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ABSTRACT

Cowpea agronomic traits needed by producers and consumers should be considered in the breeding
programmes. They vary with the target zone. Among those indicated in tropical zone appear:
earliness, erect growth habit, resistance to the enemies (insect pests, pathogens, weeds), drought
tolerance, high and stable seed yield, high harvest index, and appropriate seed quality. The
importance, the inheritance, the heritability, and the possibility of improvement of those traits are
reviewed. The research results reported indicate that some of the traits are monogenic or oligogenic
whereas others are polygenic. Dissimilarities in the results, probably due to the materials and the
methods used, have been noted for some traits . Heritability estimates reported are low, moderate or
high depending on trait, population, environment, and computation method. Breeding for the traits
considered can be successful if adequate methods are used.
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INTRODUCTION
Cowpea(Vigna unguiculata (L.) Walp.) is a legume mainly grown in tropicaldasubtropical regions in
the world for vegetable and grains and to lesstangsas a fodder crép It serves also as cover crop and
improves soil fertility by fixing atmospheric nigerf’. Cowpea is one of the important food legumes in
the hot-dry tropics and subtropics and especiallsub-Saharan Africa (SSA) It is indigenous to SSA
and a food security crop in the semi-arid zone es¥and Central AfricaRich in proteins (19 to 35% of
dry weight®), it contributes to satisfy the food needs of salpeople in the developing countries.
Cowpea yields remain low (less than 1 t/ha) intaofgroducing areas due mainly to technical caists
(deficiencies of the varieties, low soil fertilitinappropriate farming techniques), biological domats
(pests, diseases, weeds, birds, rodents), socimeto constraints (lack of credit and/or labor)dan
climatic constraints (insufficient and badly dibtried rainfall). Several potentially high yieldingrieties
have been created by international and nationatulgiral research centers; but they were not atway
adopted by producers and consumers due to defieersach as susceptibility to insect pests andidese
and inappropriate grain quality. The breeding prognes should, therefore, pay attention to thestrait
needed by the producers and the consumers of rifpet @@rea. This paper presents the agronomic traits
usually needed in cowpea in tropical zone and vevitheir importance, inheritance, heritability, and
possibility of improvement.
Earliness
Earliness in cowpea refers to flowering (appearasfcepen flowers) or maturity (pods drying). It is
usually expressed in days after planting. But, sartlexpression complicates ranging in earlinesspggro
when a variety is cultivated in different ecologi@se use of thermal units, as indicated Bonhonatne
al.?, permits to avoid that problem.
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Alidu et al.'* reported a negative significant correlation betwelays to flowering and seed vyield.
Similarly, Kamaiet al.*° found that days to first and 50% flowering and sl&y physiological maturity
were negatively correlated with cowpea seed yi@lddejoet al.>” reported a close correlation between
days to 50% flowering and days to 50% pod formation

Early maturity is an important agronomic trait fbe adaptation of annual crops including cowpeantp
agroecological zorté In arid and semi-arid regions, short cycle deratowpeas which mature from 55
to 60 days are ideal for the short growing seasbnmore humid areas with bimodal rainfall, early
maturing varieties are also needed for the shoty iseason. Early cultivars can escape droughsante
insect infestations, provide the first food graindanarketable product and be grown in a diverseyaof
cropping systenis

Adeyanju and Ishiyakufound that earliness in cowpea was under polygemitrol and highly heritable
(narrow sense heritability estimate = 0.91). Paudi Bhler§® reported also high narrow sense heritability
estimates for earliness (days to flowering). Acawgdio Ayo-Vaugharet al.’’, days to flowering is
influenced by additive gene effects and days taunitgtby additive-dominance gene actions. The same
authors reported low narrow sense heritabilitynestes (less than 0.20) for the two earliness viasab
Alidu et al.** found also a low narrow sense heritability estaméd.14) for days to flowering. The
populations studied, the environment and the coatjout methods may explain the discordance noted in
the heritability estimates.

High narrow sense heritability estimates were olei for earliness in some cowpea populations.
Selection for that trait can, therefore, be effextiSeveral international and national agricultueakearch
centers obtained good results in that field. Thermational Institute of Tropical Agriculture (IITAfor
example, developed and released many high-yielgiamty maturing cowpea cultivars in several African
countries during the last three decades.

Growth habit

The major cowpea growth habits are: erect, senuitepeostrate, and climbing. Most cowpea plants are
indeterminate in growth habit; however some of tieevly developed early maturing varieties have a
determinate growth phenotye

Erect growth habit facilitates farming operationsls as weeding, insecticide application, and harles

is needed for mechanization. A prostrate growththmahy contribute to weed control in ensuring grdun
covering. But, Wangt al.®” found that erect cowpea growth habit may be gélyemore competitive
with weeds than semi-erect or prostrate growththdmreover, prostrate growth habit complicates som
farming operations and increases pods vulnerability

Uguru and Uz® studied three types of growth habit (decumbeimhihg and bushy) and found that two
allelic pairs of genes condition growth habit. Batcording to Matos Filhet al.*°, Ribeiroet al.” and
Lackyan and Dalf, growth habit is monogenic. The materials used #redtypes of growth habit
considered may explain the differences noted. BedySingfi’ reported broad sense heritability estimates
for growth habit traits such as plant height, branamber, node number, stem diameter, leaf number,
leaf area, and root length ranging from 0 to 088 ection for some growth habit traits may, therefbe
effective in some cowpea populations.

Resistance to enemies

The most important cowpea biological enemies irelundect pests, pathogens, and weeds.

Insect pests and diseases are the most importadiments to cowpea productinA complex of
insect pests attack the crop from vegetative stigestorage. They include pre-flowering pests
(leafhoppers Empoasca sp.), aphids Aphis craccivora), foliage beetles@otheca sp.)), post-flowering
pests (flower thrips Mlegalurothrips sostedti), pod borers Nlaruca sp., Cydia sp.), flower beetles
(Mylabris sp.), pod sucking bug#\ioplocnemis curvipes, Riptortus sp., Acanthomia sp.)) and storage
pests (storage weevil€4llosobruchus maculatus, Bruchidius atrolineatus)). Those pests cause important
yield and grain losses in cowjé&-#5!

The most important cowpea diseases occurringojidal zone have been listed and described by Singh
and Allerf. Among them appear fungal diseases (seedling fitgrtstem rots (anthracnos@ythium
stem rot,Sclerotium stem rot), wilts Fusarium wilt), leaf diseasesCercospora leaf spot,Septoria leaf
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spot, web blightAscochyta blight, brown rust, black spot or leaf smut, powdmildiou), pod diseases
(brown blotch, scab)), bacterial diseases (badtbftight, bacterial pustule or bacterial spot) andis
diseases (cowpea severe mosaic, cowpea Yyellow enasavpea aphid-borne mosaic, cowpea golden
mosaic). Some of them can cause yield losses tf 1p0%2
A lot of weeds cause significant damages to covgbaiats in tropical zone. They include Euphorbiaceae
such askEuphorbia heterophylla or Euphorbia hirta, Cyperaceae lik€yperus sp., Gramineae such as
Imperata cylindrica, Panicum maximum or Digitaria velutina, and Scrofulariaceae like the paraSiega
gesnerioides. Yield losses of up to 86%, due to weeds, have beted®.
Although other control means exist for some enenles use of resistant varieties appears as thé mos
economical, practical, and ecological enemy contnehsure. Resistance to insect pests, diseases, and
weeds is, then, highly needed in cowpea varieBeseral authors including Bliss and Robert§drery
et al.*® Patelet al.®® Fatunla and Badatl) Reddeff, Prakash and ShivashanKarAdjadi et al.,
Abadassiet al.®, Bataet al.'®, Bosquez-Pereet al.”, Brueninget al.”®, Hobbset al.*®, Melton et al.*’,
Ombakhoet al.*® Rigert and Fosté Rusoke and Faturffa Pathak’, Ponzet al.%>, Batemanet al.%,
Singh and Emechebe Ouatara and Chamblf§s Atokple et al.’>, Chen and Heaffj Singhet al.”,
Atokple et al.'®, Ryerson and Healh Arshadet al.*®, and Tumwegamiret al.?*, studied the genetics of
resistance to cowpea enemies. In most of the cessistance is monogenic or oligogenic (one toethre
genes are involved). It is also at least moderdteljtable in many cases. Thus, it may be possible
incorporate resistance to enemies into interestiageties using appropriate methods. Major gene
resistances are theoretically unstable. But, egped has shown that they can be effective for aéver
decades. However, stability is better achieved udjno the development of horizontal resistance.
International agricultural research centers likeAlland national agricultural research institutiovark to
develop cowpea cultivars combining resistance ¢ontlajor insect pests, diseases, and weeds preyailin
in tropical zone and obtained appreciable results.
Drought tolerance
The mechanisms used by plants to cope with drostghss can be grouped into three categories: dtough
escape, drought avoidance, and drought toletanashley* defined drought tolerance as the ability of
plants to live, grow, and vyield satisfactorily witimited soil water supply or under periodic water
deficiencies. In cowpea, water deficit reduces k@fa index, chlorophyll content, number of pods pe
plant, and seed yieltf"*
Two approaches are usually used to screen for ttdakgrance in plants:
- The empirical or performance approach which utilizeed yield and its components as the main
criteria
- The analytical or physiological approach which uaespecific morphological or physiological trait
associated with drought tolerance.
Agbicodo et al.® listed, on the basis of the findings, the follogimethods as the most suitable for
screening large numbers of cowpea lines for droughérance: determination of chlorophyll
fluorescence, stomata conductance measurementssiabacid (ABA) measurements, measuring free
proline levels, wooden box screening (for drougblerance at seedling stage), and delayed leaf
senescence (DLS). Verbreeal .* found that trifoliate necrosis was the most reéahdicator of overall
shoot drought tolerance in cowpea seedlings. Aeclogrrespondence was noted between drought
tolerance at seedling and reproductive stides
Drought is an important cowpea production constraspecially in the semi-arid regions. It is thegjana
abiotic constraint of cowpea production in West &etral Africd. The use of drought tolerant varieties
is, therefore, essential for increased and sudilr@wpea production. Mai-Kodorsi al.*® reported that
drought tolerance in cowpea was governed by a esidigiminant gene. It may be then possible to
incorporate that trait into elite cowpea lines.
Seed yield
Seed yield in cowpea is the product of componertisiding the number of pods per plant, the numlber o
seeds per pod, and the mean seed weight. Itstibiytés low®>",
The mean number of pods per plant is the ratiliefriumber of pods harvested to the number of plants
harvested. It is positively correlated with seeeldf*>>* Siddique and Guptashowed that additive
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gene effects were important in the genetic condfohumber of pods per plant; but Sharetaal.”
indicated that non-additive gene action was predanti Ajibade and Morakiny®and Omoiguiet al.>®
reported low broad sense heritability estimategHertrait (0.20 for Ajibade and Morakinyo (200@)da
0.19 for Omoiguiet al. (2006)). However, Millawithanachchit al.®* obtained high narrow sense
heritability estimates (0.61 to 0.88) in some cesssThe number of seeds per pod is obtained by
counting. According to Ajibade and Morakify@nd N’'gbesset al.”, it is significantly and positively
correlated with seed yield; but, Alicet al.** found that the two traits were not significantiyrelated.
The number of seeds per pod is moderately or hipleigtable (narrow sense heritability estimates
ranging from 0.41 to 0.70>). The mean seed weight is determined after cograimd weighing of a
number of grains. It is, according to Ajibade andrikinyd®, positively correlated with seed yield; at the
opposite, Aliduet al.™* and N'gbesset al.>® did not find any significant correlation betwedre ttwo
traits. Lopest al.*’ found that seed weight was governed by five gefiles.trait may be highly heritable
(narrow sense heritability estimate of 0/60r 0.717).
High and stable seed yielding cultivars are neddeall cowpea producing areas. The data summarized
earlier show that number of pods per plant, nundfeseeds per pod and seed weight may be highly
heritable in cowpea. Selection for those traits tlaerefore, be effective. The three traits araifigantly
correlated with seed yield in some cases. It mayhba possible to increase seed vyield in seledting
number of pods per plant, number of seeds per paged weight. Direct selection for seed yield may
also be effective if appropriate methods are used.
Harvest index
Harvest index is the ratio of grain yield to tokabmass yiel&. It is, in cowpea, correlated with seed
yield"*® and its genetic control involves dominance effedthe heritability of that trait may be low or
moderate (narrow sense heritability estimate o9 liroad sense heritability estimates ranging fro2®0
to 0.67°1%°3,
In several tropical countries, cowpea is cultivateginly for grains. Varieties with high harvest éxdare
then needed to ensure physiological efficiency @sfig in the semi-arid regions. Such cultivars ¢sn
obtained using adequate methods.
Seed quality
In cowpea, seed quality traits include seed siged soat colour, seed coat texture, and cooking.tim
Cowpea seed size ranges from small to big. For @ehlal.*, that trait is polygenic and additive gene
effects are predominant in its control. Howeveru@lgpdede and Faturifgproposed a digenic epistatic
model for seed size. Karkannavar et al. (1&9#lgntified a dominant gene that conditions bigds&eed
size may be highly heritaffe*? .
Cowpea seed coat colour varies with variety. Tharmoon colours known include: white, brown, cream,
green, red, buff, and black. Dralab al.?® found that seed coat colour was controlled by fyemes
whereas Egbadzet al.** reported that several genes may govern the trait.
Four seed coat textures are usually distinguishembivpea: smooth, rough, wrinkle, and loose. Kehind
and Ayo-Vaughati, Singh and Ishiyakd, and MasH? indicated that two pairs of genes govern seed coat
texture in cowpea.
Cooking time ranges from short to long. M&3Hbund that two genes control cooking time in the
varieties he studied. He also reported high nagemse heritability estimates (0.58 to 0.85) fot ttwt.
Seed quality is very important for consumers. Ak tonsumers prefer short cooking time varieties to
save time and energy. The other seed quality cteistics needed in tropical zone depend on thiemeg
and the destination of the grains. For example,peawarieties with large white or brown grains and
rough seed coat are generally preferred througitasdt Africa whereas varieties with medium brown or
red grains and smooth seed coat are preferredsn/Adca’***" Selection for seed quality in cowpea
may be efficient; but, to be satisfactory, it slibuas indicated Abadadsiconcern a few traits highly
heritable, positively correlated and not negativadyrelated with other important agronomic traits.
CONCLUSION
Cowpea agronomic traits needed by producers ansuooers in tropical zone vary with the target area.
However, some of them always appear. They incledeliness, erect growth habit, resistance to the
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enemies (insect pests, pathogens, weeds), droalgharice, high and stable seed yield, high harvest
index, and appropriate seed quality. The reseasshlts reported indicate that some of the traiés ar
monogenic or oligogenic whereas others are polygddissimilarities in the results, probably duethie
materials and the methods used, have been notexbriog traits. Heritability estimates reported ang, |
moderate or high depending on trait, populationjrenment, and computation method. Breeding for the
traits considered can be successful if adequatbadstare used.
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