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Abstract 
Studies were conducted at the University of Ghana, Soil and Irrigation Research Centre between March and 
December, 2007, using the randomised complete block design, with 8 treatments, 4 replications and plot size, 
4.0 m x 6.0 m.  The treatments included: no fertilization – control (T1); mucuna only (T2); mucuna + 60 kg 
P2O4 ha-1 + 40 kg K2O ha-1 (T3); mucuna + 50 kg N ha-1 (T4) mucuna + 25 kg N ha-1 (T5); 100 kg N ha-1 
(T6); 50 kg N ha-1 (T7) and 25 kg N ha-1 (T8).  Apart from (T1) and (T8), all others were given a basal 
application of 60 kg P2O4 ha-1 + 40 kg K2O ha-1.  At harvest, the maize crop in the mucuna plus 50 kg N ha-1 
treatment had total dry weight and grain yield that were higher than values observed in the mucuna only and 
control treatments.  Total dry weights were 3.02, 1.67 and 0.86 t ha-1, respectively; and grain yields were 1.30, 
0.59 and 0.22 t ha-1, respectively.  The treatments with mucuna incorporated into the soil had lower bulk 
densities than the others; bulk densities in the mucuna only and control treatments were 1.53 g cm-3 and 1.65 g 
cm-3, respectively.  The organic carbon and total N of soil, after harvest of the maize crop, were greater in the 
mucuna only treatment than the control; organic carbon in the mucuna only treatment was 1.1 % and in the 
control, 0.7 %, while total N values were 0.23 % and 0.16 %, respectively.  The mucuna plus 50 kg N ha-1 
treatment gave the lowest cost:benefit ratio, as a result of its comparatively higher grain yield and income.  
Cost:benefit ratios were 0.56 and 1.31 in the mucuna plus 50 kg N ha-1 and control treatments, respectively 
__________________________________________________________________________________________ 
Keywords: Mucuna incorporation, organic carbon, bulk density, total dry weight, total nitrogen, cost:benefit 

ratio 
__________________________________________________________________________________________ 
INTRODUCTION 
Soils of sub-Saharan Africa are low in natural 
fertility, with low inherent soil N and P availability 
being major constraints (Debrah et al., 2000 and 
Bekunda et al., 1997).  Apart from the low natural 
fertility of the soil, arable land is diminishing due to 
environmental degradation caused by inappropriate 
land uses, as indicated by Dedzoe et al. (1997).  The 
Vertisols of the Accra Plains have low OM content as 
a result of the low rainfall (700-1100 mm) that 
supports lower vegetative growth and decomposition 
than occurs in the forest zone, and also due to annual 
bush fires, which destroy vegetative cover. 
 
Acquaye (1986) observed that soil fertility is closely 
associated with OM content of the soil, which was 
determined to be 1-2% (0-15cm depth) in the savanna 
soils, compared with 4.5-6.0% in the forest soils 
where bush fires are less rampant and vegetative 
material is several fold more than in the  savanna 
belt.  Organic matter enhances soil nitrogen content 
and also improves the physical property of soil. 
  

Of the various management practices which can 
increase the productivity of crops, fertilizer 
application normally gives the highest returns 
(Chowdhury and Chetty, 1979).  Other approaches to 
remedy nutrient deficiency and declining soil 
productivity may be to explore organic sources of 
fertilizers (Gyamfi et al., 2001).  Green manure 
production, however, requires land that could often 
be used for food and cash crops (Giller et al., 1997).  
Leguminous green manure crops such as mucuna 
have been considered as a good source of improving 
soil fertility because of their ability to fix atmospheric 
nitrogen; such crops can form ground cover rapidly 
and also produce sufficient biomass that is easily 
decomposed in the soil (Carsky et al., 1998). 
 
Grain yield of maize, following a one season fallow 
with mucuna, was reported to be 60 % higher, as 
compared with maize following maize (Fischler and 
Wortmann, 1999).  These authors also observed that 
maize yields were higher during the second and third 
subsequent seasons, indicating probable residual 
effects of the mucuna green manure.  Buckles and 
Triomphe (1999) reported that maize yields in fields 
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with continuous rotation of mucuna were, on the 
average, double those obtained without mucuna.  
Asiedu et al. (2001) also reported that maize that 
followed mucuna fallow had a grain yield increase of 
138 % over the control (natural fallow). 
 
The efficiency of fertilizer use is often low because of 
declining soil organic matter, as observed in 
Nyalemegbe et al. (2010).  The addition of inorganic 
fertilizer to legume crop residues has been reported to 
result in increased maize yields but the highest use 
efficiency was obtained from the addition of 35 kg N 
ha-1 but not from 69 kg N ha-1 (Sakala et al. 2003). 
 
The present study seeks to investigate the growth and 
yield performance of maize when grown in rotation 
with mucuna as green manure, with or without 
inorganic fertilizers.  It is hoped that mucuna, with its 
profuse vegetative production and nitrogen fixing 
ability will enable farmers improve on the physical 
quality and fertility of their soils. 
 
MATERIALS AND METHODS 
The experiments were conducted at the University of 
Ghana, Soil and Irrigation Research Centre, Kpong 
(lat 6o 09′ N, long 0o 04′ E), from March to 
December, 2007.  The experimental design was 
randomised complete block, with 8 treatments and 4 
replications.  Plot size was 4.0 m x 6.0 m.  Kpong is 
within the Accra Plains of Ghana, which has annual 
rainfall ranging from 900 – 1100 mm.  The dominant 
soil is the Vertisol, and the nitrogen, phosphorus and 
potassium contents, from initial measurements were: 
0.07%, 11.8 mg kg-1, and 27 mg kg-1, respectively. 
Soil samples were taken to a depth of 0-20 cm and 
analysed for bulk density, porosity, pH, organic 
carbon (OC), total N, available P and exchangeable 
K.  The procedure described by Anderson and Ingram 
(1993) was followed in the determination of bulk 
density.  Soils pH (1:2.5, soil:water) was measured 
using the method indicated by McLean (1982); 
organic carbon was determined by the Walkley and 
Black wet digestion method (Nelson and Sommers, 
1982); nitrogen was determined by the micro-Kjedahl 
digestion method (Bremner and Mulvanay, 1982); 
available phosphorus and potassium were extracted 
by Bray and Kurtz-1 method; phosphorus was 
determined colorimetrically and potassium by flame 
photometry.  .   
 
Mucuna puriens was planted on specified plots on 
12th March, 2007, at a spacing of 50 cm x 50 cm.  
The total N content of mucuna at 150 days after 
planting (DAP) was determined, following the 
procedure outlined for the determination of total N of 
soil sample.  Fresh biomass within a quadrat of 1 m x 
1 m was randomly sampled and oven-dried at 60 oC 
for 48 hours and the dry matter yield determined.  
The roots of ten randomly selected mucuna plants 

were carefully excavated and washed with water and 
the number of nodules per plant counted. 
 
The experimental treatments included: No 
fertilization - control (T1); mucuna only (T2); 
mucuna + 60 kg P2O5 + 40 kg K2O ha-1 (T3); mucuna 
+ (25 kg N + 60 kg P2O5 + 40 kg K2O) ha-1 (T4); 
mucuna + 50 kg N + 60 kg P2O5 + 40 kg K2O ha-1 
(T5); 25 kg N + 60 kg P2O5 + 40 kg K2O ha-1 (T6); 50 
kg N + 60 kg P2O5 + 40 kg K2O ha-1 (T7); 100 kg N + 
60 kg P2O5 + 40 kg K2O ha-1 (T8).  Treatment T8 was 
the rate of application for maize recommended by 
NARP/CSIR (1998). 
 
On 13th August, 2007 i.e. 150 DAP, the mucuna 
plants were slashed and incorporated into the soil, 
using hoe.  Two weeks after the incorporation, the 
Obatanpa maize variety was planted, at 2 seeds per 
hill and a spacing of 80 cm x 40 cm.  The 
incorporation of mucuna was timed to coincide with 
the onset of the minor season rainfall. 
 
At 2 weeks after planting (WAP), triple super 
phosphate fertilizer (46 % P2O5) and muriate of 
potash (60 % K2O) were applied at rates of 0.31 kg 
per plot and 0.16 kg per plot, respectively, to 
treatments T3, T4, T5, T6, T7 and T8.  Sulphate of 
ammonia fertilizer (21 % N) was split applied to 
treatments T4, T5, T6, T7, and T8, at rates of 0.29 kg, 
0.57 kg, 0.29 kg, 0.57 kg and 1.14 kg per plot, 
respectively; one-third of the fertilizer was applied at 
2 WAP and two-thirds at 6 WAP.  Routine weed 
control was carried out twice, between planting and 
harvest of maize, using the hoe. 
 
Plant height, leaf area index (LAI), harvest index 
(HI), total plant dry weight, cob length, number of 
grains per cob, number of rows of grain per cob and 
grain yield were determined.  The height of maize 
plants was measured at 3 WAP and subsequently at 
2-week intervals until 7 WAP.  Ten maize plants 
were randomly selected per plot for the above 
measurements and mean values calculated. Leaf area 
index of maize was determined at 8 WAP.  The 
length and width of leaves of 10 plants per plot were 
measured and the average leaf length and width 
calculated.  The total number of maize leaves per plot 
was estimated by counting leaves on four plants and 
the mean number of leaves per plant calculated.  The 
mean number of leaves per plant was then multiplied 
by the total number of plants on the plots.  The LAI 
was extrapolated using the equation: 
LAI   =   [0.75 (L x B) x NL]/A,             (1)                                   
where L is the average length of maize leaf (cm), B is 
the average width of maize leaf (cm), NL is the 
number of leaves per plot, and A is the land area 
(cm2) occupied by maize plants per plot (Hunt, 1978).  
Total dry weight of maize plants was determined 
from sample areas of 3 m x 2 m for each treatment 
and oven dried at 800C for 48 hours.  At harvest, 
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maize cobs from an area of 3 m x 3 m of each plot 
were harvested and the grain yield measured. 
 
After harvest, the harvest index (HI), total plant dry 
weight, cob length, cob weight, number of rows of 
grain per cob, number of grains per cob and grain 
yield of maize were determined.  The cost:benefit 
ratios for the treatments were also evaluated and 
compared. Maize was replanted on the experimental 
plots after one season, on 15th April, 2008, to evaluate 
the residual effect of mucuna.  Half of the 
recommended fertilizer of 60 kg P2O5 + 40 kg K2O + 
100 kg N ha-1 was basally applied to all plots.  At 
harvest, staw weight, cob weight and grain yield of 
maize were determined. The GENSTAT statistical 
package was used for the analyses of data and the 
Analysis of Variance (ANOVA) applied to test the 
treatment effects for significance, using the F-test.  
Mean separation was by the Least Significant 
Difference (LSD) method. 
 
RESULTS 
An average of 9 t ha-1 dry weight of mucuna was 
attained at 150 DAS, when the legume biomass was 
incorporated into the soil.  Nodulation at 150 DAS 
was low, although the quantity of nitrogen in the 
biomass was substantial (Table 1). The bulk density 
of soil, after harvest of maize, was significantly 
higher for the control plots (T1), compared with the 
plots with mucuna - T2, T3, T4 and T5 (Table 2).  
Also, total soil porosity was significantly higher in 
the mucuna treatments than observed in the control 
and some treatments without mucuna (Table 2).  The 
organic carbon content of soil and the total N, after 
harvest of the maize crop, were significantly higher 
in the mucuna plots than in the control and some 
plots without mucuna (Table 3). Leaf area index 
(LAI) at 8 WAP was higher in the mucuna plus 50 kg 
N ha-1 treatment (T5) than observed in treatments T1 
and T6 (Table 4).  Also, total dry weight of plants was 
higher in T5 than most other treatments.  Grain yield 
in the mucuna plus 50 kg N ha-1 treatment was 
significantly higher than observed in the 
recommended inorganic fertilizer application, i.e. 100 
kg N ha-1 (Table 4). 
 
Grain yield under mucuna only was not significantly 
higher than the no fertilization control, but mucuna 
plus 25 kg N gave higher yield than the control.  The 
mucuna only and mucuna plus 50 kg N ha-1 
treatments had significantly longer cob lengths and 
grains per cob than observed in some treatments 
without mucuna while the mucuna plus 50 kg N ha-1 
treatment had longer cobs than observed in the other 
mucuna treatments (Table 5). There was residual 
effect of mucuna on the straw weight, cob weight and 
grain yield of the second season maize crop.  The 
percentage increase in straw weight, cob weight and 
grain yield in the treatments with mucuna, over the 
control, was higher than observed in the other 

treatments (Table 6).  The mucuna plus 50 kg N ha-1 
treatment gave the lowest cost:benefit ratio while 
treatment T6 gave the highest cost:benefit ratio (Table 
7). 
 
DISCUSSION 
In the current study, the above ground parts of 
mucuna yielded 205 kg N ha-1 at 150 DAP, compared 
with 14 to 240 kg N ha-1 reported by 4.5-month old 
cover crops (Tian et al., 2000). The generally higher 
accumulation of OC in the mucuna plots resulted in 
lower lower bulk density of soil, compared with the 
plots without mucuna.  Muzilli et al. (1980) also 
attributed decreases in bulk density to increased 
organic matter content of the soil.  The synergistic 
effect of the impact of mucuna on the physical 
properties of the soil and soil fertility explains the 
high grain yield of maize under mucuna plus 
supplementary nitrogen fertilizer application. The 
current study showed that mucuna alone gave grain 
yield that was not significantly different from that of 
the recommended inorganic nitrogen fertilizer (i.e. 
100 kg N ha-1).  Grain yield of maize was twice as 
high with mucuna plus supplementary application of 
50 kg N ha-1.  Research by Murwira et al. (1995) 
showed that the most efficient use of manure is to 
combine it with some mineral fertilizer. 
 
Mucuna plus supplementary application of 50 kg N 
ha-1 gave comparatively lower cost:benefit ratio than 
the other mucuna treatments.  In spite of its higher 
total cost, it had higher grain yield and gross income 
than the other mucuna treatments.  This treatment 
gives the benefit of the effect of mucuna on soil 
physical and chemical properties plus the 
supplementary effect of the inorganic fertilizer, 
particularly at the initial stages of growth when the 
effect of mucuna may not have fully manifested. 
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Table 1.  Biomass yield, number of nodules and nitrogen  
yield of mucuna at time of incorporation (150 days) 
Fresh biomass        Dry biomass       Number of               Nitrogen                                                                           
(kg ha-1)                 (kg ha-1)              nodules per plant     (kg ha-1) 
34,063                     9000                      2                               205 
 
 
Table 2.  Soil physical properties after harvest of maize   
                                                           Soil property  
Treatment                        Bulk density (g cm -3)              Total porosity (%) 
 
T1 (Control)                            1.65                                                 37.90 
T2                                            1.53                                                 42.45 
T3                                            1.50                                                 43.50 
T4                                            1.51                                                 44.67 
T5                                            1.50                                                 43.57 
T6                                            1.64                                                 38.15 
T7                                            1.60                                                 39.47 
T8                                            1.63                                                 38.37 
LSD (P0.05)                          0.11                                                  4.63 
  
Table 3.  Soil chemical properties after harvest of maize 
                                                                                Soil Property 
Treatment                                          Organic carbon (%)           Total N (%) 
No fertilization (control)                              0.70                            0.16 
Mucuna only                                               1.13                            0.23 
Mucuna 60 kg P2O5+40 kg K2O ha-1

             1.12                            0.23 
M+25 kg N+60 kg P2O5+40 kg K2O ha-1      1.15                            0.33 
M+50 kg N+60 kg P2O5+40 kg K2O ha-1      1.20                            0.37 
25 kg N+60 kg P2O5+40 kg K2O ha-1            0.79                            0.16 
50 kg N+60 kg P2O5+40 kg K2O ha-1

            0.88                            0.16  
100 kg N+60 kg P2O5 + 40 kg K2O ha-1        0.95                            0.19 
LSD P0.01)                                                0.18                            0.03 
 
 
Table 4.  Mean leaf area index (LI), total dry weight (TDW) Grain Yield 

    and Harvest Index (HI) of Maize 
Treatment LAI TDW     

(t ha-1) 
GrainYield                                                                
( t ha-1) 

 
No fertilization (control) 

 
0.24 

 
   0.86 

 
     0.21 

Mucuna only (M) 0.49    1.67      0.59 
Mucuna + 60 kg P2O5+40 kg K2O ha-1 0.52    1.95      0.70 
M+25 kg N+60 kg P2O5+40 kg K2O ha-1 0.55    2.45      0.78 
M+50 kg N+60 kg P2O5+40 kg K2O ha-1 0.34    3.02      1.30 
25 kg N+60 kg P2O5+40 kg K2O ha-1 0.34    1.59      0.52 
50 kg N+60 kg P2O5+40 kg K2O ha-1 0.51    1.59      0.56 
100 kg N+60 kg P2O5 + 40 kg K2O ha-1 0.55    1.85      0.62 
LSD P (0.05)        0.26    0.80      0.51 
 
Table 5.  Mean cob length, number of rows of grains per cob and number of grains per cob of maize 
                          Cob length (cm)    Rows of grains per cob      Grains per cob         
Treatment          Mean     Range          Mean      Range             Mean      Range                 
T1                             6.44     4.0-12.0          10           6-14                148        6-364 
T2                     11.81     6.0-17.5          14         12-18                391      36-684 
T3                               11.09     6.5-15.0          14         10-18                334    102-512 
T4                                11.41     8.0-17.0          14         12-18               340    136-544 
T5                                14.63     9.5-19.5          14         10-18               459    276-608 
T6                            8.94     6.0-14-0          14         10-16               253    140-420 
T7                       9.96     5.5-15.0           14         10-18              291    130-544 
T8                                11.08     5.5-15.0          14         12-18               332    120-490 
LSD P (0.01)   1.77                              2                                   73          
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Table 6.  Residual effect of mucuna on straw weight, cob weight and  
     grain yield of maize 
Treatment    Straw wt   Percent     Cob wt      Percent     Grain yield    Percent 
                     (t ha-1)     Increase     (t ha-1)      Increase        (t ha-1)       Increase     

 
T1                   2.25            -              2.39              -                1.27               - 
T2                   2.64          17.1           2.91           22.0             1.39              9.1       
T3                   2.66          17.9           3.03           26.7             1.60            25.5 
T4                   2.73          21.2           3.09           29.5             1.75            37.3 
T5                   2.83          25.4           3.20           34.2             1.82            42.7 
T6                   2.54          12.8           2.61            9.2              1.24             -2.7 
T7                   2.56          13.6           2.65           10.9             1.29              0.9 
T8                   2.68          18.8           2.72           13.9             1.12           -11.8 
 
 
Table 7.  Comparative analysis of cost: benefit ratio of different mucuna/fertilizer/ 

crop management practices 
Treatment         Cost ($)     Benefit ($) Cost benefit  Ratio  
No fertilization (control) 171.43 130.54 1.31 
Mucuna only                                             325.00 358.82 0.91 
Mucuna + (60 kg P2O5 + 40 kg K2O)  ha-1 

(T3)   
382.46 424.39 0.90 

Mucuna + (25 kg N + 60 kg P2O5 + 40 kg 
K2O) ha-1(T4)  

420.91 471.75 0.89 

Mucuna + (50 kg N + 60 kg P2O5 + 40 kg  
K2O) ha-1(T5)       

443.89 786.86 0.56 

25 kg N + 60kg P2O5 + 40 kg K2O ha-1(T6)     274.49 134.18 2.05 
50 kg N + 60 kg P2O5 + 40 kg K2O ha-1(T7)   297.82 340.00 0.88 
100 kg N + 60 kg P2O5 + 40 kg K2O ha-

1(T8) 
375.21 375.21 1.00 

 
 


