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Abstract 

The severity and increase of the Imperata cylindrica constraint as a weed, the decline of the traditional fallow systems 
as a means of soil fertility management and the lack of inorganic fertilizer appear to have created opportunities for 
adoption of mucuna (Mucunapruriens) technology by smallholder farmers in some areas in the derived savanna of 
West Africa. What is not known, however, is the extent to which the establishment and N contribution of mucuna 
in these areas depend on symbiotic properties such as effective nodulation and mycorrhizal infection. Short term 
surveys carried out in 34 farmer's arable fields located in four different sites in the derived savanna, southern 
Benin, West Africa, together with results of greenhouse and field experiments showed that mycorrhizal infection 
rate of mucuna ranged from 2 to 31% and correlated positively with nodulation and shoot dry matter production. 
Nodulation occurred in 79% of the fields with numbers of nodules ranging from 0 to 135 plant- 1. Mucuna responded 
both to inoculation and N fertilizer in degraded soils but growth response depended on the rhizobia strains and 
mucuna varieties. Mucuna accumulated in 12 weeks about 313 kg N ha -1 as either a sole crop or 166 kg N ha - l  
when mixed/intercropped with maize, respectively. Across all cropping systems it derived an average of 70% of its 
N from atmospheric N2 (estimates made by the 15N isotope dilution method), representing 167 kg N ha -~ per 12 
weeks in the field. Mucuna interplanted with maize obtained a greater proportion of its nitrogen (74%) from fixation 
than did mucuna grown alone (66%) suggesting that competition for soil N influences the proportion of nitrogen 
fixed by mucuna. The total amount of N2 fixed per hectare was, however, reduced significantly by intercropping 
mucuna with maize. A preceding mucuna crop provided a maize yield equivalent to 120 kg N kg ha-1 of inorganic 
N fertilizer. 

Introduction 

Low soil fertility due to N and P deficiencies and low 
soil organic matter content seems to be an overriding 
constraint and a major limiting factor to food produc- 
tion in the moist savanna zones in West Africa. For 
example, the reduction of fallows from 6 years to 2 
years has resulted in a yield decline of cassava in some 
humid or sub-humid areas from 11 t ha-  1 to less than 2 
t ha - l  (FAO, 1992). With maize and sorghum, Weber 
et al. (1994) suggested that the soil must supply 60 kg 

N and 30 kg P ha -1 in plant available form for each ton 
of grain produced. Van Keulen and Van Heemst (1982) 
have reported lower values of 15 kg N ha -1 and about 
2 kg P ha-  1 for each ton of grain produced. The defi- 
ciency of N and P in soils could be alleviated by the 
use of fertilizers if they were available at prices that 
the smallholder farmers can afford. By contrast with 
chemical fertilizers, use of biological means such as N2 
fixation by leguminous plants to improve soil fertility 
may be an attractive and practicable alternative. 
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Herbaceous legumes are currently proposed for 
use in the moist savanna cropping systems undergo- 
ing degradation (COMBS, 1992). It is often assumed 
that they will fix N2 freely and therefore not depend 
on available soil N. These legumes, however, might 
behave as non-fixers and depend solely on available N 
if they are not effectively nodulated. 

Mucuna (Mucuna pruriens) is prominent among 
the herbaceous legumes currently being promoted in 
the moist savanna of West Africa for use as green 
manure for soil fertility improvement and weed control 
(Akobundu, 1987; Versteeg and Koudokpon, 1990). 
Technologies such as the repeated use of mucuna short 
fallows have been adopted to some extent by farm- 
ers who have seriously degraded fields in the derived 
savanna of the Mono province in Benin. 

In the other parts of the world (United States, India, 
South Asia and Latin America) mucuna soil-improving 
effects are well documented (Buckles, 1994). In con- 
trast, no quantitative data are available in West Africa 
on the amount of N2 fixed by mucuna and its contribu- 
tion to associated or succeeding crops. Russell (1936) 
cited by Buckles (1994) reported numerous studies 
with mucuna in crop rotations aimed at intensifying 
shifting agricultural systems in West Africa. Research 
done in Nigeria indicated that maize yields after mucu- 
na were considerably increased and that soil fertili- 
ty was maintained for 8 years with mucuna rotations 
compared to 4 years for shifting cultivation systems. 
This result has prompted researchers in West Africa 
to regard mucuna cultivation as one way to intensify 
production systems, especially in degraded lands. 

Mulongoy and Akobundu (1990) conducted exper- 
iments with a number of leguminous cover crops 
including Calopogonium mucunoides, Centrosema 
pubescens, Mucuna pruriens var. utilis, Psophocarpus 
palustris and Pueraria phaseoloides for their potential 
in the live mulch system. Annual dry matter yields of 
these legumes ranged between 1.5 and 7.5 t ha -1 , with 
N yields ranging from 30 to 300 kg ha -1 per year. The 
real impact of the system on soil conservation and sus- 
tainability was shown by maize response to residual 
effects of the live mulch systems with P. palustris and 
C. pubescens. Without fertilizer N, maize yield aver- 
aged less than 1.5 t ha-  i while yield in the live mulch 
plots without fertilizer N exceeded 3 .0  t ha -1 . How- 
ever, N accumulation and equivalence methods used 
by these authors do not differentiate between the con- 
tribution of soil and biological N2 fixation, so reliable 
data on the amount of N2 fixed and made available to 
succeeding crops are not available. 

Information is sparse on the basics of mucuna- 
rhizobium symbiosis and our knowledge of the rhi- 
zobia of herbaceous legumes lags far behind that of 
the grain legumes. More research is needed to improve 
existing mucuna-rhizobium and vesicular arbuscular 
mycorrhizal (VAM) symbioses and to assess how they 
are affected by abiotic and biotic factors and their con- 
tribution to mucuna systems. This paper examines pos- 
sibilities and approaches for increasing N2 fixation and 
its contribution to N status of succeeding or associated 
crops. 

Materials and methods 

Short term survey of nodulation and mycorrhiza 

This investigation was carried out in 34 farmers' fields 
at 4 different locations (Zouzouvou, Tchi, Eglim6 and 
Niaouli) in the derived savanna of the Mono and Ant- 
lantic provinces of the Republic of Benin. The major 
site characteristics are given in Table 1. The fields 
were selected according to their degree of degradation, 
cropping history and length of fallow periods. 

Soil sampling and plant harvest 
Plant sampling was done in each plot using a quadrat 
measuring 0.50 x 0.50 m. For each field 2 to 4 positions 
were sampled depending on the size of the field (0.1 
to 1.2 ha). Mucuna shoots were cut at soil level and 
weighed fresh. Two soil cores (0-20 cm) were taken in 
each quadrat with a 6.0 cm diameter soil auger. Roots 
were collected (0-20 cm) in each quadrat, put in a 
plastic bag and taken to the station where they were 
washed on a sieve with 1 mm openings. Nodules were 
removed and counted and their fresh weight taken. Two 
nodules were selected for rhizobia isolation according 
to their large size (above 0.5 cm diameter). Mycorrhizal 
infection was rated on fresh roots using the method of 
Giovanetti and Mosse (1980). 

Soil chemical properties 
Twenty soil cores (0-20 cm) were randomly collected 
in each field. The 20 cores were bulked and passed 
through a sieve with 2 mm openings. Soil available 
N (NO~- and NH +) was determined on a subsample 
collected from each plot and preserved in a cooler 
(approximately 4 °C) before KC1 extraction. Other 
soil chemical analyses included total soil organic C, 
extractable P (Bray 1) and pH (IITA, 1989). 



Table 1. Selected site characteristics in 34 farmers' fields in Zouzouvou, Eglim6 Tchi and Niaouli, southern Benin 
Republic 
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Sites 
Parameters Zouzouvou Eglim6 Tchi Niaouli 

pH(H20) 6.31(5.61-6.78) 5.87(4.55-6.25) 6.59(6.16-7.40) 4.73(4.35-5.11) 
Total Org. Carbon (%) 0.62(0.34-1.05) 0.90(0.62-1.25) 1.19(1.13-1.21) 0.29(0.28-0.30) 
Extractable P (#g g- l) 12.20(3.58-44.40) 5.03(0.79-13.20) 0.42(0.38-0.54) 23.01(16.48-29.53) 
Available NO3 (#g g-l)  0.71(0.21-1.47) 1.12(0.52-1.85) 1.80(1.08-3.39) 0.70(0.68-0.72) 
Available NH4 (#g g-l) 0.71(0.23-1.48) 0.81(.56-1.02) 2.26(0.98-2.39) 0.57(0.46-0.68) 
Soil Order (USDA) Oxisols Alfisols Vertisols Oxisols 
Number of fields 12 16 4 2 

Values in brackets are ranges (minimum and maximum). 

Enumeration of rhizobia 

Rhizobia populations nodulating mucuna in select- 
ed fields in each site were enumerated by the most- 
probable-number (MPN) method (Alexander, 1965) 
using plastic pouches (Weaver and Frederic, 1972). 
Soil for the MPN assays was taken from the sub-sample 
collected for soil chemical analyses. A 5-fold dilu- 
tion series with four replicates per dilution was used 
(Woomer et al., 1988). Mucuna pruriens var. utilis 
was the legume host to enumerate rhizobia. Seeds 
were surface sterilized in 2% sodium hypochlorite 
for 2 min., rinsed and planted two per pouch. Plants 
received Jensen's solution (Vincent, 1970) as required. 
The pouches were incubated at 28 °C under daylight 
fluorescent tubes (450 #mol m -2 s - l )  with 16h pho- 
toperiods. Nodulation was assessed between 21 and 35 
days after inoculation. 

Isolation and characterisation of indigenous rhizobia 

Rhizobial strains were isolated according to Vincent 
(1970) from two selected surface sterilized nodules 
from mucuna species growing at the different locations 
of the Mono province in Benin and in southwestern and 
northern Guinea savanna in Nigeria. Single colony iso- 
lates were maintained in McCartney bottles on yeast 
extract mannitol agar (YMA) slants. Purified isolates 
were grown in a yeast extract mannitol broth (YMB) 
at 28 °C on a reciprocal shaker, characterized mor- 
phologically and their growth rate determined. Acid 
production was assessed on YMA to which 0.5% bro- 
mothymol blue had been added (Vincent, 1970). 

Authentication of isolates as rhizobia was per- 
formed by inoculating seedlings grown in plastic 
pouches with rhizobia isolates containing approxi- 

mately 108 cells per mL. The plants were grown in 
the isolation room for 6 weeks and formation of root 
nodules was considered as verifcation that the isolates 
were rhizobia. The authenticated isolates were deposit- 
ed in the IITA Rhizobium collection and they are herein 
cited according to their IITA accession number. 

Response ofMucuna sp. to rhizobia inoculation and 
contribution of N to maize 

This experiment was carried out in an isolation room, 
in the greenhouse and finally in the field. 

Identification of effective rhizobia strains 
The experiment was carried out in an isolation room, 
in Leonard jars (750 mL) filled with sand (washed with 
conc. HC1). After the filled jars were autoclaved, two 
aseptically pre-germinated mucuna seeds were plant- 
ed in each jar. Seedlings were inoculated as indicated 
above. There were 3 replicate jars for each of the rhi- 
zobia isolates. Uninoculated seedlings without or with 
N fertilizer at 75 mg L -1 (equivalent to 56 mg per 
jar) as KNO3 served as controls. Jars were arranged 
in a randomized complete-block design. Plants were 
harvested at 6 weeks after planting (WAP). Nodulation 
and shoot dry weight were recorded. 

Response ofMucuna sp. to rhizobia inoculation 
Pot experiment. The best four rhizobia strains select- 
ed from the Leonard jar experiment were further evalu- 
ated in pots containing soils collected from a field (0-20 
m depth) grown to mucuna or to Imperata cylindrica at 
Ijaiye, a derived savanna site in southwestern Nigeria. 
The soil was sieved to pass a 2 mm opening screen and 
5 kg soil was used per pot. Mucunapruriens var. utilis 
and Mucuna pruriens var. cochinchinensis were grown 
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in the two soils. Treatments were (i) uninoculated con- 
trol, (ii) uninoculated plus N fertilizer control and (iii) 
inoculated with rhizobia isolates. The experiment was 
a randomized complete block design with 3 replica- 
tions. Plants were harvested at 8 WAP by cutting the 
top at soil level. Roots were carefully washed from the 
soil in running tap water. Nodules were then separated 
from roots, counted and dried in a forced air oven at 
60 °C until constant weight. Tops were also dried as 
described above and weighed. 

Field experiment. The trial was established in April 
1994 on an lmperata cylindrica infested field at Ijaiye 
near Ibadan. Mucuna was established into slashed/. 
cylindrica which was allowed to regrow. A split plot 
design with 3 mainplot treatments (17.5 m x  18 m) con- 
sisting of uninoculated control, N fertilization, (90 kg 
N ha -1) and rhizobia inoculation of mucuna was used. 
The subplot treatment (8 m x 3 m) was intercropping 
maize in mucuna or I. cylindrica plots. Sole maize 
plots were also included as controls. There were 4 
replications per treatment. Each, of these systems was 
established with a broadcast dressing of P as single 
superphosphate and K as muriate of potash, each at 30 
kg of P or K ha - l  before planting maize. Nitrogen was 
applied at 90 kg ha-1 as urea in the N treatment plots 
in 3 split applications at 2, 4 and 6 WAP of maize. 
Mucuna pruriens var. utilis was introduced at 5 WAP 
to reduce competition and smothering of the maize 
plants. Mucuna seeds were inoculated as appropriate at 
planting with broth cultures containing approximately 
107 cells per mL of a mixture of three rhizobia strains 
selected from the pot experiment. 

Microplots (2.50 m 2) were marked out in each plot. 
Enriched (15NH4)2SO4 with 5 atom % 15N was applied 
in the microplots at a rate of 10 kg N ha -1 at 2 split 
applications of 5 kg N ha -1 in the first (May to August 
1994) and second (September to November 1995) sea- 
sons. The isotope dilution method (Fried and Middel- 
boe, 1977) was used to estimate the proportion and 
amount of N2 fixation. Maize and I. cylindrica were 
used as reference plants to calculate N2 fixation. Plants 
were harvested at 4, 8 and 12 WAR Number and weight 
of the nodules and biomass yields of mucuna were col- 
lected as indicated above. Maize yield was determined 
in each treatment at 12 WAR 

Contribution of N to maize 
Another field experiment was carried out earlier (Van 
der Meersh, 1992; Vanlauwe, unpubl.) to examine the 

Table 2. Number of rhizobia per g of soil for mucuna grown in farmer's 
fields in four different sites in derived savanna in the Mono Province, 
southern Benin 

Locations 
Plot history Zouzouvou Tchi Eglim6 Niaouli 

Imperata fallow 74-4 224-6 0 0 
Adjacent field 24-1 74-2 0 0 
Mucuna field 74-2 108-t- 19 0 7q-2 

Table 3. Number of rhizobia per g of soil as affected by plot history for 
mucuna grown in five selected farmer's fields at Zouzouvou in derived 
savanna Mono province, Benin 

Field numbers 
Plot history i 2 3 4 5 Means 

Imperata 15 1 0 8 12 74-3 
Mucuna 10 5 5 9 6 64-2 
Adjacent field 5 2 2 0 0 24-1 
Means 104-2 34-1 44-3 64-2 64-3 

effect of alley cropping and mucuna fallows on total 
N and yield of maize. The experimental design and 
treatments are described in previous reports (Van der 
Meersh, 1992). In this paper we only report the maize 
data collected in mucuna plots. 

Statistical analyses 

Analysis of variance (ANOVA) was carried out using 
Statistical Analysis Systems (SAS) to determine treat- 
ment and interaction effects. When a significant treat- 
ment effect was found then the least significant differ- 
ence (LSD) was calculated in order to compare treat- 
ment means. 

Results 

Short term survey on nodulation and mycorrhiza 

Rhizobia density 
The average densities of indigenous rhizobia capable 
of nodulating mucuna varied between locations and 
were affected by the plot history (Table 2). No rhizo- 
bia infective for mucuna were detected at Eglime and 
Niaouli except in the mucuna field in the latter loca- 
tion. Rhizobia populations in Tchi were higher than in 
the other 3 sites especially in the mucuna plot where 
their numbers were above 100 rhizobia per g of soil. 



Table 4. Evaluation of some symbiotic and growth parameters of mucuna in 34 farmer's fields at Zouzouvou, Eglimr, 
Tchi and Niaouli in derived savanna, southern Benin 
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Sites Number of fields Nodule number Nodule weight Mycorrhiza Shoot fresh weight 
(No. quadrant- ! ) (g plant- l ) (%) (g quadrant- t ) 

Zouzouvou 12 27(0-135) 2.78(0-7.09) 9(2-28) 459(120-1200) 
Eglim6 16 19(0-73) 2.16(0-7.96) 17 (10 -26 )  490(200-880) 

Tchi 4 65(17-122) 3.94(0.60-12.40) 15(11-20) 396(30-780) 

Niaouli 2 25(2-47) 4.80(0.07-10.10) 21(14-31) 559(400-820) 
LSD 5% 23 NS 11 NS* 

Values in brackets are ranges (minimum and maximum). 
NS* : not significant. 

Results in Table 3 illustrate the large differences 
in rhizobia population obtained between and within 
farmers' fields in Zouzouvou. The numbers of rhizobia 
ranged between zero and 15 cells per g of soil depend- 
ing on the plot history and the fields. Plots infested 
by I. cylindrica and those grown to mucuna had higher 
numbers of rhizobia cells than fields that were adjacent 
to the two plots. Other crops such as maize or cotton 
were grown in the adjacent plots. 

Nodulation 
Nodulation was not observed in 7 out of the 34 fields. 
The number of nodules per plant varied between 0 and 
135 (Table 4) and were on average more related to 
shoot dry weight (r = 0.54, p < 0.05, n = 72) than the 
weight of nodules (r = 0.41, p < 0.05, n = 72). How- 
ever the coefficient of correlation between the number 
of nodules and shoot dry weight was affected by loca- 
tions (Table 5) being higher for Zouzouvou (r = 0.68); 
Niaouli (r = 0.61) and Eglimr, (r=0.57) than for Tchi 
(r=0.29, not significant at p<0.05). On average, the two 
nodulation parameters (number and weight of nodules) 
correlated significantly (r= 0.47, p<0.05). 

Vesicular arbuscular mycorrhiza (VAM) 
VAM fungi infection rate of mucuna varied between 2 
and 31% among fields (Table 4). There were significant 
correlations between VAM and shoot dry weight (r = 
0.51, p= 0.05: n = 70) in three of the sites except at 
Niaouli but also between VAM and nodule weight at 
Zouzouvou (Table 5). 

Shoot biomass 
Plant shoot biomass varied between fields in the four 
locations (Table 4). Mucuna growing in Niaouli had, 
on average, a higher shoot weight than that in the 
other locations. However, its maximum fresh weight 

was significantly lower than that obtained in Zouzou- 
vou. When the minimum fresh biomass was consid- 
ered, plants in Tchi produced 18, 33 and 75 times less 
biomass than those in Zouzouvou, Eglim6 and Niaouli, 
respectively. 

Isolation and characterization of rhizobia 

Nodules of mucuna grown in the different locations 
in Benin and Nigeria yielded two types of rhizobia 
based on physiological and morphological character- 
istics. Forty percent of rhizobia isolated from mucuna 
root nodules were fast growing and acid producers 
while the rest were slow growing and alkaline pro- 
ducers. Mean generation time of the isolates ranged 
from 2-3 to 5-7 days for the fast and slow growing 
bacteria, respectively. However, only the majority of 
the slow growing rhizobia consistently formed nodules 
on mucuna growing in plastic pouches in the isolation 
room, 

Response ofMucuna sp. to rhizobial inoculation 

Identification of effective rhizobia strains 
All authenticated isolates selected from growth pouch- 
es formed nodules on Mucunu pruriens var. utilis. 
Mean nodule number, nodule dry weight and shoot 
dry weight of the inoculated plants varied significantly 
between rhizobia isolates (Table 6). Shoot dry weight 
of mucuna obtained by four rhizobia isolates (IRM4, 
IRMs, IRMI0 and IRM13) was similar or significantly 
higher than that of plants fertilized with N. These rhi- 
zobia isolates were then used for the pot experiment 
using soils collected from the field experiment at Ij aiye. 
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Table 5. Coefficient of correlation between growth, nodulation and some soil chemical characteristics on the growth of mucuna in 
farmer's fields at Zouzouvou (n--48), Eglim6 (n=60), Tchi (n=16) and Niaouli (n=8) 

Zouzouvou Eglim6 Tchi Niaouli 

SDW NoNo NW SDW NoNo NW* SDW NoNo NW SDW NoNo NW 

0.68** 0.57** 0.57** 0.49** 0.29 0.39 0.61 0.54 

0.42"* 0.65"* 0.34 0.23 

ND 0.58** -0.38* ND 0.15 -0.52* ND 0.48 0.17 ND 0.43 

-0.10 -0.04 0.16 0.075 0.02 -0.03 -0.008 -0.15 0.16 -0.68"* 0.50 

-0.16 -0.19 -0.08 -0.02 -0.01 -0.39 -0.69** -0.65** -0.17 0.38 0.67* 

-0.03 -0.02 -0.13 0.04 0.02 0.13 -0.33 0.04 0.09 -0.09 -0.43 

-0.15 -0.04 0.04 -0.02 -0.02 0.19 -0.08 -0.27 -0.24 0.15 0.49 

0.25 0.23 -0.16 0.01 0.01 -0.54* -0.22 -0.43 0.05 -0.39 -0.63* 

Shoot dry 

weight (SDW) 

Nodule number - 

(NoNo) 

Mycorrhiza 0.62** 

NO3 -0.01 

NH4 0.01 

C 0.01 

P -0.07 

pH 0.21 

* Significant at p=O.05 
* *  Significant at p=0.01. 
NW = Nodule weight. 
ND=Not determined. 

Table 6. Screening of Mucuna rhizobia isolates for symbiotic effectiveness (%) in Leonard jars 

Rhizobia isolates Origin Nodule No Nodule dry weight Shoot dry weight Symbiotic* 

Accession No (mg plant- 1 ) (g plant- 1 ) effectiveness(%) 

Control 0 0 0.400 40 

N fertilizer 0 0 0.980 100 

IRM~ * Zozouvou 8 7 0.786 80 

IRM2 Zozouvou 33 10 0.683 69 

IRM3 D2IITA 27 14 0.622 63 
IRM4 Zouzouvou 26 20 0.683 69 

IRMa Tchi 17 5 0.907 92 

IRM5 Tchi 6 10 1.032 105 

IRM6 Eglim6 13 3 0.830 84 

IRM7 Eglim6 5 4 0.665 67 

IRM8 Niaouli 6 11 0.672 68 

IRM 9 Niaouli 13 21 0.431 43 

IRMI0 Niaonli 32 136 1.186 121 

IRMll Yamrat 8 9 0.840 85 

IRM12 Yamrat 23 28 0.771 78 

IRM13 Yamrat 5 8 0.859 87 

IRMI4 Ijaiye 10 953 0.756 77 

IRM15 Ijaiye 68 390 0.557 56 
IRMI6 Ijaiye 14 6 0.639 65 
IRMI7 Ijaiye 15 24 0.571 58 

LSD 5% 29 6 0.29 

* =Symbiotic effectiveness = percentage of inoculated plants over N fertilizer control. 
** =IRM=IITA Rhizobia for Mucuna. 

Response o f  M u c u n a  to rhizobia inoculation 
Pot experiment: Nodulation. T h e r e  we re  no  s igni f -  

i can t  d i f f e r ences  in  n o d u l e  n u m b e r  b e t w e e n  m u c u -  

n a  var ie t ies  and  inocu la t i on  t r e a t m e n t  (da ta  no t  

shown) .  Fo r  b o t h  Mucuna pruriens var. utilis a n d  var. 

cochinchinensis, u n i n o c u l a t e d  p lan t s  had,  o n  a v e r a g e  



Table 7. Effect of Rhizobium inoculation and N fertilizer on shoot dry weight (g plant- l ) and nodule fresh weight (g 
plant- l ) of Mucuna pruriens var. utilis and var. cochichinensis grown in soils collected from Imperata and mucuna 
fields at Ijaiye, southwestern Nigeria 
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Inoculation treatment 

Soil origin 

lmperata cyclindrica Mucuna 

vat. utilis vat. cochichinensis var. utilis vat. cochichbzensis 

SDW* NFW** SDW NFW SDW NFW SDW NFW 

Uninocutated 

N fertilizer 

Rhizobia IRM4 

Rhizobia IRM5 

Rhizobia IRMl0 

Rhizobia IRMI3 

Means 

LSD 5% a 
b 

23.17 1.33 27.07 1.47 21.32 0.22 18.93 0.02 

25.19 0.89 26.29 1.60 19.49 0.08 21.08 0.18 

22.22 1.15 24.19 1.08 20.81 0.13 23,01 0.03 

25.89 1.57 26.26 1.35 20.43 0.31 20.73 0.01 

25.91 2.02 24.04 0.71 20.70 0.02 20.32 0.35 

25.56 1.43 23.68 0.76 19.69 0.03 21.39 0.02 

24.70 1.40 25.25 1.16 20.41 0.13 20.91 0.10 

2.49 0.15 

1.86 0.48 

aFor comparing plant varieties. 
bFor comparing plant inoculation treatments. 
* SDW=Shoot dry weight. 
** NFW=Nodule fresh weight. 

more, nodule numbers than inoculated ones. Howev- 
er, nodule fresh weight of inoculated M. pruriens var. 
utilis was increased by rhizobia strains IRM10 while 
that ofM. pruriens var. cochinchinensis was not affect- 
ed by rhizobia inoculation. (Table 7) 

Shoot dry weight. Shoot dry weight response of 
mucuna to rhizobia inoculation and N fertilizer 
depended on variety and soil origin (Table 7). Response 
to N fertilizer was obtained only by M. pruriens var. 
utilis in soil originating from a I. cylindrica field while 
that of M. pruriens var. cochinchinensis responded to 
N in soil from a M. pruriens var. utilis field. 

Shoot growth response to inoculation occurred only 
in plots where the two mucuna varieties responded to 
N fertilizer. Rhizobia strains IRMs, IRMIo and IRM13 
induced higher shoot dry weights of M. pruriens var. 
utilis grown in I. cylindrica soil but they were totally 
ineffective on M. pruriens var. cochinchinensis in that 
soil. Mucuna pruriens var. cochinchinensis responded 
to inoculation with IRM4 (ineffective in L cylindrica 
field) when grown in soil collected from a M. pruriens 
field. 

Field experiments: Biomass production. Biomass 
production of mucuna during the cropping season is 
shown in Figure 1. When grown as sole crop, total 
dry biomass production at 12 WAP were 9.2, 7.7 and 
8.7 t ha -1 for inoculated, uninoculated and N fertil- 
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Inoc. Irtoc. + m a i ~  Unfer t .  Unfer t .¢  maize Fert, FerL * maize  
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Figure 1. Effect of N fertilization, rhizobia inoculation and different 
cropping systems on mucuna bioma reduction in the field at Ijaiye 
at 12 weeks after planting. 

ized treatments, respectively. Biomass production was 
reduced by 44%, 25% and 56% for inoculated, uninoc- 
ulated and N fertilizer treatments, respectively, when 
mucuna was intercropped with maize. Sole cropped 
mucuna accumulated in its above ground biomass an 
average of 313 kg N ha -1 by 12 WAP (Table 8). This 
amount was reduced to an average of 166 kg N ha -1 
when mucuna was interplanted with maize. 

Nodulation and N2 fixation. Nodulation of mucuna 
was significantly reduced by N fertilization (Fig. 2). 
Nodule numbers were significantly increased by rhizo- 
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Table 8. Proportion and amount of N derived from atmospheric N 2 (Ndfa) by Mucuna pruriens using Imperata cylindrica 
as reference plants in the field at Ijaiye 

Treatments Isotope dilution N difference method 

Total N (kg N ha -  1) N fixed (%) N fixed (kg N ha-  1 ) N fixed N fixed 

(%) (kg N ha -  1 ) 

No fert. Mucuna alone 325 

Fert. Mucuna alone 302 

Inoc, Mucuna alone 310 

No fert. Mucuna + maize 188 

Fert. Mucuna + maize 117 

Inoc. Mucuna + maize 190 

Means 239 

LSD 5% 128 

69 224 77 252 

64 193 64 195 

64 198 76 238 

74 139 56 106 

63 74 42 50 

86 163 56 108 

70 167 62 158 

19 116 ND ND 
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Figure 2. Effect of N fertilization, rhizobia inoculation and different 
cropping systems on mucuna nodule number and nodule fresh weight 
in the field at Ijaiye. 

bia inoculation in sole mucuna but not in a mixture of 
mucuna and maize. Nodule fresh weight was increased 
by inoculation in both treatments. When inoculated 
mucuna was intercropped with maize, nodule fresh 
weight and nodule numbers were reduced by 34% and 
27%, respectively. 

Across all cropping systems the proportions of N 
accumulation due N2 fixation by mucuna measured by 
the 15N isotope technique averaged 70%, equivalent 
to the amount of 167 kg N ha -1 during the 12 weeks 
of growth (Table 8). The proportion of N2 fixed was 

i LSDS~ 
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M u c u n a  | rnperata Control 

Figure 3. Maize grain yield (t ha -  l ) in the field at Ijaiye as affected 
by N fertilization and different cropping systems at the first season. 

increased when mucuna was intercropped with maize. 
When grown alone, mucuna derived about 66% of N 
from N2 fixation representing 205 kg N ha- l ,  whereas 
in mixed cropping with maize it derived 74% from fixa- 
tion or 125 kg N ha-  1. The proportions of N2 fixed esti- 
mated by the total N difference method were similar to 
those calculated by the isotope dilution method except 
in the mixed cropping systems. There were no sig- 
nificant differences in the proportions and amounts of 
N2 fixed between uninoculated and inoculated mucuna 
monocultures. Inoculated mucuna mixed with maize, 
however, fixed a higher % and greater amount of N2 
than uninoculated mucuna. Nitrogen fertilizer at the 
rate of 90 kg ha-  1 reduced the quantity of N2 fixed by 
27% and 15% in inoculated and uninoculated mucuna 
grown in mixed cropping systems, respectively. 

Maize yield. Nitrogen fertilization significantly 
increased maize grain yield as compared to N fertiliz- 
er or when the legumes were inoculated with rhizobia 



Table 9. Effect of mucuna and fertilizer application on maize shoot and N 
biomass, and grain yield in the field at IITA, derived savanna, southwestern 
Nigeria in 1992. Mucuna was established in 1986, 1987, 1989 and 1991 
and maize was rotated in 1988, 1990 and 1992 

Seasons 

1989 1992 

Treatments Biomass(kg ha- l )  b Tot~ N Grain yield 
(kg ha - l )  (kg ha - l  ) 

Control plots 
Without fertilizer 8,638 88.5 330 

With fertilizer a 15,746 172.2 1430 

Mucuna plots 

Without fertilizer 11,083 106.6 1380 

With fertilizer 17,148 192.9 2340 

aFertilizer: 120 kg ha-  l N, 90 kg ha-  t P205 and 30 kg ha-  l K20. 
bFresh weight of above ground biomass including stover and complete 
cobs. 
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(Fig. 3). Grain yield was higher in inoculated mucuna 
than in unfertilized treatments but the difference were 
not significant. Maize grain yield averaged 2 t ha -1 
in mucuna cover crop systems and were significantly 
higher than yields under I. cylindrica. 

Contribution of N to maize 
Data collected after three seasons of mucuna in 1992 
show that maize grown after mucuna had 4 times 
more yield than that obtained in the plot continuously 
cropped to maize without N fertilizer (Table 9). Simi- 
lar results were obtained for total N yield and biomass 
in 1989. 

Discussion 

How much N2 does mucuna fix and contribute to an 
associated or succeeding crop? Estimates carried out 
using the isotope dilution method indicated that on 
average 70% of the mucuna total N is derived from N2, 
fixation when other nutrient limitations are removed. 
These estimates are similar to those reported for herba- 
ceous legumes such as Pueraria phaseoloides in some 
countries in Latin America and south Asia (Cadisch 
et al., 1989). Using this approach we calculated that 
inputs from N2 fixation were on average 167 kg N 
ha -1 at 12 WAP. These quantities are similar to those 
we usually get in alley cropping systems and justify the 
use of  mucuna as a source of N in degraded cropping 
systems. In 40% of the fields, surveyed in the Mono 

province it was possible to find well nodulated plants 
and these might have achieved high rates of N2 fixation 
as indicated above. However, more commonly either 
a few or no nodules were found on the root systems, 
generally, due to the lack of rhizobia or to the presence 
of inefficient and compatible rhizobia. Thus, the actual 
contribution of N2 fixation even with mucuna in many 
cases may be small. More research is needed to opti- 
mize or maximize the benefits of Nz fixation in mucuna 
cropping systems especially if these are to be adopted 
by smallholder farmers. Simple measurements of N 
accumulation in mucuna will provide a useful guide to 
the amount of N2 fixation over short time periods if 
the proportion of N2 fixed is known. Larger amounts 
of N2 fixation are generally found when the legume 
produces a lot of biomass. 

When mucuna was mixed with maize its biomass 
production and amount of N2 fixed per hectare were 
reduced. This observation could be biased, because 
the measurement took place rather early, i.e. 12 WAP, 
when the maize was just harvested, but when the mucu- 
na is still in full growth. At later stages, e.g. 20 WAP, 
there are no differences any more in biomass produc- 
tion between sole and previously relay-cropped mucu- 
na (Versteeg, pers. commun.). It is therefore recom- 
mended to take more measurements until the end of the 
complete growing cycle of mucuna when the biomass 
difference will be much smaller and probably insignif- 
icant. Very probably the amount of accumulated N and 
fixed N2 would also have been quite similar in both 
sole and intercropped mucuna at 20 WAP. Unlike the 
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reduction observed in total amount of N2 fixed, mucuna 
interplanted with maize obtained a greater proportion 
of its N from fixation, suggesting that competition for 
soil N between maize and mucuna influences the pro- 
portion of nitrogen fixed by mucuna. However, results 
in Table 9 show N gains for maize from a preceding 
mucuna crop in terms of equivalent fertilizer N. Mucu- 
na provided a maize grain yield equivalent to that with 
120 kg fertilizer N ha -1. When used in a rotation sys- 
tem, mucuna may thus contribute significant amounts 
of N to the system and reduce the requirements for fer- 
tilizers considerably, especially for smallholder farm- 
ers. 

It is useful to know if mucuna is likely to nodulate 
when introduced into a new area. An idea of whether 
mucuna is highly specific or widely promiscuous in 
its nodulation will give an indication of its need for 
rhizobia inoculation. Until we have a full knowledge 
of the rhizobia present in the derived savanna zones 
where mucuna is being adopted, it will not be possible 
to resolve this question. Our experiments with growth 
pouches and Leonard jars indicated that mucuna was 
infected both by fast and slow growing rhizobia. How- 
ever, only nodules formed by the slow growing alkaline 
producer isolate were effective in fixing N2, as shown 
by the increase in dry matter of inoculated mucuna as 
compared to that of uninoculated plants with or with- 
out N fertilizer (Table 7). Some authors have noted 
that a few tree legumes such as L. leucocephala were 
also nodulated by both fast and slow growing rhizobia 
strains (Dreyfus and Dommergues, 1981; Sanginga et 
al., 1989) but here only the fast growing rhizobia were 
effective in fixing N2. 

Sylvester-Bradley et al. (1990) indicated that rhi- 
zobial strains isolated from nodules of Centrosema 
species such as C. brasilianum and C. pubescens are 
invariably Bradyrhizobium strains although ineffective 
nodules can be formed when Centrosema is inoculated 
in the laboratory with fast growing isolates (Trinick, 
1980). Some other rhizobia isolates from herbaceous 
legume species e.g. Pueraria phaseoloides, Stylosan- 
thes hamata have also been classified as Bradyrhizo- 
bium (Giller and Wilson, 1991). 

Although our results are based on only limited cul- 
tural tests (growth rate and acid or alkaline production, 
and response to inoculation) we suggest that effec- 
tive rhizobia nodulating mucuna belong to Bradyrhi- 
zobia sp. Further studies, such as those done by Date 
(1977) and Bushby et al. (1986) on the classification 
of the commonly-used pasture legumes according to 
their responses to inoculation with standard strains of 

rhizobia from culture collections, should be conducted 
in order to demonstrate the need to inoculate. 

Potential benefits from inoculation and assessment 
of the need to inoculate were illustrated by both the 
pot and field experiments (Tables 7 and 8). The pot 
experiment with the two mucuna species showed that 
it is difficult to identify strains that consistently give 
inoculation responses. With M. pruriens var. utilis, 
grown in soil from an I. cylindrica field, growth of the 
plants was stimulated by addition of N fertilizer and 
rhizobia inoculation, but M. pruriens var. cochinchi- 
nensis failed to respond to both added N and rhizobia 
inoculation. The behavior of M. pruriens var. utilis 
in the soil from the mucuna plot was similar to that 
of M. pruriens var. cochinchinensis in I. cylindrica 
soil. These results indicate that N2 fixation can be 
improved through exploitation of the enormous genet- 
ic variability that exists between bacterial strain and 
host genotypes but they also emphasize the interaction 
of biological and non-biological factors in modifying 
the expected symbiotic response. 
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