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Abstract Cowpea (Vigna unguiculata [L.] Walp.) is con- 

sumed by many subsistence farmers across the African conti- 

nent as a cheap source of quality protein. Harvest of cowpea 

leaves as a vegetable as well as grain from the same plant 

(dual-purpose) is a primary goal for farmers, which allows 

them to exploit the nutritional benefits of both. The leaves are 

consumed in a variety of traditional dishes, or dried for use in 

the dry season. However, leaf harvest practices by farmers are 

among the leading causes of poor grain yield and quality. 

These negative effects can extend to reduction in other bene- 

fits of cowpeas such as nitrogen fixation and soil organic 

matter improvement. This paper critically reviews the effects 

of leaf harvesting practices on cowpea crops and options 

available to subsistence farmers to mitigate the negative ef- 

fects. Recommendations on appropriate timing, duration and 

intensity of leaf harvesting are then provided, together with 

agronomic strategies for maximising benefits. Information 

gaps are also highlighted with the aim of guiding future 

research programmes for the improvement of the food pro- 

ductivity of cowpea. 
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Introduction 

 
Considering all the protein sources that might possibly help 

Africa’s malnourished millions, the leading locally domesti- 

cated candidate is cowpea (Vigna unguiculata [L.] Walp.) 

(Singh et al. 2003; National Research Council 2006). 
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Although hardly known in global terms, cowpea constitutes 

sub-Saharan Africa’s most widely planted native legume and 

is the second most important grain legume continent-wide 

after peanut (Arachis hypogaea ) (National Research Council 

2006). Cowpea grows well in poor soils that have more than 

85 % sand, less than 0.2 % organic matter and low levels of 

phosphorus (P) (Singh et al. 2003). Furthermore, many cow- 

pea cultivars can withstand drought and have short growing 

periods, making them very attractive to farmers in marginal, 

drought-prone areas that have low rainfall and poorly devel- 

oped irrigation systems (Hallensleben et al. 2009). Cowpea is 

regarded as a “poor man’s crop” but, in a sense, it is a fulcrum 

for leveraging Africa’s basic nutrition and has been called “a 

nearly perfect match for the African soil, weather and people” 

(National Research Council 2006). The crop is consumed in 

many forms. Young leaves, green pods, green leaves and dried 

leaves are used as vegetables whereas dry seeds and roots are 

used in a variety of food preparations (Nielsen et al. 1997). In 

the humid tropics of Africa, cowpea is grown mainly for its 

leaves but, elsewhere in Africa, the leaf and the seed are 

generally accorded equal importance. 
 

 
 
Problem statement 

 
In subsistence farming in Africa, the traditional practice of 

harvesting young leaves is frequently identified as one of the 

factors responsible for reduction in yield and quality of the 

grain (Madamba 2000; Nyakanda et al. 2004; Ibrahim et al. 

2010; Matikiti et al. 2012). It is also suspected that the nega- 

tive effects of this practice may extend to the reduction of 

other cowpea benefits such as nodulation, nitrogen (N) fixa- 

tion and soil fertility improvement. The term ‘dual-purpose 

cowpea’ has been coined to describe a system whereby cow- 

pea leaves are harvested for vegetable use followed later by 

grain or pods from the same crop. Recommendations on 

proper harvest and crop management strategies are required 

in order to allow subsistence farmers to fully exploit the 

substantial nutritional and economic benefits of dual-purpose 
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cowpea. This paper critically reviews the impacts of leaf 

harvest strategies on growth and yield of cowpea. It also 

identifies leaf harvest and agronomic management strategies 

that can be used by subsistence farmers to maximise the 

benefits of growing dual-purpose cowpea. The following 

questions are explored: 
 

1. What is the importance of harvesting cowpea leaf from 

grain plants? 

2. What is the effect of leaf harvest practices on cowpea 

growth, yield and quality of products? 

3. What are the agronomic effects of different strategies for 

leaf harvesting intensity and frequency? 
 
 

 
Description of the literature search 

 
This paper is an outcome of the ‘Black eye bean (BEB)’ 

project funded by the Regional Universities Forum for 

Capacity Building in Agriculture (RUFORUM) to promote 

research on cowpea in subsistence farmer systems. The liter- 

ature search was done using the Google scholar search engine 

using keywords such as ‘cowpea leaf vegetable’ or ‘cowpea 

defoliation’ or ‘cowpea leaf yield’. Cowpea can be referred to 

as ‘a lost crop of Africa’ and very little research has been done 

on it in comparison to commercial crops such as soybean 

(Glycine max [L.] Merr.). Because of the paucity of informa- 

tion, the search database was expanded to include all relevant 

journal publications. A total of 62 research papers was con- 

sidered relevant and included in the review. In addition, ref- 

erence is made to results from some postgraduate research 

dissertations produced under the RUFORUM project. 
 

 
 

The importance of harvesting cowpea leaves from grain 

plants (dual-purpose) in African subsistence farmer 

communities 

 
At the outset of this review, it is important to explain the 

reasons why harvesting cowpea leaves and grain from the 

same plants is a practice of paramount importance to food 

security in subsistence farmer communities in Africa. 

Bittenbender et al. (1984) stressed that limited research had 

been done to develop cowpea cultivars for leaf and grain 

consumption because the tradition of leaf harvesting by sub- 

sistence farmers differs from the modern view of cowpeas as 

solely a grain crop. Use of cowpea leaves not only means that 

farmers maximise the nutritional benefits they obtain from 

growing cowpeas, but also ensures that food is available 

earlier in the season to poor households in the form of leaves 

of young plants. The crop is thus used throughout its entire 

growing period, beginning with the highly nutritious tender 

leaves immediately after emergence, through the growing 

season and lastly the grain. This can be a means of increasing 

productivity while minimising waste (Ohler et al. 1996). 

Cowpea leaves are therefore valued as a nutritional supple- 

ment and extension of that supplied by the grain. The dual- 

purpose character of cowpeas has also made it an attractive 

crop where land is becoming scarce (Singh et al. 2003). Smith 

and Eyzaguirre (2007) listed cowpea leaves among the top 

indigenous leafy vegetables that are consumed across the 

entire African continent. It is likely that the amount of cowpea 

leaves consumed will increase greatly in the future in line with 

the increasing human population. Cowpea leaves are used in a 

variety of food preparations in different African countries 

(Table 1). 

A high demand for cowpea leaves is found across the 

African continent from Zimbabwe (Matikiti et al. 2012), 

through Tanzania (Hallensleben et al. 2009) up to Nigeria 

(Ibrahim et al. 2010). In addition, cowpea leaf consumption 

is being actively promoted as an important source of nutrition 

for the those with low-income who may not be able to afford 

animal protein (Madodé et al. 2011; Matikiti et al. 2012). 

Mamiro et al. (2011) reported daily per capita cowpea con- 

sumption in rural Tanzania as ranging from 41 to 200 

grammes. Unlike leaves of other grain legumes, cowpea 

leaves may be more valuable than the seed because their 

protein content and protein productivity exceed that of the 

seeds on a dry weight basis. Protein concentrations of 29 to 

43 % have been reported for cowpea leaves but only from 21 

to 33 % in seed (Nielsen et al. 1997; Ahenkora et al. 1998). 

Because cowpea leaves are produced earlier and in much 

greater weight per plant than seeds, their protein productivity 

has been reported as much higher—about 15 times greater 

than seeds (Bittenbender et al. 1984). Leaves also possess 

considerable amounts of other beneficial dietary components 

e.g. on a weight for weight basis compared to raw cowpea 

seed, 20 % more thiamine, twice the amount of riboflavin, and 

equal amounts of niacin (Bubenheim et al. 1990). 

Additionally, leaves contain considerably larger amounts of 

the essential amino acids, methionine and cysteine and they 

are a significant source of β-carotene, a vitamin A precursor 

(Nielsen et al. 1997). Nawiri et al. (2013) recommended the 

promotion of sun dried cowpea leaves in Kenya in the diets of 

pre-school children as they not only prevented anaemia by 

increasing haemoglobin levels but also increased the bioavail- 

ability of β-carotene, preventing vitamin A deficiency. 

 

 
Effect of farmer leaf harvest practices on cowpea growth, 

yield and quality of products 

 
Cowpea monocrop systems 

 
In the current literature, there are confounding reports about 

the effects of farmer leaf harvest practices on grain yield. 
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Table 1  Some cowpea leaf 

dishes from selected African 

countries 

 
Country Name of dish Description 

 
Kenya Kunde Fresh young cowpea leaves are boiled in a traditional brine 

(omusherekha) and then fried with onions, garlic and spices 

Mozambique Nhangana Fresh young cowpea leaves are boiled, drained and fried with 

onions. Coconut milk is then added 

South Africa Imifino Young cowpea leaves are shredded and fried with onions. They 

are then stirred into thick maize meal porridge 

Umbido                   A rich cowpea leaf stew made with fresh young cowpea leaves, 

tomato, fried onion and boiled eggs 

Morogo                         Boiled cowpea leaves are squeezed into pellets (golf ball size) 

and sundried. The pellets are then cooked in a broth of milk 

and spices 

Zambia Chibwabwa Cowpea leaves are boiled until they are tender. Peanut butter is 

added together with a seasoning of salt and pepper 

Zimbabwe Mufushwa wenyemba Boiled and sun dried cowpea leaves are cooked with onions and 

tomatoes 
 

 
 

Some early research reported higher seed yields in leaf- 

harvested cowpeas (Mehta 1971). Dovlo et al. (1976) reported 

that as much as 50 % defoliation of certain cowpea cultivars, 

prior to flowering, by removal of every other leaf or parts of 

expanded leaves reduced seed yield by only 15 % relative to 

controls. It was hypothesised that defoliation permitted greater 

light penetration into the canopy and altered the hormonal 

balance. On the contrary, Ezedinma (1973) showed that severe 

defoliation at any stage prior to maturity drastically reduced 

yield. However, these early studies tended to generalise leaf 

harvesting, and did not clearly define the effects of leaf harvest 

intensity, duration and timing on yield and nutritional quality 

of leaf and grain as well as other parameters such as nodula- 

tion. Recommendations on the effects of background condi- 

tions such as soil fertility and plant density in response to leaf 

harvesting were also not provided in these studies. 

Leaf harvesting intensity refers to the number of leaves 

compared with the total that can be harvested at any given 

time. Farmers sometimes harvest as many leaves as possible 

and these are dried for consumption during the off-season. 

Leaf harvesting frequency is how often the farmer harvests 

leaves. Farmers preferentially harvest the youngest leaves or 

tender shoots as they contain little fibre and less tannin, hence 

taste better, and have a good texture when compared to the 

older leaves. Ohler et al. (1996) showed that total dietary fibre 

of cowpea leaves increased from 19 to 26 % as time to harvest 

decreased from 50 to 20 days. Harvesting 2 to 4 recently 

formed trifoliate leaves (not fully expanded) from each branch 

on a plant 25 and 40 days after germination suppressed total 

plant biomass, seed yield, seed number and pod number per 

plant of plants grown in soilless media in a greenhouse 

(Bubenheim et al. 1990). 

An increase in leaf harvest intensity from 0 to 3 per grow- 

ing point increases leaf fibre and decreases the protein content 

of cowpea grain (Nyakanda et al. 2004). Defoliation of 

cowpea plants through leaf harvesting is a form of distur- 

bance, similar to insect herbivory. Plants have evolved many 

secondary metabolites involved in plant defence, which are 

collectively known as anti-herbivore compounds, such as 

alkaloids, cyanogenic glycosides, glucosinolates, 

benzoxazinoids, terpenoids and phenolics (Paré and 

Tumlinson 1999). There is a tendency by plants to increase 

these compounds in their leaves in response to herbivory. 

Lignin and silica may also increase and reduce the palatability 

of leaves. It is expected therefore that quality and palatability 

of leaves harvested from a cowpea plant continuously will 

decrease with every subsequent harvest. 

The duration of leaf harvesting also influences both the leaf 

and grain yield and cowpea is more likely to be able to tolerate 

brief defoliation periods rather than extended ones. It should 

be noted that leaf production tends to be slow in cowpea and 

cowpea plants do not produce a large number of leaves. 

Agbogidi and Egho (2012) reported that eight different cow- 

pea cultivars had a range of 6 to 9 leaves at 11 weeks after 

planting. Harvesting a single leaf from each growing point 

occasionally may not supply adequate vegetable matter for 

household consumption; better harvesting strategies that in- 

crease vegetable leaf supply without compromising grain 

yield and quality are therefore required. Topping growing 

apices at the onset of flowering has been suggested as a 

strategy that could increase the amount of harvestable leaves, 

grain yields and harvest index (Argall and Stewart 1984). 

However, the recovery of the cowpea plants after topping is 

likely to depend on conducive environmental factors such as 

soil fertility and moisture. 

The response of the cowpea plant to leaf harvest intensity 

and frequency, although dependent on several interrelated 

factors, may be predictable. The plant has at least four distinct 

growth stages (Table 2) and a capacity to translocate material 

between tissues. It may therefore be viewed as a number of 
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Table 2  General morphological indicators of various growth stages of 

cowpea 
 

Weeks after crop emergence                             Morphological indicator 

 
2 Three-leaf stage 

3 Start of branching 

4 Three-branch stage 

5 Start of floweringa
 

 
a The duration of the flowering period is dependent on cultivar type and is 

longer for indeterminate cultivars than determinate ones 

 

 
interlinked sources and sinks. The primary sources are the 

assimilates from the expanded leaves and in the early vegeta- 

tive stage, these are translocated to the apical shoots and roots. 

Later the sinks for these assimilates may be reproductive 

structures or pods. It is therefore suggested that leaf harvesting 

is carried out before flowering but should not be initiated too 

early, as this may not allow recovery. At the 2-leaf stage, 

insufficient foliage is left after leaf harvesting to support 

subsequent biomass production. However, after the plants 

have formed lateral shoots and at least three fully expanded 

true leaves, harvesting of a single leaf may leave the plant with 

adequate foliage to support sufficient photosynthesis for 

recovery. 

Judicious defoliation of cowpea plants during vegetative 

development is likely to have a lesser effect on reduction of 

grain yield than defoliation during the reproductive stage. 

Slightly defoliated plants produce more leaves than controls, 

showing that compensatory growth occurs when leaves are 

harvested (Bubenheim et al. 1990). Periodic or partial defoli- 

ation can stimulate leaf production, prolonging the duration of 

the leaf harvesting period and therefore making food available 

for longer to resource poor farmers. Bubenheim et al. (1990), 

in greenhouse experiments, reported that twice as much dry 

weight of leaves was obtained from cowpea plants in the 

vegetative/grain-harvest strategy than by plants which were 

harvested in the traditional way for their grain only. 

Biological N fixation is the process by which microorgan- 

isms living in the soil or in symbiosis with plants, convert 

gaseous nitrogen to solid products. Cowpea is promiscuous in 

N fixation and most soils contain some indigenous Rhizobia 

capable of nodulating it. Chikowo et al. (2004) reported that 

cowpea’s contribution to the accumulation soil N is about 

28 kg N per hectare per annum and that cowpea-maize rota- 

tion had the highest grain yields across four management 

practices. FAO (1984) estimated the amount of N fixed bio- 

logically by cowpea to range from 73 to 354 kg N per hectare 

per year, some of which may be available to succeeding crops. 

In farming systems where cowpea is grown as a monocrop, it 

is often rotated with a cereal where the residual N from the 

cowpea benefits the cereal in the subsequent season. Plants 

such as cowpea, dependent on N-fixing symbionts, grow more 

 

slowly than those using ammonia because a proportion of 

photosynthates must be diverted from the plant to provide 

energy for fixation. Nitrogen fixation by cowpea under high 

leaf harvesting intensity is therefore probably limited, due to 

the reduced supply of photosynthates. Increase in leaf 

harvesting from 1 to 3 leaves per branch reduced nodule 

numbers per plant (Matikiti et al. 2012). The cowpea plant 

contributes, as a direct agricultural product, by maintaining 

and restoring soil fertility through fixing a large proportion of 

its own N. Intense harvesting of cowpea leaves is suspected to 

result in little or no N contribution by the legume to the soil, 

and so little improvement in yield of the subsequent cereal 

crops. Up to 65 % of the total plant N in mature plants is 

present in the seed and 30 % in the foliage (Ingram and Swift 

1990). It is therefore, logical to ask if early season harvesting 

of leaves affects N contributions to the soil and whether the 

cowpea plant is able to compensate for direct N losses 

resulting from leaf removal. 

Cowpea leaves are trifoliate. Instead of harvesting whole 

leaves, leaflets are an alternative harvestable component, and 

the negative effects of their removal are likely to be less 

intense than those of removing whole leaves. This proposition 

arises from the reported ability of partially damaged plant 

leaves to restore carbon gain capacity fully (Nowak and 

Caldwell 1984; Strauss and Agrawal 1999). The various 

mechanisms involved include enhanced photosynthetic rates 

and delayed senescence of the remaining leaf portions as 

opposed to what happens when the whole leaf is removed. 

Harvesting leaflets may thus prevent grain yield losses asso- 

ciated with the practice of whole leaf harvesting. Furthermore, 

research on other legume crops such as soybean has demon- 

strated that small to moderate losses of leaf tissue as would 

occur when leaflets are harvested do not always have measur- 

able impacts on growth or yield (Malone 2001). Research on 

cowpeas is required in order to substantiate these findings. 

 
Cowpea intercrop systems 

 
Cereal-legume intercropping is important in subsistence farm- 

er communities as a means of improving soil fertility and 

increasing land use intensity in situations where limited land 

availability is a key determinant of poverty (Saidi et al. 2010). 

In maize-based mixed farming systems of sub-Saharan Africa, 

there is a moderate incidence of chronic poverty, linked to 

small farm size (Dixon et al. 2001). Intercropping is a means 

of reducing household risks during poor growing seasons and 

producing modest surpluses during favourable seasons 

(Woomer et al. 1997). The shade tolerance characteristic of 

cowpea makes it compatible as an intercrop with maize, millet 

and sorghum as well as with many plantation crops (Singh and 

Emechebe 1998). Thus, although monocrop cowpea is prof- 

itable, farmers plant cowpea in various types of intercropping 

systems (Singh et al. 2003). However, legume production 
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through intercrops has generally declined in African farm- 

ing systems and this is partly blamed on the adoption of 

improved maize cultivars. There is a strong trajectory 

towards simplification in favour of cereals and increased 

area planted to maize (Conroy et al. 2006). This is not 

surprising, as the poor have an immediate and urgent need 

for calorie-rich food, and cereal harvest generates a high- 

calorie return per calorie of hand labour invested (Snapp 

et al. 2010). Higher yielding hybrid maize plants have 

aggressive growth and tend to shade out the legumes, 

making them unproductive as intercrops. 

In Kenya, an intercropping row arrangement that staggers 

every other maize row by 25 cm and pairs maize with legume 

rows was devised to provide greater opportunity for the un- 

derstory legumes. This approach, referred to as MBILI 

(Managing Beneficial Interactions for Legume Intercrops) 

resulted in the same plant populations while permitting le- 

gumes to grow in a 100 cm strip between sets of maize rows 

(Woomer et al. 2004). The staggered row spacing of maize 

within MBILI resulted in greater light penetration within 

the canopy and higher fertilizer use efficiency (Woomer 

et al. 2004). The MBILI system optimized yield of both 

component crops in the intercrop and has since been 

adopted in western Kenya where farmers considered it 

more productive than conventional intercropping 

(Woomer et al. 2004). A recent study comparing the 

MBILI system and conventional intercropping showed 

that the spatial rearrangement in MBILI resulted in 

higher legume and cereal yields when compared to con- 

ventional intercropping systems (Thuita et al. 2011). 

However, research is still to be carried out in order to 

understand how leaf harvesting aspects impact on the 

performance of maize-cowpea  companion crops in the 

MBILI system. 

Saidi et al. (2010) investigated the effects of harvesting 

cowpea leaves at a frequency of once every 7 or 14 days and 

14-day in cowpea-maize intercrops. Whereas more leaf was 

obtained at the 7-day interval, grain yields were higher for the 

14-day interval. Grain yields, however, remained highest in 

non-leaf harvested controls. These authors suggested that 

maize benefited from the cowpea being leaf harvested because 

maize yield in the intercrop treatments were highest when 

leaves of the companion cowpea were harvested at 7-day 

intervals than where no leaf harvesting was done. It was 

assumed that harvesting leaves from cowpea plants reduced 

the cowpea canopy, which reduced between-species competi- 

tion for available growth resources. When cowpea leaves were 

harvested from the intercrops, the land equivalent ratio (LER) 

was also increased. Based on these results, it was generally 

recommended that for intercrop systems, cowpea leaves 

should be harvested at 7 day intervals during its vegetative 

phase in order to increase food productivity and gross 

margins. 

Effects of agronomic management strategies in mitigating 

negative impacts of leaf harvesting 

 
Cultivar choice 

 
Genetic differences exist among cowpea cultivars’ response to 

leaf harvesting. It is usually generalized that seed yield of 

leafy indeterminate cowpea types is reduced less than deter- 

minate types following defoliation. Stewart et al. (1978) re- 

ported that leaves 2 weeks and older do not effectively con- 

tribute to carbon fixation in indeterminate cowpea types 

whereas defoliation of young leaves reduced yield regardless 

of cultivar type. Madamba (2000) concluded that indetermi- 

nate cowpea types are better able to compensate for leaf 

harvest losses than determinate types. Studies with soybean 

also indicate that indeterminate cultivars may be more tolerant 

of defoliation than determinate ones and the mechanisms 

promoting recovery from defoliation are different among cul- 

tivars (Li et al. 2005). For determinate cultivars, there may be 

greater allocation of biomass to reproductive organs after 

defoliation, which results in less leaf regrowth, as well as 

delayed senescence of remaining leaves. On the other hand, 

the indeterminate cultivars tend to increase biomass 

partitioning to leaves through delayed reproductive develop- 

ment, which allows defoliated plants to produce more new 

leaves (Li et al. 2005). 

Kwapata and Hall (1990) investigated the dynamics of pod 

production and snap-pod yields of contrasting bush-type veg- 

etable cowpea cultivars under different plant densities of up to 

400 thousand plants per hectare (TPH). They observed varie- 

tal differences where yields of fresh pods by one cultivar were 

progressively increased with increasing plant density, whereas 

pod yield of others was not influenced by plant density. 

Picking pods at the ‘snap’ stage delayed plant senescence 

and stimulated pod production in some cultivars, whereas it 

was suppressed in others. This was attributed to picking- 

induced damage of raceme growth and pod-setting processes 

in the cultivars where there was suppression. Using extremely 

high plant densities and a bush-type variety that is adapted to 

high plant density achieved high levels of pod production by 

vegetable cowpeas. In addition, this cultivar had the physio- 

logical capacity to tolerate the physical injury and disturbance 

of sink/source balance associated with frequent harvesting of 

snap pods. 

Ratooning is a method of harvesting a crop twice or a 

greater number of times from a single planting during the 

growing season (Duncan and Gardner 1984). Ratooning does 

not involve sowing as it depends on the regeneration of stems: 

its main benefit is that the growing season of the crop is 

extended. Ratooning thus decreases the cost of preparing the 

field and planting. Most importantly it is a cost effective 

practice as it saves seed material and, to some extent, labour 

and inputs. It makes efficient use of the growing season and 
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facilitates crop intensification, and thus helps in improving 

agricultural productivity. Scheuring et al. (1990) tested the 

ability of cowpea cultivars to produce a ratoon crop, and 

concluded that a cultivar named ‘Royal Blackeye’ could pro- 

duce a substantial quantity of leaf biomass following 

ratooning. The ratooning potential was affected by cutting 

height. It was concluded from this study that cowpea 

ratooning could be an economically feasible way of improv- 

ing biomass and leaf yield. However, there is no further 

evidence in current literature of studies aimed at screening 

the ratooning ability of cowpea cultivars. 

 
Soil fertility management 

 
The ability of cowpea plants to tolerate leaf harvesting effects 

may be lower at low soil fertility than at high soil fertility. 

Studies with soybean showed that at low soil fertility, relative 

leaf growth rates (leaf area added per day) of damaged plants 

were drastically reduced. Higher levels of soil nutrients in- 

creased the ability of plants to maintain leaf area under severe 

defoliation (Li et al. 2005). Matikiti et al. (2012) carried out a 

glasshouse pot experiment to determine the effect of leaf 

harvesting intensity on N fixation by cowpeas in a sandy soil 

of granitic origin and a relatively rich red clayey soil. The 

nodules produced in the red soil were larger (0.69 g), relative 

to those in the sandy soil (0.43 g) and reductions in grain yield 

due to leaf harvesting were greater on the sandy soil than the 

rich clay soil. It was concluded that the effects of leaf harvest 

intensity on yield of cowpea are strongly influenced by soil 

fertility. It is thus logical to suggest that farmers on poor soils 

should not practice leaf harvesting on cowpeas unless they 

supply adequate fertilizer amendments to the soil. However, 

there is no record of studies carried out to determine specifi- 

cally the effects of fertilizer amendments on mitigating the 

negative effects of leaf harvesting on cowpea grain yield and 

quality. According to Olayinka et al. (1998), organic amend- 

ments such as cow dung and compost applied at a rate of 

23 Mg per hectare would benefit cowpea N fixation especially 

in soils low in indigenous organic matter. Adeyemi et al. 

(2012) observed improvements in cowpea leaf protein content 

after application of goat manure. 

For inorganic N fertilizers, there is currently no fertilizer 

recommendation for dual-purpose cowpea. Available recom- 

mendations are designed for optimal grain production, but 

dual-purpose cowpea could require much higher fertilizer 

rates in order to compensate for defoliation losses. In cowpea 

grain production systems, it is generally recommended that no 

N fertilizer application should be applied post-emergence. 

Only a small dose of ‘starter’ N should be applied at planting 

as the cowpea has an ability to fix its own N. Cowpea is 

dependent on vesicular-arbuscular mycorrhizae (VAM) for P 

nutrition and its roots are the most densely colonized among 

crop species (Thompson and Wildermuth 1989). As a result, it 

is sometimes recommended that cowpea can be grown with 

very little or no P fertilizer. Muleba and Coulibaly (1999) 

recommended a P fertilizer rate of 21.8 kg per hectare single 

super phosphate (SSP) for cowpea. Kolawole et al. (2002) 

reported a variable response of cowpea cultivars to P fertilizer 

rate and suggested that some cultivars could be grown without 

P fertilizer. Because of VAM colonization, it has also been 

recommended at times that growing cowpea could improve 

the P nutrition of subsequent cereal crops in soils of low P 

status as a soil improvement strategy for resource-poor 

farmers. However, no studies aimed at understanding the 

effects of cowpea leaf harvesting on VAM symbiosis have 

been carried out. 
 

 
Choice of planting date 

 
Drought is an important constraint to crop production in 

the semi-arid regions, the principal area of cultivation of 

cowpea (Akyeampong 1986). Drought stress at the vege- 

tative stage in cowpeas causes the production of new 

leaves and expansion of leaves to stop (Akyeampong 

1986). However, differences in genotypes in terms of 

tolerance to water stress have been noted (Dadson et al. 

2005), suggesting that farmers in drought prone areas 

must only harvest leaves from drought tolerant cultivars 

to minimize grain losses. For dual-purpose cowpea, it is 

also important therefore that farmers choose planting 

dates that synchronize the vegetative phase of the cowpea 

with the high rainfall period. In a drought year, the prac- 

tice of leaf harvesting from grain plants should be strong- 

ly discouraged. Whereas most cowpea types are insensi- 

tive to day length for flowering, short-day cultivars initi- 

ate floral buds when day length becomes less than 12.5 h 

(Cisse and Hall 2002). These cultivars must therefore be 

sown early in the summer season for them to produce 

abundant foliage. 
 

 
Insect pest management 

 
Insect pests are the major biotic constraint to cowpea 

production in Africa (Adipala et al. 2000; Graham and 

Vance 2003; Makoi et al. 2010) and each phase of cowpea 

growth attracts a number of insect pests. The main ones are 

pod-sucking bugs (Riptortus sp ., Nezara viridula and 

Av antomia sp .) , a phids ( Aphis f abae an d Aphi s 

craccivora ), blister beetle (Mylabris sp .) and pod borer 

(Maruca vitrata ) (Department of Agriculture, Forestry and 

Fisheries 2011) and they can cause up to 100 % loss of 

grain yield (Saria 2010). The negative effects of leaf 

harvesting on grain yield may be exacerbated by a high 

incidence of pod insects and their control is therefore 

crucial to sustainable production of dual-purpose cowpea. 
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It is generally recommended that farmers spray their cow- 

pea plants at various times during the growing season. 

However, the economic viability of these periodic sprays is 

questionable. Although several commercial insecticides can 

be used to control pests, they are often expensive for resource- 

poor farmers, unavailable in local markets and can result in 

food contamination of cowpea leaves. It is expected that, 

through their extended flowering period, indeterminate cow- 

pea cultivars would be better able to escape a fair amount of 

the insect injury than determinate ones. Thus under heavy pest 

infestation of pods, indeterminate varieties are likely to out- 

yield determinate ones. It has been suggested that planting 

date manipulation could be the most promising approach to 

the control of pod-sucking bugs because of the difficulty in 

finding resistance to the cowpea hemipteran complex (Asante 

et al. 2001). Early planted cowpea crops may be able to 

produce flowers and pods out of synchrony with the life cycle 

of most pod insects, and thus escape attack. 

 
Plant density 

 
Productivity of cowpea crops can be increased if yield 

per unit area is increased and this is  determined  to  a 

large extend by plant density. Kwapata and Hall (1990) 

suggested that semi-dwarf cowpea varieties could have 

greater productivity under high plant densities of up to 

400 TPH. Studies with soybean provide guidelines 

concerning responses of semi-dwarf grain legume culti- 

vars to high plant densities. It should be noted that 

current plant density recommendations for cowpea are 

for grain production and could, on theoretical principles, 

require much higher populations to accommodate leaf 

harvesting. When grown for leaf consumption only, cow- 

pea is generally sown densely in the field (Barret 1987). 

Increasing plant density increases opportunity for intra- 

specific competition to occur simultaneously below and 

above ground, resulting in reduced reproductive poten- 

tial. White and Harper (1970) used the word ‘interfer- 

ence’ to describe the hardships that are caused by the 

proximity of neighbouring plants. Interference exists 

when each plant in a population is modified through its 

response to physical factors of growth. Although compe- 

tition together with defoliation (leaf harvesting) are 

regarded among the most important deterministic, extrin- 

sic factors that influence plant growth and development, 

it is not clear how these two antagonists of plant growth 

may interact to affect growth and yield of dual-purpose 

cowpeas. 

Substantial theoretical arguments suggest that competition, 

as would occur at high plant densities, should exhibit interac- 

tions with defoliation in their combined effects on plant 

growth and yield (Whitham and Paige 1991). Assuming 

that cowpea plants will allocate more biomass to tissues 

responsible for capturing a limiting resource, shifts in biomass 

allocation resulting from defoliation may substantially alter 

competitive ability. It makes intuitive sense that if a focal 

plant’s neighbour is defoliated, then it will be less able to 

compete with that focal plant. It therefore appears that 

defoliation of densely sown cowpea plants will not only 

produce high harvestable vegetable loads, but would also 

be beneficial to the crop for easing the negative effects of 

plant competition. Some studies were carried out to de- 

termine the nature of interactions between leaf harvest 

intensity and plant density in subsistence farmer fields in 

Zimbabwe (Dube 2007). Leaves were harvested at 0, 1 

and 2 leaves per week from plant densities of 150, 300 

and 450 TPH during the vegetative phase (2–6 weeks 

after crop emergence). Results from these studies showed 

that both grain and leaf yield of leaf harvested plants were 

improved by increasing plant density (Fig. 1). 

The highest plant density of 450 TPH therefore produced 

the highest grain and leaf yield under a leaf harvesting inten- 

sity of two leaves per week. It appears therefore that small 

amounts of leaf can be harvested from dense cowpea stands to 

ease intra-specific competition. It is, however, not clear 

whether these benefits of increasing plant density are enough 

to compensate for the extra seed and planting labour costs 

associated with increasing plant density. 

If leaf harvest intensity is increased from crowded 

plants, a point will eventually be reached, where both grain 

and leaf yield may be reduced as the crop becomes simul- 

taneously exposed to two plant growth antagonists, intra- 

specific competition and defoliation. However, planting 

cowpeas at high densities brings about the opportunity to 

thin whole plants for vegetable use as an alternative to leaf 

harvesting. For any crop sown at any given plant density, 

there exists a time during its growth and development 

when intra-specific competition is not a limiting factor to 

growth. This is in line with the law of constant final yield 

(White and Harper 1970). That increasing plant density 

beyond a certain optimum reduces grain yield of cowpea 

has been noted in several instances (Attah et al. 2004; 

Ohler et al. 1996). However, timely thinning will avert this 

yield loss. Thinning of whole plants from dense cowpea 

populations as opposed to leaf harvesting from grain plants 

may therefore avert the yield losses associated with the 

latter practice. Studies by Dube (2007) showed that thin- 

ning at any point before 4 weeks after crop emergence can 

avert yield loss resulting from increased plant density, 

whilst providing high harvestable vegetable loads (Fig. 2). 

In order to compete successfully for light, plants exposed to 

high degrees of intraspecific competition may change their 

growth habit and develop more leaves in order to penetrate to 

superior positions in the canopy. Increasing plant density of 

cowpea is likely to result in elongation of terminal stems, and 

thus more harvestable leaf material. There is the possibility of 
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Fig. 1  Effects of plant density 

and leaf harvest intensity on grain 

yield of a determinate cowpea 

cultivar on a sandy soil in rural 

Zimbabwe (Adapted from Dube 

2007) 
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increase in yield of densely sown cowpea through other 

effects such as increased weed suppression. When plant den- 

sity is increased, full ground cover is achieved early, weeds are 

suppressed and the soil (especially sandy soils) is protected 

against erosion. Singh et al. (1997) reported that cowpea has 

the ability to cause suicidal germination of some weed species 

such as Striga sp., and such effects are presumably greater 

when plant density is increased. The need for subsistence 

farmers to use high planting densities may be further justified 

by the fact that most of the farmers use farm retained seed for 

planting. Farm retained seed is usually diseased and damaged, 

which results in reduced germination and plant vigour. 

Certified seed for cowpea is currently scarce as seed certifica- 

tion for cowpeas is voluntary and priority for seed production 

by seed producing companies is given to commercial crops. 

Cowpea is host to a wide range of insect pests such as 

aphids and pod borers as well as pathogens including fungi 

and bacteria that cause leaf blights which can reduce leaf area. 

Increasing plant density is among the cultural practices that 

are recommended for the control of insect pests and patho- 

gens, but only those that enter the field from outside sources 

(Power 1987). Insects and pathogens coming from outside 

will presumably be independent of plant density. This could 

mean that doubling the number of plants per unit area would 

be expected to approximately halve the proportion of the crop 

that becomes infected. Therefore, by planting cowpeas at two 

plants per hill, instead of one, and then thinning by removing 

infested plants to the required population after the invasion 

has occurred, one would theoretically expect a full stand of 

healthy plants. However, this assumes not only cessation of 

invasion but also non-reproduction of the invader within the 

crop. 
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Conclusions 

 
Intensive harvest of young cowpea leaves from grain 

plants reduces yield and quality of both grain and leaf 

of cowpea plants, as well as nodulation. This review has 

provided insights  into  strategies  that could be used to 

optimise yield benefits from dual-purpose cowpea. They 

include judicious defoliation of the older leaves before 

flowering, harvesting leaflets, increasing plant density to 

compensate for defoliation, early planting and ratooning. 

Harvest strategy should consider cultivar type, level of 

soil fertility, moisture availability and type of cropping 

system. If possible, animal manures should be applied in 

order to hasten plant recovery after defoliation.  With 

high plant densities, methods such as thinning may be 

Fig. 2 Effects of time of thinning plants (grown at a high plant density) 

on grain and leaf yield of a semi dwarf cowpea cultivar in Zimbabwe 

(Adapted from Dube 2007) 

used  as  an  alternative  to  leaf  picking.  In  intercrops, 

companion maize plants will benefit from cowpeas being 

partially defoliated, resulting in improved food supply 
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and profitability. Dedicated research may, however, be 

required in different regions to review plant density, 

cultivar choice and fertilizer recommendations for cow- 

pea in order to accommodate vegetable leaf harvesting. 

 
Acknowledgments The authors would like to thank the University of 

Zimbabwe Crop Science Department staff for providing technical assis- 

tance to this study. Dr Chris Nyakanda gave valuable guidance and 

assistance with initiation of the Cowpea (Black Eye Bean) project from 

which this study emerged. RUFORUM is highly acknowledged for 

providing financial support to this work. The authors also thank the 

anonymous reviewers, whose comments were valuable in improving this 

paper. 
 

 
 
 

References 
 

 
Adeyemi, S. A., Lewu, F. B., Adebola, P. O., Bradley, G., & Okoh, A. I. 

(2012). Protein content variation in cowpea genotypes (Vigna 

unguiculata L. Walp.) grown in the Eastern Cape province of 

South Africa as affected by mineralised goat manure. African 

Journal of Agricultural Research, 7(35), 4943–4947. 

Adipala, E., Nampala, P., Karugi, J., & Isubikalu, P. (2000). A 

review on options for management of cowpea pests: experi- 

ences from Uganda. Integrated Pest Management Review, 5 (3), 

185–196. 

Agbogidi, O. M., & Egho, E. O. (2012). Evaluation of eight varieties of 

cowpea (Vigna unguiculata (L.) Walp) in Asaba agro-ecological 

environment, Delta State, Nigeria. Basic Research Journal of 

Agricultural Science and Review, 1(3), 63–68. 

Ahenkora, K., Dapaah, H. A., & Agyemang, A. (1998). Selected nutri- 

tional components and sensory attributes of cowpea (Vigna 

unguiculata [L.] Walp.) leaves. Plant Foods for Human Nutrition, 

52(3), 221–229. 

Akyeampong, E. (1986). Some responses of cowpea to drought stress. In 

Potentials of forage legumes in farming systems of sub-Saharan 

Africa: Proceedings of a workshop held at ILCA, Addis Ababa, 

Ethiopia, 16–19 September 1985 (p. 141). ILRI (aka ILCA and 

ILRAD). 

Argall, J. F., & Stewart, K. A. (1984). Effects of decapitation and 

benzyladenine on growth and yield of cowpea (Vigna unguiculata 

[L.] Walp.). Annals of Botany, 54(3), 439–444. 

Asante, S., Tamo, M., & Jackai, L. (2001). Integrated management of 

cowpea insect pests using elite cultivars, date of planting and mini- 

mum insecticide application. African Crop Science Journal, 9(4), 

655–665. 

Attah, E. S., Kalu, B. A., & Adeyemo, M. O. (2004). Effect of cultivar 

and plant population on the yield of cowpea (Vigna unguiculata [L.] 

Walp.) in Southern Guinea Savanna Zone of Nigeria. Journal of 

Sustainable Agriculture and the Environment, 6, 112–119. 

Barret, R. P. (1987). Integrating leaf and seed production strategies for 

cowpea (Vigna unguiculata [L.] Walp.). MS Thesis. Michigan State 

University, East Lansing, MI, USA. 

Bittenbender, H. C., Barrett, R. P., & Indire-Lavusa, B. M. (1984). Beans 

and cowpeas as leaf vegetables and grain legumes. Bean/Cowpea 

CRSP, Michigan State University. 

Bubenheim, D. L., Mitchell, C. A., & Nielsen, S. S. (1990). Utility of 

cowpea foliage in a crop production system for space. In J. 

Janick & J. E. Simon (Eds.), Advances in new crops . Portland: 

Timber Press. 

Chikowo, R., Mapfumo, P., Nyamugafata, P., & Giller, K. E. (2004). 

Woody legume fallow productivity, biological N2-fixation and 

residual benefits to two successive maize crops in Zimbabwe. 

Plant and Soil, 262(1–2), 303–315. 

Cisse, N., & Hall, A. E. (2002). Traditional cowpea in Senegal, a case study. 

A Report for the Food and Agriculture Organization (FAO), Rome, 

Italy. 

Conroy, A. C., Blackie, M. J., Whiteside, A., Malewezi, J. C.,  &  

Sachs, J. D. (2006). Poverty, AIDS and hunger: Breaking the 

poverty trap in Malawi . Basingstoke and New York: Palgrave 

Macmillan. 251 pp. 

Dadson, R. B., Hashem, F. M., Javaid, I., Joshi, J., Allen, A. L., & 

Devine, T. E. (2005). Effect of water stress on the yield of cowpea 

(Vigna unguiculata [L.] Walp.) genotypes in the delmarva region of 

the United States. Journal of Agronomy and Crop Science, 191(3), 

210–217. 

Department of Agriculture, Forestry and Fisheries. (2011). Production 

guideline for cowpeas. Directorate of Agricultural Information 

Services, Private Bag X144, Pretoria, South Africa. http://www. 

nda.agric.za/docs/Brochures/ProdguideCowpea.pdf. Accessed 16 

September 2013. 

Dixon, J. A., Gibbon, D. P., & Gulliver, A. (2001). Farming systems 

and poverty: Improving farmers’ livelihoods in a changing 

world . FAO. 

Dovlo, F. E., Williams, C. E., & Zoaka, L. (1976). Cowpea: Home 

preparation and use in West Africa. Publication IDRC-055e. 

International Development Research Centre, Ottawa, Canada. 

Dube, E. (2007). Studies on options to mitigate the negative impacts of 

leaf harvesting on cowpea. MSc Thesis. University of Zimbabwe, 

Harare. 

Duncan, R. R., & Gardner, W. A. (1984). The influence of ratoon 
cropping on sweet sorghum yield, sugar production, and 
insect damage. Canadian Journal of Plant Science, 64 , 
261–273. 

Ezedinma, F. O. C. (1973). Effects of defoliation and topping on semi- 

upright cowpeas [Vigna Unguiculata (L.) Walp.] in a humid tropical 

environment. Experimental Agriculture, 9, 203–207. 

FAO (Food and Agriculture organization). (1984). Legume inoculants 

and their use. Rome: FAO. 

Graham, P. H., & Vance, C. P. (2003). Legumes: importance and con- 

straints to greater use. Plant Physiology, 131, 872–877. 

Hallensleben, M., Polreich, S., Heller, J., & Maass, B. L. (2009). 

Assessment of the importance and utilization of cowpea (Vigna 

unguiculata L. Walp.) as leafy vegetable in small-scale farm house- 

holds in Tanzania–East Africa. In Conference on International 

Research on Food Security, Natural Resource Management and 

Rural Development, University of Hamburg. Tropentag, 6–8 

October 2009. 

Ibrahim, U., Auwalu, B. M., & Udom, G. N. (2010). Effect of stage and 

intensity of defoliation on the performance of vegetable cowpea 

(Vigna unguiculata L. Walp). African Journal of Agricultural 

Research, 5(18), 2446–2451. 

Ingram, J. A., & Swift, M. J. (1990). Sustainability of cereal-legume 

intercrops in relation to management of soil organic matter and 

nutrient cycling. In S. R. Waddington, A. F. E. Palmer, O. T. Edje 

(Eds.), Research methods for cereal legume intercropping: 

Proceedings of a workshop on research methods on cereal legume 

intercropping in Eastern and Southern Africa . CIMMYT. pp 201– 
209. 

Kolawole, G. O., Tinan, G., & Singh, B. B. (2002). Differential response 

of cowpea lines to application of P fertilizer. In C. A. Fatokun, S. A. 

Tarawali, B. B. Singh, P. M. Kormawa,  & M. Tamo (Eds.), 

Challenges and opportunities for enhancing sustainable cowpea 

production (pp. 319–328). Ibadan: International Institute of 

Tropical Agriculture (IITA). 

Kwapata, M. B., & Hall, A. E. (1990). Response of contrasting vegetable- 

cowpea cultivars to plant density and harvesting of green pods. Field 

Crops Research, 24(1–2), 1–10. 

http://www.nda.agric.za/docs/Brochures/ProdguideCowpea.pdf
http://www.nda.agric.za/docs/Brochures/ProdguideCowpea.pdf


 

 

778 E. Dube, M. Fanadzo  

 

 

Li, X., An, P., Inanaga, S., Egrinya Eneji, A., & Ali, A. M. (2005). 

Mechanisms promoting recovery from defoliation in determinate 

and indeterminate soybean cultivars. International Journal of Food, 

Agriculture and Environment, 3 (3–4), 178–183. 

Madamba, R. (2000). Evaluating leaf, grain yield and nutritive value of 

leaves of different cowpea varieties. Department of Research and 

Specialist Services. Crop Breeding Institute. Box CY550. 

Causeway, Harare, Zimbabwe. 

Madodé, Y. E., Houssou, P. A., Linnemann, A. R., Hounhouigan, D. J., 

Nout, M. J. R., & Van Boekel, M. A. J. S. (2011). Preparation, 

consumption, and nutritional composition of West African cowpea 

dishes. Ecology of food and nutrition, 50(2), 115–136. 

Makoi, J. H. J. R., Belane, A. K., Chimphango, S. B. M., & Dakora, F. D. 

(2010). Seed flavonoids and anthocyanins as markers of enhanced 

plant defence in nodulated cowpea (Vigna unguiculata L. Walp.). 

Field Crops Research, 118, 21–27. 

Malone, S. M. (2001). Assessment of soybean leaf area for redefining 

management strategies for leaf-feeding insects. Doctoral disserta- 

tion, Virginia Tech. 

Mamiro, P. S., Mbwaga, A. M., Mamiro, D. P., Mwanri, A. W., & 

Kinabo, J. L. (2011). Nutritional quality and utilization of local and 

improved cowpea varieties  in some regions in Tanzania. African 

Journal of Food Agriculture Nutrition and Development, 11 (1), 

4490–4506. 

Matikiti, A., Chikwambi, Z., Nyakanda, C., & Mashingaidze, A. B. 

(2012). Nodulation, leaf harvesting intensity and interval of the 

black-eyed bean (BEB) (Vigna unguiculata L. Walpers) cowpea 

type at the University of Zimbabwe, Harare, Zimbabwe. African 

Journal of Agricultural Research, 7(39), 5421–5429. 

Mehta, P. N. (1971). The effect of defoliation on seed yield of cowpeas 

and analysis of the leaf harvest for dry matter and nitrogen content. 

Acta Horticulturae, 21, 167–172. 

Muleba, N., & Coulibaly, M. (1999). Effects of phosphorus fertilizer 

sources on cowpea and subsequent cereal crop productivity in 

semi-arid West Africa. The Journal of Agricultural Science, 

132(1), 45–60. 

National Research Council. (2006). Lost crops of Africa. Vegetables, 

volume  II .  Washington,  D.C.:  The  National  Academies  Press. 

Nawiri, M. P., Nyambaka, H., & Murungi, J. I. (2013). Sun-dried cow- 

peas and amaranth leaves recipe improves β-carotene and retinol 

levels in serum and haemoglobin concentration among preschool 

children. European journal of nutrition, 52(2), 583–589. 

Nielsen, S. S., Ohler, T. A., & Mitchell, C. A. (1997). Cowpea leaves for 

human consumption: production, utilization, and nutrient composi- 

tion. In B. B. Singh, D. R. Mohan Raj, K. E. Dashiell, & L. E. N. 

Jackai (Eds.), Advances in cowpea research (pp. 326–332). Ibadan: 

Co-publication of International Institute of Tropical Agriculture 

(IITA) and Japan International Research Centre for Agriculture 

Sciences (JIRCAS). 

Nowak, R. S., & Caldwell, M. M. (1984). A test of compensatory 

photosynthesis in the field. Implications for herbivory tolerance. 

Oecologia, 61, 311–315. 

Nyakanda, C., Mashingaidze, A. B., Matikiti, A., & Nehanda, G. (2004). 

Studies on the effects of picking leaves for use as vegetable on black 

eye bean yield and product quality. Harare: VECO, ACFD and 

University of Zimbabwe. 

Ohler, T. A., Nielsen, S. S., & Mitchell, C. A. (1996). Varying plant 

density and harvest time to optimise cowpea leaf yield and nutrient 

content. HortScience, 31(2), 193–197. 

Olayinka, A., Adetunji, A., & Adebayo, A. (1998). Effect of organic 

amendments on nodulation and nitrogen fixation by cowpea. 

Journal of Plant Nutrition, 21(11), 2455–2464. 

Paré, P. W., & Tumlinson, J. H. (1999). Plant volatiles as a defense against 

insect herbivores. Plant Physiology, 121(2), 325–332. 

Power, A. G. (1987). Plant community diversity, herbivore movement, and 

an insect-transmitted disease of maize. Ecology, 68(6), 1658–1669. 

Saidi, M., Itulya, F. M., & Aguyoh, J. N. (2010). Effects of cowpea leaf 

harvesting initiation time and frequency on tissue nitrogen content 

and productivity of a dual-purpose cowpea–maize intercrop. 

HortScience, 45(3), 369–375. 

Saria, J. E. (2010). Enhancing cowpea (Vigna unguiculata [L.] Walp.) 

production through insect pest resistant line in East Africa. PhD 

Thesis, University of Copenhagen, Denmark, 99 pp. http://curis.ku. 

dk/ws/files/32439416/John_E._Sariah_PhD_Thesis_LC_2728.pdf. 

Accessed 16 September 2013. 

Scheuring, D. C., Miller, J. C., & Walker, D. W. (1990). Evaluation of 

cowpea ratooning potential. HortScience, 25(8), 860. 

Singh, B. B, & Emechebe, A. M. (1998). Increasing productivity of 

millet-cowpea intercropping systems, p. 88–95. In A. M. 

Emechebe, M. C. Ikwelle, O. Ajayi, M. Amino Kano, A. B. 

Anosa (Eds.), Pearl millet in Nigeria agriculture: Production, utili- 

zation and research priorities. Proc. of the Pre-season Planning 

Meeting for the Nationally Coordinated Research Programme for 

Pearl Millet, Maidiguri, 21–24 April 1997. Lake Chad Research 

Institute, Maiduguri, Nigeria. 

Singh, B. B., Chambliss, O. L., & Sharma, B. (1997). Recent advances in 

cowpea breeding. In B. B. Singh, D. R. Mohan Raj, K. E. Dashiell, 

& L. E. N. Jackai (Eds.), Advances in cowpea research (pp. 30–49). 

Ibadan: Co-publication of International Institute of Tropical 

Agriculture (IITA) and Japan International Research Center for 

Agriculture Sciences (JIRCAS). 

Singh, B. B., Ajeigbe, H. A., Tarawali, S. A., Fernandez-Rivera, S., 

& Abubakar, M. (2003). Improving the production and utiliza- 

tion of cowpea as food and fodder. Field Crops Research, 84 (1), 

169–177. 

Smith, F. I., & Eyzaguirre, P. (2007). African leafy vegetables: their role 

in the world health organization’s global fruit and vegetables initia- 

tive. African Journal of Food Agriculture Nutrition and 

Development, 7(3), 1–17. 

Snapp, S. S., Blackie, M. J., Gilbert, R. A., Bezner-Kerrd, R., & 

Kanyama-Phirie, G. Y. (2010). Biodiversity can support a greener 

revolution in Africa. PNAS, 107, 20840–20845. doi:10.1073/pnas. 

1007199107. 

Stewart, K. A., Summerfield, R. J., & Ndunguru, B. J. (1978). Effects of 

source-sink manipulations on seed yield of cowpea. I. Defoliation. 

Tropical Agriculture, 55, 118–125. 

Strauss, S. Y., & Agrawal, A. A. (1999). The ecology and evolution of 

plant tolerance for herbivory. Trends Ecology, 14, 179–185. 

Thompson, J. P., & Wildermuth, G. B. (1989). Colonization of crop and 

pasture species with vesicular-arbuscular mycorrhizal fungi and 

negative correlation with root infection by Bipolaris sorokiniana . 

Canadian Journal of Botany, 67, 687–693. 

Thuita, M. N., Okalebo, J. R., Othieno, C. O., Kipsat, M. J., & Nekesa, A. 

O. (2011). Economic returns of the “MBILI” intercropping com- 

pared to conventional systems in western Kenya. In A. Bationo, B. 

Waswa, J.M. Okeyo, F. Maina, & J.M. Kihara (Eds.), Innovations as 

key to the green revolution in Africa , doi:10.1007/978-90-481- 

2543-2_104. Springer Science and Business Media, pp 1023–1033. 

White, J., & Harper, J. L. (1970). Correlated changes in plant size and 

number in plant populations. Journal of Ecology, 58(2), 467–485. 

Whitham, T. G., & Paige, K. N. (1991). Plant responses to herbivory: The 

continuum from negative to positive and underlying physiological 

mechanisms. In P. W. Price (Ed.), Plant animal interactions: 

Evolutionary ecology in tropical and temperate regions (pp. 227– 
256). New York: Wiley. 

Woomer, P. L., Bekunda, M. A., Karanja, N. K., Moorehouse, T., & 

Okalebo, J. R. (1997). Agricultural resource management by small- 

holder farmers in East Africa. Nature and Resources, 34(4), 22–33. 

Woomer, P. L., Lan’gat, M., & Tungani, J. O. (2004). Innovative Maize- 

legume intercropping results in above- and below-ground competi- 

tive advantages for understory legumes. West African Journal of 

Applied Ecology, 6, 85–94. 

http://curis.ku.dk/ws/files/32439416/John_E._Sariah_PhD_Thesis_LC_2728.pdf
http://curis.ku.dk/ws/files/32439416/John_E._Sariah_PhD_Thesis_LC_2728.pdf
http://dx.doi.org/10.1073/pnas.1007199107
http://dx.doi.org/10.1073/pnas.1007199107
http://dx.doi.org/10.1007/978-90-481-2543-2_104
http://dx.doi.org/10.1007/978-90-481-2543-2_104


 

 

Maximising yield benefits from cowpea 779  

 

 
 

 
 

 

Ernest Dube (PhD) is a research- 
er at the Agricultural Research 
Council’s Small Grain Institute 
(ARC-SGI) of  South Africa. He 
has expertise in production of 
small grains and conservation ag- 
riculture. His research interests 
are in soil fertility and improve- 
ment of food security in small- 
holder farmer systems. For his 
PhD, Dr Dube tested the effects 
of various cover crop species on 
soil fertility in maize-based small- 
holder conservation agriculture 
systems. His findings made im- 

portant contributions to the search for sustainable solutions to soil fertility 
and food production problems in smallholder farmer systems of South 
Africa. Other research projects that he has been involved in as a research- 
er include the Rockefeller bean diseases project and the RUFORUM 
black-eye-bean cowpea project, both at the University of Zimbabwe. Dr 
Dube has served as a lecturer at the University of Fort Hare (South Africa) 
where he taught advanced crop production, agricultural statistics and crop 
protection courses. He is a member of the South African Society of Crop 
Production and has published several peer-reviewed journal articles with- 
in his areas of expertise. 

Morris Fanadzo (PhD) is cur- 
rently the Head of the Agricultur- 
al Management Programme in the 
Department of Agriculture at the 
Cape Peninsula University of 
Technology, South Africa. He 
holds a PhD in Crop Science. He 
is a Cropping Systems Agrono- 
mist with expertise and research 
interests in participatory adaptive 
research (action research), low- 
input technologies in smallholder 
farming, integrated weed man- 
agement in smallholder cropping 
systems, rural food security and 

community development, and on-farm research and experimentation on 
agronomic crops. Dr. Fanadzo’s PhD study made a substantial contribu- 
tion to understanding the factors limiting crop productivity in smallholder 
irrigation schemes in South Africa, and to the design of a focused research 
agenda. The study, funded by the Water Research Commission, demon- 
strated that crop productivity in South African smallholder irrigation 
schemes is limited by poor management of basic agronomic practices 
such as weed, fertiliser and water, as well as untimely planting, low plant 
populations and use of inappropriate varieties. He concluded that farmers 
lack basic management skills for irrigated crop production and “back to 
basics” training courses could benefit the farmers. This emphasizes the 
need for any efforts to improve on performance of smallholder irrigation 
schemes in South Africa to take into consideration farmer crop production 
practices as a basis to build skills in the management of crop enterprises 
and the farm as a viable business. Dr Fanadzo has also been involved as a 
researcher with the Rockefeller-funded “Cultural Weed Management in 
smallholder cropping systems” project and the “Food Safety” Project 
funded by the UK Department for International  Development  (DFID), 
both at the University of Zimbabwe. His current research activities 
include conservation agriculture in smallholder cropping systems, 
maximising yield benefits from dual-purpose cowpea and fungal pathol- 
ogy on grain legumes. Dr. Fanadzo has published several peer-reviewed 
journal articles within his areas of expertise. He is registered as a Profes- 
sional Natural Scientist with the South African Council for Natural 
Scientific Professions (SACNASP). 


