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Abstract: Enhanced livelihoods for populations, especially smallholder farmers in sub-Saharan Africa may be achieved
through improved cropping systems. We assessed the economic returns from maize grain yield and the effects of three
cropping systems on soil properties in an eight-year study segmented in cycles of two years each: continuous maize (Zea mays
L.), maize-mucuna (Mucuna pruriens var. utilis), and maize-pigeon pea (Cajanus cajan). The rainfall pattern in the study
region allows for two growing seasons per year, leading to four growing seasons per cycle. Nitrogen (N) and phosphorus (P)
fertilizer rates were imposed on maize in each system and maize grain yields and associated cash values as well as soil
properties were measured. Seeding mucuna and pigeon pea crops into maize crop in the first year did not result in maize grain
yield increases from N and P fertilizers in the subsequent year. Continuous maize system increased mean maize grain yields by
6.2 to 60.3% in the fallow year of the 2002-2003 and 2006-2007 cycles and by 5.1 to 8.2% on a cycle basis in the 2002-2003
cycles. For the remaining periods of the study, mucuna and pigeon pea based maize cropping increased grain yields by 28.6 to
47.6%, 22 to 260% and 28.3 to 136.1% in fallow year, non-fallow years and on a cycle basis, respectively, compared to yields
under continuous maize. On a cycle basis, economic returns for maize-mucuna and maize-pigeon pea based systems were
105.1 and 66.5%, respectively, higher than that for continuous maize. The mucuna and pigeon pea based systems increased the
initial soil total carbon (C) content by 55 and 69%, respectively, resulted in increases of 110 to117%, 33 to 63%, 29%, and 1617% for exchangeable Ca2+, Mg2+, K+ and total cation exchange capacity (CEC), respectively, and enhanced water stable
macroaggregates stability, compared to continuous maize. Maize mucuna and pigeon pea-based maize cropping systems with
mucuna and pigeon crops in alternate years should be advised towards sustaining enhanced profitability and improved soil
physical and chemical properties.
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1. Introduction
There is still an increasingly growing concern about the
issue of food shortages in Africa which has become a major
obstacle to the development of the continent, especially the
sub-Saharan region. During the last three decades the region
has experienced a population growth of 3.1% against a 2.1%
food production growth rate [1]. Therefore, a major challenge
for scientists, governments and other stakeholders in the
region is that food production should increase by 70% by
2050 to meet the necessary caloric requirements [2]. The
agricultural intensification is recognized as the main
opportunity to meet rising food needs [3]. In Sub-Saharan

Africa (SSA), smallholder farmers have experienced
declining yields, increasing costs of production and growing
uncertainty of producing the food needed by their families.
Major factors contributing to such uncertainty and decline in
productivity are: soil degradation, dry spells, erratic
availability of inputs particularly mineral fertilizers,
inefficient use of soil and water resources and high cost for
soil fertility improvement [4]. In addition, compounded
factors, such as poor access to financing, innovation and
markets, have caused soil mining. This situation is affecting
the livelihood of smallholder farmers in SSA. Efforts towards
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improving agricultural productions to enhancing food
security in the region should address major constraints with
focus on reversing nutrient depletion from soils, mitigating
the effect of drought spells and erosion, increasing nutrient
and water use efficiency and adaptation of improved crop
varieties. These constraints contribute to the fact that SSA is
the only continent that has grown poorer in the past 35 years
[5] and may be expected to remain primary concerns during
the coming decades with increasingly negative consequences,
unless technological, economical and socio-political
measures are taken to curtail further soil degradation and to
accelerate agricultural growth.
It is well established that soil fertility depletion in
smallholder farms is the fundamental biophysical cause for
declining per capita food production in SSA [4, 6]. There is
ample evidence that the most significant biophysical
constraint to increased production of both crops and livestock
in SSA is the poor mineral and organic content of the soils.
This constraint leads to inadequate availability of assimilated
energy, protein and phosphorus for livestock production and
not enough nitrogen, phosphorus and organic matter for crop
production [7]. Hence, there is no way out of the poverty
cycle for SSA farmers unless strong emphasis is placed on
reversing nutrient depletion and increasing nutrient and water
use efficiency for each particular farming system.
The use of low external input sustainable agriculture
(LEISA), promoted by many donors and NGOs, presumes
that organic resources are efficient in sustaining production
and the natural resource base. In most cases, however, the use
of organic inputs such as manure and composting is part of
an internal flow of nutrients within the farm and, therefore,
does not add nutrients to infertile soils. Their production is
further constrained by the same limitation as food crops
(poor soils and limited water). Also, the low availability of
manure in Africa is inadequate to meet nutrient demand over
a large area. Moreover, the low nutrient content and high
labour demands for processing and application are negative
factors limiting organic matter-based soil management.
Several studies in West Arica [4, 8-10] have reported that
cropping systems involving legume crops or short duration
planted tree fallow as a means of organic matter input
improved soil fertility and maize yields. However, such
cropping systems result in a land use based competition
between the cereal and legume crops leading in some cases to
a complete loss of the cereal cropping season. Furthermore,
questions remain about the potential of the organic matter
technology alone to sustain high maize yields [10, 11].
Several other studies [8, 12, 13] concluded that the
combined application of mineral and organic fertilizers,
together with methods to conserve organic matter may be the
most promising strategies for improving soil fertility and
sustaining maize yields. The sustainability of a cropping
system is primarily a function of both crop yield expressed in
terms of economic returns and the associated soil health
status. A quantitative characterization of complex cropping
systems that include organic inputs in terms of profitability
and soil health status is poorly established in the West Africa

sub-region.
The objectives of this research were 1) to quantitatively
evaluate three cropping systems including various organic
and inorganic nutrient inputs with regard to maize grain
yields and associated economic returns and 2) to determine
and compare the soil health status under the three systems.
The ultimate aim was to identify appropriate cropping
systems that sustain maize production and mitigate the
degradation of the resource base in coastal West Africa.

2. Materials and Methods
2.1. Experimental Site
The study was conducted at the University of Lomé
Research Station near Lomé, Togo (6°22’N, 1°13’E; altitude
= 50 m). The soil type was a rhodic Ferralsol locally called
“Terres de Barre” that developed from a continental deposit
[14]. This soil type covers part of the arable lands in Togo,
Bénin, Ghana, and Nigeria [15] and is commonly used for
maize production in coastal Western Africa. It is a welldrained soil, very low in organic matter (< 10 g kg-1) and K
(< 0.2 meq 100g-1), and has total P contents ranging from 250
to 300 mg kg-1, cation exchange capacity of 3 to 4 ceq kg-1,
and pH of 5.2 to 6.8 [15, 16]. Sand content is approximately
80% at the 0 to 0.20 m depth, and decreases to less than 60%
at the 0.50 to 1.20 m depth [17]. The experimental site has a
slope of less than 1%. Annual precipitation typically ranges
from 800 to 1100 mm and allows for two maize growing
seasons, one from April to July and another from September
to December. At the onset of this experiment, the site, which
has usually been used by farmers for unfertilized continuous
maize cropping, was under a 1-year grass fallow.
2.2. Crop and Soil Management
An eight-year period (2002-2009) split-plot experiment
was established with three replicates (Fig. 1). The eight-year
period was segmented in 4 cycles of 2 years (2002-2003,
2004-2005, 2006-2007, and 2008-2009) with 4 growing
seasons per cycle. Three cropping systems were the main plot
effects and four fertilizer levels were at the subplot level.
The site was manually plowed and 12 main plots (16 x 16
m) and 48 subplots (8 x 8 m) were laid out in a spatiallybalanced complete block design [18]. Spatially-balanced
complete block (SBCB) designs are a model-based approach
that guarantees that the experiment is insensitive to trends,
spatial correlation, or periodicity in the research domain [19].
It aims to equalize variances among treatment contrasts and
allows for conventional statistical analysis methods. The
cropping system scenarios include: (i) maize monoculture for
the four growing seasons (MaMaMaMa) of each cycle, (ii)
relay (interseeding) of a mucuna crop into the first maize
crop so that it grew from June to December for the first year;
in the second year, both the first and the second seasons were
grown to maize (MaMuMaMa and (iii) relay of a pigeon pea
crop into the first maize crop so that it grew from June to
April for the first year; in the second year, both the first and
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the second seasons were grown to maize (MaPpMaMa). The
maize cowpea-based cropping system (Fig. 1) is not
discussed in this paper because cowpea growth was
hampered by pests during the period of study.
Fertilizer treatments were applied to subplots only when
maize was grown in all three cropping systems. Four subplots
were treated with combinations of three levels of N (0, 40,
and 80 kg ha-1) and two levels of P (0 and 30 kg ha-1): N0-P0,
N40-P0, N40-P30, and N80-P30. All maize plots were fertilized
with 60 kg K ha-1. Fertilizer P and K rates were manually
broadcast as P2O5 and K2O, respectively, at maize planting
while N rates were manually point-placed as urea three
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weeks after planting at approximately 8 cm depth. Maize
(IKENNE, the most commonly used improved variety) was
planted in April and harvested in July during the first
growing season, and was planted in September and harvested
in December during the second season at a density of 50,000
plants ha-1. The crop was manually weeded three times
during each growing season. Pigeon pea and mucuna were
planted at a density of 42,000 and 35,000 plants ha-1,
respectively. Crop residues from pigeon pea (after grain
harvesting) and mucuna fallow (after seed harvesting) were
incorporated into the soil during land preparation for the
subsequent maize crop.

Figure 1. Plot layout and experimental design.
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2.3. Data Collection
At the onset of the experiment in 2002 (at maize planting
in April), initial soil properties including total C and N
contents, exchangeable bases (Ca++, Mg++, Na+ and K+),
pH and total cation exchange capacity (CEC) were measured
for the first 20 cm soil layer (0-20 cm depth) on the
experiment site from twenty four composite soil samples
using the standard methods of the International Institute for
Tropical Agriculture [20]. At the end of the experiment in
2009 (at maize harvest in December) the same soil properties
were measured on each main plot from twelve composite soil
samples as described above. In addition, at the end of the
experiment the water-stable aggregates (WSA) for the 0-10
cm soil depth from twelve composite soil samples was
measured on each main plot. In preparation for the WSA
measurement, soil samples were crushed by hand and passed
through 2000, 500, 250 and 50 µm sieve meshes. The coarse
fraction and plant residues that remained on the 2000 µm
sieve were discarded along with the fraction that passed
through the 50 µm sieve. Three fractions of soil aggregate
sizes remained: the 500–2000 µm fraction, referred to as
macroaggregates, the 250–500 µm fraction, referred to as
mesoaggregates and the 50–250 µm fraction, referred to as
microaggregates. Samples were moistened with distilled
water using a fine sprayer. A wet sieving apparatus
(Eijkelkamp Giesbeek, the Netherlands) was used to
determine the aggregate stability following the procedure
described by [21]. Wet sieving was carried out by placing the
pre-wetted soil on 500 µm mesh size for the macroaggregates,
250 µm mesh size for the mesoaggregates and on 50 µm
mesh size for the microaggregates. The sieving times were
fixed at 5, 15, 30, 60, 120 and 240 min, except that the 5 min
period was not used for the microaggregates. The aggregate
stability was expressed as the percentage of sand-free
aggregates retained on the sieve after sieving, with the initial
sample also being corrected for sand content [22]. Analysis
of variance (ANOVA) was performed on the gathered soil
chemical and physical data sets using the MSTAT-C software,
and the Student Newman-Keuls test was used to discriminate
among cropping systems.
Maize grain yield was determined under each cropping
system scenario from four 6-m long rows of maize from the

center of each subplot that were harvested and adjusted to 14%
moisture content. Due to management problems no data were
collected for 2004-2005 cycle. Maize grain yield data were
analyzed using the general linear mixed model with rep and
rep*cropping system as random, and fertilizer level and
cropping system as fixed effects. Significant effects were
followed by multiple comparisons adjusted with a Bonferoni
correction. The MIXED procedure in Statistical Analytical
System [23] was used to run the analysis.
2.4. Economic Analysis
The profitability of the MaMaMaMa, MaMuMaMa and
MaPpMaMa treatments was estimated through a partial
budget analysis. Output consisted of the amount of cash
corresponding to the maize mean grain yield for the three
cycles, which was assumed to be sold at 160 F CFA
(US$0.32) kg-1, the average sale price in the country. For
continuous maize cropping (MaMaMaMa), grain yield under
the N80P30 fertilization was used, and average yield values for
the four mineral fertilization treatments were used for the
cropping systems involving mucuna and pigeon pea
(MaMuMaMa and MaPpMaMa). The inputs consisted of the
costs associated with each cropping system, including those
for soil preparation, seed, crop planting and related tasks,
fertilizer purchase and application, crop weeding and crop
harvesting and associated tasks. Mucuna and pigeon pea
grain yield sale values and harvesting costs were not included
in the budget because mucuna grain is a non-food product
and has no sale value as seed at the farmers’ level in the
country. Pigeon pea grain is used as food mainly in rural
areas, but its sale value is not well established. No weeding
costs were associated with the mucuna and pigeon pea crops
as they were relayed into maize crops and because of their
competitive growth and ability to provide soil cover. Labor
costs were determined to be 1500 FCFA (US$3.0) per person
day, and fertilizer costs were based on prices used by the
Direction Régionale de l’Agriculture, de l’Elevage et de la
Pêche (DRAEP) (pers. comm.) Estimates of labor for maize,
mucuna and pigeon pea crops in a growing season as defined
in the MaMaMaMa, MaMuMaMa and MaPpMaMa systems
are presented in Table 1, and are based on labor records from
the experiment.

Table 1. Estimated labor associated with a season of maize, mucuna and pigeon crop under a cycle of continuous maize, maize mucuna-based, and maize
pigeon pea-based cropping systems.
MaMaMaMa

MaMuMaMa
person day ha

MaPpMaMa
-1

Soil preparation

30

0

0

Planting and related tasks

35

12

12

Weeding

90

0

0

Fertilizer application

20

0

0

Harvesting and related tasks

70

0

0

Total labor

245

12

12

367500

18000

18000

¶

§

Total labor cost (F CFA )
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Maize grain yield was not responsive to cropping system
and fertilization pattern in the first year of the study (Table 2).

3. Results and Discussion
3.1. Maize Grain Production

Table 2. Mean maize grain yields (Mg ha-1) for each growing season, year and the 2-years cycle period.
Cropping systems
Cycle 2002-2003
MaMaMaMa±
N0P0
N40P0
N40P30
N80P30
Mean
MaMuMaMa
N0P0
N40P0
N40P30
N80P30
Mean
MaPpMaMu
N0P0
N40P0
N40P30
N80P30
Mean
Cycle 2006-2007
MaMaMaMa
N0P0
N40P0
N40P30
N80P30
Mean
MaMuMaMa
N0P0
N40P0
N40P30
N80P30
Mean
MaPpMaMa
N0P0
N40P0
N40P30
N80P30
Mean
Cycle 2008-2009
MaMaMaMa
N0P0
N40P0
N40P30
N80P30
Mean
MaMuMaMa
N0P0
N40P0
N40P30
N80P30
Mean
MaPpMaMa
N0P0
N40P0
N40P30
N80P30
Mean

GST 1

Year 1
GS2

Total

GS1

Year 2
GS2

Total

Year 1 + Year 2
Total

6.1
6.3
6.3
6.5
6.3

3.7a
3.8a
3.9a
4.0a
3.8

9.8a
10.1a
10.2a
10.5a
10.1

4.5a
5.7b
5.6b
5.9b
5.4

2.5a
2.7a
2.8a
3.7b
2.9

7.0a
8.4a
8.4a
9.6b
8.3

16.8a
18.5ab
18.6ab
20.1b
18.5

6.1
6.3
6.3
6.5
6.3

§
§
§
§

6.1b
6.3b
6.3b
6.5b
6.3

6.9b
6.8b
7.0b
7.0b
6.9

4.4b
4.6b
4.3b
4.4b
4.4

11.3b
11.4b
11.3b
11.4b
11.3

17.5ab
17.9ab
17.5ab
17.9ab
17.6

6.1
6.3
6.3
6.5
6.3

§
§
§
§

6.1b
6.3b
6.3b
6.5b
6.3

6.6b
6.7b
6.6b
6.7b
6.6

3.8b
4.1b
3.8b
4.2b
4.0

10.4b
10.8b
10.4b
10.9b
10.6

16.7a
17.2a
16.7a
17.1a
17.1

2.9a
4.6b
5.0b
6.2
4.7

1.9b
1.8b
2.1b
2.6c
2.1

4.8c
6.4b
7.1d
8.8a
6.8

2.2c
3.4a
3.8a
4.0a
3.4

1.4c
1.8c
1.7c
2.5a
1.9

3.6c
5.2d
5.5d
6.5d
5.2

8.4c
11.6d
12.6d
15.3e
12.0

6.3
6.2
6.5
6.6
6.4

§
§
§
§

6.3b
6.2b
6.5b
6.6b
6.4

6.6b
6.8b
7.0b
6.9b
6.8

4.0b
4.2b
4.2b
4.4b
4.2

10.6b
11.0b
11.2b
11.3b
11.0

16.9a
17.2a
17.7ab
17.9ab
17.4

5.4
5.5
6.0
6.2
5.8

§
§
§
§

5.4b
5.5b
6.0b
6.2b
5.8

5.6b
5.6b
6.3b
6.4b
6.0

3.3b
3.7b
3.7b
3.9b
3.7

8.9a
9.3a
10.0b
10.3b
9.6

14.3e
14.8e
16.0a
16.5a
15.4

1.8c
2.8a
3.0a
4.2b
3.0

1.0d
1.2d
1.1d
1.8b
1.3

2.8e
4.0c
4.1c
6.0b
4.2

1.2d
1.5c
1.7c
3.2a
1.9

0.8d
0.9d
0.9d
1.6c
1.1

2.0e
2.5e
2.6e
4.8d
3.0

4.8f
6.5g
6.7g
10.8h
7.2

6.1
6.2
6.3
6.2
6.2

§
§
§
§

6.1b
6.2b
6.3b
6.2b
6.2

6.4b
6.3b
6.8b
6.8b
6.6

4.2b
4.3b
4.0b
4.5b
4.3

10.6b
10.6b
10.8b
11.3b
10.8

16.7a
16.8a
17.1a
17.5a
17.0

4.8b
5.0b
5.7
6.2
5.4

§
§
§
§

4.8c
5.0c
5.7b
6.2b
5.4

5.2b
5.2b
5.9b
6.2b
5.6

3.0b
3.5b
3.3b
3.7b
3.4

8.2a
8.7a
9.2a
9.9b
9.0

13.0e
13.7e
14.9e
16.1a
14.4
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Grain yield from all cropping system scenarios ranged
from 6.1 to 6.5 and 3.7 to 4.0 Mg ha-1 during the first and the
second growing seasons, respectively. The yield depression
in the second growing season as compared with the first
growing season, which was also observed during the whole
period of the study, presumably resulted from lower rainfall
(154.1 mm) compared with the first growing season (529.6
mm), similar to previous research [24]. The limited yield
response to N and P occurred primarily as a result of the high
initial soil NO3-N content (46.1 kg ha-1) and labile P content
(368.9 kg ha-1). In addition, the lack of yield response
suggests that mucuna and pigeon pea crops that were relayed
50 to 60 days after maize planting did not significantly
reduce maize nutrient use and growth. Reference [25] found
that relay of mucuna into maize 30 days after maize planting
resulted in maize yield depression due to competition, and
suggested a longer time period between the planting times of
the two crops.
In the second year, the effects of fertilizer and cropping
system and their interaction were significant. During the first
growing season under continuous maize (MaMaMaMa),
grain yield was significantly lower under N0P0 fertilization
compared with those for others (N40P0, N40P30 and N80P30,
Table 2). The lack of response to P fertilization and the
interaction between N and P presumably resulted from the
high (368.9 kg P ha-1) April 2002 soil P content. Except for
the N0P0 fertilization level under MaMaMaMa, grain yield
was similar for all fertilization levels under the three
cropping systems (Table 2). This demonstrates that the
interaction of fertilizer rate*cropping system was significant
and that nutrient restitution to soil through incorporation of
the cover crops prevented the need for additional fertilizer.
During the second growing season of the second year, grain
yields for the highest fertilization level (N80P30) under
MaMaMaMa and all fertilization levels under MaMuMaMa
and MaPpMaMa were similar (3.7 to 4.6 Mg ha-1), but higher
than the three other fertilization levels (N0P0, N40P0 and
N40P30, 2.5 to 2.8 Mg ha-1) under MaMaMaMa. This, again,
indicates that the effects of fertilization level on grain yield
varied with cropping system. In each of the two growing
seasons of the second year of the study, maize grain yields
were similar or slightly higher for MaMuMaMa and
MaPpMaMa and lower for MaMaMaMa compared to those
in the corresponding seasons of the first year (Table 2). These
results indicate that MaMuMaMa and MaPpMaMa sustained
higher maize yields at minimal mineral fertilizer rates.
In the first year of the study, two-season cumulative grain
yields for MaMaMaMa were higher (9.8 to 10.5 Mg ha-1,
Table 2) than those for MaMuMaMa and MaPpMaMa (6.2 to
6.5 Mg ha-1) because the latter did not allow for a second
maize crop. In the second year, however, yearly cumulative
grain yields were higher (10.4 to 11.4 Mg ha-1) for
MaMuMaMa and MaPpMaMa than those for MaMaMaMa
(7.0 to 9.6 Mg ha-1). On a cycle basis (2-years cumulative
value) grain yield data showed that the highest fertilization
level (N80P30) under MaMaMaMa resulted in higher yield

(20.1 Mg ha-1) than the N0P0 (16.8 Mg ha-1) and all
fertilization levels under MaPpMaMa (16.7 to 17.2 Mg ha-1,
Table 2). Except for the N80P30 under MaMaMaMa, all
fertilization levels under MaMaMaMa, MaMuMaMa and
MaPpMaMa provided similar cycle-based grain yields (16.7
to 18.6 Mg ha-1). Only significant additional fertilizer
allowed for higher yields (20.1 Mg ha-1 under N80P30) for
MaMaMaMa. On average (mean value for all fertilization
levels), annual maize grain yield in the fallow year increased
by 60.3% under MaMaMaMa as compared with yields under
MaMuMaMa and MaPpMaMa, but in the non-fallow year
yield increased by 28 and 22% under MaMuMaMa and
MaPpMaMa, respectively, as compared with yield under
MaMaMaMa. On a cycle basis, mean yield value was 5.1 and
8.2% higher than those for MaMuMaMa and MaPpMaMa,
respectively, indicating that in short term continuous maize
cropping proved superiority over maize-cover cropping based
systems.
During the first year of the 2006-2007 cycles, maize grain
yields were lowest, intermediate and highest for the N0P0,
N40P0 and N40P30, and N80P30, respectively, for the
MaMaMaMa system (Table 2), indicating that the soil
fertility has decreased and N and P effects were measurable.
However, the fertilization level did not affect grain yields
under the MaMuMaMa and MaPpMaMa systems which were
similar to the yield for the highest fertilization rate for the
continuous maize system. Unlike the 2002-2003 cycle where
the first year based cumulative yields for all fertilization
levels under the continuous maize system were
systematically higher than those under the MaMuMaMa and
MaPpMaMa systems, yearly cumulative yields were lowest
and highest under the N0P0 and N80P30 fertilization levels for
MaMaMaMa and intermediate under all levels for the
mucuna and pigeon pea based systems (Table 2). This
indicates that even with the loss of the second growing
season the latter systems challenged the continuous maize
system. During the second year of the cycle, seasonal and
annual grain yields were in general similar for all fertilization
levels under MaMuMaMa and MaPpMaMa systems, but
systematically higher than those for all fertilization levels
under the MaMaMaMa system. This suggests that continuous
cultivation contributed yield depression even at a high
mineral fertilization level. Annual mean (average value for
all fertilization levels) maize grain yield in the fallow year
increased by 6.2 and 17.2% under MaMaMaMa as compared
with yields under MaMuMaMa and MaPpMaMa,
respectively, but in the non-fallow year yields were 111.5 and
84.6% higher under MaMuMaMa and MaPpMaMa,
respectively, than mean yield under MaMaMaMa. On a cycle
basis, mean yield values increased by 45 and 28.3% under
MaMuMaMa and MaPpMaMa, respectively, as compared
with value under MaMaMaMa.
The yield results for the first year of the 2008-2009 cycle
followed similar trends as those for the second year of the
2006-207 cycle (Table 2) as described above. But during the
second year of the 2008-2009 cycles, yield depression was
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very accentuated leading to seasonal and annual values
ranging from 0.8 to 4.8 and from 3.0 to 11.3 Mg ha-1 for
MaMaMaMa and, MaMuMaMa and MaPpMaMa,
respectively. Annual mean (average value for all fertilization
levels) maize grain yield in the fallow year increased by 47.6
and 28.6% under MaMuMaMa and MaPpMaMa, respectively,
as compared with yield under MaMaMaMa, and in the nonfallow year yields were 260 and 200% higher under
MaMuMaMa and MaPpMaMa, respectively, than mean yield
under MaMaMaMa. On a cycle basis, mean yield values
increased by 136.1 and 100% under MaMuMaMa and
MaPpMaMa, respectively, as compared with value under
MaMaMaMa.
Annual mean maize grain yield results from this study
(except the first year of the experiment) agreed with those of
[26, 27] in that a mucuna cover crop may allow for similar or
higher yearly maize grain yields even if it causes the loss of
the second maize crop of the year. Such a yield increase in
the fallow year occurred during the 2008-2009 cycle of this
study at a magnitude of 47.6 and 28.6% under mucuna and
pigeon pea fallow, respectively. The magnitude of the mean
yield increase under MaMuMaMa and MaPpMaMa in the
non fallow year and on a cycle basis ranged from 27.7 to
260%, which corroborate reasonably well values ranging
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from 24 to 220% published by [28, 29].
3.2. Partial Budget Analysis
Results of the budget of inputs (total costs associated with
MaMaMaMa, MaMuMaMa and MaPpMaMa) and
corresponding outputs (cash values of maize grain yield for
the four growing seasons) are presented in Table 3.
The outputs from MaMuMaMa (2,768,000 FCFA) and
MaPpMaMa (2,496,000 FCFA) were 12.3 and 1.3% higher,
respectively, than the 2,464,000 FCFA output from
MaMaMaMa with high fertilization level (N80P30). However,
the input associated with MaMaMaMa was 28.9 and 30.1%
higher than those for MaMuMaMa and MaPpMaMa,
respectively. The balance was positive in all cases, but was
on a per hectare basis 105.1% (1,377,871 FCFA = US$2,756)
and 66.5% (1,118,871 F CFA = US$2,238) higher for
MaMuMaMa and MaPpMaMa, respectively, compared to
that (671,868 FCFA = US$1,344) of MaMaMaMa with
N80P30 mineral fertilization (Table 3). The cash value
superiority of MaMuMaMa and MaPpMaMa over
MaMaMaMa may be accentuated if other benefits such as
mucuna and pigeon pea grain values are accounted for.

Table 3. Partial budget analysis for continuous maize, maize mucuna-based and maize pigeon pea-based cropping systems.
MaMaMaMa
Output (Maize grain value)
Input (labor +seeds + fertilizer)
Labor
Seeds
Fertilizer
Balance

MaMuMaMa
F CFA ha-1
2,768,000
1,390,129
(1,120,500)
(85,000)
(184,629)
+ 1,377,871 (US$2,756)

+2,464,000
-1,792,192
(1,470,000)
(76,000)
(246,172)
+ 671,828 (US$1,344)

3.3. Soil Physical and Chemical Properties

MaPpMaMa
2,496,000
1,377,129
(1,120,500)
(72,000)
(184,629)
+ 1,118,871 (US$2,238)

to cropping system (Table 4).

Soil pH and stored total N in the soil were not responsive
Table 4. Soil properties at the onset (2002) and at the end (2009) of the experiment.
Soil Properties

Year 2002

Year 2009
MaMaMaMa

MaMuMaMa

MaPpMaMa

Chemical Properties
pH (H2O)

7.22

7.19

7.35

7.10

Total C (%)

0.71a

0.83a

1.10b

1.20b

Total N (%)

0.06

0.08

0.11

0.09

Ca++

30.75a

38.37a

64.75b

66.63b

Mg++

7.75a

7.12a

10.44b

12.62b

Na+

6.75a

5.0b

7.37a

6.75a

K+

5.63a

3.38b

7.25c

4.40b

Total CEC (cmol kg-1)

2.35a

2.00b

2.73c

2.76c

Macroaggregates

65.60a

80.40b

71.50c

Mesoaggregates

73.30

74.20

74.30

Microaggregates

97.60

97.60

97.50

Exchangeable bases (cmol kg-1)

Physical Properties
WSA240 min (%)
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Unlike continuous maize which did not improve the soil C
stock, mucuna and pigeon pea based cropping systems
enhanced carbon sequestration, leading to an increase in the
initial soil total C content by 55 and 69%, respectively.
Similarly, mucuna and pigeon pea based systems increased
soil exchangeable Ca2+ by 110 and 117%, respectively, and
Mg2+ by 33 and 63%, respectively, whiles no improvement
was observed under the continuous maize cropping (Table 4).
Continuous maize and pigeon pea based cropping systems
resulted in soil exchangeable K+ depletion by 40 and 22%,
respectively, but the mucuna based system increased
exchangeable K+ by 29%. Exchangeable Na+ was maintained
in the soil by mucuma and pigeon pea based systems, but was
depleted by 35% under continuous maize cropping. A
decrease of total CEC by 17.5% occurred under the
MaMaMaMa, but MaMuMaMa and MaPpMaMa increased
total CEC by 16 and 17%, respectively (Table 4). In a 2-years
study to assess the effect of several cover crops including
pigeon pea on soil physical and chemical properties in
Burkina Faso, [30] found that soil exchangeable Ca2+, Mg2+,
and Na+, total CEC and total C were not affected by cover
crop. This disagrees with the findings of our study which
however reasonably corroborated research results published
by [31] in that mucuna cover crop raised soil total C,
exchangeable Ca2+ and Mg2+ by 81, 14, and 28%,
respectively. Results of this study were also largely similar to
those published by [32] who used tithonia green manure and
water hyacinth compost as organic sources to restore soil
fertility and found increases in soil exchangeable Ca2+, Mg2+,
K+, Na+, and total CEC in the range of 61 to 74, 127 to 149,
172 to 187, 79 to 83 and 78 to 94%, respectively.
The stability of the mesoaggregates and microaggregates
was not affected by cropping system (Table 4). However,
65.60, 80.40 and 71.50% of the macroaggregates were water
stable under MaMaMaMa, MaMuMaMa and MaPpMaMa,
respectively. This indicates that the mucuna and pigeon based
cropping systems raised the macroaggregates stability by
22.6 and 9.0%, respectively, as compared with the continuous
maize cropping, and mucuna based system was superior to
pigeon pea based system by 12.44%. These results were
comparable to the over 60% water stable macroaggregates
found by [33] as a result in part of a mucuna cover crop, and
reasonably agreed with [34] who reported a 26% increase in
water stable macroaggregate stability due in part to the use of
compost.

provide higher grain yields when using high levels of mineral
fertilization. Maize cropping with mucuna and pigeon pea as
cover crops in alternate years proved largely more profitable in
terms of economic returns compared to continuous maize
cropping even with high mineral fertilization levels, with the
profit substantially increasing over time. Continuous maize
practice systematically induced soil degradation, but the maize
mucuna and pigeon pea-based maize cropping systems
enhanced soil physical and chemical properties, with a greater
performance of the mucuna-based system.
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