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Abstract

Soil nutrient depletion is a major constraint in agricultural development in sub-Sa-
haran Africa. A study was conducted in the Western Highlands of Cameroon to 
assess soil nutrient balance and identify household and farm characteristics in-
fluencing soil nutrient balance using the procedures outlined in the NUTMON 
Tool-box. This is based on the assessment of the stocks and flows of nitrogen (N), 
phosphorus (P), and potassium (K) through the inputs (mineral fertilizers, organic 
inputs, atmospheric deposition and sedimentation) and outputs (harvested crop 
products, residues, leaching, denitrification and erosion). The gross margin was 
estimated as gross return minus variable costs while the net farm income was 
estimated as total gross margin minus fixed costs. The nutrient budgeting results 
revealed that nitrogen mining was very common at all levels with the greatest 
mining carried out by intercropping systems which generally received little or no 
off-farm inputs. High positive nutrient balances were found in market oriented 
crops. A general picture of the study site showed that only nitrogen was deficient 
while there were surplus amounts of potassium and phosphorus. The gross mar-
gins of green peppers, leeks and onions were negative while the others were pos-
itive. Legume intercrops could significantly modify the nutrient balance and sus-
tainability in this region.

5
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5  Soil Quality Assessment of Cropping Systems

5.1	 Introduction

The depletion of soil nutrients is a major constraint to sustainable agricul-
ture (Smaling et al. 1993, 1996). Oenema et al. (2003) postulated that nutrient 
budgets of agroecosystems can be used as a tool to increase the understand-
ing of nutrient cycling, or as a performance indicator and awareness raiser 
in nutrient management and environmental policy. The rural community of 
Cameroon in general and the Western Highlands of Cameroon (WHC) in 
particular, depend nearly entirely on agricultural activities to provide food, 
feed and income. The rising demographic pressure has imposed intensive land 
use over space and time which in turn demands high amounts of off-farm in-
puts. Though some studies have been done in the forest region of Cameroon 
(Stoorvogel & Smaling, 1990), no information so far exists in the WHC. Nutri-
ent monitoring is a method that quantifies a system’s nutrient inflows and out-
flows resulting in nutrient balance which is a useful indication of soil quality. 
Soil fertility is determined through the quantification of nutrient stocks and 
flows within the production systems (Bationo et al., 1998; Deugd et al., 1998).
Nutrient balance can be determined at spatial scales ranging from field level to 
national level. A nutrient balance determined at the level of individual activi-
ties within a farm serves as a useful indicator, providing insight into the mag-
nitude of the loss of nutrients from the system and the causes for such losses, 
which ultimately enables targeted intervention. Understanding the nutrient 
balance at each crop activity level within the farm and at farm level, can pro-
vide a useful guide when planning agricultural policy decisions to sustain the 
production system at these levels. The importance of this study to elucidate 
the nutrient dynamics in the breadbasket of Cameroon (Bergeret & Djoukeng, 
1993) where no such study has been done before, cannot be overemphasized.

A nutrient balance is the difference between nutrient inputs and outflows (or 
losses). Positive balance for a particular nutrient means that the nutrient will 
accumulate in the soil while negative balance reflects the mining of the nutri-
ent concerned. Accelerated rates of nutrient loss are evidence of soil depletion 
and are unsustainable over the long term. The accumulation of high levels 
of nutrients, particularly of P and N, are also undesirable, and are associated 
with increased pollutant export in the form of leachate or runoff (P and K), 
or in gaseous form through denitrification or volatilization (N). Nutrients are 
generally taken up by the plant from the solution phase of the soil, which is re-
plenished through ion exchange, by dissolution from the solid mineral phase, 
or by mineralization of organic compounds. Some of the nutrients are usually 
returned to the soil in the form of crop residues and the remainder is removed 
from the field in the form of harvested products. Nutrients can also be lost 
through soil erosion, water runoff, soil sediment, leaching (mainly N and K) 
and volatilization (mainly N). The loss of nutrients is countered by biological 
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N-fixation, atmospheric deposition in rainfall, and the application of mineral 
fertilizers, animal manures, or compost.

Soil nutrient stocks are not static entities and studies in different parts of Af-
rica at different spatial scales show that nutrients are being depleted at alarm-
ing rates (Stoovogel & Smaling, 1990; Van der Pol, 1992; Smaling et al., 1993; 
Smaling & Braun, 1996; Smaling et al., 1997; Scoones, 2001). Nutrients are 
annually taken away in crops or lost in processes such as leaching and ero-
sion which far exceed the nutrient inputs through fertilisers, deposition and 
biological fixation (Smaling & Braun, 1996). Stoorvogel and Smaling (1990) 
estimated that 21 kg N, 2 kg P and 13 kg K were lost per ha and per year in 
southern Cameroon.

The concern for soil nutrient depletion and low soil fertility has led to the de-
velopment of several integrated soil fertility management technologies that of-
fer the potential for improving soil fertility management in Africa (Scoones & 
Toulmin, 1999). These include improved soil erosion control using living bar-
riers or micro-catchments, inoculation of grain legumes for improved N-fixa-
tion, efficient use of manure and other locally available organic materials, use 
of green manure and cover crops (Delve & Jama, 2002) and use of low levels 
of N and P fertilisers on maize and beans (Wortmann et al., 1998; Wortmann 
& Kaizzi, 1998) in eastern Uganda. The application of nutrients to croplands 
is critically important for improving crop yields and the productivity of farm-
lands, however only approximately 50% of the applied nutrients are integrated 
into plant mass. The remaining nutrients accumulate in the soil, are emitted to 
the atmosphere (NO, NH3, N2O) or water bodies as soluble components (NO3, 
PO4) or as a component of soil. Agricultural activities are a significant contrib-
utor to the substantial increase of both nitrogen and phosphorus (Smil, 2000; 
Galloway, 1998) in our environment. These increases have contributed to the 
degradation of both air and water resources. A holistic approach to tackling 
the soil fertility problem through the integration of biophysical, socio-eco-
nomic, institutional and policy factors has been proposed (CGIAR 2002). 
High input costs, inadequate knowledge of soil fertility management practic-
es, the design of cropping systems exacerbated by pests and disease problems, 
global policies on the input-out market and institutional failures are amongst 
the determinants hampering the efforts of smallholder farmers (Van Reuler & 
Prins, 1993; Hart & Voster, 2006).

To address the importance of the problems faced by smallholder farmers 
of the WHC, the present research was undertaken by employing the NUT-
MON-Toolbox to assess the nutrient balance at field (crop activity) level in the 
WHC. In addition, the study attempts to identify those household socio-eco-
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5  Soil Quality Assessment of Cropping Systems

nomic and biophysical factors which influence soil quality and agro-economic 
performance and the profitability of cropping practices. 

5.2	 Materials and Methods

Site description: The study was carried out during the first and second crop-
ping seasons in three villages: Bafou, Baleveng and Fongo-Tongo located in 
the WHC and found between the geographical coordinates of 05º 27’ - 05º 
37.62’N and 09º 57.502’ - 10º 09.544’ E (Figure 5.1). The general characteris-
tics of the farm plot studied are given in Table 5.1. Soil samples were collect-
ed from the 17 farm plotsincluded in the study and analysed using standard 
procedures.

Table 5.1
Characteristics of farms studied

Characteristics Average value (n = 17) Standard deviation

Household size 7.18 6.11

Labour units* 2.12 1.36

Distance to the market (km) 2.91 1.52

PPUs 4.41 2.92

Area cultivated (ha) 0.17 0.19

Average slope (%) 11.58 7.92

Slope length (m) 53.61 32.29

pH-KCl 3.99 0.14

Total N (g/kg) 2.38 0.45

Extractable P (mg/kg) 27.08 3.6

Exchangeable K (mol/kg) 0.39 0.26

Organic C (g/kg) 6.03 1.29

Sand (%) 16.00 14.33

Silt (%) 48.00 19.71

Clay (%) 36.00 14.89

*Adult equivalence scale = people aged 18 years or over assigned a weight of 1; children 
below 18 years assigned a weight of 0.5.
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Figure 5.1
Geographical location of research site

5.2.1	 Model description

NUTMON-Toolbox is software for monitoring nutrient flows and stock es-
pecially in tropical soils (Vlaming et al., 2001). The toolbox enables the as-
sessment of trends based on the local knowledge of soil fertility management 
and the calculation of nutrient balances. The tool is made up of a structured 
questionnaire, a database and two models (for calculating nutrient flows and 
economic parameters). The tool calculates the flows and balances of the ma-
cronutrients-N, P and K through an independent assessment of major inputs 
and outputs using the following equation. 

Net soil nutrient balance = ∑ (nutrient input) - ∑ (nutrient output). 
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This is based on a set of five inflows (IN 1 to 5 are: mineral fertilizer, organic 
inputs, atmospheric deposition, biological nitrogen fixation and sedimenta-
tion), five outflows (OUT 1 to 5 are: farm products, other organic outputs, 
leaching, gaseous losses, erosion and human excreta) and six internal flows 
(consumption of external feeds, household waste, crop residues, grazing, ani-
mal manure and home consumption of farm products) as shown in Figure 5.2.

Figure 5.2
Nutrient flow within a farm in the Western Highlands of Cameroon

Farmers’ interviews: The semi-structured questionnaire developed by Van den 
Bosche et al. (1998) was adapted to collect data from the heads of households 
of the selected farm plots. Biophysical, socio-economic and farming system 
data were collected through household interviews. Farmers gave information 
on the different production compartments, the different land uses and their 
major farm products and destinations. Nutrient flows directly related to their 
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way of farming were quantified by questioning the farmers and through di-
rect measurements on the farm or in the household. The inflows investigated 
by questioning the farmers were: the quantities of mineral fertilizers (IN 1), 
organic input such as manure (IN 2a) and organic fertilizers (IN 2b), enter-
ing the farm annually. The outflows included the quantity of crops (OUT 1a) 
and animal products (OUT 1b) leaving the farm as gifts or sales. Outflows 
measured were crop residue (OUT 2a), and animal manure (OUT 2b) leaving 
the farm. Farmers generally gave quantities in their own units, such as bun-
dles, bags and buckets, which were converted to standard metric amounts. For 
each farmer, a field survey allowed us to identify the different land uses and 
the number of plots under each land use. Areas under different land use sys-
tems were measured using a hand-held GPS (Global Positioning System). This 
helped to estimate the different yields.

Use of transfer functions: 
In this study the choice of the functions was based on studies conducted by 
Stoorvogel and Smaling (1990) on nutrient balances for sub-Saharan Africa. 
Wet atmospheric deposition was calculated from mean annual precipitation 
as follows: 

Input of N (kg/ha/yr) = 0.14 p1/2

Input of P (kg/ha/yr) = 0.023 p1/2

Input of K (kg/ha/yr) = 0.092p1/2, where p is the mean annual precipitation.

Biological nitrogen fixation (IN4) in production systems was estimated from 
the general equation: 

IN4 (N) = [(legume field area × IN4a leguminous crop) + (area other crops × 
IN4b)] [total land area]-1

IN4a is the symbiotically fixed and IN4b the non-symbiotically fixed nitrogen. 
It was assumed that 60% of the total N demand of leguminous crop (soybeans, 
groundnut and pulses) is supplied through symbiotic nitrogen fixation (Stoor-
vogel & Smaling, 1990). 

IN4a (N) = [OUT1 (N) + Fl3a (N)] 60% + [(2 + P - 1350) × 0.005] 

OUT1 (N) is the N exported in the leguminous crop, and FL3a, the quantity 
of N accumulated in crop residues.

The non-symbiotic nitrogen fixation was estimated from the function
IN4b (N) = 2 + (p - 1350) × 0.005 (Stoorvogel & Smaling, 1990)
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Sedimentation (IN5) takes place in naturally flooded irrigated areas, where 
salinisation and iodisation naturally occur. No crop was registered on flooded 
or irrigated areas in the study site. This input was thus considered negligible.
Deep capture (IN6) occurs in the presence of trees that exploit the soil layers 
below the normal root zone of crops. Intensive cultivation has eliminated such 
components in the system. This input was thus not considered in our study 
area.

Estimation of nutrient outflows not managed by farmers

Leaching below the root zone (OUT3)
In tropical soils phosphorus is tightly bound to soilparticles, and leaching in-
volves only nitrogen and potassium. The quantity of N and K annually lost (kg 
ha-1 yr-1) was estimated from the transfer functions developed by Smaling et 
al. (1993).

For N leaching the Smaling 1993 model was used:
OUT3 = (Ns + Nf) × (0.021 × p - 3.9) c < 35 percent

OUT3 = (Ns + Nf) × (0.014 × p + 0.71) 35 percent < c < 55 percent

OUT3 = (Ns + Nf) × (0.0071 × p + 5.4) c > 55 percent

Where:
Ns = amount of mineralized N in the upper 20 cm of the soil;

The mineralization rate of the site was estimated at 3% (Nye & Greenland, 
1960).

Nf = amount of N applied with mineral and organic fertilizers;

p = annual precipitation (mm/year);

c = Clay content of the topsoil (percent).

For K leaching, the Smaling 1993 model was used:
OUT3 = (Ke+ Kf) × (0.00029 × p+ 0.41) c < 35 percent

OUT3 = (Ke+ Kf) × (0.00029 × p+ 0.26) 35 percent < c < 55 percent

OUT3 = (Ke+ Kf) × (0.00029 × p+ 0.11) c > 55 percent

Where:
Ke = exchangeable K (cmol/kg);

Kf = amount of K applied with mineral and organic fertilizers;

p= annual precipitation (mm/year);

c= clay content of the topsoil (percent).
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OUT4 (gaseous losses) consists of two parts: gaseous N losses from the soil and 
gaseous N losses related to storage of organic inputs. Gaseous N losses from the 
soil are calculated as a function of the clay percentage and the precipitation:

OUT4 = (Ns + Nf) × (-9.4 + 0.13 × c + 0.01 × p)

where:
Ns = mineralized N in the rootable zone (kg/ha);

Nf = N applied with mineral and organic fertilizer (kg/ha);

c = clay content (percent);

P = mean annual precipitation (mm/year).

Gaseous losses for N were calculated as:

N = Soil N + Fert N * (-9.4*0.13*clay%+0.01p) 

where

N 	 = 	 gaseous losses (kg/ha/yr) 
Soil N 	= 	 Mineralizable N in the upper 20 cm of the soil profile
Fert N	= 	 Mineral or organic fertilizer 
Clay%	= 	 the clay content of the upper 20 cm of the soil profile
p	 = 	 the mean annual precipitation. 

Gaseous losses from animal dejections: (OUT 4b).
None of the farmers in the study area depended on animal production. As 
such animal dejections were not significant in the system. Gaseous losses from 
animal dejections were therefore assumed to be negligible.

OUT5 (erosion) was calculated using the USLE. A hypothetical soil loss per 
Farm Section Unit (FSU) was calculated based on slope, slope length, rainfall, 
soil characteristics and the presence of soil conservation measures. For each 
Primary Production Unit (PPU) or crop activity, the hypothetical soil loss (in 
kilograms per hectare per year) was multiplied by a crop cover factor, the nu-
trient content of the soil and an enrichment factor.

OUT 6 represents human faeces. 

Nutrient balance
The NUTMON software quantifies nutrient flows in three ways: through the 
use of primary data, estimates and assumptions. Nutrient balances were quan-
tified using the in-built transfer functions, equations and assumed values. 
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To distinguish between primary data and estimates, two different balances were 
calculated: the partial balance at farm level (IN1 + IN2) - (OUT1 + OUT2) made 
up solely of primary data and the full balance (ALL IN - ALL OUT) made up of a 
combination of the partial balance and the immissions (atmospheric deposition 
and nitrogen fixation) and emissions (leaching, gaseous losses, erosion losses 
and human excreta) from and to the environment.

The quantified economic flows reveal the profitability of farming activities 
(Vlaming et al., 2001). Economic performance indicators were calculated at 
both activity level (crop) and farm household levels. The main indicators at ac-
tivity level were gross margins (gross return minus variable costs) and net cash 
flows (cash receipts minus cash payments) per unit area. At farm household lev-
el, net farm income (total gross margin minus fixed costs) and family earnings 
(net farm income plus off-farm income) were the important indicators.
Correlation analysis, means, standard deviations and standard errors were cal-
culated using the SPSS version 13.

5.3	 Results

5.3.1	 Description of the cropping system of sampled farmers based 
	 on interviews

The primary production units (PPUs) were sole cropping of vegetable crops 
practiced on fields generally between one and five kilometers from the home-
stead with the principal crops being potatoes (Solanum tuberosum), cabbag-
es (Brassica sp), carrots Daucus carota), leeks (Allium porrum), onions (Alli-
um cepa) and beetroots (Beta vulgaris), and intercropping around the homes. 
Multiple cropping was practiced on farms a few kilometers from the home-
stead with different combinations of maize (Zea mays), beans (Phaseolus vul-
garis), potatoes (Solanum tuberosum), yams (Dioscorea spp), aroids (Xanthoso-
ma sp and Colocasia sp) bananas and plantains (Musa spp). The intercropping 
systems identified from the sample of farmers were: 
1	 Beans + maize + potato (BMP), 
2	 Beans + maize (BM), 
3	 Beans + maize + potato + yam (BMPY) and 
4	 Maize + potato (MP). 

Crop activities are predominant during the rainy season (mid-March to 
mid-November) and irrigation by gravity is used by some farmers during the 
off-season (mid-November to mid-March). Livestock or Secondary Produc-
tion Unit (SPU) activities were uncommon with the farmers included in the 
nutrient balance study. 
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The identified nutrient flows into the farms in the research site were min-
eral fertilizersmostly 20.10.10 and urea (IN 1), off-farm chicken dung (IN 
2), atmospheric deposition (IN 3), biological nitrogen fixation (IN 4a) and 
non-symbiotic nitrogen fixation (IN 4b). The only source of on-farm organic 
input were crop residue left after harvest which were directly recycled into the 
farm by incorporation during land preparation. A few farmers made compost 
around their homes used in home-gardens. In some cases the crop residues 
were burned and the ash exploited as organic input. Outflows from the farm 
included, crop uptake (OUT 1), removal in crop residue (OUT 2), gaseous loss 
(OUT 4), and erosion losses (OUT 5).

5.3.2	 Nutrient balance at crop activity (PPU) level

The quantified nutrient balance at crop activity level (PPUs) using NUT-
MON-Tooolbox are presented in Tables 5.2A, 5.2B and 5.2C for nitrogen, 
phosphorus and potassium respectively.

Table 5.2
NUTMON-Toolbox generated results.

A	 Average nutrient balance for Nitrogen for the different PPUs

Flows (kg) Partial
balance

Full
balanceInputs Outputs

IN1 IN2 IN3 IN4 OUT1 OUT2 OUT3 OUT4 OUT5 (kg/ha/yr) (kg/ha/yr)

Nitrogen

PPU1 Beetroot 
(.04 ha)

1.25 1.18 0.11 0.05 -1.31 0.00 -0.83 -0.18 -1.24 11.44 -49.96

PPU2 Green 
pepper 
(0.29 ha)

51.50 22.44 0.95 0.37 -1.19 0.00 -91.14 -25.36 -19.42 254.49 -216.35

PPU3 Leek 
(0.21 ha)

11.00 15.11 0.41 0.21 0.00 -3.75 -9.35 -2.32 -1.83 208.11 151.95

PPU4 cabbage 
(0.09 ha)

13.33 19.50 0.13 0.12 -27.05 0.00 -22.39 -5.70 -3.39 132.29 -118.15

PPU5 carrot 
(0.08 ha)

10.56 6.01 0.27 0.15 -1.04 0.00 -27.29 -7.80 -6.66 1077.91 552.56

PPU6 Onion 
(0.01 ha)

20.00 8.73 0.64 0.32 -5.65 0.00 -49.99 -15.85 -9.37 115.25 -183.89

PPU7 Potato 
(0.19 ha)

27.21 6.31 0.48 0.31 -1.23 -0.03 -43.75 -13.14 -5.59 337.20 -96.25

PPU8 Tomato 
(0.14 ha)

77.63 4.73 0.09 0.06 -21.74 0.00 -33.35 -9.28 -0.57 939.65 382.54
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PPU 9 BMP 
(0.15 ha)

5.82 3.61 0.64 2.46 -2.51 -1.76 -40.49 -19.46 -94.13 49.44 -697.57

PPU10 BM 
(0.07 ha)

2.30 1.29 0.19 1.51 -3.50 -0.59 -15.44 -5.48 -11.82 22.58 -572.69

PPU 11 BMPY 
(0.12 ha)

5.10 3.89 1.12 2.51 -5.04 -1.14 -46.84 -30.60 -65.10 -6.36 -640.19

PPU12 MP 
(0.04 ha)

5.00 1.01 0.10 0.05 -0.17 -0.01 -14.14 -5.00 -7.39 144.87 -509.78

B  Average nutrient balance for Phosphorus for the different PPUs

Flows (kg) Partial
balance

Full
balance

IN1 IN2 IN3 IN4 OUT1 OUT2 OUT3 OUT4 OUT5 (kg/ha/yr)  (kg/ha/yr)

Phosphorus

PPU1 Beetroot 
(.04 ha)

0.28 0.31 0.02 0.00 -0.22 0.00 0.00 0.00 0.00 6.79 7.49

PPU2 Green 
pepper 
(0.29 ha)

4.40 5.87 0.16 0.00 -22.50 0.00 0.00 0.00 0.00 -42.77 -42.23

PPU3 Leek 
(0.21 ha)

1.65 3.95 0.07 0.00 0.00 -2.89 0.00 0.00 0.00 16.02 16.46

PPU4 cabbage 
(0.09 ha)

2.93 5.10 0.02 0.00 -2.12 0.00 0.00 0.00 0.00 89.88 90.10

PPU5 carrot 
(0.08 ha)

2.32 1.57 0.04 0.00 -0.43 0.00 0.00 0.00 0.00 256.54 256.87

PPU6 Onion 
(0.01 ha)

4.40 1.93 0.11 0.00 -1.09 0.00 0.00 0.00 0.00 25.70 26.21

PPU7 Potato 
(0.19 ha)

5.79 1.66 0.08 0.00 -0.37 0.00 0.00 0.00 0.00 75.18 75.63

PPU8 Tomato 
(0.14 ha)

16.50 1.24 0.01 0.00 -1.81 0.00 0.00 0.00 0.00 218.98 219.17

PPU 9 BMP 
(0.15 ha)

1.28 0.65 0.11 0.00 -0.41 -0.17 0.00 0.00 -0.01 12.06 12.63

PPU10 BM 
(0.07 ha)

0.23 0.21 0.03 0.00 -0.72 -0.09 0.00 0.00 0.00 -0.86 -0.36

PPU 11 BMPY 
(0.12 ha)

1.66 0.71 0.18 0.00 -1.02 -0.14 0.00 0.00 -0.01 0.78 1.70

PPU12 MP 
(0.04 ha)

1.10 0.27 0.02 0.00 -0.05 0.00 0.00 0.00 0.00 32.68 33.05
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C  Average nutrient balance for Potassium for the different PPUs

Flows (kg) Partial
balance

Full
balance

IN1 IN2 IN3 IN4 OUT1 OUT2 OUT3 OUT4 OUT5 (kg/ha/yr)  (kg/ha/yr)

Potassium

PPU1 Beet-
root 
(0.04 ha)

0.52 0.29 0.07 0.00 -1.46 0.00 -0.01 0.00 0.00 -41.63 -38.97

PPU2 Green 
pepper 
(0.29 ha)

8.99 5.59 0.62 0.00 -30.00 0.00 -0.12 0.00 0.00 -53.93 -52.20

PPU3 Leek 
(0.29 ha)

3.11 3.78 0.27 0.00 0.00 -0.56 -0.06 0.00 0.00 29.21 30.75

PPU4 cab-
bage 
(0.09 ha)

5.53 4.94 0.09 0.00 -22.85 0.00 -0.07 0.00 0.00 -138.68 -138.68

PPU5 carrot 
(0.08 ha)

4.38 1.50 0.18 0.00 -3.32 0.00 -0.04 0.00 0.00 292.00 290.61

PPU6 Onion 
(0.01 ha)

8.30 2.38 0.42 0.00 -7.25 0.00 -0.08 0.00 0.00 16.37 18.04

PPU7 Potato 
(0.17 ha)

10.92 2.05 0.32 0.00 -2.04 -0.02 -0.10 0.00 0.00 123.43 124.15

PPU8 Toma-
to (0.14 ha)

31.12 1.18 0.06 0.00 -14.50 0.00 -0.27 0.00 0.00 334.08 331.30

PPU 9 BMP 
(0.15 ha)

2.42 1.51 0.42 0.00 -1.23 -1.04 -0.02 0.00 -0.01 17.59 19.79

PPU10 BM 
(0.07 ha)

0.43 0.64 0.13 0.00 -1.27 -0.19 -0.01 0.00 0.00 6.00 8.02

PPU 11 
BMPY 
(0.12 ha)

2.46 0.92 0.73 0.00 -2.03 -0.62 -0.02 0.00 -0.01 -2.54 1.16

PPU12 MP 
(0.04 ha)

2.07 0.50 0.06 0.00 -0.23 0.00 -0.02 0.00 0.00 58.18 59.27

The only positive full balances were observed with leek (PPU3), carrot (PPU 
5) and tomato (PPU 8) for nitrogen. The highest negative full balance for 
nitrogen was observed with mixed intercropping of bean, maize and potato 
(PPU 9). All the intercropping systems showed high negative full balance for 
nitrogen. For phosphorus, the highest positive full balance was observed with 
carrot (PPU 5) and the lowest positive was observed with the beetroot (PPU 
1). The highest negative full balance for phosphorus was observed with green 
pepper (PPU 2). For potassium, the highest positive full balance was observed 
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with mixed intercropping of maize and potatoes (PPU 12) and the lowest pos-
itive full balance was observed with the intercropping of beans, maize, potato 
and yams (PPU 11). The highest negative full balance was observed with cab-
bage (PPU 4). With the partial NPK balances, except for the mixed intercrop-
ping system of beans, maize, potato and yams, all the others were positive for 
nitrogen while the partial balances for phosphorus and potassium followed 
trends similarto the respective full balances.

5.3.3	 Nutrient balance for the research area:

With regard to the average results of the research site, the full balances were 
positive for potassium and phosphorus, which are less susceptible to loss and 
negative for nitrogen while the partial balances were positive for all three (Ta-
ble 5.3). 

Table 5.3
NUTMON-Toolbox generated average farm-level nutrient budget (kg/ha/yr) for the 
study site

Types of flow N P K

Farmer managed

IN1: Mineral fertilizers 126.25 24.95 47.07

IN2a: Organic fertilizer 57.71 14.82 16.57

IN2b: Grazing 0.00 0.00 0.00

OUT1: Farm products -28.10 -9.32 -32.92

OUT2a: Farm residues -4.62 -2.31 -1.34

OUT2b: Grazing 0.00 0.00 0.00

Partial budget 1 151.25 28.14 29.38

Not farmer managed

IN3: Atmospheric deposition 2.91 0.48 1.91

IN4: Biological N fixation 4.60 0.00 0.00

OUT3: Leaching 210.57 0.00 -0.48

OUT4: Gaseous losses from the soil -66.07 0.00 0.00

OUT5: Erosion -65.83 -0.01 -0.01

Partial budget 2 -334.96 0.47 1.42

Total Budget -183.71 28.61 30.80
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Table 5.4 shows the yield and gross margin of the principal vegetable cash 
crops of the WHC.

Table 5.4
Yield and gross margin of the principal vegetable cash crops

Crop Yield (kg/ha) S.E. Gross margin (US$/ha)1 S.E

Beetroot 4269.48 1412.34 42666.67 42666.67

Green pepper 988.91 663.34 -5617.82 6365.82

Leek 8364.75 3588.25 -3631.30 2749.11

Cabbage 7632.37 3016.41 1699.91 2046.87

Carrot 1992.52 584.49 1019.27 562.95

Onion 2274.28 605.24 -2910.39 1713.99

Potato 1319.09 204.64 69140.11 51709.27

Tomato 2619.87 1636.65 269.34 587.63
1 1 USD is approximately 500 FCFA

There were great variations in the yield and gross margin data and three of the 
crops cultivated showed negative gross margin values.

5.3.4	 Household economics and farm characteristics

Table 5.5 shows the significant relationships between household economic 
and farm characteristics.

Table 5.5
Main significant correlations (Pearson) of household economic and farm characteristics

Characteristic Positive correlation Negative correlation

Farm N balance (kg/ha/yr) Farm slope (%) (r = -0.67, r<0.01)

Farm P balance (kg/ha/yr) Net farm income (US$) (r = -0.25, p<0.05)

Farm K balance (kg/ha/yr) Total farm area (ha) 
(r = 0.55, p<0.05)

Farm slope (%) (r = -0.53, p<0.05)

There was a significant relationship between household economic character-
istics and soil nutrient balance and also between farm characteristics and soil 
nutrient balance (Table 5.5).
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5.4	 Discussions

The nutrient balance results showed that adequate attention was given by the 
farmers to nutrient management of vegetable cash crops of the area. Similar 
results for market oriented crops were also noted by Surendran et al (2005). 
However De Jager et al. (1998) found a more negative N and K balance for 
higher market oriented crops in Kenya. Negative full balances for all three nu-
trients were seen with green beans and the bean+maize+potato+yam (BMPY) 
mixed intercropping system, implying that the amount of nutrients applied in 
these systems were sub-optimal. All three nutrients had positive balances with 
leek, carrot and tomato production. Such a situation needs to be checked be-
cause of the risk of environmental pollution, habitat destruction and the risk 
to human health and welfare (Hode, 1993).

As the yield-determining nutrient in most farming systems, adequate, but 
not excessive amounts of N are needed to sustain yields and contribute to the 
maintenance of soil organic matter (Goulding et al., 2008).The net negative 
nitrogen balance for the research site could be attributed to the high outflow 
of N through harvested products, crop residues, losses from manure, leaching 
and gaseous loses as reported by Kroeze et al. (2003). Increasing the N fertiliz-
er rates for crops grown, use of slow N release fertilizers or use of urease/nitri-
fication inhibitors to improve Nitrogen Use Efficiency (NUE), growing insitu, 
incorporation of green manure during the fallow period to contain leaching 
losses that take place and the incorporation of organic manure to recycle nu-
trients in order to improve soil fertility, are the possible options to mitigate the 
negative N balance (Vos et al., 2000). Nitrogen Use Efficiency canbe improved 
by applying the necessary nutrients in the correct amounts at the correct times 
(Krupnik et al., 2004). The nitrogen uptake of the bean intercropping systems 
(BMP, BM and BMPY) was greatly influenced by the atmospheric nitrogen fix-
ation (IN4) of the bean component. Traditionally, legumes have been viewed 
as excellent sources of N in agriculture (Kinzig & Socolow, 1994).

Nitrogen and potassium balances were found to be negatively influenced by 
the steepness of the farm slope similar to the findings of Schwab et al. (1993). 
Increasing population has resulted in farming of vulnerable areas like steep 
slopes. Practices like terraces and contour ploughing can help remedy the sit-
uation.

Full and partial balances of P were positive. This positive balance was mainly 
due to the optimal use of P fertilizers and the absence of pathways of losses of 
P other than crop uptake (OUT 1) and loss in crop residues (OUT 2). Use of 
P solubilizing (Phospho-bacteria) and mobilizing (VAM) microorganisms as 
biofertilizers could improve the utilization of native soil P in such situations of 
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P fertility buildup in soil (Debnath & Basak, 1986). The popular view that P is 
strongly held in soils has resulted in the build-up of excessive P levels in some 
soils, resulting in enhanced leaching (Heckrath et al., 1995). Even where soil 
Plevels are at or near the optimum, the loss by erosion of small amounts of P 
adsorbed on sediments or insolution can trigger the eutrophication of fresh-
waters (Leinweber et al. ,2002). In this study, the household net farm income 
was negatively related to the soil phosphorus balance. This result is different 
from those of De Jager et al. (1998) who found that household net farm in-
come showed no relation with the nutrient balance in three districts in Kenya.

Full and partial balances for K were also positive indicating an absence of de-
ficiency in the study area. Similar results were found in the humid forest of 
Cameroon by Ehabe et al. (2010). Crop uptake of K is usually as much as N up-
take and sometimes higher, as in the case of roots and tubers. There appear to 
be nohealth or environmental problems associated with K leaching and there 
are no gaseous emissions(Goulding et al., 2008). However, over fertilization 
with potassium can induce a magnesium deficiency and also cause a loss of 
soil structure (Goulding & Annis, 1998). While the total farm area cultivated 
was positively correlated with the K balance in this study, De Jager et al. (1998) 
found in their study that the the cultivated area had a negative correlation with 
the level of nutrients leaving the farm through agricultural products sold.

The yields of the principal vegetable cash crops of the study area showed very 
high variations and the negative gross margins of green pepper, leek and onion 
indicated that either they were not profitable or that the cropping practices 
were not adequate. The negative gross margin of green pepper could be linked 
to the fact the cropping practices resulted in negative balances in all the three 
nutrients studied. Generally one of the causes of the low profit obtained by the 
farmers is due to widespread problems in the market and improving the re-
lationship between farmers and buyers could contribute to a better economic 
situation for the farmers (Schipmann & Qaim, 2011).

5.5	 Conclusion and recommendations

Resource flows and nutrient balances from this study show that soil nitrogen 
depletion is a major problem in the study area. Nutrient mining is more in-
tense in the intercropping production system of the smallholder farmers in 
WHC but the inclusion of legume crops in the intercropping system alleviates 
the situation. Harvesting of crops for food and for sale and soil erosion are the 
most important sources of nutrient mining in the crop production systems. 
Therefore attempts to correct the imbalance need to address these and oth-
er socio-economic factors. Given the high costs of fertilizers, the recycling of 
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kitchen residues, animal dejections and/or human faeces, and intensified use 
of legume as intercrops could significantly modify the nutrient balance and 
the sustainability of the systems. There exist findings that support the fact that 
intercropping enhances sustainable plant production (Ledgard, 2001; Aggar-
wal et al., 2002). There is good evidence that adding organic matter and ferti-
lizers together improves NUE, as nutrients are held by the microbial biomass 
but that the microbial biomass plays animportant role in facilitating nutrient 
loss from soils insome situations (Turner & Haygarth, 2001). In research re-
ported by Olesen et al. (2004), cover crops that reduced fertilizer N require-
ment by 27 kg/ha K1 and increased NUE from 42 to 52%, found however, that 
nitrate leaching increased by 14 kg/ha.

The magnitude of nutrient mining as a result of crop harvests in Africa is 
huge. Net losses of about 700 kg N. 100 kg P and 450 kg K per hectare during 
the past years have been estimated for 100 million ha of cultivated land which 
is the fundamental biophysical reason for the declining food production in 
smallholder farms in Africa (Sanchez et al., 1995; Smaling, 1993). Research 
findings have shown that leguminous trees in alley cropping systems can pro-
duce up to 20 t/ha/yr dry matter of prunings, containing as much as 358 kg 
N, 28 kg P, 232 kg K, 144 kg Ca, and 60 kg Mg (Young, 1989; Szottet al., 1991, 
Bowen, 1984), more than enough to meet most crop requirements. There exist 
many types indigenous soil enriching species such as Tephrosia sp and Sesba-
nia sp including some recently introduced species in the WHC such as Leucae-
na sp, Calliandra sp and Crotalaria sp which if well managed, can significantly 
substitute chemical input in the system, prevent leaching, erosion and provide 
deep capturing of nutrients.

This study is one of the first attempts to create a database on nutrient balance 
studies in the WHC, providing a useful guide to policy makers, extension spe-
cialists and farmers alike in dealing with nutrient management.
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