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Abstract 

Empirical evidence has shown that small-scale farmers can use a non-food, green manure legume as soil-fertilising technology only if it provides immediate benefits other than soil fertility improvement. In the southern part of the Republic of Bénin, however, subsistence-oriented farmers chose Mucuna pruriens exclusively for soil fertility. In this they had the opportunity to select dual-purpose grain legumes for both soil fertility and food without season loss. The rationale behind this apparently irrational choice lies in the differentiated and economically sound land allocation to Mucuna and grain legumes. 

Introduction 

The use of green manure (GM) legumes as nitrogen-fixing crops has been advocated as one of the most affordable soil-fertilising technologies for small-scale farmers. In practice, however, resource requirements of GM technology often conflict with the short-term objectives of this target group. Small-scale farmers cannot afford to grow GM legumes simply for the sake of soil fertility unless the seeds of the legumes are edible or in a few cases where GM legumes could be used primarily to combat noxious weeds (e.g. Imperata cylindrica) (Douthwaite et al. 2002). 

In order to address the trade-off between soil fertility and food concerns, Schulz et al. (2003) have suggested the development of biomass-rich varieties of local grain legumes. However, the soil fertilising effect of these varieties is potentially lower than that of GM legumes because of their grain yields, which entail a substantial removal of nutrients from the system. On the whole, the search for niches susceptible to solving the “GM vs. grain legumes dilemma” remains the cornerstone of promoting soil-fertilising legume options that can be accepted by small-scale farmers.

Study area, materials and methods 

The study was conducted from 2000 to 2002 in 4 villages, representative of the major landscapes and land use systems prevailing in southern Bénin. These villages were Agbassakpa (07°04’ N, 02°26’ E) located on a peneplain built on the Precambrian crystalline basement with ferruginous soils (Luvisols); Azozoundji (07°08’ N, 02°03’ E) and Zomondji (06°09’ N, 01°09’ E) located on the plateaux locally called Terres de Barre with ferralitic soils (Nitosols); and Djregbe (06°41’ N, 02°61’ E) on the costal plain with very poor quartz sand soils (Regosols). 

The choice of the villages was based on the need to represent the existing land use intensification gradient: Land fallowing (3 to 5 years) was still practised in Agbassakpa and Azozoundji, but hardly in Zomondji and not at all in Djregbe. Access to mineral fertilisers was restricted in all 4 villages. The length of the growing period ranges from 211-270 days, rainfall is bi-modally distributed averaging 1,100 mm a-1. The farming system is rain-fed and maize-based. 

In each village, 8 legume options comprising 5 GM species and 3 food grain legume species were introduced to farmers. The introduced GM species were Aeschynomene histrix (accession I.12463), Centrosema molle (syn. C. pubescens) (I.152), Mucuna pruriens and Pueraria phaseoloides (commercial varieties), and Stylosanthes guianensis (I.15557) while the food grain legume comprised Arachis hypogaea (69-101), Glycine max (TGX 1448-2E), and Vigna unguiculata (IT84D-449, Mawuwena).

Researcher-managed demonstration plots were established in each village. These were in addition to individual trials that were freely designed and managed by volunteer farmers. Seeds were distributed free of charge and based on the participants’ choices. To monitor farmers’ experimentation process and legume diffusion pathways, both quantitative and qualitative methods were used. The number of adopters was counted seasonally, the areas planted with the introduced legume options were mapped, measured and reasons for adoption, re- or dis-adoption were assessed using periodic workshops, field days and focus group discussions. The rationale behind the utilisation of the species was assessed by eliciting the local soil taxonomy and the value, i.e., yield potentials, attributed to the fields planted with the introduced species. To get a more systematic picture of the comparative advantage of the technology options that were introduced, the ethno-economic values of the legume fields were included in the cost/benefit calculations involved. This was done using the Partial Budget Analysis (PBA) of legume utilisation (Bellon & Taylor 1993, Mazzucato 1997). Because of their food advantage, preference of grain legumes over GM legumes was taken as the baseline scenario. Therefore, in-depth analysis (PBA, soil taxonomy etc.) was made only in cases where GM legumes were preferred to grain legumes. The information used in this article is derived from the last data collection in 2002, 4 seasons after the first seed distribution.

Results and discussion

In Zomondji, farmers’ preferences were clearly for the grain legumes. The soil-fertilising effect of Mucuna and P. phaseoloides was acknowledged, but the species were not chosen because of land constraints. Also Djregbe’s farmers were more in favour of grain legumes, because of their food property. In contrast, Agbassakpa’s and Azozoundji’s farmers favoured the GM legume options in addition to the grain legumes (Table 1). The GM legumes were evaluated according to their “leaf size”, “aggressiveness of growth habit” and “soil covering speed”. As a result, Mucuna was preferred to every other species, which were qualified either as “second Mucuna” (P. phaseoloides) or simply as “small-leafed” species. The weed suppressing property of Mucuna was acknowledged, not as a primary advantage but just as a further confirmation of the “strength of Mucuna”. The grain legumes varieties were judged according to their grain yield and not for their soil-fertilising effect, which became the exclusivity of Mucuna. 

Tab.1: Intensity of utilisation of the introduced legume options after 2 years of experimentation

	Legume
	Azozoundji (Na=125)
	Agbassakpa (Na=90)

	
	No. of users
	Average area (m²) per user (% of afs c1)
	No. of users
	Average area (m²)

per user (% of afsc2.)

	Aeschynomene. histrix
	8
	169.2 (3.9)
	1
	225 (0.8)

	Arachis. hypogaea
	116
	114.7 (2.7)
	87
	212.4 (0.7)

	Centrosema molle
	0
	0 (0)
	0
	0 (0)

	Glycine max
	121
	341.9 (8.1)
	43
	264.5 (0.9)

	Mucuna pruriens
	108
	244.5 (5.8)
	43
	287.5 (1,0)

	Pueraria. phaseoloides
	0
	0 (0)
	0
	0 (0)

	Stylosanthes guianensis
	1
	138 (3.2)
	16
	261 (0.9%)

	Vigna unguiculata 
	112
	(n.a.b)
	17
	635.3 (2.2%)


Notes: a: Total number of participants; b: n.a.=non available; c: afs: Average farm size comprising all types of fields including fallows. In Azozoundji, afs c1= 4229,5 m²; in Agbassakpa, afs c2=28970,3 m².

The maps of the legume fields show that the species were planted along the local soil fertility gradient, respectively on fields classified as Fangle, Kunxo and Sisa as defined in Table 2.

Tab.2: Local soil taxonomy in Agbassakpa and Azozoundji 

	Soil category
	Category subset
	Suitability for crops
	Fertility level
	Need of fertiliser

	Fangle
	Fangle
	Potentially for maize
	Potentially fertile
	2 seasons of grain legume to get smoother

	Kunxo
	Fertile
	Maize
	Fertile
	No need

	
	Middle fertile
	Maize/grain legume rotation
	Middle fertile
	Grain legume rotation

	
	Poor
	Only grain legume
	Poor
	Mineral fertiliser

	Sisa
	Sisa
	No crop
	Exhausted
	Not worth of fertilisation


The grain legumes were grown either on Fangle or Kunxo while Mucuna was planted on Sisa soil. How could farmers choose Mucuna while having the option to use cowpea (Vigna unguiculata) - the grain legume that traditionally has been most used for soil fertility in both villages? In the light of the negative rate of return (-42.7%) yielded by a shift from cowpea-maize to Mucuna-maize rotations (Table 3), farmers’ choice of Mucuna appeared irrational. However, considering that the Sisa fields allocated to Mucuna cannot sustain cowpea, the opportunity costs of Mucuna is to be equated to zero, at least according to farmers’ perceptions. Thus, the Mucuna technology becomes more profitable than that of cowpea: the marginal rate of return with a replacement of cowpea by Mucuna would then be 397.7% (data not shown). 

Table 3: Partial budget analysis of a maize crop after Mucuna (MM) and cowpea (CM) in Azozoundji

	Item
	Mucuna/Maize (MM)
	Cowpea/Maize (CM)

	Gross farm benefits

	1 Average grain yield of subsequent maize on Sisa soils for CM and other soils for CM (kg/ha)
	1,500
	750

	2 Price (FCFAa)/kg)
	112
	112

	3 Gross margin gate benefits (FCFA/ha) (1x2) 
	168,000
	84,000

	Variable input costs (FCFA/ha)

	4 Land preparation
	25,500
	8,625

	5 Opportunity costs for lost season
	129,716.54
	0

	6 Total variable input costs (4+5)
	155,216.54(d)
	8,625(e)

	Net benefit

	7 Net benefit (kg/ha) (3-6)
	12,783.46(b)
	75,375(c)

	8 Change in net benefits with a shift from cowpea to Mucuna soil fertilising technology [(b) – (c)]
	
	-62,592

	9 Change in total variable input costs with a shift from cowpea to Mucuna technology [(d) – (e)]
	
	146,592

	10 Marginal rate of return (%) (100 x 8 ÷ 9) 
	
	-42.7


Note: a: Franc de la Communauté Financière Africaine: 656 FCFA =1 Euro

Conclusions 
Smallholder farmers can choose GM legumes to improve poor soils that are not suitable for the production of food crops. In the Republic of Bénin, these potential GM niches were found in non-sandy areas, where land is moderately available, i.e., scarce enough scarce to impose a shifting cultivation based on soil fertility taxonomy. 
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