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ABSTRACT  
 

A field experiment evaluated the impact of seven legumes cover crops residues incorporated into 
degraded soil (Aeschynomene histrix, Centrosema pubescens, Chamaecrista rotundifolia,  Mucuna pruriens, 
Pueraria phaseoloïdes, Stylosanthes guianensis and S. Hamata) on maize yield, N uptake and harvest index in 
the center of Benin. In July 2003, the cover crops were planted and received two level of phosphorus (45 P and 
0 P) applied in form of Super Phosphate Triple. In May 2004, two split of nitrogen were added on the residues 
of the legumes, 30 days after the planting of maize. Minerals fertilizers (N, P) enhanced maize yield, N uptake, 
harvest index and N use efficiency. Incorporation of legumes residues improved more maize productivity than 
minerals fertilizers. The best grain yield (1793.9 kg DM.ha-1) and grain N uptake (149.4 kg N ha-1) were 
obtained with Mucuna pruriens residues incorporated. The combination of N and P to the different residues 
didn’t improve significantly the maize yields. The maize grain yield is explained to 90% by biomass, harvest 
index and nitrogen use efficiency. The proportion of explained grain N uptake in biomass, harvest index and 
nitrogen use efficiency is 74%. The results demonstrated that growing maize with Mucuna pruriens residue 
incorporation with NP fertilizers could be more beneficial in the legume-maize cropping system in the study 
area. 
© 2013 International Formulae Group. All rights reserved. 
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INTRODUCTION 
By the year 2020, soil degradation 

could constitute a serious threat endangering 
the food production and rural livelihoods, 
especially in the poor and high demography 
regions in developing countries. The 
increasing soil degradation seriously threats 
the agricultural development, due to in 
declining soil fertility. Low soil fertility, 
particularly nitrogen (N) and phosphorus (P) 

deficiencies, is one of the main factors 
restricting agricultural productivity in sub-
Saharan Africa (Sanchez et al., 1997). 
Farmers should use more inputs as fertilizer to 
maintain yields. If not, they should 
temporarily or permanently give up some 
farmland.  

In south of Benin, on degraded rhodic 
ferralsols, locally known as “terre de barre”, 
which represents 5% of total area of the 
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country, supports 30% of the population. This 
pressure on land leads to fallow period 
reduction, a fall of soil organic matter content 
from 2.6% to 0.8% and maize grains yield 
from 1500 kg ha-1 to less than 400 kg ha-1 on 
average, in 23 years. Mineral fertilizers could 
be part of a solution to correct soil fertility 
decline and address rising food demands 
(Fofana et al., 2004). However, average 
fertilizer used in Africa is only about 8 kg ha-1 
(Henao and Baanante, 1999): prices are high, 
and the efficiency (including nutrient 
recoveries and agronomic efficiency) of 
fertilizers is usually low; their availability in 
quantity and at proper time has been a matter 
of serious concern in some developing 
countries including Benin. A result of this 
problem is the depletion of soil organic matter 
on smallholder farms due to continuous 
cultivation without adequate soil fertility 
replenishment. To increase the efficiency of 
mineral fertilizer use, to reduce possible 
negative side effects (e.g., acidification) and 
to increase soil organic matter, a more 
integrated approach has been suggested, 
combining the judicious use of mineral 
fertilizers with soil organic amendment such 
as locally available organic resources, 
agroforestry system and fallow legumes.  

More legumes cover crops were 
promoted for use as green manure in different 
regions of the world: Brazil, Honduras, 
Indonesia, Uganda, Malawi, Nigeria, Mali and 
Benin. Planted to obtain green manure and 
organic residues, they cause increased soil 
organic matter rates, reduce soil erosion, 
control weed, and nematode incidence and 
thus improve the physical and chemical 
properties of soil and minimize soil erosion 
(Floret and Pontanier, 2001; Houngnandan, 
2000).  

The Mucunu pruriens species, 
introduced in 1988, had been quickly adopted 
by most farmers in southern Benin 
(Azontondé, 2000). But the rate of adoption 

fell a few times afterwards because of 
constraints of management of this cover 
legume. It covers all the soil preventing 
farmers from making their usual cultural 
practices such as ridging. Moreover, it shelters 
the reptiles.  

The aim of the study is to compare the 
effect of the restitution of seven legumes 
residues of which Mucuna pruriens on the 
maize productivity. It will allow farmers to 
adopt the cover legume of their choice to 
improve maize yield. 
 
MATERIALS AND METHODS 
Description of experimental site 

The site of the experiment is situated 
in Avokanzoun, Djidja township (7° 20’ 40” 
North and 1° 56’ 00” East), unit of the 
Research and Development site of the 
National Institute of Agricultural Research of 
Benin (Figure 1). The site is characterized by 
soudano-Guinean climate with two rainy 
seasons (March to July and September to 
November). The average annual rainfall, 
temperature and air relative humidity are 
respectively 1200 mm, 27.2 °C and 90% 
(ASECNA, Bohicon). The experiment is 
installed on a degraded rhodic ferralsols, 
“terre de barre” soil classified by USDA as 
oxisols. It is a degraded sandy soil (sand: 
90.42%, silt: 5.49% and clay: 4.09%). Total 
soil C is 0.95%, total soil N is 0.04%, soil 
base saturation is 9.52 meq.100g-1, soil CEC is 
15.25 meq.100g-1, available form of soil 
phosphorus is 38.55 ppm and pH is 5.79 for 
2003.  

 
Experimental set-up 

In 2003, the experiment was conducted 
using no-till practices on land that had been 
prepared for seeds multiplication of cover 
legumes. Seven cover legumes are used with 
uniform intake of potassium as KCl (50%) at 
30 kg.ha-1. The experimental design was a 
split-plot arrangement of treatments in a 
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randomized complete block design with four 
replications. The main-plot treatments were C 
(control, no cover legumes), Ah 
(Aschynomene histrix), Cp (Centrosema 
pubescens), Cr (Chamaecrista rotundifolia), 
Mp (Mucuna pruriens), Pp (Pueraria 
phaseoloides), Sg (Stylosanthes guianensis) 
and Sh (Stylosanthes hamata). Main plots 
were 4 m wide by 5 m long. Split-plot 
treatments were two levels of P fertilizer: 0 
and 45 kg P2O5 ha-1, applied at planting. Split-
plots were 2.4 m wide by 4 m long and 
accommodated ten rows of cover legumes 
planted at 75 cm. 

In 2004, the experiment was conducted 
using ridging practices on plots that had been 
used for cover legumes production. Split-plots 
were divided into two, the experiment design 
became split split plot and P effect became P 
back effect. Split split plots treatments were 
two levels of N fertilizer: 0 and 60 kg N ha-1, 
applied 30 days after planting. The site was 
divided into four replicates R1, R2, R3 and R4 
and space between each replicates being 1 m. 
Each replicate was divided into thirty-two 
representing with a space of 80 cm between 
each one which was 2.4 m x 4 m (Table 1). 

Initial land preparation was done by 
hand ridging with a hoe at 15 cm depth in all 
plots, incorporating legumes crop residues. 
Maize variety that is open-pollinated and 
resistant to maize streak (DMR-SRW, 90 
days) was used as a test crop. It was planted at 
a spacing of 75 cm x 40 cm with two seeds 
per hill without singling. 
 
Plant sampling and analyses 

Maize was harvested from square 
performance within each plot. Thus, the 
harvested effective area per plot was 5.76 m2 
(3.6 m x 1.6 m). In the harvested area, total 
fresh weights of maize straw and maize cobs 
were taken and sub-samples of straw taken. 
Maize cobs were shelled and weighted and 

sub-sample taken. These were air-dried and 
dried in an oven at 75 °C during 72 hours. 
These dry weights were recorded.  

 
Parameters calculated 

Yield calculations were done using the 
following expressions: 
� Dry matter factor = sample dry 

weight / sample fresh weight;  
� Yield (kg DM ha-1) = dry matter 

factor x (total fresh weight x 10 000) / 
Effective area (5.76 m2). 

Total nitrogen content in these dry 
samples is determined by the Kjeldahl 
method, which is a mineralization in sulfuric 
acid in the presence of Se-K2SO4-CuSO4 
(Bremner and Mulvaney, 1982). Nitrogen 
yield of straw and grains of maize were 
calculated through the following expression: 
� Nitrogen uptake (kg N ha-1) = 
nitrogen content (%) x Yield (kg DM ha-1) / 
100. 

These data were used to calculate: 
� The Harvest Index, HI (Beadle, 
1985):  HI = (Economic yield x 100) / 
Biological yield 

Where: Economic yield = weight of seeds and 
Biological yield = above ground biomass. 

� Efficiency of nitrogen use, NUE 
(Kotchi et al., 2010): NUE = Grains yield / 
Nitrogen uptake. 

 
Statistical analysis 

Statistical analysis was carried out 
using SAS 9.2. One way analysis of variance 
(ANOVA) and Newman-Keuls test were used 
to determine significant effects of treatments 
and compare their mean. Pearson’s correlation 
coefficients were used to check for correlation 
between Harvest Index and Efficiency 
nitrogen Use. 
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Figure 1: Experimental site. Avokanzoun site d’étude = Study site,  Avokanzoun. 
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Table 1: The treatments obtained with the combination of the factor study. 
 

Phosphorus* Nitrogen Legume crop residues 

Without phosphorus (0P) With 45 kgP.ha-1 (45P) Without nitrogen (0N) With 60 kgN.ha-1 (60N) 

Without crop residue (Control = C) C + 0P + 0N C + 45P + 0N C + 0P + 60N C + 45P + 60N 

Aeschynomene histrix (Ah) Ah + 0P + 0N Ah + 45P + 0N Ah + 0P + 60N Ah + 45P + 60N 

Centrosema pubescens (Cp) Cp + 0P + 0N Cp + 45P + 0N Cp + 0P + 60N Cp + 45P + 60N 

Chamaecrista rotundifolia (Cr) Cr + 0P + 0N Cr + 45P + 0N Cr + 0P + 60N Cr + 45P + 60N 

Mucuna pruriens (Mp) Mp + 0P + 0N Mp + 45P + 0N Mp + 0P + 60N Mp + 45P + 60N 

Pueraria phaseoloides (Pp) Pp + 0P + 0N Pp+ 45P + 0N Pp + 0P + 60N Pp + 45P + 60N 

Stylosanthes guianensis (Sg) Sg + 0P + 0N Sg + 45P + 0N Sg + 0P + 60N Sg + 45P + 60N 

Stylosanthes hamata (Sh) Sh + 0P + 0N Sh + 45P + 0N Sh + 0P + 60N Sh + 45P + 60N 

 * Back effect of phosphorus, C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes;              
Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; 0P = Without Phosphorus; 45P = Application of 45 kgP.ha-1; P = Phosphorus; 0N = Without Nitrogen; 60N = Application of 60 kgN.ha-1;    
N = Nitrogen. 
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RESULTS 
Maize yields 
Legume residues inputs 

Maize grain and straw yields responded 
significantly to cover legume residues inputs 
(Table 2). The use of cover legumes residues 
increased the maize grain DM yields from 268 
kg DM ha-1 (farmers practice) to 567 kg DM 
ha-1 with Stylosanthes hamata residues, and to 
1070 kg DM ha-1 with Mucuna pruriens 
residues and the straw DM yields of 1025 kg 
DM ha-1 (Stylosanthes guianensis residues) to 
1434 kg DM ha-1 (Chamaecrista rotundifolia 
residues) against 629 kg DM ha-1 for the 
farmers practice (Table 3). All residues then 
shown a very positive effect on maize grain 
and straw yield. The highest maize grain yield 
is obtained with Mucuna pruriens residues 
followed by those of Chamaecrista 
rotundifolia, the lowest yield was obtained 
with Stylosanthes guianensis residues. Maize 
productivity obtained in the different 
treatment was used to classify the effect of 
incorporation of legume residues in ascending 
order as follows:  C < Sg < Mp < Sh < Pp < 
Cr < Ah < Cp for straws and C < Cp < Sg < 
Sh < Ah < Pp < Cr < Mp for grains. 
Inorganic fertilizers 

The residual effect of the dose of 45 kg 
P.ha-1 significantly improved the yield of 
straw and grain maize respectively from 
1463.6 kg.ha-1 to 1849.1 kg.ha-1 and from 
1057.9 kg.ha-1 to 1602.0 kg.ha-1. The dose of 
60 kg N.ha-1 also significantly improved the 
yield of maize straw from 1273.1 kg.ha-1 to 
2039.6 kg.ha-1 and grain yield from 874.3 
kg.ha-1 to 1785.6 kg.ha-1. 
Interactions between legume residues inputs 
and inorganic fertilizers 

Cover legume residues combined with 
N fertilizer and or residual phosphorus 
generated increases in maize grain and straw 
yield. Combined with N fertilizer and residual 
phosphorus, cover legume residues generate 
more maize productivity than their 
combination with N fertilizer or residual 
phosphorus (Figures 2a, 2b, 2c, 2d, 2e and 2f). 
Centrosema pubescens and Mucuna pruriens 

combined with N and RP produced 
respectively the highest maize straw yield 
(2875 kg DM.ha-1) and maize grains yield 
(2713 kg DM.ha-1). But, the analysis of 
variance indicates no significant difference 
between treatments combining residue and 
inorganic fertilizers. This can be explained by 
the influence of the gradient of soil fertility. 
 
Nitrogen uptake 
Legume residue inputs 

The N uptake in straw and grains of 
maize was respectively 45.1 kg N ha-1 and 
32.5 kg N ha-1 in farmers practice. Nitrogen 
uptake by maize was significantly increased 
after incorporation of legumes residues (Table 
2). Nitrogen uptake in straw and grains of 
maize increased respectively from 51.9 kg N 
ha-1 with Stylosanthes guianensis residues to 
88.4 kg N ha-1 with Centrosema pubescens 
residues and from 100.4 kg N ha-1 with 
Centrosema pubescens residues to 149.4 kg N 
ha-1 with Mucuna pruriens residues. The N 
uptake by maize obtained in the different 
treatment was used to classify the effect of 
incorporation of legume residues in ascending 
order as follows:  C < Sg < Pp < Sh < Cr < 
Mp < Ah < Cp for maize straws and C < Cp < 
Sg < Pp < Sh < Ah < Cr < Mp for maize 
grains. 
Inorganic fertilizers 

Inorganic fertilizers impacted 
significantly the N uptake by maize. Straw 
and grains maize N uptake varied respectively 
from 55.8 kg N ha-1 without residual 
phosphorus to 75.9 kg N ha-1 with residual 
application of 45 kg P ha-1 and from 83.6 kg N 
ha-1 without residual phosphorus to 127.4 kg 
N ha-1 with residual application of 45 kg        
P ha-1.  The contribution of 60 kg N.ha-1 
increased the straw N uptake from 46.5 kg N 
ha-1 to 85.2 kg N ha-1 and grain N uptake from 
61.9 kg N ha-1 to 149.2 kg N ha-1. 
Interactions between legume residue inputs 
and inorganic fertilizers 

Cover legume residues combined with 
N fertilizer significantly increased the 
nitrogen uptake in maize grains and straw. 
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The highest N uptake in maize straw and 
grains is obtained by applying respectively the 
combined nitrogen with Centrosema 
pubescens residues (113 kg N.ha-1, Figure 3a) 
and Mucuna pruriens residues (202 kg N.ha-1, 
Figure 3b). Others interactions did not have 
significant effects. The N uptake in maize 
straw is higher when Centrosema pubescens 
residues are combined with residual 
phosphorus (115 kg N.ha-1, Figure 3c) or 
residual phosphorus and nitrogen (152 kg 
N.ha-1, Figure 3e). However, the highest N 
uptake in maize grains is obtained when 
Mucuna pruriens residues combined with 
residual phosphorus (177 kg N.ha-1, Figure 
3d) or residual phosphorus and nitrogen (239 
kg N.ha-1, Figure 3f).  
 
Harvest index 
Legume residue inputs 

The analysis of variance indicates high 
significant difference between legume 
residues incorporated in soil before planting 
(Table 2). The smallest harvest index of maize 
obtained in farmer’s practice is 31.4%. It 
increased respectively from 36.3% with 
Centrosema pubescens residue to 49.9% with 
Mucuna pruriens residues (C < Cp < Ah < Sh 
< Cr < Sg < Pp < Mp). 
Inorganic fertilizers 

The contribution of residual 
phosphorus (45 kg P ha-1) significantly 
increased harvest index of maize from 40.4% 
to 43.5%. The application of nitrogen (60 kg 
N ha-1) 30 DAP significantly improved 
harvest index of maize from 39.2% to 44.6%.  
Interactions between legume residue inputs 
and inorganic fertilizers 

The analysis of variance indicates no 
significant difference between treatments 
combining legume residues and inorganic 
fertilizers. However, the arithmetic difference 
between the treatments enabled us to perceive 
that Mucuna pruriens residues generated the 
best harvest index in combination with the 
residual phosphorus (52%, Figure 4a), with 
nitrogen (50%, Figure 4b) or both (52%, 
Figure 4c). 

Nitrogen use efficiency 
Legume residue inputs 

The incorporation of legume residues 
in soil improved significantly nitrogen use 
efficiency in maize from 6.1 kg Grain/kg N 
uptake with farmer’s practice to 10.0 kg 
Grain/kg N uptake with Pueraria 
phaseoloïdes residues (C < Cp < Sh <Ah < Cr 
< Mp < Sg <Pp). 
 Inorganic fertilizers 

Phosphorus doesn’t have any 
significant residual effect on nitrogen use 
efficiency (Table 2). But, the contribution of 
nitrogen application (60 kg N ha-1) 
significantly increased nitrogen use efficiency 
from 7.4 kg Grain/kg N uptake to 8.3 kg 
Grain/kg N uptake. 
Interactions between legume residue inputs 
and inorganic fertilizers 

The analysis of variance indicates no 
significant difference between treatments 
combining legume residues and inorganic 
fertilizers. Stylosanthes guianensis residues 
generated the highest maize NUE (9.2 kg 
Grain/kg N uptake) when combined with 
residual phosphorus (Figure 5a). But, 
Chamaecrista rotundifolia residues generated 
the best maize NUE in combination with 
nitrogen (9.2 kg Grain/kg N uptake, Figure 
5b) or with residual phosphorus and nitrogen 
(10.2 kg Grain/kg N uptake, Figure 5c).  
 
Regression 

An examination of correlation 
coefficients indicates that the straw yield of 
maize is positively related to grain yield        
(r = 0.642*** ), N uptake in the straw               
(r = 0.809*** ) and in grains (r = 0.661*** ). The 
harvest index and NUE showed no significant 
relation with yield of maize straw.  The grain 
yield of maize was positively correlated with 
harvest index (r = 0.763*** ), with NUE           
(r = 0.254** ), with N uptake in straw              
(r = 0.487*** ) and in grain (r = 0.973*** ).  The 
harvest index was positively correlated with N 
uptake in grain   (r = 0.706*** ) and with NUE 
(r = 0.567*** ).  The NUE is negatively 
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correlated with the N uptake in maize straw   
(r = - 0.398*** ). 

 These results indicate that the increase 
in grain yield is due to increased production of 
straw. Varieties with high harvest index are 
the high yielding varieties. Increased NUE led 
to the decrease of N uptake in maize straw. 
These results are similar with those obtained 
by Bouzerzour et al. (1998). 

The multiple regression of grain yield 
on agronomic traits indicated biomass, harvest 

index and nitrogen use efficiency account for 
90% of the variation in grain yield:  

RDT = 0.70 BIO + 53.43 HI – 22.88 
NUE – 1895.70 (r2 = 0.9005). 

The multiple regression of grain N 
uptake on agronomic traits retains that 
biomass N uptake, harvest index and nitrogen 
use efficiency account for 73% of the 
variation in grain N uptake:  

NRDT = 0.82 NBIO + 4.97 HI – 4.89 
NUE – 118.74 (r2 = 0.7392).

 

 
 
Figure 2a: Effect of cover legume residues combined with residual phosphorus on maize straw 
yield. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = 
Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; RP = Residual 
phosphorus; DM = Dry matter. 
 
 

 
 
Figure 2b: Effect of cover legume residues combined with residual phosphorus on maize grains 
yield. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia;                 
Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata;                    
RP = Residual phosphorus; DM = Dry matter. 
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Figure 2c: Effect of cover legume residues combined with nitrogen on maize straw yield. C = Control; 
Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna pruriens;            
Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; N = Nitrogen; DM = Dry matter. 
 
 
 

 
 
Figure 2d: Effect of cover legume residues combined with nitrogen on maize grains yield.              
C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna 
pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; N = Nitrogen; DM = Dry 
matter. 
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Figure 2e: Effect of cover legume residues combined with residual phosphorus and nitrogen on 
maize straw yield. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista 
rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; 
RP = Residual phosphorus; N = Nitrogen; DM = Dry matter. 
 
 
 

 
 
Figure 2f: Effect of cover legume residues combined with residual phosphorus and nitrogen on 
maize grains yield. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista 
rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; 
RP = Residual phosphorus; N = Nitrogen; DM = Dry matter. 
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Figure 3a: Effect of cover legume residues combined with nitrogen on N uptake in maize straw.     
C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna 
pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; N = Nitrogen; DM = Dry 
matter. 

 
 

 
 
Figure 3b: Effect of cover legume residues combined with nitrogen on N uptake in maize grains.    
C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna 
pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; N = Nitrogen; DM = Dry 
matter. 
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Figure 3c: Effect of cover legume residues combined with residual phosphorus on N uptake in 
maize straw. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp 
= Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; RP = Residual 
phosphorus; DM = Dry matter. 
 
 
 

 
Figure 3d: Effect of cover legume residues combined with residual phosphorus on N uptake in 
maize grains. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; 
Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata;                   
RP = Residual phosphorus; DM = Dry matter. 
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Figure 3e: Effect of cover legume residues combined with residual phosphorus and nitrogen on N 
uptake in maize straw. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista 
rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; 
RP = Residual phosphorus; N = Nitrogen; DM = Dry matter. 
 
 
 

 
Figure 3f: Effect of cover legume residues combined with residual phosphorus and nitrogen on N 
uptake in maize grains. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista 
rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; 
RP = Residual phosphorus; N = Nitrogen; DM = Dry matter. 
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Figure 4a: Effect of cover legume residues combined with residual phosphorus on maize harvest 
index. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia;               
Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata;                   
RP = Residual phosphorus. 
 
 

 
 

Figure 4b: Effect of cover legume residues combined with nitrogen on maize harvest index.            
C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna 
pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; N = Nitrogen. 
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Figure 4c: Effect of cover legume residues combined with residual phosphorus and nitrogen on 
maize harvest index. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista 
rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; 
RP = Residual phosphorus; N = Nitrogen. 
 
 
 

 
 
Figure 5a: Effect of cover legume residues combined with residual phosphorus on maize NUE.      
C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna 
pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; RP = Residual phosphorus; 
NUE = Nitrogen use efficiency. 
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Figure 5b: Effect of cover legume residues combined with nitrogen on maize NUE. C = Control;       
Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna pruriens;            
Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; N= Nitrogen; NUE = Nitrogen use 
efficiency. 
 
 

 
Figure 5c: Effect of cover legume residues combined with residual phosphorus and nitrogen on 
maize NUE. C = Control; Ah = Aeschynomene histrix; Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia;    
Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata;                   
RP = Residual phosphorus; N = Nitrogen; NUE = Nitrogen use efficiency. 



F. A. KOUELO et al. / Int. J. Biol. Chem. Sci. 7(6): 2468-2489, 2013 

  

 

 

2484 

 
 
 
 

Table 2: Summary of analysis of variance (ANOVA) for various parameters studied in the experiment. 
 

No Parameters studied Unit Legume residues 

(LR) Main plots 

Residual phosphorus 

(RP) Sub plots 

Nitrogen (N) 

Sub sub plots 

LR x RP 

Interactions 

LR x N 

interactions 

LR x RP x N 

interactions 

1 DM Straw Kg.ha-1 *** *** *** ns ns ns 

2 DM Grains Kg.ha-1 *** *** *** ns ns ns 

3 N Straw Kg.ha-1 *** *** *** ns ** ns 

4 N Grains Kg.ha-1 *** *** *** ns * ns 

5 Harvest Index % *** * *** ns ns ns 

6 Nitrogen Use Efficiency  -- *** ns * ns * ns 

* = Stands for significant at p≤0.05;  ** = Stands for significant at p≤0.01;  *** = Stands for significant at p≤0.001;  ns = Stands for no significant 
LR = Legume residues; RP = Residual phosphorus; N = Nitrogen; DM = Dry matter; Kg.ha-1 = Kilogram per hectare; % = Percentage.  

 
 
 



F. A. KOUELO et al. / Int. J. Biol. Chem. Sci. 7(6): 2468-2489, 2013 

  

 

 

2485 

 
Table 3: Straw and grains yield (kg DM.ha-1), nitrogen uptake in straw and grains (kg N.ha-1), harvest index (%) and nitrogen efficiency use of maize as 
affected by legume residues incorporation, residual phosphorus and nitrogen application. 
 

Factor Parameters DM Straw DM Grains N Straw N Grains Harvest Index NUE 
C = Control 967.9d 458.2c 45.1e 32.5c 31.4d 6.1d 
Ah =  Aeschynomene histrix 1863.3ab 1374.3b 76.2ab 111.2b 41.4bc 7.6bc 
Cp = Centrosema pubescens 2012.7a 1265.0b 88.4a 100.4b 36.3cd 6.9cd 
Cr = Chamaecrista rotundifolia 1861.0ab 1620.7ab 67.8bc 128.7ab 44.5ab 8.0bc 
Mp = Mucuna pruriens 1663.6bc 1793.9a 69.7bc 149.4a 49.9a 8.2bc 
Pp = Pueraria phaseoloides 1689.0bc 1498.7ab 60.3cd 106.4b 45.4ab 10.0a 
Sg = Stylosanthes guianensis 1508.9c 1314.2b 51.9de 105.1b 45.0ab 8.9ab 
Sh = Stylosanthes hamata 1684.5bc 1314.6b 67.5bc 110.7b 41.7bc 7.2cd 

 
 
 
Legume Residues 

LSD  240.9 372.3 14.9 30.6 6.5 1.6 
RP0 = 0 1463.6b 1057.9b 55.8b 83.6b 40.4b 7.9 
RP1 = 45 1849.1a 1602.0a 75.9a 127.4a 43.5a 7.8 

Residual 
Phosphorus 
 (Kg P. ha-1) LSD  126.4 143.3 9.0 11.9 3.0 ns 

N0 = 0 1273.1b 874.3b 46.5b 61.9b 39.2b 8.3a  Nitrogen (Kg N. 
ha-1) N1 = 60 2039.6a 1785.6a 85.2a 149.2a 44.6a 7.4b 
 LSD 129.8 144.3 7.2 12.8 2.7 0.7 

Values marked with the same letters within the same column are not significantly different from each other at 5% (Student-Newman-Keuls). C = Control; Ah = Aeschynomene histrix;            
Cp = Centrosema pubescens; Cr = Chamaecrista rotundifolia; Mp = Mucuna pruriens; Pp = Pueraria phaseoloïdes; Sg = Stylosanthes guianensis; Sh = Stylosanthes hamata; RP0 = Without 
Residual Phosphorus; RP1 = Application of Residual Phosphorus; N0 = Without Nitrogen; N1 = Application nitrogen; N = Nitrogen; DM = Dry matter; NUE = Nitrogen use efficiency;        
LSD = Least significant difference. 
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DISCUSSION 
Among nutrients, nitrogen is the 

primary factor in performance. Unfortunately, 
it is also a nutrient that is the most expensive 
after phosphorus fertilization and whose 
management is very sensitive (Sedego et al., 
1997). Our results show that nitrogen has a 
very positive effect on all yield components 
and confirm those of Yaro et al. (1997). These 
authors suggest that all parameters of 
performance increase with increasing doses of 
minerals fertilizers. They attribute this to 
strong demand for minerals (especially N and 
P). 

Legumes can play a major role in 
improving farm productivity in small holder 
agriculture as short-term fallow species 
(Hudgens, 2000). They can increase plant 
nutrient supply in the soil (especially N) and 
improve soil physical characteristics, thereby 
improving crop yields (Muller-Samann and 
Kotschi, 1994). Experiments conducted in 
western Kenya have demonstrated that higher 
yields can be obtained when organic residues 
have been incorporated (Gachengo et al., 
1999). Kouyate et al. (2000) also reported an 
increase in cereal grain and stover yields by 
37 and 49% respectively, when crop residues 
were incorporated compared with control 
treatment (no residues incorporation). Shafi et 
al. (2007) and Bakht et al. (2009) reported an 
increase in cereal grain yield when crop 
residues were incorporated, compared with 
untreated controls (no residues incorporation). 
Incorporation of residues in soil enhanced the 
grain yield by 4,51 and 8,93% when compared 
with the treatment of residues removal during 
2004 and 2005, respectively (Shafi et al., 
2010). Mureithi et al. (2003) reported that 
maize yield with incorporation was 6.1 t ha-1 
and in plots where residues had been removed 
was 5.6 t ha-1. The beneficial effects of 
residues incorporation of legumes have been 
reported widely (Shivakumar and Mishra, 

2001), attributed to decomposition of their 
biomass and thereby increased nutrient 
availability (Pawar and Jadhav, 1995). 

Staggenborg et al. (2003) reported that 
grain N content increased as applied N 
increased. These results were obtained by 
Shafi et al. (2010) and Acharya and Sharma 
(1994). Stevenson and Van Kessel (1996) and 
Shafi et al. (2007) reported that residues 
incorporation resulted in extra accumulation 
of N by maize. Application of N had increased 
the N uptake, which might be attributed to 
higher N availability (Parmar and Sharma, 
2001) for the crop. 

Maize harvest index, the ratio of grain 
weight to total plant weight, is an important 
trait associated with the dramatic increases in 
yield that have occurred in the twentieth 
century, particularly in the tropical germplasm 
(Lorenz et al., 2010). The lowest harvest 
index was recorded in the control treatment as 
results of Khaliq et al. (2004). Also, our 
results showed that legumes residues 
incorporated to soil and N, P fertilizers 
increased significantly harvest index. These 
results confirm those of Maobe et al. (2010) 
and Tunku et al. (2010). 

Legume residues incorporated in soil 
improved N use efficiency of maize. This 
result was obtained by Wijesinghe et al. 
(2009) and Sangakkara and Stamp (2009). 
But, minerals fertilizers (N, P) application 
decreased N use efficiency. This is in 
accordance with the results obtained by 
Caldwell and sturratt (1987). Campbell and 
Davidson (1979) suggested that, inefficient 
use of N is associated with increased stress 
induced by excessive vegetative growth. 
 

Conclusion 
Following this study, we found that 

legumes residues incorporated in soil or 
mineral fertilizers application improve 
significantly the maize yield, N uptake, 
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harvest index and nitrogen use efficiency on 
degraded soil. By combining legumes residues 
and mineral fertilizers, the improvement 
productivity obtained is not being significant. 
The best grain yield and grain N uptake were 
obtained with Mucuna pruriens residues 
incorporated. When Centrosema pubescens 
residues are only incorporated, we obtained 
the highest maize straw yield and straw N 
uptake. Mucuna pruriens residues gave the 
highest harvest index whereas nitrogen use 
efficiency is higher at Pueraria phaseoloïdes 
residues. The maize grain yield is explained 
up to 90% by biomass, harvest index and 
nitrogen use efficiency. The proportion of 
explained grain N uptake in biomass, harvest 
index and nitrogen use efficiency is 74%. 
With rotation legumes-cereals and legumes 
residues incorporation, degraded soils can be 
more productive than previously thought. 
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