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Utilization and Benefits

Weed control

Botton (1957/58) and Thurston (1997) reviewed the literature on the effects of mucuna
on weeds and found several reports of mucuna being able to control both nut grass
(Cyperus rotundus) and spear grass or cogon grass (/mperata cylindrica), two of the
most difficult weeds to control in the tropics. Weed control may, under many
conditions, be the major reason for farmer adoption of mucuna cover cropping. This
was the case in southern Benin where Imperata cylindrica has become a major problem
{Manyong et al. 1996). Many researchers have used mucuna for weed management,
either planted as a sole crop or intercropped with food and plantation crops. It is
generally assumed that mucuna suppresses weeds through its physical presence on the
soil surface. However, mucuna may also release toxins which have allelopathic effects
on the growth of neighboring plants.

Physical suppression

Weeds require light to germinate and carry out photosynthesis. The presence of a dense
cover reduces light availability and thus prevents weed seedling germination and
growth, Typical of the literature encountered is the report by Muhr (1997) that 75 to
80% groundcover was achieved in only 6 WAP in the moist savanna of southwestern
Nigeria. In Costa Rica, Valverde et al. (1995) found that mucuna sown at densities of
50,000 and 80,000 plants ha' reduced the biomass of itchgrass (Rottboellia
cochinchinensis) by 75 to 95% compared (o plots without mucuna. Triomphe (1996)
also reported on mucuna’s ability to control Rotthoellia.

The suppressive effect of mucuna on weeds is related to its growth rate and dry-
matter productivity. M. pruriens var. cochinchinensis had higher growth rates and
biomass production compared to M. pruriens var. utilis (table 7) which resulted in better
control of weeds (figure 5). Becker and Johnson (1998) showed that mucuna grown
as a dry scason fallow in upland rice-based systems at four sites in Cote d’Ivoire
reduced weed biomass to about 20% of that in the natural fallow. In the same study,
mucuna completely contsolled [mperata cylindrica at a derived savanna site and
Chromolaena odorata at a forest site.
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Soil improvement

Rapid groundcover by mucuna can help to physically protect the soil from raindrop
impact and prevent the crusting of surface soil, thereby reducing runoff of rainwater and
soil erosion. This helps to maintain soil physical and chemical properties. In addition,
mucuna leaf litter fall helps to protect the soil and retun organic matter to the soil.

Although there are several reports of complete mucuna groundecover and substantial
biomass accumulation, there are few reports of its influence on soil physical properties
and no reliable reports of erosion control by mucuna in West Africa. Mucuna cover
cropping can be expected to decrease the bulk density of the soil, although no cases
were found in the West African literature. When the bulk density decreases, soil
porosity concurrently increases and soil resistance decreascs.

Improved soil physical propertics are often related to increasing soil organic
matter. However, differences in soil organic matter are generally observed only after
several years of differential soil management. Becker (unpublished) observed a 3 10 9%
increase in soil organic matter after a short mucuna fallow compared with a weedy
fallow, although the diffcrence was not statistically significant. After one season of
mucuna, Carsky and Tian (unpublished) rccorded 129% higher total N compared to
natural fallow at one site but no difference at another site.

Rates of decomposition of organic residues increase with incrcasing N concentration
and decreasing concentration of lignin and polyphenols (Tian et al. 1995). Becker
(unpublished) found 4-month-old mucuna to contain 8.6 to 16.3% lignin, 0.6% water
solublc polyphenols, and C/N ranging from 12 to 21 — all low values. Tian et al. (1992)
found 6% N, 4.0% polyphenols, and 16.8% lignin in mucuna leaves and petioles. They
observed mucuna decomposition rate to be among the highest in a group of ten
herbaceous and woody specics’ leaves and petioles. Mucuna residue is therefore likely
to decompose rapidly if temperature and moisture conditions are favorable for microbial
activity and it would generally not be expected 1o contribute substantially to increasing
soil organic-matter content. Vine (1953) reported that the changes in total soil N during
12 years with yearly mucuna green manure were negligible. As shown in figure 6, there
was 1o increase in total N when mucuna residucs were incorporated and a very slight
decreasc when mucuna residucs were burnt.
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Figure 6. Effect on soil total N (%) of incorporating green mucuna vs. slashing and
burning the mucuna and incorporating the ashes (from Vine 1953)






























The above estimates of rates of disappearance of mucuna mulch are low compared
with the disappearance caused by fire and animal grazing. Cooperation will be needed
among entire communities on the use of fire and movement of livestock or else
appropriate fire breaks and fencing options will need to be considered.

Cropping systems niches

A major constraint to the use of planted herbaceous fallows is that they take land out
of food crop production, reducing the potential for short-term food supply that many
smallholder farmers need. Thus it is necessary to search for temporal or spatial niches
in which mucuna can be grown without reducing short-term food production.
Intercropped mucuna occupies a spatial niche and several considerations will be
discussed below. The most obvious temporal niche is a short-term planted fallow.
Most results on the benefits of mucuna-based soil improvement have come from sole
cropped rainy season fallows to replace the traditional bush fallow system. The fallow
species occupies the land when a food crop might otherwise be grown and therefore
may only be acceptable when farmers have few options. Other temporal niches may
be identified in which the land might not normally be used for crop production. They
mostly consist of dry season mucuna fallow in combination with the early and/or late
rainy season.

Intercropping

General considerations
Higher mucuna biomass and better soil cover are obtained by sole cropping compared
with intercropping. Intercropping, especially with a tall crop, such as sorghum, millet,
maize, or cassava, results in mucuna growing upward as it climbs on the companion
crop. Therefore, it has less contact with the ground and exerts a less positive effect
as a cover crop and may even have a negative effect on associated cereal yields.

The major management issue for mucuna intercropping is the need to avoid
interspecific competition. This includes competition for soil moisture and nutrients and
solar radiation. The aggressive climbing habit of mucuna may result in the smothering
of the companion crop, resulting in reduced crop yield through competition for solar
radiation, possibly increased disease incidence, and difficulty in harvest. It is commonly
observed that maize yield is reduced by simultaneous sowing of mucuna. Osei-Bonsu
and Buckles (1993) observed that simultaneous sowing of mucuna and maize resulted
in a crop yield reduction of 1 t ha'! in Ghana. If the mucuna is planted at the same time
as a companion crop, then it must be slashed one to three times to prevent the mucuna
from twining around cereal stems. However, the problems related to intercropping can
be avoided through manipulation of relative planting dates and densities. These need
to be defined for each crop and each agroecological zone.

Most studies of mucuna intercropping use maize as the associated crop because of
the high N requirement of maize and its relatively short duration and stature, allowing
relay intercropping with a cover crop. There have been very few studies on mucuna
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Dry season

Successful use of the dry season for mucuna planted fallows depends on the length of
the dry season and the ability of the fallow crop to regrow with thé return of the rains.
There are two approaches for taking advantage of mucuna during a dry season. One
strategy is to allow the mucuna to die and cover the soil surface during the dry season.
The key to this strategy, as scen above, is a large amount of biomass in combination
with some protection from fire and grazing animals.

A strategy for areas where the dry season is not too severe is to plant the mucuna
late in the rainy season so that it will survive the dry season and regrow rapidly in the
early rainy season before cereal cropping. This was tested in the savannas of Brazil by
Burle et al. (1992). By the beginning of the subsequent rainy scason, the dry matter
of mucuna varieties ranged from 2.2 to 4.7 t ha'! on a dark red soil and from 0.8 t0 2.9
t ha'! on a red-yellow soil. N content of the best mucuna variety (M. aterrima) was 94
and 66 kg ha'l on the two soil types. It must, however, be noted that rooting depth in
those trials was more than 100 cm.

The strategy was extended to Cote d’Ivoire by Becker and Johnson (1998). Dry
matter of mucuna depends on variety, climate, and soil type (table 5). The amounts of
mucuna dry matter and N accumulation observed can be expected to have some effect
on a subsequent cereal crop. A dry season mucuna fallow was also tested for 3 years
in the forest zone of Togo by Dogbe (in press). In spite of higher labor input and higher
cost of production (table 16), the mucuna fallow system gave substantially higher net
returns (193 $ ha') compared with weedy fallow (2 $ ha'l).

Table 16. Effect of mucuna dry season fallow on productivity of ralnfed lowland
rice (mean of 3 years in tha forest zone of Togo). From Dogbe (1997)

Weedy fallow-rice Mucuna-rice
Grain yields (t ha'!) 1.85 322
Cumulative weed biomass (t ha'!) 1.32 0.81
Labor input (man-days ha'!) 180 250
Cost of production ($ ha'l) 385 460
Gross return ($ ha'l) 383 653
Net return ($ hal) 2 193

This system was used by Muhr et al. (in press) to provide animal feed and still
fertilize a subsequent maize crop. Although 33 kg N ha'! was removed in the hay cut
in the middle of the dry season, there was a further 44 kg N ha'! in the green manure
that was cut and incorporated before maize planting. Subsequent maize grain yield was
1.5 t ha'! higher following mucuna than the natural fallow control.
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Early rainy season

Lowland rice is often planted late in the season when the soil is saturated. Pre-rice
green manuring is possible because of the substantial amount of time between the onset
of the rains and rice planting.

In some areas there is a long rainy season (170 to 200 days) without a drought
period (monomodal rainfall pattern). Mucuna can be grown in the first part of the long
rainy season followed by a short duration maize variety, transplanted millet, or other
crop. Preliminary results from an area with a growing scason of 180 days in northern
Nigeria (table 17) indicate that early season mucuna plus a small amount of N (such as
30kg N ha'l) to the subsequent maize crop resulted in maize yiclds which were high
enough to compensate for the loss of the early season cowpea crop (the farmers’
traditional practice in the zone).

Table 17. Yield of maize and cowpea In farmer-managed trials and partial budget
analysis comparing mucuna with cowpea (the traditional practice) as
early season crop (Carsky, unpublished)

Mucunafmaize  Cowpea/maize+30N  Mucuna/maize+30N

Cowpea yield (t ha'l) - 0.40 -

Maize yield (t hal) 1.39 1.15 1.83
Gross revenue ($ hat) 201 249 265
C = Total cost ($ ha'l) 92 111 114
B = Net revenue ($ ha'l) 109 138 151
B/C 1.18 1.24 1.32

Adoption of mucuna in West Africa

Mucuna adoption first occurred in southwestern Benin Republic where researchers and
extension workers tested the technology with farmers from 1988 to 1992. Because of
the promising results, the dissemination of mucuna to large numbers of farmers was
then undertaken by exiension services. The systems most often adopted were a sole
mucuna fallow during the entire rainy season (in the case of severe Imperata cylindrica
infestation) or a second season sole mucuna fallow (Versieeg and Koudokpon 1993). In
1994, the determinants for the adoption of mucuna were investigated from a sample of
about 280 farmers in the Mono Province, using econometric models (Manyong et al.
1996). Relationships beiween adoption of the technology and farmer characteristics,
field characteristics, and farmers’ perceptions of the technology were evaluated.
Field characteristics were the most important group of determinants of adoption.
The most important factor, which was positively related to adoption, was the number
of times the farmer needed to weed Imperata cylindrica previous (o testing mucuna.
The second determinant, negatively related to adoption, was the presence of young palm
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Identify cropping systems niches

There should be further work on the identification of spatial and temporal niches for

mucuna in cropping systems. This includes:

e  Ex ante matching of target environments with management systems based on the
potential benefits of mucuna.

e  Identification of optimal establishment dates to maximize groundcover of the cover
crop while minimizing competition with the companion crop. Potential companion
crops include yam, cotton, coffee, and various tree crops.

e Identification of crops which can best take advantage of the improved soil and
vegetation conditions of the short mucuna fallow.

e  Appropriate tillage techniques to take advantage of the fallow. For example,
would it be better to make mounds for yam after mucuna or to leave the mucuna
as a mulch and forgo mounding?

Determine adoption of mucuna use by farmers

Development of improved systems should have certain targets in mind. These should
be based on what farmers are likely to adopt. Ex post analysis of biophysical and
socioeconomic conditions under which mucuna fallows have been adopted (Vissoh et
al. in press) should be used to help with ex ante studies of where to pursue development
and testing of mucuna fallows.

Summary

Mucuna is one of the most promising fallow species for soil improvement and weed
suppression. Research on mucuna has been scattered throughout the tropics and over
a long time period. Thus, this review attempts to synthesize the available information
for those contemplating the use of mucuna or already using it to improve farming
systems. An important outcome of this review is to point out that mucuna does not
grow well under all conditions, and therefore can not contribute to farming systems in
all environments. For example, mucuna does not grow well in acid, waterlogged, or
low-P soils, and in zones with a short growing season zone. Mucuna is adapted to the
humid and subhumid zones but only marginally to the semi-arid zone.

There are many cropping system niches (temporal and spatial) in which mucuna
can be grown to provide the desired benefits. Temporal niches (sole mucuna faliows)
appear most promising because mucuna’s aggressive nature resulis in substantial
competition when intercropped with many crops. Mucuna fallow systems must be
tested locally with farmers as was done in southern Benin where the most successful
adoption has taken place. Benefits in addition to soil improvement and weed suppression,
include animal feed, human food, and possibly others. These additional benefits will
influence farmers’ perception and adoption of mucuna and therefore should be explored.

Another important outcome of this review is that there are several distinct varieties
of mucuna and therefore information on adaptability, crop management, benefits, and
cropping systems niches must be extrapolated with some caution. M. pruriens var.
unlis and var. cochinchinensis are best known and can be tested under a range of
biophysical conditions and systems niches. At the same time research is needed to
encourage the biodiversity of mucuna, identify and optimize its benefits in farming
systems, and identify determinants of adoption in order to better target mucuna fallow
technology to farming systems, '
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