training
Plant safety involves the development of safe working procedures to protect the work force, and
training of all employees in health and safety procedures.
Personnel - The training can cover
_ Staff awareness of workplace hazards
_ Health and safety routines and procedures
_ Emergency procedures
_ First aid
_ Incident reporting
_ Accident prevention and safe conduct
5. Fertilizer safety publications/safety manual for fertilizer plants.
Fertilizer manufactures have to provide information on safety practice by preparing manuals. The
manual can provide, among other things, information on.
_ General safe practices
_ Hazards and their handling
_ Fire prevention
_ Safety aspects in different plants
_ Safety inspections
_ Guidelines for a disaster management plan
6. Preparing contingency plan
To prepare a contingency plan the following information is necessary
_ Identification and analysis of hazards and risk assessment
_ Definition of the emergency response resources
_ Instructions on the emergency actions
Handling, Storage and Transportation of fertilizers
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Fertilizer Handling
Handling is an activity, which can be defined as the manual and/or mechanized movement
under during the transport of fertilizer from factory or port to the end user.
- Bags must be treated so that it should not deteriorate causing spillages loses in their
content.
- Care should be taken when lifted, loaded or unloaded
- Handling methods which result in damage to bags when using hooks must be eliminated
- Damaged bags spill out fertilizer contents and exposed to humidity, rain and sun.
- Check vehicles before starting to load (nails, splinter can be removed
- Lay water proof paper, matting or straw to protect the package
- Bags stacked need the doors; badly stacked bags can slip during transit over rough roads or
even in the store itself.
Bagging
Correct packaging protects the fertilizer against humidity and bad weather conditions; it
eases handling transportation and storage; it simplifies identification and finally it eases use by
the end user.
Storage
Another important activity is storing and carefully maintaining fertilizers under optimum
conditions for delivery and use at the moment they are used. The principal action to be taken by
dealers and store man to rationalize storage relate to the storage area and stacking of bags, how
to protect them so as to ensure that the fertilizers remain in good conditions, control of stocks
and rotation of bags. The following should be considered in storage
- Keep fertilizers in an orderly fashion
- Stack the bags properly
- Leave a space (of 10cm) between each bag to provide ventilation
- Make allowance of a central corridor (1m wide) to facilitate movement and handling of
bags in the store
- Allow space (20-30) cm between the stacks and the walls of the store to prevent the
fertilizer coming into contact with damp walls.
- Avoid direct contact between he fertilizer and the soil (earth floors)
- Install a false floor which isolates the stack of fertilizer from the moist soil
- and at the same guarantees aeration (bricks, wooden slats, etc)
- Use locally available materials; such as bamboo mating, rice hulls, straw, old sacks, etc).
- In the case of ammonium nitrate, on account of the explosion hazard, it is not
recommended to stack this fertilizer on top of organic materials such as straw etc. It can
be stacked, however, on a wooden plat from.
- Where bags are stacked near windows facing the sun and liable to be exposed to prolonged
sunlight, it is recommended that the window should be darkened by using news paper or
old sacks, or by painting the pens of the glass black.
- In periods of high humidity, ventilators, opening windows and doors must be kept firmly
shut.
- The store should only be ventilated during certain hours of the day when the ambient
humidity is low and the temperature is high. In this way, condensation of water vapors in
the store will be avoided.
- Fertilizers should always be stored on a floor, that is kept by continually brushing away
any spilled fertilizer or other spilled material, because they hold the dumped cause
deterioration of the floor and/or the walls.
Transport
Controls on the transport of fertilizers are limited to those products, which are classified
as hazardous (dangerous) goods. In general terms this means those products classified as
“oxidizing’ due to the high concentration of ammonium nitrate. (UN classification Group 5.1).
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Ammonia is classified as 2.3 (toxic gas), phosphoric and sulphuric acid class 8 (corrosion). There is
a much smaller group of products which can exhibit self sustaining decomposition, where thermal
decomposition, one stared, will continue even if the source of heat has been removed. Such
products, which include NPK fertilizers based on ammonium nitrate, are known as “cigar burners”
(\UN classification group 9 type B if the decomposition continues, type C if it stops). Probably the
most important aspect of all the transport legislation and the one which is common to all modes
of transport is the need for careful labeling of packages so that type and degree of hazard can be
readily identified in any country. In the case of bulk loads, by land or sea, the relevant
information must be included in the documentation which must stay with the material and be
readily available to the authorities at all times.
Road Transport
Internal transport is normally covered by national regulations which may be based on
international agreements such as ADR in Europe. Such regulations not only cover the labelling of
the products but also the definitive marking of the vehicles, specification of the documentation
required and, in many case the need for driver training in case of emergencies.
Handling and Storage
The potential for major incidents arising form fires in stores containing large quantities of
fertilizers forms the basis for their inclusion in Storage legislation. In some countries such as
Germany, Finland and the Netherlands, the maximum quantity of ammonium nitrate which can be
stored in individual heaps is 100 tones. This makes the marketing of straight ammonium nitrate
fertilizer commercially nonviable in those countries.
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Brief Descriptions of 22 Types of Methods suggested for Effective Environmental Information
Assessment (EIA) Practice
(1) Analogues refer to information from existing projects of a similar type to the project being
addressed, with monitoring information related to experienced impacts being used as an analogy
to the anticipated impacts of the proposed project.
(2) There are many variations of checklists, with this type of methodology being a frequently
utilized approach. Conceptually, checklists typically contain a series of items, impact issues, or
questions which the user should address.
(3) Decision-focused checklists are primarily related to comparing and conducting trade-off
analyses for alternatives. In this regard, such methods are useful for the synthesis of information
in relation to each viable alternative.
(4) Environmental cost-benefit analysis (ECBA) represents an emerging type of method. ECBA
supplements traditional cost-benefit analysis with increased attention to the economic value of
environmental resources, and to the valuation of impacts of the proposed project and alternatives
on such resources.
(5) Expert opinion, also referred to as professional judgment, represents a widely used method.
Specific tools which can be used to facilitate information development include the conduction of
Delphi studies, the use of the adaptive environmental assessment process to delineate
qualitative/quantitative models for impact prediction, or the separate development of models for
environmental processes.
(6) Expert systems refer to an emerging type of method which draws upon the professional
knowledge and judgment of experts in particular topical areas. Such knowledge is encoded, via a
series of rules or heuristics, into expert system shells in computer software.
(7) Indices or indicators refer to selected features or parameters of environmental media or
resources which represent broader measures of the quality/quantity of such media or resources.
Specifically, indices refer to either numerical or categorized information which can be used in
describing the effected environmental and impact prediction and assessment. Indices are typically
based on selected indicators and their evaluation
(8) Laboratory testing and scale models refer to the conduction of specific tests and/or
experiments to gain qualitative/quantitative information relative to the anticipated impacts of
particular types of projects in given geographical locations.
(9) Landscape evaluation methods are primarily useful for aesthetic or visual resources
assessment. Such are derived from indicators, with the subsequent aggregation of relevant
information into an overall score for the environmental setting (similar to number 7).
(10) Literature reviews refer to assembled information on types of projects and their typical
impacts. As noted for analogues, such information can be useful for delineating potential impacts,
quantifying anticipated changes, and identifying mitigation measures.
(11) Mass-balance calculations refer to inventories of existing conditions in comparison to changes
in such inventories that would result from the proposed action. Inventories are frequently used for
air and water pollutant emissions, along with solid and hazardous wastes to be generated.
(12) Interaction matrices represent a widely used type of method within the EIA process. Variation
of simple interaction matrices have been developed to emphasize particular desirable features.
(13) Monitoring (baseline) refers to measurements utilized to establish existing environmental
conditions and interpret the significance of anticipated changes from a proposed action.
(14) Monitoring (field studies) of receptors near analogues represents a specialized approach in
that monitoring can be conducted of actual impacts resulting from projects of similar type to the
project being analyzed.
(15) Networks delineate connections or relationships between project actions and resultant
impacts. They are also referred to as impact trees, impact chains, cause effects diagrams, or
consequence diagrams. Networks are useful for showing primary, secondary, and tertiary impact
relationships.
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(16) Overlay mapping was used early in the practice of EIA, with the usage consisting of the
assemblage of maps overlaying a base map and displaying different environmental characteristics.
The application of geographical information systems (GIS) via computer usage has been an
emphasis in recent years, with this technology representing an emerging type of method.
(17) Photographs or photomonotages are useful tools for displaying the visual quality of the setting
and the potential visual impacts of a proposed action. This type of method is related to landscape
evaluation.
(18) Qualitative modelling refers to methods wherein descriptive information is utilized to address
the linkages between various actions and resultant changes in environmental components. Such
modelling is typically based upon expert opinion (professional judgment as described earlier.)
(19) Quantitative (mathematical) modelling refers to methods that can be used for specially
addressing anticipated changes in environmental media or resources as a result of proposed
actions. Quantitative models can encompass simplified models to very complicated three
dimensional computer-based models that require extensive data input.
(20) Risk assessment refers to an emerging tool initially used for establishing health based
environmental standards. It encompasses the identification of the risk, consideration of doseresponse relationships, conduction of an exposure assessment, evaluation of the associated risks.
Risk assessment can be viewed from the perspective of both human health and ecological risks.
(21) Scenario building refers to considering alternative futures as a result of differing initial
assumptions. Scenario building is utilized within the planning field, and it has EIA applicability,
particularly in the context of strategic environmental assessments.
(22) Trend extrapolation refers to methods that utilize historical trends and extend them into the
future based upon assumptions related to either continuing or changed conditions.
Defining issues

=

1, 6, 7, 12, 20

Impact identification

=

1,2, 5,6, 8, 10, 12, 15, 20

Described affected environment

=

2, 6,7,9,13,16,17,18,19,20,22

Impact prediction

=

1,4,5,6,7,8,9,10,11,12,14,15,16,17,18,19,20,21,22

Impact Assessment

=

1,3,4,5,6,7,9,10,11,12,13,14,16,20

Decision making

=

3,4,6,12,21

Results communication

=

2,3,7,11,12,16,17
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National Water Standards for domestic water
1

RS 461:2009

2

RS 462:2009

3

RS 584-1:2012

Water quality—Tolerance limits for discharged industrial
wastewater
Water quality—Tolerance limits for discharged domestic
wastewater
Wastewater treatment plants-Part1:Vocabulary

4

RS 584-2:2012

Wastewater treatment plants-Part2:Construction principles

5

RS 584-3:2012

Wastewater treatment plants-Part3: Safety principles

6

RS 584-4:2012

Wastewater treatment plants-Part4:General data required

7

RS 1:2012 ed2

Containerized mineral water -Specification

8

RS 2:2012 ed2

Drinking water- Specification

8

RS 507 :2012
ISO 24510:2007

9

RS 508:2012
ISO 24511:2007

13

RS 466:2009
ISO 6778:1984

Activities relating to drinking water and wastewater
services—Guidelines for the assessment and for the
improvement of the service to users
Activities relating to drinking water and wastewater services
— Guidelines for the management of wastewater and for the
assessment of wastewater
Water quality —Determination of biochemical oxygen demand
after n-days(BODn) —Part 2 :Methods for undiluted samples
Water quality— Determination of the chemical oxygen
demand
Water quality —Determination of phosphorus —Ammonium
molybdate
spectrometric method
Water quality— Determination of ammonium— Potentiometric
method

14
15

RS 467:2009
ISO 5663:1984
RS 187:2013

Water quality— Determination of Kjeldhal nitrogen — Method
after mineralization with Selenium
Rain water harvesting systems— Code of practice

16

RS 188/2013

Water quality— Irrigation water— Tolerance
limits

17

RS 189/2013

Water quality— Swimming pools— Tolerance
limits

18

RS 190/2013

Water
Quality—
Specification

10
11
12

RS 463:2009
ISO 5815- 2:2003
RS 464:2009
ISO 6060:1989
RS 465:2009
ISO 6878:2004
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Livestock

watering—

ANNEX 6: STAKEHOLDERS CONSULTED
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Name and responsibility
Dr. Charles Murekezi
Coordinator Fertilizer
Program

Organization
Ministry of
Agriculture and
Animal Resources

Contact
0783008453
charlesmurekezi@yahoo.co.uk

Dr. Nabahungu Leon
NRM Senior Scientist/ Soil
Scientist
Mr. Senge Moussa.
Technical Communications
Manager – TUBURA
Mr. Tetero

Rwanda Agricultural
Board

078422519
nabahungu@yahoo.com

Rwanda Agricultural
Board

0786007562
Moussa.senge@oneacrefund.org

Rwanda Natural
Resources Authority
Rwanda Natural
Resources Authority
Ministry of Natural
Resources

0788521209
Mmuganga11@yahoo.fr
0788899486
hialph@yahoo.fr

Mr. Robert Muganga
Water Quality Expert
Mr. Hisharunda Alphouse
Environment Protection
Professional
Ms. Laurence Mukamana
National Coordinator
Mr. Laurent Gashugi,
Assistant representative in
charge of program
Mr. Vuningoma Jean Bosco
Standards Officer
Mr. Raymond Murenzi
Lead Standards Officer
Ms. Ingabire Alphonsine
Head of fertilizer
Department
Ms. Madeleine Niyonagize
Fertilizer Department
Mr. Ngirumuhire J.
Baptiste
Agronomist
Mr. Bizumuremyi J.
Damascene
Executive Secretary
Mr. Kibinda Sebega
Aimable
Executive Secretary
Ms. Ingabire Beatha
Cooperative Officer
Mr. Mutabazi Alfred
Agronomist

IFDC
Food and Agriculture
Organization of the
United Nations
Rwanda Bureau of
Standards
Rwanda Bureau of
Standards
SOPAV s.a.r.l

0788302783
Laurence@ifdc.org
0788304125
Laurent.gashugi@fao.org
0725169722
Jb.vuningoma@rbs.org.rw
0788747256
Raymond.murenzi@rbs.org.rw
0788565886
alphonsingabire@yahoo.com

ENAS (Ets Nkubili
Alfred & Sons)
Mugesera Sector,
Ngoma District

0788464054
niyonagizemado@yahoo.fr
0788467354

Mugesera Sector,
Ngoma District

0783709712
bizjdam@gmail.com

Zaza Sector , Ngoma
District

0788757337

Zaza Sector , Ngoma
District
Rweru Sector,
Bugesera District

0788570021
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0788475209

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Dr. Alfred Rutagengwa
Director
Mr. Halimana Augustin,
President
Ms. Mukantunga
Mediatrice (Secretary
Mr. Uwimana Theogim,
Member
Mr. Mukiza Didace
(Member)
Mr. Ruvunabagabo
Jamasiene, President
Mr. Mukarurema
Nadatene, Vice President
Ms. Bideri Fidele,
Secretary
Mr. Gakwere Javan,
Advisor
Mr. Twiringiyemungu
Bonaventure, Advisor
Mr. Habineza Emmanuel,
President
Ms. Mikuze Siziviga
(Member)
Ms. Mukamuhize
Epifaniga, Secretary
Ms. Mukamdiginga
Denigime, Member
Ms. Mikuze Siziviga,
Member
Mr. Habyarimana Alexis,
Sector Agronomist
Mr. Ntegeyimana
Veinuste, Farmer
Mr. Ngendahimana H.
Ambroise, Farmer
Mr. Niyoyita Desire,
Veterinary Officer
Mr. Sibomana Jean de
Dien, SEO
Ms. Uwamariya Josephine
(TWUZUZANYE)
Ms. Nyiransengimana
Catherine
Ms. Niwenshuti Theresee
Mr. Uwamungu Domise
Mr. Girameza John,
President

Nyamata Hospital,
Bugesera District
CODUIBI Cooperative,
Ngoma District
(Mugesera Sector)

0788757389
Alfar777@gmail.com
Ngoma District (Mugesera Sector)

CORIMI Cooperative
(34 Associations &
1,200 members)

Ngoma District (Mugesera, Zaza,
Karembo, Sake, Rukumbeli, Jarama
Sectors

CORIMI Cooperative
(Rutabagwa
Association

Ngoma District (Mugesera Sector)

Rukumbeli Sector
Offices

Ngoma District

TWUZUZANYE

Bugesera District (Rweru Sector)
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42.

KOAIGR Cooperative

Bugesera District (Gashora Sector)

Ngoma District

0788537075, mmbuecky@gmail.com

Bugesera District
Ngoma District

0788548377
uwasyly@yahoo.fr
janishiyo@gmail.com

Ngoma District

bugigil@yahoo.fr

49.

Mr. Habiryayo Aloys,
Member
Mr. Munyakazi Innocent,
Member
Mr. Benurwanda
Emmanuel President
Mr. Mutabanka Mwecky,
District Environment
Officer
Ms. Uwacu Sylvie, District
Environment Officer
Mr. Niyongabire Janvier,
District Agronomist
Dr. Gilbert Bugingo,
District Livestock Officer
Mr. Nkinzingabo Jeanole

Bugesera District

50.

Mr. Nsabimana Alphonse

51.

Mr. Habyarimana Alexis,
Sector Agronomist
Mr. Faustin Kanyangira,
Chairman Cooperative

LVEMP Project
Bugesera District
Rukumbeli Sector,
Ngoma District
Copamuja
Cooperative, Jarama
Sector
Sake Sector, Ngoma
District

0788401749
nkinzijdien@yahoo.fr
0783725252
alphonsensab@yahoo.com
0788433577
habyaralex@yahoo.fr
0784261814

43.
44.
45.
46.
47.
48.

52.
53.
54.

Mr. Nyamihana Sakaribu
Philippe Executive
Secretary
Ms. Twisungemaria
Fortune, Sector
Agronomist

Sake Sector, Ngoma
District
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0788353778
Sakaribu2000@yahoo.fr
0788585468/0725223303

ANNEX 7: WATER QUALITY MONITORING RESULTS FROM RNRA 2012 REPORT

Table 39: Water Quality Monitoring Report 1-June 2012 by RNRA

Akanyaru on the Border to Burundi

0.0

1.1

3.1

-

Tota l Phos phorus

mg/l

0.16

0.13

0.12

0.16

0.11

COD

mg/l

246

32.2

87.5

30.8

29.6

BOD

mg/l

-

-

-

17.5

19

Dis s olved Oxygen

mg/l

-

-

-

-

-
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Standards for surface water

Yanze river before entering Nyabugogo

0.0

Muvumba river at Kagitumba gauging
station

Nyabugogo after leaving Muhazi at
Rwesero

0.0

Muvumba river before Nyagatare
Town

Akagera after receiving Nyabarongo and
Akanyaru

mg/l

Rugiramigozi river on the intake of
Gihuma WTP

Akanyaru before entering Akagera
river

Tota l Nitrogen

-

0.7

0.5

<3

0.18

0.09

0.14

<5

34

10.1

20.1

43

< 50

8.95

6

8.25

7.95

< 30

1.71

5.71

4.67

4.85

5

Akagera at Rusumo falls gauging
station

Unit

Kadahokwa river on the intake at
Kadahokwa WTP

Parameters

Nyabarongo before entering Akagera
river

Bugesera Bugesera Bugesera Gasabo Gasabo Huye Huye Kirehe Muhanga Nyagatare Nyagatare

-

0.7

0.10 0.35

0.08

44.5 73.7
17

22

4.78 3.57

Table 40: Current physical chemical characterisation at comparative sampling points as those by RNRA in Table 12 &14

Nr
1
2
3
4
5
6
7
8
9
10
11

Water Source
Rweru
Rweru
Rweru
Rweru
Akagera
Akagera
Akagera
Rukumberi
Sake
Mugesera
Mugesera

12
Rukira
Standard for Surface water

Cell
Nemba
Nemba
Nemba
Nemba
Kangamba
Kabukuba
Kibare
Ntovi
Rukoma
Ntaga
Ntaga
Buriba

Type
Lake
Lake
Pit
BH
River
River
River
Swamp
Lake
Lake
Swamp
Swamp

TN
4
1.9
5.1
3.6
4.6
4.1
4.1
2.9
3.6
3.7
5
3.5
<3
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TP
1.76
0.69
2.52
2.13
2.29
2.01
2.32
0.69
1.67
1.95
2.44
2.34
<5

POT
26.485
23.542
62.881
89.325
15.153
25.719
21.138
19.235
16.008
14.799
5.084
6.939
12

COD
91.2
52.5
114
169
181
80.1
141
80.6
61.4
121
86.5
50

BOD
56.4
36.6
68.7
100.6
110.7
64.4
90.6
50.7
40.3
78.5
50.4
30

DO
0.83
3.94
1.14
1.23
0.84
0.68
0.3
0.48
2.22
2.04
1.37
0.74
30

1.51

12.34

1.37

6.84

5.65

4.81

0.39

9.04

2.73

2.16

3.21

<
3

Total
mg/l
Phosphorus

0.15

1.11

0.04

0.01

1.11

0.08

2.01

0.95

0.08

0.24

0.35

0.04

0.35

0.08

<
5

COD

mg/l

46.30

90.60

71.00

14.40

31.40

10.90

23.00

51.00

52.40 119.00

7.09

3.44

59.20

39.50

< 50

BOD

mg/l

37.20

49.60

37.20

7.81

28.10

8.12

18.30

24.80

65.10

5.03

1.05

24.80

27.20

< 30

Dissolved
Oxygen

mg/l

-

-

3.02

6.50

5.57

5.67

5.89

-
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-

34.10

-

-

-

-

-

Standards

1.98

Kivu Lake at 100m from
Bralirwa

4.76

Kamiranzovu River

1.90

Total
Nitrogen

Karundura River

mg/l

Parameters Unit

Kivu Lake at the beach
(ex.Golf Hotel)

Cyunyu river before
entering Kivu Lake

Rusizi

Cyunyu river before intake
of WTP- Kamembe

Rusizi

Kivu Lake at the Port or beach
(near Rusizi Border)

Rusizi

Rusizi River on the up stream
of Hydropower plant

Rusizi

Rubyiro River

Rusizi

Ruhwa River

Rusizi

Sebeya River at
Musabike sector

Rubavu

Karambo river before
discharge into Sebeya

Rubavu Rubavu

Kivu lake at the beach
(Gisenyi town)

Rubavu

Sebeya River before
entering Kivu Lake

Table 41: Water Quality Monitoring Report - August 2012 by RNRA
Karongi Nyamasheke Nyamasheke Rubavu

5

Nyabarongo before entering Akagera
river

Akagera after receiving Nyabarongo and
Akanyaru at Kanzenze

Rweru Lake

Cyohoha South Lake at
Ruhuha WTP

Mukungwa River before getting into
Nyabarongo

Nyabarongo mixing with Mukungwa at
Muvumba bridge

Nyabugogo after leaving
Muhazi at Rwesero
Yanze river before entering
Nyabugogo
Muhazi Lake at Rwesero

Kadahokwa river on the intake at
Kadahokwa WTP

Parameters
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Gakenke
Gakenke Gasabo
Gasabo Gicumbi

Total Nitrogen mg/l
6.50
7.33
7.38
5.42
6.82
0.68
3.66
7.24
7.05
0.86
2.85

Total
Phosphorus
COD
mg/l
0.19
0.93
0.73
0.13
0.10
0.26
0.75
0.10
0.65
0.19
nd

mg/l
14.60
82.50
41.30
60.20
72.40
52.40
26.20
9.63
68.40
12.20
35.30

<
3
<
5
< 50

BOD
mg/l
8.22
14.28
10.56
6.27
7.17
26.70
13.00
8.60
6.20
9.36
12.40
< 30

Dissolved
Oxygen
mg/l
2.96
1.73
1.14
4.11
6.71
7.85
7.22
3.45
4.98
4.41
-

Standards

Unit
Akanyaru before entering
Akagera river

Bugesera Bugesera Bugesera Bugesera Bugesera
Huye
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KEY INFORMANT INTERVIEW GUIDE
Key Guiding Questions:
1. Which inorganic fertilizers are being used?
2. How do you get fertilizers in Rwanda? Take me through the cycle from importation to
farmer.
3. Who makes the decisions on how much fertilizers are to be imported and used?
4. Who supplies and ascertains the type and quantities of fertilizer distributed?
5. Who determines which farmers should benefit from the government fertilizer subsidy?
6. What is the modality for payment for farmers for the received fertilizers?
7. What are the trends of fertilizer use and what factors explain these trends?
8. Why do you promote the use of inorganic fertilizers as opposed to alternatives like
the integrated pest management approaches - organic fertilizers, mulching and
others?
9. What are the current recommended fertilizer application rates? Are current
application recommendations adequate for present-day cropping conditions?
10. What application methods are being used by farmers? And why?
11. What is the impact of fertilizers on human/social and health environment?
12. Are there current management practices for reducing fertilizer pollution and
increasing efficiency? What are these BMP?
13. Is there a policy on fertilizer use?
14. What is the reason and basis for government insistence on maize and rice?
15. Do the farmers' wish to have a diversified crop regime?
16. What is the role of cooperatives vis-a-viz the individual farmer/household in use of
fertilizers?
17. Is the fertilizer subsidy programme being used to intensify production under the CIP or
to consolidate farmed land/crops? Isn't the programme leading to opening up of
more marshlands for crop production using fertilizers?
18. How do you communicate and educate the public on fertilizer use and handling?

FOCUSED GROUP DISCUSSION - COOPERATIVES
Key Guiding Questions:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Do you use fertilizers?
Why do you use fertilizers?
Which crops do you grow with fertilisers?
How and where do you get fertilizers from?
Which types of fertilizers do you use?
When do you apply them?
How much fertilizer’s do you apply per crop and or per hectare?
How do you know how much fertilizer to apply?
Are there any health impacts as a result of fertilizer handling and use?
Has production increased due to fertilizer use?
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11. Are there any other impacts related to fertilizer use?
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