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Introduction

Yam (Dioscorea spp.) is a tuber crop widely cultivated in the
humid and sub-humid lowland regions of West Africa and the
Caribbean. More than 90% of the worldwide production (40 million
metric tons of fresh tubers year?) is produced in West Africa [1].

Yam cultivation in West Africa is now confronted with the
scarcity of fertile soil available for clearing [2]. In Benin nowadays,
farmers hardly have the possibility to rely on long duration fallow
and yam is being cultivated in 1 or 2-year herbaceous fallow-yam
or maize-yam rotation systems with manual incorporation of

residue into the soil.

The decline in yam yields under continuous cultivation has led
to the largely accepted conclusion that yam requires a high level
of natural soil fertility (organic matter and nutrient) (O’Sulllivan
and Ernest, 2008). Since the demand for yam keeps increasing
due to the continued population growth, reserves of arable land
are diminishing, and fallow duration is decreasing. It is becoming
necessary to sustainably increase yam productivity in sedentary
cropping systems (O’Sullivan and Ernest, 2008). There is a dire
need therefore to assess in farmers’ conditions the economic
performance of sustainable cultivation techniques. Ongoing soil
degradation could be reduced by the adoption of new farming

techniques such as improved fallows of herbaceous legumes [3,4].

With the aim of designing more sustainable yam cropping

systems, the agronomic research organization in Benin

implemented alternative systems including herbaceous legumes.
On the basis of the results of this on-farm research, yam-based
systems including herbaceous legumes were diffused. A perennial
experiment was implemented for 4 years, with 2-year rotations,
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smallholder farmers’ traditional rotations maize-yam or 1-year
Andropogonon gayanus fallow-yam, with rotations intercropped
Aeschynomene histrix with maize-yam or intercropped Mucuna
pruriens with maize and chemical fertilizers-yam.

Materials and Methods

The study was carried out in the Guinea-Sudan transition zone
of Benin (centre of Benin) in four sites: Miniffi (District of Dassa-
Zoume), Akpéro, and Gbanlin (Ouesse) on plateau, Gome (Glazoué)
in lowland, within latitude ranges 7 °45 ‘ to 8 °40’ North and
longitude ranges 2 °20 ‘ to 2 °35 ‘ East. The climate is tropical with

a bimodal rainfall pattern.

The soils are plinthosols (Gbanlin and Akpéro), and luvisols
(Miniffi and Gome) [5]. Miniffi, Akpéro and Gbanlin are located on a
plateau while Gomé is on lowland. Vegetation is a degraded woody
savannah type. Maize, yam, cassava and groundnut are annual crops
and the cash crops are cotton and soybean.

Smallholder carried out a two-year rotation experiment of yam-
based cropping systems repeated twice (2002-2005).

The single-harvest late maturing variety of yam “Kokoro”
(Dioscorea rotundata) was grown in all cases as it is one of the most
cultivated species in the study area due to its suitability for storage
and processing into dried tubers (the so-called chips), flour, and
starchy paste (locally called amala). The experiment was conducted
with 32 farmers, eight in each site (Miniffi, Gome, Akpéro, and
Gbanlin). For each of them, we used a randomized block design
with four replicates and four crop rotation treatments. Plot size
was 10m x 10m (total of 1 600m? per farm). The four crop rotation
treatments were as follows:
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e TO (Control 1): 1-year fallow of Andropogon gayanus-
yam rotation, which is a common practice in the area. A
natural fallow of Andropogon gayanus grass was grown in
the first year.

e TM (Control 2): Maize -yam rotation, which is also a
common practice in the area. Maize was planted (at 80cm
x 40cm) in April of the first year.

e  TMA: Intercropped Aeschynomene histrix with maize-yam
rotation. Maize was planted (at 80cm x 40cm) in April of
the first year. Aeschynomene seeds (7 kg ha') were mixed
with dry sand (3/4 sand - 1/4 seeds) and sown two weeks
after the maize.

e TMM: Intercropped Mucuna pruriens with maize-yam
rotation. Maize was planted (at 80cm x 40cm) in April
of the first year. Mucuna seeds (25 kg ha') were sown at
spacing 80cm x 40cm in May six weeks after the maize.

On treatments TM, TMA and TMM, NPK fertilizer (14% N, 10%
P, 11.7% K) was applied in April 2002 (and 2004) to maize at 100
kg ha? followed by 50 kg of urea ha® (46% N) in June. The maize
was harvested in July. The grainless Mucuna and Aeschynomene
crops were mowed 140 and 180 days respectively after planting.
Organic matter was incorporated in mounds and left on the surface
as mulch in October, and then yam was planted directly on these

mounds, without mineral fertilization.

Results and Discussions

When natural fallow and maize as precedents were compared,
yam yield was higher after a (short) natural fallow, despite the
chemical fertilizers supply on maize. Indeed, the decrease in yam
yields was slower year after year after fertilized maize compared
to natural fallow but yam yields remained the lowest after maize.
This low residual effect of fertilizers on yam is in accordance with
farmers beliefs that yam has a poor response to mineral fertilizer
applications as well as with the few experiments conducted on this
topic in Benin. Under similar conditions to the present research
(rainfall, kokoro landrace), Srivastava, Dagbenonbakin and Gaiser
(2010) did not find any significant response to mineral fertilizer
nor to manure applications on yam cultivated in the central part
of Benin (low land use intensity). Gbedolo [6] also reported that
experimentation with mineral fertilizers on Benin rarely produced
significant results, and that N application resulted in tubers of low
organoleptic quality. Similar lack of response was found in both
forest transition and savannah areas in Nigeria after application
of a range of mineral and organic fertilizers (Ajayi, Akinrinde and
Asiedu 2006). However, many experiments concluded otherwise.
In Ghana in a forest transition zone where farmers typically plant
yam on newly cleared fields, fertilizer applied in several splits
did increase tuber yields by 22% without reducing the sensory
quality of the product [7]. In Trinidad, Chapman [8] obtained a
30% increase in tuber yield, under the condition that N application
was delayed until three months after planting. Several other works

showed positive effects of mineral fertilizers on yam yield [9,10].
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Diby et al. [11] in Ivory Coast came to the conclusion that
response to fertilizers of both D. alata, D. cayenensis-rotundata
are affected by soil properties. Fertilizer application increased
dry matter (DM) production of both species in the savannah site
but not in the forest site. Diby et al. [2] also showed that the low
yields obtained on soils with low organic matter content were not
improved by supplying mineral fertilizer. This would lead to the
hypothesis that there are forests soils too rich and savanna soils
too poor in organic matter for any response to chemical fertilizers
and in between a range of moderately depleted soils where a
response can be expected [12,13]. In the end, the effects of fertilizer
supply on yam have to be related to soil organic matter contents
and boundary conditions (climate, agro-ecological zone, soil type,
cultivation history) as well as to the fertilizer type supplied and
its application and to the crop management practices. In all, little
research has been conducted so far to interpret the response to

fertilizers either applied on yam or here on a precedent crop.
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