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Abstract 

In order to evaluate the effect of residues management of Sesbania sesban and Mucuna utilis planted 
fallows on soil properties and maize grain yields, an experiment was conducted over three consecutive 
years at two locations (Minkoameyos in the semi-deciduous forest zone and Ntui in the forest-savannah - 
transition zone) in central Cameroon. The experimental layout was a randomized block design made of 
eight treatments namely  T1 : natural fallow with residue burn (NFB), T2 : natural fallow with residue 
incorporated in the soil (NFI), T3 : natural fallow with residue retained (mulching) (NFM), T4 : Mucuna 
utilis fallow with residue incorporated (MFI), T5 : Mucuna utilis fallow with residue retained (mulching) 
(MFM), T6 : Sesbania sesban fallow with residue incorporated (SFI), T7 : Sesbania sesban fallow with residue 
retained (mulching) (SFM) and T8 : Maize/groundnut rotation with residue incorporated (MGR). Each 
treatment was replicated four times. The results show that no treatment could produce relatively more 
than the first year of the experiment where maize yields were based on 3-4 year-old natural fallow in both 
sites. However in Minkoameyos, there was a maize grain yields significant difference (p<0.048) between 
treatments in the third year. In Ntui, all the soil properties tested were affected significantly (p<0.05) by 
the treatments at the end of study; while in Minkoameyos significant differences (p<0.05) occurred only 
for pH, calcium, potassium and total acidity. At both sites, Mucuna utilis fallow gave the highest 
productivity index (1.46 in Minkoameyos and 2.65 in Ntui). These results show that Mucuna utilis has a 
potential for improving plant nutrient availability in these soils for the cultivation of maize. 

Key words: residues management, Sesbania sesban, Mucuna utilis, soil fertility, productivity index, 
Cameroon. 

Introduction 

In forest, the quantity of biomass after a fallow period can be so much that planting of food crops 
becomes difficult and sometimes impossible. Consequently the common practice is to slash and burn 
biomass before planting. For farmers, burning cleans the farms and makes land preparation easy. Ashes 
from burning increases soil pH, cations and nutriments availability for a short period.  Burning also 
reduces weeds infestation, pests and diseases. However these advantages are realized for a very short 
period of time since the exposition of soil surface after burning accelerates the process of soil degradation 
and loss of nutrients by volatization (nitrogen) and leaching (Kanmegne, 2004; Yemefack et al., 2006). 
Major inconveniences of burning include emission of carboxyde gases which affect climate changes.  

Other practices such as application of residues on soil surface (mulching) or their incorporation into the 
soil have been suggested as alternative to slash and burn (Kuyate et al., 2000; Kumar and Goh, 2000; 
Tonyé et al., 1997). Incorporated into the soil of plant residues, particularly those from legumes can 
provide nitrogen required by the subsequent crop and also improve soil fertility in the long term (Kaho et 
al., 2011; Kaho et al., 2009; Kuyate et al., 2000; Kumar and Goh, 2000). Mulching protects soil surface again 
runoff and compaction and also helps to control weed infestation (Hauser et al., 2002).  However 
information on the effect of different methods of legume residues management on soil dynamic and crop 
yields in the humid forest zone are scanty.  Furthermore the data on the durability of these systems are 
not available in this environment where majority of farmers practice slash and burn agriculture.  A 
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farming system or practice that reduces labor and maintains crop yields at similar level as the system of 
high intensity of labor is likely to be adopted by many small farmers of the tropics.   

This study was therefore carried out in two sites of forest zone of Cameroon in order to determine the 
effect of three methods of residues management of  Sesbania sesban and Mucuna utilis (burn, incorporate, 
mulching) on crop yields and soil properties. Sesbania sesban and Mucuna utilis are nitrogen fixing 
legumes with the following attributes: high growth rate and adaptability to various climatic and soil 
conditions, rapid multiplication, easily decomposable biomass and compatibility with food crops (no 
allelopathy effect on cereals) (Hauser et al., 2002; Kwesiga et al., 1999).   

Materials and methods 

Study sites  

The study was conducted at two sites in central Cameroon at Minkoameyos (a semi-deciduous forest 
zone, located 3°51’ N and 11°26’E, at 700 m at sea level) and at  Ntui (a forest-savannah-transition zone, 
located 4°26’N and 11°40’E, at 560 m at sea level). The climate in both sites is characterized by two rainy 
seasons (March-June and September-November). The mean annual rainfall varies between 1500 to 1800 
mm in Minkoameyos and 1200 to 1500 mm in Ntui. The average annual temperature is 24°C in 
Minkoameyos and 26°C in Ntui.  Soils in both sites are highly weathered and are classified as ultisols 
according to the soil taxonomy (Soil-Survey-Staff 1992). 

The agricultural land use system is a shifting cultivation based on subsistence food crop production.  This 
fallow-based agricultural system (shifting cultivation) is characterized by two years of mixed food 
cropping, followed by a fallow period of variable duration ranging from 3 years to 10 years.  The short 
fallow vegetation is usually dominated by Chromoleana odorata in the semi-deciduous -forest zone and by 
grass vegetation in the forest-savannah-transition zone. 

Experimental design and treatments 

The experimental design was a randomized complete block with eight treatments replicated  four times 
per site. The study was conducted for three consecutive years and the treatments applied in each site 
werer T1 : natural fallow with residue burn (NFB), T2 : natural fallow with residue incorporated in the 
soil (NFI), T3 : natural fallow with residue retained (mulching) (NFM), T4 : Mucuna utilis fallow with 
residue incorporated (MFI), T5 : Mucuna utilis fallow with residue retained (mulching) (MFM), :T6 : 
Sesbania sesban fallow with residue incorporated (SFI), T7 : Sesbania sesban fallow with residue retained 
(mulching) (SFM) and T8 : Maize/groundnut rotation with residue incorporated (MGR) (Table 1).  

Table 1: Sequence of treatments applied in the two experimental sites   

Treatments    Season I   year 1    Season II Year 
1     

Season  I  Year 2                       Season II   
Year 2  

Season I  Year 3   

T1 (NFB) Maize                               Natural fallow    Burn + maize                   Natural fallow Burn + maize      

T2(NFI)    Maize                                                          Natural fallow    Incorporate + 
maize             

Natural fallow Incorporate+maize 

T3 (NFM)   Maize Natural fallow    Mulch + maize Natural fallow Mulch + maize 

T4 (MFI)      Maize + Mucuna 
(4 WAP) 

Mucuna Incorporate+ 
maize 

 Mucuna Incorporate+maize 

T5 (MFM)       Maize + Mucuna 
(4 WAP) 

Mucuna Mulch + maize                   Mucuna Mulch+maize 

T6 (SFI)          Maize+ Sesbania 
(4 WAP) 

Sesbania Incorporate + 
maize 

Sesbania Incorporate+maize 

T7 (SFM)   Maize + 
Sesbania(4 WAP) 

Sesbania Mulch + maize                  Sesbania Mulch + maize                   

T8 (MGR)     Maize   Groundnut Maize   Groundnut Maize   

4WAP : 4 weeks after maize planting ; NFB : Natural fallow burn ; NFI : Natural fallow incorporate; NFM : Natural fallow 
mulch; MFI : Mucuna fallow incorporate ; MFM: Mucuna fallow mulch ; SFI : Sesbania fallow incorporate ; SFM : 
Sesbania fallow mulch; MGR : Maize/groundnut rotation 
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At the beginning of the study (year 1), a natural bush fallow (3-5 year-old) plots were cleared at both sites 
and residues incorporated into the soil. After land preparation maize (CMS 8501), 2 seeds per hill were 
planted in all the plots at plant spacing of 0.75 m x 0.5 m.  

Mucuna and Sesbania seeds were planted on T4, T5, T6 and T7 plots four weeks after maize planting. After 
maize harvesting in June of year 1, natural fallow, Mucuna fallow and Sesbania fallow were allowed to 
grow freely on  T1, T2, T3, T4, T5, T6, T7 plots until the next growing season (March, year 2); while 
groundnut (Arachis hypogea, local variety) was sown on T8 plots in the second season (September, year 1). 

In March of year 2, natural fallow, Sesbania fallow and Mucuna fallow (9 months old) were cleaned with 
cutlass. In T1 plots (NFB), biomass was burnt and ashes incorporated into the soil with hoe. In T2 (NFI), 
T4 (MFI), T6 (SFI) and T8 (MGR), residues were also incorporated into the soil with hoe. The same 
activities were repeated at both sites in the third year.  

Soil sampling and laboratory analyses 

One composite soil sample (from five spots on the diagonals in a plot) was taken at 0-15 cm depth in each 
site to determine the baseline fertility status of the trial sites at the beginning of the experiment.  At the 
end of the third year, composite soil samples (0-15 cm depth) were similarly collected in each of 64 
experimental plots. All the soil samples were analyzed at the IRAD Soil and Plants Laboratory at 
Nkolbisson (Yaoundé) for pH water, organic Carbon, total Nitrogen, exchangeable cations (Ca, Mg and 
K), available phosphorus and total acidity (Al+H). Soil reaction (pH) in water was determined in a soil 
water ratio of 1:1. Organic carbon was determined using the Walkey and Black method and total nitrogen 
by Kjeldahl digestion method. Exchangeable bases (Ca, Mg, K) were extracted using the percolation 
method and read using Atomic Absorption Spectroscopy (AAS). Available Phosphorus was determined 
using the Bray-II method. These methods are described in Pauwels et al. (1992) and Anderson and Ingram 
(1993).  

Statistical analysis 

Analysis of variance (ANOVA) was used to determine the effects of treatments on maize yields and soil 
properties.  The Student-Newman-Keuls test was used to detect differences between means. These 
analyses were performed using the SAS statistical package (SAS Institute Inc, 1997). 

Productivity index  

An index was used to calculate and compare the productivity of new treatments with reference 
treatment. The productivity index was computed by dividing the average maize yield produced each 
year by the average maize yield produced in the first year. PI=Average maize yield of each 
treatment/Average maize yield of the first year 

Results and discussion 

Evolution of maize grain yields with time 

Maize grain yields for each treatment and during the three years of experiment are presented in Figures 1 
and 2. At the beginning of the study, maize grain yields were evaluated for each experimental plot on 
which treatments were applied.  There was no significant difference between experimental units in both 
sites at the beginning of the study. This led to conclude that there was no significant gradient in soil 
fertility within experimental sites, and all the treatments could be evaluated on the same basis for maize 
yield as well as for soil properties changes. 

The results on Figures 1 and 2 show that no treatment could produce relatively more than the first year of 
experiment where maize yields were based on 3-4 year-old  natural fallow in both sites.  This may 
suggest that the effect of treatments was only effective as from the third year.  

In the two sites, there was a decrease in maize grain yields for all the treatments from the first to the third 
year of study.  This decrease in maize grain yields from the first to the third year could therefore be 
interpreted as a consequence of the short fallow (8-9 months) which has not been able to restore the 
fertility of soil at the same level as year 1 where maize was sown after a 3-4 years fallow. Similar results 
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were found in the same region by other authors with Desmodium distortum, Pueraria phaseoloides, Mucuna 
pruriens and Cajanus cajan (Hauser et al., 2002; Kaho et al.,  2004; Tonyé et al., 1997).  

 

Figure 1: Effect of different treatments on maize grain yields (kg.ha-1) in Minkoameyos 

NFB : Natural fallow burn ; NFI : Natural fallow incorporate; NFM : Natural fallow mulch; MFI : Mucuna 
fallow incorporate ; MFM: 

Mucuna fallow mulch ; SFI : Sesbania fallow incorporate ; SFM : Sesbania fallow mulch; MGR : 
Maize/groundnut rotation 

Bars with the same letters are not significantly different at p<0.05. 

 

Figure 2: Effect of different treatments on maize grain yields (kg.ha-1) in Ntui 

NFB : Natural fallow burn ; NFI : Natural fallow incorporate; NFM : Natural fallow mulch;  

MFI : Mucuna fallow incorporate ; MFM:Mucuna fallow mulch ; SFI : Sesbania fallow incorporate ; SFM : 
Sesbania fallow mulch; MGR : Maize/groundnut rotation 

Bars with the same letters are not significantly different at p<0.05. 

 

Effect of treatments on maize grain yields 

The effect of treatments on maize grain yields were evaluated from the second year to the third year of 
the study.  Figures 1 and 2 present the effect of treatments on grain yields. In Minkoameyos, a significant 
difference (p<0.048) was observed between treatments in third year (Figure 1). Under natural fallow, T1 
(natural fallow burn) and T3 (natural fallow mulch) produced more than T2 (natural fallow 
incorporated). There was no significant difference between T1 and T3.  Similarly, no significant difference 
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occurred between T6 (Sesbania fallow incorporated) and T7 (Sesbania fallow mulch).  Under Mucuna, T5 
(Mucuna fallow mulch) produced 43% (2705 vs 1891 kg. ha-1) more maize grain yields than T4 (Mucuna 
fallow incorporated).   

The lowest yields obtained on T8 plots (maize/groundnut rotation) at both sites may be attributed to the 
difference in the quantity of vegetal biomass incorporated in soil during cropping. In fact, natural fallow, 
Sesbania fallow and Mucuna fallow plots could produce more biomass than T8 plots.  This shortage of 
incorporated biomass may result to a rapid deterioration of soil properties in T8 due to continuous 
cultivation and resulting exposure of soil surface to heavy showers at the beginning of each cropping 
period. 

The significant increases in maize grain yields in T5 (Mucuna mulch) in the third year indicates that the 
effect of Mucuna leaf mulch had residual effects and hence, was cumulative over the seasons. This 
suggests that the synchronization process of nutrients release from Mucuna prunings with plant uptake 
could play an important role for greater efficiency of this technology. Indeed, the absence of significant 
treatment effect on N (Table 2) and the resulting increase in crop yield implies that N mineralized from 
the plant biomass was immediately used for crop growth. Hence, the increases in maize grain yields on 
these soils with very low N content. It has been well established that the quality, quantity, timing and 
mode of application of organic materials would play important roles in better nutrient management 
strategies (Cobo et al. 2002; Palm 1995). This is in line with finding of Tonye et al. (1997) in the forest zone 
of Cameroon who found that Cajanus cajan was efficient in the third year in improving maize grain yields 
in Minkoameyos site. Elsewhere in the Adamaoua Region of Cameroon and in Zambia, Satterle et 
al.(2009) and Kwesiga et al.(1999) found that Entada abyssinica and Sesbania sesban prunings have 
significantly improved maize grain yields in the first year of their incorporation into the soil.  

In Ntui, no significant difference was observed among treatments during the three years of study (Figure 
2).  However, in Mucuna plots (T5 and T6) a tendency in increase in maize grain yields was observed 
from the second year to third year; 11% (2971 vs 2683 kg ha-1) and 19% (2149 vs 1806 kg ha-1) for T5 
(Mucuna fallow mulch) and T6 (Mucuna fallow incorporated) respectively. 

During the three years of study, Minkoameyos site was more productive (5387 kg.ha-1) than Ntui site 
(2711 kg ha-1) in the first year; and 3855 kg ha-1 and 2895 kg ha-1 respectively for the general overall mean 
of the three years. This difference is hard to explain because there was no significant difference between 
chemical soil properties of the two sites at the beginning of the study.  However, a small difference exists 
between the two sites as far as climatic conditions concern (see section study sites). Some physical soil 
properties could have played a role on the productivity of the two sites since the soil of Minkoameyos is 
more clayed than Ntui soil (Kotto-Samé 1983; Mimbe 1985). However, no analysis was done for physical 
properties in this study to confirm this assertion.  

Effect of treatments on soil chemical properties 

Soil chemical properties were analyzed at the beginning and at the end of study in order to evaluate the 
effect of treatments on soil properties of the two sites. One representative sample from each study site 
was analyzed at the beginning of the study; while at the end, soil samples were analyzed from treatment 

plots. Tables 2 and 3 present the results of these analyses.  

In Minkoameyos, significant differences occurred between treatments for soil pH (p<0. 0001), Ca 
(p<0.0061), K (p<0.0004) and total acidity (p<0.027) (Table 2).  In Ntui, apart for soil pH, all the soil 
properties tested were significantly influenced by treatments with p<0.001 ; p<0.031 ; p<0.0023 ; 
p<0.0001 ; p<0.001 ; p<0.0099 and p<0.016 for C, N, P, Ca, Mg, K and Al+H respectively (Table 3)    
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Table 2: Soil chemical properties (0-15 cm) before and at the end of study in Minkoameyos  

Treatment pHwater C% N% P(ppm) Ca (cmol/kg) Mg(cmol/kg) K(cmol/kg) Al+H(cmol/kg) 

Before 5.4             1.82    0.16     3      2.81      1.25       0.27           / 

At the end  

NFB              6.35a 2.14a 0.19a 5.95a 4.51a 1.6a 0.5a 0.21b 

NFI 5.77b 2.22a 0.2a 5.05a 3.19b 1.24a 0.26b 0.22b 

NFM 5.44b 2.15a 0.2a 5.46a 2.72b 1.24a 0.18b 0.22b 

MFI 5.62b 2.16a 0.19a 4.49a 2.86b 1.28a 0.26b 0.24b 

MFM 5.43b 2.18a 0.19a 5.07a 2.48b 1.0a 0.2b 0.24b 

SFI 5.57b 2.01a 0.19a 3.39a 3.12b 1.0a 0.14b 0.23b 

SFM 5.52b 2.2a 0.18a 6.69a 2.59b 1.35a 0.2b 0.25b 

MGR 5.32b 1.88a 0.18a 3.99a 1.89b 0.81a 0.13b 0.41a 

NFB : Natural fallow burn ; NFI : Natural fallow incorporate; NFM : Natural fallow mulch; MFI : Mucuna fallow incorporate ; MFM: 

Mucuna fallow mulch ; SFI : Sesbania fallow incorporate ; SFM : Sesbania fallow mulch; MGR : Maize/groundnut rotation 

Means with the same letters in the same column are not significantly different at p<0.05 

 

 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

7 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address climate change adaptation and mitigation 

Nakuru, Kenya. 20-25 October 2013 

 

 

 

 

 

 

Table 3:  Soil chemical properties (0-15 cm) before and at the end of study in Ntui 

Treatments pHwater C% N% P(ppm) Ca (cmol/kg) Mg(cmol/kg) K(cmol/kg) Al+H(cmol/kg) 

Before 5.5       1.66 0.10 4.00 2.30 1.17 0.51 / 

At the end  

NFB              6.29a 1.34a 0.097b 4.27ab 2.68a 1.07a 0.57a 0.13b 

NFI 6.24a 1.43ab 0.101b 3.21ab 2.13bc 0.44b 0.43ab 0.26a 

NFM 6.03a 1.36ab 0.096b 3.20ab 2.012bc 0.43b 0.4ab 0.20ab 

MFI 5.97a 1.44a 0.106a 5.02a 2.37ab 0.5b 0.43ab 0.20ab 

MFM 6.05a 1.35ab 0.097b 2.99b 1.91bc 0.5b 0.48ab 0.23ab 

SFI 6.04
a 

1.43
a 

0.10
5a 

4.04
ab 

2.24
b 

0.59
b 

0.47
ab 

0.22
ab 

SF
M 

6.09
a 

1.38
ab 

0.09
6b 

2.51
b 

2.0b
c 

0.4b 0.35
ab 

0.23
ab 

MG
R 

5.99
a 

1.27
b 

0.08
7c 

2.88
b 

1.75
c 

0.34
b 

0.32
b 

0.29
a 

MFI : Mucuna fallow incorporate ; MFM: Mucuna fallow mulch ; SFI : Sesbania fallow incorporate ; SFM : Sesbania fallow mulch; MGR : Maize/groundnut rotation 

NFB : Natural fallow burn,  NFI : Natural fallow incorporate, NFM : Natural fallow mulch;  Means with the same letters in the same column are not significantly different at p<0.05 
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In both sites, the highest values of pH and Ca were recorded on T1 (natural fallow burn).  This increase 
in pH and Ca was followed by a significant decrease in total acidity in the same plots and its increase in 
T8 (maize groundnut/rotation). This suggests that ashes from burning and incorporated into the soil 
have therefore improved nutrients availability as shown by previous studies (Yemefack et al., 2006; 
Tonyé et al., 1997). The increase in total acidity on T8 plots (maize/groundnut rotation) may probably 
be due to continuous cropping.  Similar results were obtained in Nigeria under maize/cassava rotation 
and in Cameroon under maize/soybean rotation (Juo et al., 1996; Kaho et al., 2004).   

For N, significant differences were observed in Ntui; with the highest values obtained on plots where 
residues were incorporated into the soil (NFI, MFI and SFI).  Elswhere, Ladd et al. (1994) and Powlson et 
al. (1987) also observed the highest values of N and C in plots where residues were incorporated or 
applied on soil surface compared to plots where residues were burnt.  In the same site (Ntui), under 
Mucuna and Sesbania treatments, plots where residues were incorporated had higher N concentration 
than plots where residues were mulched. Under residues incorporated, T3 (Mucuna  incorpore) and T6 
(Sesbania incorpore) had higher N concentrations than T2 (Natural fallow incorporate). Paradoxically, 
the significant increase in N concentrations (Table 3) in Ntui was not followed by a significant increase 
in maize grain yields as observed in Minkoameyos.  This suggests that in Ntui conditions, N 
mineralized from plant biomass was not immediately used by maize crop for its growth and 
development.  

Productivity index of each system 

A productivity index of each system was calculated in order to identify the most productive system 
compared to slash and burn system. The productivity index of each system is presented on Table 4.  In 
the normal shifting cultivation system, maize is cropped once and the piece of land is left to fallow after 
all the associated crops are harvested in one or two years.  The results of Table 4 show that Mucuna 
fallow produced the highest productivity index in both sites; 1.46 in Minkoameyos and 2.65 in Ntui.  
These results show that Mucuna fallow system could be a suiTable alternative to shifting cultivation. 

Table 4: Productivity index of soil management systems (Average maize yield of each 
treatment/Average maize yield of the first year) 

Soil 
managemen
t system 

                          Minkoameyos 

Year1       Year 2         Yera 3          Total 

                               Ntui 

Year1      Year 2        Year 3        Total 

NFB              
1 Fallow Fallow 1 1 Fallow Fallow 1 

NFI 
- 0.62 0.49 1.11 - 1.3 2.23 2.53 

NFM - 0.83 0.41 1.24 - 0.74 0.71 1.45 

MFI - 0.77 0.55 1.32 - 0.84 0.84 1.68 

MFM - 0.94 0.35 1.29 - 1.23 1.42 2.65 

SFI - 0.96 0.50 1.46 - 0. 66 0.79 1.45 

SFM - 0.67 0.50 1.17 - 1.01 0.84 1.85 

MGR - 0.43 0.40 0.83 - 0.75 0.65 1.4 

 - 0.43 0.29 0.72 - 1.16 1.01 2.17 

 

Conclusion 

The results of this study indicate that, in semi-deciduous - forest zone (Minkoameyos), the different 
modes of residue management of planted fallows had a significant effect on maize grain yield as from 
the third year; while in forest-savanna-transition zone (Ntui), no significant difference was observed 
between treatments.  In both sites, Mucuna fallow had the highest productivity index compared to 
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natural fallow and Sesbania fallow.  This therefore suggests that Mucuna has a potential for improving 
plant nutrients availability in these soils.  This leguminous shrub could constitute an important source 
of nitrogen for maize production for small farmers of the study zones.  However, one of the constraints 
of the adoption of “residue incorporate” system could be extra labor to incorporate residue into the soil. 
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