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Abstract 

Yam is a demanding crop in terms of organic matter and soil fertility, especially the most 

appreciated and market-valued cultivars (early maturing Dioscorea rotundata) used to prepare 

the popular dish futu (pounded yam). Traditionally cultivated in slash and burn cropping 

systems after a long fallow period in West Africa, yam cultivation is now confronted with a 

scarcity of fertile soil available for clearing. Hence there is an urgent need to develop 

improved cropping systems for yam that allow sustainable cultivation and reduce land 

pressure on the remaining forest area. Conservation agriculture using direct seeding mulch-

based cropping systems is a promising way to develop sustainable agriculture in the tropics. 

Nevertheless such techniques have been generally grain-oriented (cereals, legumes) and very 

little has been done on root and tuber crop based systems. This paper presents the results of 

experiments carried out in the Republic of Benin over 2 years in order to assess the capability 

and the potential of a direct planting yam cropping system in Pueraria mulch under the 

conditions of smallholder farms. Three yam types - D. rotundata (1) early and (2) late 

maturing, and (3) D. alata - were cultivated in three cropping systems: (i) after long duration 

natural fallow on mounds, as a traditional control; (ii) direct planting in live and (iii) dead 

Pueraria mulch. Planting in mulch had a positive impact on yield for all yam cultivars, the 

best results having been achieved with live mulch. 
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Introduction 

 

Yams (Dioscorea spp.) are grown throughout the tropical world and are an important staple 

food (more than 40 kg per inhabitant per year) in at least 10 countries (Nigeria to Jamaica and 

the Solomons) accounting for 155 millions inhabitants (FAO, 2004). More than 90% of the 

worldwide production comes from regions in West Africa known as the “yam belt” and 

correspond essentially to the humid savannah zone.  During the past 30 years, yam production 

increased threefold with an annual growth rate of 3.75 %. A rate of 3% is expected for the 

next twenty years mostly for the supply of urban markets (Scott et al., 2000).   

 

Admittedly, technical improvements generated by scientific research have contributed very 

little to this expansion. The cultivation techniques use very few chemical inputs, the labour is 

essentially manual and the cultivated varieties are mainly landraces (Scott et al., 2000). This 

means that yam expansion is due mostly to the fact that more and more land is cleared for 

cultivation. Slash and burn techniques remain the common practice for land clearing but has 

become limited due to rapid population growth, high pressure of cattle and changes in land 

tenure. In the forest-savannah transitional agro-ecological zones, fallow periods have fallen 

down from 20-30 years in traditional farming to less than 5 years. Moreover, slash and burn 

practices have been shown to be very damaging for the soil and not ecologically sustainable. 

 

Developing alternative cropping systems leading to sustainable yam production is one of the 

major challenges of agronomical research. Nevertheless studies on this topic are scarce. 

Experiments to intensify crop production, with strong use of inputs and mechanization, 

popularized in the 60-70’s, proved fruitless and unsuitable. Some techniques, better adapted to 

African agriculture, have been proposed over the past few years by research. Among these, 

direct seeding mulch-based cropping systems (DMC) constitute promising solutions that have 

already been widely adopted on seed crops (cereals, legumes, cotton etc.) throughout the 

world, reaching an estimated area of 72 million hectares worldwide (Derpsch and Benites 

2003). Numerous studies in tropical zones outside Africa and more recently on the continent 

itself (Seguy and Bouzinac, 2001) are available on the topic. However, few DMC experiments 

focus on root and tuber crops in spite of their importance worldwide.  Preliminary trials (Ivory 

Coast, Benin) showed that direct planting of yam and cassava in herbaceous legume mulch, 

without mounding, showed encouraging results (Autfray and Tchetche, 1999; Charpentier, 

1999; Ekeleme et al., 2000; Chikoye et al., 2002). 
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Pueraria phaseoloides, a perennial herbaceous legume with vegetative reproductive organs 

widely used as a cover crop in perennial crop systems in the tropics can contribute to 

increased food production. Under West African conditions, Pueraria has been shown to 

accumulate 150 to 250 kg N.ha-1 within 4 to 18 months of growth. Pueraria roots reach 2 m, 

permitting survival during 5 to 7 months of dry season (Tian et al., 2000). The use of 

Pueraria live mulch in yam based cropping systems has become particularly attractive 

regarding studies of Charpentier et al. (1999) in central Ivory Coast. In this experiment yam 

yield without tillage was approximately 17 t.ha-1 after one year of Pueraria fallow compared 

with 8.9 t.ha-1 on mounds after natural fallow. In the next cycle, yam after Pueraria without 

mounds produced 3.5 t.ha-1 and the control produced no yield due to unfavourable rainfall. 

Measurements of water infiltration under analogous conditions showed that the rate was 

doubled by a one year Pueraria fallow (Charpentier et al., 1999). At a different site, the same 

authors observed a decrease in bulk density (of approximately 13%) under 18 months of 

Pueraria fallow. A trial in the forest zone confirmed that the yield of yam (D. alata) without 

tillage was slightly increased (13%) for “Bété Bété” and substantially increased (56 %) for 

“Florido” (Autfray and Tchetche, 1999). But this system is generally best suited for the 

savannah zone because in humid forest areas moisture is available most of the year and this 

encourages rapid growth of Pueraria causing competition which may damage the food crop. 

 

According to Agboola and Fayemi (1971), the planting of a green manure cover crop as a sole 

crop in a rotation is difficult for farmers to accept because there is no immediate return in 

terms of food or cash. In order to reduce the cost of establishment of Pueraria which has a 

slow initial growth, it can be profitably intercropped with maize at the beginning of the season 

(Tian et al., 1999a, b). But if grown with maize, the later the Pueraria is sown, the better the 

maize yield but the lower the Pueraria biomass. After one or two years, depending on soil 

fertility, the field is ready to shelter yam.  

 

Moreover, the use of Pueraria as live-mulch on a perennial basis avoids the need to replant 

the cover yearly. On the other hand the persistence of a cover plant imposes limited (or 

localized) soil tillage and the flat planting of yams as is practiced sometimes in humid forest 

zones (Morgan, 1955; Owusu and Ofori, 1969). 
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This study aims to assess the Pueraria mulch-based system in different ecological conditions 

and with different yam cultivar types. High market value yams, such as cultivars Kpouna and 

Laboko are those which most require high levels of organic matter but also those which may 

justify both the occupation of land during the year with a cover crop and the labour involved 

in using a live-staking agroforestry system. 

 

Materials and methods 

Experimental design 

The on-farm experiments were conducted in the 2004 and 2005 seasons in two ecozones of 

Benin, in the derived savannah belt. Table 1 summarizes details of the sites and planting of 

the trials. Depending on the site, 2 to 3 adjacent trial series with specific cropping patterns 

were juxtaposed and compared. The three cropping patterns are: 

- TC: traditional cropping system on long fallow (> 15 years), 

- LM: direct planting of yam on Pueraria live mulch, 

- DM: direct planting of yam on Pueraria dead mulch. 

 

Table 1: List of trials in 2004 and 2005. 

Year Region Rainfall 
pattern† Site Trial Planting date Density 

(plants.ha-1) 
TC June 2nd 5 600 
DM June 12th 10 000 Northern 

Benin 

Monomodal  
(1 176 mm) 
+63mm‡

Fo Boure 
(10°07’ N, 2°24’E, 
397m asl) LM June 12th 10 000 

TC May 15th 5 600 
DM May 18th 10 000 

2004 
Central 
Benin 

Bimodal 
(1 323 mm) 
+175mm 

Kpakpazoume 
(7°55’ N, 2°16’ E, 
164m asl) LM May 18th 10 000 

TC April 26th 5 600 
DM April 7th 6 500 Northern 

Benin 

Monomodal 
(980 mm) 
-334mm 

Fo Boure 
(10°07’ N, 2°24’E, 
397m asl) LM April 7th 6 500 

DM May 2nd 6 500 Kpakpazoume 
(7°55’ N, 2°16’E, 
164m asl) LM May 2nd 6 500 

TC May 3rd 5 600 
DM May 6th 6 500 

2005 
Central 
Benin 

Bimodal 
(757 mm) 
-392mm Sowe  

(7°58’ N, 2°09’E, 
183m asl) LM May 6th 6 500 

† () annual observed cumulated rainfall 
‡Annual rainfall standard deviation (long-term average). 

 

Each trial was laid out in a randomised complete block design with four replications and one 

treatment, the yam cultivar. Three cultivars were chosen : (i) Kpouna (D. rotundata), an early 

maturing cultivar of high value producing one or two big elongated tubers; (ii) Kokoro (D. 

rotundata), a late maturing cultivar producing multiple small elongated tubers; (iii) and 
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Florido (D. alata), a low value cultivar producing medium-sized round tubers. The 

experimental unit corresponds to 25 yam plants.  

 

Cover crop establishment 

Pueraria fields were established two years before yam cultivation on land which usually had 

been abandoned by farmers after several years of cultivation, when yield became too small 

and weeding required too much labour. Ridges were used as recommended to make it possible 

to intercrop maize with Pueraria and to make the planting of yams easier in the following 

seasons. Pueraria was sown (at 8 kg of seeds per hectare) early in the rainy season between 

ridges spaced 60 to 80 cm. 

 

Cropping systems and Pueraria management 

Depending on mulch management option (Table 2), the cover crop was slashed at the 

beginning of the rainy season (in order to reduce competition between yam and Pueraria) and 

herbicides were applied one week later. Two to three weeks later the cover was squashed and 

yam was planted. Soil was loosened with a pitchfork or a spade to create planting holes (each 

30 x 30 x 30 cm). Therefore yam was planted on flat land without new mounding or ridging.  

 

In each zone traditional and mulch-based systems were planted with yam within the same 

period (Table 1). In traditional system yam was planted in mounds at farmers’ usual density 

(around 5600 plants per ha). During growth, two hand-weedings were executed. In the live-

mulch system, in order to limit competition, yam was staked with 1,5m high poles and the 

Pueraria was slashed down as needed (1 to 3 times depending mostly on rainfall). In year 

2004, yam was planted in mulch at high plant density (10 000 plants.ha-1). The poor 

marketable yield obtained in 2004 led to a decrease in yam density (6 500 plants. ha-1) and to 

enlarged soil loosening. 

 

Final harvest occurred at the end of the rainy season (between mid-November and beginning 

January). For the early maturing cv Kpouna, a first harvest was organized around September-

October when possible. 

Table 2 : 

Type of mulch Application Herbicide 

Live-mulch After slashing Low dose of no selective herbicides : 
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Diuron (400g.ha-1) + 2,4-D (720g.ha-1) 

During yam growth localised spraying : Paraquat (200g.ha-1) 

Dead-mulch After slashing Glyphosate (1130g.ha-1) 

 

Observations 

Determination of above-ground dry matter of Pueraria during the fallow was done with one 

or two 1 x 1 m quadrats in each plot at the onset of the dry season. For each cultivation 

operation, labour requirement was measured. The first date of germination was recorded for 

each treatment. During growth visual symptoms of the main pests and diseases of yam were 

observed and scored. At harvest, yam tubers were counted and weighed individually, and 

gross and marketable tuber yields were determined. Marketable tuber yield was determined as 

gross tuber minus small tubers (smaller than 500 gr for Florido and Kpouna and 300 gr for 

Kokoro) and tubers with serious defects. 

 

Results and discussion 

The above-ground biomass production of Pueraria ranged from 5.5 to 7.1 t.ha-1 after an 18 

month growth period. The mean value of 6 plots (6.3 t.ha-1) was comparable to the 7.6 t.ha-1 

recorded by Tian et al. (1999). 

 

A variance analysis was carried out on yam yield to determine whether or not there was a 

difference between central and border row plants. Results showed no difference but slightly 

less yield variability for the full plot (25 plants) than with the 9 central plants (31% vs. 33%) 

confirming advantages in having plots as large as possible. Subsequent analyses were 

performed on full plot data. 

 

Kokoro yielded poorly throughout years and cropping systems (3.9 compared to 8.1 and 6.9 

t.ha-1 for Florido and Kpouna respectively). The poor result of this cultivar, known to be less 

demanding in term of soil fertility (Vernier and Dossou, 2001) could be explained by the use 

of unhealthy planting material. For this reason Kokoro was excluded from the data analysis.  

 

In year 2004, cropping systems showed no effect on date of first germination but it had a 

significant effect on final plant stand (Table 3). The dead mulch system showed a 

significantly lower plant stand than the other cultivation systems. Live mulch presented a 

systematically (but not significantly) higher plant stand. 

 6



 

Table 3: Effect of region and cropping system on final plant stand and yield of two 
traditional cultivars in 2004. 

Region Cropping 
system Genotype Germination 

rate 
Gross Yield 

(t.ha-1) 
Marketable 
yield (t.ha-1) 

Percentage of 
marketable 

tubers 
Florido 0.82 7.3 4.8 60 Dead-mulch 
Kpouna 0.97 7.5 5.5 71 
Florido 0.75 5.8 3.7 49 Live-Mulch 
Kpouna 0.75 5.1 3.9 68 
Florido 0.97 2.8 0.9 30 

Central 

Traditional 
Kpouna 0.85 2.5 1.3 47 
Florido 0.59 1.5 0.4 19 Dead-mulch 
Kpouna 0.72 4.9 3.7 73 
Florido 0.75 2.4 0.4 15 Live-Mulch 
Kpouna 0.84 7.0 5.5 78 
Florido 0.88 2.5 1.0 38 

Northern 

Traditional 
Kpouna 0.78 3.5 2.7 76 
Florido 0,85 5.3A 3.1A 46ACentral 
Kpouna 0,86 5.1A 3.5A 62B

Florido 0,74 2.1B 0.6B 24CNorthern 
Kpouna 0,78 5.1aA 4.0A 76D

Dead-mulch  0.89a 7.4a 5.1 65a

Live-mulch  0.75b 5.5a 3.8 58ab
Central 

Traditional  0.91a 2.7b 1.1 39c

Dead-mulch  0.66c 3.2b 2.0 46bc

Live-mulch  0.79ab 4.7ab 2.9 47bc
Northern 

Traditional  0.83a 3.0b 1.9 57ab

A, B, C, D : indicates significant differences between variety and region means for variables if followed by 
different letters (p<0,05). 
a, b, c: indicates significant differences between cropping systems and region means if followed by different 
letters  (p<0.05). 
 
Despite a good rainfall pattern, 2004 yields were very low and these results have to be 

interpreted with caution. Poor yields result from very late planting compared to farmers who 

generally start planting in January or February. In Central Benin the two yam species had 

similar yield. But Florido showed a lower yield in Northern than in Central Benin and also 

yielded less than Kpouna in Northern Benin. Both varieties yielded more in the mulch-based 

cropping system (5.3 and 5.1 t.ha-1 for live and dead mulch) than in the traditional one (2.9 

t.ha-1). Marketable yield follows the same trend but without any significant difference 

between cropping systems.   

 

The percentage of marketable tubers is significantly different between varieties. Florido 

produced a smaller proportion of marketable tubers than Kpouna (35 and 69%). In Central 

Benin, cropping systems had a significant effect on the percentage of marketable tubers. The 

mulch-based cropping system had better results than the traditional one (65, 58 and 39% of 
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marketable tubers respectively for dead-mulch, live-mulch and the traditional cropping 

system). 

 

In year 2005, final plant stand was significantly higher in Central than Northern Benin (Table 

4), confirming the 2004 trend. Significant differences occurred for yield between regions, 

cropping systems and varieties without any interaction. Northern Benin yielded more than 

Central (13.8 and 7.6 t.ha-1), and mulch-based cropping systems yielded more than traditional 

(13.3, 11.9 and 6.8 t.ha-1 for live-mulch, dead-mulch and traditional cropping system). Florido 

(D. alata) yielded more than D. rotundata (12.5 vs. 8.8 t.ha-1). Marketable yield follows 

exactly the same trends. 

 

Table 4: Effect of region and cropping system on final plant stand and yield of two 
traditional cultivars in 2005. 

Region Cropping 
system Genotype 

Germination 
rate 

Gross 
Yield  

(t.ha-1) 

Marketable 
yield (t.ha-1) 

Percentage of 
marketable tubers 

Florido 0.71 11.0 10.2 90 Dead-mulch Kpouna 0.66 6.7 6.2 93 
Florido 0.81 10.2 9.2 87 Live-Mulch Kpouna 0.86 7.9 7.4 93 
Florido 0.86 5.8 4.0 68 

Central 

Traditional Kpouna 0.78 3.7 3.5 91 
Florido 0.97 18.7 18.1 96 Dead-mulch Kpouna 0.90 11.3 10.9 96 
Florido 0.99 18.7 18.0 96 Live-Mulch Kpouna 0.94 16.5 16.3 99 
Florido 0.98 10.9 9.8 86 

Northern 

Traditional Kpouna 0.82 6.8 6.4 94 
Central   0.80a 7.6a 6.7a 87a

Northern   0.93b 13.8b 13.2b 94b

Dead-mulch  0.81 11.9c 11.3c 94 
Live-mulch  0.90 13.3c 12.7c 94 

 

Traditional  0.86 6.8d 5.9d 85 
 Kpouna 0.89 8.8e 8.4f 87  
 Florido 0.83 12.5f 11.5e 94 

a, b, c, d, e, f: indicate significant differences for variables between treatments followed by different letters. 
a, b: indicate differences between region (p<0,0004). 
c, d: indicate differences between cropping system (p<0,002). 
e, f: indicate differences between cropping system (p<0,0005). 
 

Marketable tuber rate varied between regions with significant interaction between cropping 

system and variety. Indeed Florido showed a higher rate of marketable tubers, in mulch-based 

(92% in dead and  93% in live mulch) than in traditional system (77%).  

 

For all treatments the percentage of marketable tubers in 2005 was higher than in 2004. 

Onwueme (1977) showed that late planting causes an increase in main stem number and 
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consequently a higher proportion of small tubers. Late planting in 2004 (Table 1), resulting in 

higher stem number, could explain the lower percentage of marketable yield than in 2005. 

Delay in planting has impacted Florido more than Kpouna (35 and 69% of marketable yield 

respectively in 2004). Even in 2005, in Central region yam was planted one month later than 

Northern region and this presented a lower percentage of marketable tubers. Thus despite 

important differences in rainfall pattern the yield parameters show a close relation with the 

date of planting. 

 

To summarize, mulch-based cropping systems significantly increased both total and 

marketable yields in all location and years except in Northern Benin in 2004. The best results 

were achieved with live-mulch but with no significant difference with dead-mulch.  

 

Economic data were collected but are not presented here. Preliminary results showed mulch-

based cropping systems require slightly more labour than the traditional one. But yearly cost-

benefits ratio analysis showed advantages of mulch-based systems.  

 

Conclusion and perspectives 

Compared to the traditional system, results clearly suggest that the mulching of Pueraria may 

result in both higher total and marketable yield. In this experiment live-mulch- based cropping 

system showed the best results. In addition live-mulch management avoids yearly planting of 

the cover plant. For now, this cropping system seems the most suitable for zones with scarcity 

of long duration fallows where soil fertility problems, weed and pest pressure are heavy. 

These zones may constitute lands that would benefit most from the adoption of the new 

technologies.   

 

A fundamental element to take into consideration for the adoption of the new systems is the 

social environment. Control of livestock roaming and bush fires requires sound social 

organization. Land tenure must also be considered. Facing the pressure of new immigrants 

some indigenous landlords may have interest continuing to shift cultivation in order to secure 

their ownership on the land. This strategy slows down the “settling” of yam cultivation. For 

these reasons the dissemination of such cropping systems still requires a validation for their 

efficient adoption and some technical adaptations through an on-farm participative approach. 

For instance replacing herbicides by hand control of Pueraria competition and testing the use 

of Gliricidia sepium for live or dead staking have to be investigated.  
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Full economic analysis is yet to be done. Moreover, there is now a need to identify 

environments in which farmers are likely to adopt the Pueraria system and what management 

needs to be implemented to make it a success. A participatory approach to adapt and improve 

the system is needed. Testing the Pueraria mulch based system on-farm in different 

biophysical and socioeconomic conditions is necessary to identify parameters for the 

expansion of the improved system.  

 

To fully understand the capacity of Pueraria for nutrient recycling, further characterization of 

the rooting systems and monitoring litter-fall and root turnover are needed. Soil fertility 

indicators still have to be found to calculate a realistic alternation between periods of 

cultivation and fallow. Although fallow periods can be shortened as input-level increases, a 

minimum period of time has to be found to maintain sufficient soil organic matter content. 

Long term assessment of possible soil degradation under the Pueraria systems is needed to 

determine the inputs required to maintain the sustainability of the technology.  
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