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Abstract: The evolution of the mulch produced by Stylosanthes guianensis and its contribution to the
production of a subsequent maize crop were assessed in a field experiment at Touboro in Northern Cameroon.
Biomass production of S. guianensis was previously studied using a randomized complete block design (RCBD)
with four replicates. The experimental setting was transformed into a split  plot  design  with  four  replicates
the following year for the study of the evolution of the mulch (quantity, C and N contents) and its  residual
effects on a maize crop. The main factor was the combinations of organic fertilizer (0 or 6 t ha  of cow dung1

dust) with mineral fertilizer (0, 50, 100 or 150% of the recommended mineral fertilizer rate) as applied in 2009/2010
on S. guianensis. The secondary factor was the mineral fertilizer applied to maize (50 or 100% of the
recommended rate), in 2010/2011. The mulch of S. guianensis decreased by 7.9 t ha  during the observation1

period (90 days) with the release of about 3.9 t C ha  and 104 kg N ha  in the agro-ecosystem. Due to little1 1

residual amounts of mulch at the end of the season, it suggested a two year rotation when using S. guianensis
as cover crop. Average grain yield is 3690 kg ha  without mulch and 5592 kg ha  in the presence of mulch.1 1

Increasing mineral fertilizer from 50% to 100% resulted to a yield increase of 19% and no fertilizer reduction is
recommended on maize following S. guianensis. There was a significant residual effect of the simple
superphosphate applied to the cover crop on the succeeding maize crop. Further studies are needed in order
to determine the optimal fertilizer rates of maize following S. guianensis in Northern Cameroon.
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INTRODUCTION The DMC advised by the Projet de Conservation des

The direct seeding mulch-based cropping systems conservation agriculture: minimum mechanical soil
(DMC) recently introduced in Northern Cameroon has the disturbance, permanent organic mulch covering of the soil
potential to restore soil fertility, increase soil productivity and diversified crop rotations along with profitability at
and crop performance [1]. In those systems, cover crops the farm level [1, 3, 4]. Although DMC would prefer the
such as Stylosanthes guianensis are solely  grown  the use of slow decomposing cover crops,  emphasis is put
first  year  and  in the succeeding year crops of interest on fast growing legumes for lush growth and fertility
like maize are planted on the established settlement. enhancement due to their potential fertility increase
However, in the absence of any assessment, the same through N -fixation [5, 6]. Mulch from the cover crops is
fertilizer recommendations for conventional systems strategically located at the soil–atmosphere interface and
would be applied by default to DMC [2]. acts  both  as soil  protector  and  as  soil  amendment;  it

Sols au Nord Cameroun rely on the main principles of
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thereby affects soil conservation, soil ecology, crop yield
and environment [3]. Overall, the use of cover crop
mulching can imply significant yield advantages for
subsequent crops if it  can  be  successfully  maintained
[6, 7].

Mulch retention levels are determined by the
production of vegetative biomass and its subsequent
loss. Loss of biomass as prospective mulch material
encompasses biomass weathering (natural processes
such as decomposition and removal by water and/or
wind),   extraction,    burning    and    incorporation  [3].
The vegetative mulch material can be either dead or alive.
It can be produced ex or in situ, depending upon the
purpose. The option retained in Northern Cameroun is in
situ mulch with a temporal separation between its
production and use. The amount of biomass needed to
achieve the minimum soil cover of 30% varies per option,
depending upon factors such as mulch source and
management practices [3]. The minimum amount of mulch
recommended for effective DMC in Northern Cameroon is
7.5 t ha  [2]. Biomass production of S. guianensis1

obtained in previous observations ranged between 9.7
and 13.6 t ha  [5]. Up to 23 t ha  were obtained under1 1

more favourable conditions [8].
Crop residue  mulch   levels  are  typically  low in

sub-humid to semi-arid areas due to the combined result
of limited residue production, substantial weathering,
alternative residue use and/or incompatible crop
management practices. Cover crops mulch protects the
soil against erosion, reduce water runoff, increase soil
water infiltration and maintain conditions favourable to
biological activity [1, 9]. The decomposition and
mineralization of the mulch ensure a regular release of
nutrients that can be used by planted crops [4]. 

In DMC, the influence of the preceding crop includes
the fertilizer residual effects and those resulting from the
presence of mulch. These may suggest a revision of the
fertilizer rates, especially for crops following leguminous
cover crops in rotations [5]. In Northern Cameroon, there
is a lack of information on the contribution of cover crops
to the yield of succeeding crops and eventual fertilizers
adjustments that they can provide. The objective of this
study was to assess the evolution of the mulch produced
by S. guianensis the seeding year and its contribution to
a subsequent maize crop in Northern Cameroon.

MATERIALS AND METHODS

Experimental Site: Experiments were conducted in
2009/2010 and 2010/2011 on the field station of the
Institute  of    Agricultural     Research    for  Development

Table 1: Results for the analyses of soil and cow dung dust used in the
experiment

Values for soil Values for
Characteristics characteristics cow dung dust 
Texture (%)
 Sand 45
 Silt 29
 Clay 26
Acidity
pH-water 5.22 5.77
pH-KCl 4.40 5.00
Organic matter
Organic carbon (%) 1.60 2.30
Organic matter (%) 2.76 3.95
Total N (g/kg) 1.54 1.58
C/N 10 14
Exchangeable cations (meq/100g)
Calcium 2.29 2.23
Magnesium 0.98 1.38
Potassium 0.68 0.74
Sodium 0.04 0.18
Sum of cations 4.01 4.53
Exchangeable acidity (meq/100g)
H+Al (AE) 0.08
Al 0.06
H 0.02
Exchange capacity (méq/100g)
Effective CEC 4.17 4.53
S/CECE (%) 96 100
CEC pH7 14.18 18.45
Base saturation (%) 29 27
Available phosphorus
Bray II (mg/kg) 109.06 88.21

(IRAD) at Touboro, in Northern Cameroon. Geographical
coordinates of the centre of the experimental plots are
N07°48 and E15°20. Records of rainfall were 1152 mm and
911 mm, in 2009 and 2010, respectively. Soil characteristics
as determined by Laboratory analyses are presented in
Table 1.

Plant Material: Seeds of S. guianensis were supplied by
the Projet de Conservation des Sols au Nord Cameroun.
Their germination percentage was 23%. The maize variety
that was used as second crop in the rotation is CMS 8501,
developed by IRAD. Its yield potential is 5 to 6 t ha 1

under optimal growing conditions and the duration of its
cycle is 105 days.

Treatments: Treatments were the 16 combinations of the
fertilizers used in 2009/2010 and 2010/2011. In 2010/2011,
treatments were the two rates of mineral fertilization
consisting of 50% or 100% of the recommended rate.
These  treatments  superseded those used in 2009/2010 on



World J. Agric. Sci., 9 (1): 73-79, 2013

75

Table 2: Amounts of nutrients corresponding to the different treatments applied in 2009/2010 on S. guianensis and in 2010/2011 on maize.
Fertilization applied Fertilization on maize Amounts of nutrients
on S. guianensis in 2009/2010 in 2010/2011 (kg ha )1

--------------------------------------------------------------------------- ------------------------------ --------------------------------------------------------------
Simple super phosphate Mineral fertilizer (% of

No. Cow dung dust (t ha ) (% of recommended rate*) recommended rate**) N P O K O1
2 5 2

1 0 0 50 33.5 4 6
2 0 0 100 67 8 12
3 0 50 50 33.5 22 6
4 0 50 100 67 26 12
5 0 100 50 33.5 40 6
6 0 100 100 67 44 12
7 0 150 50 33.5 58 6
8 0 150 100 67 62 12
9 6 0 50 43 6.4 6.4
10 6 0 100 76.5 10.4 12.4
11 6 50 50 43 24.4 6.4
12 6 50 100 76.5 28.4 12.4
13 6 100 50 43 42.4 6.4
14 6 100 100 76.5 48.4 12.4
15 6 150 50 43 60.4 6.4
16 6 150 100 76.5 64.4 12.4
*: The recommended fertilizer rate for S. guianensis is 200 kg ha  of simple super phosphate.1

**: The recommended fertilizer rate for maize is: 100 kg ha  of 21-08-12-5-1 (NPKSB) + 100 kg ha  of urea + 4 kg ha  of ZnSO .1 1 1
4

the cover crop S. guianensis. They consisted of the eight preceding cover crop. Due to mulch thickness, it was
combinations of four mineral and two organic fertilizer necessary to open sowing lines with a cutlass. Maize was
rates. The mineral fertilizer rates were 0, 50, 100 or 150% of double seeded and left at a final density of 50,000 plants
the recommended rate on S. guianensis (200 kg ha  of ha . The few weeds coming out were hand  removed.1

simple super phosphate). The organic fertilizer rates were Half of the fertiliser rates were applied at planting and the
0 or 6 t ha of cow dung dust. Nutrients provided by the rest at the beginning of maize exponential growth.1

16 treatments are indicated in Table 2.

Experimental Design: In 2009/2010, the experimental obtained from the two central rows of experimental units.
setting was a randomized complete block  design  with The plant materials were oven dried at 70°C until constant
four replicates. There were a total  of  32  experimental weight.
units of 4 m x 15 m. In addition to those, units ploughed
and not covered by mulch were set-up in adjacent Mulch Dry Weight and Organic Carbon and Nitrogen
alignment to  each  block  for the sake of comparison. Contents: Mulch dry weight was  estimated  from
Data from these units were not included in the analysis subplots of 20 x 20 cm three times during the season from
but used for discussion. In 2010/2011, experimental units June 22  and subsequently at 45-days-intervals. Mulch
were split into two (for a total of 64), to receive the samples from the field were oven dried at 70°C and
appropriate treatments. The experimental design was weighted. They were then analyzed for organic carbon
therefore a split plot with four replicates. The main factor using the Walkley and Black procedure and total nitrogen
was the applied fertilizer to the cover crop and the with the Kjeldahl method [10].
secondary factor the applied fertilizer to the succeeding
maize crop. Data  Analysis:   Maize   yields  data  were  analyzed

Cultural Practices: In 2009/2010, land was initially The analysis of variance (ANOVA) was performed with
ploughed. The cover crop was seeded at 13 kg ha  and the Generalized Linear Model (GLM) procedure to test the1

provided a uniform stand. In 2010/2011, experimental units significance of experimental variables. Simple and
were treated with Glyphosate herbicide at 480 g ha  to regression contrasts were used for mean comparison and1

dry out S. guianensis before maize planting. Maize seeds description of S. guianensis response to fertilizer
were directly sown over the mulch obtained from application.

1

Yield Determination: Maize grain and stover yields were

nd

using SAS V8 (Statistical Analysis System Version 8).
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Table 3: Amounts of mulch, its total nitrogen and organic carbon contents at three sampling dates in 2010/2011 with or without cow dung dust applied in
2009/2010.

Cow dung dust (t ha ) Sampling dates Amounts of mulch (t MS ha ) Total nitrogen (kg ha ) Organic carbon (t ha )1 1 1 1

June 22 17.08±1.54 202.71±15.50 7.80±0.80nd

0 August 6 10.99±1.31 178.94±47.46 4.34±0.53th

September 20 7.34±1.17 84.81±16.29 3.27±0.53th

June 22 14.27±1.36 179.72±16.30 6.64±0.71nd

6 August 6 11.55±1.03 163.13±21.13 4.43±0.19th

September 20 7.56±0.99 89.14±11.36 3.32±0.40th

Table 4a: Analysis of variance (ANOVA) data from residual mulch and its total nitrogen and organic carbon content at three sampling dates in 2010/2011
Amounts of mulch Total nitrogen Organic carbon
-------------------------------- ------------------------------- --------------------------------------

Sources of variation Dl F Value Pr > F F Value Pr > F F Value Pr > F
Replicate 3 3,55 0,0187* 2,45 0,0707 1,59 0,1993
Sampling date (Date) 2 71,70 <,0001** 31,76 <,0001** 1,65 0,2030
Organic manure (OM) 1 1,46 0,2310 1,02 0,3160 0,54 0,6535
Simple superphosphate 3 0,96 0,4022 0,06 0,9794 80,79 <,0001**
Date*FO 2 3,65 0,0312* 0,52 0,5989 0,23 0,8745
OM*SSP 3 0,14 0,9376 0,05 0,9841 2,54 0,0859
Date*SSP 6 0,74 0,6212 1,66 0,1448 0,39 0,8826
OM*SSP*Date 6 2,23 0,0504 0,33 0,9216 1,69 0,1359
*Significant at 5%probability level and **Significant at 1% probability level.

Table 4b: Mean separation for residual mulch quantity, total nitrogen and organic carbon contents
Sampling date Amounts of mulch means (t ha ) Total nitrogen means (kg ha ) Organic carbon means (t ha )1 1 1

June 22 , 2010 15,67 a 191,29 a 7,22 and

August 6 , 2010 11,27 b 171,04 a 4,38 bth

September 20 , 2010 7,45 c 86,97 b 3,30 cth

Table 5: Grain and stover maize production as a function of the recommended mineral fertilization rate on S. guianensis which is 200 kg ha  of simple super1

phosphate
Mineral fertilizer (% of recommended rate on S. guianensis) Stover yield (t ha ) Grain yield (t ha )1 1

0 7.18±0.27 4.39±0.21
50 8.02±0.31 5.05±0.26
100 7.13±0.26 5.06±0.23
150 7.39±0.37 5.75±0.29

RESULTS in the season. Within the observation period (90 days),

Evolution of the Mulch Obtained  from  S.  guianensis: of organic carbon decreased by 3.9 t ha  (Tables 3, 4a
The average amount of mulch of S. guianensis at the
beginning of the growing season (June 22 , 2010) wasnd

15.67 t ha , including the regrowth. There was a1

significant interaction between sampling dates and
organic matter applied to the cover crop in 2009/2010, on
the residual mulch. Between the first and the last sampling
dates, there was a higher mulch drop (9.7 t ha ) in plots1

that did not receive organic matter and a much lower
decrease (6.7 t ha ) in units that received cow dung dust1

(Tables 3 and 4).

Mulch,  Total   Nitrogen   and  Organic  Carbon
Contents: The amounts of total N and organic carbon
contained in the mulch of S.  guianensis  also  decreased

mulch N content decreased by 104 kg N ha   while  that1

1

and 4b).

Maize Grain and Stover Production: Maize grain
production  ranged   between   4.39  and  5.75  t  ha 1

(Table 5). The residual effect of the simple super
phosphate  applied  to  the  preceding   cover  crop is
linear and highly significant (P<0.01). The composed
mineral  fertilizer   applied   to   maize   in  2010/2011 also
has a significant effect  on  the  grain  yield  (Tables 6a
and 6b). The application of 100% of the recommended
fertilizer rate produced 19% more grain than with 50%.
Maize stover production is between 7.13 and 8.02 t ha 1

(Table 5) and is only influenced by the applied fertilizer in
2010/2011.
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Table 6a: Analysis of variance (ANOVA) data from maize grain and stover production.
Stover Grain
-------------------------------------------------------- -------------------------------------------------------------

Sources of variation df MS F Pr > F MS F Pr > F
Repetition 3 7081531 6.31 0.0031 4485730 5.92 0.0043**
Organic manure (OM) 1 240835 0.22 0.6472 1701394 2.24 0.1489
Simple superphosphate (SSP) 3 2682132 2.4 0.0964 4935041 6.51 0.0028**
OM * SSP 3 321558 0.29 0.8336 535312 0.71 0.559
Error a 21 1116957 757939
Mineral Fertilizer (MF) 1 11058950 12.41 0.0017 17483896 42.99 <0.0001**
OM* MF 1 1320201 1.48 0.2354 12237 0.03 0.8637
MF * SSP 3 934522 1.05 0.3892 2175757 0.54 0.6625
OM * MF * SSP 3 3446176 3.87 0.0218 257522 0.63 0.6008
Error b 24 891197
Contrasts
OM (1) vs OM (2) 1 52633 0.05 0.8302 17483896 42.99 <0.0001**
SSP Linear effect 1 1383564 1.24 0.2783 13343653 17.61 0.0004**
SSP Quadratic effect 1 6610200 5.92 0.024 5494 0.01 0.933
*Significant at 5% probability level and **Significant at 1% probability level.

Table 6b: Mean comparison for maize grain yield production as a function of the recommended composed mineral fertilizer which is: 100 kg ha  of 21-08-12-1

5-1 (NPKSB) + 100 kg ha  of urea + 4 kg ha  of ZnSO1 1
4

Fertilization applied in 2010/2011 (% of the recommended mineral fertilizer rate on maize) Yield (kg ha )1

100% 5 592 a
50% 4 546 b

DISCUSSION production under mulch. The higher yield of maize under

Mulch Evolution and Persistence: The major requirement significant residual effect of S. guianensis. Higher grain
to be met in semi arid zones is whether the cover crop can yields were found in plots preceded by S. guianensis [6].
grow rapidly to cover the soil during the growing season These were 43% higher compared to those obtained from
and persist as alive or dry mulch during the dry season control plots fertilized with 60 kg N  ha .  The  effect  of
[11, 6]. The 15.67 t ha  of mulch (including the re-growth) S.  guianensis   on   subsequent  maize  production  can1

recorded at the beginning of the 2010/2011 season is be attributed to the significant residual effects of the
double the minimum amount advised for DMC in Northern simple  superphosphate  and  to  nutrients  released by
Cameroon [12]. From the beginning to the end of the the  decomposition   and  mineralization  of  its  mulch.
observation period (90 days), the amount of mulch The amount of N released by mulch is the agro ecosystem
decreased by 52%. Concomitant decrease in total nitrogen is 104 kg N ha  but not all could be available for maize
and organic carbon are 54.5 and 54.3%, respectively. nutrition. Surface application of legume residues without

The mean residual amount of mulch is 7.5 t ha at the incorporation results in large losses of N, because of1

end of the observation period (Table 4b) but that amount ammonia volatilization from decomposing plant material
will be much lower than the minimum recommended level [13]. In another study, only 15% of the N in surface
for DMC in Northern Cameroon [12], at the onset of the applied legume cuttings was recovered by a rice crop to
next growing season 9 months later, given its steady which the cutting had been applied [14].
decomposition  rate.  Thus,  the   mulch  produced
persists satisfactorily during only one growing season. Effects of S. guianensis on the Fertilization of
This suggests  a  two  years  crop  rotation  when  using
S. guianensis as cover crop if the need for a permanent
soil cover is to be respected.

Residual Effect of S. guianensis on Maize Production:
Yield obtained from adjacent plots without mulch needs, especially for N and K O. The highest amounts of
averaged 3690 kg ha , which is 27% less the average fertilizers  used  in the experiment (Table 2) correspond to1

legume residues over no legume residues confirms the

1

1

Subsequent Maize: There is a maize grain and stover yield
increase when the amount of fertilizer applied increase
from 50 to 100% of the recommended rate, even with a
preceding S. guianensis cover crop. The contribution of
the legume mulch did not cover the subsequent maize

2
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