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Abstract

Nutrient-balance assessments are valuable tools for both planning and monitoring the implemen-
tation of sustainable integrated soil fertility management strategies. The aim of this study was to
assess nutrient flows as affected by cropping systems and production niche in soils of Cyabayaga
watershed. yabayaga watershed is located in Nyagatare district, Eastern province of Rwanda.
Production niches considered are homestead fields, remote hillside fields and wetland fields. Par-
tial nutrient (N, P and K) flows were collected through a survey using MonQi structured question-
naire, administrated to a random sample of 35 farmers. There was nitrogen (N) and Potassium (K)
negative balances (-67.5 kg N ha-1 season-! and -7.7 kg K ha-! season-! respectively) whereas
phosphorous (P) balance was positive (17.4 kg P ha-1 season-1). N, P and K balances were negative
in bean, maize-bean, cassava, groundnut, maize, onion, sorghum and tomato and positive in rice,
banana and banana-bean. Highest amount of nutrients were significantly allocated in wetland
fields while allocation of nutrients in homestead fields and remote hillside fields was almost the
same. Groundnut and maize plots were experiencing highest negative nutrients balance (e.g. N
balance in groundnut plot was -40.6 N ha-! season-1). N and K balance were positive in rice and
banana plots; whilst P balance was positive in banana, bean, maize, rice and tomato plots. Partial
nutrients flow and balance from this study show that nutrient depletion is a problem in the study
area. A special attention should be put to fertility management and alternative solution for less fer-
tile soil (uplands in particular), especially for farm that have reduced land size. From this respect,
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conservation agriculture is the main farm management which could be recommended.
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1. Introduction

In Rwanda, besides agriculture’s contribution to GDP, the sector typically generates about 90% of employment
(especially for women), about 70% of export revenues and about 90% of national food need [1]. Attempts to in-
crease agricultural production and food consumption are destabilized by rapid population growth [2]. Conse-
quently, crop productivity is declining [1] [3] as a result of intensive farming, which leads to soil loss through
erosion and declining soil fertility [4]. Furthermore nutrient mining is extensive on many smallholder farms of
Rwanda and is worsened by continuous cropping, inadequate nutrient replenishment in relation to plant demand,
and high rates of soil erosion, leaching and removal of crop residues from the fields [5] [6]. As a result, soil fer-
tility has continued to decline to levels that are currently prohibitive to profitable agriculture [4].

Advancing food security and environmental sustainability in farming systems require an implementation of
integrated soil fertility management that minimize the mining of soil nutrient reserve and degradation of soil
physical and biological properties [7] [8]. Sustainability of agricultural systems is regarded as key to the devel-
opment of sustainable agriculture-management systems which is a major global concern due a number of envi-
ronmental factors [9]. Thus Integrated Soil Fertility Management (ISFM) is widespread as a strategy that can
address the complexities and peculiarities of soil fertility management on smallholder farms, help low resource
endowed farmers mitigate problems of poverty and food insecurity by improving the quantity of food, income
and resilience of soil productive capacity [10]. Nutrients flow analysis is a key to plan, implement and monitor
ISFM technologies for sustainable soil fertility management.

Studies have revealed that Rwanda has one of the most severe declining nutrient rates in Africa, with on av-
erage —54 kg N, —9 kg P and —47 kg K ha* year* [11] [12]. Without investment in land improvement, soil ero-
sion and soil fertility decline will continue, leading to low agricultural productivity and hence increased food
insecurity and reduced cash income. Nutrient-balance assessments are valuable tools for delineating the conse-
quences of farming on soil fertility as well as to assess the sustainability of agro-ecosystems and provide infor-
mation to answer the question whether changes in productivity are to be expected [13]. Furthermore such ana-
lyses help in the design of effective policy which supports improved soil fertility management by small-holder
farmers [6]. In addition, in case of imbalances, the major in- or outgoing fluxes can be identified and nutrient
management and/or land-use strategies may be adapted accordingly. In other words it is important to calculate
and monitor nutrient flows to quantify the impact of integrated nutrients management systems on soil fertility
and sustainable agricultural productivity [14]. However there are a limited number of long-term studies moni-
toring the nutrient status of soils, nutrient balances, and crop productivity in Rwanda [12]. This study assessed
partial nutrients flows in soils of Cyabayaga watershed. Partial nutrient inflows, outflows and balances, nutrients
destination and allocation at farm level in Cyabayaga watershed were determined.

2. Materials and Methods
2.1. Study Area

The study on nutrient flows within the farm was conducted in small scale farms around Cyabayaga watershed
(Figure 1). Cyabayaga watershed is located in Nyagatare district, Eastern province of Rwanda. It lies at latitude
1°22'51.6" South of the Equator and longitude 30°17' 07" East. The area lies in the low lying eastern savannah
agro-ecological zone at an average altitude of 1400 m above sea level. Rainfall ranges from 800 - 1000 mm per
annum and often erratic. The soils in this area are relatively fertile as this area is rather recently opened for cul-
tivation. According to the FAO soil taxonomy, soils of Cyabayaga watershed are dominated by Humic Ferrasols
(Deep, strongly weathered soils with a chemically poor, but physically stable soil) in upland and Vertisols (With
dark colored cracking and swelling clay) in wetland. Mixed farming system in the hillsides with large diversity
of crops e.g. beans, maize, banana, sweet potatoes, sorghum, cassava characterize the cropping systems of the
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Figure 1. Map showing the boundary of the watershed.
Source: [12].

study areas. In wetlands, rice mono-cropping is practiced. Rain-fed agriculture is practiced in the hillside whe-
reas in the wetland farmers relay both on irrigation and rain-fed agriculture. Extensive system of livestock
keeping is more important in Cyabayaga.

2.2. Methodology

Data was collected through a survey using structured questionnaire addressed to the sample of 35 randomly se-
lected farmers. Detailed information on nutrient (N, P and K) flows between and within farms was collected us-
ing the NUTMON toolbox (now known as MonQI). NUTMON/MonQI is a methodology for monitoring man-
agement and performance of small scale farming systems world-wide. Briefly, farmers were extensively inter-
viewed about their farm management practices using standardized questionnaires. The study estimated partial
nutrient balance thus it was limited on organic and inorganic fertilization as inflow. After collecting all data,
they were entered using data entry part of MonQI toolbox and after all processed to get nutrient flows. Data
were exported in Microsoft Excel which facilitates the use of pivot tables. Frequency tables were generated us-
ing Statistical package for Social Scientists (SPSS) 16 for Windows.

2.3. MonQI Toolbox Description

MonQI is a multi-scale and multi-disciplinary approach for monitoring management and performance of small
scale agricultural enterprises world-wide with the aim of improving the quality of farm management, crop pro-
duction, quality of produce, livelihoods and environment. The rational behind MonQI is that integrated moni-
toring of agricultural enterprises helps to understand these enterprises and paves the way for improvements in
social, economic, agricultural and environmental conditions. MonQI is a research framework for systematic (fi-
nancial) analysis of agricultural systems at farm level and describes the existing management situation. The me-
thodology is flexible and can be modified according to the research needs. MonQI Toolbox is a set of materials
(questionnaire, software and manuals) for the application of the methodology. MonQI monitoring and analysis
focuses on the household/farm/enterprise and the sub-activities that these include. Its results can be aggregated
from the lowest (activity) level to the higher levels such as household, village and (sub) district.

The MonQI toolbox consists of several components, three of which have been integrated into one software
program:
- Data-Entry Module (DEM)
- Background Data Module (BDM)
- Background Processing Module (BDM)

These three module make use of two databases
- Background database (BGDB), containing shared background data
- Farm database (FDB), containing the farm inventory and management data.

Information is gathered using a paper questionnaire.
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3. Results
3.1. Characteristics of Respondents

Majority of the head of households were males constituting 93.9% while 6.1% of the household were female
headed. The age of household heads ranged from 23 years to 69 years with an average age of 44 years +12.
Farmers who have attended school were 63.6% while 36.4% have not been to school. Education years ranged
from 0 year to 9 years with an average of 4 years + 3. Most of farmers keep goats, indigenous cattle and chicken.
Crossed breed cattle, ducks, pigs and sheep were also kept by few farmers.

3.2. Nutrients Input, Output and Balance in the Watershed

Results presented in Figure 2 highlight that there was an alarming nitrogen (N) negative balance (—67.5 kg N
ha ! season ) indicating that the output (Nitrogen pool through harvest and residues) was higher than the input.
There was also Potassium (K) negative balance (—7.7 kg K ha * season™?) indicating that the input was less than
the output. However phosphorous (P) balance was positive (17.4 kg P ha* season %) suggesting that the P input
was higher than the output.

3.3. Nutrients Balances in Cropping Systems

In general N, P and K balances were negative in bean, maize-bean, cassava, groundnut, maize, onion, sorghum
and tomato and positive in rice, banana and banana-bean (Table 1). In addition there was a positive P balance in
tomato while for N and K the balance was negative.

3.4. Nutrients Allocation

There was a significant difference (P = 0.016) in P allocation in different production niches (Table 2). Higher P
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Figure 2. Nutrients input, output and balance in the watershed.
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Table 1. Average N, P, K balances in cropping systems.

Cop/cropping system N (kg ha™ season™) P (kg ha* season™) K (kg ha™ season™)
Banana 4.45 1.37 3.03
Banana | Bean 9.10 5.70 30.07
Bean -14.19 27.43 —26.18
Bean | Maize —28.89 -3.22 -21.33
Cassava —-10.47 -1.25 -10.47
Groundnut —40.05 —6.38 -9.47
Homestead 1.15 0.39 1.80
Maize —40.28 47.99 —27.28
onion —4.35 -0.74 —4.86
Rice 43.30 6.12 14.65
Sorghum -17.67 —2.80 -1.42
Sweet potato -3.71 —0.86 —5.64
Tomato —38.03 1.81 —24.75

Table 2. Nutrients allocation at farm level in the watershed (kg ha * season™?).

Niche N P K
Homestead field 30.8 2.3 0.7
Remote hillside field 11 0.6 0.9
Wetland 28 9.7 18.6
F pr. 0.679 0.016 <.001
s.e.d. 24.12 2.96 2.6

was allocated in wetland (9.7 kg ha * season™*) while lower P was allocated in remote hillside fields (0.6 kg ha*
season ). Potassium allocation was very highly significantly different (P < 0.001) between production niches.
Higher K was allocated in wetland (18.6kg ha * season™*) while lower K was allocated in remote hillside fields
(0.9 kg ha * season ™). Nitrogen allocation was not significantly different (P = 0.679).

3.5. Nutrients Destination

Table 3 shows that market was the major sink of nitrogen from crops, but also the market was the major source
of nitrogen (148 kg of N). Crops, redistribution and store also constituted to the source of nitrogen with 4.55 kg
of N, 20.43 kg of N and 8.22 kg of N respectively. It was realized that livestock, crop, other, redistribution and
store were also the sink of nitrogen with 0.01 kg of N, 0.35 kg of N, 0.23 kg of N, 0.05 kg of N and 6.17 kg of N
respectively. Market was again the major source of phosphorous with 76.88 kg of P to crops, 0.18 kg of P to li-
vestock and 0.28 kg of P to store. Crop, redistribution and store were also source of phosphorous to crops with
0.85 kg of P, 2.59 kg of P and 1.18 kg of P to crops respectively. Sinks of phosphorous from crops were lives-
tock (0.20 kg of P), market (12.94 kg of P), crop (0.85 kg of P), other (0.20 kg of P), redistribution (0.58 kg of P)
and store (4.3 kg of P). The major source of potassium was market with 0.28 kg of K to livestock, 33.65 kg of K
to crops and 2.34 kg of K to store. Other sources of potassium were livestock, crops, redistribution and store.
Sinks of potassium from crops were livestock (1.16 kg of K), market (19.16 kg of K), crop (6.62 kg of K), other
(1.60 kg of K), redistribution (7.06 kg of K) and store (11.56 kg of K).
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Table 3. Nutrients destination (kg).

To
From Livestock Market Crop Other Redistribution Store
Nitrogen Livestock 0 382.17
Market 3.7 148 2.75
Crop 04 60.75 4.55 1.13 3.99 26.75
Redistribution 20.43
Store 8.22
Phosphorous Livestock 0 2.63
Market 0.18 76.88 0.28
Crop 0.2 12.94 0.85 0.2 0.58 43
Redistribution 2.59
Store 1.18
Potassium Livestock 0 4.78
Market 0.28 33.65 2.34
Crop 1.16 19.16 6.62 1.6 7.06 11.56
Redistribution 23.27
Store 3.78

4. Discussion

Rwanda, having limited land area, must increase yields per unit land area to improve its food security. Partial
nutrients flow and balance from this study show that nutrient depletion is a major problem in the study area.
There was N and K negative balances which is in agreement with most of studies carried out in Africa indicating
that balances are usually negative, suggesting potential problems of soil mining, especially for N and K; while
for P the trend is less remarkable [15]. As it has been discussed by [16] if soil nutrients are not replenished, the
supply from the available stock will decrease with time as a result nutrients imbalance will contributes to a
growing Yyield gap. Furthermore negative nutrients balances have the potential to further limit food production
for a growing population in Rwanda.

There was a significant difference in K and P balance between production niches (Homestead fields, Remote
hillside fields and wetland fields). Allocation of higher nutrients in wetland is justified by rice crop which is cul-
tivated in wetland since it is considered as a cash crop in the area. It has been discussed that farmers face mul-
tiple trade-offs when deciding on the allocation of their financial, labor and nutrient Resources [17]. According
o [18], livestock, gross margin ha*, wealth classes, agricultural niches and sites are important determinants of
partial nutrient flows and balances in Rwanda; however, farm size do not show a negative influence. Further-
more agricultural potential, farming system (choice of crops), access to resources, gross margin, size of livestock
herd and farmers resource endowment influence the magnitude and the degree to which nutrients fluxes may be
imbalanced [12].

There was N, P and K flows between farm compartments (Crop, Livestock, Market, Redistribution and Ho-
mestead) suggesting the possibility of reuse of nutrients within farming systems. Finding agreed with van Beek
[19] who observed major N fluxes between household and crops. However, findings of this study disagree with
Tittonel [20] who analyzed trade-offs between different farmers’ objectives and compared potential resource al-
location strategies to achieve them and highlighted that the allocation of N fertilizer favored the more fertile
fields located closer to the homestead, where the efficiency of N capture was greater. Tittonel [20] is in agree-
ment with Foli [21] who indicated that the location of fields, especially the distance to the farm, strongly influ-
ences nutrient inputs. Van Beek et al. [19] highlighted that the reuse of nutrients within the farm, which occur
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when nutrients pass through several farm compartments before they leave the farm via marketable products,
would lead to sustainable food production in nutrient limited production systems.

In Rwanda recent efforts have been concentrated on Crop Intensification Program (CIP), aiming at boosting
agricultural productivity through an improvement of productive inputs use, irrigation and rainwater use effi-
ciency and soil quality, nevertheless, yields remain far below potential [1]. This study suggests the adoption of
farming system strategies that promote the reuse of nutrients within farming systems such as conservation agri-
culture [22]. Farms in Rwanda, like in most of smallholder farms in sub-Saharan Africa, are highly diverse and
heterogeneous, often operating in complex socio-ecological environments [23]. This hinders the evaluation of
relations between various farm performance indicators and of consequences of adjustments in farm management
[24]. From this respect the study highlights the importance of further analysis which links hillsides and wetlands
in analyzing farm household systems in Rwanda as well as reconfiguration of farming systems to reach various
productive and environmental objectives. This study support Wasige [25] that low levels of nutrients in agricul-
tural soil raises the problem of sustainable food production in Rwanda.

5. Conclusion and Recommendations

Partial nutrients flow and balance from this study show that nutrient depletion is a major problem in the study
area. Highest amount of nutrients were significantly allocated in wetland fields which highlights the affirmation
that the value and marketability of the crops produced are therefore critical factors in the decision to invest in
soil fertility improvement. Thus farmers may not necessarily be concentrating nutrients around their homestead
because of the short distance. Rather, farmers apply nutrients in plots which they perceive to be fertile and se-
cure to produce satisfactory yields. N, P and K balances were negative in bean, maize-bean, cassava, groundnut,
maize, onion, sorghum and tomato and positive in rice, banana and banana-bean cropping systems. The results
brought the following recommendations forward: Famers in study area should adopt Integrated Nutrients Man-
agement strategies which perceived as the judicious manipulation of nutrient inputs (mineral fertilizers, organic
inputs, deposition, nitrogen fixation, sedimentation and subsoil exploitation of nutrients by deep-rooted crops or
trees), outputs (harvested or marketable farm products, residues/manures, leaching, gaseous losses, erosion and
human wastes) and internal flows. Finding of this study provides a starting point of sustainable integrated soil
fertility management strategies policies development. A special attention should be put to fertility management
and alternative solution for less fertile soil (uplands in particular), especially for farms that have reduced land size.
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