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PREFACE

This is a compilation of the world

literature on cowpeas published during the

period 1983-1985. In addition, papers
published before 1983 which were not
included in Volumes 1, 1l, Il and IV of
Cowpea Abstracts are also included in this
fitth Volume. The term cowpea is used to
denote the botanical species Vigna
unguiculata and its subspecies as described
by Verdcourt (Verdcourt, B. 1970. Kew
Bulletin 24: 507-569). Verdcourt's
recommendations seem to have been widely
accepted and have been recognized by the
Agricultural Research Service of the U.S.
Department of Agriculture (Gunn, C.R.
1973. Crop Science, 13: 496). All the
cultivated subspecies of V. unguiculata are
included in this volume.

An Experimental Production

The first four volumes of Cowpea
Abstracts predated the development of
IITA's computerized integrated library
database, and were produced manually.
Following automation of 1ITA's Library in
1984, cowpea references (and other
literature pertinent to IiTA's work) are
input into the library system. The database
is on a VAX computer and is managed with
the BASIS software package.

We need to produce, from time to
time, professionally and aesthetically
acceptable camera-ready copies of
bibliographies on selected topics from the
Library database without any retyping, and
taking maximum advantage of the
capabilities of the computer. This volume of
Cowpea Abstracts is the first product of the
procedure developed for this purpose by Mr.
Les McDonald, Computer Manager, and Mr.
Akin A. Akinbola, a Computer Programmer.

) - The cowpea materials on the

Library database were first categorized
manually. A computer program sorted the
entries by category and generated author and
Subject indexes. The categorized entries and
indexes were copied on to diskeites using a
communications program called Red Ryder.

The files on the diskettes were then edited
and reformatted using MicroSoft Word 3.01
on an Apple Macintosh Plus computer.
Finally, a camera-ready copy was produced
on an Apple LaserWriter Plus laser printer.

Coverage and Arrangement

,This fifth volume of Cowpea
Abstracts contains 579 entries arranged by
broad subject categories as shown in the
Contents page. Entries are
numbered serially; numbering is continued
from one subject category to the next. Each
publication is listed only once even if it
treats many subjects. In such cases, the
various aspects covered by the publication
are indicated in the Subject Index. The
Subject Index contains terms of greater
specificity than those shown in the Contents
page. Users should note that the subject
categories shown in the Contents page and
the Subject Index are complementary. Itis,
therefore, necessary to use both to obtain
all pertinent references on a given subject.

Availability of Publications

All the publications listed in this
bibliography are in the collection of the
Library of the International Institute of
Tropical Agriculture. Photocopies will be
provided on request. Persons in areas
where library facilities are limited may
apply for free photocopies. Requests should
be addressed to: The Principai Librarian,
I.LT.A,, P.M. B. 5320, Ibadan, Nigeria.
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A00 General (including DeVelopmental Research)

001 Chand, S. Cowpea - a vegetable for
better .. nutrition. Indian
Farmers' Digest, 17(3): 11-12.
1984.

Cowpea which is one of the most common

vegetable crops in India contains 4.3 gram-

protein, 8.0 gram carbohydrate, 0.2 gram
fat and 0.9 gram mineral matters per
hundred gram of edible green pods. The
most popular varieties grown in India are:
Pusa Phalguni, Pusa Barsati, Pusa-do-
fasli, Pusa Rituraj and Philippines Early.

002 Davies, J.H. Crop production in the

Nigerian savannah. In: Proceedings .

of the Nigeria - Australia seminar
on collaborative agricultural
research, Shika, Nigeria, 14-15
November, 1983. 11-32.
Canberra, ACIAR. 1985.

This paper presents information on the

' major crops grown in the Savannah. These

crops include cowpea, sorghum, millet,
soybeans, maize, wheat and cotton. The
factors limiting their production and the
achievements of research in overcoming
them are also discussed. Areas for further
work and possible collaboration with
Australian Centre for International
Agricultural Research (ACIAR) are
indicated.

003 Gibbon, D.; Pain, A. Cowpea (Vigna
sinensis syn. V. unguiculata). In
Their: Crops of the drier regions of
the tropics. 111-112. London,
Longman. 1986.

This is a short article on cowpea intended
for the laymen. It gives the common names,
other names, uses, origin and importance,
botany, cultivation and management and
pests and diseases of cowpea.

004 International Institute of Tropical
Agriculture [Cowpeas]. In Its: Annual
Report and Research Highlights,
1985. 652-61. Ibadan, Nigeria, IITA..
1986.

During 1985, the Grain Legume .
Improvement Program continued- to develop

- stable, high-yielding lines suitable for the

different ecologies and cropping systems
with the principal aim of improving the
income and nutrition of farm families. They
have developed varieties which make
cowpeas less risky for cultivation by small
farmers. Research priorities continued to
be on developing new insect, disease and
drought resistant varieties. The
development of early maturing cowpea
varieties, which is one of the drought
escape mechanisms, also received a high
priority during the year as another
strategy for reducing risk of crop failure.

005 International Institute of Tropical
Agriculture. Cowpeas. In lts: Annual
Report for 1984. 67-104. Ibadan,
Nigeria, IITA. 1985. ‘

The genetic improvement of cowpeas was
done by selecting the top performing lines
from the multilocational variety tests
conducted in Nigeria -and multiplied and
formulated into Cowpea International
Trials (CIT). In cowpea breeding, multiple
resistance to diseases and insect pests in
combination with higher yield, good plant
type, desired maturity, acceptable seed
quality and wide adaptability were
emphasized. Advanced breeding lines were
screened for resistance to aphids,
bruchids, leathoppers and thrips. Cowpea
yellow mosaic virus (CYMV) was identified
for the first time in several years in a
large-scale multiplication plot of an early
maturing cowpea variety at lITA. A severe
outbreak of cowpea golden mosaic disease
which occurred in the northern state of
Kano, Nigeria is also reported. Research
work conducted by the specialists stationed




in the regional research centers are also
discussed.

006 International Institute of Tropical
Agriculture. Cowpeas. In Its: Annual
Report for 1983.
Nigeria, 1ITA. 1984,

63-97. Ibadan,

The cowpea breeding program has developed
varieties with resistance to some of the
major pest of the crop such as leafhoppers,
aphids, thrips, and cowpea storage weevils.
In hybridization, research was focused on
combining multiple disease and insect
resistance with high yield potential, good
plant type, early maturing and acceptable
seed quality. In Pathology, charcoal rot
caused by Macrophomina phaseolina was
found to be the most widespread and

important disease, causing up to 75% .
seedling mortality in areas of southern”

Niger and total crop loss in areas of the
North. Other diseases of economic
importance were brown bldtch, web blight,
bacterial blight and Cercospora leaf spot.
.In the North, the parasitic plant Striga
gesnerioides was found to be important.
ELISA was developed by the Virology Unit to
provide a reliable quick method for
identifying cowpea aphid borne mosaic
virus. For cucumber mosaic virus, the
direct (double antibody sandwich) ELISA
method was developed and tested to produce
a more. reliable diagnostic method.

007 Jindal, SK.; Satyav'ir. Cowpea: A
promising pulse crop for arid zone.
Indian Farming, 34(7): 39. 1984.

Cowpea is one of the most important pulse
crops of arid and semi-arid regions of
Rajasthan. The crop remain neglected
especially in the arid region as far as
scientific investment towards development
of improved varieties and package of
practices are concerned. As such, climatic
requirements, soil type, agronomic
practices and improved varieties are
discussed thoroughly.

008 Lundborg, G. Cowpea (Vigna
unguiculata) - five lines tested in
Italy. Rivista di Agricoltura

~ Subtropicale e Tropicale, 79(3):
" 425-438. - 1985.

In oder to assess five new HITA cowpea lines
in ltaly,»a test was conducted in the
Arbetelio Mumclpallty, Tuscany, with 4
dates of sowing going from April 24 to May
20, 194, The results of the test showed
that,there was poor emergence rate in
almost all the five lines. Flowering was late’
most likely due to sensitivity to variations
in daylength as well as day and night
temperatures. 1T82 D-716 produced the
highest number of pods per hill followed by
IT82 D-889 and IT82 D-789 which had™
lesser pods per hill but more seeds per pod.
It was concluded that ‘if the extra-early,
early and medium maturing varieties are
planted in May/June when temperatures
are more stable and residual moisture is
still available in the soil, the five varieties
can become as important relay crop in
Mednterranean areas.

17

009 Mariga, |.K.; Giga, D.; Maramba, P.
Cowpea production constraints and
research in Zimbabwe. Tropical
Grain Legume Bulletin, 30: 9-14,
1985. .

The cowpea is grown throughout Zimbabwe
mainly by small scale farmers in the
communal areas. It is mostly grown for
human consumption and both the leaves and
grains are used. Problems related to
cowpea production in Zimbabwe range from
agronomic practices, disease and pests
problems and lack of market incentives.

010 Steele, W.M; Allen, D.J.; Summerfield,
R.J. Cowpea (Vigna unguiculata (L.)
Walp). In: Grain legume crops, edited
by R.J. Summerfield and E.H. Roberts. -
520-583. London, Collins. 1985.

A very comprehensive review on cowpea, it
discusses topics such as: origin, dispersal
and classification, production and uses,
botany, farming systems and their




constraints, pest and disease managemsnt
potential, germplasm resources, breeding
strategies and progress, avenues of
communication and prospects and future
challenges.

011 Summerfield, R.J.; Roberts, E.H.
Recent trends in internationally
orientated research on grain legumes.
In: Grain legume crops, edited by R.J.
Summerfield and E.H. Roberts. 801-
846. London, Collins. 1985.

This paper gives a summary of
international research on grain legumes.
The International Institute of Tropical
Agriculture has been concerned with the
improvement of cowpeas worldwide. Its
principal objectives are: to increase the

‘productivity and production of the crop

(and so boosting farmers' incomes) by
develeping cultivars with good vyield
potential, multiple resistance to diseases
and pests, and well adapted to various
ecological regions and farming systems: in
the dry Sahel and humid tropics.

BOO  History, Origin and Evolution ~

012 Ng, N.Q.; Marechal, R. Cowpea
taxonomy, origin and germplasm. In:
Cowpea research, production and
utilization, edited by S.R. Singh and
K.O. Rachie. 11-21. Chichester,
England, John Wiley. 1985,

This paper reviews the recent concepts and
opinions about the taxonomy and. origin of
cowpeas. The achievements in cowpea
germplasm exploration and conservation at
the International Institute of Tropical
Agriculture (lITA), Ibadan, Nigeria are

also described.
S
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013 . Smartt, J.; Hymowitz, T.
Domestication and evolution of grain
legumes. In: Grain legume crops,
edited by R.J. Summerfield and E.H.
Roberts. 37-72. London, Collins.
1985.

et

This is a review of the evolution of grain
legumes including cowpea. It has been
proposed that cowpea originated in West
Africa. It was apparently transported to
India by Sabaean trade route where it not
only became established but also produced
two new and distinct forms cylindrica (an
erect. growing forage type) and
sesquipedalis, (a long padded type). Cowpea
was probably introduced to the New World
by the Spanish or Portuguese.

BO1 Identification and Taxo“nomy

014 Baudoin, J.P.; Marechal, R. Genetic
diversity in Vigna. In: Cowpea
research, production and
utilization, edited by S.R. Singh and
K.O. Rachie. 3-9. Chichester,
England, John Wiley. 1985.

The taxonomic status of cowpea (Vigna
unguiculata) within the Phaseoleae tribe

is defined. The actual range of genétic,)'
diversity available in the different
genepools of the species is also assessed.

015 Filho, P.R.F.; Cardoso, M.J.; Araujo,
A.G. de. Caupi: nomenclatura
cientificae nomes vulgares. [Cowpea
- scientific and common names).

&“
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Pesquisa Agropecuaria Brasileira,
18(12): 1369-1372. 1983.

The literature on the scientific
‘nomenclature of the several specnes of
Vigna genus, widely cultivated in Africa,

Asia and America, was reviewed, as well as -

the common names used in Brazil. The
Vigna genus belongs to the Rosales order,
Leguminosae family, and Papihonoideae
subfamuly There are four species groups
in this genus largely distrituted
throughout the world, inciuding the group
classified as Vigna sinensis (L.) Savi as

the most important agriculturally. There -

are many classification. of the forms of this
group, according to the existing variations,
some being considered as botanical
varieties by some authors and subspecies
by others. At present time, the most
accepted classification is that one which
recognizes this group as Vigna unguiculata
(L.) Walp. subsp. unguiculata; Vigna
unguiculata (L.) Walp subsp. sesquipedalis
(L.) Verdc.;
_subsp. cylindrica (L.) van Eseltine; Vigna
unguiculata (L.) Walp. subsp. dekindtiana
(Harms.) Verdc.; and Vigna unguiculata
(L.) Walp. subsp. mensensis (Schweinf.)
Verdc. In Brazil, the most popular names
used by farmers are "feijao-macassar" and
"feijao-de-corda".

016 Polhill, R.M.; van der Maesen, L.J.G. -

Taxonomy of grain legumes. In: Grain

Ccoo Geneticsu and Cytogenetics

Aquino, S.F. de; Nunes, R.D.
Estrutura genetica de populacoes de
w~caupi e suas implicacoes no
melhoramento genetico atraves da
selecao. [Genetical structure of
cowpea populations and its
implication on the genetic
improvement through selection].
Pesquisa Agropecuaria Brasileira,
18(4): 399-412. 19883.

Vigna unguiculata (L.) Walp -

i

,Iegume crops, edited by R.J.
Summerfield and E.H. Roberts. 3-
36. London, Collins. 1985.

This paper discusses the taxonomy of grain
legumas including cowpea, Vigna
unguiculata.  First, it gives a specific
classification of the crop followed by
infraspecific variation and the numerous
vernacular names of the crop plants.

017 Turkova, V.; Klozava, E. Companson
of seed proteins in some”
representatives of the genus Vigna.
Biologia Plantarum, 27(1) 70-
73. 1985. ‘

Seed protein patterns were compared in 10 -
species of the genus Vigna, and in the
genera Macroptilium, Strophostyles,
Macrotyloma; Psophocarpus and
Phaseolus. Three Vigna groups could be

clearly separated using ‘immunochemical

methods: Vigna sinensis, Vigna unguiculata

and Vigna aconitifolia; Vigna hosei and

Vigna luteola; Vigna -mungo, Vigna

.angularis; Vigna umbellata, Vigna tnlobata '

and Vigna radiata.

f
IR

Genetic variability of two cultivars were
studied in respect to the terms of the
assumed models, and components of genetic
variance were estimated. The number of
generations for which genetic advance is
achieved' under three different selection
procedures was determined for several
yield components.,

019  Araujo, J.P.P. de; Nunes, R.D.
[Variabilidade genetica para a




producao outros .caracteres
quantitativos caupi]. Genetic
variability for seed yield and other
quantitative characters in cowpea.
Pesquisa Agropecuaria Brasﬂeura,
18(6): 641-648. 1983.

Genetic and phenotypic components of
variance as well as heritability, expected
genetic advances and genetic coefficient of
variability were estimated for five cowpea
cultivars for several morphological
characters, seed yield and some yield
components. The estimated genetic
parameters were very low for seeds per
pod and for vegetatlve characteristics like
nodes on the main stem, number of
branches, stem diameter and number of
leaves. This suggests genetic uniformity for
the studied cuitivars and little chance of
genetic advances through selection breeding
methods for these characters. Leaf area and
pod length gave high estimated values.
Among the yield components, only number
of seeds per pod presented low values for
the parameters studied. For number of pods
per piant, 100-seed weight, yield and high
estimated values were obtained.

020 DeMooy, B.E. Variability of different
characteristics in Botswana cowpea
germplasm. Tropical Grain Legume
Bulletin, 31: 1-4. 1985.

One hundred eighty accessions ot Vigna
unguiculata were evaluated. under field
conditions and catalogued. The data are
tabulated on variation of 19 yield-related
characters. The accessions showed a
predominance toward early flowering.
Atter flowering, 56.7 percent of the
accessions were determinate; 51 percent
were erect or semi-erect; 20.5 percent
were semi-prostrate types. Most had large
leaves'(average length was 82.8 mm. and
width was 49.3 mm. Seeds tended to be
small with smooth (47.2 percent) and
wrinkled (44.4 percent) seed coat
textures. Production of pods per plant
varied considerably but was generally low.

021 DeMooy, B.E. Cowpea germplasm
collecting in Botswana. Plant Genetic
Resource Newsletter, 59: 16-19.
1984.

The Botswana Cowpea Germplasm Collection
contains over 600 accessions. Of these, one
half have been evaluated for 53
descriptions. The lines were evaluated on
the basis of plant architecture, physiology,
pigmentation, leaf, pod and seed
characteristics and yield components.

022

Dharmalingam, V.;.

" Kadambavanasundaram, M. Genetic

variability in cowpea (Vigna
unguiculata (L.) Walp.). The
Madras Agricultural Journal,
71(10): 640-643. 1984.

Variability “studies undertaken on forty
genotypes of cowpea had shown that there
existed greater variability for the traits
harvest index, number of pods and seed
yield. The least contribution to genetic
variability was number of szeds per pod.

Pod length, 100 seed weight and harvest

index recorded higher
estimates.

heritability

023 Fery, R.L. The genetics of cowpeas: a
review of the world literature. In:
Cowpea research, production and
utilization edited by S.R. Singh and

- K.O. Rachie. 25-62. Chichester,
England, John Wiley. 1985.

This is a very comprehensive review of the
literature on the genetics research on
cowpea. It covers all the pertinent
literature on cytologic, qualitative and
quantitative genetics. An updated cowpea
gene index is also included.

024 Jindal, S.K. Genetic divergence in
cowpea (Vigna unguiculata (L.)
Walp) under rainfed conditions.
Genetica Agraria, 39(1): 19-24.
1985.

i
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Fifty two indigenous and exotic strains of
cowpea (Vigna unguiculata (L.) Walp)
were assessed for genetic divergence using
D2 - statistics. The strains were grouped
into eight clusters. Cluster 1 consisted of
maximum number of genotypes. Inter-
cluster distance was maximum between
cluster 111 and 1V. The clustering pattern
of the strains, in general, did not follow
their geographical distribution. Use of the
strains 3183-1, EC 123292, TVU 2472-
2 and 757, selected from different
clusters, in hybridization programme for
getting desirable segregates is advocated.

025 Lavania, U.C.; Lavania,S. Karyotype
studies in Indian pulses. Genetica
Agraria, 37(3-4): 299-308.
1983.

Inbred seeds of one variety for each of eight:
important pulse crops in India including
cowpea (Vigna unguiculata) were studied
to provide an overall picture of the
karyotypic features of these crops
particularly with reference to position of
primary and secondary constrictions.
Despite variation in chromosome number
in various species, there is not much
variation of total chromatin length,
suggesting thereby that the increase in
chromosome number is accompanied by
diminution in chromosome size. Karyotypes
in general are symmetrical with
metacentric and submetacentric
chromosomes. The inclusion of Phaseolus
mungo as Vigna mungo has been justified
and its close similarity with Vigna
unguiculata is suggested rather than V.
radiata.

026 Lokaprakash, R.; Hiremath, S.R.;
Shivashankar, G. Differential
expression of pleiotropic genes for
pigmentation in cowpea. The Mysore
Journal of Agricultural Sciences,
17(4): 337-341. 1983.

The differential expression of the gene for
axil (Px) was detected in the inheritance
studies of six pigmented characters in
cowpea. The ratio like 39 purple: 25 white

for axil and flower; 117 purple: 139 green
for calyx; 45 coloured: 19 non-coloured
for pedicel, immature pod and seed (black:
white) -were reported for the first time.
The gene sympol for pedicel was designated
as Pd.

027 Obisesan, L.O. Associations among
grain yield components in cowpea
(Vigna wunguiculata L. Walp).
Genetica Agraria, 39(4): 377-386.
1985.

Associations between grain yield and eight
quantitative characters were studied in 40
different genotypes of cowpea over 3
growing seasons. Multiple regression
analysis and path coefficient analysis
showed that number of pods per plant
(NPO), hundred seed weight (HSW) and
number of seeds per pod (SPP) were the
three primary components for predicting
grain yield. The subtle indirect effects of
vigour index (VGX), number of peduncies
per plant (LPE) on grain yield were more
important than their direct effects. Both
the direct and indirect effects of number of

“ main branches per plant (NMB) on grain

yield appeared to be detrimental.

028 Ogunbodede, B.A.; Fatunla,: T.
Quantitative studies of some cowpeas
(Vigna wunguiculata (L.) Walp.)
traits. East African Agricultural and
Forestry, 50(1-4): 89-100. 1985.

Seven F{ crosses of cowpea cultivars
contrasting in pod length, seed weight, seed
crowding and number of seeds pod-1, and
their parents, F2 backcross generations
and other generations derived from these,
were evaluated at the University of lfe,
lle-Ife, for two years. In two of the three
crosses evaluated for seed crowding, Texas
Cream x 58-185 and KR91 x Paraquay No.
2, additive gene effects were more
important than dominance. gene_ effects in
the inheritance of the trait. In the third
cross, Ex-Princes x B33, the reverse was
the case. While data for each of the two

. crosses, E Rams x TVu.256 and TVu 256 x

H113-4 evaluated for seed weight deviated
significantly from the simple (additive-




Zaipucs

dominance) model, they conformed to the
digenic epistatic model. Additive gene
effects were more important than
dominance gene effects in the inheritance of
pod length and in one of the two crosses
evaluated for seeds/pods.

029 Prakash, C.S.; Shivashankar, G.
Inheritance of resistance to bacterial
blight Xanthomonas campestris
pathovar vignicola in cowpea Vigna
unguiculata. Genetica Agraria,
38(1): 1-10. 1984

To determine the mhemance of resnstane
to bacterial blight of cultivar '779', it wés
crossed with four susceptible cultivars
viz.,, C-152, S-488, Mississippi purple
and Virginia.. The data showed that
inheritance of bacterial blight in all the
crosses indicated that susceptibility was
dominant and a variable diseasg reaction
was observed.

030 Teofilo, E.M.; Silva, F.P. da.; Alves,
J.F.; Paiva, J.B.; Santos, J.H.R. dos.
Genetic analysis of a diallel cross in

cowpea. Pesquisa Agropecuaria
Brasileira, 19(7): 849-857.
1984.

Four varieties of cowpea were crossed in
all possible combinations including the
reciprocals. The characters studied were:
number of pods per plant, pod length,
weight of 100 seeds and yield per plant.
The values of heterosis for yield per plant
varied from 1.65 to 78.59% with a mean
value of 34%. Of the four yield

components studied, the character of. pods
per plant exhibited the highest values of
heterosis, varying from 0.22 to 43.80%
and a mean of 18.67. The non additive
genetic variance was found to be significant
for the charactefs such as the yield per
. plant, seed number per pod, while ihe

additive genetic variance was observed in
the case of pods per plant, pod Iength and .
weight of 100 seeds

031 Vaid, 1.K.; Singh, K.B. Genetic
variability in F3 and F4 populations
of A in cross cowpeas (Vigna sinensis
L.). The Madras Agricultural
Journal, 70(5): 281-283. 1983.

Genotypic coefficients of variation,

heritability estimates and expected genetic
advance were estimated for

eight
characters in 60 F3 and 50 F4 populations
of a cross between C34 X C85 cowpea
varieties. High estimate of phenotypic and
genotypic coefficient of variation,
heritability and expected genetic advance
was observed for branch number cluster
number and yield.

032 Yorinori, J.T. Genetics of resistance
to diseases in beans, chickpeas,
cowpeas, pigeon peas and soybeans. In:
IWIPCGL - Proceedmgs of the

\ International Workshop in Integrated
Pest Control for Grain Legumes. 3-9
April, 1983. Goiania, Goias, Brazil.

130-154. Brasilia, EMBRAPA.
1984.
Current knowledge of pathogenic

variability, sources of resistance and the
genetics of host resistance to diseases are
reviewed and discussed. Disease control
through resistance has been possible for
many legume crops when a source of
tesistance is readily available for use by
the breeder. For cowpeas, several breeding
lines have been developed with resistance
to anthracnose, bacterial blight,
Cercospora leaf spot, cowpea-aphid-borne
mosaic virus, cowpea golden mosaic virus,
cowpea yellow mosaic virus, cowpea rust,

web blight and pod blotch. '
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033 Abdel-Rahman, A.M.; Abdel-Hadi,
A.H. Possibilities to reduce adverse
effects of salinity by indole-3-acetic
acid. Biologia Plantarum, 26(2):
81-87. 1984.

Salinity caused a consistent reduction in
the growth of cowpea plants and water
content in their leaves. The total as well as
the pigment fractions evcept carotenoids,
exhibited lower values than thcse of control
plants at almost all salinity levels. The
application of IAA to salt-treated plants
increased the water content in the leaves
but it had no effect on the number of leaves
and the stem length. The pigment contents
in the leaves were either promoted or
inhibited with the application of 1AA,
depending upon the level of salinization.
The application of 1AA, to plants irrigated
with water of the highest salinity level was
effeclive in increasing the potassium
_content in the leaves as compared with the
control, but it had no effect on the other
“mineral elements.

034 Argall, J.F.; Stewart, K.A. Effects of
decapitation and ‘benzyladenine on
growth and yield of cowpea {Vigna
unguiculata (L.) Walp.] Annals of
Botany, 54(3): 439-444. 1984,

A study was undertaken to define more
clearly the role of the early loss of apical
dominance on yield of cowpea cv. Vita-5.
Decapitation of the fifth leaf stage resulted
in an increase in branching components,
yields and harvest indices, while vegetative
dry weight accumulation was reduced.
Foliar-applied sprays of 6-benzyladenine
had no effect on branching unless combined
with decapitation and no signiticant effects
on yield over that of controls were
observed. Harvest indices were increased
by 50%.

035 Bhattacharya, S.; Bhattacharya, N.C.;
Biswas, P.K.; Strain, B.R. Response

increase in

Physiology, Growth and Devclopment

of cowpea (Vigna unguiculata) to CO2
enrichment environment on growth,
dry-matter production and yield
components at different stages of
vegetative and reprodictive growth.
Journal ‘of Agricultural Science,
105(3): 527-534. 1985.

The effects of increased atmospheric carbon
dioxide concentrations on vegetable and
reproductive growth and partitioning of
biomass during pod and seed development of
cowpea in controlled environment
chambers at 350, 675 and 1000, I
CO2/l were examined. From the results it
was concluded that CO2 enrichment
significantly enhanced vegetative as well as
reproductive growth resulting in the
yield and early plant
maturation in cowpeas.

~ 036 Castro, P.R.C.; Archila, A.; Aguiar, |

F.F.; Almeida. M. de. Efeito da
temperatura na germinacao de
sementes de Vigna, feijoero e soja.
[Effect of temperature on germination
of Vigna bean and soybean seeds].
Anais da E.S.A. "Luiz de Queiros", 40:
573-583.  1983.

An experiment was carried out to study the
effects of temperatures 14, 21 and 28 deg.
C on germination of three cultivars of Vigna
unguiculata; Phaseolus vulgaris and
Glycine max. Higher germination was
observed at 21 deg. C in all the three
cultivars. In Vigna cultivar, "Epace 1"
variely showed the best germination.

037 Castro, P.R.C.; Bergamaschi, H.;
Silveira, J.A.G.; Martins, P.F.S.
Desenvolvimento comparado de tres
cultivares de caupi, Vigna unguiculata
(L.) Walp. [Comparative growth of
three cultivars of cowpea, Vigna
unguiculata (L.) Walp.] Anais dd
E.S.A. "Luiz de Queiros", 41: 555-
584. 1984.

f.




An experiment was carried out to establish
the comparative growth of three Vigna
unguiculata cultivars through
determination of leaf area, dry matter
accumulation and growth analysis. Cultivar
Epace-1 showed higher leaf area duration
in comparison to Epace-6 and Epace-8
cowpea cultivars. Biomass accumulation in
the reproductive part of Epace-1 was more
effective. Epace-6 cultivar showed higher
growth on the second part of the plant life
cycle as compared to Epace 1 and Epace 8.
All the cultivars presented higher net
assimilation rate and relative growth rate
from 30 to 50 days after emergence. There
was higher leaf area ratio and leaf weight
ratio from 28 to 42 days after emergence.

038 De March, G.; Tremolieres, A.;
Lecharny, A. Oleic acid metabolism: a
biochemical marker for studying
photoregulation of epicotyl elongation
in Vigna unguiculata. Physiologia
Plantarum, 60(3): 401-408.
1984.

Oleic acid metabolism can be considered to
be an indicator of growth photoregulation
in cowpea (Vigna unguiculata Westphal cv.
M53) epicotyls. Phosphatidylcholine and
phosphatidylethanolamine are the two lipid
classes concerned in photoregulation of
oleic acid accumulation. The incorporation
of radioactive precursors in internodes of
whole plants has shown that there is de
novo synthesis of these phospholipids
during the light dependent growth process.
The variations in oleic acid content were
used in the photocontrol of elongation in
segments excised from the apical part of
the epicotyl. In this system, as in whole
plants, oleic acid was the only fatty acid
showing significant variation related to the
light/dark treatments. Differences in
photoresponse between excised internode
segments and internodes in whole plants
are discussed.

039 De, KK.; Roy, S.C. Changes in protein
patterns during growth of Vigna

unguiculata (L.) Walp. callus

tissues. Biologia Plantarum, 25(5):
321-325. 1983.

Alterations in protein pattern were
observed in the callus tissues of Vigna
unguiculata (L.) Walp. up to tenth passage
from its initiation. A gradual increase in
quantity of protein was found up to sixth
passage of culture. Decrease in the quantity
of protein after eight months of culture
might be correlated with  the
cytodifferentiation of the tissues. It has
been recorded that with the initiation of
morphogenesis there is an increase in the
number and intensity of trotein bands at
the anionic end of the polyacrylamide gel.

040 Diputado, M.T.; Rosario, D.A.D.
Effects of moisture stress and seed
pretreatments on germination and
seedling establishment of cowpea
[Vigna unguiculata (L.) Walp]. The
Philippine Journal of Crop Science,
10(1) 43-48. 1985.

Three cowpea varieties, UPL CP2, UPL
CP5, and BPI CP2 were studied for their
germination sensitivity to low osmotic
potential. UPL CP2 was relatively less
sensitive in rate, uniformity and total
germination compared to UPL CP5 and BPI
CP2. Seedling emergence of UPL CP2 was
lowest. Germination and seedling emergence
were maximum in the soil media with an
initial moisture content of 30%. i the soil
with an initial moisture content of 20%
germination was considerably reduced and
emergence was zero. Seed pretreatments
only caused a slight advance in seed
germination but did not affect subsequent
seedling emergence and establishment.

041 Filho, E.G.; Prisco, J.T.; Campos,
F.A.P.; Filho, J.E. FEifects of NaCl
salinity in vivo and in vitro on
ribonuclease activity of Vigna
unguiculata
germination. Physiologia Plantarum,
59(2): 183-188. 1983. (Received
in 1985)

cotyledons during -



Vigna unguiculata seeds were sown in
water in 0.1 M NACI. Seedling growth and
cotyledon nucleic acid mobilization were
delayed by NACI salinity. The differences in
cotyledonary RNase activity between seeds
sown in water and in NACI solutions suggest
that salinity delays the activation and/or de
novo synthesis of the enzyme. Cotyledon
extracts were subjected to gel filtration
through Sephadex G-100, and RNase
activity measured. Only one cotyledonary
RNase appeared during germination, and
salinity did not induce any change in
molecular weight of the enzyme. Salinity
inhibited 45% of the specific acivity of the
RNase on the 5th day of the experimental
period. The same salt concentration (0.1 M
NACI) added in vitro inhibited only 8% of
the specific activity of the enzyme. This
difference may indicate that Nacl in vivo
affects mainly the de novo synthesis of
RNase.

042 Hadley, P.; Roberts, E.H.;
Summerfield, R.J.; Minchin, F.R. A

quantitative model of reproductive.

development in cowpea (Vigna
unguiculata) in relation to
photoperiod and temperature and
implications for screening
germplasm.  Annals of Botany,
51(4): -531-544.  1983.

Factorial combinations of four photoperiods
(10h, 11h 40 min, 13h 20 min and 15h)
and three night temperatures (14, 19 and
24 deg. C) combined with a single day
temperature (30 deg.) were imposed on
nodulated plants of 11 cowpea accessions
grown in pots in growth cabinets. The times
to first appearance of flower buds, open
flowers and mature pods were recorded.
Linear relatioships were established
between the reciprocal of the times taken to
flower and both mean diurnal temperature
and photoperiod. When the egquations
describing these two responses are solved,
the time to flower in any given
N photothermal regime is predicted by

whichever solution calls for the greater
delay in flowering. Thus in different
circumstances flowering is controlled
exclusively by either mean temperature or

photoperi 'i. The value of the critical
photoperiouis temperature-dependent and
a further equation derived from the first
two, predicts this relationship. Considered
together as a quantitative model these
relationships suggest simple field methods
for screening genotypes to determine
photothermal responses surfaces.

043 Hawkins, C.D.B.; Astor, M.J.;
Whitecross, M.S. Aphid-induced
changes in growth indices of three
leguminous plants: unrestricted
infestation.  Canadian Journal of
Botany, 63(12) 2454-2429.
1985.

The effects of various densities of cowpea
aphids(Aphis craccivora Koch) and pea
aphids (Acyrthosiphon pisum Harris),
both Homoptera: Aphididae, on the growth
of cowpea (Vigna unguiculata (L.) Walp.
cv. Caloona), broad bean (Vicia faba L. cv.
Aquaduice), and garden pea (Pisum sativum
L. cv. Victor Freezer) seedlings were
investigated. Within 10 days of infestation,
aphid feeding significantly reduced plant
dry weights and mean relative growth rates
for the six plant-aphid combinations. in all
cases except one, the mean unit leaf or net
assimilation rate was also significantly
reduced within 10 days. The mean leat area
ratio was the same for infested and control
plants. The aphid-induced changes in host
plants’ appear to be due to changes in
photosynthesis, respiration, and
translocate removal from the phloem.over
the 10-day period. Changes in the growth
patterns of the host plant within this
period are similar, but the underlying
effects could vary among particular. plant-
aphid combinations.

044 Horst, W.J. Factors responsible for
genotypic manganese toierance in
cowpea (Vigna unguiculata). Plant

and Soil,
1983.

72(2-3): - 213-218.

In experiments with 29 cowpea genotype it
was found out that Mn tolerance is not
related to greater vigour or exclusion of




Mn from uptake and translocation, but
depends mainly on the internal tolerance to
excess Mn especially in the leaf tissue.
Growth depression by Mn excess is
characterized by local accumulation of Mn,
deposition of Mn oxides and typical macro-
symptoms on the older leaves (brown spots
- chlorosis - shedding of the leaves).
Autoradiographic studies with 54Mn and
extraction of the leaves with methanol and
H20 indicate a casual relationship between
Mn tolerance and the more distribution of
Mn in the tissue. In the tolerant genotypes
local accumulation and deposition of Mn is
inhibited or retarded. Mn applied to the
petioles of fully expanded leaves induces
the same toxicity symptoms on the leaf
blades as Mn absorbed by the roots. There
is a good agreement between the rankings of
the different genotypes for Mn tolerance
according to the depression of shoot dry
matter production by Mn excess in long
term pot experiments and the appearance of
toxicity symptoms after application of Mn
to the petioles.

045 Hoshino, T. Effects of acetyicholine
on the growth of the Vigna seedling.
Plant and Cell Physiology, 24(3):
551-556. 1983.

Acetyicholine applied to cotyledons
influenced the growth pattern of etiolated
seedlings of Vigna sesquipedalis in a
specific manner. The reagent as well as red
light suppressed hypocotyl growth and
simultanously promoted epicotyl growth.
Such effects were not found with choline.
Neostigmine, a potent inhibitor of
cholinesterases from plants, caused
fundamentally the same effects as
acetylcholine. Atropine, an acetyicholine
antagonist in animals showed effects
opposite to those of acetycholine or
neostigmine. Atropine also partially
negated the red light-induced effects.
Indole-3-acetic acid, kinetin and
gibberellic acid could not produce effects
like those of cholinergic reagents. From
these results, it was surmised that
acetylcholine as a growth substance in the
Vigna seedling regulates the transition

from hypocotyl growth to subsequent
epicotyl growth.

046 Marsh, D.B.; Paul, K.B.; Muhammad,
A.F.; Sasseville, D. Influence of
biostimulants on the growth and
yields of snap bean, cowpea and
tomato. Hortscience, 19(3): 583.
1984.

The influence of the biostimulants
Triacontanol (TR!A), Nutramin 6,
Nutraphos and Sorbraspray on the growth
and development of cowpea cv. California
Blackeye No.5, shap bean and tomato were
studied under field conditions. Biostimulant
treatments were .1 mi/1, 8 g/1, 10.8 g/1
and 5§ ml/1 Triacontanol, Nutramin 6,
Nutraphos and Sorbaspray respectively.
Biostimulants were applied as a foliar
spray to all crops 4 weeks after emergence
and at one week intervals thereafter
terminating at mid bloom. The response of
cowpea to TRIA was negligible. All crops
suffered severe leaf burn as a result of the
Nutramin 6 treatments. Nutraphos and
Sorbaspray had no significant effects on
any of the variables measured.

047 Marsh, D.B.; Water, L.J.R.; Ascher,
P.D. The use of a split root technique
to study zinc movement and activity
in a nodulating cowpea Vigna
unguiculata cultivar California
blackeye No.5 root system.
Hortscience, 20(3): 425-427.
1985.

Equal half-root systems of cowpea
seedlings were achieved with a split-root
technique. By use of a high humidity
chamber and growth pouches, it was
determined that the survival rate of
seedlings with bisected root systems was
greater than 95%, and the development of
the half root systems was uniform and
adequate. There were no marked diferences
in growth and development of plants when
treatments were applied to different halves
of the root system. However, there was
evidence of Zn translocation from
noninoculated half-root systems which




received Zn, to inoculated half-roots not
receiving Zn, which resulted in increased
nodulation and N2 fixation. This result
supports reports of a direct relationship of
Zn nutrition to nodulation and N2 fixation.

048 Marsh, D.B.; Waters, L. Critical

deficiency and toxicity levels of tissue

zinc in relation to cowpea growth and
N2 fixation. Journal of the American
Society for Horticultural Science,
110(3): 365-370. 1985.

Studies were undertaken to determine the
critical Zn levels for cowpea (Vigna
unguiculata (L) Walp) grown in low N
medium and inoculated with Rhizobium.
Cowpea 'California Blackeye No.5' was
grown for 40 days in a sand culture using
Zn application rates of 0, 0.06, 0.5, 1.0,
1.5, 2.0, 2.5, 2.8, 3.0, 3.1, 3.4, 3.7,
4.0, and 4.5 ppm Zn as ZnSO4. N2 fixation
was estimated by acetylene reduction.
Critical Zn deficiency levels were
determined as 12.5, 20, 30, and 50 ppm
for upper leaf petioles, upper leaf blades,
lower leaf petioles and lower leaf blades,
respectively. Critical Zn toxicity levels for
these tissues was determined as 145, 273,
300, and 440 ppm, respectively. It was
concluded that upper, recently matured,
leaf petiole tissue should be used to assess
plant Zn status. The percentage of reduction
of N2 fixation was greater than the
percentage of reduction in dry-matter
accumulation under Zn-deficient
conditions. N2 fixation increased linearly
with increased Zn content of nodules and
roots. At Zn levels above 150 ppm for both
tissues, however, No fixation declined
significantly. Applied Zn did not affect the
growth and development of the root system
and had little effect on reproductive
development.

049 Mayz De Manzi, J.; Cartwright, P.M.
The effects of pH and aluminium
toxicity on the growth and symbiotic
development of cowpeas Vigna
unguiculata. Plant and Soil, 80(3):
423-430. 1984.

The interaction of pH (4 or 6), aluminium

(0 or 16 ppm at pH4) and N source

(symbiotic or combined) on the growth and
nutrient status of cowpeas (Vigna
unguiculata (L.) Walp.) was studied in a
glasshouse experiment. Low pH
significantly decreased the growth of the
plants dependent on symbiotic nitrogen
fixation but at pH4 the addition of 16ppm
Al further depressed growth in both
nitrogen regimes. The symbiotic
development of the plants was affected by
low pH but more markedly by the Al
treatment. Shoot nitrogen concentrations
were reduced for ca. 2.6% at pH6 to 1.8%
and 0.9% at pH4 without and with
aluminium respectively. Calcium

concentration was decreased by low pH and
further by Al in both nitrogen regimes. In
all Al-treated plants, the aluminium was
mainly accumulated in the roots and was
associaled with an increase in their
phosphorus concentration.

050 Mukherjee, S.P.; Choudhuri, M.A.
Implications of water stress-induced
changes in the levels of endogenous
ascorbic acid and hydrogen peroxide
in Vigna seedlings. Physiologia
Plantarum, 58(2): 166-170.
1983.

Vigna catjang [Vigna unguiculata)
seedlings, subjected to increasing degrees
of water stress (-0.5, -2.0, -2.0, -1.6
MPa), produced an approximate
proportional increase in glycollate oxidase
activity, hydrogen peroxide and proline
content but a decrease in catalase activity,
ascorbic acid and protein content. Leaf
water potential and relative water content
were also lowered with increasing stress.
Pretreatment with L-cysteine and reduced
glutathione decreased glycolate oxidase
activity, hydrogen peroxide content,
ascorbic acid oxidase activity, proline
content and also slightly improved the
water status of leaves stressed for two
days. Pretreatment of non-stressed
seedlings with these antioxidants had little
or no effect. These studies indicate that
treatment with antioxidants makes the
plant tolerant against water stress by




modulating the endogenous levels of
hydrogen peroxide and ascorbic acid in
stressed tissue.

Nagarajah, S.; Schulze, E.D.
Responses of Vigna unguiculata (L.)
Walp. to atmospheric and soil
drought. Australian Journal of Plant
Physiology, 10(4/5): 385-394.
1983.

051

Growth responses, water relations, leaf
conductance, and gas exchange of V.
unguiculata were studied under conditions
of drought in both the aerial and the soil
environment. Results of the experiments
showed that stomata appear to be more
sensitive to soil drought than growth of
leaves. Leaf relative water content and
osmotic potential remained at the level of
control plants when stomata started to close
and decreased only slightly below the leve!
of control plants even under severe water
stress. A trend of decreasing osmotic
potentials at 55-60% depletion of plant
available water was observed, but leaf
growth ceased only when 90% of plant
~available water was depleted. Leaf
conductance decreased more rapidly than
CO2 assimilation during development of
soil drought.

Minchin, F.R.; Hadley, P.; Roberts,
E.H. Strains of Rhizobium effects on
growth and seed yield of cowpeas
Vigna unguiculata. Plant and Saill,
68(2): 249-260. 1982.

Cowpeas cv. TVu 1469 were grown in a
plastic greenhouse at 30 deg. day/21.5 deg.
C night temperature and 55-80% RH,
inoculated with Rhizobium strain RCR
3877 or R5008 and irrigated daily with
nutrient solution containing either O or
2.14 mM (30p.p.m) N as 15N-nitrate.
Seed yields with RCR 3877 were 54.3
g/plant without nitrate and 67.7 g/plant
with nitrate, while with R5008 they were
133.3g/plant without nitrate and 116.4
g/plant with nitrate. Variations in seed
yield were largely due to Rhizobium effects

052 Neves, M.C.P.; Summerfield, Rig:;

13

_the

on peduncle production and pod'

set/peduncle; nitrate had no significant
effect on these yield components.

053 Okamoto, H.; Mizuno, A.; Katou, K;
Ono, Y.; Matsumura, Y. A new method
in growth electro-physiology
pressurized intra organ perfusion.
Plant and Cell Environmental, 7(2):
139-148. 1984.

A new experimental system was devised for
simultaneous measurement of
elongation rate and the activity of the
spatially separate electrogenic ion pumps
of a hypocotyl segment excised from a
seedling of Vigna unguiculata L. Walp.
under enforced intra-organ perfusion by
artificial solutions. The pathway of the
perfusion medium was apoplastic space
including xylem vessels as main routes.
The elongation rate of the. segment was

_highly dependent on perfusion pressure

applied. It was possible to increase the
growth rate under pressurized perfusion
by 10-30 ‘times as much as that without
perfusion. Elongation rate was also
dependent on respiration under perfusion,
being retarded reversibly by anoxia a few
minutes after the activities of the
electrogenic ion pumps were stopped.
Perfusion pressure had a little influence on
the membrane potential (Vpx) below a
breakdown level (c. 130k Pa). Perfusion
of mannitol or sorbitol solution of
appropriate concentration reduced the
elongation rate reversibly.

054 Oseiyeboah, S.; Lindsay, J.1.; Gumbs,
F.A. Estimating leaf area of cowpea
(Vigna unguiculata (L) Walp.) from
linear measurements of terminal
leaflets. Tropical Agriculture,
60(2): 149-150. 1983.

The leaf area of cowpea was estimated from
linear measurements and was shown to be
2.325 LW (L=leaf ,length; W=maximum
leaf width). This method of estimating leaf
area affords a simple, non-destructive
means of estimating total area of a cowpea
plant.




055 Painuli, D.K.; Abrol, 1.P. Emergence
behaviour of maize, cowpea and bajra
under different degrees of surface
crusting and moisture conditions in
the seed zone. Annals of Arid Zone,
23(3): 189-198. 1984.

A study was conducted to evaluate the

effects of different degrees of surface -

crusting on the emergence behaviour of
cowpea, maize and Pennisetum typhoides
under three seed-zone moisture conditions
viz., 5, 10 and 40 percent by volume.
Strength of the air dry crusts ranged from
1281 to 6362 g for moisture values 5 and
40 percent and from 15C2 to 6362 g for
10 percent moisture. Characteristics of the
crusts and crop together with the moisture
condition, influenced emergence of the
seedlings. Cracking of the crusts was most
detrimental to the emergence of cowpea as
the seedlings got entrapped between pieces
of the crusts.

056 Pandey, R.K. Influence of defoliation
: on seed yield in cowpea (Vigna
unguiculata (L.) Walp.) in a sub-
tropical environment. Field Crops
Research, 7(4): 249-256. 1983.

Four field experiments were carried out to
determine the effect of defoliation on
growth and seed yield of cowpea. Defoliation

during the vegetative and/or the
reproductive phase reduced seed yield. The
magnitude of yield reduction was dependent
on stage of crop development and degree of
defoliation. The removal of one-third and
two-thirds of the leaves during the
vegetative and reproductive phases (25-
49 days after planting) reduced seed yield.
Complete ‘defoliation 1 to 3 weeks after
anthesis was very detrimental to seed yield
because it lowered the number of pods and
seeds per pod. The resuits suggest that
cowpea grown under a subtropical
environmentcannot compensate for foliage
loss during the vegetative or early
reproductive phases.

057 Pate, J.S.; Peoples, M.B.; Atkins, C.A.
Post-anthesis economy of carbon in a

cultivar of conea. Journal of
Experimental Botany, 34(142):
544-562. 19883.

Budgets for transfer of carbon from
individual leaves and other source organs 1o
fruits and nodulated roots were constructed
for -stages of the post-flowering
development of symbiotically-dependent
cowpea (Vigna unguiculata L. Walp, cv.
Vita 3-Rhizobium  strain CB756).
Exportable surpluses of carbon from
sources, assessed from net exchanges of
CO2 and changes in carbon content, were
allocated to sink organs in proportion to
carbon consumption (growth and
respiration) and the ability of each sink

organ to attract assimilates from the

sources, as demonstrated by 14C feeding.
The first 10 d after flowering showed high
sink activity by roots, stem and petioles,
low consumption by fruits, with the upper
three trifoliate blossom leaves providing
the bulk of the required assimilates. The
next 10 d showed a sharp decline in
photosynthesis of the leaf subtending the
oldest fruit followed by similar declines in
leaves at the other fruiting nodes. All
leaflets at fruiting nodes abscised during
the final 10 d period, while the two lower
leaves, not subtending fruits, remained
green and supplied most of the carbon
required by developing fruits and roots.
Throughout fruiting all currentiy-active
sources supplied all sinks, with only slight
evidence of blossom leaves specializing in
nourishing their subtended fruits. Of the
carbon translocated from leaves during
fruiting 32% came from the topmost leaf,
28% from the leaf below this, 16% from
the next leaf, and the remaining 24% from
the lowest three leaves. Some 80% of the
fruit's total intake of carbon came from
leaves, the rest from mobilization of stored
carbon (partly sugars and starch) from
other vegetative parts.

058 Peoples, M.B.; Atkins, C.A.; Pate,
J.S.; Murray, D.R. Nitrogen
nutrition and metabolic
interconversions of nitrogenous
solutes in developing cowpea fruits.




Plant Physiology, 77(2): 382-388.
19865.

Data from the analysis of the xylem anhd
phloem streams supplying the developing
fruit and of the various fruit tissues was
used to construct a picture of the
interactions of transport, exchange and
metabolism of N compounds during the
formation of cowpea fruits and seeds.
Ureides and amides provided all of the
fruits N requirements for net synthesis -of
amino compounds. All fruit pods showed in
vitro activity of urease, allantoinase,
asparaginase, ammonia-assimilating
‘enzymes and aspartate and alanine
aminotransferases. Asparagine: pyruvate
aminotransferase was recovered only from
the pod. The pod was initially the major
site for processing and incorporating N,
but later seed coats and then embryos
became predominant. Ureides were broken
down mainly in the pod and seed coat. Amide
metabolism occurred in all fruit organs,
but principally in the embryo during much
of seed growth. Seed coats released N to
embryos mainly as histidine, arginine,
glutamine, and asparagine, hardly at all as
ureide. Amino compounds delivered in
noticeably deficient amounts to the fruit
were arginine, histidine, glycine,
glutamate, and aspartate, while seeds
received insufficient arginine, histidine,
serine, glycine and alanine.

059 Peoples, M.B.; Pate, J.S.; Atkins, C.A.
Mobilization of nitrogen in fruiting
plants of a cultivar of cowpea.
Journal of Experimental Botany,
34(142): 563-578. 1983.

Patterns of flow of nitrogen were
constructed for the post-anthesis
development .of symbiotically dependent
cowpea (Vigna unguiculata Walp. cv. Vita
3-Rhizobium CB756). Nitrogen fixed after
flowering contributed 40% of the fruits'
total intake of N, mobilization of N fixed
before flowering the remaining 60%.
Leaflets, nodulated root, stem plus petioles,
and peduncles contributed mobilized N in
the approximate proportions 5:2:1:1
respectively. Each fruit drew on all

available current sources of N, but N from
leaves was distributed preferentially to
closet fruit(s), and lower fruits
monopolized the N exparted from nodulated
roots during late fruiting. Rates of nitrogen
fixation declined parallel with decreasing
net photosynthesis of shoots. Leaflets at
upper reproductive nodes .mobilized 70-
77% of their N and declined steeply in net
photosynthesis rate per unit chlorophyll
or per unit ribulose1.5-bishosphate -
carboxylase (RuBPCase)2 before abscising
during mid to late fruiting, whereas -
leafflets at lower vegetative nodes (1-3)
mostly failed to abscise, lost 44-57% of
their N and maintained photosynthetic
activity throughout fruiting. Peptide
hydrolase activity was examined in
extracts of leaflets, roots and nodules, by
autodigestion of extracts, or in assays using
bovine haemoglobin and purified RuBPCase
isolated from cowpea as substrates.
Hydrolase activities during fruiting were
broadly related to N loss from plant organs,
but asynchrony in peaks of activity against
different protein substrates indicated

~ distinct groups of hydrolases within single

organs. Hydrolase activity of leaflet
extracts against RuBPCase was highly and

- positively correlated with in vivo rates of

loss of RuBPCase from the same leaflets,
and preferential degradation of this protein
occurred during leaflet senescence.

060 Peoples, M.B.; Pate, J.S.; Atkins, C.A.
The effect on nitrogen source on
transport and metabolism of nitrogen
in fruiting plants of cowpea (Vigna
unguiculata (L.) Walp.). Journal of
-Experimental Botany, 36(165):
567-582. 1985.

Nitrogen metabolism and transport were
studied during reproductive development of
cowpea under three contrasting nitrogen
regimes: (1) nitrate supplied continuously

‘(plants non-nodulated), (2) symbiotic N2

fixation (no combined nitrogen), (3)
nitrogen-starvation post-anthesis of
previously No2-fixing plants. The last
treatment involved daily flushing of the
root systems with 100% oxygen which
suppressed post-anthesis N2-fixation by




76-79%, thereby making fruit growth -

almost entirely reliant upon miobilization
of previously accumulated nitrogen. The
evidence suggested intense metabolic
transfer of root derived nitrate-N or
ureide-N to amino acids by vegetative plant
parts prior to translocation to fruits. All
tissues of fruits showed patterns of
development of enzymic activities
consistent with release of nitrogen form
both ureides and amides and re-
~ assimilation of ammonia to form amino
acids. All the levels of enzyme activities
varied between treatments, the differences
could not be readily associated with
individual patterns of nitrogen transport in
the treatments. Nitrogen sufficiency in the
NO3-fed plants was marked by elevated
vegetative biomass and low harvest indices
for dry matter and nitrogen, while nitrogen
deficiency of the O2-treated planis was
associated with seed abortion, small seed
size and low seed nitrogen concentration
and efficient mobilization of nitrogen from
vegetative parts to fruits.

061 Subramanian, A.- Effects of treating
seed with growth substances on
growth, development and yield of
cowpea (Vigna unguiculata). Tropical
Grain Legume Bulletin, 31: 17-19.
1985. :

Seeds of 3 cowpea varieties (C152, V16
and No.522) were treated with 3 growth
regulators (Planofix (alpha-naphthalene
acetic acid, 'ANA) and Atomic sodium
mononitro guiacol) at 50, 100 and 150
ppm and Cytozyme (Chlormequat chloride)

at 25, 50 and 75 mi in 100 mi of water)..

These treatments were compared with a
water soaking control and a dry seed sowing
control. Growth regulators highly
influenced seed yield, which was highest in
the Atomic treatment at 100 ppm which
resulted in more pods/plant, a greater pod
length, a higher number of seeds/pod and
less phytotoxic effects. No.522 is a very
good seed yielder whereas V16 and C152
produced more vegetative growth than seed.

W

062 Summerfield, R.J.; Pate, J.S.;
Roberts, E.H.; Wien, H.C. = The
physiology of cowpeas. In: Cowpea
research, production and utilization,
edited by S.R. Singh and K.O. Rachie.
65-101. Chichester, England, John
Wiley. 1985.

This is a review of studies made on the
physiology of cowpea: seeds, seed
germination and seedling emergence,
accumulation and partitioning of dry
matier; flowering and fruiting;
environmental stresses and their effects on
yield; edaphic factors and mineral
nutrition; manipulation studies and

research on cowpeas in artificial climates.

063 Suzuki, Y.; Minamikawa T. On the
role of stored mRNA in protein
synthesis in embryonic axes of
germinating Vigna unguiculata seeds.
Plant Physwlogy. 79(2) 327-331.
1985. o

Polyadenylated (poly A+) RNAs were -
prepared from both dry and incubated
embryonic axes of Vigna unguiculata seeds
and were translated by a whest germ
transiation system. Analysis with gel

~electrophoresis and fluorography showed

that -translation products of poly A+ RNA
from dry embryonic axes were nearly the
same as those from 2-hour incubated axes
but somewhat different from those of 4- to
24-hour incubated axes, and that
translation  products  remained almosi
unchanged between the 4 and 24-hour
stages of postimbibition. The results
indicate the possibility that the stored
mANA (polyA+ RNA from dry embryonic
axes) directs the protein synthesis
required for early stages of germination.
This is supported by comparison of the in
vitro translation products of poly A+ RNAs

with those of polysomal RNAs.

064 Suzuki, Y.; Minamikawa, T. In vivo
studies on the occurrence of stored
messenger RNA in embryonic axes of
Vigna unguiculata seeds. Plant and




Cell Physiology, 24(8): 1371-
1377. 1983.

Amanitin and cordycepin at various
concentrations were tested for their
inhibitory effect on the fresh weight
increase of Vigna unguiculata embryonic
axes after the onset of imbibition and on the
incorporation rate of 3H-labeled leucine
into protein in axes of the 36-38 h stage.
Amanitin at 0.5-5 g/ml clearly exerted an
inhibitory effect on both the fresh weight
increase and the protein synthesis. This
drug at 1g/ml, however, showed no
significant effect on the protein synthesis
at an early stage of imbibition (4 h),
whereas cycloheximide was a very potent
inhibitor. By experiments in which ‘dry'
axes were allowed to imbibe 3H-labeled
adenosine solution for 4 and 12 h in the
presence of amanitin, it was found that poly
A+RNA was newly synthesized to some
extent in axes as early as 4 h after the
onset of imbibition and that the drug
effectively inhibited the poly A+RNA
synthesis. The results may indicate the
occurrence of stored mRNA in embryonic
axes of V. unguiculata seeds.

065 Trammell, C.A., - Jr. Influence of
‘maturity level on variety responss of
southernpea to dessication by
glyphosate. Dissertation Abstracts
International, B, 44(3): 660. 1983.

In studies with Vigna unguiculata cv.
Mississippi Purple, Mississippi Silver,
Mississippi Cream and Magnolia Blackeye,

pod fresh weight, length and width reached

maximum value 12-14 days after
flowering. Seed size increased up to 16
days and seed ciy weight was maximum at
16-18 days. Seed moisture content was
50-60% when seed dry weight peaked and
maximum germination was attained during
this time. In plants desiccated with 0.28,
0.56 on 1.12 kg glyphosate/ha,
germination seedling development, field
emergence and yield were all significantly
reduced when the application was made to
pods 12-14 days old or younger.
Glyphosate did not adversely affect seed

from pods treated 16-18 days after
flowering.

066 Walker, C.D.; Graham, R.D.; Madison,
J.T.; Cary, F.F.; Welch, R.M. Effects
of nitrogen deficiency on some
nitrogen metabolites in cowpeas
(Vigna unguiculata -L Walp). Plant
Physiology, 79(2): 474-479.
1985.

Cowpeas grown in nutrient solutions, from
which Ni had been removed by a ligand
exchange technique, accumulated urea in
most tissues. Urea levels were highest (up
to 3.1 percent dry weight in necrotic leaf
tips. Urea accumulation in Ni-deficlent
cowpea tissues amounted o about 1 percent
of the total N. The accumulation of urea was
presumably associated with the catabolism
of N compounds !n older tissues and the
redistribution of N catabolites within the
plant during the reproductive growth. The
exclusion of N salts from the nutrient
media at a late stage of growth, either with
or without added Ni, led to a general
amelioration of urea accumulation and a
lower level of the related amino acid,
arginine, in root and stem tissue. Plant
leaves that contained toxic levels of urea
and displayed necrotic symptoms had tissue
Ni levels ranging from less than 0.01 to
0.15g Ni per gram dry weight. Nickel
concentrations in tissue from plants not
treated with Ni, were initially very low,
but increased as the cowpeas matured.
Apparently, there was a source of Ni
contamination in the Ni-deficient growth
media which provided a source of Ni for
uptake by the plants during growth. Ureide
levels were low and unaffected by Ni
deprivation. No evidence for free purines
or uric acid accumulation in plant tissues
could be found. It is hypothesized that Ni
(and urease participates in the normal N
metabolism of these plants during the
reproductive phase of growth.

067 Wien, H,C.; Summerfield, R.J.
Cowpea (Vigna unguiculata (L.)
Walp.). In: The physiology of tropical
field . crops, edited by P.R.




Goldsworthy and N.M. Fisher. 353-
383. Chichester, John Wiley. 1984.

This is a very comprehensive review on the
physiology of cowpea. Topics discussed are:
taxonomy, origin and importance, seeds,
seed germination and seedling emergence,
vegetative growth, reproductive
development and yield formation,
environmental stresses and their effects on
yield and edaphic factors and symbiotic
dinitrogen fixation.

068 Woo, K.C.; Wong, S.C. Inhibition of
carbon dioxide assimilation by

supraoptimal carbon dioxide effect of
light and temperature. Australian
Journal of Plant Physiology, 10(1):
75-86p. 1983.

In cotton cv. Deltapine 16, rate of CO2
assimilation at Og2 partial pressures up to
200 inbar increased to a maximum and
then declined as intercellular CO2 partial
pressure increased. The decline was more
obvious at low temperature and O2 partial
pressures and where plants were grown at
low light and nitrate levels. Similar
results were obtained with Vigna
unguiculata cv. Caloona.

DO1 Anatomy, Morphology and Cytology

069 Bishnoi, O.P.; Sedgley, R.H. Effect of
temperature on the rate of emergence
of leaves of maize and cowpea. Indian
Journal of Agricultural Sciences,
55(2): 99-103. 1985.

In an exploratory study, 'Banjo cowpea’,
'SR 99' and 'XL 66' maize were planted in
1983 at the University of Western
Australia. Daily observations were made on
leaf appearance, length of emerging leaf
from collar reference, and maximum
length of a particular leaf when the next
leaf was about to emerge from the whorl.
The results show that the rate of
appearance of leaves in Vigna unguiculata
subsp. cylindrica and maize was found to
be highly dependent on temperature.

070 Bliss, R.D.; Platt-Aloia, K.A.;
Thomson, W.W. Changes in
plasmalemma organization in cowpea
radicle during imbibition in water
and NaCl solutions. Plant Cell and
Environment, 7(8): 601-606.
1984.

Freeze-fracture electron microscopy of the
plasmalemma of dry cowpea radicle cells
disclosed a normal-appearing membrane

with a high area density of
intramembraneous particles (IMPs). Seeds
imbibed in either water or salt solution
exhibited decreased area density of IMPs,
but water-imbibed tissue showed the
greatest decline. Mean particle size
increased with hydration but not enough to
suggest aggregation as the cause for this
density decrease. Calculations of
plasmalemma area expansion during
imbibition show that such expansion can
account for the decrease in IMPs per unit
area in the cytoplasmic side (PF) of the
membrane in water-imbibed, but not in
salt-imbibed, tissue. During imbibition,
there is a change in the ratio of IMPs per
unit area of the PF versus EF (external)
membrane faces, suggesting a relative
increase in the number of EF particles.
These changes in membrane structure are
probably not related to any decrease in
membrane permeability during the early
phases of imbibition.

071 Boer, A.H. de; Katou, K.; Mizuno, A.;
Kojima, H.; The role of elctrogenic
xylem pumps in K+ absorption from
the xylem of Vigna unguiculata: the
effects of auxin and fusicoccin. Plant,




Cell and Environment, 8(8): 579-

586. 1985.

The hypothesis that electrogenic ion
pumps, working at the parenchyma
symplast/xylem interface of pea
hypocotyls, provide the driving force for
K+ uptake from the xylem was tested.
Solution of known composition were
perfused through a hypocotly segment. The
K+ activity of the solution flowing out of
the xylem (K+) increased (i.e. K+ uptake
decreased) when aerobic respiration was
inhibited by lack of O2, and this was
preceded by a decrease in Vpx (electrical
potential difference between parenchyma
symplast and xylem). Perfusion with auxin
(IAA) and fusicoccin (FC) stimulated the
electrogenic activity of the 'xylem pumps'
(111 and 205% respectively) and
stimulated uptake of K+ from the xylem
(with 71% and 29% respectively). The
close correlation between xylem pump
activity and K+ uptake corroborated the
aforementioned hypothesis. Interestingly,
inhibition of pump activity by anoxia was
incomplete in the presence of FC. It is
thought that FC increases the affinity of the
ATP-requiring xylem pump for ATP, thus
ensuring that ATP production during
fermentation is sufficient to fuel the pump
in the absence of O2.

072  Buriol, G.A.; Menoux, Y.; De
Parcevaux, S. Determination of the
water content and optical properties
of leaf from changes in its energy
balance 2. Applications under natural
and artificial conditions. Agronomie,

4(6) 501-506. 1984

Experiments were conducted on sunflower
and cowpea plants. The non-destructive
method used allowed leaf behaviour to be
studied accurately during water stress and
recovery. In particular, it was easy to
follow change in water content separately
in mesophyll and nerves. Leaf absorption in
the visible range (310 to 760mm) was
also found to be independent of leaf water
content up to a water deficit of 40-50%.
However, in the infra-red range, leaf
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absorption heavily depended on leaf water
content.

073 Ezueh, M.; Nwoffiah, G.N. Botanical
observations on a local collection of
vegetable cowpea cultivar in
Southeastern Nigeria. Tropical Grain
Legume Bulletin, 29: 2-7. 1984.

The botanical characteristics of 61 local
varieties of vegetable cowpea collected
from Imo, Anambra, Rivers and Cross
River, States Nigeria are described.

074 Franceschi, V.R.; Giaquinta, R.T.
Specialized cellular arrangements in
legume leaves in relation to
assimilate transport and
compartmentation comparison of the
para-veinal mesophyll. Planta,
159(5): 415-422. 1983.

Leaves of eight species of Leguminosae-
Papilionoideae including Vigna unguiculata
were examined for the presence of a highly
specialized cell layer called the paraveinal
mesophyll (PVM). Vigna unguiculata did
not contain PVM,

Hoshino, T. Identification of
acetylcholine as a natural constituent
of Vigna seedlings. Plant and Cell
Physiology, 24(5): 829-834.
1983. S

075

An acetylcholine-like substance extracted
from etiolated seedlings of Vigna
sesquipedalis was purified by Sephadex G-
15 column chromatography, paper
chromatography and newly devised spot
fest. It was identified as acetylcholine by
field desorption mass spectrometry. Vigna
acetylcholine also could be separated by the -
use of a liquid cation exchanger, sodium

tetraphenylboron in n-butynonitrile.

076 Knuth, M.E.; Keith, B.; Clark, C.;
Garcia-Martinez, J.L.; Rappaport, L.
Stabilization and transport capacity
of cowpea nd barley vacuoles. Plant




and Cell Physiology, 24(3): 423-
432. 1983.

.Subjecting either cowpea or barley
protoplasts to @ combined osmotic and pH
shock provides the optimum conditions for
the isolation of cowpea and barley vacuoles.
Incubation of vacuoles in a defined medium
resulted in 50% lysis after 30 min
(cowpea) and 20 min (barley). The
addition of 1 mM EDTA resulted in
increased stability of vacuoles with 50%
lysis occurring after 50 min (cowpea) and
120 min (barley). Other compounds were
tested for their effects on the stability of
vacuoles. The longer life of vacuoles in the
presence of EDTA allowed transport studies
to be carried out using radiolabeled
tracers. The uptake of [14C]sucrose (10
mm) by cowpea vacuoles was stimulated
approximately two-fold by the presence of
Mg-ATP (10mM); the Km for

[14C)sucrose uptake by cowpea vacuoles
was 12.5 mm. Uptake of [3H] GAq
([BH]gibberellin A{) by cowpea vacuoles
was also stimulated two-to-four fold in the

presence of 10Mm MgATP compared to
untreated vacuoles. No Mg-ATP stimulation

ot [BH]GA1 or [V4C]sucrose uptake could
be observed in barley vacuoles. The effect
of pH on uptake of [BH]GA1 was studied in
both cowpea and barley vacuoles. Uptake
was optional at about neutral pH which also
coincided with the optimum pH for
maximum stability of vacuoles.

077 Kojima, H.; Goto, K.; Okamoto, H.
Characterization of ATPase activity
associated with plasma membrane
from Vigna hypocotyls. Plant and Cell
Physiology, 25(7): 1265-1276.
1984,

A plasma membrane fraction was isolated
from hypocotyls of V. unguiculata by a
combination of differential and sucrose
density gradient centrifugation. The ATPase
activity of this fraction depended on
divalent cations
(Mn2+>Mg2+>C02+>Ca2+>Fe2+>Zn2+>Ni

2+) but not on monovalent cations (K+
and/or Na+). Optimum pH for activation of

ATPase by Mg2+ was 7.0, with ATPase
activity following Michaelis - Menten type
kinetics. The Km for the Mg2+-ATP
complex ranged from 0.65 to 1.1 mM.
ATPase activity was inhibited by N, N' -
dicyclohexyl-carbodi; mide,
dicthylstilbestrol and triphenyltin
chloride, but not by oligomycin, sodium
azide, or ionophores such as carbonyl
cyanide p -
triflouromethoxyphenylhydrazone or
valinomycin + KCIl. The characteristics of
the ATPase are compared with those of
plasma membrane ATPases of other plants
and its possible role in H+-transport is
discussed. '

078 Kuo, J.; Pate, J.S. The extrafioral
nectaries of cowpea (Vigna
unguiculata (L) Walp) .1.
Morphology, anatomy and fine
structure.  Planta, 166(1): 15-27.
1985.

=

The cowpea bears two distinctive types of

extrafloral nectaries. One, on the stipels of

trifoliolate leaves, consists of a loosely

demarcated abaxial area (1-2 mm

diameter) of widely-spaced trichomes

(papillae) borne on a stomatal-free

epidermis, and lacking a specific vascular

supply. The second type of nectary consists
of a large elliptical round of tissue (short

and long axes about 2 mm and 4 mm)

formed between a pair of flowers on an

inflorescence stalk. It comprises four to
eight cone-shaped subunits of secretory
tissue, each with a circular secretory
orifice and an individuai supply of phloem,
but not of xylem. Cells of the secretory
tissue of the nectary subunits separate as
they mature, and nectar flows to the orifice
through the resulting intercellular spaces.
Each mature secretory cell contains many
small (2 cm diameter) spherical protein
bodies and one 1o three large
paracrystalline bodies. These inclusions
are absent or not fully developed in inper,
less mature regions of the secretory tissue.

079 Kuo, J. Pate, J.S. Unusual network of
.internal phloem in the pod mesocarp




o

of cowpea [Vigna unguiculata (L.)
Walp. (Fabaceae)] Annals of Botany,
55(5): 635-648. 1985.

A mycelium-like network of internal
phloem was observed in the inner mesocarp
of the lateral pod walls of the fruit of
certain genotypes of cowpea (Vigna
unguiculata (L.) Walp.) In the cultivar
Vita 3, the network consists of single, or
rarely double, strands of sieve elements
and associated phloem parenchyma,
oriented mainly parallel with the fibres of
the adjacent endocarp, and stretching
marginally beyond the sheets of fibres to
connect above and below with the outermost
phloem of the dorsal and ventral sutures of
the fruit. The internal phloem network does
not relate conformat:ona{ly to, or
interconnect with the conventional
(xylem+phloem) vasculature of the mid
mesocarp of the pod wall. In Vita 3, sieve
elements differentiate in the internal
phloem after those in the major veins of
the pod, but before the presumptive
endocarp fibres commence wall thickening.
The pod walls of twenty-one other species
- of legumes proved negative for internal
phloem, while of nine varied genotypes of
cowpea examined, six proved positive,
three negative for the trait. Presence of
internal phloem in cowpea is not always
associated with presence of endocarp fibres
or necessarily with large fruit with large
seeds. Possible functions suggested for the
. phloem network are to provide assimilates
for fibre wall thickening or to transport
solutes to or from sites of temporary
storage in the fleshy inner layers of the pod
wall,

080 Leopold, A.C. Volumetric components
of seed imbibition. Plant Physiology,
73(3): 667-680. 1983.

Swelling parameters were determined for
15 seed species. The swelling quotient
indicate that swelling outstrips weight gain
for most of the seeds tested. Furthermore,
the seeds with high swelling quotients tend
to have high swelling coefficients such as
cowpea which swell to much more than its
initial volume. The swelling coefficients
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range from 0.421 for cowpea which
experiences a doubling of its volume in
about 3 hours. The extent of swelling bears
a linear relationship with moisture
content. Redrying to air dryness only
partially restores the original volume, but
oven drying compeletely restores it.
Temperatures alter the rate and the extent
of swelling. Solutes in the imbibing
solution aiter the dynamics of the volume
increases, indicating several types of
influences. These include csmotic effects,
salt effects, valence effects, pH effects and
lyotropic effects. It is suggested that
deformation-~resulting from imbibitional
swelling may contribute to the stresses
experienced by seed tissues during
hydration.

081 Pa'e, J.S.; Peoples, M.B.; Atkins, C.A.

Spontaneous phloem bleeding from

cryopunctured fruits of a ureide
producing legume. Plant Physnology,
74(3): 499-505. 1984,

A phloem exudate was produced for many-

days at a rate equivalent to 10% of the
estimated current sugar intake of the fruit,
following puncture of the dorsal suture of
cowpea with a fine needle previously cooled
in liquid N. The exudate contained 0.4-0.8
M sugar, a high level of K and a high Mg:Ca
ratio, and became labelled following feeding

of 14C.urea to leaves or adjacent walls of
the fruit, of 14CO2, to the pod gas space and

of 14C-asparagine or '4C-allantoin to
leaflets or cut shoots through the xylem.
Distribution of label in the phloem sap

suggested that 14C-allantoin was
metabolized to a greater extent in its

passage to the fruit than was 14C-
asparagine. Amino acid:ureide:nitrate
ratios were 20:2:78 and 90:10:0.1 in root
xylem sap and fruit phloem sap,
respectively, of nitrate-fed, non-nodulated
plants, suggesting that the shoot utilized
nitrate N to synthesize amino acids prior to
phloem transfer of N to the fruit. This was
supported by the. results of feeding 15N-
nitrate to the roots! In symbiotic plants the
amino acid:ureide ratios were 23:77 and
89:11 in root xylem sap and fruit phloem




sap, resp., indicating intense iransfer of
ureide-N to amino acids by vegetative parts
of the plant.

N2 Pate, J.5.; Peoples, M.B.; Storer,
e P.J.; Atkms C.A.. The extrafloral
neciaries of cowpea (Vigna
unguiculata (L) Walp.) Il. Nectar
composition, origin of nectar sclutes,
and nectary functioning. Planta,
166(1): 28-38. 1985.

Nectar was collected from extrafloral
nectaries of leaf stipels and inflorescence
stalks, and phloem sap from cryopunctured
fruits of cowpea plants. Sucrose: glucose:
fructose weight ratios of nectar varied
from 1.5:1:1 to 0.5:1:1, whereas over
95% of phloem-sap sugar was sucrose.
Sucrose fed to leaves was translocated as
such to nectaries, where it was partly
inverted to glucose and fructose prior to or
during nectar zecretion. The nectar
invertase was largely associated with
secretory cells’ that are extruded into the
nectar during ngctar functioning and was
active only after osmotic disruption of
. these cells upon dilution of the nectar. The
nectar invertase functioned optimally
{phloem-sap sucrose as substrate) at pH
5.5, with a starting sucrose concentration
of 15% (w/v). Stipel nectar was much
lower in amino compounds relative to
sugars than inflorescence nectar or
phloem sap. The two classes of nectar and
phloem sap also differed noticeably in their
complements of organic acids.

083 Platt-Aloia, K.A.; Thomson, W.W.
Freeze fracture evidence of gel phase
lipid in membranes of senescing
cowpea (Vigna wunguiculata)
cotyledons.  Planta, 163(3): 360-
369. 1985,

The structural details of membrane
. organization in germinating and senescing
cotyledons of cowpea were studied by thin
section and freeze-fracture electron
microscopy. Electron-dense deposits
associated with the membranes,
particularly the plasmalemma and

o

endoplasmic reticulum, were seen to
increase with advancing senescence.
Freeze-fracture electron microscopy
demonstrated that the membranes of
cotyledons of 2 day old seedlings appear to
be normal, with. evenly dispersed
intramembranous particles. However, by 4
days, small areas or domains of the
plasmalemma were free of
intramembranous particles. These
particle-free areas increased in both size
and number as senescence progressed. They

. were interpreted iv be structural evidence

for lateral phase separations of the
membrane lipids into microdomains of gel-
phase lipid from which intrinsic -
membrane proteins are excluded.

: v

084 Sebastian, K.T. Shoot-tip culture and

subsequent regeneration in cowpea.

Scientia Horticulturae, 20(4): 315-
317. 1983,

Shoot tips of cov\ ea (Vigna unguiculata)
were successfully cultured in Murashige
and Skoog's medium supplemented with 1AA
and Zip. The factors responsible for
organogenesis are discussed.

085 Summerfield, - R.J.; Minchin, F.R.;
Roberts, E.H.; Hadley, P. Cowpea. In:
Potential productivity of field crops
under different environments, edited
by Smith, W.H., Banta, S.J. 249-
280. Los Banos, Laguna, Phillipines,
IRRI.” 1983.

Details of the taxomony, morphology and
physiology of cowpea is reviewed.
Ecological requirements are described and
interactions of the environment with
genotype produced much variation in
giowth habit. Dry matter yield and harvest
indices are given together with predictions
of the adaptability of cultivars to
environmental conditions. Increased
protein production from greater and more
stabilized seed yields was considered
possible.

e




086 Wynn, EXK.; Murray, D.R.
Aminopeptidases isolated from
cotyledons of cowpea, Vigna
vnguiculata. Annals of Botany,

56(1); 55-60. 1985,

Three aminopeptidases have been separated
from cotyledon extracts from cowpea, Vigna
unguiculata (L.) Walp., and humbered in
order of decreasing affinity for the anion
exchange medium DEAE-Sephacel, AP1
showed a wide acceptance of model
substrates, with highest activity under
standard conditions against arginyl 8-
naphthylamide (NA). AP2 did not act on
basic substrates and preferred
phenylalanyl 8-NA.- AP3 displayed the
narrowest substrate specificity, with
strong activity against only alanyl B-NA
and glycyl B-NA. The chelator 1, 10-
phenanthroline compietely or almost
completely inhibited forms AP1 and APS3,

D02 Biochemistry

088 Biswas, T.K. B-Galactosidase activity
in the germinating seeds of Vigna
sinensis.  Phytochemistry, 24(12):
2831-2833. 1985.

The B-galactosidase activity in cotyledons
of Vigna sinensis increases during seed
germination and is inhibited by
cycloheximide. The increase in activity
may be due to the de novo synthesis of
enzyme protein. The enzyme has been
partially purified by gel filtration and
characterized with respect to some
biochemical parameters. The optimum pH
and optimum temperature are 4.5 and 55
deg. C., respectively and the enzyme follows
typical Michaelis kinetics with Ky and
Vmax of 45 x 104 M and 2.0 x 10-5
mol/hr respectively. Ki tor galactose and
lactose are 4.5 and 220 mM, respectively.
The energy of activation of the anzyme for
p-nitrophenyl B-D-galactoside is 9.83
kcal/mol. The apparent relative MW of the

whereas AP2 was insensitive to
phenanthroline at the same concentration
(5mM). All three aminopeptidases were

~ totally inhibited by Ag+ or Zn2+ (0.5

mM).

087 Yoneyama, T. Ohtani, T. Variations of

natural 13C abundances on
lesguminous plants. Plant and Cell
Physiology, 24(6): 971-977. 1983.

The natural 13C abundance ( 13C value) of
the field-grown Ileguminous plants
(cowpea, soybean, kidney bean, pea, azuki
bean, mung bean and peanut) was
investigated by mass spectroscopy. Among
organs of premature plants, the leaves had
the most negative values, and the nodules
generally had the least negative values, and
other organs, fruits, stems and roots,
showed intermediate values.

enzyme as determined by gel filtration was
56 000.

089 Cerdeira, A.L.; Cole, A.W,; Luthe, D.S.
Cowpea (Vigna unguiculata) seed
protein response {0 glyphosate. Weed
Science, 33(1): 1-6. 1985.

Electrophorstic analysis of storage protein
accumulation in developing cowpea (Vigna
unguiculata (L.) Walp. 'Mississippi
Purple') seed indicated that a large’
increase in protein content per seed
occurred between 10 and 11 days after
flowering (DAF). Polypeptides with
molecular weights of 54, 49, and 4t
kilodaltons (KD) accumulated first, and one

& with a molecular weight of 59 KD appeared

2 days later at 13 DAF. Treatment of plants
with ~glyphosate (N-
(Phosphonomethyl)glycine) when pods
were 7 and 10 DAF prevented accumulation
of the major storage protein polypeptides.




The accumulation of these polypeptides was
not inhibited as much when pods were 11,
12, or 13 DAF at the time of treatment
with glyphosate. Pod length and seed fresh
weight were inhibited by glyphosate
treatment of plants bearing pods 7, 10,
11, and 12 DAF. Pod width, seed dry
weight, and seed length were inhibited by
glyphosate when plants bearing pods 7, 10,
and 11 DAF were treated.

090 Laurena, A.C.; Garcia, V.V.; Mendoza,
E.M.T. Localization and determination
of condensed tannins in cowpea (Vigna
unguiculata (L.) Walp.) Philippine
Agriculturist, 67(3): 329-336.
1984.

Analysis of condensed tannins by the
modified vanillin assay in mature seeds of
103 accessions of cowpea showed that 54
accessions contain 1 to 5 mg. CE/g and 11
accessions, less than 1 mg CE/g. Seed coat
color ranged from white to beige, reddish
brown, dark brown and black and was
significantly correlated with condensed
tannin content. Seeds contained 90% of
total condensed tannins while leaves, stalks
and pods contained the remaining 10%.
Condensed tannins were concentrated in the
seed testa, localized at the palisade layer of
the testa.

091 Laurena, A.C.; Van Den, T.; Mendoza,
E.M.T. Effects of condensed tannins on
the in vitro protein digestibility of
cowpea [Vigna unguiculata (L.)
Walp.]). Journal of Agricultural and
Food Chemistry, 32(5): 1045-
1048. 1984.

Condensed tannins of eight cowpea [Vigna
unguiculata (L.) Walp.] cultivars
determined by the protein precipitation
method were localized in the seed coat and
concentrated in the cooking broth. They
were positively correlated with seed coat
color (r=+0.64""), which varied from
white to light brown, dark red, and black.
Cocking increased in vitro digestibility by
6-8% significantly. The digestibility of the
cooked seeds with cooking broth was
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significantly different from that without
the cooking broth. Replacing the cooking
broth of the cooked white seeds with the
broth of the cooked light brown and black
seeds resulted in a decrease of 1.4% in
digestibility. Replacing the cooking broth of
the cooked light brown and black seeds with
that of the white resulted in an increase in
digestibility of 3 and 4%, respectively. The
change in the relative nutritive value
determined by Tetrahymena pyriformis W
upon interchange of broth was greater (5-
31%). Significant negative correlations
were observed between condensed tannins
and protein digestibility (r=-0.87*") and
relative nutritive value (r=-
0.96"**).Polyvinylpolypyrrolidone when
added to homogenized cooked seeds at 4 and
6 mg/mL increased protein digestibility by
3.7%. Isolated cowpea condensed tannins
and commercial tannic acid decreased the
digestibilty of raw white cowpea and
casein by 3.6 and 5.1% and 2.6 and 4.2%,
respectively. '

092 Meredith, F.l.; Mills, H.A.; Dull, G.G.
Nitrogen concentration and
NH4+/NO3- (Ammonium/Nitrate)
ratio effects on amino acid pattern and
protein quality of seeds of Vigna
unguiculata. Hortscience, 19(1):
88-90. 1984.

Effects of N source and N concentration on
amino acid patterns was determined for
seeds of cowpea cv. Pinkeye Purple Hull.
The lowest amino acid content was obtained
when nitrate-N was the N source. At 75
p.p-m N, amino acids and proteins in seeds
were increased as the ratio of ammoriium -
N: nitrate - N was increased. N source, at
150 p.p.m N, had no effect on amino acid
content. Increasing total N from 75 p.p.m
to 150 p.p.m increased protein levels.
Protein quality was unaffected by changing
the ammonium-N: nitrate N ratios or by
doubling the N concentration. The limiting
amino acid was methionine.

093 Muller, H.P. The genetic control of
seed protein production in legumes.
In: Seed proteins: biochemistry,




genetics, nutritive value. Edited by
W. Gottschalk and H.P. Muller. 309-
353. The Hague, Netherlands,
Martinus Nijhoff. 1983.

Data are included on the total protein
content, essential amino acid content,
isoenzymes and other proteins in cowpeas,
soybeans and other legumes.

%

094 Singh, M.; Ruhal, D.S.; Singh, N.
Effect of selenium on amino-acids in
cowpea (Vigna sinensis). Indian
Journal of Plant Physiology, 27(3):
309-312. 1984.

D03 Photosynthesis,
Metabolism

095 Gober, J.W.; Kashket, E.V.
Methylammonium uptake by
Rhizobium sp. strain 32H1. Journal
‘of Bacteriology, 153(3): 1196-
1201.1983.

Evidence is shown that methylammonium is
transported into cowpea Rhizobium sp.
strain 32H1 cells by a membrane carrier
whose natural substiate is ammonium.
After growth in low (0.2%) oxygen, which

is necessary for nitrogen fixation by these

cells, respiring rhizobial cells took up
(14C] methylammonium to high
intracellular levels. Cells grown in
atmospheric (21%) oxygen did not take up
methylammonium. Uptake (transport plus
metabolism) was maximal in cells
harvested in the early stationary phase of
batch culture and had a distinct pH
optimum of 6.5 to 7.0. Uptake was
inhibited by metabolic poisons that
dissipate the proton motive force or inhibit
ATP synthesis. Inhibition of uptake by
ammonium and the counterflow
phenomenon indicated that ammonium and
methylammonium share a transport
carrier. Of the methylammonium taken up,

Respiration,

The addition of selenium at 0, 1 and 2.5
ppm to the cowpea plants (Vigna sinensis)
in the form of Na2 SeO3. 5H20 affected
amino acids in plants which formed about
1/3 of the total dry matter of normal
cowpea plants and isoleucine about 1/3 of
the total aminoacids. In bound form,
tyrosine and phenylalanin were found
absent at 2.5 ppm Se, while threonine,
serine, proline and glycine showed an
increase at ippm Se than control, which at
the higher. concentration decreased.
Cysteine, Valine, Methionine, Isoleucine
and Arginine were not found in the free
form and Lysine and Histidine were in
traces. Selenium at 1 ppm greatly inhibited
the free aminoacids content but at 2.5 ppm
free aminoacids were higher than 1 ppm.

Transpiration and

about 15% was accumulated to
intracellular levels 20 times higher than
those in the medium; most of the
methylammonium was metabolized to Y-N-
methylglutamine.

096 Minamikawa, T.; Suzuki, Y.; Koshiba,
T. Metabolic changes in axes of
germinating Vigna unguiculata seeds
as related to effects of removal of
cotyledons. Plant and Cell
Physiology, 24(8): 1361-1370.
1983.

[14C)-Labelled amino acids and sucrose
were fed to Vigna unguiculata seeds through
cut-ends of cotyledons, and incorporations
of radioactivity into trichloroacetic acid-
and 80% ethanol-insoluble fractions of
axes, respactively, were followed during
48 h of the post-imbibition development.
The results of these studies, together with
determinations of changes in dry weight and
protein contents after the onset of
imbibition, indicated that the reserve
materials stored in cotyledons were
available for active growth of axes only




after 12 h of post-imbibition. However,
pulse-labeling experiments, were [3H]-
labeled leucine and uridine were fed
directly to axes attached to or detached
from cotyledons, indicated that synthesis of
protein and RNA in both axes was very
pronounced even at earlier stages {2-8h)
of post-imbibition. Albumin and globulin
proteins of axes disappeared most rapidly
during the 6-12h period of post-
imbibition. Cycloheximide, d-amanitin and
cordycepin added to imbibing axes
degradation of major globulin proteins,
whereas the inhibitors had little effect on
the degradation of major albumin proteins.
Both proteolytic .and amylolytic activities
were found to occur in embryonic axes of
'dry' seeds, and increased to higher levels
as the germination proceeded. Axes at early
stages of germination may degrade the self-
sustained reserve proteins and utilize them
for the synthesis of new proteins.

097 Nandi, P.K.; Agrawal, M.; Rao, D.N.
S02-induced effects and their
amelioration by Ca(0H)2 solution in
Vigna sinensis plants. Scientia
Horticulturae, 22(1-2): 47-53.
1984.

Thirty- to 69-day-old field-grown cowpea
(Vigna sinensis L.) plants, when exposed
within closed polythene chambers to 0.25
p.p.m. (667 pg m-3) SO2 for 1.5 h daily
for 40 days, showed significant decreases

in phytomass and total chlorophyll.
However, when the SO2-treated plants
were periodically sprayed with 0.5%
acqueous Ca(OH)2 solution, decreases in
the contents of phytormass and total
chlorophyll were reduced by 14.26 and
29.6%, respectively. These increments in
growth parameters of sprayed plants
suggests an ameliorating action of Ca(OH)2
on plants exposed to SO2.

098 Nirmala, Y.; Swamy, P.N. Nitrogen
accumulation and nitrate-reductase
activity in groundnut and cowpea
treated with kaolinite. Indian Journal
of Agricultural Sciences, 54(12):
1061-1065. 1984.
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A foliar application of 3 or 6% kaolinite to
cowpeas and groundnuts decreased the
transpiration rate and increased the nitrate
reductase activity and N content in leaves.

099 Palaniappan, S.P.; Balasubramanian,
A. Effect of two pesticides on
oxidative metabolism of cowpea
bacteroids. Current Science,
52(14): 674-675. 1983.

Cowpea seeds were sown in a red soil in
mud pots under glasshouse conditions and -
treated with 0.2 and 10ppm active
ingredient of Furadan 3G and Basalin 48EC.
Nodules were collected from the plants
between flowering and pod-filling stage
when active No fixation® occur. The
oxidation of five substrates namely acetate,
pyruvate, citrate, succinaie and fumarate
(at 250 ug m/mi of bacteroid suspension)
by the bacteroids was measured in the
presence/absence of the pesticides under
laboratory conditions. The results showed
that soil application of furadan, even up to
level of 10ppm had no significant effect on
the oxidation of the substrates tried, except
in the case of acetate where significant
stimulation was observed. The oxidation of
all substrates expect that of fumarate was
significantly reduced in the presence of
furadan in vitro at 10ppm only, lower
levels not exhibiting any inhibitory effect.
In Basalin, oxidation of all the five
substrates by the bacteroids of 10ppm soil
treatment was significantly low, while that
of 2ppm showed no effect. Similar results
were obtained in vitro studies. Among the
substrates tried the succinate oxidation at
0 ppm was maximum-and it was more
sensitive to Basalin than other substrates.

100 Pate, J.S.; Peoples, M.B.; Atkins,
C.A.; Van Bel, A.J.E.; Kuo, J. Diurnal
water balance of the cowpea fruit.
Plant Physiology,77(1): 148-156.
1985.

The vascular network of the cowpea (Vigna
unguiculata (L.) Walp.) fruit exhibits the
anatomical potential for reversible xylem
flow between seeds, pods and parent plant.




Feeding of cut shoois with the apoplast
marker acid fuchsin showed that fruits
imported regularly via xylem at night, less
frequently in early morning, and only
rarely in the afternoon. The dye never
entered seeds or inner dorsal pod strands
connecting directly to seeds. Root feeding
(early morning) of intact plants with
32pQg4 or 3H20 rapidly (20 min) labeled
pod walls but not seeds, consistent with
uptake through xylem. Weak subsequent (4
hours) labeling of seeds suggested slow
secondary exchange of label with the
phloem stream to the fruit. Vein flap
feeding of substending leaves with
(14C)sucrose, 3H20, and 32P04 labeled
pod and seed intensely, indicating mass flow
in phloem to the fruit. Over 90% of the
14C and 3H of fruit cryopuncture phloem
sap was as sucrose and water, respectively.

Specific 3H activities of transpired water
coliected from fruits and-peduncles were
assayed over 4 days after feeding 3H20 to
roots, via leaf flaps, or directly to fruits.
The data indicated that fruits transpired
relatively less xylem-derived (apoplastic)
water than did peduncle relied more
heavily on phloem-derived (symplastic)
water for transpiration in the day than at
night, and that water diffusing back from
the fruit was utilized in peduncle
transpiration, especially during the day.
The data collectively support the
hypothesis of a diurnally reversing xylem
from between developing fruit and plant.

101 Peoples, M.B.; Pate, J.S.; Atkins,
C.A.; Murray, D.R. Economy of water,
carbon, and nitrogen in the developing
cowpea fruit. Plant Physiology,
77(1): 142-147. 1985.

The nutritional economy of the fruit of
cowpea was assessed quantitatively from
intake and utilization of carbon, nitrogen
and water. Of every 100 units by weight of
carbon entering the fruit, 70.4% were
finally incorporated into seeds. Phloem
supplied 97% of the fruits' carbon and
72% of its nitrogen. Ninety-six % of the
fruits' nitrogen was incorporated into
seeds. The mean transpiration ratio of the

fruit was very low - 8 milliliters water

transpired per gram dry matter

accumulated.

102 Schoch, P.G.; Jacques, R.; Lecharny,
A.; Sibi, M. Dependence of the
stomatal index 'on environmental
factors during stomatal
differentiation in leaves of Vigna
sinensis L. ll. Effect of different light
quality.  Journal of Experimental
Botany, 35(159): 1405-1409.
1984.

Using appropriate colored lights, it was
shown that phytochrome is involved in
stomatal differentiation.  This
photoperception ‘is located within the whale
shoot and the action is shown for in vitro

leaves. The naiure of the morphngenetic

information is discussed.

103 Thorpe, M.R.; Lang, A.; Minchin,
- P.E.H. Short-term interactions
between flows of photosynthate.
Journal of Experimental Botany,
34(138): 10-19. 1983.

Using radioactive tracers, interactions
between flows of photosynthetic assimilate
were observed in vivo with cowpea, dwarf
bean and morning glory. Changes in
translocation from one source (brought
about by repeated chilling and re-warming
which stops and re-starts flow) can cause
an immediate and partially compensating
change in translocation from another

source. The rapidity of response implies

the transmission of a physical rather than
a chemical signal. The compensation can be
sustained for at least 90 min. and involves
a change in the speed of sap flow rather

~ than a change in its concentration. A change
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in the rate of loading in the source
(lamina) is probably involved, but this is
not always the case, for it seems that the
signal calling for extra assimilate is a
lowering of sieve tube pressure potential

and this is transmitted over only rather

short distances of stem (through over quite
long distances of petiole, because of entry
of water and assimilate (loading) from



stores in close proximity to the pathway.
The response is buffered therefore and

EOO Breeding and Selection

104 Bowers, J.L.; Sistrunk, W.A.; Motes,
D.; Peerson, M.E. 'Epoch' a new
southernpea cultivar. Arkansas Farm
Research, 33(4): 3. 1984.

The yields of Epoch, a new southernpea
cultivar with an erect growth habit, short
basal branches, concentrated pod set at
foliage level, well-filled pods 6-7 inches
long and moderate tolerance to bacterial
blight were studied at four sites in
Arkansas in 1980-1983 and in adjacent
states in 1982, Epoch yields were highest
in southern Arkansas where it outyielded
cv. Pinkeye Purpie Hull, Ereciset and
Crimson. It also outyielded Pinkeye Purple
Hull in Texas, Louisiana and Mississippi.

105 Chandrika, P.; Nair, N.R.;
Viswanathan, T.V., Amma, J.S.
Krishnamany - a new cowpea variety
for the summer rice fallow.
International Rice Research
Newsletter, 8(4): 29. 1983.

Cowpea cultivar Krishnamany has a short
flowering phase, requiring 1-2 picking
and withstands moisture stress inherent
during the post-rice summer period. The
cultivar has a short duration (55-60
days), is bushy and nontrailing, grows
30-35cm tall and produces 4-5
branches/plant. Pods are about 11cm long,
containing about 10 seeds/pod. The
recommended seed rate is 20kg/ha with
20-30-10kg NPK/ha.

106 Chaudhry, A.B.; Ojo, R.C. Seasonal
effects on the performance of ten
cowpea varieties in the Kainji Lake
Basin of Nigeria Savanna. Tropical
Grain Legume Bulletin, 31: 9-14.
1985.
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becomes less evident as one moves away
from the site of treatment.

- General

Nine photoinsensitive and one photo-
sensitive varieties of Vigna unguiculata
were grown under iirigation and also
planted early and late in the rainy season.
Data on parameters such as number of days
to 50% flowering, number of pods/hill,
seed yield/ha, haulm dry weight/ha, seed
yield : haulm dry weight (efficiency index)
and 100-seed weight and on correlations

- among the characters. The photoinsensitive

varieties were earlier than the local,
photosensitive variety Kainji Kurl
TVX3236, Ife Brown and 1T82 D1137 gave
the highest seed yields and had high
efficiency indices. In cooking quality, fuel
consumption and acceptability, Kainji
Kurl, Ife Brown and TVX3236 were the
best because these needed 8-10 minutes to
cook in the pressure cooker as against 30-
45 minutes for the other varieties.

107 Drabo, |.; Redden, R.; Smithson, J.B.;
Aggarwal, V.D. Inheritance of seed
size in cowpea (Vigna unguiculata
(L.) Walp.). Euphytica, 33(3):
929-934. 1984.

The inheritance of seed weight in cowpea
was examined in a field planting of the
parents, reciprocal Fqs, F2s and
backcrosses to both parents of a cross
between TVu 1977-OD (small seeded) and
ACC 70002 -(large). Seed weight was
inherited quantitatively and small seed was
dominant to large seed size. Gene action was
predominantly additive but dominance and
additive x additive epistatic effects were
also significant

108 Fery, R.L. Improved cowpea
cuitivars for the horticultural
industry in the USA. In: Cowpea
research, production and utilization




edited by S.R. Singh and K.O. Rachie.
129-135. Chichester, England, John
Wiley. 1985.

This is a comprehensive review of the
current status of the cowpea-breeding
effort in the United States. It discusses
cultivar classification; breeding methods
and breeding objectives.

109 Fery, R.L.; Dukes, P.D. Carolina
cream southernpea. Hortscience, 19
(3, sec. 1) 456-457. 1984.

The new cowpea cultivar 'Carolina cream’
is described. !n trials throughout Southern
USA in 1980-1982, yields were generaHy
comparable to standard cultivar and
usually matured 1-2 week earlier than
'‘White Acre' cultivar. Tolerance of seedling
diseases was higher than in other cream-
type cultivars.

110 Graham, R.A. Varietal characteristics
and nitrogen fixation in cowpea.
Tropical Agriculture, 60(4); 269-
271. 1983.

Twelve cowpea varieties were evaluated in
a time-phase study for nodulation and dry
matter and N accumulation. Consistent
differences were observed between
varieties for all parameters. Significant
relationships were observed between total
N and shoot weight, total N and nodule
weight and total N and seed yield. Top
growth appeared to have a significant effect
on N fixation and maybe a valuable
criterion in breeding for increased N
fixation in cowpea.

111 Imrie, B.C.; Butler, K.L. Joint
contribution of individual plant
attributes to seed yield of cowpea
(Vigna unguiculata L.) in small plots.
Field Crops Research, 6(3): 161-
170. 1983.

Twenty determinate cowpea accessions
with considerable phenotypic variability
were grown in a field experiment.

Exploratory regression analyses were used
to relate seed yield to growth attributes
and yield components. Within each line
seed yield was related to total number of
pods and to forage yield. In all but two lines
yield per pod, harvest index and yield per
geometric mean of total number of pods and
forage yield were independent of plant size.

112 Miller, J.C., Jr.; Fernandez, G.C.J.
Selection for enhanced nitrogen
fixation in cowpea. In: Cowpea
research, production and. utilization,
edited bv S.R. Singh and K.O. Rachie.
317-325. Chichester, England, John
Wiley. 1985.

Biological nitrogen fixation in cowpea
depends on a complex interaction between
host plant, microbial symbiont and
environment. Microbial symbiont as well
as host-determined factors influence
nodule initiation, development and
function. Both partners of the symbiosis
are subject to genetic variation; thus,
substantial variation exists in type of
nodulation, amount of nitrogen fixed and
ultimately, cowpea yield. The most
promising approach to improve current
levels of biological nitrogen fixation in
cowpea is by breeding using two
approaches. These two approaches are
described.

113  Mishra, S.N.; Verma, J.S.;
Jayasekara, S.J.B.A. Breeding
cowpeas to suit Asian cropping
systems and consumer fastes. In:
Cowpea research, production and
utilization, edited by S.R. Singh and.
K.O. Rachie. 117-123. Chichester,
England, John Wiley. 1985.

Cowpea is grown in Bangladesh, Burma,
China, India, Indonesia, Korea, Nepal,
Pakistan, Philippines, Thailand and Sri
Lanka. On more than half the land in these
countries, cowpea is grown for dry seeds
as a monoculture and as mixed crop for
cereals. Improved varieties that can be
fitted in multiple cropping systems in
various parts of Asia have evolved. The




main efforts have been devoted to reducing
the time to maturity, inducing
synchronized development in terms of pod
formation, inducing photoperiod
insensitivity, instilling an erect growth
habit with peduncles above the leaf canopy
and controlling the partitioning of dry
matter.

114 Ntare, B.R.; Aken'ova, M. Yield
stability in segregating populations of
cowpea. Crop Science, 25(2): 208-
211, 1985,

The suitability of regression and genotype
grouping methods to evaluate vyield
stability in segregating populations of
Vigna unguiculata was determined in F3
and Fslines and bulks from 18 crosses
grown in 4 different environments in
Nigeria and Upper Volta. Significant
genotype x environment interactions were
present in both generations. The two
methods identified the same lines and bulks
as stable, but it is thought that the
genotype grouping method would be most
useful when a large number of genotypes
are evaluated. The results indicated that

selection for adaptability in early
generations in cowpea is possible.

115 Ntare, B.R.; Redden, F.J.; Singh, B.B.;
Aken'ova, M.E. Evaluation of early
generation selection procedures for
yield in cowpea (Vigna unguiculata).
Field Crops Research, 9(2): 91-
100. 1984.

To evaluate early-generation selection
_ procedures for their effectiveness in
isolating high-yielding lines, single plant
selection (SPS), single-plant bulk (SPB),
bulk single plant (BSP) and selected bulk
(SB) were used based on F3yield
evaluation. Lines arising from these
procedures :n six crosses were compared
in F for yield performance. Unselected
lines were used as control. The difference
among the four selection procedures with
respect to grain yield were not significant.
dowever, the most high-yielding lines
were from the SPS procedure. The SB
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procedure gave the lowest number of high
yielding lines but required the least
amount of land. The mean yields of F3 lines
and bulks and the yields of Fg5 and Fg
derived lines were significantly
correlated, r=0.64 and r=0.70
respectively, indicating the effectiveness
of early generation selection for yield in

cowpea.

116 Price, M.; Singh, B.B.; Mamkwe, C.
The role of early maturing cowpea
varieties in Tanzania. Tropical Grain
Legume Bulletin, (27): 8-11.
1983.

Several early and extra-early maturing
cowpea cultivars including four cultivars
which yielded up to 1.9 tha in long and
short rains in 1979-80, were evaluated
at several sites in Tanzania in 1980-82.

- Cross 1-6E-2 and TKx 133-16D-2 were

the earliest maturing cultivars and yielded
1.2 1.7tha. The other cultivais gave
similar or better yields but were later
maturing and had non-synchronous
maturity. Cultivars IET120-4 and IET.
120-5 were high vyielding, had large
seeds, good leaf quality and disease
resistance.

117 Rajendran, R.; Ramachander, P.R.;
Satyanarayana, A.; Srinivasan, V.R.;
Srinivasan, K. Genetic improvement
of cowpea (Vigna unguiculata (L)
Walp.) green pod yield. Acta
Agronomica, Academiae Scientiarum
Hungaricae, 32(1-2): 167-172.
1983.

Nineteen cowpea varieties which are a
random sample of the germplasm collected
from different cultivated areas in India,
were grown in a randomized block design
with four replications. Data are presented
on the range of variation, heritability,
phenotypic, genotypic and environmental
correlations and efficiency of election of
pods yield and all yield-related traits. All
the traits had medium to high heritability.




118 Redden, R.J.; Drabo, I.; Aggarwal, V.
IITA (International Institute of
Tropical Agriculture) programme of
breeding cowpeas with acceptable seed
types and disease resistance for West
Africa. Field Crops Research, 8(1-
2): 35-48. 1984.

The cowpea breeding programme at the
International Institute for Tropical
Agriculture (lITA), having achieved
primary objectives of increase seed yield
and disease resistance, directed attention to
increasing seed size and also selecting for
white, rough testae. Initially three
backcrosses were used to transfer the
large seed character from unimproved to
improved genetic backgrounds. The seed
size of selections was below the original
mid-parent value and the levels of disease
susceptibility were higher than in the
improved parent. Further breeding
involved single backcrosses to both groups
of parents, as well as simple crosses. This
resulted in selections with large seed size
over 20 ¢/100; however, both yield
potential and disease resistance tended to
be less than the improved parents.
Recovery of white seed, as a simple
‘inherited recessive character, was greater
in backcrosses to the large white seeded
parent, and a rough testa was found to be
governed by at least three recessive genes
and to be linked to the allele for white seed.
Recovery of a rough testa was not obtained
untii the F3, and backcross F2,
generations.

119 Robertson, B.M.; Hall, A.E.; Foster,
K.W. A field technique for screening
for genotypic differences in root
growth. Crop Science, 25(6):
1084-1090. 198S5.

To develop a field technique with which
large numbers of genotypes could be tested
for deep, extensive root systems to
increase crop yield in semi-arid
environments, experiments were
conducted with cowpea grown on stored soil
moisture in the field. The herbicide,
metribuzin, was banded into the roct zone
at sowing at specific depths and lateral
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distances from the seed rows. In the main
field trial, lateral distances of 46, 61 and
76 cm were tested in combination with
vertical herbicide bands of 30 and 15 cm
at average vertical depths of §3 and 60 cm
respectively, and with herbicide rates of
4.5 and 9.0 kg active ingredient ha-1 in
the band. Plant teaves were observed for
herbicide symptoms to detect the progress
of root growth in the field. Herbicide
symptoms consistently developed soonest
in plants which were closest to the
herbicide band, in either the horizontal or
vertical direction. Significant genotypic
differences in mean number of days to first
herbicide symptoms among five cowpea
genotypes were also detected. The ranking
of genotypes obtained with this herbicide-
band techniqué was consistent with
estimates of relative depth of effective
rooting obtained from soil moisture
extraction measurements.

120 Singh, B.B.; Ntare, B.R." Development
of improved cowpea varieties in
Africa. In: Cowpea research,
production and utilization, edited by
S.R. Singh and K.O. Rachie. 105-
115. Chichester, England, John
Wiley. 198S.

Cowpea improvement programmes ware in
progress in Nigeria, Nigar, Senegal,
Uganda, Kenya and Tanzania even before the

establishment of the International Institute. .
of Tropical Agriculture (lITA), Ibadan, ‘

Nigeria. From 1970, IITA served as a
centre for training and germplasm
collection and improvement. Research in
the initial phases concentrated primarily
on germplasm collection, evaluation and
maintenance and breeding for disease
resistance. Subsequently, priorities are
given to research on breeding for insect
resistance, early maturing, improved
plant types and desired seed quality.

121 Singh, R.; Dabas, B.S. Correlation
and path analysis studies in cowpea
(Vigna unguiculata (L) Walp.).
international Journal of Tropical
Agriculture, 3(2): 114-118. ~ 1985.



To examine the inter-relationships of
different quantitative characters with
grain yield in two environments in cowpea,
fifty genotypes of different origins were
planted and evaluated. Plant height, pods
per plant, pod length and grain per pod
showed significant positive correlation
with grain under two environments.
Correlation between pod length and grain
per pod and pod length and 100 grain
weight, were positive and consisted in both
the environments. Direct effects of high
magnitude were observed for pod per plant
and 100 grain weight. Selection should be
done for more pod per plant, grain per pod
and 100 grain weight to get high grain in

cowpea.

122 Watt, E.E.; Kueneman, E.A.; Araujo,
J.P.P. de. Achievements in breeding
cowpeas in Latin America. In: Cowpea
research, production and utilization,
edited by S.R. Singh and K.O. Rachie.

EO1 Breeding and Selection

123 Allen, D.J.; Ndunguru, B.J. Recent
advances in control of legume disease.
In: Advancing Agricultural Production
in Africa, Proceedings of CAB's First
Scientific Conference, Arusha,
Tanzania, 12-18 February 1984.
101-105. Slough, United Kingdom,
Commonwealth Agricultural Bureau.
1984.

Cowpea, groundnut and bean are the
principal food legumes in Africa. Diseases
which constitute major constraints to the
production of the three crops are cited.
. Breeding for disease resistance is one of
the recent advances in disease management.
Certain genotypes of the three crops show
combined resistance to two or three
diseases. There are several cowpea
cultivars known to combine resistance to
as many as ten diseases.

125-135. Chichester, England, John
Wiley. 1985.

In Northeastern Brazil, cowpeas are
frequently sown by farmers practicing
shifting cultivation on the marginal lands.
in the savanna ecologies, cowpeas are
frequently grown as a monocrop but
occasionally with maize. in areas of high
rainfall, climbing cowpeas are frequently
grown but on a small scale because staking
costs prohibit large-scale production. As
such, newly developed varieties of both
grain_and vegetable types that elevate the
pods on peduncles can be grown without

- staking. Several cowpea cultivars frum

for
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Latin America and the Caribbean have been
released. These were derived primarily
from mass selection of introduced
germplasm and occasionally from local
varieties that were not pure lines. A few
varieties such as Laura B and BR-1/Poty
were developed from crosses made in Latin
America.

Disease Resistance

124 Atiri, G.1.; Ekpo, J.A.; Thottappilly, G.
The effect of aphid-resistance -in
cowpea on infestation and development
of Aphis craccivora and the
transmission of cowpea aphid-borne
mosaic virus. Annals of Applied
Biology, 104(2) 339-346. 1984.

The virus-vector-host relationships of
cowpea aphid-borne mosaic virus(CAMV)
and its vector, Aphis craccivora, were
studied in cowpea lines differing in
resistance to aphid infestation. CAMV was
acquired and inoculated by its vector
during brief probes, confirming that it is
non-persistently transmitted. On aphid-
resistant cowpea lines, the abundance and
the relative sizes of aphids was less than in
aphid-tolerant and aphid-susceptible
lines. However, aphids were observed to
make more numerous probes and probes of
shorter duration on aphid-resistant lines
than on aphid-susceptible lines. Resistance




to aphid infestation in cowpea did not
provide resistance to infection with CAMV.

125 Afiri, G.1.; Thottappilly, G. Relative
usefulness of mechanical and aphid
inoculation as modes of screening
cowpeas for resistance against cowpea
aphid-borne mosaic virus. Tropical
Agriculture, 61(4): 289-292.
1984,

Mechanical and aphid inoculations were
compared as modes for screening cowpeas
for resistance against cowpea aphid-borne
mosaic virus (CAMV). Aphid transmission
of CAMV could vary depending on whether
the test host is aphid-resistant or aphid-
susceptible. In aphid-resistant lines,
aphid inoculation, however, proved to be a
better method of CAMV transmission in
aphid-susceptible lines. Aphids were
unable to acquire CAMV from the. aphid-
resistant source plant with the same ease
as they did from susceptible ones.
Generally, only slight differences were
observed between mechanical and aphid
transmission of CAMV. Therefore,
mechanical inoculation is to be preferred
over aphid inoculation for screening
cowpeas against CAMV, because the former
is easier, faster and involves less
variables.

126 Collins, M.H.; Witcher, W.; Barnett,
O.W.; Ogle, W.L. Reactions of 16
cowpea cultivars to six viruses.
Plant Disease, 69(1): 18-20.
1985.

Sixteen cowpea cultivars were inoculated
with blackeye cowpea mosaic virus
(BICMV), cowpea chlorotic mottle virus,
cowpea mosaic virus, cowpea severe
mosaic virus, southern bean mosaic virus
(cowpea strain), and cucumber mosaic
virus and rated for susceptibility. The
entire study was conducted three times in
the greenhouse with five replicates of two
plants for each treatment in the first two
studies and with four replicates in the
third study. Two weeks after inoculation,
symptoms were recorded. All plants were

rated for susceptibility. Brown Crowder,
Magnolia Blackeye, Mississippi Silver,
Mississippi Purple, and Worthmore had
promising levels of resistance or tolerance
to BICMV. Among the cultivars, there
appeared to be some resistance or
tolerance to the other five viruses.

127 Dukes, P.D.; Fery, R.L.; Jones, A.;
Hamilton, M.G. Evaluating peppars, -
cowpeas, sweet potatoes and tomatoes
for resistance to southern blight
incited by Sclerotium rolfsii Sacc.
Phytopathology, 73(5): 785-786.
1983. '

Procedures were developed for evaluating
cowpeas, peppers, sweet potatoes and
tomatoes for resistance to southern blight
(SB). Methods for mass production,
standardization and storage of S. rolfsii
scl@fmtia were refined, and procedures
were developed for rapidly inoculating
field plantings. Results of field tests
suggest there is significant genetic
variability in cowpeas, pappers and sweet
potatoes for SB resistance. Several
accessions of cowpeas exhibited promising
levels of resistance.

128 Gbaja, |.S.; Chant, S.R. Effects of co-
infection by Fusarium oxysporum
and sunn-hemp mosaic virus on the
growth of cowpea (Vigna unguiculata
(L.) Walp.) Tropical Agriculture,
60(4); 272-277. 1983.

Cowpea plants co-infected with the wilt
pathogens Fusarium oxysporum f{. sp.
tracheiphilum (Fot) or f. sp. Phaseoli
(Fop) with the Sunn-hemp mosaic virus
(SHMV) showed greater losses in total
fresh weight, leaf area, length of main axis
than comparable healthy plants or plants
infected with any one of the pathogens
alone. The changes were shown to be
consistent in the two cultivars tested. In
cv. "California Blackeye" co-infaction with
fot and SHMV cause the death of most of the
plants within 28 days of inoculation. There
was no consistent pattern in the changes in
virus titre with time in the two cultivars.




It is suggested that the interaction of either
fungus with SHMV in cowpeas may be a
synergistic relationship.

129 Gitaitis, R.D. Two Resistant
responses in cowpea induced by
different strains of Xanthomonas
campestris pv vignicola. Plant
Disease, 67(9): 1025-1028. 1983.

Twenty-eight cowpea cultivars and plant
introductions were identified as resistant
to bacterial blight and canker. Two types of
resistant responses were observed and
characterized. The first response was a
rapid confluent necrosis, typical of a
normal hypersensitive response, and was
expressed against incompatible flourescent
pseudomonads and most strains of
Xanthomonas campestris pv. vignicola.
The second response was represented by a
brown-red discoloration without complete
collapse of the tissue. The brown-red
reaction was expressed against two strains
of X. campestris pv. vignicola as well as
all other pathovars of X. campestris that
had been isolated from a variety of hosts
other than cowpea.

130 Haque, M.F.; Prasad, R.; Jha, D.K.
Incidence of cowpea mosaic virus in
Chotanagpur of Bihar state of India.
Tropical Grain Legume Bulletin, 31:
27-28. 1985.

Observations of the natural incidence of the
virus on 21 varieties of Vigna unguiculata
in the field in 1982 indicated that CG7,
CG28, Gomti, KBC1, S488, CG104 and
CG112 were resistant and that V16 was
tolerant. Data are tabulated on the
incidence of the virus and number of days
to 50 percent flowering.

131  Kuhn, C.W.; Brantley, B.B.; Demski,
J.W.; Pio-Ribeiro, G. 'Pinkeye
Purple Hull-BVR', ‘'White Acre-
BVR', and 'Corona' cowpeas.
Hortscience, 19(4): 592. 1984,

Three new cultivars, 'Pinkeye Purple Hull-
BVR', 'White acre-BVR', and ‘Corona’
cowpeas, originated from selections made
during a study to evaluate the disease
reactions of cowpea cultivars to single and
mixed infections of Blackeye cowpea mosaic
virus (BLCMV) and cucumber mosaic virus
(CMV). The plant, pod and seed
caracteristics of 'Pinkeye purple Hull-BVR'
and 'White Acre-BVR' are indistinguishable
from the cultivars from which they were
selected. 'Pinkeye Purple Hull-BVR' has
purple pods with a red eye and 'White-Acre
BVR' is a small-seed cream type. 'Corona’
mature pods are pendant, dark purple with
an average length of 23cm. Seeds have a
smooth, cream-colored testa with a red eye
(red pigment surrounding the hilum. The
three cultivars have an extremely high
degree of resistance to BLCMV.

132 Oladiran, A.O.; Oso, B.A. Comparative
susceptibility of some cowpea lines to
brown blotch. Tropical Grain Legume
Bulletin, (28): 10-17. 1983.

The severity of the disease caused by
Colletotrichum truncatum and C. capsici
was studied in field trials using nine cowpea
varieties. The results showed that ihe rates
of infection increased with increase in the
age of the pods in all"the varieties except
Vita 1 which did not show any disease
symptom. Cultivars |IAR 339-1 and Kano
1696 were moderately resistant. All the
varieties except Kano 1696 and Vita 5 were
also found to be susceptible to other diseases
like web blight and Cercospora leaf spot.

133 Patel, P.N. Resistance to bacterial
bllght in cowpeas Vigna unguiculata
in Tanzania and other countries.
Indian Journal of Genetics and Plant
Breeding, 43(1): 9-13. 1983.

In screening ,of 190 cowpea accessions in
Tanzania, by stem-stab inoculation with the
blight organism, Xanthomonas campestris

pv. vignicola, 21 accessions reacted as
resistant and 20 as moderately resistant.
Comparisons of the reactions in five
screening tests carried out in Tanzania,




India, Nigeria and Puerto Rico showed
differences in the pathogenic behaviour
among the cultures of the blight organism
prevalent in these countries. Cowpea
accessions which could be used as
differentials for identification of pathogenic
races and monitoring the stability of the
varietal resistance are suggested.”

134 Patel, P.N.; Kuwite, C. Reaction of
cowpea lines to powdery mildew in
Tanzania. Tropical Grain Legume
Bulletin, (28): 2-4. 1983.

Of the 246 lines of cowpeas inoculated with
Erysiphe polygoni in the greenhouse in
Tanzania, none was immune, 13 were
resistant; 25 moderately resistant; 72
moderately susceptible; 36 highly
susceptible and 18 heterogeneous. In a
similar glasshouse screening of 158 cowpea
lines at lITA, Ibadan, Nigeria, 39 lines were
found to be resistant; 28 moderately
resistant, 14 moderately susceptible; 34
susceptible; 36 highly susceptible and 7
heterogeneous. Comparison of the reactions
in cowpea lines common in the tests in
Nigeria and Tanzania revealed that seven
lines were resistant in Nigeria but were
susceptible in Tanzania. Nine lines were
resistant in both countries.

135 Patel, P.N.; Singh, D. New bacterial
blight resistant vegetabie cowpea in
India. Tropical Grain Legume
Bulletin, 29: 14-18. 1984,

A bacterial blight-susceptible breeding
line, P-85-2 was crossed with a bacterial
blight-resistant line, P-426 to breed new
‘vegetable cowpea lines. Of the three new
bacterial-blight resistant lines, No. 1552
consistently performed better and was
therefore recommended to farmers. The
breeding line No. 779 did well as an early
maturing intercrop with pigeon pea, maize,
sorghum, sugarcane and other crops. No.
868 has performed well in Tanzania as an
early catch crop. Breeding lines No. 750 and
754 have not been extensively evaluated for
yields but produces long, tender and fleshy
pods. No. 754 has been used in the crossing

program at |ITA, Nigeria becauss of
resistance to several diseases and:.other
agronomic characters.

136 Rios, G.P. Reacao de cultivares de
caupi (Vigna unguiculata) a
Sphaceloma sp. [Reaction of cowpea
(Vigna wunguiculata) cultivars to
Sphaceloma sp.). Fitopatologia
Brasileira, 8(2): 251-258. 1983.

Cowpea cultivars were evaluated for their
reaction to scab (Sphaceloma sp.) in the
field and in pots. The evaluation criteria for
level of resistance was“the percentage of
area infected on leaves, pods, stems as well
as lesion type on stems. Symptoms were
more severe on the pods and stems than on
the leaves. On the basis of the field
experiment, two groups of cultivar, one
resistant and the other susceptible, were
tested in pots. The resistant group had lower
mean values for number of lesions on the -
leaves, lesion type on the stems and
percentage of leaf area infected than the
susceptible group.

137 Rocha-pena, M.A.; Fulton, J.P. Some
properties of a cowpea severe mosaic_
virus isolate from Tabasco, Mexico.
Turrialba, 34(2): 237-242. 1984,

Sixteen cowpea and seven bean genotypes, as
well as other legumes and non-legumes
were tested in the greenhouse for their
reaction to cowpea severe mosaic virus.
(CSMV). Fourteen cowpea genotypes
including six cultivars grown in Tabasco
were susceptible to the virus and reacted

~ with the production of local lesions on the
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inoculated primary leaves, followed by the
development of a severe mosaic on the
trifoliate leaves. The cowpea accessions
Macaibo and PI-186465 were immune to
CSMV-Tabasco infections. Agar double-
diffusion serology demonstrated that CSMV-
Tabasco is closely related, but not identical,
to CSMV-Arkansas and to other CSMV"
isolates from Puerto Rico, El Salvador and
Venezuela.




138 Singh, B.B. Cowpea breeding for
disease and insect resistance. FAO
Plant Production and Protection
Paper, 85: 139-152. 1984,

Cowpea is attacked by at least 35 diseases
caused by viruses, fungi, bdcteria and
nematodes. The most widespread of these
diseases are: cowpea yellow mosaic, cowpea
aphid borne mosaic, bacterial pustule,
bacterial blight, anthracnose, Cercospora
leaf spot, wilt and stem rot, Septoria, web
blight, scab and brown blotch. The major
pests inciude Callosobruchus maculatus,
Empoasca dolichi and Aphis craccivora.
Information on the sources and genetics of
insect of cowpeas in Nigeria is given. The
lext is supplemented with 9 tables in which
data are included on named varieties and

breeding lines with resistance to various

pests and diseases. A breeding method for
developing high-yielding varieties with
multiple pest and disease resistance is
schematically represented.

139 Sivaprakasam, K.; Anbalagan, R.
Screening of cowpea to root rot
disease. The Madras Agricultural
Journal, 70(6): 419. 1983.

One hundred and twenty test lines were
screened for resistance to root rot disease
incited by Macrophomina phaseolina. Co.2
variety of cowpea was grown as a check line
in between each test line. The lines giving
resistant to moderately resistant reaction to
the disease under natural conditions were
further tested in infected plots. Of the 31
lines tested, 2 were moderately resistant, 9

weie moderately susceptible, 16 were.

susceptible and 5 were highly susceptible.
C152 which was reported to be immune to
bean yellow mosaic and tobacco ringspot
viruses and susceptible to cowpea aphid

borne o *nqa|c virus was found to be highly
susce s <5le 1o root rot.

140 Sumner, D.R.  Virulence of
anastomosis groups of Rhizoctonia
solani and Rhizoctonia-like fungi on
selected germ plasm of snap bean,
lima bean, and cowpea. Plant Disease,

¢ 89(1). 25-27. 1985.

Rhizoctonia solani AG-4 and AG-2 type 2,
indigenous to the Georgia coastal plain were
highly virulent on cultivars of cowpea,
snap bean, lima bean and pole bean. All
cowpea cultivars tested were highly
susceptible to isolates of AG-4, AG-2 type

1, AG-2 type 2 and one isolate of CAG-3 ~

but were resistant to isolates of CAG-2, and
CAG-5.

141 Sunarjono, H. Cowpea: selected high
yield leading variety and Fusarium
rot tolerance lines. Indonesian
Agricultural Research and
Development Journal, 7(384): 31-
34. 1985.

Cowpea is a very important crop in
Indonesia. It is easily grown in lowland and

highland areas. However, the problem of a .

fungal disease Fusarivm phaseoli infects as
much as seventy percent of the crops at the
vegetative stage in the field. As such several
varietal trials were conducted in farmers
field from 1979 to 1983. During the dry
season of 1983, a varietal trial conducted at
Muara, Bogor was conducted with several
bruchid resistant lines introduced from the
international Institute of Tropical
Agnculture [tare \\Results indicated that
line IT82E9 gave a¥ield of 2.83 tonnes/ha

~and that it was highly tolerant to Fusarium

infection. Line IT82E16 followed with a
yield of 2.53 tonnes/ha.




E02 Breeding and Selection for Drought Resistance

142 Hali, A.E.; Patel, P.N. Breeding for
resistance to drought and heat. In:
Cowpea research, production and
utilization edited by S.R. Singh and
K.O. Rachie. 137-151. Chichester,
England, John Wiley. 1985.

Drought and high temperatures often occur
together in the semi-arid zones where
cowpeas are grown and they have interactive
adverse effects on plant growth and
development. Studies on cowpea responses to
temperature showed that high temperatures
at night can be much more damaging to grain
yield of cowpeas than high temperatures
during the day. Crosses have been made to
transfer heat olerance from one cullivar to
another. It has been observed that several
cowpea strains developed by empirical
breeding procedures in one of the hottest
cowpea-production regions of the world
have some tolerance to high night
temperatures. But the heat tolerance of

EO3 Breeding and Selection

144 Bosque-Perez, N.A.; Leigh, T.F.;
Foster, K.W.; Duffey, S.S. Nymph
growth and development, oviposition,
and seed damage on cowpea by Lygus
hesperus (Heteroptera: Miridae).
Journal of Economic Entomology,
78(6): 1254-1258. 1985.

Twenty cowpea genotypes were tested for
resistance to Lygus hesperus. During
1982, the effect of these genotypes on
nymph survival and growth, and
ovipositional preference was measured.
Susceptibility of the 20 genotypes to Lygus
-induced seed damage was also measured in
both natural field and caged adult female
infestatioris. Nymph growth and seed damage
were evaluated again in 1983. Significant
reductions in nymph growth were measured
on 8 of the 20 entries when compared with
the susceptible standard ‘'California

traditional, late-flowering cowpea varieties
from West Africa still need to be evaluated.

143 Yadava, R.B.R.; Patil, B.D. Screening
of cowpea (Vigna unguiculata L.)
varieties for drought tolerance.
Journal of Plant Breeding, 93(3):
259-262. 1984.

Eight varieties of cowpea (Vigna unguiculata
L) were screened for drought tolerance.
HFC-42-1 and IGFRI-450 showed lower
CSI values under drought in comparison to
other tested varieties, but the values of
relative water content (RWC) and diffusion
pressure deficit (DPD) were higher. These
indices allow us to consider that of the
varieties tested HFC-42-1, IGFRI-450 and
IGFRI-457 are the comparatively more

drought tolerance varieties of cowpea. There .

was direct relationship between chlorophyll
stability index (CSI) and reduction in yield.

fovr Insect Resistance

Blackeye 5' (CBS). The two genotypes
exerting greatest reduction on nymph
growth were Pl 170861 and Pl 148674.
Oviposition by lygus bugs was significantly
fower on 'KR78-3-2' and Pl 367925 than
on 'CB5'. Mean numbers of seeds damaged by
lygus bugs were significantly lower for the
cowpea acquisitions 'New Era', Pl 227829,
and 'CR17-1-13' than for 'CB5' in both
free-choice and no-choice experiments.
Several of these cowpea acquisitions appear
to be good genetic sources for daveloping
improved varieties with resistance to lygus
bugs.

145 Caswell, G.H. The value of the pod in
protecting cowpea seed from attack by
bruchid beetles. Samaru Journal of
Agricultural Research, 2(1/2): 49-
55. 1984




Three hundred varieties of cowpea were
tested to assess the protection provided by

the pod against attack by bruchid beetles.

Twenty varieties were selected and tested
for the tendency of the pod to shatter, the
protection provided by the seed coat. Six
varieties were found to be well protected. Of
these, TVU625, TVU4214 and TVU4200 had
seeds that are acceptable to the consumer.

146 Fatunla, T.; Badaru, K. Resistance of
cowpea Vigna-unguiculata -spp-
unguiculata pods to Callosobruchus
maculatus.  Journal of Agricultural
Science, 100(1): 205-209. 1983.

Four bruchid-resistant and four susceptible
cowpea culivars and their F2 crosses were
evaluated for ovipositon, egg hatching and
emergence scores of cowpea weevils.
Oviposition and number of eggs hatched were
normally distributed but percentage of eggs
hatched was not . For percentage weevil
emergence, the F2 progenies with
susceptible parents as females had a
different distribution from that of their
reciprocals with resistant parents as
females. Resistance was observed at the egg
hatching and weevil emergence stages.
Percentage of eggs hatched was significantly
and positively associated with percentage
weevil emergence.

147  Fitzner, M.S.; Hagstrum, D.W.;
Knauft, D.A.; Buhr, K.L.; McLaughlin,
J.R.  Genotypic diversity in the
suitability of cowpea (Rosales:
Leguminosae) pods and seeds for
cowpea weevil (Coleoptera:
Bruchidae) oviposition and
development. Journal of Economic
Entomology, 78(4): 806-810.
1985.

The suitability of cowpea pods for

Callosobruchus maculatus (F.) oviposition
varied significantly among 36 diverse
genotypes, among 3 pod maturity stages, and
between the first 6 h or remaining 18 h
periods of the test. The differences in mean
number of eggs laid per pod between the
most and least suitable genotypes for dry,

yellowing, and mature green pods were 14-
, 7- and 3-fold, respectively, and were
clearly sufficient to demonstrate
nonpreference resistance of cowpea weevil
oviposition. The oviposition on pods of one
stage was not correlated with suitability of a
genotype in the other two stages. Cowpea
weevils oviposited on all stages of all
genotypes and the differences in the
suitability were in part a result of
oviposition being delayed on some stages or
genotypes more than others. The suitability
of dry pods for oviposition was not
correlated with suitability of that genotype
for offspring development. The differences
in oviposition between the most and least
suitable seeds of these same 36 genotypes
was only 2-fold. This may indicate that pods
have a more diverse array of oviposition
stimuli than seeds and may thus be a richer
source of nonpreference resistance.

148 Khaemba, B.M. Search in the
available cowpea germplasm for
sources of resistance to the common
pod-sucking bugs Riptortus dentipes
(F.) and Anoplocnemis curvipes (F.).
East African Agricultural and
Forestry  Journal, 50(1-4): 1-5.
1984.

Field evaluation of a diversified sample 'of
world cowpea germplasm consisting of
4022 cultivars revealed that the bulk
(99.18 percent) of them were susceptible
to R. dentipes and A. curvipes when judged
on a 1-5 rating scale based on the degree of
pod shrivel. Thirty three (0.82 percent)
cullivars which had initially 20-39% pod
damage were considered moderately
resistant and were selected for further field
confirmation tests. Eight cultivars which
exhibited reasonable levels of resistance to
these bugs in replicated trials were: Emma
B, PS-1, Vita4, PS-2, Katumani-1, TVu
Nos. 6641, 4052 and 4339. Color of fresh
pods and peduncle length contributed to the
resistance of cowpeas to R. dentipes and A.
curvipes. ’

149 Manawadu, D. Varietal susceptibility
of cowpea to Aphis craccivora.




Tropical Grain Legume Bulletin., 30:
15-20. 1985.

Population of Aphis craccivora naturally
infesting two varieties, Kano White and lIfe-
Brown were studied in Maiduguri, Northern
Nigeria in 1981. In both varieties, the stem
was more infested at 81 percent for Kano
White and 31 percent for Ife Brown, than
any other part of the plant. Leaves take
-second place with an average of 73 percent
of Kano White and 39 percent for Ife Brown.
Kano White suffered greater damage and loss
of yield than Ife Brown.

150 Marfo, K.O. Evolving insect pest
resistant cowpea varieties in Ghana.
Insect Science and its Application,
6(3): 385-388. 1985.

Cowpea production in.Ghana has been
declining due to the havoc caused by insect
pests and diseases. A number of the
systematic screening and testing procedures
of both exotic and indigenous materials with
the aim of evolving varieties that are
resistant to a broad spectrum of insect pests
are presented in this paper.

151 Messina, F.J.; Renwick, J.A.A.
Resistance to Callosobruchus
maculatus (Coleoptera: Bruchidae)
in selected” cowpea lines.
Environmental Entomology, 14(6):
868-872. 1985.

Four high-yielding lines of cowpea, Vigna
unguiculata (L.) Walp., were evaluated for
resistance to four geographic strains of the
cowpea weevil, Callosobruchus maculatus
(F.). Unlike the low-yielding accession
from which they were derived, the four
advanced lines did not cause high mortality
of C. maculatus larvae within seeds.
Resistance to larvae was expressed solely as
delayed growth. Variation among beetle
strains was minor, although the Nigerian
strain appeared to develop faster than the
others did on resistant seeds. Development
times in all populations decreased slightly
or not at all after six generations of
selection favouring the fastest-developing

beetles. Females reared on resistant seeds
were as fecund as those reared on
susceptible seeds. The resistant cowpea
lines differed from each other mosily in the
acceptability of seeds for oviposition; two
rough-seeded lines combined antibiosis
resistance to bruchid larvae with
nonpreference resistance to ovipositing
adults.

152 Moshy, A.J.; Leigh, T.F.; Foster,
K.W.; Schreiber, F. Screening
selected cowpea, Vigna unguiculata
(L.) Walp., lines for resistance to
Lygus hesperus (Heteroptera:
Miridae). Journal of Economic
Entomology, 76(6): 1370-1373p.
1983. :

Eighty-six cowpea lines were screened for

_indications of resistance to Lygus hesperus

Knight in individual plant cages. Observed
gross rate of population increase and
reduced proportional development of L.
hesperus to an advanced instar or the adult
stage were used as indications of resistance.
Significantly fewer total bugs were
recovered from 35 of the cowpea test
entries than from the susceptible entries.
On some entries, a majority of L. hesperus
recovered from cages were in the 5th instar
or adult stage, whereas significantly greater
proportions of lygus bugs recovered from
15 of the entries were in the earlier
instars, indicating delayed development.
Twenty-two entries appear to be worthy of
more intensive evaluation for level and
mechanism of resistance to this insect.

153 Ngugi, E.C.K.; Shakoor, A.; Omanga,
P.G.A. Breeding for resistance against
some of the major insects of cowpea
and pigeon pea. Insect Science and its
Application, 6(3): 365-367. 1985.

Cowpea (Vigna unguiculata) and pigeon pea
(Cajanus cajan) are the major grain
legumes grown in the semi-arid areas of
Kenya. Aphids, thrips, pod-borers and pod-
sucking bugs are commion insegct pests to
both crops. Apion beelle is a serious pest of
cowpea. As the use of chemical control is




beyond the reach of the small-scale farmers
the development of tolerant crop varieties
has been initiated at the National Dryland
Farming Research Station. The sources of
resistance against aphids and thrips in
cowpea were received from the
International Institute of Tropical
Agriculture, Nigeria, and information on
their reaction to these insects under field
conditions are discussed.

154 Parch, I.A. The effects of Empoasca
dolichi Paoli (Hemiptera:
Cicadellidae) on the performance and
yield of two cowpea cultivars.
Bulletin of Entomological Research,
73(1): 25-32. 1983.

The effects of feeding by groups of 0,.15,
30, 45, 60, 75 or 90 adults of Empoasca
dolichi Paoli per plant on the growth and
yield of caged Prima and ife Brown cowpea
plants infested 14, 21 or 28 days after
planting were studied in |badan, Nigeria.
Caging had no significant adverse effects on
yield. E. dolichi caused severe hopper-burn
in plants infested 14 days after planting.
The mean pre-flower-opening stage lasted
42.1, 38.0 and 39.0 days in Prima and
44.6, 40.7 and 42.3 days in Ife Brown
plants infested 14, 21 and 28 days after
planting, respectively, the first figure for
each cultivar being singnificantly different
from the other two. The mean yields were
23.3 28.5 and 29.8 pods per plant for
Prima, and 35.0, 48.1 and 43.7 for lfe
Brown, respectively the first figure for
each cultivar being significantly lower than
the other two. The reduction in seed yield in
damaged plants infested 14 days after
planting ranged from 28.7 to 41.3% for
Prima and 27.2 to 56.9% for Ife Brown,
the reductions being significantly correlated
with scores for feeding damage by E. dolichi.

155 Ram, S.; Patil, B.D.; Purohit, M.L.
Cowpea (Vigna unguiculata) varieties
resistant to major insect pests.

Indian Journal of Agricultural
Science, 54(4): 307-311. 1984,

Among 438 varieties of cowpea (Vigna
unguiculata (Linn) from the Far-East,
India, Middle-East, Africa and America, a
wide variation was observed in their
tolerance to Empoasca kerri Pruthi, Pagria
signata Motsch., Plusia nigrisigna Walk.,
Spodoptera litura Fabr.,, Colemania
sphenarioides Bol., Chrotogonus
trachypterus Blanch., and Atractomorpha
crenulata crenulata Fabr. Under rigorous
testing India varieties 'IL 118', 'IL 138' and
'IL 148; were found to be highly tolerant.
The mechanism for tolerance appeared to be
antibiosis.

156 Redden, R.J. The inheritance of seed
résistance to Callosobruchus
maculatus F. in cowpea (Vigna
unguiculata L. Walp.). Il. Analyses of
percentage emergence and emergence
periods of bruchids in F4 seed
generation of two reciprocal crosses.
Australian Journal of Agricultural
Research, 34(6): 697-706. 1983.

Seed from F3 generation plants of two
reciprocal crosses were evaluated for
bruchid resistance, over 28 F3 families of
four plants each plus an additional five
plants each in 10-11 families. The
variables, percentage adult emergence for a
specific period and meantime to emergence,
agreed with respect to describing
segregation in the resistant, intermediate
and susceptible categories. Resistance was
expressed as a recessive character. No
differences between families from
reciprocal crosses were detected.

157 Redden, R.J.; Dobie, P.; Gatshouse,
M.C. The Iinheritance of seed
resistance to Callosobruchus
maculatus F. in cowpea (Vigna
unguiculata L. Walp.). I. Analyses of
parenmtal, F{, F2, F3 and backcross
seed generations. Australian Journal
of Agricultural Research, 34(6):
681-696. 1983.

Bioassays for bruchid emergence on cowpea
seeds were conducted on the parent, hybrid
F1, F2, F3 and backcross seed generations




““of five crosses between susceptible cowpea
lines and the resistant accession TVu 2027.
The results indicated: (1, that the
expression of resistance is mainly
determined by the maternal genotype; (2)
that resistance may be inherited as a major
gene effect, with resistance recessive, and
with the presence of modifier genes of
different effects in different crosses; (3)
that a cytoplasmic effect appears to be
absent; (4) that a paternal or embryo
genotype effect on seed resistance can be
detected in a certain backcross combination;
(5) that trypsin inhibitors are partly
associated with expression of resistance,
but are uncorrelated in F2 segregation, and
appear o be quantitatively inherited and
variable between crosses. Thus, additienal
mechanisms so far undetected may also be
implicated in the expression of seed
resistance to bruchids.

158 Redden, R.J.; McGuire, J. The genetic

evaluation of bruchid resistance in.

seed of cowpea. Australian Journal of
Agricultural Research, 34(6): 707-
716. 1983.

Seed resistance of cowpea (Vigna
urguiculata L. Walp.) to bruchids at the F3
plant generation was assessed by various
methods. The simplest reliable variable to
use for assessment of resistance to bruchids
was the percentage of undamaged seed with
zero emergence holes. However, greater
control and manipulation of egg laying on
seeds would be required to obtain uniform
infestation. Three (or less) eggs per seed is
suggested as acceptable. Care, particularly
on the uniformity of eggs laid, is hecessary
when using percentage seed weight loss as an
index of resistance. In general, seed weight,
number of eqgs per seed, seed testa texture
and number of seeds per sample did not
appear to influence estimates of resistance,
with the exception of seed weight loss.

159 Redden, R.J.; Singh, S.R.; Luckefahr,
M.J. Breeding for cowpea rasistance
to bruchids at HITA. Protection
Ecology, 7(4): 291-303. 1984.

The program for breeding seed resistance to
bruchids in cowpea has used the accession
TVu 2027 as a source of effective
resistance. Mechanism of resistance
examined is larval antibiosis expressod by
reduced survival and longer devslopmental
times. The expression of resistance appears
to be unatfected by plant growing conditions,
but environmental conditions do affect both
the level of damage to seed and insect growth
rate. Although resistance is inherited as a
recessive character, its inheritance is
complex with segregation within the
resistant lines continuing beyond the Fs
generation in most cases. Resistance has
been recovered at a low frequency in late
generation segregants, which have also been
selected for disease resistance, photo-
insensitivity and acceptable seed type.

160 Salifu, A.B. A screenhouse technique
for evaluating cowpea resistance to
cowpea flower thrips
(Megalurothrips
(Trybom). Tropical Grain Legume
Bulletin, 29: 7-13. 1984.

The development of a screehhouse technique

for evaluating cowpeas for resistance to
cowpea flower thrips consists of (1)
raising cowpea plants in pots; (2) caging
the plants with nylor. mesh bag supported
by aluminium rods pushed into the pot soil
and transferred into the screenhouse; and
the plants were artificially infested with
thrips. Resuits of infestation of caged
plants correlated with those of field grown
plants. Cultivars TVu 1509 and:TVx 3236-
01G show some levels of resistance to
thrips.

161 Singh, B.B. Cowpea/mungbean IPC:
status and recommendations. In:
IWIPCGL - Proceedings of the
International Workshop in Integrated
Pest Control for Grain Legumes. 3-9
April, 1983. Goiania, Goias, Brazil.
407-417, Brasilia, EMBRAPA.
1984.

The existing state of knowledge on various
aspects of integrated pest control in cowpea
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and mungbean are reviewed. Based on the
fact that insect pests are causing over 80%
yield losses in these crops while pest
control measures are virtually
nonexistent, recommendations are made as
to the immediate research needs in specific
area.

162 Singh, B.B.; Singh, S.R.; Adjadi, O.
Bruchid resistance in cowpea. Crop
Science, 25(5): 736-739. 1985.

By systematic screening of over 8000
germplasm lines, three sources of
resistance to cowpea bruchid
Callosobruchus maculatus have been
identified. These are TVu 2027, TVu
11952 and TVu 11953. Bioassay of these
lines revealed staggered and significantly
less adult emergence as compared to the
susceptible Hfe Brown. The average adult
emergence in TVu 2027, TVu 11952 and
TVu 11953 was 26.6, 32.8 and 22.1%,
respectively as compared to 86.4% for lfe
Brown. Similarly the percent damaged
seeds ranged from 25 to 26% in the
resistant lines at 103 days after
infestation as compared to 95% for lIfe
Brown. The ditferences among resistant
lines were not significant indicating that
the level of resistance in these lines is
similar. The data further indicate that the
level of resistance in these lines is good
enough to provide reasonable protection
against bruchids during storage.

163 Singh, S.R. Host plant resistance in
cowpeas, beans and soybeans. In:
IWIPCGL Proceedings of the
International Workshop in Integrated
Pest Control for Grain Legumes. 3-9
April,1983. Goiania, Goias, Brazil.
117-129. Brasilia, EMBRAPA.
1984.

The major insect pests of cowpeas, beans
and soybeans are enumerated, with
information about progress and prospects
of breeding resistant legume varieties to
limit their damage. Resistance to some of
the mare difficult polyphagous insect pests
has been identified. In the case of aphids and

leaf hoppers, high levels of resistance have
been found. In the case of pod-sucking bugs,
it appears that at least a low level of
resistance is present and that by utilizing
shorter-maturity varieties pod-sucking
bug damage can be reduced.

164 Ta'ama, M. Yield performance of
thrips resistant cultivars under no
insecticide application.  Tropical
Grain Legume Bulletin, (27): 26-
28. 1983.

In a trial of four promising cowpea
cultivars resistant to Megalurothrips
sjostedti in Nigeria in 1980, the damage
rating on a five-point scale was 1.0 for
TVu 1509, 1.0 for TVx 3236-01G, 2.5 for
Ife Brown and Vita-6. The yields (in
kg/ha) was 676 for TVu 1509; 502 for
TVx 3236-01G, 190 for Ife Brown and
216 for Vita-6.

165 Vir, §. Varietal resistance and
susceptibility of
Callosobruchus maculatus fab.
Indian Journal of Entomology, 45(3):
213-217. 1983. (Received in

1985)

Twenty four promising varieties of cowpea
were screened for their relative resistance
to Callosobruchus maculatus Fab. The
study revealed that varietal reaction in
regard to average developmental, period of
grub and food consumed per grub of
emerged beetles was significant. Variety
Copusa-2 showed maximum percentage loss
in weight while it was lowest in variety
25/8/2/2. Average weight of adult and sex
ratio were not affected by susceptibility or
resistance of varieties to the insect.

166 Woolley, J.N.; Evans, AM. The use of
two mating systems in breeding for
resistance to Maruca testulalis Gey.
in cowpea Vigna unguiculata (L.)
Walp. The Journal of Agricultural
Science, 102(2): 323-331. 1984.

cowpea to |
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Resistance to insects in cowpea was studied
in a diallel cross and in a test cross.
Number of pods and seed yield under
unsprayed conditions, expressed as a
percentage of their values under sprayed
conditions, were confirmed as reliable
characters for the assessment of resistance
and as suitable for diallel analysis. The test
cross was not as informative as the diallel
cross in the analysis of the genetic control

EO4 Breeding and Selection

167 Singh, D.B.; Reddy, P.P. Nature of
resistance to Meloidogyne incognita
in cowpea, Vigna unguiculata.
Nematologia Mediterranea,
13(2): 127-132. 1985.

The nature of root-knot nematode,
Meloidogyne incognita resistance in two
cowpea selections 1C 9642-B and TVU
2430-P was associated with reduced
juvenile penetration, root galling, egg
mass production and fecundity and delayed
development of juveniles io the adult
female stage coupled with high
concentration of magnesium.

168 Singh, D.B.; Reddy, P.P. Nature of
resistance to Meloidogyne incognita in
cowpea, Vigna unguiculata.
Nematologia Mediterranea, 13(2):
127-132. 19865,

The nature of root-knot nematode,
Meloidogyne incognita resistance in two
cowpea selections |IC 9642-B and TVU
2430-P was associated with reduced
juvenile penetration, root galling, egg
mass production and fecundity and delayed
development of juveniles to the adult

female stage coupled with high

concentration of magnesium.

169 Singh, D.B.; Reddy, P.P.;
Syamasundar, J. Historical,

for
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of resistance in a group of moderately
resistant lines, but was useful in selecting
the best of these for future crosses. The
results from both schemes suggested that
resistance should be accummulated by
intercrossing resistant lines before
attempting to transfer it to agronomically-
preferred susceptible lines.

Resistance to Nematodes

histopathological and histochemical
investigations on root-knot nemaiode
resistant and susceptible lines of
cowpea. Nematologia Mediterranea,
12(2): 213-219. 1984.

Results of the experiments conducted to
study the histological, histopathological
and histochemical differences in root-knot
nematode, Meloidogyne incognita resistant
and susceptible lines of cowpea showed that
in resistant lines the cork layer was
thicker and sclereids were present in the
cortex. Sclereids were absent in the
susceptible lines and starch grains were
more numerous in cortex than in resistant
lines. There were fewer gianrt cells which
were smaller in size and with fewer
nucleic in resistant lines compared with
susceptible lines. Death of cells
hypersensitive reaction around infecting
root-knot nematode larvae occurred in the
roots of the resistant line 1C 9642-B.
More insoluble polysaccharides, proteins
and nucleic acids were detected in
susceptible lines compared with resistant
lines of cowpea.

170 gingh, D.B.; Reddy, P.P.;
Syamasundar, J. Histological,
+'vopathological and histochemical
“n' ~stigations on root-knot nematode
v» sistant and susceptible lines of
cowpea. Nematologia Mediterranea,

12(2): 213-219. 1984.




Results of the experiments conducted to
study the histological, histopathological
and histochemical differences in root-knot
nematode, Melcidogyne incognita resistant
and susceptible lines of cowpea showed that
in resistant lines the cork layer was
thicker and sclereids were p.2sent in the
cortex. Sclereids were absent in the
susceptible lines and starch grains were
more numerous in cortex than in resistant
lines. There were fewer giant cells which
were smaller in size and with fewer nuclei
in resistant lines compared with
susceptible lines. Death of cells
hypersensitive reaction around infecting
root-knot nematode larvae occurred in the
roots of the resistant line 1C 9642-B.
More insoluble polysaccharides, proteins
and nucleic acids were detected in
susceptible lines compared with resistant
lines of cowpea.

171 Swanson, T.A.; Van Gundy, S.D.
Cowpea resistance to root knet caused
by Meloidogyne incognita and M.
javanica. Plant Disease, 68(11):
961-964. 1984.

Cowpea cultivars were tested for
suitability as hosts for Meloidogyne
incognita and M. javanica by comparing
the numbers of eggs produced on root
systems. Reproduction by both nematode
species was lower on cultivars Magnolia
Blackeye, California Black No.5,
Mississippi Silver, and Mississippi

Purple than on other cultivars tested. M.
javanica produced 10-20 times more eggs
on Magnolia Blackeye, Mississippi Silver,
and Mississippi Purple. Some variability
in cultivar suitability for the four M.
incognita races was also found. Most
notably, California Blackeye No. 3 was
resistant to race 4 but Queen Ann was not.
The results support hypothesis that root-
knot resistance in cowpea is ineffective for
a California population of M. javanica.

172 Thakar, N.A.; Patel, H.R.; Patel, C.C.
Comparative pathogenecity of root-
knot nematode, Meloidogyne incognita
on susceptible and resistant varieties
of cowpea. Madras Agricultural
Journal, 72(5): 288-291. 1985.

An experiment was conducted to determine
the damaging threshold level of the
nematode, Meloidogyne incognita in a
resistant variety (V-16) and to compare
it with susceptible (Pusa falguni).
Observation on plant growth and root knot
index showed that there was a significant
increase in root weight and root-knot
index with 10 and above nematode per
plant in Pusa falguni while it was at 1000
and above nematodes in case of V-16. The
initial inoculum levels of 10 and above and
1000 and above nematodes per plant were
the damaging levels for varieties Pusa
falguni and V-16 respectively. Variety V-
16 is more resistant than Pusa falguni.

EO5 Hybridization and Induction of Mutations

173 Borikar, S.T.; Hudge, V.S.; Salunke,
M.R. Induced leaf mutations in
cowpeas. Tropical Grain Legume
Bulletin, (28): 8-10. 1983.

Three small-leaved mutants were isolated
from the M2 of cowpea variety 2-1 after
treatment with 20kR Y irradiation. The
leaves of the mutants were thicker than

those of 2-1. Similarly, four broad-leaves
mutants were isolated from the M2 of the
variety C152, after treatment with 10kR
of Y rays. The leaves of the mutants were
thinner but larger than those of C152. In
the M3, the fresh and dry weights of ten-
leaf samples of all the mutants were less
than those of the parent varieties.




174 Brantley, B.B.; Kuhn, C.W. A genetic
abnormality causing virus-like
symptoms and sterility in cowpea.
Hortscience, 18(4): 458-459.
1983.

A mutant trait discovered in a planting of
"Knuckle Purple Hull" cowpea is
characterized by proliferated leaf buds, by
narrow, elongated, distorted leaflets with
irregular margins and abnormal vein
curvature, and by sterility caused by
failure of the style to elongate. In most
flowers, the stigma remained enclosed by
the united stamens. Inheritance of this
trait is governed by a single recessive gene
for which the symbol pbs, for proliferated
buds is proposed.

175 Chowdhury, R.K. A bold seeded dwarf
mutant of cowpeas. Tropical Grain
Legume Bulletin, (27): 20-22.
1983.

Dry seeds of cowpea variety V-16 were
irradiated with 20, 40, 60 and 80 kR
doses of gamma rays. The material was
carried to M2 generation and selection for
mutants was made. Of particular interest
was a dwarf macro-mutant with very long
pods having bold seeds. These seeds from
the mutant plant were planted and produced
dwarf plants with 7.5 average number of
pods/plant. Seeds/plant were 47.8 and the
seed yield/plant was 5.06 g. Pod length
were about one and a half times longer than
the control.

176 Doraiswamy, S.; Sekar, G.C.; Ramiah,
M.; Rajan, R.J. Performance of
cowpea hybrids resistant to cowpea
aphid-borne mosaic virus (Camv).
The Madras Agricultural Journal,
70(10): 692. 1383.

Three cowpea lines identified to be
resistant to cowpea aphid-borne mosaic
virus were tested under field conditions
and compared with the parent MS 9804
and popular varieties Co.1 and Co0.3. The
results of the yield data showed that

culture 1-26 recorded the maximum vyield
followed by culture 1-20.

177 Fawole, |.; Afolabi, N.O. Genetic
control of a branching peduncle
mutant of cowpea Vigna unguiculata
cultivar Ife-brown. Journal of
Agricultural Science, 100(2): 473-
476. 1983.

A mutant plant with branched peduncles
and with flowers arranged in pairs
alternately along the branches as well as at
the ends of the branches was found in a
population of cowpea cv. lfe brown, which
has unbranched peduncles. The normal
plant has between one and four pods per
peduncle whereas the mutant is capable of
carrying between two and ten pods per
peduncle. The branching trait is under
genetic control involving a single gene with
the normal peduncle completely dominant
over the mutant.

178 Fawole, I.; Afolabi, N.O.; Faji, J.A. .
Release of the Ife branched peduncle
cowpea. Tropical Grain Legumeé
Bulletin, 31: 15-16. 1985.

The Ife branched peduncle cowpea (lfe
BPC) is a mutant of Vigna unguiculata
which arose spontaneously from the widely
adapted cultivar, Ife Brown. It is unique in
possessing branching peduncles potentially
capable of carrying more than the usual
number of pods per peduncle. Ife BPC is
day length neutral, flower at about 47 days
after planting and mature at about 86 days
after planting. The seeds are solid light
brown in color, have a rough seed coat
texture as well as short soaking and
cooking time. Their protein content is
about 23 percent. Ife BPC ranked higher in
seed yield (864-1554 kg/ha) than Ife
Brown. Ibadan White and Mala in a 3-
years field trials. It is tolerant to the
cowpea virus complex but susceptible to
brown blotch and the wilt diseases.

179 Mishra, S.N.; Rastogi, R.; Verma, J.S.
Note on parental selectivity - A factor




affecting success in cowpea crossing.
Tropical Grain Legume Bulletin, 31:
24-26. 1985.

A study was conducted in the main rainy
season of 1980 to examine the selectivity
among the female and male parents in all
possible 19 (female) x 5 (male) cross
combinations. Male-parent effects were
significant; the best pollinators were CX-
26 and TVu 1418-1 which gave 13.3 and
12.2 percent pods when averaged over all
the females. Although female-parent
effects were not significant, PLL 149-1,
EC 2628 and VP 1160 were the best
female parents with 14.8, 14.8 and 16.6
percent pod set respectively, averaged
over all the male parents.

180 Ntare, B.R.; Aken'Ova, M.E.; Redden,
R.J.; Singh, B.B. The effectiveness of
early generation (F3) yield testing
and the single seed descent procedures
in two cowpea Vigna unguiculata
crosses. Euphytica, 33(2): 539-
548. 1984.

Two breeding procedures were compared in

two cowpea crosses. Both procedures were
started from the same selected F2 plants in
each cross. For the early generation yield
testing, the F3 lines were yield tested and a
pedigree and bulk methods fcilowed in F4
and Fs. Each Fs line was bulked to provide
seed for a yield test in Fg. In the Single
Seed Descent (SSD) procedure, a single
seed was taken from each Fo plant to
produce the F3 generation. The procedure
was repeated for the F4 and Fs. The results
showed that differences in yielding ability
of F3 lines persisted over generations
indicating that selection was effective. This
was confirmed by the high significant
correlation between F3 yields and those of
later generations which ranged from n=
0.51 to 0.85.

181 Ponte, J.J.; Menezes, R.N.; Franco, A.
Teste preliminar de producao com
novos hibridos de caupi, Vigna
unguiculata Walp. resistentes a

doencas. [Production test with new
hybrids of cowpea, Vigna unguiculata
Walp.].  Fitopatologia Brasileira,
8(2): 387-390. 1983.

To obtain a cowpea variety of commercial
value and resistant to the main diseases
which affect this plant in Northeast Brazil,
crosses were done between two varieties,
"40-dias" and "Macaibo." Five hybrids
("Amelia," "Angela", "Carmen,” "Lianna"
and "Otilia") which resulted from the
crosses were studied in terms of
production. "Amelia" hybrid was the most
productive, but the other four hybrids
showed a satisfactory production as
compared with the control, the"Pitiuba"
variety, the most cultivated cowpea in the
region.

182 Zary, K.W.; Miller, J.C. Jr.
Comparison of two methods of hand-
crossing Vigna unguiculata (L.)
Walp. Hortscience, 17(2): 246-
248. 1982,

Five lines of cowpea were crossed in a
complete diallel, using 2 methods. Crossing
success rate was greatly enhanced by
collecting pollen donor flowers on the
morning of anthesis, storing them until
late afternoon, and then completing the
cross on freshly emasculated flowers
(method 1) as compared to utilizing pollen
donor flowers for crossing immediately
upon collection, early to mid-morning on
the day of anthesis (method 2). Significant
differences in success rate were found
among cultivars used as seed parents in
method 2, while no such differences were
observed in method 1. Significant
differences in success rate were found
among cultivars used as pollen parents in
both methods.

183 Zaveri, P.P.; Patel, P.K.; Yadvendra,
J.P.; Shah, R.M. Heterosis and
combining ability in cowpea. Indian
Journal of Agricultural Sciences,
53(9): 793-796. 1983.




In cowpeas marked heterosis was observed
for grain yield and number of clusters and
pods, but not for pod length, grains/pod
and 100-seed weight. Days to 50%
flowering and maturity had shown positive
heterosis over the mid-parent and better
parent. The heterosis grain yield could be
attributed to high heterosis in number of
clusters and pods. Both general and specific

FO0O Agronomy

184 Aggarwal, V.D. Ntare, R.B. Smithson,
J.B. The relationship among yield and
other characters in vegetable cowpea
and effect of different trellis
management systems on pod yield.
Tropical Grain Legume Bulletin, 25:
8-14. 1982..

Twelve climbing cowpea cv. were grown on
trellises of bamboo or maize. Pods were
harvested weekly from 10 days after 50%
flowering and moisture content was
determined. Other agronomic
characteristics measured were green pod
length, seed number/mature pod, number
of pods/plant and number of days to 50%
flowering. There were significant cv.
differences for all the characters studied.
Seed and dry pod yields were significantly
higher with bamboo trellis. Green pod
yields were also higher due to increase
numbers of green pods/plant.

185 Brathwaite, R.A.J. Bodie bean
responses to change in plant density.
Agronomy Journal, 74(4) 593-596.
1982.

In 1975-1978, cowpea cv. Los Banos
Bush Sitao No.1 was grown on a sandy loam
and a silty clay loam in Trinidad at 63, 74,
88, 111, 148, 222 or 444 thousand
plants/ha. Total pod yield increased from
18.3 and 15.3 t/ha with 63 thousand
plants/ha at Valsayn and Piarco
respectively, to 27.5 and 23.0 t/ha with
444 thousand plants/ha. Total pod weight

combining ability variances were
significant, but a preponderance of non-
additive genetic variances was noticed for
seed yield, pod number, cluster number,
days to flowering and maturity. The
single-seed-descent method of breeding
would be most relevant 1o extract superior
lines.

and pod number/plant decreased with
increasing plant density. Increasing crop
density also decreased pod size and number
of branches/plant, but days to flowering
and maturity, plant height and pod quality
were unaffected by treatment.

186 Chang, J.F.; Shibles, R.M. An
analysis of competition between
intercropped cowpea and maize. 1.
Soil N and P levels and their
relationships with dry malter and
seed productivity. Field Crops
Research, 12(2): 133-143. 1985.

To study N and P competition by
intercropped cowpea (Vigna unguiculata
(L) Walp.) and maize (Zea mays L.), a
series of experiments was conducted at
CATIE in Turrialba, Costa Rica. A semi-
erect cowpea cultivar and maize were sown
simultaneously in a replacement series
with N and P fertilization variables.
Cowpea was not able to derive all its N
from N2 fixation in mixtures, perhaps
because of shading. Strong competition for
soil-N by the intercrop was evident under
low-N, between 7 and 9 weeks sowing. It
was diminished by N fertilization and also
was less later in the season when cowpea
was able to fix more N. Dry matter
productivity was greater in mixtures than
in'monocultures. Seed LERs were greater
than unity only under the low-fertilization
regimes. Most of these advantages occurred
because maize showed little effect from
interspecific competition. Greatest seed




yields occurred where cowpea showed
strong competitiveness, with little yield
reduction per plant, and maize yield was
not depressed in the presence of cowpea.

187 Chang, J.F.; Shibles, R.M. An
analysis of competition between
intercropped cowpea and maize. 2.
The effect of fertilization and
population density. Field Crops
Research, 12(2): 145-152. 1985.

To study N and P competition by
intercropped cowpea (Vigna unguiculata
(L.) Walp.) and maize (Zea mays L), a
series of experiments was conducted in
Costa Rica. A semi-erect cowpea cultivar
and a -maize hybrid were sown
simultaneously in a replacement series
with N and P fertilization and population
density variables. The largest LERs were
obtained under low P, where maize yields
were somewhat limited. Increased

population density increased LERs. The
maize population density generally
imposed a limit on cowpea seed
productivity that could not be overcome by
increasing cowpea population density. Thus

there is no advantage in using a 'full’
cowpea population density when it is
intercropped with maize.

188 Grewal, S.S.; Singh, K.; Dyal, S. Soil
profile gravel concentration and its
effect on rainfed crop yields. Plant

- and Soil, 81(1): 75-83. 1984.

To evaluate the effect of varying soil
profile gravel concentration on the yield of
rainfed crops of taramira (Eruca sativa
Mill.) in winter followed by maize,
sorghum, cowpea and sesamum in summer,
a four-year field study was conducted in
the foot-hills of North Himalayas near
Chandigarh (India) on a coarse textured
soil (gravelly udic ustocrepts). The crop
yield of cowpea was relatively less affected
by yearly rainfall variation and variable
soil profile gravel concentration. The
condition of taramira crop was relatively
better in plots previously planted with
cowpea. The data indicates that cowpea and

sorghum were relatively better crops on
economic terms on inferior gravelly soils.
This shows that leguminous crops which
can also conserve rainwater with dense
canopy like cowpea or drought resistant
crops having vigorous fibrous root system
like sorghum are likely to perform better
on such light textured gravelly soils.

189 Herbert, S.J.; Baggerman, F.D.
Cowpea (Vigna unguiculata) cultivar
California No. 5 response to row
width density and irrigation.

" Agronomy Journal, 75(6): 982-
986. 1983.

The interrelationships among row width,
plant density, and irrigation are not well
understood for cowpea [Vigna unguiculata
(L.) Walp.], as shown by previous
conflicting results describing the
sensitivity of cowpea to drought. Two
experiments, a three factor central
composite, second order design in
incomplete blocks, and a iwo factor. split
plot randomized block desi, n, were used to
quantify the yield respoi\ées of 'California
No.5' cowpea estabhsheo at five row widths
(25 1o 125 cm), five piant densities (4 to
34 plants m-2), and five (0 to 200 cm)
and two levels of irrigation at planting.
Cowpea was grown on sandy clay loam soils
(fine, mixed thermic families of Aridic and
Torrertic Paleustolls) on the research
farm in Lubbock and the Slab farm in
Hereford, Texas. Seed yield was very
dependent on irrigation, increasing
linearly from 635 kg ha-1 to 2043 kg
ha-1 at the Lubbock site without evidence
of diminishing returns. At the second site
more water was available from rainfall
and irrigation and yields were greater
(2837 kg ha-1). Highest yields were
obtained with the combination of wide rows
and high plant density in narrow rows. Of
the components of seed yield, pod number
per plant and seed number per pod were
important regulators of seed yield, while
seed size remained reasonably constant.
Seed yield and harvest index results
suggested that, in narrow rows, the more
uniformly spaced plants explored the
complete soil volume earlier, extracting




more of the available soil water during
vegetative growth, and leaving less
available for reproductive growth than in
wide rows. This restriction on
reproductive development in narrow rows
was accentuated most when plant densities
were highest. Our study shows the need to
examine plant interactions before
management recommendations can be
firmly established.

190 Holanda, J.S. de; Neto, F.B.; Filho,
J.T.; Torres, J.F. ComparaCao de
sustema melhorado x sistema do
produtor no cultivo de caupi.
[Comparison of the improved x
farmer's system of growing cowpeal.
Pesquisa Agropecuaria Brasileira,
20(4): 421-425. 1985.

Field experiments of cowpea Vigna
unguiculata (L.} Walp. were carried out at
Serra do Mel, RN, Brazil, studying isolated
factors for three agricultural years,
defining more productive cultivars,
appropriate spacing, methods- of insect
control and the viability of cattle manure.
Intending to verify the performance of
these factors, utilizing their best previous
results, and to compare them with the
cropping system used by farmers, a
demonstration unit of the results was set
up, with plots of 0.25 ha. The systems
compared were: 1. system used by farmer,
Feijao-Vermelho cultivar, spacing of 1.10
m x 1.10 m with three or four plants/hill,
without insect control; 2. improved
system, Lisao cultivar, spacing of 1 m x
0.50 m with two plants/hill and insect
control; 3. the improved system plus
fertilization with 12 t/ha of cattle
manure. The additional costs for the
improved system in relation to the
farmer's system were accounted for.
System 2 showed a 32% greater yield than
system 1; but the relative profit. just
covered the additional costs, for price
rates in the harvest time. The system
which showed the best performance was
system 3 with a yield of 944 kg/ha. This
system showed a 183% greater yield than
system 1, with a higher return rate than

Cr$ 2.00 per cruzeiro invested, in three
price ratios used.

191 Kahn, B.A.; Stoffella, P.J. Yield
components of cowpeas grown in two
environments. Crop Science, 25(1):
179-182. 1985.

To identify yield components which were
consistently related to seed yield in two
diverse environments, nine cultivars of

-cowpea were grown in Spring 1983 at Fort

Pierce, Florida and Bixby, Oklahoma.
Irrigation was provided by a subsurface
system in Florida and by sprinklers in .
Oklahoma: Eighty plants per cultivar were
evaluated at each location for seed yield per
plot and several potential morphological
components of yield. Harvest indices
averaged 0.17 in Florida and 0.31 in
Oklahoma. Forage yield were high in
Florida, perhaps due to high N
fertilization, while seed yields were only
slightly lower than in Oklahoma. Seed
number per pod was highest in Florida
while average seed size was greater in

. Oklahoma. Despite these differences, the

same three-variable regression model (log
forage yield per plot, log harvest index,
and log pod number per plant) accounted

for 92 and 99% of the variability in log

seed yield per plot «in Florida and
Oklahoma, respectively.

192 Kataria, H.R.; Dodan, D.S. Impact of
two soil-applied herbicides on
damping off of cowpea caused by
Rhizoctonia solani. Plant and Soil,
73(2): 274-283. 1983.

Cowpea seedlings grown ip alachlor-
treated soil were more susceptible to R.
solani than those freated with fluchloralin
and the untreated seedlings. Pre-sowing
application of alachlor in soil aggravated
damping-off whereas fluchloralin
decreased the disease to nearly half of that
in untreated soil in greenhouse pot tests.
Both herbicides reduced damping-off in
pots kept at constant temperature of 30
deg.C and increased the disease incidernice at
20 deg.C. Fungus growth in culture was




stimulated at 20 deg.C but was strongly
inhibited at 30 deg.C by both herbicides.
The impact of fluchloralin and alachlor on
R. solani damping-off of cowpea appears to
be due to the pre-disposing effect by the
herbicides on the susceptibility of the host
and is influenced by atmospheric
temperature.

193 Mahatim Singh; Jagdish Singh; Kalyan
Singh. Effect of phosphorus and
biofertilizers on chlorophyll content
of leaves and leghaemoglobin contents
of fresh nodules in kharif grain
legumes. Indian Journal of
Agronomy., 28(3): 229-234.
1983.

Chiorophyll content in leaves, nodule-dry
weight and leghaemoglobin content in fresia
root nodules of kharif grain legumes
(cowpea, black gram and green gram)
were estimated durirlg 1979 and 1980 at
the Agricultural Research Farm, Institute
of Agricultural Sciences, Banaras Hindu
University, India. Chlorophyll contents in
leaves as well as nodule-dry weight were
significantly influenced by phosphorus as
well as biofertilizers. Leghaemoglobin
content was also markedly influenced due
to the use of bio-fertilizers during both
the years of experimentation. Chlorophyli
and leghaemoglobin content were positively
associated with the grain yield of legumes.

184 Morgado, L.B.; Rao, M.R. Populacao
de plantas e niveis de agua no
consorcio milho x caupi. [Plant
population and water application in
maize-cowpea intercropping].
Pesquisa Agropecuaria Brasileira,
20(1): 45-55. 1985.

A line source sprinkler irrigation system
was used to study the effect of different
levels of water application in maize and
cowpea in sole and intercropping systems
under different plant populations. Maize
and cowpea grain yields increased as the
levels of water increased, with the highest
increments for maize. Intercropping had a
detrimental effect on the yield of both
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maize and cowpea compared to sole
cropping. The yields of- intercropped
cowpea decreased as the maize population
increased. Maize response o plant
population was determined by the available
moisture. The intercropped maize
performance, as compared to intercropped
cowpea, was better in higher water levels
at all populations except under low
population (10,000 plants/ha) when the
proportional yield of cowpea was similar
to maize yield. Land Equivaient Ratio index
showed advantage for intercro;ping .only
for the combinations of cowpea with low
popuiation of maize with 200 mm of
irrigated water or above.

195 Muleba, N.; Ezumah, H.C. Optimizing
cultural practices for cowpea in
Africa. In: Cowpea’ research,
production and utilization, edited by
“S.R. Singh and K.O. Rachie. 289-
295. Chichester, England, John
Wiley. 1985. g

Cowpea in Africa is traditionally grown
with cereals such as millet, sorghum and
maize and is cultivated under diverse soil
and climatic conditions. To optimise yields
of cowpeas, improved agronomic practices
such as date of planting, plant populations,
maintenance of the solls physical
properties and fertility, weed control and
cropping patterns are discussed.

196  Natarajaratnam, N.; Rao, T.V,;
Balakrishnan, K. Path analysis of
yield components in cowpea. (Vigna
unguiculata
Agricultural Jcurnal, 72(5): 259-
262. 1985.

The estimation of phenotypic correlation of
yield components in ten cowpea genotypes
revealed that grain yield had strong
association with poc',weight per plant,
number of pods per plant, pod cluster per
plant and plant height. The path coefficient
analysis indicated that pod weight per plant
was the most important component having
direct effect on grain yield.

(L) Walp). Madras



197 Okafor, LI. Cowpea yield and
response to spacing and ferlilizer in
the sandy soils of the Lake Chad Basin,
Nigeria. Tropical Grain Legume
Bulletin, 30: 21-25. 1985,

To investigate the effect of fertilizers on
the yield of rainfed cowpea in the Sahelian
zone of Nigeria, field experiments were
conducted during the wet season (June-
September) of 1979 and 1980.
Fertilizers applied were: N at 0, 30, 60,
90, or 120 kg/ha and P at O or 60 kg/ha.
Spacing used were 30 x 75 c¢m or 30 x 90
cm. The results showed that spacing did not
affect seed yield. Increasing the rates of N
fertilization increased the seed yield
significantly. Seed yield was not affected by
the interaction between N and P
fertilizers.

198 Pandey, RK.; Ngarm, A.T. Agronomic
research advances in Asia. In: Cowpea
research, production and utilization,
edited by S.R. Singh and K.0. Rachie.
297-306. Chichester, England, John
Wiley. 1985.

Cowpea is grown in many parts of Asia as a
monoculture in rotation with cereals,
intercropped with maize, sorghum, pearl
millet, cotton, cassava, sugarcane and
relayed in standing rice. In this paper,
recent research on crop rotation, growing
season and planting time, plart type and
cultural management are discussed. -

199 Rhodes, E.R. Performance of cowpeas
on an inland valley swamp in the dry
season in Sierra Leone. Experimental
Agriculture, 19(2): 179-185.
1983.

Three cowpea cultivars were grown in the
dry season on aninland valley swamp. Rice
straw was used to mulch the plots and all
seeds were pelleted with nitramolybdenum
before planting. Fertilization with N, P and
Mo and cultivar differences affected pod
production and seed yield, but differences
in plant population or inoculation with
Rhizobium did not affect nodule weight, pod

no. M-2, pod weight or seed yield
significantly. Seed yields of 0.91 t ha-1
from an improved cultivar and 0.83 t ha-
1 from the local type were obtained. Even
with heavy mulching there could be
variations in seed yield in undeveloped
inland valley swamps because of changes in
microrelief.

200 Subba Rao, A.; Ghosh, A.B. Result of
intensive cropping and fertilizer use
for 7 years on fractions of soil zinc in
a typic ustochrept. Journal of the
Indian Society of Soil Science, 31(4):
619-621.  1983.

The effect of continuous application of
fertilizers, farmyard manure and zinc
sulphate in a multiple cropping system on
different fractions of zinc was studied with
a fixed annual rotation of cowpea, pearl
millet and wheat. The results of the
experiment showed that addition of
fertilizer P resulted in significant
depletion in exchangeable Zn in comparison
with control (no fertilizer) and N alone
treatments. Application of zinc sulphate
(with 100% NPK) significantly increased
all the forms of Zn in the plough layer in
relation to NPK treatment alone except the
residual fraction. Farmyard manure
(containing on an average 70 ppm Zn)
significantly raised the levels of
exchangeable, complex, organic and
occluded zinc in the soil. it was also noted
that plots receiving Zn (through zinc
sulphate) have shown significantly higher
amounts of complexed, organic and total
zinc than farmyard manure treatment.

201 Tariah, N.M.; Wahua, TA.T. Effects of
component populations on yields and
land equivalent ratios of intercropped
maize and cowpea. Field Crops
Research, 12(1): 81-89. 1985.

Two experiments were each conducted for
2 years at Ibadan, Nigeria, to determine
optimum component populations for
intercropped maize and cowpeas.
Component populations of maize and
cowpeas were varied independently. Yields




fr

of cowpeas were drastically reduced, by
about 52% in mixtures with maize but
changed little as the maize population
increased. Relay-cropping cowpeas, two
weeks after planting maize, reduced
cowpea yields and favoured the
intercropped maize. Cowpea yields
increased approximately linearly as the
cowpea population increased in pure or
mixed stands but the rate of increase was
much less in the mixture. Suggested

FO1 Agricultural Meteorology, Climatic Influences and
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202 Nielsen, C.L.; Hall, A.E. Responses of
cowpea (Vigna unguiculata (L.)
Walp.) in the field to high night air
temperature during flowering. II.
Plant responses. Field Crops
Research, 10(2): 181-196. 1985.

The agronomic responses of a heat-
sensitive (CBS) and two heat-tolerant
(TVu 4552 and Prima) cowpea strains to
different levels of night air temperature
during flowering were evaluated.
Differential thermostats were used to raise
air temperature in night time enclosures
to simulate differential tropical and
subtropical locations where cowpea are
commercially grown. During the day, plots
were not enclosed and average daily
maximum temperature during the
treatment period was 33.5 deg. C in 1982
and 34.5 deg.C in 1983. In both years,
percent flower abscission of CB5 was
significantly and substantially increased
by all higher night air temperature
treatments. Percent flower abscission of
TVu 4552 and Prima was only
significantly increased when mean Tmin
was 24.0 deg. C or higher. TVu 4552 and
Prima also exhibited lower absolute levels
of flower abscission, more pods per plant
and smaller relative decrease in pods per
plant than CB5 with higher night air
temperature during flowering.

optimum component populations were
20000 plants ha-1 for maize and 33000
plants ha-1 for cowpeas; with maize
spaced at 1m x 0.5m and cowpea 0.30m
apart between maize rows. These
component populations, giving the highest
average land egquivalent ratio (LER) of
1.48, constitute a mixture with 33% and
50% recommended sole-crop populations
for maize and cowpeas respectively.

Crop-

203 Nielsen, C.L.; Hall, A.E. Responses of
cowpea (Vigna unguiculata (L.)
Walp.) in the field to high night air
temperature during flowering. |.
Thermal regimes of production
regions and field experimental
system. Field Crops Research,
10(2): 167-179. 1985.

Weather data from representative tropical
and subtropical locations where cowpea is
commercially grown were analyzed to
determine the extent to which day and night
air temperatures differ between locations
during the months of flowering. An
experimental field system was designed and
tested at Riverside, California which
exposed field-grown cowpea to controlled
levels of warm air at night during
flowering, without interfering with other
environmental factors. The experimental
system effectively simulated the thermal
regimes of the southern Central Valley of
California and parts. of tropical West
Africa and India during the monsoon
season, for the months when cowpea
flowers. This system allows quantitative
evaluation at one field location of the
degree to which different levels of night
air temperature common in the tropics
and subtropics influence plant
performance.




204 Warrag, M.0O.A.; Hall, A.E.
Reproductive responses of cowpea
(Vigna unguiculata) to heat stress:
genotypic differences in tolerance to
heat at flowering. Crop Science,
23(6): 1088-1092. 1983.

The effect of high temperature on ability of
cowpea [Vigna unguiculata (L.) Walp.] to
set pods .was investigated under field
conditions and in controlled environments.
During hot weather in the Imperial Valley,
California the cowpea strains TVu 4552,
Pl 204647, and 'Prima' produced
substantial numbers of pods, while 55
other strains produced no or few pods,
even though they produced numerous open
flowers. Studies in growth chambers
demonstrated that TVu 4552 has greater
tolerance to high night and high day
temperatures at flowering than the
California cultivar, 'California Blackeye
No.. 5 (CB5), whereas Prima is
intermediate. Susceptibility to high
temperatures was associated with anther
indehiscence for Prima. Artificial
pollination demonstrated ‘that pistil
viability of all three genotypes was not
significantly affected by high temperature.
Thus, the flower abscission observed with
CBS5 and Prima at high temperatures was
mainly caused by male sterility. In
addition, substantial levels of embryo
abortion were observed with CBS and
Prima at high day temperatures.
Apparently, Imperial Valley provides a
suitable field environment during the
summer for screening cowpeas for heat
tolerance. This environment is presently
being used to screen the segregating
populations from crosses designed to
incorporate the heat tolerance of TVu4552
- and Prima into genetic backgrounds
suitable for the tropics and subtropics.

205 Warrag, M.0.A.; . Hall, A.E.

Reproductive responses of cowpea

Vigna unguiculata cultivar California
blackeye No. 5 to heat stress 1.
Responses to soil and day air
temperatures. Field Crops Research,
8(1-2): 3-16. 1984.
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Iinteractive effects of different soil and two
day air temperatures on growth and
reproductive performance of cowpea
cultivar 'California Blackeye No.5' were
determined in controlled environments.
Emergence was slow and the seedlings were
stunted at constant soil temperatures equal

" to or lower than 23 deg. C. Seedlings at 19

deg. C soil temperature exhibited nitrogen
deficiency, and they developed bigger and
more numerous nodules on their roots.
Plants produced more pods at 27/19 deg. C
than at 33/19 deg. C day/night air
temperature; however, the variation in
number of pods was associated ‘with
variation in the number of reproductive
nodes per plant. Levels of flower
abscission were not sxcessive in any of the
environments; and'plants at 33/19 deg. C
air temperature exhibited less percent
flower abscission than plants at 27/19 deg
C. air temperature. The seeds produced at

33/19 deg C. air temperature were

misshapen.

206 . Warrag, M.O.A.; Hall, A.E.
Reproductive responses of cowpea
Vigna unguiculata California blackeye
No. 5 to heat stress 2. Responses to
night air temperature.. Field Crops
Research, 8(1-2): 17-34. 1984,

The infiuence of high night temperature
and drought on the abscission of
reproductive organs were studied with
cowpea in controlled environments. - At
33/30 deg. C day/night temperature all
flowers abscissed within 48h after
anthesis due to male sterility resulting
from abnormal pollen development and
anther indehiscence. By moving plants
between growth chambers with high and
moderate night temperatures, it was
demonstrated that the stage of floral
development most sensitive to high night
temperature occurred 5-7 days before
anthesis. Under figid conditions, complete
abscission of flowers was observed during
hot weather. This was followed by pod set
approximately six days after decreases in
night temperature.



F02 Cropping Systems: Rotations and Intercropping

207 Abraham, C.T.; Singh, S.P. Weed
management in sorghum legume
intercropping systems. Journal of
Agricultural Science, 103(1): 103-
116. 1984,

Field experiments were conducted at the
Indian Agricultural Research lInstitute,
New Delhi, India in summer-rainy seasons
of 1980 and 1981 to study the etfect of
ditfferent Sorghum-legume (including
cowpea) intercropping systems and weed
control methods on growth, yield and
nutrient uptake by different crops and on
weeds. The intercropping of legumes
increased growth, uptake of N, P and K and
yield of sorghum compared with sole
sorghum. Maximum increase was obtained
when it was grown in association with
fodder cowpea. All intercrops smothened
the weeds but maximum suppression was
by fodder cowpea.

208  Adetiloye, P.O.; Okigbo, B.N.;
Ezedinma, F.0.C. Responses bymaize
plant and ear shoot characters to
growth factors inSouthern Nigeria.
Field Crops Research, 9(3/4): 265-
277. 1984,

Maize-cowpea mixtures were planted at

Ibadan and lkenne during the early (April
to July) and late September to November)
cropping seasons. Cowpea cultivar, maize
population and nitrogen levels constituted
the mainplot, the subplot and the sub-sub-
plot treatments, respectively. Earlier
studies had shown that low-growing, non-
climbing cowpea does not affect the
performance of maize in association. In
maize shoots, stem growth, leaf growth and
tasseling appeared to have been influenced
mostly by nitrogen fertilization, moisture
supply and insolation, respectively.
Increased level of nitrogen fertilizer
decreased maize lodging percentage and
increased the height at which maize stems
lodged in the presence of VITA-1 cowpea
which became a climbing type, only during
the early cropping season due to greater
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competition for light when moisture
supply increasea.

209 Ahlawat, I.P.S.; Saraf, C.S.; Singh, A.
Production potential of summer and
rainy-season pigeonpea intercropped
with cowpea and greengram. The
Indian Journal of Agricultural
Sciences, 55(9): 565-569. 1985.

At the Indian Agricultural Research
tnstitute, New Delhi, India, field
experiments were conducted to assess the
production potential of different
intercropping systems in summer and
rainy seasons. Intercropping with cowpea
and mung bean had no effect on growth
yield parameters and seed yield of pigeon
pea. Cowpea was a better intercrop than
mung bean.

210 Aider, H.; Sartorato, A.; Thung,
M.D.T.; Rios, G.P.; Yokoyama, M.
Multiple cropping systems in Brazil.
in: IWIPCGL - Proceedings of the
International Worlishop in Integrated
Pest Control for Grain Legumes, 3-9
April, 1983, Goiania, Goias, Brazil.
85-92. Brasilia, EMBRAPA. 1984.

Multiple cropping systems offer many

advantages to the subsistence farmer.

Recently, Brazilian scientists have placed

a high priority on the study of frequently-

grown and socio-economically very

important intercrops of beans or cowpeas
with maize or other crops. Typical
multiple cropping systems for different

Brazilian agricultural areas are described.

Results are presented for experiments that

evaluated various multiple cropping

systems and the effect of inter-and/or
relay cropping on disease and insect
incidence.

211 Allen, J.R.; Obura, R.K. Yield of corn
(Zea mays), cowpea (Vigna
unguiculata) and soybeans (Glycine
max) under different intercropping




systems. Agronomy Journal, 75(6):
1005-1009. 1983.

To evaluate the merits of intercropping
legumes and grasses in the US, corn was
intercropped with cowpea and soybean on a
Norfolk sandy loam soil (fine, loamy
siliceous, thermic Typic Paleudult). The
legumes were either planted in the rows
with corn or alternate to the corn rows.
Control plots were monocrops of corn and

the legumes, with each species fertilized

according to soil test recommendations.
Both dry matter and seed yield of the
monocrops were higher than the individual
components in the intercrops. Seed yield of
intercropped cowpea ranged from 42% to
56% of monoculture. The corn-cowpea
intercrops, which had Land Equivalent
Ratios (LER) up to 1.27 in 1980 and 1.32
in 1981 and Area Time Equivalent Ratios
(ATER) as high as 1.19 in 1980 and 1.25
in 1981, were more productive than the
corn-soyabean intercrops.

212 Angus, J.F.; Hasegawa, S.; Hsiao, T.C.;
Liboon, S.P.; Zandstra, H.G. The
water balance of post-monsoonal
dryland crops. The Journal of
Agricultural Science, 101(3): 699-
710. 1983.

Six dryland crops (cowpea, mungbean,
soyabean, groundnut, maize and sorghum)
and two rice cultivars (C-171-136 and
IR36) were grown under rainfed and
irrigated conditions on a dryland site with
a clay loam soil at the International Rice
Research Institute, Philippines. After the
first 30 days of growth there was no
effective rain, and the rainfed crops
encountered different water deficits. Crop
productivity, leaf area, plant waier status,
root distribution, and soil water use were
measured. Neither rice cultivar yielded
seed under rainfed conditions, but all other
crops did. With cowpea and mungbean,
there was little difference between the
yields under rainfed and irrigated
conditions.

213 Balyan, J.S.; Seth, J. Effect of pure
and intercropped stands of maize and
cowpea on succeeding wheat. Indian
Journal of Agronomy, 30(2): 177-
180. 1985.

An experiment to study the residual effect
of cowpea and maize during kharif, 1982
and 1983 and direct effect of nitrogen on
wheat during rabi seasons of 1982-83 and
1983-84 was conducted on sandy loam soil
with medium fertility level at the Indian
Agricultural Research Institute, New
Delhi. Results indicated that the wheat
responded up to 120 kg N/ha. The residual
effect of cowpea (fodder) on wheat was the
highest (50.2 g/ha) followed by maize +
cowpea fodder (47.7 q/ha) and cowpea
grain (47.9 g/ha) and these yields were
superior to maize alone. The maximum
mean net returns of Rs 5, 147/ha were
obtained with maize intercropped with
cowpea fodder var. C 152-wheat followed
by (Rs 5,081/ha), maize intercropped
with cowpea fodder var. HFC 42-1-wheat.
The minimum net returns of Rs 2,957/ha
accrued from maize-wheat cropping
sequence.

214 Deka, J.C.; Singh, Y. Studies on rice
based muiltiple crop sequences. |l.
Effect of crop rotations on fertility
status of soil. Indian Journal of
Agronomy, 29(4): 441-447. 1984,

An experiment was started in 1979 at the
Crop Research Centre, Pantnagar, India
with six crop rotations including rice-
wheat-maize+cowpea rotation. After
completion of two complete cycles of all the
six annual crop sequences, detailed soil
fertility analysis was done in third and
fourth year of experiment. It was found
that organic carbon and total nitrogen
content of soil increased in all the
rotations except in pure cereal (rice-
wheat).

215 Deka, J.C.; Singh, Y. Studies on rice
based multiple crop sequences.- lll.
Nutrient uptake studies. Indian




Journal of Agronomy, 29(4): 490-
494. 1984.

A nutrient uptake study with six crop
rotations was conducted in 1981-82 and
1982-83 at the Crop Research Centre,
Pantnagar, India. One of the crop rotations
was rice-wheat-maize+cowpea. Uptake of
all the three major nutrients (nitrogen,
potassium and phosphorus) was
significantly higher in rice-wheat-
maize+cowpea rotation.

216 Faris, M.A.; Araujo, M.R.A. de; Lira,
M, de A.; Arcovere, A.S.S. Yield
stability in intercropping studies "of
sorghum of maize with cowpea or
common bean under different fertility
levels in northeastern Brazil.
Canadian Journal of Plant Science,
63(4): 789-799. 1983.

Twenty-one trials were established from
1974-1978 to examine the stability of
four intercrops patterns: maize/cowpea,
maize/common bean, sorghum/cowpea and
sorghum/common bean against their
component crops. The mean relative yield
advantage of intercropping patterns as
indicated by the land equivalent ratio
(LER) was 32%. The combined analysis of
variance for the absolute total yields
revealed that most of the pattern x
environment interaction is accounted for
by the heterogeneity of regressions. Pulses
were less responsive to environmental
change. The regression lines of the
intercropping patterns and sole cereals
were closer to each other due to the low
yield contribution of the pulses to the
intercropping total yield. On the basis of
mean yield and regression slope, it was
demonstrated that sole cereals or
intercropping have better performance
stability than sole pulses in northeastern
Brazil.

217 Faris, M.A.; Burity, H.A.; Dos Reis,
O.V.; Mafia, R.C. Intercropping of
sorghum or maize with cowpeas or
common beans under two fertility

regimes in Northern Brazil.

Experimental Agriculture 19:
251-261. 1983.

Experiments in Brazil have shown that a
sorghum-pulse (cowpea or common bean)
intercrop system yielded more grain than
the monocrop system and produced a Land
Equivalent Ratio (LER) greater than 1.00
even though rainfall was limited. In
cowpeas Competitive Ratios (CR) values
were correlated positively with the
number of pods and seeds plant -1. The two
crops in the intercrop systems were
responsive to fertilizer application. Thus,
improved management (i.e. fertilizer
usage) was appropriate without the loss of
the advantageous effects realized from
intercropping.

218 Faroda, A.S.; Singh, R.C. Effect of
preceding crops on the nitrogen need
of succeeding wheat Triticum
aestivum crop. Indian Journal of
Agricultural Science, 53(2): 123-
128. 1983.

A field experiment was conducted to study
the effect of preceding crops (cowpea,
greengram, blackgram, pigeonpea and
pearimillet with 60 and 90kg N/ha) on
the fertilizer nitrogen requirement of the
succeeding wheat crop. The grain yield of
wheat was maximum when the crop was
grown after blackgram, closely followed by
greengram and cowpea. The optimum dose
of N to wheat grown after cowpea was
77.44 kg N/ha).

219 Gangasaran, G.G. Intercropping of
the dryland castor planted on
different dates and planting systems
with grain legumes. Indian Journal of
Agronomy, 28(4): 362-368. 1983.

Experiments were done for two years on
dryland castor planted at different dates
and intercropped with grain legumes
including cowpea. Total production of
castor was highest when castor was
intercropped with cowpea.




220 Gautam, R.C.; Kutty, M.M.; Kaushik,
S.K. Effect of nitrogen, Azospirillum
and intercropping with cowpea and
soybean on the yield of pearimillet.
Indian Journal of Agricultural
Sciences, 55(4): 269-273. 1985.

In a 2-year field study, the agronomic and
economic significance of intercropping
pearl millet with cowpeas and soybeans and
inoculating with the N-fixing Azospirillum
was assessed. Cowpea outyielded soybean as
an intercrop with pearimillet.
Azospirillum inoculum markedly
influenced the grain yield of both the
intercrops.

221 Hc'4e, J. Van der.; Kruijs, A.C.B.M.
Van der.; Kang B.T.; Viek, P.L.
Nitrogen management in multiple
cropping systems. In: Nitrogen
management in farming systems in
humid and subhumid tropics.

Proceedings of Symposium on
Nitrogen Management in Farming
Systems in Humid and Subhumid
Tropics, held at the International
Institute of Tropical Agriculture

(ITA), Ibadan, Nigeria, October 23-
26, 1984, edited by B.T. Kang and J.
Van der Heide. 291-306. Haren, The
Netherlands, Institute for Soil
Fertility (I1B). 1985.

A field trial was carried out on Ultisols at
Onne in Eastern Nigeria. The experimental
area had over 12 years of bush fallow and
was hand cleared and burnt before
cropping. Five N rates (0, 45, 90, 135,
and 180 kg N/ha) and four cropping
systems were tested using a split plot
design with four replications. When
cowpea was included in the rotation
system, the succeeding maize crop seemed
to have benefited.

222 Kang, B.T.; Grimme, H.; Lawson, T.L
Alley cropping sequentially cropped
maize and cowpea with Leucaenaon a
sandy soil in Southern Nigeria. Plant
and Soil, 85(2): 267-277. 1985.

The potential of alley cropping cowpea and
maize with the giant Leucaena cultivar K-
28 was studied on an Entisol in Southern
Nigeria. The crops were grown in 4m wide
alleys formed by periodically pruned
leucaena hedgerous. Results of the trials
showed that cowpea grain yield was not
affected either by leucaena prunings or by
residual nitrogen. Tillage (rototilling)
resulted in either higher or the same
cowpea and maize yields as compared with
no tillage.

223 Mohankumar, C.R.; Nair, G.M.;
Prabhakar, M. Intercropping
vegetables with cassava. Journal of
Root Crops, 9(1-2): 21-26. 1983.

Vegetables like cowpea, cucumber, french
bean, okra and amaranthus were
intercropped with cassava to assess their
relative performance in comparison with
cassava-peanut intercropping. Cowpea
intercropped with cassava recorded the
lowest yield of 1,080 kg/ha. -

224 Olasantan, F.O. Intercropping tomato
with cowpea using different planting
patterns. Beitrage zur Tropischen
Landwirtschaft und Veterinamedizin,
23(4): 397-404. 198S5.

Field trials were carried out in 1982 and
1983 in order to test various
intercropping versions of tomato and
cowpea. The yield of cowpea exhibited no
differences with different intercropping
versions with tomato. The yield of tomato
and the proportion of marketable fruits
was higher in pure stands than in mixed
stands. The best land edquivalent ratio
(LER) was obtained by cultivation of
cowpea in rows 45 cm apart with two rows
of tomato intercropped.

225 Paje, MMM.; Rosario, D.A. del.
Vegetable legumes for rice-based
cropping systems. The Philippine
Journal of Crop Science, 9(2): 117-
128. 1984.




Two crop groups of sitao (Vigna
sesquipedalis Fruw.) and four varieties of
each group were evaluated for their
adaptability to pre-and post-rice
conditions. The findings showed that sitao
is not adapted to pre-rice condition as
shown by considerable reduction in yield.
It is more adapted to post-rice conditions
due to the following factors: reduction in
total leaf area maintenance of high relative
water content, increased stomatal
resistance and lower transpiration losses.
Earliness, good germinability, vigorous
growth of seedling and development of long,
deep penetrating roots proved also to be of
adaptive significance to the crop under
high levels of soil moisture. Among the
varieties studied, UPBS-1, UPBS-3, Acc
43 and Acc 44 were highly adaptable to
post-rice planting. No single plant
characteristic was found to correlate with
fresh pod yield under post-rice condition.

226 Patro, G.K.; Sahu, B.C. Performance
of rice-based cropping patterns in
the irrigated uplands of Orissa.
International Rice Research
Newsletter., 8(6): 30-31. 1983.

Rice-based cropping patterns were studied
at Bhubaneswar, India during 1981-

1982. Rice-maize-cowpea cropping
pattern produced 8.3 t/ha.
227 Rao, M.M.; Edmunds, J.E.

Intercropping of banana with food
crops: cowpeas, maize and sweet
potato. Tropical Agriculture, 61(1):
9-11. 1984.

Cowpeas were grown under bananas in four
cropping systems. The different cropping
patterns did not affect the seed yield of
cowpeas significantly but the legume
grown in association with sweet potato
yielded somewhat better than with maize.
Maize planted with cowpeas performed
significantly better than maize alone or
maize plus sweet potato.
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228 Rao, M.R.; Morado, L.B. A review of
maize-beans and maize-cowpea
intercrop systems in the semi-arid

northeast Brazil. Pesquisa
Agropecuaria Brasileira, 19(2):
179-192. 1984.

Thirty four experiments on maize-cowpea
and 51 on maize-beans intercropping
systems conducted mostly in the semi-arid
Northeast Brazil were analyzed to get an
understanding of the performance of these
intercrops in terms of their productivity
as well as stability. Both the intercrop
systems produced higher yields over their
respective sole crops under a wide range of
agroclimates; the average advantage with
maize-cowpea was 41%. In maize-cowpea,
alternate rows or one maize: two cowpea
arrangement with about 50% of sole maize
density and 100% of sole cowpea
population seemed to be optimum. The
intercrop yields showed the same degree of
variability as those of the sole crops, but
the intercrops being more productive were
scmewhat less risky than the sole crops.

229 Ribeiro, V.Q.; Silva, E.C.; da; Freire,
F.R. Tomanho e forma de parcelas de
culturas consorciades e soletecias de
caupi e milho. [Size and shape of plots
in experiments with sole and
intercrbpped cowpea and inaize

crops.] Pesquisa Agropecuaria
Brasileira, 19(11): 1365-13.
1984.

A uniformity field trial was carried out
with intercropped and sole cropping of
cowpea and maize to estimate the optimum
plot size and shape for these two crops in
intercropping. The soil variability indexes
were 0.536, 0.554, 0.623 and 0.596,
respectively, for cowpea intercropped and
in sole cropping, and for maize
intercropped and sole cropping. The plot
size, length and width influenced
independently the variance of any cropping
system.

230 Leihner, D.E.

rotation and

Sieverding, E.;
Influence of crop




intercropping of cassava with
legumes on VA mycorrhizal symbiosis
of cassava. Plant and Soil, 80(1):
143-146. 1984.

The influence of cassava sole cropping,
association and rotation with cowpea
(Vigna unguiculata L. Walp), groundnut
(Arachis hypogaea L.} and mungbean
(Vigna radiata L) on mycotrhizal root
infection of cassava was evaluated in two
field experiments. The results showed that
root-infection of cassava with vesicular-
arbuscular mycorrhiza was increased by
crop rotation with grain legumes in the
field and also by intercropping with
legumes.

231 Silva, E.C. da; Ribeiro, V.Q.; Andrade,
D.F.de. Uso de um modelo quadratico
na determinacao do tamanho e forma
de parcelas em experimentos com
caupi consorciado com milho. [The use
of a quadratic model to determine the
size and shape of plots in experiments
with cowpea intercropped with corn].
Pesquisa Agropecuaria Brasileira,
19(10): 1267-1270. 1984.

Two uniformity trials, one with cowpea
alone and the other one with cowpea
intercropped with corn were performed. To
measure the relation between the variation
coefficient of the plot and its size, a
quadratric model was used, which showed a
good adjustment to the obtained data. The
nature of the fitted surfaces are studied
through contour plots.

232 Sinha, M.N.; Hampaiah, R.; Rai, R.K.
Studies on phosphorus-use efficiency
in cereal-cereal and legume-cereal
rotations. Indian Journal of
Agricultural Sciences, 53(10):
893-898. 1983.

Cowpea (Vigna unguiculata), pearlmillet
and soybean grown either for fodder or
grain showed marked response to P. The
residual effect of P on the succeeding wheat
(Triticum aestivum Linn) was very much
distinct. As the yield of wheat increased

proportionately cowpea and soybean as
preceding crops were equally effective in
increasing wheat. The yield of wheat after
grain cowpea or grain soybean was
generally higher than that after fodder
crops.

233 Srivastva, A.K.; Verma, B.; Narain, P.
Studies on double cropping under
rainfed conditions. Indian Journal of
Agronomy, 30(1): 64-71, 1985.

Cowpea, green gram and black gram each
followed by safflower, mustard, taramira
and gram in double cropping sequences
were studied from 1978-79 to 1981-
1982. In 1979-80, double cropping
sequences of green gram, black gram and
cowpea with safflower recorded the
maximum grain yield of 13.8, 12.8 and
15.2 g/ha, respectively. Combinations of
green gram, black gram and cowpea with
taramira were second best. Maximum
canopy cover was provided by black gram
and green gram followed by cowpea.

234 Ssekabembe, C.K. Cowpea as a mixed
crop Tropical Grain Legume Bulletin,
30: 2-8. 1985.

The advantages of intercropping using
cowpea as a reference are enormous.
Cowpea intercropped with other crops
provides an additional source of protein in
the diet. With the help of Rhizobia, cowpea
can fix atmospheric nitrogen. Growing
cowpea in mixtures is also a good way to
control pests and diseases thus it gives
substantial yield advantages over sole
cropping. The growth habit which in
cowpea ranges from erect-determinate to
non-climbing prostrate spreading to
twining or climbing indeterminate is
discussed in relation to the performance of
cowpea in intercropping.

235 Udosen, C.V.; Adesiyan, S.0.; Singh,
S.R. Performances and yield potential
of six varieties of cowpea (Vigna
unguiculata (L) Walp.) in mono and
mixed cropping within two cropping




seasons. Nigerian Journal of Science,
18(1-2): 1-5. 1984,

At a field trial at Ibadan, Nigeria, the
yielding potentials of six varieties of
cowpea were evaluated as sole crop or in
mixture with maize both as early (April)
or late (September) crops. The varieties
were Ife Brown, ER-7, TVU 1509, TVX 7-
5H, TVX 1843-1C and TVU 289-4G. Ife
Brown, ER-6, TVX 7-5H, and TVX 1843-
1C showed higher yielding potentials in
mixed cropping either as early or late
season crops. There were statistically
significant differences (P= 0.05) in the
total grain yield among some of the
varieties in mono or mixed cropping trials.
However, the total grain yield was
substantially higher (24%) in late season
compared to the early cropping.

236 Umaru, N.K.; Shinde, S.W.; Dhonde,
P.N. Studies on intercropping of
pulses in Kharif sorghum. Indian
Journal of Agronomy, 29(1): 27-30.
1984.

Intercropping of sorghum as base crop,
cowpea, greengram and pigeonpea as
intercrops in three different planting
patterns was studied at Rahuri, India
during 1978-79 and 1979-80 under
supplemeiitary irrigation system. In the
first year, cowpea and greengram
significantly reduced the yields of sorghum.
However, the yields of sorghum were
improved due to intercrops during the
second year. From the economic valuation
point of view, there was an increase in
economic gains by 41% when cowpea was
used as an intercrop.

237 Wade, M.K.; Sanchez, P.A. Productive
potential ot an annual intercropping
scheme in the Amazon, South America.
Field Crops Research, 9(3/4): 253-
264. 1984,

A multiple cropping modeled after the
traditional planting scheme of the local
farmers was the basis for an experiment

conducted in Yurimaguas, Peru. The
planting pattern consisted of relay
intercrops; the first year corn with
soybeans followed by cassava with cowpeas,
and the second year, corn with rice
followed by cassava with peanuts and
cowpea. Each species in monoculture was
planted at the same time the species was
planted in the intercropped system. The
effect of various N rates on the
productivity of each cropping pattern was
also studied. The results showed that as:the
row spacing widened, corn and cassava
yields decreased while yields of cowpea and
soybeans increased. The 1-m intercropping
pattern was 30% more efficient in
producing crop yields than the
corresponding monocultures. It also
increased the rate of production of income,
calories and protein with additions of N in
the first year but not in the second.

238 Wahua, T.A.T. Rhizosphere bacterial
counts for intercropped maize (Zea
mays), cowpea (Vigna unguiculata)
and cultivar egusi melon (Colocynthis
vulgaris). Field Crops Research,
8(5): 371-380. 1984.

The numbers of rhizosphere bacteria in
sole-cropped and intercropped maize,
cowpeas and melon were determined in
potted plants, and in field grown plants
with standard spacings and arrangements.
Intercropping maize, cowpeas and melon
with one another increased the rhizosphere
bacterial counts for all but melon. Uptake
of N and K, but not of P, by cowpeas was
higilly correlated with rhizosphere
bacterial counts. Only the N uptake by
melon correlated with rhizosphere activity
nutrient uptake. More rhizosphere. bacteria
were found in intra-row than in inter-row
intercropping.

239 Wahua, T.A.T. Nutrient uptake by
intercropped maize and cowpeas and a
concept of nutrient supplementation
index. Experimental Agriculture.,
19(3): 263-275. 1983.




Accumulation curves for N,P,K, and Ca
were determined for intercropped maize
and cowpeas given different fertilizer
combinations. Both species completed for
these four elements, with cowpeas
suffering relatively more than maize. A
concept of a Nutrient Supplementation
Index (NSI) was developed to aid studies on

fertilization of crop mixtures. Using this
index, it was estimated that an additional
9.7, 24.0, 9.7 and 30.6% of N,PK, and
Ca, respectively (based on the requirement
of sole-crop maize) might be needed to
satisfy the combined needs of a 1.1 row
maize-cowpea intercrop.

FO3 Planting Date, Planting Method and Spacing

240 Azevedo, D.M.P. de; Beltrao, N.E.M.
de.; Nobrega, L.B. da. Efeito da epoca
relativa de plantio do milho e do caupi
no consorcio com algodoeiro arboreo.
[Effect of corn and cowpea planting
date on perennial cotton association].
Pesquisa Agropecuaria Brasileira,
20(7): 821-890. 1985.

A field experiment was carried out during
1979 1o 1981 in Brazil to study the effects
of corn and cowpea planting date on
perennial cotton when cultivated together
in an associated system. The treatments
were: cotton alone; cotton + corn + cowpea,
planted simultaneously, corn + cowpea
planted 15 days after cotton; corn + cowpea
planted 30 days after cotton; corn + cowpea
planted 45 days after cotton; cotton +
cowpea planted simultaneously, and corn
20-30 days after, cotton + corn planted
simultaneously, and cowpea 20-30 days
after. The results showed that simultaneous
planting date of corn and cowpea reduced
considerably cotton production during the
first year, but this was the treatment
which permitted the largest cowpea and
corn production.

241 Egharevba, P.N. The effect of planting
on the performance of mixed sorghum
and cowpea. Samaru Journal of
Agricultural Research, 2(1/2): 57-
66. 1984.

The effect of number of plants per stand on
the performance of mixed sorghum and

cowpea was studied by alternating one, two
and three plants per stand of each crop in a
row. The spacings for the two and three
plants per stand were double and triple that
of one plant per stand, thus giving the same
plant population per unit area. The best
yield of cowpea was recorded at the two
plant combination. The one and three plant
combinations yielded respectively 69% and
28% less than the plant combination.

242 Fakorede, M.A.B.; Akingbohungbe,
A.E.; Ogunbodede, B.A. Use of planting
dates in the preliminary evaluation of
new cowpea cultivars. Experimental
Agriculture, 19(2): 163-168.
1983.

Four cultivars of cowpea were grown in 15
sets of conditions in several monthly
plantings in each of three years Data for
seed yield were analyzed to investigate the
effectiveness of using planting dates in
preliminary yield trials of new cultivars.
Extremely significant environment mean
squares and wide ranges of environmental
indices (-13.3 to 23.5) and seed yield
(11.4 to 48.2 p plant-1) indicated real
differences among environments. Stability
analyses of the cultivar x environment
interactions suggest that, where limited
funds preclude the use of several locations,
monthly plantings for two or more years
could be used effectively in the
preliminary evaluations of cultivars
without losing much information on their
relative ranking.




243 Fonseca, P.D.; Leihner, D.E. Effecto
de poblaciones y arreglos espaciales
de caupi (Vigna unguiculata) y mani
(Arachis hypogaea) en asociacion con
yuca (Manihot esculenta) sobre
produccion e intensidad del uso de la
tierra. (Effect of populations and
spatial arrangements of cowpeas
(Vigna unguiculata) and groundnuts
(Arachis hypogaea) intercropped
with cassava (Manihot esculenta) on
production and land use efficiency).
Acta Agronomica, 33(2): 17-27.
1983.

In field trials at Quilichao, Colombia,
cowpeas were sown alone at populations of
80000: to 140000 plants/ha or in 3
spatial ‘arrangements and groundnuts were
sown alone at 150000 to 300000
plants/ha or in 2 spatial arrangements
between cassava planted in 1.8m rows. For
cowpeas, spatial arrangement had no
significant effect on seed yield. Intercrop
competition was least at 80000 piants/ha
giving a land use efficiency (LUE) of 1.63.

244 Jallow, A.T.; Ferguson, T.U. Effects of
planting density and cultivar on seed
yield of cowpeas (Vigna unguiculata
(L) Walp.) in Trinidad. Tropical
Agriculture, 62(2): 121-124.
1985.

The effect of planting density on the seed
yield of a number of cowpea cultivars
planted in the eariy and late wet season of
1982 in Trinidad was examined. Seed yield,
average over all cultivars in the early wet
season planting, was 47% less than the
1962 kg ha-1 in the late wet season
planting. In the Iatter experiment, whera
18 cultivars were evaluated, the cultivar x
density interaction was highly significant
and eight cultivars had an apparently
linear seed vyield response to density
between 40000 and 250000 plants ha-1.
Several high yielding cultivars, e.g.,
California No.5, Laura B, Il 408, A6, have
high potential for grain production in
Trinidad. Cultivars Pinkeye, TVX 1841-
OIE and TVX 309-IG showed good response
to increased planting density.

245 Kayode, G.O.; Odulaja, A. Response of
cowpea (Vigna unguiculata) to spacing
in the savanna and rainforest zones of
Nigeria. Experimental Agriculture,
21(3): 291-296. 1985,

A two year field study designed to
investigate the effect of spacing on yield of
two cowpea cultivars in the savanna and -
forest zones of Nigeria showed that cowpea
yields were larger in the savanna than in
the forest zone at all spacings employed.
Inter-row spacing wider than 60 cm and
intra-row spacing closer than 10 cm could
be used for improved seed yield in the
savanna zone, while 60 x 20 cm (83 333
plants ha-1) would be optimum for cowpea
production in the forest zone.

246 Lawn, R.J. Response of four grain
legumes to water stress in south-
eastern Queensland. IV. Interaction ..
with sowing arrangement. Australian
Journal of Agricultural Research,
34(6). 661-669. 1983.

The effect of spatial arrangement and

-population density on growth, dry matter

production, yield and water use of cowpea
(V. unguiculata Pl 28215), black gram,
green gram and soybean, under irrigated,
rain-fed fallowed and rain-fed double
cropped culture was evaluated at Dalby, in
Southeastern Queensland. Equidistant
spacings increased initial rates of leaf area
inaex (LAIl) development and crop water
use compared with 1-m rows at the same
population densities. In the irrigated and
rain-fed fallowed treatments, where more
water was available for crop growth, both
seed yields and total crop water use were
higher in the equidistant spacings.
However, in the double-cropped
treatments, where water availability was
limited, there was no yield difference
between rows, and equidistant spacings,
primarily because initially faster growth
in the latter was offset by more severe
water stress later in the season. Higher
pcpulation density also increased initial
crop growth rate and water use,
particularly in the equidistant spacings.
Although absolute yield differences existed




between legume cultivars within cultural
treatments, there were no significant
differential responses to either spatial
arrangement or population density among
the four cultivars.

247 Sekhon, H.S.; Dhingra, K.K.; Tripathi,
H.P.; Brar, H.S. Effect of sowing date
on the performance of summer
cowpeas. Tropical Grain Legume
Bulletin, 31: 29-30. 1985.

A field experiment was carried out in
1980-81 at the Punjab Agricultural
University, Ludhiana, india, using three
sowing dates. They are 23 March and 5 and
18 April in main plots with 4 cowpea
genotypes C522, C533, C534 and C551 in
sub-plots. The results showed that grain
yield differed significantly with date of
sowing. Optimum time of sowing for
summer cowpea seems to be around the
middle of March and the genotypes C533
and C551 can be successfully grown as a
catch crop from mid-March to the end of
June in the north western region of India.

248 Sesay, A. Response of cowpea to
sowing date in the lowlands in Sierra
Leone.  Tropical Grain Legume
bulletin, (28): 17-19. 1983.

F04 Fertilizers and Mineral

250 Beverly, R.B.; Jarrell, WM. Cowpea
response to N-form, rate, and timing
of application. Agronomy Journal,
76(4). 663-668. 1984.

Research was undertaken to determine
whether N management could increase seed
yields of furrow-irrigated cowpeas on a
fine-loamy, mixed, thermic Haplic
Durizeralf soil. Treatments included no N
fertilizer, 168 kg ha-1N as ammonium
nitrate broadcast preplant, and side-
dressing with two N sources at two rates

Four cowpea cultivars were sown on 16
January, 6 February and 20 Feb 1980 and
9 cultivars on 8 dates beiween 15 Jan and
5 March 1981, In 1980 leaf area and
numbers of flowers and pods/plant were
significantly reduced in the latest sowing.
In 1981, emergence was poor in sowings
made on or after 19 February. Flowering
and maturity were slightly earlier as
sowing was delayed up to 12 February but
growth and pod production showed no
consistent pattern probably because of
variations in soil moisture due to uneven
local topography. Mid-January to mid-
February was the optimum sowing date in
inland swamp areas.

249 Vir, S.; Singh, M. Influence of dates
of sowing on the incidence and extent
of damage by insect pests in mothbean
and cowpea. Annals of Arid Zone,
24(4): 329-333. 198S5.

Pest incidence and yield losses were
estimated for mothbean and cowpea sown on
four dates in Kharif 1983 and 1984. The
loss in seed yield of cowpea varied from 22
to 62% in 1983 and 43 to 87% in 1984,
Cowpea escape insect attack when sown
during the first or second week of July thus
producing higher quantity of seed.

Nutrition

(56 or 168 kg ha-1N) applied either at
bloom or during podfill. Nitrogen
application increased seed yield, with side-
dress application being more effective than
preplant fertilization. The higher rate of
sidedress N did not significantly increase
seed yield. Preplant fertilization increased
vegetative growth, but short dry matter
differences disappeared during the
reproductive period. Symbiotic N2 fixation
decreased and mineral N uptake increased
in response to N fertilization. The increase
in seed yield due to N management did not




appear to be explained by increased
growth, N accumulation in plants, or N
supply during podfill.

251 Bezerra Neto, F.; Holanda, J.S. de;
Filho, J T.; Torres, J.F. Niveis de
maxima eficiencia economica de
esterco de curral no cultivo do caupi.
[Maximum economic-efficiency
levels of cattle manure on growing
cowpeas.] Pesquisa Agropecuaria
Brasileira, 19(5): 519-663.
1984.

Experiments were carried out to define the
maximum economic efficiency level on the
yield of cowpeas (Vigna unguicuiata (L.)
Walp) and to observe the residual effect in
the colonization project area of the Serra
do Mel, RN, Brazi!. Two experiments were
established during the agricultural years of
1981 and 1982, in a soil of the Red-
Yellow Alic 'Latosol type, where manure
was applied the first year and the residual
effect was assessed the second year. The
experimental design was randomized
complete blocks with four replications of
eight treatments. The treatments were
based on the manure levels, which ranged
from zero to 42 t/ha (dry basis), in
intervals of 6 t/ha. In relation to the price
ratio for 1981, the maximum economic
efficiency level was 14 t/ha of manure
with a yield of 337 kg cf grain/ha. In 1982
this level was 16 t/ha manure with a yield
of 1539 kg of grain/ha. Among the yield
components studied, only the number of
pods per area reacted to diiferent levels of
caltle manure. One year after the
application of manure, the levels of
phosphorus and potassium in the soil were
15 ppm and 65 ppm, corresponding to five
and two times more than the initial levels,
respectively.

252 Eaglesham, A.R.J.; Ayanaba, A.; Rao,
V.R.; Eskew, D.L. Mineral nitrogen
effects on cowpea Vigna unguiculata
and soybean Glycine max. crops in a
Nigerian soil 1. Development
nodulation, acetylene reduction and

64

grain yield. Plant and Soil, 68(2):
171-181. 1982,

Four cowpea ~nd two soybean cultivars
grown in N-dep:dted soil were given 19N-
labelled fertilizer at 25 or 100 kg N/ha,
and availability of soil N was estimated
using maize, non-nodulating soyabeans and
Celosia argentea as test crops. At low N,
nodule weight was up to 580 mg DM/plant
and acetylene reduction up to 208
[mol/plant h. Fertilizer N utilization was
12% at the lower N level and 28% at the
higher. Low N had a transient adverse effect
on nodule development and high N had long-
term adverse effects on nodule formation,
nodule development and acetylene
reduction. Cowpea nodule mass was
maximum at early pod-fill at low N and
late pod-fill at high N, while soyabean
nodulation increased until late pod-fill at

oall N levels.

253 Eaglesham, A.R.J.; Hassouna, S.;
Seegers, R. Fertilizer-N effects on
N2 fixation by cowpea and soybean.
Agronomy Journal, 75(1) 61-66.
1983.

The effects of fertilizer-N applied at or
soon after sowing, on nodulation, N2
fixation and growth of two cultivars of
cowpea and, for comparison one of soybean,
were examined in the greenhouse. Two
experiments were done to examine (a) the
effects of fertilizer N before flowering and
(b) the effects of fertilizer-N throughout
the growth cycle and on final yield. The
levels of N found to stimulate symbiosis
during the pre-llowering period were. an
order of magnitude higher than those
previously reported. Applications of 36 and
72 mg N/plant increased. nodule weights
and acetylene reduction activitiez o to
fourfold and sixfold, respectiveiy, but
trends varied with legume host and time of
harvest. When 30, 90, 180, or 360mg -
N/plant were applied as NH4NOZ, KNO3, or
urea, symbiotic responses again varied and
no single N treatment was optimal for all
three legumes. Synergistic effects of
applied N on total amounts of N fixed were




observed with each host with various N
treatment.

254 El-Baisary, E.M.; Badr EI din, M.M.;
Negm, M.A. A study on phosphorus
fertilization of cowpea plant (Vigna
sinensis savi.) in calcareous soil.
Agricultural Research Review,
59(4): 267-278. 1981.

Compare plants were grown up to the
flowering stage in three pot experiments to
study their phosphorus fertilizativn in
calcareous soils. The results of the
experiments showed that the phosphorus
application rates did not remarkably affect
phosphorus percentage on amount in
cowpea plants. Equivalent application of 60
kg P205/feddan proved to be applied to
cowpea growth. Monocalcium phosphate was
significantly superior to di-calcium
phosphate and control with respect to dry
weight and amount of phosphorus absorbed
by cowpea plants. Dry weight or
phosphorus uptake was the same whether
phosphorus was applied to the soil or
sprayed on foliage.

255 Eskew, D.L.; Welch, R.M.; Norvel,
W.A. Nickel in higher piants, further
evidence for an essential role. Plant
Physiology, 76(3): 691-693.
1984.

Soyabeans grown in Ni-deficient nutrient
solution accumulated toxic urea at
concentration which resulted in necrosis of
their leaflet tips. Similar leaflet tip
necrosis also developed in cowpeas grown
in  Ni-deficient nutrient solutions
containing nitrate and ammonium, but was
prevented by the addition of 1lUAA Ni
EDTA.

256 Goraya, D.S.; Singh, R.; Brar, S.P.S.
Response of linseed and cowpeas to
different sources of sulphur in
neutral and acid soils of Himachal
Pradesh. Himachal Journal of
Agricultural Research, 10(2): 67-
69. 1984. _

. Greenhouse experiments were conducted on

two representative acid and neutral soils.
Cowpeas and linseed were planted as test
crops. There were four sources of sulphur
(gypsum, potassium sulphate, sulphur
powder and single superphosphate) used.
Five levels of sulphur (0,25, 50, 75 and
100ppm) were added and well-mixed with
the soil. Cowpeas were harvested after
eight weeks of growth and plant samples
were oven-dried, weighed, digested and

‘analyzed for total sulphur. It was found out

that the only source which increased the
dry matter production of cowpeas was
single superphosphate. :

257 Horst, W.J.; Wagner, A.; Marschner,
H. Effect of aluminium on root
growth, cell-division rate and
mineral element contents in roots of
Vigna unguiculata genotypes.
Zeitschrift fur Pflanzenernahrung
Bodekunde, 109: 95-103. 1983.

Inhibition of root elongation, the most
sensitive parameter for the toxic effect of
Al on the growth of cowpea was mainly the
result of inhibited cell division in the
root-tip meristems. Inhibition of cell
division after short-term Al treatment was
due to an accumulation of Al in the roots,
especially in the apical 1 cm root tip. Fifty
percent of the Al content of the root tip was
bound to the adhering mucilage. The
nutrient concentrations in the root tip did
not give any indication of an involvement of
induced nutrient deficiency in short-term
growth depression by Al. Less inhibition of
root elongation in Al tolerant genotypes was
related to lower Al uptake, especially into
the 1 cm root tip, rather than to less
inhibition of Ca and P uptake.

258 Kang, B.T.; Nangju, D. Phosphorus
response of cowpea Vigna unguiculata
L. Walp. Tropical Grain Legume
Bulletin, (27): 11-16. 1983.

The effects of 0-52kg phosphorus(P)

single superphosphate on cowpea cv. VITA-

3 were studied on an alfisol at Ibadan.

Compared with high P, no or low P gave

stunted, slightly chlorotic, earlier




flowering and maturing plants with
smaller leaves. P significantly increased
nodulation, noduie weight and plant dry
weight and nitrogen content. Seed yields
were significantly increased by 13kg P/ha.
Index leaf P content increased with
increasing extractable P. The critical index
leaf P content for maximum growth of cv.
VITA-3 was about 0.5%. P significantly
increased N and decreased K, Zn, Ca and Mn
contents of index leaves and significantly
increased seed P content.

259 Kayode, G.O. Responses of yield,
components of yield and nutrient
contents of cowpea 1o magnesium
fertilizer in a tropical rainforest
region. The Journal of Agricultural
Science, 04(3): 481-484, 1985,

Field experiments were carried out in the
early and late growing seasons in the rain-
forest zone of !‘igeria to determine the
responses of yield, components of yield and
nutrient contents of cowpea to magnesium
fertilizer. Yield and components of yield
studied were not significantly increased by
Mg application but N, P and Zn
concentrations were significantly
“increased, while Mn concentration
decreased significantly with applied Mg.
Yield was positively correlated with the
micronutrient (Zn, Fe, Cu, Mn)
concentrations of cowpea. A level of 0.43 m
equiv/100 g of exchangeable Mg or 15%
Mg saturation appears adequate for
successful cowpea production in a typical
forest zone within the humid tropics.

260 Krishnasamy, R.; Manickam, T.S.;
Kothandaraman, G.V. Influence of
phosphorus and micronutrients on the
yield and uptake of NPK in cowpea
var. C03. Madras Agricultural
Journal, 72(4): 181-184, 1985,

Application of ZnSO4 (25 kg/ha) had
influenced the highest uptake of N, P and K
in cowpea and soil application of 50 kg
P20s/ha was found to be significantiy
superior in increasing their uptake. The
grain yield was the highest ili T4 treatment

(Na2MoO4 at 0.25 kg/ha) while straw
yield was higher in T4 treatment (ZnSO4 at
25 kg/ha). Highest grain yield (602
kg/ha) of cowpea was recorded in T2
treatment when coupled with 2% DAP

spray.

261 Lima Filho, S.A. De.; Neptune, A.M.L.
Efeitos da adubacao com N-NO3e
NH4+ na producao de massa, nas
concentracoes de nitrogenio e na
ativadade da retudase no nitrate em
Vigna unguiculata (L.) Walp. (Effects
of nitrate-N and ammonium-N on
yields, nitrogen concentrations and
nitrate reductase activity in Vigna
unguiculata (L.) Walp.) Anais da
Escola Superior de Agricultural
"Luiz de Queiroz", 39(2): 1089-
1114. 1982.

The effects of the levels of nitric and
ammonium fertilization on the production
of fresh and dry matter, activity of nitrate
reductase  total nitrogen and nitric
concentrations in the vegetative parts of
cowpea were studied. The results showed
thai ammonium fertilizer worked within
certain limits'as an inhibitor agent of the
enzymatic activily, especially at the rates
of 200 and 400 kg/ha of ammonium. Alil
treatments increased the total of N
especially in the grains showing an
increase in the yield. In treatments with
high rates of N, there was a very high
increase in the nitrate content of the grains.
This is a worrying factor as this-iontent
surpass the security limit for the health of
human beings.

262 Narwal, R.P.; Kumar, V.; Singh,
J.P.Potassium and magnesium
relationship in cowpea Vigna
unguiculata. Plant and Soil, 86(1):
129-134. 1985,

The effects of K and Mg application on dry
matter yield and uptake of K, Mg and Ca in
cowpea were studied in greenhouse at
Haryana Agricultural University, Hissar
(India). Dry matter yields of leaves, stems




and roots increased by 17, 30 and 27 per
cent over control due to application of 150
ppm K and 17, 16 and 26 per cent by 40
ppm Mg respectively. Potassium
application has antagonistic effect on Ca
concentration of leaves, stems and roots and
synergistic on root Mg concentrations upto
25 ppm K. However, Mg had a synergistic
effect on concentration of K upto 20 ppm
Mg and antagonistic at 40 ppm in all plant
parts. Uptake of K, Mg and Ca increased by
Mg application, but K increased only K
uptake.

263 Oliveira, I.P.; Kiuthcouski, J.; Aidar,
H. Effect of phosphorus levels,
cultivars and plant population on

cowpea (Vigna wunguiculata)
production. Tropical Grain Legume
Bulletin, (25): 15-17. 1982.

Cowpea cv. Serido, IPEAN V-69 and 4R-
0267-IF were grown during 1980 on a
dark red latosol at populations of 80,000,
160,000, 240,000 or 320,000
plants/ha. Superphosphate was applied at
40, 80, 160 or 320 kg P2)5/ha, and all
treatments received 20 kg N an 30 kg
K20ha at sowing yields, possibly due to
cultivar adaptation to sandy soil conditions.

264 Prasad, R.; Sharma, S.; Dixit, L.
Phosphate fertilization in intensive
annual cropping with wheatgreen
gram (or cowpea) pearl millet.
Fertilizer Research, 6(3): 219-
224. 1985.

Experiments on a wheat-green gram (or
cowpea) - pearl millet multiple cropping
system were conducted to study the direct
and residual effects of P applied to one crop
on the other crops grown in succession and
to find the best possible way in which a
limited amount of P could be apportioned
between the different crops in the rotation.
The data showed that in the case of cowpea
(fodder) a significant first residual effect
was obtained when 26 or 39 kg P ha-1 had
been applied to wheat. There was a
significant increase in P uptake by cowpea
(fodder) due to the residual effects of P

applied to wheat and it was signiticaiiiy
more with 39 than 13 kg P ha-1. The
second residuzl effect of P applied to pearl
millet on green gram or cowpea (fodder)
was not significant. The highest grain
production was obtained when all P was
applied to wheat and the following green
gram (or cowpea) and pearl millet were
grown on residual P. Intensive annual
cropping with wheat-green gram (or
cowpea) - pearl millet depleted soil P
heavily.

265 Reddy, N.V.; Saxena, M.C. Studies on
concentrations and uptake of
nitrogen,phosphorus and potassium at
various, growth stages of cowpeas as
affected by season and genotypes.
Indian Journal of Agronomy, 28(1):
1-6. 1983.

The changes in nitrogen, phosphorus and
potassium concentrations and their uptake
with age in different plant parts of cowpeas
were determined as affected by season and
genotype. The concentration was 100%
more in leaf lamina than in support; the
reverse trend was observed with potassium
concentration, while phosphorus
concentration was nearly similar in" both
parts during the entire crop growth period..
The nitrogen concentration was maximum at
45 days, whereas maximum phosphorus
and potassium concentrations were found at
30 days. Rates of nitrogen, phosphorus and
potassium uptake were maximum between
45 and 60 days. Concentrations of these
nutrients were more in spring 1976,
whereas their uptake was more in Kharif
1976, in all plant parts at harvest. The
concentrations and uptake differed in all
genotype.

266 Singh, D.; Ghosh, A.B. Effect of
graded doses of potassium on dry
matter yield and potassium uptake by
maize, cowpea and wheat. The Indian
Journal of Agronomy, 29(2): 246-
248. 1984.

To study the response of cowpea, wheat and
maize to potassium, six

pot culture




experiments, two on each crop were
conducted from 1876 to 1978 on ten
alluvial soils in India. The treatments
comprised four levels of potassium (0, 40,
80 and 120 kg potassium/ha as muriate of
potash replicated four times over a uniform
basal dose of 120 kg N (urea) and 60 kg P2
Os/ha (single superphosphate). For
cowpea, 40 and 80 kg potassium/ha proved
effective in raising the dry matter yield.
Potassium uptake progressively increased
with applied potassium. Both 80 and 120
kg potassium/ha increased the uptake over
control and 40 kg potassium/ha but, were
at par on comparison between themseives.

267 Singh, G. Study on the effect of
phosphorus levels and mulches on
growth and yield of summer cowpea
(Vigna unguiculata L. Walp). Indian
Journal of Agriculwral Research,
19(3): 138-142.

A field experiment taking summer variety
of cowpea (FS68) was conducted in the
summer season of 1978 and 1979. The
treatments consisted of 3 levels of P20s
(20, 40 and 60kg P20s5/ha) and 5 types of

mulching materials (control, Sachrum sp.
straw, soil mulch, saw dust and bajra
husk). A significant effect on plant height,
branching, number of pods per plant and
straw yield was recorded by increasing
levels of phosphorus upto 60kg P20Os/ha.

The mulching materials  significantly
increased plant height, branching and grain
yield of cowpea. The maximum grain yield
was recorded with 40kg and 60kg P20s/ha
with saw dust mulch in 1978 and 1979
respectively.

268 Subba Rao, A.; Ghosh, A.B. Available
potassium content in soil under
intensive ferlilizer use as revealed
by some soil tests. The Madras
Agricultural Journal, 70(1): 24-
27. 1983.

An investigation was undertaken to examine
the changes in available potassium status in
an alluvial soil under intensive cropping of
cowpea, pearl millet and wheat. Fertilizers

was used for seven years using water,
0.01M CaCi2, neutral normal ammonium
acetate and NH4F plus DTPA as soil tests.
While all the four tests employed were
found fairly effective, ammonium acetate
proved to be the best in detecting the

“treatment differences. CaC12 (O.01M),

ammonium acetate and NH4F plus DTPA
showed highly significant positive
relationships with yield of crops raised in
the eight rotation.

269 Wade, M.K.; Sanchez, P.A. Mulching
and green manure applications for
continuous crop production in the
Amazon Basin South America.
Agronomy Journal, 75(1): 39-45.
1983.

Kudzu (Pueraria phaseoloides) and guinea
grass (Panicum maximum) cutlings were
each used as mulch or incorporated with as
green manures under three fertilizer
treatments in typic paleudult soil to. -
evaluate their potential as organic additions
for continuous crop production of cowpeas,
soybeans, corn, peanut and rice. The use of
mulches without chemical inputs produced
an average of 75% of the crop yields
achieved with completely fertilized, bare
plots. For five

consecutive crops, incorporating kudzu at
the rate of 8 tons fresh material/ha/crop
produced yields which were 90% of the
crops receiving complete inorganic
fertilization and liming.

270 Yadav, D.S.; Kumar, A.V.; Singh, M.
Effect of phosphate and zinc
application on dry matter yield and
uptake of nutrients in cowpea (Vigna
unguiculata (L.) Walp.). Zeitschrift
fur Planzenernahrung und
Bodenkunde, 148(3): 233-240.
1985.

To find out the effect of P and Zn levels on
dry matter yield, concentration and uptake

. of P and Zn in cowpea, a pot experiment was

conducted in greenhouse. Phosphorus and
zinc were added at the rate of 0, 20, 40, 80
and 160 ppm P and 0,2.5,5, and 10 ppm




Zn, respectively. Response of P and Zn on
dry matter yields of shoots and roots at 40
days and grain yield at maturity was
observed up to 80 ppm P and 5 ppm Zn,
respectively, and further increase in their
levels decreased the yields. The addition of
10 ppm Zn decreased and 2.5 ppm Zn
increased P concentration in different plant
parts. The application of P decreased Zn

FO5

271 Dancette, C. Estimation des besoins
en eau des principales cultures
pluriales en zone Soudano-
Sahelienne. (Estimation of the water
requirement of the main rainfed
crops in the Sudano-Sahelian Zone).
Agronomie Tropicale, 38(4): 281-
194.1983.

A relatively simple and precise method is
presented for determining the water
requirements of crops. It is based on
characterization of evaporative demand,
water requirement at 10-day intervals
from emergence to maturity and a crop
coefficient relating water requirement to
class A pan evaporation. The use of the
method is illustrated by resuits with
cowpea, millet, sorghum. maize, upland
rice, groundnuts, soyabeans and cotton in
Senegal and other parts of West Africa.

272 Diputado, M.T.; Rosario, D.A. del.
Response of cowpea [Vigna
unguiculata (L.) Walp.] to moisture
stress and seed pretreatment.
Philippine Journal of Crop Science,
10(2): 51-56. 1985.

In pot experiments, moisture stress
imposed ten days after emergence until the
peak vegetative stage caused considerable
reduction in plant height, total leaf area,
shcot and root dry matter yield,
chlorophyll content and fresh pod yield of
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concentration in different plant parts
mainly at maturity stage. The available P
and Zn at each harvesting stage were not
affected by application of Zn and P,
respectively, suggesting that P-Zn
interaction occurred somewhere in the
plants not in the soil.

Irrigation, Water Management & Plant-Water Relations

cowpea. Stress rating and leaf water
potential values indicated that the
physiological stress experienced by the
plants was not severe in spite of the level of
external stress applied suggesting an
adoption mechanism exhibited by the crop.
Seed pretreatments did not cause any change
in the plant . physiological response to
moisture stress.

273 Fapohunda, H.O. A study of maize and
cowpea yield response to irrigation
using the line-source sprinkler
system. International Journal for
Development Technology, 3(2): 131-
143. 1985.

Data on the yield response and
evapotranspiration (ET) of cowpea and
maize were collected from experiments in
which the line-source sprinkler system
was used on a silty loam soil classified as an
alfisol, at lle-lfe, Nigeria. Three varieties
of cowpea (lfe Brown, Vita 5 and TVx-
3236 and three varieties of maize were
tested. In all varieties of cowpea, both grain
and dry matter yields increased with
increasing level of irrigation. A significant
cultivar by irrigation interaction,
indicating different varietal yield responses
to different levels of irrigation was also
observed. For each of the three varieties of
each crop, a strong linear relationship was
found between yield and ET but the slopes




and intercepts of the regression lines
showed varietal differences.

274 Fapohunda, H.O.; Aina, P.Q.; Hossain,
M.M. Water use-yield relations for
cowpea and maize.  Agricultural
Water Management, 9(3): 219-224.
1984.

Three cowpea cultivars and one maize
cultivar were subjecied io varying
irrigation treatments ranging from water
deficits to over-irrigation on a silty loam
Alfisol at lle-1fe. There was a strong
curvilinear relation between cowpea yield
and evapotranspiration (R2=0.86 for DM
yield and 0.87 for dry seed vyield). The

values of the correlation coefficient dropped
to 0.62 and 0.66 for DM and seed yields,
respectively, when a linear relation was
used. When data for over-irrigated fields
were omitted from the calculation, a linear

relationship yielded R2 values close to unity
(R2=0.99).

275 Hoffman, G.J.; Jobes, J.A. Leaching
requirement for salinity control. 3.
Barley, cowpea, and celery.
Agricultural Water Management,
6(1): 1-14p. 1983.

Leaching requirement, the smallest study-
state leaching fraction which prevents any
loss in crop vyield, was determined for
barley, cowpea, and celery in field plots at
the US Salinity Laboratory. Six replicated
leaching-fraction treatments were irrigated
many times each day with small quantities
of water having on electrical conductivity
of 2.3 dS/m. The crops were grown in
succession between January 1979 and
September 1981. The leaching rquirement
for'cowpea seed was Lr 0.16 and for cowpea
forage, it was 0.17. Evapotranspiration
during each crops growing season coincident
with Lr was 630 for cowpea.

276 Kwapata, M.B.; Hall, A.E. Effects of
moisture regime and phosphorus on
mycorrhizal infection, nutrient
uptake, and growth of cowpeas (Vigna

unguiculata (L.) Walp.). Field Crops
Research,12(3): 241-250. 1985.

Mychorrhizal infection, nutrient uptake
and growth of cowpea were investigated in a
greenhouse under dry and well watered
conditions of soil moisture as measured by
tensmeters. Total dry matter and po yield
were significantly higher in mychorrhizal
compared with non-mycorrhizal plants
under limiting conditions of soil moisture
and phosphorus. When soil phosphorus
concentration was high, the presence of
mychorrhiza had no influence on plant dry
matter production and pod yield under both
dry and well-watered conditions. The
concentrations of phosphorus, zinc and
copper were significantly  higher in
mychorrhizal plants under dry, low soil
phosphorus conditions.

277 Mbagwu, J.S.C.; Lal, R. Effects of
bulk density and irrigation frequency
on the root growth and dry matter
yields of corn and cowpea for three
Nigerian topsoil and subsoil profiles.
Beitrage zur Tropischen
Landwirtschaft und Veterinarmedizin,
23(3): 277-285. 1985.

In pot trials with the topsoil. and subsoil of
three profiles (2 luvisols, 1 acrisol) the
influence was investigated of the bulk
density and the irrigation treatment on the
growth and yield of corn and cowpea. It was
found that water deficiency (50% of the
field capacity as compared to the field
capacity) affects growth and yield more
than the bulk density (1.10 and 1.45
g/m3). 1.45 g/m3 probably does not
constitute the critical value of the bulk
density yet. The combined effect of a high
density and water deficiency resulted in a
drastically reduced root growth.

278 Mbagwu, J.S.C.; Osuigwe, J.O. Effects
of varying levels and frequencies of
irrigation on growth, yield, nutrient
uptake and water use efficiency of
maize and cowpeas on a sandy loam
ultisol. Plant and Soil, 84(2): 181-
192. 1985.




A greenhouse study was carried out on an
Nsukka (Nigeria) sandy loam  Uftisol
having low soil moisture retention capacity
to investigate the soil moisture regime and
irrigation frequency required for optimum
growth, vyield, nutrient uptake and water
use efficiency of maize (Zea mays L.) and
cowpeas (Vigna unguiculata L. Walp). Four
irrigation amounts (400 cm3, 300 cm3,

200 cm3 and 100 cm3 equivalent to 100,
75, 50 and 25% of field capacity,
respectively) and four
frequencies (daily, 2-day, 3-day and 4-day
intervals) were tested in a factorial
randomized design with three replications.
The optimum yields and nutrient uptake of
both crops as well as cowpea nodulation
were obtained when irrigating with water
equivalent to 100% field capacity at daily
or 2-day interval. The optimum water use
efficiency was achieved when irrigating
with amount equivalent to 50 or 25% field
capacity at any:interval resulted in various
degrees of moisture stress which

manipulated in poor crop performance.

279 Pandey, R.K.; Herrera, W.A.T.;
Pendleton, J.W. Drought response of
grain legumes under irrigation
gradient: 1. Yield and yield
components. Agronomy Journal,
76(4): 549-553. 1984.

Cowpeas (Vigna unguiculata, mungbean,
soybean and peanut often planted after rice
were compared for response to a season-
long moisture stress on medium-deep
Tropudalf soil, using a line-source
sprinkler irrigation system during the dry
season. Drought stress reduced seed yield of
all four food legumes but the reduction due
to water stress was greater in mungbean
followed by soybean, cowpea and peanut.
Total water use by peanut was highest
followed by cowpea, soybean and mungbean.
Among yield components, the number of pods
per square meter was most affected by
waler stress in all four species, followed
by number of seeds per pod. while seed
weight was least affected. Harvest index
decreased linearly with increasing levels of
drought for all four species.

irrigation.

280 Pandey, R.K.; Herrera, W.A.T.;
Pendleton, J.W. Drought response of
grain legumes under irrigation
gradient: |l. Plant water status and
canopy temperature. Agronomy
Journal, 76(4): 553-557. 1984.

Drought responses of cowpea, mungbean,

soybean and peanut were compared by using
a line-source sprinkler irrigation systems.
Plant water status was determined with a
pressure chamber and canopy temperature
with an infrared thermometer. Plants
exhibited leaf water potentials between
1300 to 1400 h or -1.40 MPa in cowpea, -
1.20 MPa in mungbean, -1.41PMa in
soybean, and -0.67 MPa in peanut in the
dry regimes 60 days after emergence.
Seasonal leaf water potential was closely
related to canopy temperature in all four
legumes. Increasing water stress decreased
leaf water potential and increased canopy-
air temperature differences (*T). The
seasonal yield and may be useful for
selecting crop species for drought prone
areas.

281 Pandey, R.K.; Herrera, W.A.T.;
Villegas, A.N.; Pendleton, J.W.
Drought response of grain legumes
under irrigation gradient: Ill. Plant
growth. Agronomy Journal, 76(4):
559-560. 1984.

Cowpea (Vigna unguiculata), mungbean,
soybean and peanut were subjected to
different moisture gradients in the field on a
medium-deep Tropudalf soil. Water stress
effects on the shoot and root growth were
analyzed to determine relationships with
seed yield and plant growth and to evaluate
possible drought avoidance mechanisms.
Water stress was created with a line-source
sprinkler  irrigation system. Increasing
moisture stress resulted in progressively
less leaf area, leaf area duration (LAD),
crop growth rate (CGR), and short dry
matter. Conversely, specific leaf weight
increased with increasing levels of water
stress. Cowpea and peanut had higher root
densities at 0.4 to 0.8m soil depths than
soybean or mungbean and this appeared to




be a major adaptive mechanism for their
drought tolerance.

282 Phogat, B.S.; Singh, D.P.; Singh, P.
Responses of cowpea (Vigna
unguiculata (L) Walp) and mung bean
(Vigna radiata (L) Wilczek) to
irrigation .1. Effects on soil-plant
water relations evapotranspiration,
yield and water use efficiency.
Irrigation Science, 5(1): 47-60.
1984.

Cowpea and mungbean were grown on sandy
loam soil under three irrigation schedules
during summer dry season. In cowpea, leaf
water potential was linearly related to soil
water potential. An increase in the
frequency of irrigation resulted in highe
dry matter production. However, the water
use efficiency decreased with the increase
in the frequency of irrigation except in
cowpea in which maximum values were
under mild stress conditions. Mung bean
extracted more moisture from deeper soil
layers under stress conditions than cowpea.
Cowpea used less water but produced more
dry matter than mung bean.

283 Phogat. B.S.; Singh, D.P.; Singh, P.
Responses of cowpea (Vigna
unguiculata (L.) Walp.) and mung
bean (Vigna radiata (L.) Wilczek) to
irrigation. 2. Effects on C02 (carbon

dioxide)exchange, radiation
characteristics and growth.
Irrigation Science, 5(1): 61-72.

1984.

Cowpea and mungbean were subjected to
three irrigation schedules during summer
dry months. in general, cowpea had higher
rates of net photosynthesis, dark
respiration, absorption of
photosynthetically active radiation and
growth than mungbean. Restoration of
water supply to stressed cowpea resulted in
a more rapid recovery of growth as
compared to mung bean.
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284 Rao, B.V.R.; Ramakrishna, Y.S.;
Daulay, H.S. Influence of water
availability on yield of cowpea under
rainfed conditions. Annals of Arid

Zone, 23(1): 53-66. 1984.

The variation in the yield of cowpea crop as
influenceu by the weekly water availability
conditions were analysed and reported. The
correlation coeficient between the crop
yield and mean AE/PE during the
reproductive stage was found to be 0.98. A
second degree regression equation was also
fitted for the yield using the mean AE/PE
values during the reproductive stage.

285 Shackel, K.A.; Hall, A.E. Comparison
of water relations and osmotic
adjustment in sorghum and cowpea
under field conditions. Australian
Journal of Plant Physiology,
10(4/5): 423-435. 1983.

Seasonal and diurnal patterns of xylem
pressure potential, and osmotic potential,
were compared using contrasting genotypes
of sorghum and cowpea (Vigna unguiculata)
under frequently irrigated ‘wet' and water-
limited 'dry' field conditions. Seasonal and
drought-induced osmotic adjustment
occurred in sorghum, but not in cowpea.
Diurnal patterns of leaf conductance
indicated that, under the dry treatment,
cowpea avoided the occurrence of large plant
water deficits by substantial reductions in
leaf conductance, especially at midday,
whereas, sorghum maintained moderate
values of leaf conductance throughout the
day. Cowpea exhibited a larger diurnal
range of leaf conductance and larger
differences between wet and dry

treatments than did sorghum. Differences
were not observed between the species in
overall soil water depletion or in root
activity as estimated from profiles of soil
water depletion until senescence occurred
in cowpea.

286 Shackel, K.A.; Hall, A.E. Effect of
intercropping on the water relations
of sorghum (Sorghum bicolor) and
cowpea Vigna unguiculata. Field




Crops Research, 8(5): 381-388.

1984.

Sorghum (Sorghum bicolor (L.)Moench)
and cowpea (Vigna unguiculata (L.Walp.)
were grown as sole-crops or as an
intercrop under frequently irrigated and
water-limited field conditions to test the
hypothesis that competition for soil
moisture would influence the  water
relations of these 1two species.
Measurements of xylem pressure potential
and osmotic potential were made at predawn
and midday throughout a summer growing
season. Sorghum and cownea exhibited
contrasting levels of dehydration avoidance
when grown as sole-crops, but
intercropping did not cause any substantial
change in the water relations of either
species. Midday xylem pressure potential
and osmotic potential of cowpea leaves were
slightly higher in the intercropped than in
the sole-cropped treatment, presumably as
a result of partial shading by the sorghum
plants. The total quantilies seetion were
similar for both species as sole-crops and
for the intercropped treatment.

287 Turner, N.C.; Spurway, R.A.; Schulze,
E.D. Comparison of water potentials
measured by in-situ psychrometry
and pressure chamber in
morphologically different species.
Plant Physiology, 74(2): 316-319.
1984.

Leaf water potentials measured by in situ
psychrometry were compared with leaf
water potentials measured by the pressure

chamber technique at various values of
water potential in Vigna wunguiculata,
Helianthus anuus, Helianthus muttallii,
Nerium oleander, Pistacia vera and Corylus
avellana. \n Vigna unguiculata, the leaf
water potentials measured by the in situ
psychrometer oscillated at the same
conductance. In all species, potentials
measured by in situ polychrometers
operating in the psychrometric mode were
correlated with potentials measured with
the pressure chamber.

288 Tyem, M.N.; Chieng, S.T. Irrigation
scheduling effects on yield and
phosphorus uptake of cowpea.
Agricultural Water Management,
10(4): 343-355. 1985.

smaller amounts of water than the design

water application depth as compared to
stage-of-growth and normal interval.
irrigation were  investigated with five
levels of fertilizer P, three water levels and
five irrigation schedules. Dry matter
production on the basis of forage produced
was used as the yield indicator. Statistical
analysis of yield and P uptake gave a
positive response of the crop to added
fertilizer and irrigation water. Application
of 70 kg/ha P20s5 produced the highest
yields under all irrigation schedules.
Irrigating too frequently was found to be
detrimental; maximum yield under P
fertilization was obtained with irrigations
scheduled at half the design interval and
with half the design irrigation depth. Uptake
of P increased with yield.

289 Ziska, L.H.; Hall, A.E. Seed yields and
water use of cowpeas (Vigna
unguiculata (L.)Walp.) subjected to
planned-water deficit irrigation.
irrigation Science, 3(4): 237-245.
1983.

Cowpeas were subjected to 6 irrigation
treatments and 2 soil N levels during 2
seasons under field conditions. Witholding
irrigation during the vegetative stage in
rain-free environment following pre-
irrigation resulted in lower water use (-11
to 20%) but negligible effects on seed yield
(-2 to +3%) providing the irrigation
interval during flowering and pod filling
was not too great. n interval resulted in less
vine elcngation and less shoot biomass
production. Significant reductions in seed
yield occurred only with the longest
irrigation interval. The higher level of soil
N resulted in small or negligible increases
in shoot biomass production and seed yield.




290 Ziska, L.H.; Hall, A.E. Soil and
measurements for determining when
to irrigate cowpeas (Vigna
unguiculata (L) Walp.) grown under
planned-water-deficits.  Irrigation
Science, 3(4): 247-257. 1983.

Soil and plant measurements were made
during flowering and pod-filling to develop
general methods for scheduling irrigation.
Tensiometers provided adequate resolution
for maintaining either shoot biomass
production or seed yield. Measurements of
percent “actual depletion of available soil
water or afternoon values for temperature
differences between canopy and air divided
by the vapour pressure difference gave
adequate resolution for maintaining biomass
production. However, nominal depletion of
available soil water based upon predicted
evapotranspirations appears to be the most
practical procedure for scheduling
irrigation of cowpeas.

291 Ziska, L.H.; Hall, A.E.; Hoover, R.M.
Irrigation management methods for
reducing water use of cowpea (Vigna

F06 Soils, Soil Management

292 Anyaduba, E.T.; Adepetu, J.A.
Predicting the phosphorus
fertilization need of tropical soils -
significance of the relationship
between critical soil solution P.,
requirement of cowpea, P sorption
potential, and free iron content of the
soil. Beitrage zur Tropischen
Landwirtschaft und Veterinarmedizin,
21(1): 21-30. 1983.

In six Nigerian soils (inceptisols and
altisols) the P sorption isotherms were
determined following 12 days of
equilibration. The evaluation of the
isotherms on the basis of the Langmuir
equation is related to the results of a pot
trial with cowpea. The results showed that

"lima bean.
_interval until 75% normal depletion of
~available water in 90-cm depth of soil
- reduced water use but did not affect seed

unguiculata [L.] Walp.) and lima bean
(Phaseolus lunatus L.) while
maintaining seed yield at maximum
levels. Irrigation Science, 6(4):
223-239. 1985.

The general applicability of an efficient
irrigation management method conducted in
a previous study was tested by
experiments conducted at the West Side
Field Station.in the San Joachin Valley of
California. Withholding irrigation during
the vegetative stage following pre-
irrigation substantially reduced dry
matter at anthesis (-17% to -38%) and
water use (-101 mm) of cowpea, but did
not influence seed yleld or shoot dry
matter at harvest for either cowpea or
Increasing the irrigation

yield of cowpea. The different row spacings
used in this experiments did not affect
shoot dry matter or seed productnon of the
semi-erect cowpea. .

and Tillage

(1) in five of the soils tested an optimum
yield is obtained with initial soil solution
concentrations of P between 0.12 and 0.27
ppm.; (2) in order to achieve optimum
yields with increasing P adsorption
capacity of the soil it is necessary to
ensure a decreasing percentage saturation
of this capacity by means of previous P
fertilization; (3) there is a close
correlation between the content of free
iron (x) and the"P sorption maxima (4):
Y= 154.34 x - 7.06.

293 Ayanaba, A.; Asanuma, S.; Munns,
D.N. An agar plate method for rapid
screening of Rhizobium for tolerance
to acid aluminum stress. Soil Science




Society of America Journal, 47(2):
256-258. 1983.

An agar plate method has been developed
for the rapid, preliminary screening of
large numbers of cowpea and soybean
.rhizobia for tolerance to acidity and
aluminium (acid-Al). Media containing pH
indicators are used, and distinguish time
tolerance from cases where growth depends
on a previous pH shift. Strains which were
highly tolerant or sensitive to acid Al on
agar behaved similarly in defined liquid
media. Strains that formed dry, pinpoint
colonies were more sensitive to acid-Al
than those that formed Iarge, gummy
colonies.

294 Chatterjee, D.K.; Das, D.K.; Deb, A.R.
Soil water matric potential at the
surface of germinating gram (Cicer
arietinum), cotton (Gossypium sp),
soybean (Glycine max) cultivar
Bragg and cowpea (Vigna sinensis)
cultivar C-152 seeds. Indian Society
of Soil Science Journal, 31(2): 173-
177. 1983.

In laboratory studies seed surface-soil
water matric potentials (SS-SWMP) of
germinating gram, cowpea, cotton and
soybean were determined at 8.0, 12.0, and
17.0 percent soil water contents. In all the
four crops the values increased with the
rise in time of seed-soil contact but were
much lower than the matric potential of
bulk soil. Crop species and cultivars
within a species differed in their SS-
SWMP values. Gram and cotton had lower
potentials than cowpea and soybeans.

295 De Manzi, J.M.; Sim, N.; Cartwright,
P.M. Cowpea rhizobia: variation in
acid tolerance and the effects of
aluminium and manganese ions.
Tropical Grain Legume Bulletin, 27:
17-20. 1983.

Thirty three cowpea Rhizobium isolates
were scored with respect to their tolerance
of a stable acid medium (pH4) and varying
levels of aluminium and manganese ions.

The results showed that there exists in the
cowpea Rhizobium miscellany marked
variation in tolerance to acidity and Al 3+
stress. Although the ability to grow in acid
media does not imply aluminium tolerance,
strains tolerant of pH4 and relatively high
A1 3+ levels do occur. Thus, pre-seiection
by culture in acid media containing Al3+
may be valuable in the search for
Rhizobium strains for infertile acid soils.

296 Hartel, P.G.; Alexander, M. Growth
and survival of cowpea rhizobia in
acid, aluminium-rich soil. Soil.
Science Society of America Journal,
47(3): 502-506. 1983.

A study was undertaken to determine
whether Al-sensitive cowpea Rhizobium
survives in acid, Al-rich soils. The lower
pH limit for growth of 20 strains in a.
defined liquid medium varied from pH 4.2
to less than pH 3.6. The mean lower. limit
for growth was pH 3.9. Several of the
strains clumped injthis medium at pH 4.5.

Of 11 strains hat were tested for
tolerance to high levels of Al in a defined
liquid medium at pH 4.5, nine tolerated

‘75M Al, and the other two were sensitive

to levels above 15M. Three strains, one
Al-tolerant, one Al-sensitive, and one Al-
tolerant or Al-sensitive depending on the
presence of vitamins in the medium, were
selected for studies in Al-rich sterile and
nonsterile soils. These rhizobia did not
survive in solls of less than pH 4.7
sterilized by 60Co irradiation. When
inoculated into sterile soil at pH 4.7, the
consistently sensitive strain Initially
failed to proliferate and then grew slowly,
but populations of the other two rhizobia
increased rapidly. No consistent
relationship was found between the Al
tolerance of these three rhizobia and their
growth and survival in four acid, Al-rich
soils. The data suggest that Al is of minor
importance to growth and survival of
cowpea Rhizobium strains in acid soils.

297 Hartel, P.G.; Alexander, M.
Temperature and dessication
tolerance. of cowpea rhizobia.




e

Canadian Journal of Microbiology,
30: 820-823. 1984,

Strains of Rhizobium capable of nodulating
cowpeas were tested for their ability to
tolerate dessication and high temperature
in soil. Eight strains were from a hot, dry
region of Niger, and 13 strains were from
cooler, wetter regions of Nigeria. All of the
21 strains tested at 30 deg. C grew
somewhat in a moist sandy soil from Niger.
Of the 21 strains tested in moist soil
incubated at 37 deg. C, only the 8 strains

from Niger did not decline in numbers. The .,

moist soil was then allowed to dry slowly.
After a 2-week period, the decline in the
logarithm of cell numbers per gram of soil
ranged from 0.19 to 0.41 at 30 deg. C and
from 0.28 to 0.66 at 37 deg. C for the 8
strains from Niger and from 0.48 to 2.42
at 30 deg. C and 0.87 t0 2.85 at 37 deg C
for the 13 strains from Nigeria. These
results suggest that cowpea rhizobia from
hot, dry areas are more temperature and
dessication folerant than strains from
cooler, more humid regions and that
temperature and dessication tolerance
maybe related to geographical origin.

298 Hanel, P.G.; Alexander, M. Decline of
cowpea rhizobia in acid soils after
gamma-irradiation. Soil Biology &
Biochemistry, 15(4): 489-490.
1983.

To differentiate between biotic and abiotic
factors that affect the survival in acid, Al-
rich soils of Rhizobium strains nodulating
cowpeas, a study was conducted in which
several acid, Al-rich soils were sterilized
by gamma-irradiation. Although 3 of the 4
strains that were inoculated into these
irradiated soils were acid-and Al-tolerant
in laboratory media, populations of all 4
strains declined rapidly compared to the
same soils that were not sterilized.

299 Hartel, P.G.; Whelan, A.M.;
Alexander, M. Nodulation of cowpea
and survival of cowpea rhizobia in
acid, aluminum rich soils. Soll
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Science Society of America Journal,
47(3): 514-517.  1983.

A study was undertaken to determine
whether the reduced nodulation of cowpea
[Vigna unguiculata (L.) Walp.] grown in
certain acid, Al-rich solls resulted from
the poor survival of the potentially
ineffective rhizobia. Two strains of
Rhizobium capable of nodulating ccwpeas
were used. The lowest pH for growth in
defined liquid medium was 4.2 for one
strain and 3.9 for the:other. Only the
latter was Al tolerant and could- grow in a
defined liquid medium containing SOULM
K1(S04)2, The survival of the bacteria
and their ability to nodulate cowpeas in
three soils were measured after the soils
were amended with Ca or Al salts to give pH
values ranging from 5.7 to 4.1 and
extractable-Al concentrations from <0.1 to -
3.7 cmol(p+)/kg of soil. Only small "

differences in survival in 7 or 8 weeks = -
were noted between the two strains. Plants - .

inoculated with the Al-sensitive strain

bore significantly fewer nodules in the .

more acid, Al-rich soils than in the same

soils with higher pH values and less

extractable Al. No significant reduction in
nodule number was “evident for plants

inoculated with the Al-tolerant strain and =

grown in the more acid, Al-rich soils

compared to cowpeas grown in the same =
soils with higher pH values and less

extractable Al. It is suggested that the Al
content of soil is not a major factor in the
survival of cowpea rhizobia but that it does

-have a significant effect on nodulation.

300 Horst, W.J. Quick screening of
cowpea (Vigna unguiculata) genotypes
for aluminium tolerance in an
aluminium-treated acid soil.
Zeitschrift fur Pflanzenernahrung

und Bodenkunde, 148(3): 335-3~.:._

1985.
In greenhouse experiments with small
pots, seeds of cowpea were planted into an
acid soil which had been treated with
A12(S04)3. Cowpea genotypes showed
varying seedling growth inhibition within
7 days when grown in soil containing 2.2

‘meg AIl/100g soil. Soil and plant analysis




confirmed that Af toxicity and
consequently differences in Al tolerance

were responsible for the genotypically

- different seedling growth responses. In a
long term pot experiment, the effect of Al
application to the soil on seed yields of a
genotypes was studied. The same genotypes
were classified as most tolerant and most
sensitive in both cases. The results show

that the simple and quick screening method -

using Al-treated soil allows the
identification of genotypes adapted to soils
with high Al supply.

301 Khatibu, A.lL.; Lal, R.; Jana, R.K.
Effects of tillage methods and
mulching on erosion and physical
properties of a sandy clay loam in an
equatorial warm humid region. Field
Crops Research, 8(4): 239-254.
1984.

Field experiments were conducted at
Kizimbani Experiment Station in Zanzibar
to study the effects of different mulch
materials on soil temperature and
moisture regimes, soil physical
- properties, run-off and soil erosion.
Treatments consisted of black and white
polythene mulch, no-tillage,
seedbed and plowed and harrowed soil
surface. For cowpea and maize all much and
no-till treatments had-a greater moisture
reserve than other treatments. In the Vuli
season, a cool rainy season from
September to December, white polythene
mulch produced significantly more grain
yield of maize, cowpea and soybean than
other treatments. In the Masika season (a
period of intense rains from mid-March to
May) the no-till treatment produced the
highest cowpea yield.

302 Msumali, G.P.. Harris, P.J.

Alternative explanation for the better
establishment of cowpea rhizobia than
other rhizobial species in the acid
infertile soils of the tropics. In:
proceedings of the first conference of
the African association for biological
nitrogen fixation (AABNF) held in
Nairobi, Kenya, 23 to July 1984

ridged

edited by H. Ssali and S.0. Keya.
486-503. Nairobi, Kenya, The
Nairobi Rhizobium Microbiological .
~ Resources Centre (MIRCEN). 1985. -

A study was conducted to identify

alternative factors which have enabled

cowpea rhizobia to successfully colonize

the acid, infertile soils of the tropics. In

sterile soil adjusted to pH 4.5, strains of

cowpea rhizobia did not differ from those

of Rhizobium phaseoli in sensitivity to

acidity. However, under non-sterile

conditions at the same pH, cowpea rhizobia

survived better than RA. phaseoli. When

subject to slow desiccation (38.6 MPa) at

pH 5.7, R. phaseoli survived better in,
sterile than in non-sterile soil. The

converse was however true for strains of

cowpea rhizobia. Strains of the two

rhizobial species did not differ in their
ability to colonize non-legume
rhizospheres. In carbon-free saline -
adjusted to pH 4.5 or 6.2, cowpea rhizobia -
retained viability for 6 weeks irrespective
of the solution pH. However most strains of,
R. phaseoli failed to survive in the absence
of exogenous carbon irrespective of the pH."
Results of this study indicate that the
ability to tolerate acid-mediated biological
antagonism, tolerance of desiccation
coupled with biotic antagorism as well as
endurance of prolonged periods of
etarvation may be factors contributing to
the success of cowpea rhizobia in
colonizing soils that would appear to be
edaphically-hostile.

303 Nad, B.K.; Goswami, N.N. Response of
legume and oilseed crops to different
sources of sulphur and magnesium in
some alluvial soils. Journal of indiani:
Society of Soil Science, 31(1): 60-
64. 1983.

Direct and residual effects of sulphur and.
magnesium were studied in pot culture
experiment in a three-crop sequence of
legumes and oilseed on three soils of
alluvial origin. Cowpea respended to direct
applicatiors of sulphur by increasing both
dry matter yield and S uptake,
irrespective of the sulphur status of the-
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soils. In general, ammonium sulphate
proved to be better source of sulphur
closely followed by potassium schoenite.
Application of magnesium did not resuit in
significant increase in yield but its uptake
was higher in cowpea and mustard when
added along with - sulbhur indicating a
synergistic type of relationship.

304 Raikhy, N.P.; Aggarwal, R.K.; Raira,
P. Performance of pyrite and gypsum
as sulphur source in an arid sandy
soil. Journal of the Indian Society of
Soil Science, 33(2): 447-449.
1985.

To investigate the efiect of sulphur

fertilization on an arid sandy soil from two

sources viz, pyrite and gypsum, on growth
and nutrient uptake by cowpea as well as
on some soil properiies (pH and available
P status), a sample of bulk soil was
collected from the Central Research Farm,
Central Arid zone Research Institute,
Jodhpur, India. The results of the
investigation indicate that sulphur
fertilization of desertic sandy soil has a
beneficial effect on cowpea. It increased the
uptake of S and other nutrients especially
P and N by the plant. While gypsum
produced higher dry matter tkan pyrite,
the lalter was more effective in increasing
the available P in the soil.

305 Simpson, L.A.; Gumbs, F. Comparison
of three tillage methods for maize
(Zea mays L.) and cowpea (Vigna
unguiculata (L) Walp.) production
on a coastal clay soil in Guyana.
Tropical Agricuiture, 62(1): 25-29.
1985.

A comparison of three tillage methods: disc
ploigiing and harrowing once (Reduced
Tillage); disc ploughing and harrowing
twice (Conventional Tillage); and disc
ploughing, harrowing twice and chisel
ploughing (Conventional Deep Tillage),
showed no significant differences in plant
height of maize and yield of maize and
cowpea on a heavy clay soil on the coast of
Guyana. Deep tillage enhanced internal soil

drainage in the wettest trial, and at low
elevations in the field, but yield
-differences vsere not significant. The
improvement of soil physical parameters
due fio tillage seems to be short-lived. The/
effect.of soil elevation on soil moisture
content, and growth and yield of maize was
more pronounced than tillage method. The
study showed that Reduced Tillage is just as
effective as Conventional Tillage and
Conventional Deep Tillage for maize and _
cowpea production on this soil type.

306 Simpson, L.A.; Gumbs, FA. A
comparison of conventional tillage and
no-tilage for cowpea (Vigna
unguiculata (L.) Walp.) production.
Tropical Agriculture, 62(3): 248-
252. 1985. '

A comparison was made of conventicnal
tilage and no-tillage for cowpea
production on two major soil types. ~Aniia
peat and Onverwagt clay, cn the coast of
Guyana. Conventional tillage did not
enhance the soil physical characteristics of
the Anira peat. Growth and yield of cowpea
on this soil type were therefore not
significantly affected by tillage; lower
average yields on no-tiled plots were
thought to be caused largely by poor weed
control. In contrast, the physical
; properties of the clay soil were

-, significantly enhanced by tillage. There

were no significant differences in yield of
tiled and untilled plots, but the lower
average yield on untilled plots appeared to
be caused by poorer soil physical
conditions. No tillage on the Anira peat
rather than on the Onverwagt clay, with
adequate weed control, is therefore
preferred at the present time for cowpea
production on the coast of Guyana. Furthor
research is required to develop a suitable
management system for c;'?\ay soils.

307 Sinclair, M.J.; Eagiesham, A.R.J.
Intrinsic antibiotic resistance in
relation to colony morphology in
three populations of West African
cowpea Rhizobia. Soil Biology and




Biochemistry, 16(3): 247-251.

1984.

Rhizobia isolated from cowpeas (Vigna
unguiculata (L) Walp.) grown in three
West African soils were axamined for
intrinsic resistance to five antibiotics and
were scored for one of two colony
morphologies. Half of the strains tested had
a "wet", slimy colony morphology and half
had small discrete "dry", non-slimy
colonies. The populations as a whole were
resistant to gentamicin (87%) but varied
in their  resistance to streptomycin,
rifampicin, kanamycin and penicillin.
Thirteen patterns of resistance were found
for the 128 strains screened and strains
within the same pattern usually had the
same colony type. The most common
pattern (32%) was resistance to all five
antibiotics. Associations between
resistances were random within
populations and colony type. Each
population was diverse, expressing from 6
to 8 patterns of resistance,. but one
population was relatively homogeneous,
with 68% of its members exhibiting the
same pattern. Correlations between
intrinsic antibiotic resistance and colony
type were demonstrated both for the west
African cowpea rhizobia and for a broader

group of cowpea miscellany rhizobia. The
method was practical, rapid and reliable
for identification of groups within
populations. ’

308 Singh, M.; Mittal, S.B. Effect of zinc
and phosphate sources on dry matter
yield and nutrient uptake in cowpea.
Journal of the Indian Society of Soil
Science, 32(2): 400-403. 1984.

In several parts of India, particularly in

light textured, calcareous or salt-affected

soils, Zn is recommended as a routine
fertilizer and is mixed in the plough layer
after broadcasting. With respect to shoot
dry matter yield, analysis of the results of
the experiments indicated that Zn3

(PO4)2.4H20 supplying both Zn and P

would be as good as Zn S04.7H20 for sandy

and sandy calcareous soils. In these soils

Zn NHg4 PO4.2H20 was also good for dry

matter production but resulted in lesser

Zn and P uptake. However, in fine sandy

loam, saline and alkali soils,

Zn3(P0O4)2.4H20 proved a satisfactory Zn

source but less effective than Zn

S04.7H20.

07 Seed Quality, Viability and Production

309 Maheshwari, R.K., Mathur, S.K,;
Mathur, A. Effect of seed-borne fungi
on seed viability and seedling vigour.
Indian Phytopathology, 37(4): 713-
714, 1984,

The effect of metabolites of six seed-borne
fungi, viz. Aspergillus flavus; A.
fumigatus; A. nidulans; A. niger, A. terreus
and Fusarium moniliforme on seed
viability and seedling growth of cowpea
was investigated. Observations for seed
germination shoot !ength and root length
showed that the metabolites of Aspergillus
nidulans were most effective inhibiting

the seed germination by 38.76 %, root
length by 82.8 % and checked the
emergence of plumule completely, while
that of Fusarium moniliforme were least
effective. The presence of certain amino
acids like alanine, leucine, aspartic acid
and methionine which were detected in the
fitrates of seed-borne fungi of cowpea
may be responsible to some extent, for the
inhibitory activity. The combination of
citric acid-malic acid and citric acid-
Tartanic acid recorded in this investigation
may also account for the inhibition of seed
germination.




310 Mohankumar, B.; Aggrawal, P.K.
Effect of seed deterioration on the
growth of cowpea (Vigna unguiculata
L. Walp). Tropical Grain Legume
Bulietin.,, 29: 18-25. 1984.

A field experiment was laid out to find out
the effect of loss in seed viability on the
growth and dry matter production in
cowpea. The field experiment was laid out
in a factorial randomized block design with
three replications and four levels of
germination (72, 63, 48 and 39%). The
untreated and the 63% batches performed
equally well. The 48 and 39% treatments
significantly reduced growth attributes and
dry matter yields. It is concluded that old
seeds still can be used for sowing provided
that the viability is about 60% or more
and appropriate compensating seed rates
are used.

311 Murphy, T.R.; Gossett, B.J.; Toler,
J.E. Dormancy and field burial of
cowpea (Vigna unguiculata) seed.
Weed Science, 34(2): 260-265.
1985.

Seed dormancy and soil longevity
characteristics of three weedy cowpea
(Vigna unguiculata (L.) Walp.) cultivars
were investigated. Seed germination was
maximum at 40 deg. C; however, 'Clay' had
greater germination than 'Black’ or 'Red
Ripper' cowpea at temperatures > 20 deg.
C. Concentrated sulfuric acid soaks, hot
(70 deg. C)- water soaks, and piercing the
seed coat promoted germination. Seed with
an initial water content of 12.3% were
stored at relative humidities ranging from
0 to 60% at 25 deg. C. After 4 weeks of
storage at relative humidities of 0 to 50%,
seed water content varied from 4.6 to
11.4%. Germination and hard seed content
was 11% or more and 89% or less,
respectively, for seed with water content
ranging from 6.9 to 11.4%. Except for
seed with an initial water content of 6.9%,
cowpea seed water content increased after
3 weeks of storage in a 70% relative
humidity environment. Rehydration
increased germinaticn for seed with initial
water content of 9.2% or more, but not for
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seed with initial water content of 8.4% or
less. In mid-November 1981 and 1982,
Black, Clay, Red Ripper, and sicklepod
(Cassia obtusifolia L 3 CASOB) seed were
buried at soil depths of 2.5, 7.5, and 15
cm for 3, 6, and 9 months. Seed survival
of Black and Red Ripper was similar to that
of sicklepod; however, longevity of Clay
seed was less than sicklepod. Survival was
greater for seed buried in 1981 than in
1982 because of low seed water content of
the 1981 seediots.

312 Onesirosan, P.T. Effect of season of
harvest on the level of micro floral
infection, quality and viability of the
seed of cowpeas (Vigna unguiculata).
Tropical Agriculture, 60(2): 144.
147. 1983.

The quality and viability of cowpea seed
were influenced both by season of harvest
and seedcoat type. The wetness that
accompanies harvest in the first part of
the growing season in southern Nigeria
greatly reduced quality and viability of
seeds with wrinkled testa but had a less
deleterious effect on smooth ones. Inability
reduction in the form of mouldiness was
due primarily to invasion by Fusarium
equiseti, which, together with a
Pseudomonas sp., was also responsible for
viability loss. Smooth seeds were more
resistant to both organisms than the
wrinkled ones. Seeds of both seedcoat types
were free of mouldiness and bacterial
infection when harvested in the dry season.

313 Prasanna, K.P.R. Seed health testing
of cowpea with special reference to
anthracnose caused by Colletotrichum
lindemuthianum Seed Science and
Technology, 13(3): 821-827.
1985.

Seed samples of cowpea, from fields of the"
Indian Institute of Horticultural Research,
Hessaraghatta, Bangalore India and the
College of Agriculture, Bangalore, were
shown to be infected with Colletotrichum
lindemuthianum. The blotter method
proved more suitable for detecting C.




lindemuthianum than the deep freezing
blotter or agar plate methods. Infection
was heavy (32%-88% of the sample) in
seeds with light coloured testas, and ranged
from 2%-19% in other seeds.
Germination percentage decreased with an
increase in seed infection which caused
seed rot and seedling mortality. The fungus
was located in the seed coat, cotyledons and
embryo. Transmission studies showed that
the infected seeds serve as a primary
source of inoculum for the spread of the
disease. Two other Colletotrichum species,
C. capsici and C. acutatum, were also found
to be seed-borne in cowpea.

314 Takeshita, H.; Konno, S. Application
of Tes-tape method to examine
viability of stored legume seeds.
Japan Agricultural Research
Quarterly (JARQ), -19(2): 151-
152. 1985.

Twenty legume seeds including cowpea
were soaked in 4ml of sterilized water and
incubated at 30 degree Ceitigrade for 12
hours. After the incubation, glucose
exudated from the seeds was determined by
utilizing the Tes-tape (a testing paper to
detect glucose in urine). In addition, a
refractometer was also used to determine
glucose content of the seed exudate. The
usual germination test was carried out to

know the relation between the seed vigor
determined by the Tes-tape method and
germination percentage. When the Tes-
tape reaction was negative, the seeds were
regarded vigorous. A change in the color of
Tes-tape from yellow to light green (index
0.1 to 0.25) showed weak vigor of seeds.
The color change to green indicated that the
seeds lost their germinability. It is
concluded that there is a significant
vegetative correlation between seed vigor
and the amount of glucose in seed exudate.

315 Young, R.W. Seed characteristics of
cowpea varieties (Vigna unguiculata
subsp. unguiculata). Newsletter of
the Association of Official Seed
Analysts, 59(3): 95-102. 1985.

Information on the seed characteristics of
varieties of cowpeas is quite limited. As
such this article attempts to describe some
currently available varieties on the basis
of seed characteristics. The varieties are
classified as small, medium, or large
seeded and when known, g/1000 seed is
given. Smoothness or wrinkling of the seed’
coat is given for each variety. Terms used
for seed coat pigmentation patterns are:
ordinary eye pattern, Holstein pattern,
stippled seeds, mottled and speckled seeds.

FO8 Nodulation and Nitrogen Fixation

316 Adebayo, A. Influence of three
manurial sources and levels on
nitrogen fixation in Vigna unguiculata
cv. Ife Brown. In: Evans, H.J.;
Bottomley, P.J.; Newton, W.E,;

editors. Nitrogen fixation research’

progress. Proceedings of the Sixth
International Symposium on Nitrogen
Fixation, Corvallis, Oregon, August
4-10, 1985. p.689. Dordrecht,
Netheriands, Martinus Nijnoff.
1985.

Three manurial sources viz: cowdung,
poultry manure and househoid wastes at 0,
2, 5 and 10% levels (dry weight basis)
were added to surface Alfisol soils and
thoroughly mixed in the greenhouse. After
a month of pre-incubation, seeds of Ife
Brown cowpea were planted. The results
showed that cowdung at 10 percent gave the
highest nodule dry mass and the highest
nitrogen fixed.




317 Ahmad, M.H.; Smith, E. Ultilization of
carbon and nitrogen sources and
acid/alkali production by cowpea
rhizobia. Plant and Soil, 86(2):
279-282. 1985. .

Sixteen slow-growing strains of rhizobia
(15 cowpea rhizobia and one R.
japonicum) were examined to determine
the effects of carbon and nitrogen sources
on acid/alkali production in culture media.
It was found that the pH changes of the
medium were more influenced by nitrogen
sources than carbon sources (with the
exception of ribose). When ammonium
sulphate was used as a nitrogen source, all
“the cowpea rhizobia strains produced acid.
When yeast-extract was used as a nitrogen
source, however, a heterogenous pattern
for acid/alkali production was found. The
majority. of the strains produced alkali
from nitrate, glutamate and urea
irrespective of carbon sources and acid
from ribose irrespective of nitrogen
sources.

318 Ahmad, N.; Mughogho, S.K.
Contribution of biologically " fixed
nitrogen to food crop production in
the West Indies. In: Nitrogen
management in farming systems in
humid and sub-humid tropics,
Proceedings. 129-146. Haren,
Institute for Soil Fertility. 1985.

Cowpea, pigeon pea, soybean and peanut
could successfully nodulate with rhizobia
resulting in nitrogen fixation. For
infertile soils, soil amelioration is
important even for cowpea. In stress
situations due to infertility or other
adverse soil conditions, local Rhizobia
ctrains, although not very prolific are
more effective in nodule formation and N
fixation than improved introduced strains.

319 Asanuma, S.; Ayanaba, A. Evaluation
of selected Rhizobium strains for
symbiotic effectiveness on cowpeas
under tropical conditions. In:
Proceedings of the First Conference of
the African Association for Biological
Nitrogen Fixation (AABNF) held in
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Nairobi, Kenya, 23 to July 1984,
edited by H. Ssali and S.0. Keya.
504-511. Nairobi, Kenya, The
Nairobi Rhizobium Microbiological
Resources Centre (MIRCEN). 1985.

To evaluate the symbiotic effectiveness of
selected Rhizobium strains, inoculation
trials were conducted at three locations in
West Africa: Samaru in northern Nigeria,
Maradi in Niger Republic and Kambonise in
Upper Volta. Cowpea cuitivar VITA 7, one
of lITA's improved cultivars, was grown at
each location along with a local check. Five
Rhizobium strains collected from diverse
geographical conditions in the tropics were
used either as a single strain inoculant or a
mixed strains inoculant. Competitiveness
of strains 1Rc252 and IRc430A in terms of
nodulation on either cultivar was largely
depending on soil moisture conditions: it
was very high under adequate moisture
conditions. Inoculation did not always
produce the same nodule mass as
uninoculated plants but it formed in some
cases significantly less nodules. However,
there were no significant differences in
grain yields of each treatments, suggesting
that some strains, IRc252 with VITA 7 at
Samaru, NUM 716 and.T242 with local
cultivar at Kamboinse, are symbiotically
more effective than natjive strains.
Indigenous rhizobial strain:. existing in
West African soils appeared to be effective
enough to nodulate cowpeas and support
reasonable grain yield.

520 Atkins, C.A.; Pate, J.S.; Shelp, B.J.

Etfects ~of short-term N2
deficiency on N metaboiism in legume
nodules. Piant Physiology,
76(3): 705-710. 1984.

When ammonia production by intact,
attached nodules was interrupted for up to
3 days by exposure of cowpea and Lupinu
albus roots to Ar/02 atmospheres, nodule
growth, levels of plant cell and bacteroid
protein, leghaemoglobin content and
nitrogenase activity were not  affected,
while synthesis and export of ureides in
cowpeas were reduced by 90%. Glutamine
synthetate and NAD-glutamate




oxidoreductase were not affected by AR/02
treatment, but glutamate synthase in both
spp., asparagine synthetase in L. albus and
de novo purine synthesis in cowpeas were
markedly reduced. When N fixation was
restored on transfer to air, the first
export product was glutamine followed by
asparagine in L. albus and ureides in

cowpeas.

321 Atkins, C.A.; Ritchie, A.; Rowe, P.B.;
McCairns, E.; Sauer, D. De novo
purine synthesis in nitrogen-fixing
nodules of cowpea (Vigna unguiculata
(L.) Walp.) and soybean (Glycine
max . (L.) Men.) Plant Physiology,
70(1): 55-60. 1982. '

A complete pathway of De novo purine
nucleotide and purine base synthesis in cell
free extracts of cowpea and soyabean
nodules was assayed. Most activity was
associated with the particulate fraction of
the extract in which accummulated end
products were inosine monophosphate
(IMP) and aminoimidazole carboxamide
ribonucleotide. Further metabolism to
purine bases and ureides was restricted to
the soluble fraction. Comparison of amide
donor substrates showed rates of IMP
synthesis which were high with glutamine,
lower with ammonia and negligible with
asparagine. Rates of nucleotide synthesis
increased with rates of N fixation and
ureides export during cowpea development.

322 Bushby, H.V.A. Colonization of
rhizospheres and nodulation of two
Vigna species by rhizobia inoculated
onto seed: influence of soil. Soil
Biology and Biochemistry, 16(6):
635-641. 1984,

Changes in the populations of Rhizobium
strains CB756str, CB985 and CB1024
strspc in the rhizopheres of cowpea (Vigna
unguiculata) and black gram (V. mungo)
grown at three sites were evaluated. The
population dynamics of the three rhizobia
varied with soil type but the strain
responses on the two legumes were
generally similar. Most noticeable was the

ability of CB756str to grow in the sandy
soil (Beerwah) but not in the heavy clays
(Narayen and Emerald). In contrast, the
levels of CB1024 strspc and CBS85
generally increased in the clay soils. At
Emerald, nodulation by all three strains of
rhizobia was poor regardless of the success
in colonization of the rhizosphere. Nodule
decay was consistently associated with a
large increase in the number of rhizobia
per root system.

323 Bushby, H.V.A.; Date, R.A.; Butler,
K.L. Rhizobium strain evaluation of
Glycine max cultivar Davis Vigna
mungo cultivar Regur and Vigna
unguiculata cultivar Caloona.for 3
soils in glasshouse and field
experiments. Australian Journal of
Experimental Agricultural and
Animal Husbandry, 23(120): 43-
53. 1983.

Results of the experiments showed that
inoculated plants generally had vegetative
and grain yields which were between those
of the nitrogen and nil nitrogen uninoculated
controls, although for the freely nodulating
Vigna species the nil nitrogen control
plants were sometimes large as those in the
inoculated treatments. The strains of
Rhizobium CB1015 and CB1243 performed
well on cowpea. In the two heavy clay soils
tested, plants inoculated with CB756 and the
streptomycin-resistant mutant CB756 str
developed nitrogen deficiency symptoms in
their leaves, suggésting that the strains
were not suited to those soil types.

324 Chong, K.C.S. Effects of soil activity
and fertilizer nitrogen on symbiotic
nitrogen fixation, growth and yield of
peanuts and other grain legumes.
Dissertation Abstracts International,
B, 43(7): 2070. 1983.

Greenhouse studies indicated that the
optimum pH for shoot growth and nodulation
of groundnuts and Vigna unguiculata was
5.9-6.3. Vigna unguiculata nodulation and
N fixation was least disrupted by soil
acidity.
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325 Crist, D.K.; Wyza, R.E.; Mills, KK.;
Bauer, W.D.; Evans, W.R.
Preservation of Rhizobium viability
and symbiotic infectivity by
suspension in water. Applied and
Environmental Microbiology, 47(5):
895-900. 1984.

Three Rhizobium japonicum strains and
two slow-growing cowpea-type Rhizobium
strains were found to remain viable and
able to rapidly nodulate their respective
hosts after being stored in purified water
at ambient temperatures for periods of 1
year and longer. Three fast-growing
Rhizobium species did not remain viable
under the same water storage conditions.
After dilution as slow-growing Rhizobium
strains with water to 103 to 105 cells ml-
1, the bacteria multiplied until the viable
cell count reached levels of between 106
and 107 cells ml-1.The viable cell count
subsequently remained fairly constant.
When the rhizobia were diluted to 107
cells mi-1, they did not multiply, but full
viability was maintained. If the rhizobia

were washed and suspended at 102 cells

ml-1, viability slowly declined to 107
cells mi-1 during 9 months of storage.
Scanning electron microscopy showed that
no major morphological changes took place
during storage. Preservation of slow-
growing rhizobia in water suspensions
could provide a simple and inexpensive
alternative io current methods for the
preservation of rhizobia for legume
inoculation.

326 Dakora, F.D.; Vincent, J.M. Fast
growing bacteria from nodules of
cowpea (Vigna wunguiculata (L)
Walp). Journal of Applied
Bacteriology, 56(2): 327-330.
1984.

The first plating of bacteria isolated from
nodules of cowpea frequently yielded fast-
growing large colonies, either apparently
uniform or associated with small colony
forms typical of the expected slow-grower
(Bradyrhizobium). Most cultures from
single large colonies nodulated both cowpea

and siratro but all such nodules revealed
Bradyrhizobium alone or associated with a
fast-growing form. Six of nine plants
inoculated with a.mixed inoculum of slow
and fast forms had nodules occupied by
both, although in no case was the fast
grower able to secure solo invasion. Most of
the fast-growing forms shared some
internal antigens with Rhizobium meliloti
and/or R. trifolii. None reacted with
antiserum to Bradyrhizobium CB756.

327 Daramola , D.S.; Adebayn, A.;
Odeyemi, O. Effect of herbicide
application on legume Rhizobium
symbiosis with and without starter
nitrogen.  Turrialba, 32(3): 315-
320. 1982.

In pot trials in lle-lfe, Nigeria, cowpea cv.
Ife-Brown seed was inoculated with TAL
385 strain of Rhizobium, treated with
herbicides and sown with and without N.
The application of dual (metolachlor) to
seeds depressed nodulation and amount of N
fixed compared with Dachthal (chlorthal-
dimethyl) or Preforan (fluorodifen). in
the second trial application of dual fo seed
inoculated with strain IFB significantly
reduced nodulation, dry matter yield and
N-fixation compared with Dacthal and non-
significantly with Preforan. ;

328 Drevon, J.; Tillard, P.; Salac, L.
Physiologie vegetale - influence de
deux especes de legumineuses Vigna
radiata et Vigna unguiculata sur
l'activite hydrogenase de la souche CB
756 de rhizobium du groupe, Cowpea.
[Plant Physiology - influence of two
species of legumes Vigna radiata and
Vigna unguiculata on the Hydrogenase
Activity of Rhizobium Strain CB 756
of "Cowpea” grouping.] Comptes
Rendus des Seances de L'Academie des
Sciences,- 296(20): 979-984.
1983.

The relative efficiencies of nitrogen
fixation by nodules of Vigna unguiculata
and Vigna radiata inoculated with the same
strain CB756 of Rhizobium "cowpea" were




measured at different dates of field culture
cycle. The differences observed are
explained by the higher level of the Vigna
unguiculata bacteroids hydrogenase
activity. This is an experimental proof of
the host plant influence on relative
efficiency of symbiotic nitrogen fixation.

329 Eaglesham, A.R.J. Comparison of
nodulation promiscuity of US- and
Asian-type soya beans. Tropical
Agriculture, 62(2): 105-109.
1985.

The symbiotic responses of three Asian-
type soya bean cultivars were compared
with those of three US-type cultivars and
of a cowpea cultivar. Fifty nine strains
representing four different groups of
rhizobia were used: (a) Rhizobium spp
isolated from cowpeas grown in West
Africa; (b) fast-growing Rhizobium
japonicum, (c; slow-growing R.
japonicum and (d) Rhizobium spp
isolated from US- and Asian-type soya
beans grown in West Africa. The greatest
degree of promiscuity and the highest
frequency of effective nodulation were
found with the cowpea.

330 Eaglesham, A.R.J.; Ayanaba, A.; Rao,
V.R.; Eskew, D.L. Mineral nitrogen
effects on cowpea Vigna unguiculata
and soybean Glycine max crops in a
Nigerian soil 2. Amounts of nitrogen
fixed and accrual to the soil. Plant
and Soil, 68(2): 183-192. 1982.

Nitrogen fixation in the field by 4 cowpea
and 2 soyabean cultivars at 0, 25 or 100
kg applied N/ha was determined using the
difference method and the AN-value method
using maize; non-nodulating seyabeans and
Celosina argantea as control crops. No
significant differences were found between
methods or control crops. Two of the
cowpea cv. increased soil N at low but not at
high fertilizer inputs.

331 El Hassan, G.A.; Zablotowicz, R.M.;
Focht, D.D. Kinetics of denitrifying

growth by fast-growing cowpea
rhizobia. Applied and Environmental
Microbiology,
1 ,985.

49(3): 517-521.

|

/
Two tast growing :strains of cowpea
rhizobia (A26 and A28) were found to
grow anaerobically at the expense of NO3-,
NO2 and N20 as terminal electron
acceptors. The two major differences
between aerobic and denitrfying growth
were lower yield coeficients (Y) and higher
saturation constants (Kg) with nitrogenous
oxides as elactron acceptors. When grown
aerobically, A26 and A28 adhered to Monod
kinetics, respectively, as follows: Kg, 3.4

and 3.8 M; Y, 16.0 and 14.0 g cells eq-};

max, 0.41 and 0.33 h-1- Yield coefficients
for denitrifying growth ranged from 40 to
70% of those for aerobic growth. Onty A26
adhered to Monod kinetics with respect to
growth on all three nitrogenous oxides. The
apparent Ks values were 41, 270, and 460
M for nitrous oxide, nitrate, and nitrite,
respectively; the Ks for A28 grown on
nitrate’ was 250 M. The results are
kinetically and thermodynamically
consistent in explaining why O2 is the
preferred electron acceptor. Although no
definite conclusions could be drawn
regarding preferential utilization of
nitrogenous oxides, nitrite was inhibitory
to both strains and effected slower growth.
However, growth rates were identical
(max, 0.41 h-1) when A26 was grown
with either O2 or NO3- as an electron
acceptor and were only slightly reduced
when A28 was grown with NO3- (0.25 h-
1) as opposed to O2 (0.33 h-1).

332 Eriksen, F.l.; Whitney, A.S. Effects of
solar radiation regimes on growth and
N2 fixation of soybean, cowpea, and
bushbean. Agronomy Journal, 76(4):
529-535. 1984.

Plantings were made in April (warm
season) and November (cool season) of
cowpea, soybean and bushbean.
Polypropylene netting was used to obtain
27, 45, 70, and 100% of the incoming
solar radiation through the entire crop




cycle. Nitrogen fixation parameters
generally followed dry matter (DM) and
seed yields. Total nodule activity (TNA) was
very low in all the legumes at 27% sun.
Shading in cowpea and soybean at 27% sun
caused a 34% average reduction in DM and
grain yields, vs. a 50% reduction in TNA,

and a 76% reduction in nodule mass. -

During the cool season, cowpea TNA peaked
at flowering. Of the three legumes cowpea
was the least shade tolerant. It produced
more DM at full sun. At 27% sun, DM
yields were similar for all three crops.

333. Fernandez, G.C.J.; Miller, J.C. Yield
component analysis in five cowpea
cultivars. Journal of the American
Society for Horticultural Science,
110(4): 553-559. 1985.

A field study was conducted to determine the
effects of rhizobial inoculation and N-
fertilization with 100 kg/ha nitrate
nitrogen on seed and biomass yield in
cowpea. Four indeterminate cultivars,
- 'Mississippi Silver, 'California Blackeye
No.5', ‘Lady', cultivar, 'Bush Purple Hull',
were used. Seed yield in inoculated and N-
fertilized plants was significantly greater
than that of the unfertilized, uninoculated
control treatment. Seed yield was higher in
the indeterminate cultivars with
inoculation or N-fertilization than in 'Bush
Purple Hull'; however, there were no
significant differences in seed yield among
cultivars in the centrol treatment. Harvest
index of 'Bush Purple Hull' was at least
three times higher than the indeterminate
cultivars. Pods/plant was the major
component which accounted for the
variability in seed yield of inoculated
plants within a cultivar, but not in 'Bush
Purple Hull', where dry matter
accumulation/plant/day was the major
component. Factor analysis on the yield and
N2 fixation components also indicated that
cowpea cultivars behaved ditferently in the
expression of traits which influenced seed
yield.

334 Fernandez, G.C.J.; Miller, J.C. The
relative importance of biologically

fixed vs. fertilizer nitrogen in seed
and biomass yield of cowpea:{Vigna
unguiculata (L) Walp. Hortscience,
19(2): 208. 1984,

Fixation benefits due to Rhizobium
inoculation over noninoculation, and linear
and quadratic effects of four levels
(0,16,28 and 84 kg/ha) of nitrogen
fertilizer on seed yield and N2 fixation
components in five cowpea varieties were
investigated in a field study. Seed yield was
greater im Rhizobium inoculated plants
than in noninoculated plants. N2 fixation
was significantly reduced, with increasing
N levels in inoculated plants. However, a
significant linear increase in seed yield
was observed with increasing N levels in
the uninoculated control. The addition of
fertilizer N to inoculated cowpea was not
beneficial, as seed yield did not increase. In
high fixing varieties, N2 fixation did not
directly influence seed yield, but more
vegetative maiter was produced than in the
low fixing varieties. Among the seed yield
components, number of pods/plant was
affected by inoculation and N levels, while
number of seeds per pod and seed weight
were not influenced and appeared to be
variety specific.

335 Gober, J.W.; Kashket, E.R. Proton
ATP stoichiometry of cowpea
Rhizecbium Sp strain 32H 1 celis
growth under nitrogen fixing and
nitrogen nonfixing conditions.
Journal of Bacteriology, 160(1):
216-221. 1984.

The obligate asrobe Cowpea Rhizobium sp.
strain 32H1 in axenic culture is able to fix
N2 when grown under 0.2% 02 but not
when grown under 21% 02. It was,
therefore, of interest to investigate ATP
synthesis in these eells grown under the
two conditions. When respiring in buffers
having pHs ranging from 6 to 8.5, cells
grown under either 02 tension maintained
an intracellular pH more alkaline than the
exterior. The transmembrane chemical
gradient of H* (pH) was essentially the
same under both conditions of growth,
decreasing from ca. 90 mV at medium pH 6




to ca. 30 mV at pH 8.5. However, the
transmembrane electrical gradient (4) was
significantly higher in cells grown under
21% 02 {150 to 166 mV) than in cells
grown under 0.2% 02, the latter being
16mV at pH6 and increasing to 88 mV at pH
8.5. Therefore, the proton motive force of
21% 02-grown cells ranged from 237 mV
at external pH6 to 185 mV at pH 8.5,
compared with a proton motive force of
114 to 121 mV in the 0.2% 02-grown
cells. The cells grown in 0.2% 02 had the
same proton motive force whether tested at
21 or at 0.2% 02. The phosphorylation
potential, calculated from the intracellular
ATP, ADP, and P; concentrations, was 424
mV in the 21% 02-grown cells and 436
mV in the 0.2% '02-grown cells. Thus, the
21% 02-grown cells translocated 1.8 to

2.3 H*  ATP synthesized by the H*-

ATPase, whereas the H*/ATP ratio for
0.2% 02-grown cells was 3.7 to 3.8. The

higher H+/ATP stoichiometry seen in the
latter case may be due to an alteration in
the proton circuit that drives ATP
synthesis, possibly mediated by an
increased flux of another ion.

336 Graham, R.A. Assessment of carrier
materials for the inocuiation of

cowpea in Trinidad. Tropical
Agriculture, 61(1): 53-55. 1984,

Rhizobium survival in bagasse and soil
carriers was examined at 4 and 30 deg. C.
Only short term storage (three days) was
possible at 30 deg. C but good survival was
observed up to 9 days at 4 deg. C with both
carriers. In field studies, little difference
was evident between carriers in root
representation by homologous strains. The
inoculant comprising two strains isolated
from the experimental area gave the
highest strain representation in the
nodules.

337 Graham, R.A.; Scott, TW. Response of
cowpea (Vigna unguiculata (L.)
Walp.) to nitrogen and inoculation in
Trinidad. Tropical Agriculture,
61(1): 56-58. 1984,

The effects of N and inocuiation on cowpea
cv. 'Los Banos Bush Sitao No.1*' (Vigna

‘unguiculata (L.) Walp.) in Trinidad were

studied in dry season field trials on a St.
Augustine loam (Orthoxic Tropudult).
Fertilizer N applied at 30, 60, 90 and 120
kg ha-1 failed to give any significant yield
response over 0 kg ha-1N, and nodulation
was inhibited when more than 30 kg N ha-
1 was applied. In a subsequent experiment,
inoculation with a mixture of two effective
local strains did not give a significant yield
difference over uninoculated and N-fed
treatments. Pod yields; in both experiments
were low, ranging , between 4500 and
5350 kg ha-1. It appears that effective
natural nodulation with indigenous rhizobia
can supply most or all of the N required
for optimum yield of cowpea.

338 Hadad, M.A.; Loynachan, T.E.
Abundance and characterization of
cowpea miscellany Rhizobium from
Sudanese soils. Soil Biology and
Biochemistry, 17(5): 717-721.
1985.

Individual isolates of Rhizobium from six
legumes: cowpea, groundnut, mungbean,
lubia (Dolichos Ilablab), pigeonpea
(Cajanus cajan) and bambara groundnut
were obtained from four locations in Sudan.
All isolates were able to nodulate each of
the six legumes when grown in sterile
vermiculite. The isolates grew in 0.1%
NaCL-amended media. Most isolates grew
after exposure to moist heat for 15 min. at
50 deg. C. Optimum pH for growth was, in
general, betwoen pH6 and 8. Agglutination
reactions indicated that isolates from the
legumes belonged to several serological
groupings. Some isolates formed a iarge
number of nodules on a Sudanese groundnut
cultivar, whereas other isolates formed
only few nodules.

339 'Harrison, P.; LaRue, T. Carbon cost
of nitrogen fixation in cowpea. Plant
Physiology, 72(1): 111. 1983.

Significant differences were found among
14 varieties in N2 fixation (acetylene




reduction) rate, root respiratioh rate and
the carbon cost of N2 fixation.

340 Hernandez, B.S.; Focht, D.D.
Invalidity of the concept of slow
growth and alkali production in
cowpea rhizobia.  Applied and
Environmental Microbiology, 48(1):
206-210. 1984.

in a“study of 103 strains of cowpea
rhizobia and of Rhizobium japonicum, it
was concluded that activity of 6-
phosphogluconate dehydrogenase was a
better characteristic than doubling time to
distinguish between physiologically
different strains and that cowpea rhizobia
were not always slow-growing strains
producing alkali.

341 Heron, D.S.; Pueppke, S.G. Mode of
infection, nodulation speciticity, and
indigenous plasmids of 11 fast-
growing Rhizobium japonicum
strains. Bacteriology, 160(3):
1061-1066. 1984,

Eleven fast-growing strains of Rhizobium
Jjaponicum were characterized with respect
to indigenous plasmids and abilities to
infect (Inf+) and nodulate (Nod+) cowpea,
siratro, wild soybean, and three
commercial cultivars of soybean. All
strains caused infection via infection
threads in root hairs and consistently
nodulated cowpea, siratro, and wild soybean
in growth pouches. Interactions with
commercial cultivars of soybean were
strikingly  strain  specific. Some
combinations were Nod-, and Iinfection was
delayed in others. The ratios of infections to
noduies and the distribution of .nodules on
primary and lateral roots also v=ried
substantially. A modified in-gel lysis
prooedure was devised for electrophoretic
separation of plasmids from the strains.
Plasmids (ranging in size from 35 to >300
megadaltons) were reproducibly detected in
ail strains.

342 Hohenberg, J.S. Responses of
symbiotic and N-fertilized cowpea (V.
unguiculata L.) to soil acidity factors.
Dissertation Abstracts International,
B., 44(5): 1298. 1983.

In solution culture studies with 9 cowpea
cultivars, nitrate-N-supplied plants were -
sensitive to pH at 5.5-4.5 and low Ca
(5.0-0.02mM). High Al concentration
increased the Ca concentration needed for
normal root elongation. In nodulated plants
in an N-free nutrient solution, acidity (pH
45) and 100 M Al delayed nodule
formation. In some cuitivars Al stress led
to symbiotic failure. Tolerance of acid and
Al was not due to pH shifts in the
rhizosphere caused by differences in cation
and anion uptake.

343 Hohenberg, J.S.; Munns, D.N. Effect
of soil acidity factors on nodulation
and growth of Vigna unguiculata in
solution culture. Agronomy Journal,
76(3): 477-481. 1984,

Effects of low pH, low and high Al were
tested on nodulation of Vigna unguiculata
cultivars by the tolerant Rhizobium strain
CB 756 in solution culture. Both pH (4.5)
and Al (100M) caused delays in nodulation,
particularly at low Ca (0.3mM). At high Ca
(3.0mM) cultivar and treatment
differences diminished with time. Cultivars
differed in nodulation delay. In cultivar TVu
990 nodulation was most tolerant of acidity
alone; in California Blackeye-5 it was
tolerant to Al; and in TVu 1190 it was
sensitive to both stresses. Nodulation in
three other cullivars was sensitive to Al.
"Starter N" improved nodulation and plant
growth. Cultivars whose growth was Al
tolerant (in + N media) recovered more
rapidly from effects of nodulation delay.
Three types of symbiotic failure were
observed. In TVu 1190, nodulation failure
at high (100 M) Al caused N deficiency. In
TVu 990, host plant sensitivity to Al
decreased N2 fixafion despite adequate
nodule numbers. In Blackeye 5, nodulation
was tolerant to Al and plant N was
maintained, so that relative yields of +N




and symbiotic plants were similarly
decreased by Al.

344 Joseph, M.V.; Desai, J.D.; Desai, A.J.
Possible involvement of phage-like
structures in antagonism of cowpea
rhizobia by Rhizobium trifolii.
Apptied and Environmental
Microbiology, 49(2): 459-461.
1985.

A reduction in the viability of cowpea
rhizobia was observed when Rhizobium
trifolii 1ARI and cowpea Rhizobium strain
3824 were inoculated together in soil. The
reduction in number of cowpea rhizobia in
soil was found to be associated with the
reduction in number of nodules per plant
and retardation in plant growth. An
antimicrobial substance was isolated from
R. trifolii which, on eiectron microscopic
investigation, demonstrated the presence of
several phage-like structures.

345 Kaneshiro, T.; Baker, F.L.; Johnson,
D.E. Pleomorphism and acetylene
reducing activity of free living
rhizobia. Journal of Bacteriology,
153(2): 1045-1050. 1983.

Cowpea-type Rhizobium sp. strain 32H1
and Rhizobium japanicum USDA 26 and
110 grown on a glutamate-mannitol-
gluconate agar medium showed increases in

the number of ,
coincident with their acetylene-reducing
activity. Pleomorphs appeared to be
inhibited in growth nonuniformly, because
acetylene-reducing cultures were
mixiures of rod, branched (V, Y, and T),
and other irregularly shaped' cells. In
contrast, strain USDA 10 consistently
failed to reduce acetylene, even though it
also could grow and yield pleomorphic cells
under various conditions. With minimal
inhibitory supplements (5 ug per ml of
medium) of nalidixic acid and novobiocin as
cell division inhibitors, an increase in
pleomorphic cells was observed, but the
inhibited cultures displayed lower
acetylene-reducing activity. A study of
pleomorphic cells derived in different ways

pleomorphic cellls

indicated that not all pleomorphs reduce
acetylene.

346 Khanna chopra, R.; Koundal, K.R.;
Sinha, S.K. A simple technique of
studying deficit effects on nitrogen
fixation in nodules without
influencing the whole plant. Plant
Physiology, 76(1): 254-256.
1984.

Cowpea (Vigna unguiculata L.Walp ¢v C-
152) plants were grown in a system in
which watering was withheld from.the soil

- zone containing nodules, while the plants

were able to maintain normal water status.
The system was developed in a pot by
making two soil zones, an upper and a
lower separated by a gravel column betwéen
these two zones. Plants extended their roots
into the lower layer of soil and were able to
absorb water. The dry matter accumulation,
photosynthesis  rate, and leaf area
development of the plant were not affected
when the upper soil zone was dried, but the
water potential of the nodules was lower
than in the nodules in fully irrigated pots.
Nitrogenase activity in the nodules obtained
from plants stressed in the upper zone only

" was lower than in nodules obtained from

fully irrigated plants. The present
technique is helpful in distinguishing the
direct water stress effects on nitrogen
fixation compared to those mediated via
photosynthate availability.

347 HKremer, R.J.; Peterson, H.L. Field
evaluation of selected rhizbbium in an
improved legume inoculant.
Agronomy Journal, 75(1): 139-
143p. 1983.

Field studies were performed to determine
the effects of selected rhizobia in two
different inoculant carriers on nodulation
and performance of cowpea, beans and
peanuts. Selected strains of R. phaseoli and
cowpea Rhizobium were incorporated in
peat or vegetable oil. Seeds of the three
grain legumes were inoculated (ca. 108
Rhizobium/seed) and planted. Nodulation,
plant growth, and yields were determined




in all experiments. Strains of Rhizobium in
oil-base inoculants generally formed a
greater percentage of nodules on plants
than did the same strains applied in peat-
base inoculants. Significant yield increase
were obtained for cowpeas and peanuts
inoculated with oil-base inoculants.

348 Manjunath, A.; Bagyaraj, D.J.
Response of pigeon pea and cowpea to
phosphate and dual inoculation with
vesicular arbuscuiar mycorrhiza and
Rhizobium. Tropical Agriculture,

61(1): 48-52. 1984.

Response of cowpea and pigeon pea to dual

inoculation with Glomus fasciculatum
and/or Rhizobium sp., with and without
added P 22 kg P ha-1) was studied in a P-
deficient non-sterile soil. Application of P
increased nodulation and the number of
endomycorrhizal spores in the root zone of
both legumes. Plants ‘inoculated with both
organisms and supplemented with P
recorded the highest shbot dry weights and N
and P contents, indicating the need for the
addition of a small amount of P to derive
maximum benefit from dual inoculation
with Rhizobium and vesicular arbuscular
mycorrhiza.

349 Marsh, D.B. The effects of zinc
nutrition on nodulation and nitrogen
fixation processes of cowpea (Vigna
unguiculata (L.) Walp). n.p.. Ann
Arbor,  University Microfilms
International. 1983.

In studies with cowpea cv. Mn13,
significantly higher nodule number, nodule
dry weight and acetylene reduction occurred
when plants received additional zinc (Zn)
which is approximately 5 p.p.m. Zn
accumulation in plant parts, particularly
roots also increased. Seeds/pod and seed
yields were also increased by Zn. In
greenhouse studies with cv. California
Blackeye no.5, critical Zn deficiency levels
were determined as 12.5, 20, 30 and
50p.p.m. for upper leaf petioles, upper
leai blades, lower leaf petioles and lower
leaf  blades, respectively. Critical Zn
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toxicity levels were 145, 273, 300 and
400 p.p.m., respectively. In’ split-root
studies, evidence of Zn transiocation from
uninoculated halves of the root system to
inoculated halves not receiving Zn was
obtained.

350 Marsh, D.B.; Waters, L. Nodulation
and nitrogen fixation in cowpea as
influenced by zinc nutrition. Journal

of the American Society of
Horticultural Science, 110(1): 9-
11. 1985.

Zinc concentration, nitrogen fixation
(C2H2 reduction), nodulation and dry-
matter distribution in the early maturing
cowpea (Vigna unguiculata (L.) Walp) line
Mn 13 _were examined at 5 levels of Zn
(0.0, 0.6, 1.5, 2.5 and 5 ppm) under field
and greenhouse conditions. Significant
increases in nodule number, nodule dry
weight, and acetylene reduction occurred
when plants received the higher Zn levels.
In all plants parts sampled, there was
increased Zn accumulation with increased
Zn application, with roots having the
maximum accumulation. Seeds per pod and
seed yield (kg/ha) were highest at the
higher applied Zn levels. The yield response
to added Zn was reflected primarily by an
increase in the number of seeds per pod.
Zinc nutrition is important to the
nodulation and fixation processes, and it
may affect both Rhizobium nutrition and
dry-matter accumulation.

351 Morrison, N.A,; Cen, Y.H.; Chen, H.C,;
Plazinski, J.; Ridge, R.; Rolfe, B.G.
Mobilization of a Sym plasmid from a
tast-growing cowpea Rhizobium
strain.  Journal of Bacterivlogy,
160(1): 483-487. 1984,

A large Sym plasmid from a fast-growing
cowpea Rhizobium species was made
mobilizable by cointegration with plasmid
pSUP1011, which carries the ariT region
of RP4. This mobilizable Sym plasmid was
transferred to a number of Rhizobium
strains, in which nodulation and nitrogen




fixation functions for symbiosis with plants
of the cowpea group were expressed..

352 Mulongoy, K. Nitrogen-fixing
symbiosis and tropical ecosystems.
In: Cowpea research, production and
utilization, edited by S.R. Singh and

K.O. Rachie. 307-315. Chichester,
England, John Wiley. 1985.

This is a report on the research work
conducted by the author to describe the
major attributes enabling cowpea rhizobia
to survive and fix nitrogen effectively
under tropical conditions; to identify the
most appropriate Rhizobium strains for
cowpea-growing areas where drought, high
temperatures,

and to assess the potential benefits from
using these elite strains in inoculation
trials.

353 .O'Hair, S.K.; Miller, J.C., Jr. Effects
of virus infection on  nitrogen
fixation in cowpea (Vigna unguiculata
(L)) Walp) Journal of the American
Society for Hoiticultural ‘Science,
107(3) 516-519. 1982,

The effects of the cowpea strains of
southern bean mosaic (SBMV-CS),
cucumber mosaic (CMV-CS), and tobacco
mosaic (TMV-CS) viruses on cowpea
(Vigna unguiculata (L.} Walp) plant growth
and N fixation parameters were evaluated
in greenhouse and field experiments. TMV-
CS infection resulted in the most severe
symptoms and was associated with
significant reductions in nitrogenase
activity, total nodule  weight, nodule
number, and plant dry weight, in
susceptible cultivars. Infection with CMV-
CS was associated with significant
reductions in nitrogenase activity, nodule
number, and plant dry weight in field-
grown ‘'Mississippi Silver'. SBMV-CS
infection was least severe and was
associated with a significant reduction in
nitrogenase activity and nodule weight in
only 1 susceptible cultivar under ficld
conditions.

excessive moisture and.;
acidity ‘limit the productivity of cowpeas,'’

.concentration of 80g/ml.

354 Odeyemi, O.; Ogunledun, A.
Compatibiiity of some pesticides used
in Nigeria with root-nodule bacteria.
The Indian Journal of Agricultural

Sciences, 53(3): 168-172. 1983.

The action of 6 different pesticides on the
rhizobia of cowpea and sovbian isolated

from various locations in Nigeria was

investigated by estimating the growth of the
nitrogen-fixing bacteria turbidimetrically
in the presence of increasing concentrations
of each pesticides. Mercury-containing
fungicides were most toxic to rhizobia,
followed by chlorinated-hydrocarbon
pesticides, but carbonate, tin-containing
pesticides and bipyridinum on pesticides
were less igphibitory to the bacteria. Thus
0.3g/mi agrosan inhibited the growth of
the cowpea Rhizobium 96, whereas 40g/ml
of gammalin 20 depressed the growth of
cowpea Rhizobium 97. Aldrex failed to
support the growth of R. japonicum 94 ata
Dibham  was

lethal to cowpea Rhizobium 27 at the level
0 f100g/ml, whereas gramoxone was toxic
to cowpea Rhizobium 5 at a concentration of
600g/ml, but it took 700g/ml of brestan to
inhibition of A.

achieve complete
japonicum 92.

355 Pena-Cabriales, J.J.; Alexander, M.

"~ Growth of Rhizobium in unamended

soil. Soll Science Society of America
Journal, 47(1): 81-84. 1983.

A study was conducted to determine the
cenditions in unamended soil that favored
growth of Rhizobium. Moistening a dry soll
resulted in growth of R. japonicum and a
strain of Rhizobium nedulating cowpeas but
not of R. meliloti. The extent of decline
resulting from desiccation was usually
greater than the increase following wetting.
The extent of growth varied among soils. A
freezing-thawing cycle did not promote
growth of R. phaseoli and the cowpea
Rhizobium. The latter bacterium was more
tolerant to a freezing-thawing cycle than
the former. Rhizobium japonicum and R.
phaseoli grew readily in the presence of
germinating seeds and developing root
systems of soybeans, kidney beans, red
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clover, cowpeas, oats, wheat, and corn; the
population size varied among the plant
species, and legumes were no more
stimulatory than nonlegumes. The numbers
of R. phaseoli in the rhizosphere of several
plants declined in 1 week, the abundance of
R. japonicum fell after 6 weeks in the
soybean rhizosphere, but the pupulation
size of the cowpea Rhizobium was high for
at least 20 weeks. Counts of .73. japonicum
in soil increased after the soil was amended
with soybean nodules. It is suggested that
appreciable rhizobium growth in
unamended soil occurs only in the presence
of germinating seeds, growing roots, and
decomposing nodules.

N

356 Pueppke, S.G. Adsorption of slow-and
fast-growing rhizobia to soybean and
cowpea roots.  Plant Physlology.

- 75(4): 924 928. 1984.

The adsorptlon capacities of four slow-
growing Rhizobium . strains and a fast-
growing ,R. meliloti strain to roots of

cowpea and soybean varied considerably but

were independent of plant species and of the
abilities of the Rhizobium strains {0 infect
and nodulate. Comparatively large numbers
of noninfective R. Jupini 96B9 bind to
roots of cowpea and soybean, and
comparatively small numbers of infective
Rhizobium sp. 3G4b16 bind to roots of both
plants. Strain 229 infects and nodulates
cowpea but not soybean, yet it adsorbs in
similar numbers to roots of both species.

357 Rainbird, RM.; Atkins, C.A.; Pate,
J.S.; Sanford, P. Significance of
hydrogen evolution in the carbon and
nitrogen economy of no-»siated cowpea
(Vigna unguiculata, Riizobium strain

(B756 or 176A27). Plant
Physiology, 71(1): 122-127,
1983.

The carbon and nitrogen economies of a
single cultivar of cowpea cv. Caloona,
nodulated with either a high H2-evolving
strain (176A27) or a low H2-evolving
strain (CB756) of Rhizobium were
compared. The two symbioses did not differ
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in total dry matter production, seed yield,
nitrogen fixed, the spectrum of nitrogenous
solutes produced by nodules for expor, or
the partitioning of net photosynthate within
the plant throughout the growth cycle.
Detailed examination of the carbon and
nitrogen economy of the nodules, however,
showed a significant difference between the
symbioses. Nodules formed with CB756
lost less CO2 in respiration compared to the
higher H2-evolving symbioses and this
could have been largely responsible for a
36% better economy of carbon use in
CB756 nodules during the period  of

maximum H2 evaluation (48-76 days) and
over the whoie growth period

(20-90
days), a 16% sconomy. In terms of overall -
net photosynthate generated by the plant,

-these economies were equivalent to 5% and

2% of the, carbon utlllzed in the two
periods, respectively. 1

358 Rainbird, R.M.; Atkins, C.A.; Pate,
J.S. Duurnal-vanation in the .
functioning of cowpea nodules. " Plant’
Physiology, 72(2): 308-312.
1983. '

Nitrogenase activity of nodules of cowpea
(Vigna unguiculata [L.] Walp), maintained
under conditions of a 12-hour day at 30
deg. C and 800 to 1,000 microeinsteins per
square meter” per second
(photosynthetically active radiation) and a
12-hour night at 20 deg. C, showed a
marked diurnal variation with the total
electron flux through the enzyme at night
being 60% of that in the photoperiod. This
diurnal pattern was however, due to changes
in hydrogen evoiution. The rate of nitrogen
fixation, measured by short-term 15N2
assimilation or estimated from the
difference in_hydrogen evolution in air or
Ar:02 (80:20; v/v), showed no diurnal
variation. Carbon dioxide released from
nodules showed a diurnal variation
synchrnnized with that of nitrogenase
functioning and, as a consequence, the
apparent 'respiratory cost of nitrogen
fixation in the photoperiod was almost
double that at night, Separate carbon and
nitrogen balances constructed for nodules
during the photoperiod and dark period




~showed that, at night .ncdule functioning
required up to 40% less carbohydrate fo
achieve the same level of nitrogen fixation
as during the photoperiod (2.4 versus 1.4
moles hexose per mole N2 fixed). Stored
reserves of nonstructunal carbohydrate of
the nodule .only partly satisfied the
requirement for carbon at night, and
fixation was dependent on continued import
of translocated assimilates at all times.
Measurements of the soluble nitrogen pools
,of the nodule together with 15N studies
indicated that, both during the day and
night, nitrogenous products of fixation
were effectively translocated to all organs
of the host plant despite low rates of
transpiration at night. Reduced fluxes of
water through the plant at night were
apparently counteracted by increased
concentration of nitrogen, especially as
ureides, in the xylem stream.

359 Rainbird, R.M.; Atkins, C.A.; Pate,
J.S. Effect of temperature on
nitrogenase functioning in cowpea
nodules Plant Physiology, 73(2):
392-394. 1983

Nitrogenase activity of a cowpea cv. Caloona
symbiosis formed with a Rhizoblum strain
(176A27) lacking uptake hydrogenase and
maintained under conditions of a 12-hour
day at an air temperature of 30 deg. C
(800-1000 microeinsteins per square
meter per second) and a 12-hour night at
an air temperature of 20 deg. C showed a
marked diurnal  variation in ratio of
nitrogen fixed to hydrogen evoived. As little
as 0.3 micromole nitrogen evolved in the
photoperiod versus up to 0.6 in the dark
period. In plants maintained under the same
diurnal illumination regime but at constant
(day and night) air temperature (30 deg.
C), this difference was abolished and a
relatively constant ratio of nitrogen fixed to
hydrogen evolved (around 0.3 micromole
per micromole) was observed day and
night. Exposure of nodulated roots to a
range of temperature maintained for 2
hours in a single photoperiod indicated
that, whereas hydrogen evolution increased
with increasing temperature from 15 deg.C
to a maximum around 35 degq.C, nitrogen

fixation was largely unaffected over this
temperature range. Both functions of the
enzyme declined sharply at temperatures
above 38deg. C.

360 Schmit, V. Etude de l'influence de la
symbiose legumineuse-Rhizobium
dans le cadre de I'association Sorghum
bicolor (L.) Moench./Vigna
unguiculata (L.) Walp. [Study of
theinfluence of the symbiosis food
legume/Rhizobium on assoclated

Sorghum bicolor (L.) Moench./Vigna
unguiculata (L) Walp. Bulletin des
Recherches Agronomiques Gembloux,
18(4): 231-239. 1983. In order 10 show
the- influence of the symbiosis between
cowpea (Vigna unguiculaia (L.) Walp) and
bacteria of the genus Rhizobium on the
associated cultures of sorghum and cowpea,
experiments have been made In greenhouse

and growth chamber. The observatlon of the
yleld components has shown the positive
influence of . the inoculation of cowpea,
either in pure or mixed stand. The lack of
mutual cooperation between  sorghum and
cowpea did not allow 10 establish a possible
transfer- of nitrogen from cowpea to the

‘cereal.

361 Sen, D.; Weaver, R.W. Nitogenase
(C2H2) activities of isolated peanut
and cowpea bacteroids at optimal.
oxygen availability andcomparison
with whole nodule activities. Journal
of Experimental Botany, 35(155):
785-789. 1984,

Bacteroilds were isolated anaerobically
from root nodules of cowpea cv. California
Blackeye and groundnut cv. Tamnut 74,
C2H2 reduction activities were measured
in a pure N2 atmosphere followed by
stepwise addition of small amounts of 02.
Nitrogenase aclivity increased with
increasing 02, reached a peak at optimum
02 availability and then declined.
Maximum activity of bacteroids was higher
than that obtained from méasurement of
intact nodules. It is suggested that the
difference in nitrogenase activities of




cowpea and groundnut was due -to
intranodular conditions.

i
362 Sen, D.; Weaver, RW. A basis for
different rates of Ng-fixation by the
same strains of Rhizobium in peanut
~and cowpea root nodules. Plant
Science Letters, 34(3):
1984.

239-246..

Bacteroids were isolated anaerobically from

cowpea and peanut nodules induced by
Rhizobium sp. strain 32HI, and their
nitrogenase - activities at optimum O2
availability and O2 uptake rates from air
saturated medium were measured. Both
bacteroids showed equal rates of acetylene
reduction. and oxygen consumption but a
much larger number of bacteroids were
found per unit nodule volume of cowpea.
This may produce an intranodular oxygen
deficiency preventing hlgher expression of
bacteroidal nitrogenase’ activity in cowpea
nodules. This was supported by the pattern
of response to increased ambient oxygen
pressure.

363 Sen, D.; Weaver, R.W. Role of nodule
size on the nitrogenase activity in
cowpea. In: Nitrogen fixation research
prograss, edited by H.F. Evans, P.F.
Botionley, P.F. and W.E. Newton. 352.
Dodrecht, Martinus Nijhoff. 1985.

Nodules were collected from cowpea plants
one month after inoculation with an
effective strain (32H1) of Rhizobium and
grown under laboratory conditions.
Nodules were graded by size and their
acetylene reduction activities were
measured. The results show that the
smaller nodules were not more active than
“larger. nodules in nitrogen fixation at the
atmospheric O2 concentration.

364 Shelp, B.J.; Atkins, C.A. Role of

inosine monophosphate oxidoreductase
in the formation of ureides in

nitrogen-fixing nodules of cowpea

(Vigna unguiculata L Walp). Plant
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Physiology. 72(4): 1029-1034.

1983.

Cell-free extracts from nodules of cowpea
(cv Caloona: Rhizobium strain CB756)
prepared in the presence of 15% (v/v)
glycerol showed high rates (30 to 60
nanomoles NAD reduced per minute per
gram fresh weight nodule) of inosine -
monophosphate cxidoreductase (EC
1.21.14) activity. The.enzyme was labile
(half-life of activity less than 3 hours)

~ but could be stabilized for up to 18 hours

by inclusion of the substrates NAD and
inosine monophosphate in the breaking
media. Activity showed a broad pH optimum
between 8.5 and 9.5, had an apparentKm
(inosine monophosphate) of 4 and 12
micromolar at pH 7.5 and 9.0
respectively, and was-
associated with .the plant cell cytosol
fraction of the nodule. Metabolism of [8-
14¢) linosine monophosphate and [1-14C]
glycine by the cell-free system showed two

pathways for purine base production from
inosine. monophosphate, one via xanthosine .
monophosphate, xanthosine, and xanthine,

the other via inosine and hypoxanthine. The
proportion ..of inosine monophosphate -

utilized by inosine monophosphate
oxidoreductase and the xanthine-based
pathway  was increased from 30% at 0.5
milimolar to 80% at  0.01 millimolar

_inosine monophosphate. The data are

interpreted to indicate that in vivo inosine
monophosphate oxidation rather than
dephosphorylation is the predominant.
metabolic route leading to ureide synthesis
and that inosine monophosphate provides
the link between denovo purine nucleotide
synthesis in the plastid and ureide
production in the plant cell cytosol.

365 Stowers, M.D.; Eaglesham, A.R.J.
Physiological and symbiotic
characteristics of fast-growing
Rhizobium japonicum. Plant and
Soil, 77(1): 3-14. 1984,

Physiological and symblotic
characteristics were identified in fast-.
growing (FG) Rhizobium japonicum.

.Carbon nutritional patterns linked these

largely (96%)



rhizobia to other FG rhizobia. They were
able to' use hexoses, pentoses,
disaccharides; trioses, and organic acids
for growth, but they were unable to-use
duicitol or citrate. fast growing AR.
Jjaponicum nodulated cowpea, pigeon pea
and mung bean but not peanut. Effective,
nitrogen-fixing symbioses were observed
only with cowpea and pigeon pea. it was
concluded that although the physiological
characteristics of FG R. japonicum were
‘'similar to other FG rhizobia, their
symbiotic -properties were similar to
slow-growing rhizobia of the cowpea
miscellany.

366 Stowers, M.D.; Elkan, G.H. Growth
and nutritional characteristics of
cowpea rhizobia. Plant and Soil,
80(2):.191-200. 1980.

Twenty-five slow-growing strains of
cowpea rhizobia were examined for growth
and nutritional characteristics. Growth and
nutritional data of these isolates were
surprisingly homogeneous given their
proposed genetic diversity. Most strains
tested were capable of autotrophic growth
in a defined atmosphere of CO2 and-H2 with
oxygen or nitrate as terminal electron
acceptors. These isolates grew
heterotrophically with various
carbohydrates and organic acids. Nitrogen
utilization was consistent with that of
other slow-growing rhizobia. Medium
. composition strongly affected the final pH
of the culture. Cowpea rhizobia generally
did not require vitamins; those requiring
vitamins exhibited good growth when
biotin was supplemented to the medium.

367 Trinick, M.J.; Rhodes, R.J.;
Galbraith, J.H. Competition between
fast- and slow-growing tropical
legume rhizobia for nodulation of
Vigna unguiculata. Plant and Soil,
73(1): 105-115. 1983.

Rhizosphere populations of Rhizobium,
mixed and pure populations were examined
on cowpea plants grown in large glass
tubes. At 25 deg. C and at a low level of

-

inoculation, the fast-growing strain NGR
234, dominated the rhizosphere but at 30
deg. C, the slow-growing strain CB756
dominated or was -equally represented
depending on its initial level in the mixed
inoculum. At 25/23 deg C (day/night), the
fast-growing strain from Lablab
(NGR234) was a superior competitor for
nodule sites compared with three slow-
growing strains of Rhizobium. When plants
were grown at 30 deg/26.deg C, the slow-
growing

results were influenced by the proportions
of the. competing strains, as well as the

- total numbers of rhizobia, in the mixed

inoculum. Other factors, including ‘host
preferences,’ host compatibility and- time '
taken for nodule initiation also contributed |
to the relative success of competing

strains. The,,results reflect the parsistent: 3o

isolation in tropical regions of . “Siow-

v growing cowpea-type of rhizobia from-

most tropical legumes

368 Udayasurian, V.; Hameed, M.S.; Raj,
S.A.; Obilisami, G. Symbiotic
promiscuity of cowpea Rhizobium

- with soybean. Madras Agricultural
Journal, 72(4): 230-233. “1985.

Among the twenty five isolates of cowpea
group Rhizobium tested to assess iis
extent of symbiotic promiscuity in
soybean, only twelve nodulated soybean.

Six of the twelve wera effective in cowpea

and soybean while the other six formed
only ineffective nodules in soybean. When
symbiotic efficiency of thirteen isolates of
cowpea rhizobla and an efficient R.
japonicum strain was assessed in cowpea
and soybean pot culture, the dry:- matier
production was significantly increased in
soybean due to inoculation with all the
isolates. There was an increased nodule dry
weight. and plant dry weight in soybean
inoculated with Rhizobium sp. of cowpea
group than that of plants inoculated with
soybean specific R. japonicum. This
suggests certain degree of specificity even
among the strains that showed symbiotic
promiscuity.

rhizobia were the better. - - .-
competitors for host nodulation. The = -



369 Udayasuriyan, V.; Hameed, M.S.; Raj,
S.A.; Oblisami, G.
" irrigation water affects nodulation.

Tamil Nadu Agricultural University -

Newsletter, 14(10) 1. 1985,

Irrigation of cowpea and soybean with

saline water significantly decreased the

number of nodules/plant. Nodule
weught/plant wds also signiflcamly
) decreased in soyabean but not in cowpeas.

370 Uddin, M.R.; McLaughlln W.: Ahmad’

M.H. Competmon between inoculum
and native rhizobia for nodulation of

cowpea (Vigna unguiculata (L.)

Walp): use of a dark-nodule strain.
Plant and Soil, 81(2): 305-307.
1984. :

' Cowpea rhizobia strains were examined
with indigenous population in nodulating
cowpea (Vigna unguiculata (L) Walp). Cv
Laura B.: strain IRC256 formed dark
nodules on’ cowpea. and were used as the
standard against orthodox pink-nodules on
nodulating competitiveness. The dark
nodule phenotype and intrinsic antibiotic
resistance pattern were used to identify
the strains in the nodules. Our results
showed that the usefulness of the dark-
nodule strains were not indigenous.

£

371  Wadisirisuk, P.; Weaver, R.W.
. Importance of bacteroid number in
nodules and effective nodule mass to
dinitrogen fixation by cowpeas. Plant

and Soil, 87(2): 223-231. 1985.

Two experiments were undertaken to

determine the potential of an increase- in
nodule mass and number of bacteroids
resulting in increased nitrogen fixation.
Cowpeas were grown in a glasshouse for 7
weeks under conditions forcing near total
dependence on biological nitrogen fixation

for growth. Nodule mass on the roots was

varied by inoculating seeds with various
ratios of effective and ineffective rhizobia
that could be identified serologically and by
the color of nodule formed. The results of
both experiments demonstrated a linear
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Quality - of -

~ strain  was not consistent.

N number of bacterosds

relationship between total nodule mass
formed by the effective rhizobia and
quantity of nitrogen fixed. The regression
coefficients were high in both experiments
(r=0.99"* and 0.91°*). The relationship
between total nitrogen fixed and total
number of bacteroids of -the effective

experiment the ragression coefficient was
0.93"* but in the other experiment it was
0.65**. From these results it azpears that

there is good petential for mcreasing g

nitrogen fixation in cowpeas by increasing
nodule mass. An increase in nodule mass
would also result in an increase in the

i

372 VYadav, -D.S.; Antil, R.S.; Singh, M.;:
Kumar, V. Effect of phosphorus and
zinc on nitrogen fixation in cowpea.
Indian Journal of Agricultural .
Sciences, 54(3): 217-219. 1984.

To find out the effects of P.and Zn levels on
various components’of nitrogen economy. in-
cowpea, pot experiments .were conducted.
The results suggest that at early stages: of
plant growth, the plant roots exploit the
nitrogen already present in the soil and: so
a starter dose of N for attaining normal
plant growth is recommended. In the later
stages of plant growth, the plants start

fixing atmospheric N, most of which is .

utilized by the plant itself and the rest is
left in the soil for the subsequent crop. The
results further indicate that balanced P
and Zn nutrition is - necessary for
leghaemoglobin formation, a prerequisite
for N fixation when sampled at 40 days
(r=0.79) and at maturity (r=0.87).

373 Yoneyama, T.; Yamada, N.; Ko]ima, H

Yazaki, J. Variations  of natural
Nitrogen-15 abundances in
leguminous plants and nodule
fractions. Plant and Cell Physiology,
25(8): 1561-1566. 1984.

Natural 15N abundancés of various tissues
from twelve species of leguminous plants
and those of nodule fractions from three
species grown in Japan were determined

In one .~



by mass spectrometry. The 15N
concentrations of non-nodular tissues of

nodulated plants were close to the value of

atmospheric M2. The nodules of cowpea,

B
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374 Aggarwal, V.D. Cowpea striga
research. In: Cowpea research,
production and utilization edited by
S.R. Singh and K.O. Rachie. 335-340.
Chicester, England, John Wilay.
1985.

Striga gesnerioides, a serious parasite on
cowpeas causes large yield losses in Wast
Africa. As such,
morphciogy, host specificity, germination,
physiology and devolopment and control
measures are reviewed.

375 Ayeni, A.O.; Duke, WaB.; Akobundu,
1.O. Weed interference in maize,
cowpsa and maize/cowpea intercrop

in a subhumid tropical envircnment. -

1. Influence of croppirig season. Weed
Research, 24(4): 269-279. 1984,

Field experiments were -conducted in the
early and late cropping seasons of 1979 in
a subhumid environment in Nigeria, using
40000, 50000 and 30000 + 40000
plants-1 of maize, cowpea and
maize/cowpea intercrop respectively. In
the early and late seasons respectively,

thirty-five and twenty-nine different weed

species weare recorded and weed dry weights
of approximately 10.4 and 5.7 t ha-1 from
the plots kept weedy throughout the season
reduced corresponding food energy yields
by 60 and 82%. Except for the intercrop,
which in the early: season showed
significant yleld reduction when expcsed to
4 weeks weed interference after sowing, all
cropping patterns needed more than 4
weeks' interference to show significant
yield reductions, regardless of cropping
season. Cowpea seed quality was more
reduced by intercropping than by weed

its taxonomy and.

soybean, mungbean, kidneybean, adzuki
bean, swordbean, whiie clover, Leucaena
leucocephala and horsegram showed highly

elevated 15N concantrations.

interference in the early season but
neither' of these  factors affected seed

- quality significantly in the late seigson. :

: |
376 Ayeni, A.O.; Duke, W.B.; Akobundu,
1.0. Waeed interference in maize,

cowpea and maize/cowpea intercrop .

in a subhumid tropical environment.
. 2. Early growth and nutrient content

of crops and weeds. Weed Research,

24(4): 281-290. 1984 .

Early growth and numem content of crops

_ and weeds from weed-free and weedy no-

tilage maize, cowpeas and maize/cowpes
Intercrop were monitored in the early and
late cropping seasons. In the first six
weeks of growth in the early season,
cropping pattern had no effect on weed
growth; waeds did not suppress crop
growth significantly until 5-6 weeks after
sowing and total crop dry weights were not
affected by cropping patitern. Three weeks
after sowing, weads from weedy crop plots
had taken up two to four times as much -
nutrient (N, P, K, Ca + Mg) as was taken
up by corresponding weed-free crops. In
the late season, weed dry weight 6 weeks
after sowing was depressed in the intercrop
compared to monocultures ano dry-matter
production of the intercrop was higher than
those of monocultures.

377 Ayeni, A.O.; Duke, W.B.; Akobundu,
LO. Weed interference in maize,
cowpea and maize/cowpea intercrop
in a subhumid tropical environment.
Hl. Influence of land preparation.
Weed Research, 24(6): 439-448.
1984.




The influence of no-tillage and conventional
tillage on the outcome of early weed
interference in maize, cowpea and their
intercrop at populations of 40,000,
50000 and 300G0 + 40000 plants ha-1
was investigated in subhumid tropical

environment. Although the weed spectrum

was wider under no-tillage, weed weight
was only 52% of the weight recorded under
conventional tillage 6 weeks after sowing.
The average food energy yield reductions
' caused were 28 and 65% respectively.
Cropping pattern had no effect on plot
‘weediness. Cowpea responded more to weed
interference than to tillage practice.
Regardless of tillage practice and weed
interference duration (up to 6 weeks)
after sowing maize monoculture produced
the highest food energy yield, followed by
malze/cowpea intercrop and cowpea
monoculture in that order.

378 Azevedo, D.M.P. ‘de; Beltrao, N.E.D.
Controle de plantas invasyras e
seletividade de herbicidas em
algodoeiro arboreo consorciado com
milho e caupi. [Weed control and
herbicide selectivity in perennial
cotton associated with corn and
cowpea]. Pesquisa Agropecuaiia
Brasileira, 19(5): 583-590 1984.

In order to determine the efficiency of
several herbicioes agamst weeds -and their
phytotoxic effects in perennial cotton

Gossypium hirsutum, var. marie galante ¢

Hutch, cultivated in association with field
corn and cowpea, a trial, was placed at
Patos, PB, Brazil, in 1979. The most
strong symptoms of phytotoxicity were
caused by the treatments diuron and
fluometuron, and cowpea was the most
affected among these species. The most
efficient broad leave control was obtained
by the herbjcides diuron, fluometuron and
diuron + pendimethalin. The predominant
weeds were: Eleusine indica (L.) Gaertn,
Rhynchelytrum roseum (Nees) Stapf et
Hubb, Cenchrus echinatus L., Boerhavia
diffusa (Rich.) Kuntze, Acanthospermum
hispidum D.C. and Ageratum conyzoides L.
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by A. vogelii

379 Moody, K. A literature review of

weeds in grain legumes in_ the
Philippines.  Philippine Journal of
Weed Science, 11: 38-55. 1984.

The literature dealing with weed control in
grain legumes in the Philippines was
reviewed and the weed species were
recorded. In cowpea, on a percentage basis,
Amaranthus spinosus, Eleusine indica,
Digitaria spp. and Portulaca oleracea bare
the most commonly reported weeds.

380 Mugabe, N.R. Effect of Alectra vogelii
Benth. on oowpea (Vigna unguiculata
(L) Walp.). 1. Some aspects on
reproduction of cowpea. The
Zimbabwe Journal of Agricultural
Research, 21(2): 135-147. 1983.

The effect of Alectra vogelii and of
phosphorus on some aspects of the
reproduction of cowpea cv. SVS3 was
investigated. Three levels of A. vogelii seed
concentrations were added to soil in pots
with two levels of phosphorus in the form
of triple super-phosphate. In. another
experiment, phosphorus was appiied in the
form of liquid plant nutrient. The results
showed that parasitism of cowpea cv. SVS3
invariably resulted in
adverse effects on the reproduction of the
host, viz. delayed onset of flcwering,
reduced number of flowers and pods, and
reduced mass of pods and grain.

381 Murphy, T.R.; Gosseit, B.J. Control
of cowpea (Vigna unguiculata) in
soybean (Glycine max) with
acifluorfen. Weed Science, 32(4)
427-431. 1984,

Aciflourfen {5-[2-chloro-4-
(trifluoromethyl)phenoxy] -2-
nitrobenzoic acid} applied 7 days after
cowpea [Vigna unguiculata (L.) Walp)
emergence (unifoliolate leaf stage) gave
better control than later applications.
Cowpea control was obtained with one.
acifluorfen application at 7 days after
cowpea emergence in 1981, but in 1980
and 1982, applications at 7 and 14 days




were necessary for acceptable control
(>80%). Acifluorfen reduced cowpea plant
dry weights relative to the weedy control. A

single application 7 days after emergence

reduced cowpea plant growth more than one
at 21 days after emergence. Of all times of
application, the greater soybean [Glycine
. max (L) Merr.] injury occurred when

acifluorfen was applied at 7, 14 and 21
days after emergence, but seed yields were
not reduced relative to the untreated weed-

free control. There was no difference in .

response among three weedy cowpea
cultivars to acifluorfen.

382 Poku, J.A.; Akobundu, 1.0. Weed
management designed for
smallholdings. In: Cowpea research,
production and utilization edited by
S.R. Singh and K.O. Rachie. 327-
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384 Atiri, G.l.; Thottappilly, G. Aphis
craccivora settling behaviour and
acquisition of cowpea aphid-borne
mosaic virus in aphid-resistant
cowpea lines. Entomologia
Experimentalis et Applicata, 39(3):
241-245. 1985.

The settling behaviour of Aphis craccivora
Koch, the vector of cowpea aphid-borne
mosaic virus (CAMV) in cowpea, Vigna
unguiculata (L.) Walp., on aphid-resistant
and aphid-susceptible cowpea lines was
investigated. It was found that although
apterae counts on the aphid-susceptible and
aphid-tolerant lines were higher than on
the aphid-resistant ones, apterae were
more widely dispersed among the latter.
Whereas there was a positive significant
correlation between alatae numbers and
incidence of CAMV in the aphid-susceptible
and aphid-tolerant lines, this correlation
was negative in the aphid-resistant ones.
However, the incidence of CAMV was not

334. Chichester, England, John
Wiley. 1985.

This paper examines research on weed
control in cowpea with particular
reference to the tropics where the bulk of
the crop is grown.

383 Salako, E.A. Observations on the
effect of Alectra vogelii infestation on
the yield of groundnut. Tropical ‘Pest
Management, 30(2): 209-211.
1984.

Alectra vogelii Benth,, a hemiparasite of
groundnut and cowpea is widespread in the
groundnut-producing areas of Nigeria. In
one of the experiments undertaken cowpeas
was included in the crop rotation to
determine its effect on the population of
Alectra :

significantly different from each other in
all the lines. This indicated that aphid
activity (e.g wide dispersal) was more
important in the spread of CAMV than the
absolute number of viruliferous alatae, an
effect which was manifested on the aphid-
resistance lines. Aphids acquire CAMV more
readily from aphid-susceptible and aphid-
tolerant source plants than from aphid-
resistant ones.

385 Bains, S.S.; Jhooty, J.S.; Sharma,
N.K. The relation between cation-
ratio and host-resistance to certain
downy mildew and root-knot diseases.
Plant and Soil, 81(1): 69-74.
1984.

Resistance of cowpeas, melons, and
tomatoes to root knot nematodes
Meloidogyne incognita) and resistance of
maize, melons and mustard to downy
mildew were found to be related to higher




(Ca+Mg)/K ratio. Predisposing factors

such as host nutrition, prior infection by
other pathogens and plant age changed
(Ca+Mg)/K ratio.

386 Chant, S.R.; Gbaja, I.S.; Kang, A.S.
Effect of nutrition on the interaction
of Fusarium oxysporum and sunn
hemp mosaic virus in cowpea
seedlings.  Tropical Agric:lture,
61(2): 87-91. 1984,

The role of nutrition on the symptom ;/
expression of cowpea seedlings to co-’

infection by Fusarium oxysporum 1.sp.

tracheiphilum (Fot) or f.sp phaseoli

“(Fop) and Sunn-hemp mosaic virus
(SHMV) has been studied. Reduction in
fresh weight of plants and in leaf area were
more pronounced in cowpeas grown in
complete nutrient conditions than in those
grown under conditions of deficiency N, P
or K. Infection by Fot or Fop reduced
growth significantly compared with healthy
controls grown in all types of nutrient
except when N was omitted. Plants co-
infected with either of the fungi and SHMV
had lower fresh weights and smaller leaf
areas than those infected by any other
pathogens alone. The concentration of SHMV

was highest in the leaves of plants given .

complete nutrient and in those co-infected
with Fot or Fop than those singly infected
by the virus.

387 Emechebe, A.M.; Shoyinka, S.A.
Fungal and bacterial diseases of
cowpeas in Africa. In: Cowpea
research, production and utilization

edited by S.R. Singh and K.O. Rachie."

173-192. Chichester, England, John
Wiley. 1985.

The four agroecological zones of cowpea
production in Africa are: the rain forest;
the guinea savanna; the sudan savanna and
the sahel; and the areas with cool, humid
climates typified by medium altitudes and
high rainfall in central, including north-
western Cameroon, eastern and southern
Africa. Some of the 16 major diseases
afflicting cowpea are important in two or
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more agroecological zones. Their symptoms
and epidemiology, their economic,
importance and their control measures are
discussed.

388 Lin, M.T.; Rios, G. P Cowpea diseases

. -and thelr prevalence in Latin
(( America. In:
)}

Cowpea research,
productlon and utilization edited..by
S.R. Singh and K.O. Rachie. 199-
204. Chichester, England, John
Wnley 1985. , -

,

Except for some viruses, diseases affectlng ‘

cowpea in Latin America are not very .
different from those found in other -

cowpea- growmg areas of the world. In"this
paper, the major fungal diseases, bacterial
diseases and viral diseases of cowpea in
Latin America are discussed as to their
distribution, mode of transmissmn and
control measures :

389 Mew, TW Elazegui, F.A.; Rathi,
Y.P.S. chpea diseases .in tropical .

Asia and -control in rice-based = -
: .Cowpea N

cropping systems. In :
research, production and utilization
edited by S.R. Singh and K.O. Rachie.
193-197. Chichester, England John
Wiley. 1985.

Cowpea in Asia suffers from many viral,

fungal, bacterial and nematode diseases. The.

major viral diseases are: bean common
mosaic, cowpea banding mosaic, chlorotic
spot, aphid-borne mosaic, southern bean

- mosaic virus, cowpea necrosis and cowpea

yellow fleck. The fungal diseases include .
seed and seedling rot, root rot, wilt,
Phytophthora blight, web blight,
anthracnose, powdery mildew, Cercospora
eaf spot and rust. The only major bacterial

disease is bacterial blight. The management:

of these diseases in rice-based cropping
systems represent the focus of current
efforts of IRRI (International .Rice
Research Institute) in controlling dnseases
that affect cowpea. ‘




390 Oladiran, A.O.; Oso, B.A. Interactions
between fungucndes, insecticides and
spraying regimes in the control of
fungal diseases, insect pests and yield
of cowpea Vigna unguiculata (L.)

© Walp. The Journal of Agricultural
Science, 105(1): 45-49. 1985.

. The fungicides benomyl and captatol
separately were tank mixed with each of
the insecticides decis (decamethrin),
permethrin, cypermethrin (synthetic
pyrethroids and nuvacron
(monocrotophos). Two sprays, 1.5 kg
a.’/ha of:benomyl mixed with 0.75 kg
a.i’fha of monocrotophos #!,35 and 49 days
after planting, gave the best control of
brown blotch, web blight, Cercospora leat
spot and the pod borer, Maruca testulalis.
These sprays also gave the highest grain
yield for two consecutive years. The
mixtures were not phytotoxic. Interactions
between the test fungicides, insecticides,
and spraying regimes in relation to disease
and pest control and yields are discussed.

391 Patel, P.N. Fungal, bacterial and
viral diseases of cowpeas in the USA.
In: Cowpea research, production and
utilization, edited by S.R. Singh and
K.O. Rachie. 205-213. Chichester,
England, John Wiley. 1985.

The diseases reported in the USA are
classified as fungal, bacterial and viral. Of
these diseases, only wilt and root knot are
widely distributed and cause losses
throughout production areas. Sources of
resistance to many of the prevalent
diseases have been identified and bred into
commercial cultivars. Three diseases
which were not reported earlier are:
bacterial leaf spot, Phytophthora stem rot;

Chaetoseptoria leat “ spot and
Leptosphaerulina leaf spot

,sj

392 Plumb-Dhindsa, P.; Mondjane, A.N.
. Index of plant diseases and associated
organisms of Mozambique. Tropical
Pest Management, 30(4) 407 429,
1984.

The phytopathogemc fungi and bacteria of
Mozambique “and their hosts are listed.
Diseases of - important crops like cowpea
are tabulated giving their common English
and Portuguese names, casual agents and
economic importance:

393 Rajapakse, S.; Miller, J.C., Jr.
Intraspecific variability for VA
mycorrhizal infection in cowpea
(Vigna-unguiculata (L)Walp).
Hortscience,,20(4): 657. 1985.

Nineteen cowpea cultivars were screened in
the field under 3 soil treatments, including .
fumigation —-with ~ methyl bromie,
inoculation with Glomus. fasciculatum
after fumigation, and no fumigation or
natural inoculation. Fumigation reduced
shoot dry matter, total leaf area, nodule
weight and nitrogenase activity. Inoculation
after fumigation resulted in the recovery of
all parameters reduced by fumigation;
however, nitrogenase activity was only
partially recovered. More cultivars showed
a response to natural inoculation than to
inoculation with Glomus fasciculatum afer
fumigation. These cultivars were identified.
Mycorrhizal root length appears to be a
useful criterion in selecting cultivars that
benefit from VAM fungi.
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394 Gitaitis, R.D.; Mccarter, S.M.; Styer,
E.L. Hypersensitivity in cowpea
induced by different strains of
Xanthomonas campestris pV
vignicola. Phytopathology, 73(5):
807-808. 1983.

A normal hypersensitive response (HR)

induced by strain XVG 80-4 of

Xanthomonas campestris pv. vignicola and

an atypical form of HR caused by strain XVG

81-30 were examined in cowpea. When the

two bacterial strains were inoculated into

primary leaves either simultaneously or
one following the other at various time

“intervals up to 24 h, the normal HR was

the predominant reaction. However, once
the atypical HR was expressed fully, it
presented the normal HR from occurring.
The various interactions were examined by
light and electron microscopy. Effects of
temperature upon the reactions were also
studied.

395 Gupta, V.P.; Chakravarti, B.P.; Gour,
H.N. Electrolyte leakage and
chlorophyll loss in bacterial blight
infected cowpea leaves. Indian
Phytopathology, 36(1): 161-162.
1983.

One month old plants of a local cowpea
variety susceptible to bacterial blight were
inoculated by spraying the bacterial
suspension in sterile distilled water.
Control plants were inoculated with sterile
glass distilled water. The infected cowpea
plants showed blighting and defoliation of
leaves in addition io cracks, cankers and
wilting. Loss of chlorophyll increased with
progress in disease development. There was
also loss of electrolytes which increased by
3, 7, 16 folds after 24, 72 and 96 hours of
inoculation, respectively. The leakage of
electrolytes may possibly be on account of
permeability changes as a result of some
toxins prouuced by the bacterium.

396 Jindal, J.K.; Patel, P.N. Variability
in Xanthomonads of grain legumes. 4.

102

Variations in bacteriological
properties of 83 isolates and
pathogenic behavior of cultural
variants. Phytopathologische
Zeitschrift - Journal o f
Phytopathology, 110(1): 63-68.
1984.

Puise Xanthomonads could not be differed on
the basis of their bacteriological
properties. Colonies from  cowpea,
mungbean, guar, and bean showed
differences in virulence related to degree of
mucoidness than to the rate of
multiplication. Very weakly virulent
mutants of the bean fuscous pathogen
produced a distinctive reaction in bean
pods. White mutants were as virulent as

their yellow forms. ‘

397 Rao, K.S.P.; Hiremath, R.V. Influence
of host nutrition on the severity of
bacterial blight of cowpea. Indian

38(1):

Phytopathology, 81-84.

 1985.

When three major nutrients (NPK) were
supplied together, there was increase in
disease indicating that the potassium could
not counteract the effect of nitrogen and
phosphorus. However, when NPK were
applied together with calcium and
magnesiun, the disease incidence reduced
indicating that K, Ca and Mg which have
capabilities to enhance resistance
individually could counter-effect the
influence of N and P when added together.
The data indicate that it is possible to
manage the disease by applying adequate
quantity of potassium, calcium, magnesium
and molybdenum depending on the soil.

398 Rudolph, K.  Multiplication of
- Pseudomonas syringae Pathovar
phaseolicola in plants. 1. Relation
between bacterial concentration and
water congestion in different bean
cultivars and plant species.

i,




Phytopathologische Zeitschrift,
111(3-4): 349-362. 1984.

Multiplication of Pseudomonas phaseolicola
was determined in 17 different bean
cultivars (Phaseolus Vulgaris) and 3 other
plant species including cowpeas. The effect

of different inoculation methods and
conditions showed that the multiplication of
P. phaseolicola was more rapid in those
species which resemble Phaseolus
vulgaris, such as Vigna sinensis and Vigna
caijang.
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.399 Barros, S.T.; Menezes, M.; Fernandes,

M.J.; Lira, N.P. Fungos associados as -

sementes de 34 cultivares de feijao
macassar Vigna unguiculata no estado
de Pernambuco, Brasil. [Seed-borne
fungi of 34 cowpea Vigna unguiculata

cultivars from the state of
Pernambuco, Brazil.] Fitopatologia
Brasileira, 10(1): 85-95. 1985.

Seed samples of 34 cowpea, Vigna
unguiculata (L.) Walp. cultivars were
bioassayed with the objective of observing
seed-borne fungi. Among identified were
included some important seed-borne fungal
pathogens such as Fusarium oxysporum
(46,7%), Phomopsis sp. (28,9%),
Macrophomina phaseolina (28,7%),
Botryodiplodia theobromae (14,5%),
Fusarium semitectum (9,3%), Fusarium
equiseti (3,4%) Diplodia sp. (3, 3%) e
Phoma sp. (2,3%). These organisms
affected seed germination and in some cases
caused seed rot. Diplodia sp. caused rot of
Amendoim cultivar seeds from the district
of Tacaratu being the first report of that
organism associated to cowpea seeds. The
cultivars Canapu, Sempre-Verde, Pingo-
_ d'agua, Chaco Modesto, Moitinha e Branco-
da-vagem roxa showed the most infected
with M. phaseolina, and their seeds did not

1

400 Beuchat, L.R. Survival of Aspergillus
‘flavus conidiospores and other fungi
on cowpeas during long-term storage
under various environmental

" conditions.  Journal of  Stored

Products Research 20(3) 119-

123. 1984,

/The survival of fungi naturally present on

germlnate The effect of the high and low -

temperature, ‘and pluviometric
precipitation on incidence of this
important pathogen in cowpea seeds were
observed.
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cowpeas (Vigna unguiculata L. Walp. ssp.

unguiculata) as well as Aspergillus flavus
(Link ex Fries) inoculated on cowpeas’and
cowpea flour was monitored over a long-
term storage period. The combined effecis
of water activity (aw), temperature and
atmospheric gas content were evaluated.
The aw (0.66 and 0.44) did not influence
survival of A. flavus at 4 and 21-deg. C,
where remarkably high viability was
observed after 20 months of storage. At 37

deg. C, loss of viability was greater than at

4 or 21 deg. C. A more rapid reduction in
the viability of conidiospores was noted at

aw 0.66 than at aw 0.44, both on whole

cowpeas and cowpea flour, when storage
was at 37 deg. C, under atmospheric gas or
vacuum. Total fungi (yeasts and molds) and
A. Flavus populations maintained highest
viability when packaged under an
atmosphere of nitrogen. The influence of
aw and temperature on survival of these
population was minimal in cowpeas stored
under a nitrogen atmosphere.

401  Elazégui, F.A.; Mew, T.W.
Comparative effects of fungicides on
preemergence damping-off of grain

W {



legumes caused by Rhizoctonia solani,
Sclerotium rolfsii  and Pythium
debaryanum. Tropical Grain Legume
Bulletin, 27: 2-7. 1983.

Seed treatment experiments were carried
out in the greenhouse to find suitable
fungicides that can sufficiently protect
cowpea, mung bean and soybean seedling
against Rhizoctonia solani, Sclerotium
rolfsii and Pythium debaryanum. Seedbox
trials, using infested soils, were carried
out in order to test the efficiency of
different fungicides or mixtures of
fungicides. In ali the seed treatments,
fungicides specificity to the soil-borne
pathogens was observed: PCNB +
thiadiazole and PCNB + thiadiazole + zinc
pyrithione to R. solani, carboxin + theran
and carboxin + captan to S. rolfsii and CGA
48944 (metaxolyl) and orthocide RE -
26475 (of unknown composition to P.
debaryanum.

402 Gbaja, 1.S.; Chant, S.R. Scanning
electron microscopy of the

colonization of cowpea Vigna -

unguiculata by host and non-host
Fusarium oxysporum. Tropical
Agriculture, 61(2): 92-96. 1984.

The extent of colonization of the vascular
tissue of hypocotyls of two cultivars of
cowpea (Vigna unguiculata (L) Walp. by
Fusarium oxysporum f.sp. tracheiphilum
(Fot) and Fusarium oxysporum f.sp.
phaseoli (Fop) is described. Co-infection
with Sunn-hemp mosaic virus (SHMV)
appeared to enhance the spread of the
fungus in the vascular tissues. Deficiency
of nitrogen appeared to diminish the spread
of the fungus in the vessels of cowpeas
infected with Fot or Fop alone but not in
combination with SHMV.

403 Heath, M.C. Relationship between
developmental stage of the bean rust
fungus and increased susceptibility of
surrounding bean tissue to the cowpea
rust fungus. Physiological Plant
Pathology, 22(1): 45-50. 1983.

Primary leaves of French bean piants were
inoculated with the cowpea rust fungus
(non-pathogenic) on one surface and with
the bean rust fungus (pathogenic) on the
other. The pathogenic fungus was applied so
that it would be at differing stages of
development at the time that the cowpea
rust fungus should have attempted

- (normally unsuccessfully) to form its

first haustorium. Significantly ‘more
infection hyphae of the cowpea rust fungus
produced haustoria at infection sites where
the 2 fungi were in close proximity, but
only in situations where it was probable
that the first haustorium of the bean rust
fungus was maturing, or had already
formed, at the time that the haustorium of
the nonpathogen was initiated. The
presence of an infection hypha, without a
haustorium, of the pathogen did not seem to
significantly e !1ance the frequency of
haustorium production. by the cowpea rust
fungus, even though exudates from these
hypae have been shown to have such an
sffect when injected into bean tissue. These
results suggest that the increased
susceptibility of tissue detected by double
inoculation experiments involving
compatible and incompatible rust fungi is
most likely to be the consequence of
successful haustorium formation by the
pathogen; apparently such experiments
cannot be relied upon to detect types of
induced susceptibility which are- active .
before the first haustorium is initiated and
which may be responsible for allowing' this
haustorium to form.

404 Heath, M.C. Relationship between
heat-induced fungal death and plant
necrosis in compatible and
incompatible interactions involving
the bean and cowpea rust fungi.
Phytopathology,” 74(11): 1370-
1376. 1984.

Postinoculation heat treatment of bean and
cowpea leaves infected with their
respective compatible rust fungi resuited
in the seemingly rapid death of the fungus
and the encasement of haustoria. Browning
of invaded cells was rare and, although
discolored flecks developed on bean leaves




heated during uredium formation, this was
caused by the browning of the fungus and
cell walls of the plant, rather than the
plant cytoplasm. These results suggest that
bean and cowpea rust fungi do not release
products during death that cause
significant necrosis in susceptible tissue.
In an incompatible combination of bean and
the bean rust fungus, and in infections of
the same fungus in the nonhost species,
cowpea, flourescence microscopy revealed
no signs of haustorium death before that of
the invaded plant cell. Postincculation heat
treatment applied to these plant-fungus
combinations inhibited the normal plant
cell necrotic reaction if applied early
enough. Heat treatment applied later had no
effect on the frequency or extent of plant
browning, indicating either that the
browning had been irreversibly triggered
prior to heating or that the fungus had
reached a stage of development at which
recently-formed, constitutive, necrosis-
causing, factors were released during
fungal death. it is suggested that the former
hypothesis is the more likely and that the
initiation of plant necrosis in the
incompatible interactions examined
requires some activity of the living fungus.

405 Janardhanan, K.K.; Husain, A.
Phytotoxic activity of tenuazonic acid
Isolated from Alternaria alternata
causing leaf blight of Datura inoxia
and its effect on host metabolism.
Phytopathologische Zeitschrift,
111(3-4): 305-311. 1984,

Tenuazonic acid isolated from Alternaria
alternata (fr) Keissler causing leaf blight
of Datura innoxia  Mill. showed
significant phytotoxic activity when tested
on monocot and dicotytedonous plants. The
toxin induced chlorosis and necrosis on
leaves of cowpea, D. innoxia, D.
stramonium, D. metel, wheat, rye,
cabbage, caulifower and maize.

406 Kataria, H.R.; Sunder, S. Effect of
micronutrients on the efficacy of
fungicides against Rhizoctonia solani

on cowpea seedlings. Pesticide
Science, 16(5): 453-456. 1985.

Micronutrients, applied to the soil ir: pot
tests, differentially altered the efficacy of
nine fungicides used as a seed treatment
against cowpea seedling rot caused by
Rhizoctonia solani. Boron improved disease
control by  2-methoxyethylmercury
chloride, quintozene, chloroneb and
carboxin, but five other micronutrients
reduced the efficacy of the fungicides to
varying extents. NPK lowered the efficacy
of all the fungicides tested except that of
thiabendazole, but carbendazim and
benomyl gave maximum disease control in
soil treated with a mixture of six
micronutrients and NPK. implications of
micronutrient-fungicide interactions are
discussed in the context of fungicidal
control of R. solani; probable mechanisms
of inactivation of fungicides by
micronutrients are indicated.

407 Kataria, H.R.; Yadav, J.S.; Carg, F.C.;
Grover, R.K. Inactivation- of seed-
treatment fungicides by Rhizobium.
Pesticide Science, 16(4): 337-340.
1985.

chloride

2-Methoxyethylmercury
(MEMC) applied to cowpea seeds with
Rhizobium provided little or no control of
seedling rot caused by Rhizoctonia solani,
similar treatment, but without Rhizobium,
gave > 40% control of disease. Treating
seeds with quintozene and then with ..

Rhizobium rendered the fungicide
completely ineffective against R. solani
infections; disease control was > 70%
when seeds were treated with quintozene
only, and > 60% when seeds were coated
first with Rhizobium and then with
quintozene,; treatment with
quintozene+Rhizobium gave about 25%
control. Simultaneous treatment with
Rhizobium considerably reduced the
efficacy of captafol, chloroneb,
carbendazim and thiophanate-methyl.
Disease control by carboxin, benomyl and
thiabendazole remained unaltered in the
presence of Rhizobium, but only
thiabendazole gave good control. Seeds




I

Bl

treated with MEMC and Rhizobium
produced seedlings without root nodules;
nodulation was also decreased by captafol
and by carboxin but six other fungicides
had no effect. The implications of
Rhizobium-tungicides interactions are

discussed in the context of fungicidal

control of root disease.

408 Ollivier, B.; Bertheau, Y.; Diem, H.G.;
Gianinazzi-pearson, V. [Influence de
la variete de Vigna unguiculata dans
I'expression de trois associations end
omycorhiziennes a vesicules et
arbuscules.] influence of the variety
of Vigna unguiculata in the expression
of 3 vesicular and arbuscular
endomycorhizial relationships.
Canadian Journal of Botany, 61(1):
354-358. 1983.

Vesicular-arbuscular (VA) mycorrhizas
formed by Glomus E3, G. mosseae, and G.
epigaaus have been studied in two cultivars

of Vigna unguiculata L. Walp. Glomus

- mosseau and Glomus E3 stimulated the
growth of both cultivars while G. epigaous
only gave a positive growth effect with the
cultivar 58-185. With G. epigaeus,
infection levels were lower and growth
_effects smaller than with the other VA
“fungi. Growth stimulations were
accompanied by the appearance of
additional soluble alkaline phosphatases in

extracts of mycorrhizal roots. The number =

and the electrophoretic mobility of these
enzymes varied depending on the VA fungus
involved, suggesting that they were of
fungal origin.

409 Qureshi, S.H.; Bashir, M.; Alam, S.S.

Anthracnose of cowpea - a new disease.,.

record in Pakistan. Tropical Grain
Legume Bulletin, 30: 26. 1985.

in experimzntal plots at the National
Agricultural Research Centre, lslamabad,
Pakistan, in 1983, the cowpea crop was
found to be affected by anthracnose disease.
The tungal pathogen was isolated in pure
culture on Potato dextrose agar (PDA) and
was identified as Collatotrichum
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lindemuthianum. The pathogenecity was
confirmed on cowpea plants grown in pots,
and the same organism was re-isolated
from these diseased plants. Although this
~ pathogen has already been reported from
Africa, India and Brazil, it is being
reported - for the first time from Pakistan.

416}' "Rawal, R.D. Role of different relative

humidities on initiation and
development of leaf spot disease of
cowpea. Indian Phytopathology,
37(2): 340-341. '1984. ,

To study the role of relative humidity on
the initiation and development of the leaf
spot disease of cowpea, experiments were
conducted to know the minimum period of
humidity required for disease development.

The results showed that a. relative
humidity of at least 75% and above was
necessary for successful infection and
establishment of the pathogen in the host.

Twenty four hours = incubation = was
essential for disease development at lower
humidities (25-50%). No pycnidial
formation was noticed when the plants
were incubated at 50% or lower humidity.
The:clisease resulted in defoliation within a' -
period of 9-10 days if a saturated
atmosphere is provided for at least 72
hours initially.

411 Rawal, R.D.; Sohi, H.S. Morphological
and cultural studies of Septoria
vignicola. Acta Mycologica, 19(1):
83-89. 1984.

On inoculating cowpea, pycnidia formation
started 6 days later. Mycelial growth was
most abundant on Czapek Dox agar, while
sporulation was maximum on Coon's and
Sabourand's media and potato dextrose
agar. The fungus grew at 12 - 36 deg. C.
Pycnidia formed at 16 - 28 deg. C. Of 7
carbon sources, sorbose was the best for
growth and sporulation.  Aspartic acid and
potassium were the best organic and
inorganic nutrients respectivaly.




412 Rawal, R.D.; Sohi, H.S. Control of
rust disease of cowpea by the use of
systemic and non-systemic
fungicides. Pesticides, 19(8): 65-
66. 1985.

The relative efficacy of eleven different
fungicides including some systemics,
wettable sulphurs was tested for control of
Uromyces phaseoli. a rust disease that
seriously attack cowpeas. For all these
trials, a susceptible variety, Pusa Dofasli,
was sown in the field during the month of
January to May, using a randomized block
design. All the fungicidal solutions were
sprayed at the rate of 500i/ha of spray
mixture. In another set of experiments,
two systemic fungicides (Benomyl and
Bavistin) were tried as seed dressers at
the rate of 1:400. The results of the first
experiment showed that out of all the
fungicides tried, Dikar, Calixin and Cosan
were found most effective with 8.68, 9.00
and 13.90 percent disease intensities. The
results of the second experiment indicated
good control of the disease when the seeds
were treated either with Bavistin of
Benomyl before sowing foliowed by two
field sprays of Dithare M-45.

413 Rawal, R.D.; Sohi, H.S. Studies on the
control of leaf spot disease of cowpea
caused by Septoria vignicola '‘Rao.
Pesticides, 17(8): 31-34. 1983.

Studies on leaf spot disease of cowpea and
its control by use of fungicides as field
sprays, and seed dressers followed by field
sprays were conducted. Out of the 12
different fungicides tried in the field, the
disease intensity could be reduced to 4.93
and 5.8 percent respectively with
Difolatan (0.3%) and Benomyl (0.1%)
from 74, 00 percent in control, when the
1ungicides were sprayed four times at
forthnightly intervals. Bavistin was also
found equally promising in subsequent
trials. Seed treatment with Cantan,
Benomy! and Bavistin resulted in better
germination and establishment of plants.
Moreover, the disease appearance was
delayed by 19 days in these treatments.
Treatment of the seeds with Bavistin or

Benomyl (2gm/kg seed) before sowing
followed by two fornightly field sprays
with these fungicides after the onset of
infection resulted in effective disease
control.

414 Rodriguez, R.; Melendez, P.L.
Chemical control of cowpea powdery
mildew and foliar spots. The Journal
of Agriculture of the University of
Puerto Rico, 68(4): 445-455.
1984.

The fungicides chlorothalonil, mancozeb,
dinocap, benomyl and Macuprax controlled
foliar diseases of cowpea, such as powdery
mildew (Erysiphe polygoni DC) and leaf
spots (Corynespora cassiicola (Berk. &
Curt.) Wei, and Cercospora spp.). Dinocap
was very effective against powdery mildew
during the dry season, but failed to protect
the plants during rainy weather. Low
dosages (0.28 kg/ha) of benomyl applied
biweekly were enough to prevent infection
by E. polygoni, C. cassiicola and Cercospora
spp. It is suspected that a new race of E.
polygoni, capable of thriving under high
relative humidity and heavy rains, is
present in the field. In addition, the erratic
performance of benomy! in controlling
powdery mildew suggests the existence of
field races of the pathogen resistant to this
fungicide. '

415 Seenappa, M.; Keswani, C.L.; Kundya,

T.M. Aspeorgillus parasiticus
infection, and aflatoxin production in
some cowpea Vigna unguiculala lines
in Tanzania. Mycopathologia, 83(2):
103-106.  1983.

Seeds of twenty-two cowpea (Vigna
unguiculata (L.) Walp) lines/cultivars
were inoculated with Aspergillus
parasiticus (Link) NRRL 3145) and
aflatoxin production was evaluated. All the
cowpea samples were susceptible to
Aspergillus infection and subsequent
aflatoxin production. The amount of
aflatoxin produced ranged between 466.6 .
jLg/kg to 1806 [Lg/kg in the case of B(B1

+ B2) and 20.8 [Lg/kg to 82.7 ug/kg of
seed in the case of G(G1 + G2). On the
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basis of the amount oi aflatoxin produced
on different samples, it is evident that
there is at least partlal resistance to
aflatoxin production in the tested cowpea
lines/cultivars. On the basis of the results
obtained in this investigation it is apparent
that further selection and breeding could
provide cowpea cultivars which are
resistant to A. parasiticus infection and
aflatoxin ‘production.

416 Swanson, T.A.; Van Gundy, S.B.

Iinfluences of temperature and plant
age on differentiation. of races of
Fusarium oxysporum f. sp.
tracheiphilum on cowpea. Plant
Disease, 69(9): 778-781.) 1985.

In race-differential cultivars of cowpea
(Vigna unguiculata) inoculated with
isolates of races 1,2, and 3 of Fusarium

wrzeaxysporum f.osp. tracheiphilum, the

extent of vascular discoloration in cross
sections through the primary node was
more reliable than foliar symptoms as a
measure of plant reaction. Age of plants at

inoculation (12 or 20 days) did not

influence vascular discoloration. Plant
death differentiated all three races when
plants were grown at high temperatures
(27C), but at lower temperatures,
vascular discoloration was the more
rellable indicator of compatibility.

417 Terl, J.M. Cowpea wilt incited by
Fusarium oxysporum F. sp.
tracheiphilum in Tanzania. Tropical
Grain Legume Bulletin, 29: 25-26.
1984.
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418 Umechuruba, <C.1.

Cowpea plants of the cultivar SVS3 were
observed suffering from a wilt disease in
an experimental field in the University
Farm, Morogoro, Tanzania. On the basis of
its pathogenecity on cowpea and symptoms
developed, the fungus was identified as
Fusarium oxysporum F. sp.
tracheiphilum. Although the fungus is
reported to be worldwide causing wilt in
cowpea and soybean, this is apparently its
first report causing wilt of cowpea.

pathogens associated with cowpea
seeds and their response to thioral.
Tropical Grain Legume Bulletin, 31:
5-8. 1985. .. ,
Six cowpea varieties: IT82E-5, IT82E-
36, ITB2E-54,

were studied to detect seed-borne

~ pathogens associated with them. The effect

Seed-borne

IT82E-58 and Ife Brown -

of a seed dressing biocide, thioral, on the -  -?
pathogens and on percentage seed . . .

germination was also -determined. ‘The -
results of the study show that Aspergillus ..

flavus was the most commonly isolated
pathogen from seeds of all the cowpea

varieties. Variety EET- IT82E54 gave the -

highest percvntage incidence. With 'the
exception of variety EET- IT82E29, all the
other varieties had Fusarium ‘moniliforme.
Fusarium moniliforme, R. solonifer and P.
oxalicum were completely eliminated in
thioral treated seeds in aill varieties.

Aspergillus flavus was the only pathogen -

that was not effectively. controlled by
thioral. There was an increase in seed
germination percentage in thioral treated
seeds in all the varieties. No phytotoxic

effects were observed in seeds treated with

thioral.




GO03 Nematode Diseases and Control

419 Caveness, F.E.; Ogunfowora, A.O.
Nematological studies worldwide. In:
Cowpea research, production and
utilization edited by S.R. Singh and
K.O. Rachie. 273-285. Chichester,
England, John Wiley. 1985.

A very comprehensive review on
nematodes associated with cowpeas, it
discusses the symptoms of infection and
injury, the feeding sites and life cycle of
the parasites, control methods and the
major nematode diseases.

420 Jain, R.K. Investigations on
pathogenicity and interaction of
Meloidogyne incognita and
Helicotylenchus dihystera infecting
cowpea Vigna unguiculata. Indian
Jou:al of Agricultural Research,
17(1-2): 33-36. 1983.

Pathogenecity studies indicated that there
was a progressive decrease in cowpea plant
growth with the increase in the inoculum
density of Meloidogyne incognita and
Helicotylenchus dihystera. Maximum
number of galls in the case of M. incognita
and maximum nematode multiplication of
H. dihystera were observed at 100
larvae/1000 gm soil. M. incognita

G04 Insect Pests and Control

422 Amoakoatta, B. Observations of the
pest status of the striped bean weevil
fi'cidodes leucogrammus Erichs on
cowpea under intercropping systems
in Kenya. Insect Science and its
Application, 4(4): 351-356. 1983.

Incidence and extent of damage resulting
from attack by the striped bean weevil

supressed the population of H. dihystera to
a greater extent as compared to individual
inoculations on cowpea.

421 Osman, A.A.; Farahat, A.A.; Amien,
A.W. Non-fumigant nematicides for
control of Meloidogyne isolates
infecting cowpea plants. Journal of
Nematology, 17(4): 509. 1985.
(Abstract only.)

Four non-fumigant nematicides were
tested in the greenhouse for their
efficiency in controlling eight field
Meloidogyne mixed populations. Aldicarb,
the most effective against the eight tested
populations was followed in decreasing
effectiveness by phenamiphos, oxamyl and
carbofuran when applied 7 days atfter
inoculation. Carbofuran was least effective
particularly for the isolates 11 (Nubaria)
and V111 (Rashied). Aldicarb provided
99-100% control as determined by
female and egg-masses counis in
comparison to the checks. These results
established the efficacy of using any of the
above mentioned nematicides in controlling
Meloidogyne regardless of the source and
aggressiveness of nematode populations.

Alcidodes leucogrammus Erichs. were
assessed by random sampling of cowpea
plants in monocropped and within maize-
cowpea-sorghum intercropping
combinations at two locations. The effect of
A. leucogrammus incidence on cowpea
nodulation is evaiuated and evidence
presented that the weevil attack causes a
reduction in the number of nodules. Emma
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60, a local cowpea cultivar, exhibits. some
degree of resistance against A.
leucogrammus (P<0.05).
cowpea intercropping combinations have
sngnmcantly fewer weevils possibly as a
result of the close spacing and tillering
capacity of the sorghum campanion crop
which presents or obstructs the weevil
migration between rows.

423 Berg, G.N. The effect of temperature
and host species on the population
growth potential of the cowpea aphid,
Aphis craccivora koch (Homoptera:
Aphididae). Australian Journal of
Zoology, 32(3): 345-352. 1984.

Age-specific life and fecundity tables were
compiled to determine the effect of
temperature and host plant on the
population growth potential of Aphis
craccivora Koch. The intrinstic rate of
natural increase (rm) increased from zero
at 5 deg. C to a maximum at 30 deg. C, and
then declined rapidly to zero at 35 deg. C
for aphids reared on all the host species
tested. At 25 deg. C aphids on Vicia faba
showed a greater population growth

potential than those on Capsella bursa- .

pastoris, followed by those on two
Trifolium subterraneum cultivars and
finally those on Medicago minima. An
increase of temperature resulted in an
earlier onset of mortality, irrespective of
host-plant species. At higher temperatures
the reproductive period began earlier and
was shorter than at lower temperatures.
The rate of reproduction appeared to be the
key determinant in the aphid's population
growth rate. The estimated lower
temperature threshold of development of
the aphid was 8.1 deg C. ;(

424 Chalfant R.B.; Young, J.R.
Management of insect pests of
broccoli, cowpeas, spinach, tomatoes
and peanuts with chemigation by
insecticides in oils, and reduction_ of
watermelon virus 2 by chemigated
oil. Journal of Economic Entomology,
77(5): 1323-1326. 1984.

Sorghum-_,

425  Chalfant, R.B.

Insect infestations and damage to various

crops were effectively controlled with
insecticides applied in center-pivot
irrigation systems. On cowpeas, the cowpea
curculio, Chalcodermus aeneus Boheman,
was controlied with permethrin,
fenvalerate, and encapsulated methyl
parathion. A

Entomnlogical
research on cowpea pests in the USA.
In: Cowpea research, production and
utilization eaited by S.R. Singh and
K.O Rachie.. 265-271. Chichester,
England, John Wiley. 1985.

The most serious insect pests of cowpea in
the US are: cowpea curculio, pod bugs,
cowpea weevil and aphids. Research efforts’
have been directed to these important pests
and studies on control measures have been
going on in different parts of the U.S. .
where cowpea is an important crop.

; 426 Daoust, R.A.; Roberts, D.W.; Neves,

B.P. das. Distribution, biology and -
control of cowpea pests in Latin
America. In: Cowpea research,
production and utilization, edited by
S.R. Singh and K.O.Rachie. 249-264.
Chichester, England, John Wiley.
1985.

Cowpeas in Latin America as elsewhere are
attacked by insects at nearly all growth.
stages and in storage. In this article, the
most important cowpea pests are
categorized into seven damage groups and
the countries where they occur are shown.
The biology and economic importance and
the control measures are also discussed.

427 Ezueh, M.l.; Taylor, A.T. Effect of
time of intercropping with maize on
cowpea susceptibility to three major
pesis. Tropical Agriculture, 61(2):
82-86. 1984.

The value of intercropping cowpea (Vigna
unguiculata (L.) with maize (Zea mays L.)
as a means of controlling three major




cowpea pests was investigated by varying
the -time of planting of the cowpea
intercrop. Simultaneous planting of maize
and-cowpea tended to increase infestation of
cowpea by Maruca testulalis Geyer but not
by Cydia ptychora Meyr. and thrips
(mainly Megalurothrips sjostedti

- Trybom). Subsequent interplanting of

cowpea in maize, however, showed marked
increase in the incidence of thrips (P =
0.01) and Cydia (P = 0.01) in the
intercrops. Control of these pests by
insecticide was not enhanced by
intercropping. The extent of insect damage
in the intercrops was determined by the
interaction between time of sowing and
cropping method. Planting cowpea at 12
weeks after the establishment of maize
significantly reduced insect damage and
therefore appears to be the best time to
intercrop to achieve some measure of
control of these pests. These findings are
relevant to the development of a pest
management scheme for cowpea involving
the ecological concept.

428 Ganguli, R.N.; Raychaudhuri, D.N.
Studies on Aphis craccivora
(Aphididae Homoptera) a serious pest
of legumes in Tripura, India.
Pesticides (Bombay), 18(11): 22-
25. 1984

Aphis craccivora Koch is considered to be
a pest of economic importance on Vigna
sinensis grown in Tripura as a vegetable,
fodder and pulse crop. In a field
experiment, insecticidal treatments, in the
form of side dressing with granules and
dimethoate, methyledemeton and Aldicarb
20, 40 and 60 days after germination of
the crop, have shown significant reduction
of aphid population in the treated plots
than in the untreated control plot. There
was a significant higher yields in plots
treated with aldicarb and methyldementon.
Higher aphid incidence coincides with the
pod formation and seed development stages
of the crop.

429 Germain, J.F.; Huignard, J.; Monge,
J.P. Influence de inflorescences de la

plante hote (Vigna unguiculata) sur la
levee de la diapause reproductrice de
Bruchidius atrolineatus. [Influence of
the inflorescences of the host plant
(Vigna unguiculata) on the
termination of the reproductive
diapause of Bruchidius atrolineatus).
Entomologia Experimentalis - et
Applicata, 39(1): 35-42. 1985.

When ‘Bruchidlus atrolineatus were
placed in the presence of inflorescences of
Vigna unguiculata which were renewed
daily, the reproductive diapause of both
males and females was interrupted after
15-20 days. When diapausing bruchids
found in stofes on Vigna unguiculata seeds
during the dry season, were placed near
the host plants' inflorescences, diapause
was also terminated. In all cases, diapause
was not interrupted when the insects were
offered dry pods of Vigna unguiculata in a
water-saturated atmosphere. The pollen
which is hardly eaten by this bruchid, did
not seem to stimulate termination of
diapause. Sensory stimulations derived
from the flowers or/and. nutritional
factors maybe the cause of the development

- of the reproductive organs. This allows

this Sahelian bruchid to resume its sexual
activity when the host plants' flowers
appear in the field at the end of the rainy
season.

430 Highland, H.B.; Roberts, J.E. Feeding
preferences and colonization abilities
of three aphid vectors (Homoptera:
Aphididae) of péanut mottle virus on
selected host plants. Environmental
Entomology, 13(4): 970-974.
1984.

In laboratory feeding preference tests
using cowpea, peanuts, soybearns, chinese
cabbage and sorghum, Aphis craccivora
(Koch) (the cowpea aphid), Myzus
persicae (Sulzer) (the green peach
aphid), and Rhopalosiphum maidis (Fitch)
(the corn leaf aphid), all showed a
preference for seftling onto a host,
regardless of the host species used. A.
craccivora showed the greatest propensity
to wander in the feeding arena. Cowpeas,
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chinese cabbage, soybeans and sorghum
were preferred by the three aphid species
over peanuts. Only A. craccivora was able
to reproduce on either peanuts or soybeans
in caged reproduction tests.

431 Huignard, J.; Leroi, B.; Alzouma, |.;
German, J.F. Oviposition and
development of Bruchidius
atrolineatus (Pic) and
Callosobruchus maculatus (F.)
(Coleopterae: Bruchidae) in Vigna
unguiculata (Walp) cultures in
Niger. Insect Science and its
Application, 6(6): 691-699. 1985.

Bruchidius atrolineatus (Pic) is present
in crops of Vigna unguiculata towards the
end of the dry season at the beginning of
September when pods start to form.
Females lay many eggs on most available
green pods. However, this oviposition
behavior results in an important egg
mortality. The number of eggs laid from
mid-September is lower. This decrease is
due to a reduction of the first generation
adult bruchids and of the reproductive
potential of females. Callosobruchus

maculatus appears in crops at the same

time as B. atrolineaius  but oviposits
preferentially on dry pods. With the
increase in pod number, eggs are dispersed
among the different substraies ‘available.
However, the average number of eggs laid
on the pods remains constant.

R
N
RS

432 Huignard, J.; Rousse, D.R.; Alzouma,
I.  L'activite reproductrice et le

developpement de Bruchidius
atrolineatus (PiC) sur les gousses

seches de Vigna unguiculata {Walp.)
en zone sahelienne, mise en evidence
d'une diapause imaginale.
[Reproductive activity and
development of Bruchidius
atrolineatus (Pic) on the seed pods of
Vigna unguiculata (Walp) in the
Sahel, with evidence of an imaginal
diapause.] Insect Science and its
Application, 5(1): 41-49. 1984,

Bruchidius atrolineatus appears at the end
of the rainy season when pods of its host
plant Vigna unguiculata begin to mature.

The eggs are deposited along the ventral

suture of pods in the vicinity of the seeds.
When the eggs are not attacked by
Trichogrammatidae their larvae penetrate
the seeds and mortality is low during the
post-embryonic development. Most of the
adults emerging at pod maturity have
functional reproductive organs. In that
case the females laid on the same mature
pods and larvae develop inside the seeds
during the_first part of the drying season
characterised by high diurnal temperature
and low relative humidity. It the first.
emerged adults have :functional
reproductive organs, the following (60%
of the population) are -in reproducnve
diapause Such dlapausing insects have
been found during the dry season in
shelters near the cultivated fields of Vigna

unguiculata. Induction or termination of
this reproductive diapause are not yet

studied. This diapause probably allows the
maintenance of populations during lhe dry
season in absence of host plant. :

433 Jackai, L.E.N. Efficacy of inseclicide
applications at different times of day
against the legume pod borer Maruca
testulalis lepidoptera pyralicae on

cowpea in Nigeria. Protection
Ecology, 5(3): 245-252. 1983.:

The effect of insecticide applications . at
three different times of day
(07.00,13.00,-and 18.00 h) on the larval
population of: the legume pod-borer in
cowpea flowers was studied during the dry
season of 1979, and the first and second
cropping seasons in 1980, at the
International Institute of Tropical
Agriculture Research Farm in Ibadan,
Nigeria. The insecticides used in the study

were decamethrin, endosulfan, and . .

monocrotophos. Results indicate that -
decamethrin and endosulfan are highly
effective against the pod-borer and show
little interaction with time of spraying.
For monocrotophos, however, which gives
control of the borer during high
infestations, the time of insecticide




application appears to be important. The
results are discussed in relations to the
behaviour of the pod-borer. .

434 Jackai, L.E.N. Studies on the feeding
behaviour of Clavigralla
tomentosicollis (Stal) (Hemiptera,
Coreidae) and their potential use in
bioassays for host plant resistance.
Zeitschrift fur Angewandte, 98(4):
344-350. 1984,

A laboratory study was conducted to assess
- the relationship between feeding by the pod
sucking coreid, Clavigralla tomentosicollis
(Stal), sex of the insect, number of
punctures on the pod wall and damage to
seeds of cowpeas. Females weighed an
average of 55.6mg and males about 38mg .
The daily average of seed damage and
number of punctures for females were
20.4% and 3.3 respectively; for males the
value were 17.4% and 2.5%, respectively.
No difference was observed in the duration
of development between males and females
and weight gain increased sharply after the
4th nymphal stage. Punctures on the pod
wall were highly correlated with seed
damage. Correlation between punctures and
daily weight of the insect on one hand, and
seed damage and daily weight of the insect
on the other was very poor suggesting that
presence of punctures and/or seed damage
did not necessarily represent active
feeding by the insect. Results from the
study show that seed damage associated
with feeding and/or probing activity of the
insect is a good criterion to use In
bioassays for the evaluation of cowpea
resistance to C. tomentosicollis.

435 Jackai, L.E.N. Using trap plants in
the control of insect pests of tropical
legumes. In: IWIPCGL - Proceedings
of the International Workshop in
Integrated Pest Control for Grain
Legumes. 3-9 April, 1983. Golania,

Goias, Brazil.
EMBRAPA. 1984,

101-113. Brasilia,

The concept of trap cropping and its
potential use in integrated pest

management (IPM) in tropical crop
legumes Is reviewed. Examples of
successful attempts at trap cropping are
cited and developed as case studies. A case
study involving a cassava and cowpea
intercrop is presented to illustrate this.

436 Jackai, L.E.N.; Singh, S.R. Suitability

~ of selected leguminous plants for

- development of Maruca testulalis

larvae. Entomologia Experimentalis

et Applicata, 34(2): 174-178.
1983. 5

Flowers of eight plant species were

evaluated undar laboratory conditions for

their suitability as larval growth media

for the cowpea pod borer, Maruca

testulalis. The plants tested were
Crotalaria retusa, C. juncea, C. saltiana, C.
misereniensis, C. amazonas, Cajanus cajan

and the principal host of the borer, Vigna -

unguiculata was included for comparison.
Based on the data obtained on larval
mortality and growth indices (Gl). the
plants were divided into 3 categories
namely: 1: Those causing 0-30% mortality
and having Gi value > 60% form suitable
host plants. (This group only included
Vigna unguiculata); Il. those plant species
causing 30 < 50% larval mortality and
having Gl value 30% < 60% of the
principal host plant (Cajanus cajan,
Crotolaria amazonas, C. saltiana, C.
mucronata; and lil. those plants causing
50-100%larval mortality and having Gl
value < 30% of principal host plant (C.
retusa; C. juncea and C. misereniensis).

437 Jackai, L.E.N.; Singh, S.R.; Raheja,
A.K.; Wiedijk, F. Recent trends in the
control of cowpea pests in Africa. In:
Cowpea research, production and
utilization edited by S.R. Singh and
K.O. Rachie. 233-243. Chichester,
England, John Wiley. 1985.

This paper discusses the changing concepts
and the latest developments in chemical
control cowpea field pests using examples
mainly from Nigeria and also from other
countries. The present and potential use of
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cultural methods in insect pest
suppression is also discussed. An
optimization model which incorporates the
two methods of control and host-plant
resistance for maintaining pest
populations below thresholds is proposed.

438  Letourneau, D.K.; Altieri, M.A.
Abundance patterns of a predator
Orius tristicolor (Hemiptera
Heteroptera Anthocoridae) and its
prey Frankliniella occidentalis
(Thysanoptera Thripidae) habitat
attraction in poly cultures vs. mono
cultures. Environmental Entomology,
12(5): 1464-1469. 1983.

Population densities of the minute pirate
bug and its prey, the western flower
. thrips, were monitored in squash
monocultures and tricultures with cowpea
and corn intercropped. The predator
exhibited a more rapid colonization rate in
tricultures. Earlier colonization of
triculture by Orius was probably due to
the greater attractiveness of the mixed-
crop habitat.

439 Litsinger, J.A.; Ruhendi. Rice stubble
and straw mulch suppression of
preflowering insect pests of cowpeas
sown after puddled rice.
Environmental entomology, 13(2):
509-514. 1984,

After rice harvest, sowing cowpeas by
minimum-tillage methods among standing
stubble reduced colonization of bean fly,
Ophiomyia phaseoli (Tryon), thrips palmi
Karny, and leathopper, Amrasca bigutulla
bigutulla (Ishida) during the first 2 weeks
of crop growth. it is hypothesized that the
rice stubble and straw mulch, by covering
bare soil, interfered with visual cues used
by the migratory thrips and leafhopper to
locate a favourable habitat. The adults first
select the topmost crop canopy- the site of
newly formed leaves - and plant host
suitability is determined after landing.
When the stubble is taller than cowpeas,
most bean flies repeatedly alight on the
nonhost, leaving the field without coming
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in contact with the host. This effect
reverses after the cowpeas grow to the
height of the stubble. Cowpeas established
in plow furrows opened between rows of
rice stubble 20 to 25 cm tall offered the
best combination of insect control and high
yield.

440 Macfoy, C.C.A.; Dabrowski, Z.T.
Preliminary- studies .on cowpea
resistance to Aphis craccivora Koch
(Hom, Aphididae). Journal of Applied
Entomology, 97(2): 202-209.
1984, 3

The resistance of cowpea cultivars to Aphis

craccivora Koch was studied in the field,

screenhouse and laboratory. In the fields
the rate of population growth was

significantly higher on Vita 1 and TVu 949

than on TVu and 408-p-2. Observations of =~

the feeding behaviour and reproduction of

the aphids in the screenhouse and

laboratory showed that A. craccivora's
feeding was more, prolonged, the number of
probes/min lesser, and its popuiation
growth higher on the susceptible Vita 1
stems compared with the two resistant
cultivars, TVu 310 and A08-p-2. From
choice and non-choice tests, there was
evidence indicating that the basis of
resistance is probably antixenosis and
antibiosis. Chemical analysis ¢’ stems
showed correlations of total phenols and
total flavonoids with resistance. However,
total sugars and total amino acids did not
exactly show such correlations. In most
cases the infestation of Vita 1 and TVu 946
by aphids resulted in a decrease in sugars
and amino acids and increase in phenols at
the infested sites.

441 Misra, S.G.; Gupta, AK. Effect of
organophosphorus insecticides on

nitrogen metabolism during
germination of mung bean and cowpea.
Pesticides, 19(10): 31-33. 1985.

Healthy seeds of cowpea and mung were
sown in petri-dishes containing 50 gms of
silica sand. Twenty five ml aqueous
solution (25, 50 and 100 ppm) of 4




organophosphorus insecticides (phorate,
disulfoton, monocrotophos and

fensulfothion were added. Only distilled

water instead of pesticide solution was
added to the control. Results of the samples
taken after 2nd, 4th and 6th day of
germination showed that in cowpea there
was a non-significant correlation between
pesticides absorhbed and soluble nitrogen. A
non-significant correlation in cowpea
between the amount of pesticides absorbed
and average insoluble nitrogen content
during germination was also found.

442 Parh, I.A. Greenhouse studies on the
’ feeding damage of two species of
Empoasca (Cicadellidae) on six
cultivars of cowpea. Zimbabwe
Agricultural Journal, 80(3): 111-
113. 1983.

Greenhouse studies on the feeding effects of
Empoasca dolichi and an unidentified
parthenogenetic type of Empoasca on six
cultivars of cowpea were carried out at the
International Institute of Tropical
Agriculture in Ibadan, Nigeria. For both
types of Empoasca, the overall mean
feeding damage score rating of 3.10
recorded for TVu 76 was significantly
higher (P>0.05) than the score rating for
TVu 59, 123, 1190, 1509 or 3629. For
all cultivars of cowpea, the overall mean
damage score rating of 2.40 recorded for E.
dolichi was not significantly higher than
2.25 recorded for the pathenogenetic type
of Empoasca. ’

443 Parh, LA, The effects of Empoasca
dolichi (Hemiptera Homoptera
Cicadellicae) on tlie performance and
yield of 2 cowpea cuiltivars. Bulletin
of Entomoiogy Research, 73(1): 25-
32. 1983.

The effects of feeding by groups of 0,15,
30, 45, 60, 75 or 90 adults of Empoasca
dolichi Paoli par plant on the growth and
yield of caged Prima and Ife Brown cowpea
plants infested 14, 21 or 28 days after
planting were studied in Ibadan, Nigeria.
Caging had no significant adverse effects on

yield. E. dolichi caused severe hopper-
burn in plants infested 14 days after
planting. The mean pre-flower-opening
stage lasted 42.1, 38.0 and 39.0 days in
Prima and 44.6, 40.7 and 42.3 days in Ife
Brown plants infested 14, 21 and 28 days
after planting, respectively, the first
figure for each cultivar being significanity
lower than the other two. The reduction in
seed yield in damaged plants infested 14
days after planting ranged from 28.7 to
41.3% for Prima and 27.2 to 56.9% for
Ife Brown, the reduction being
significantly correlated with scores for
feeding damaga by E. dolichi.

444 Price, M.; Chambuya, R.l.; Machange,
F.Z. Insecticide evaluation and timing
of spray application for insect control
in cowpea in Tanzania. Tropical Grain
Legume Bulletin, (28): 4-8. 1983.

Two separate experiments were conducted
to study the effect of four insecticides and
timing of spray application for controlling
insects attacking the flower and pods of
cowpeas. Among the four chemicals
evaluated, deltamethrin was the most
effective in controlling Maruca sp. and
thrip population. Yields of cowpeas were
about the same when four sprays of
deltamethrin were applied as compared to
six sprays. There is- a possibility of .
reducing the number of sprays, for some of
the extra early cowpeas to only two sprays
because of their earliness and synchronous
maturity habits.

445 Price, M.; Dunstan, W.R. The effect
of four insecticides on leaf miner
damage of cowpeas of Tanzania.
Tropical Grain Legume Builetin,
(27): 23-26. 1983.

The leaf miner, Liriomyza trifolii, first
reported in Tanzania in 1980 reduced
yields of the most susceptible varieties by
25%. In two field experiments, the
efficiency of four insecticides viz.
deltamethrin, endosulfan, dimethoate and
monocrotophos was assayed by spraying in
several different application regimes
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(before flowering, at 80% flowering, at
the tail of pod formation and at a week after
podding had begun). Deltamethrin when
applied five times resulted in the best
control of leaf miners. In addition, it has
the .advantage of low mammalian toxicity.

446 Singh, S.R. Insects damaging cowpeas
in Asia. In: Cowpea research,
production and utilization edited by
S.R. Singh and K.O. Rachie. 245-
248. Chichester, England, John
Wiley. 1985.

Leafhoppers, aphids and beanfly are the
most serious pests of cowpeas in Asia. They
can be controlled by the development of
resistant varieties.

447 Singh, S.R.; Jackai, L.E.N. Insect

pests of cowpeas in Africa: their life
cycle, economic importance and
potential for control. In: Cowpea
research, production and utilization
edited S.R. Singh and K.O. Rachie.
217-231. Chichester, England, John
Wiley. 1985.

This article enumerates and describes most
of the insect pests that are responsible for
the losses of cowpea yields. The most
realistic method of control seems to be
cultivation of insect-resistant varieties in
combination with applications of
insecticide in minimal amounts and use of
“cuitural-control methods.

448 Tejada, A.W.; Magallona, E.D.; Lakan-
ilaw, E.B. Insecticide residues in
vegetables: application of the modified
approach to organophosphate
insecticide residues in string bean
(Vigna sesquipedalis fiuw).
Philippine Agriculturist, 66(4):
405-416. 1983.

The modified approach to pesticide residue
data generation was applied to string beans
(Vigna sesquipedalis Fruw.) Residue
trials were conducted both at farmers
cooperators' farms and at the University of
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the Philippines at Los Banos experimental
fields. Most of the organophosphorus
insecticides used were not persistent. A 5-
to 7- day pre-harvest interval may be
recommended for monocrotophos,
triazophos, malathion, methyl parathion,
tetrachlorvinphos and mevinphos. These
insecticides have halflife values of 2.3,
1.7, 1.0, 0.8 and 0.12 days, respectively.
Pesticide residues detected in market
basket samples are well within the
maximum residue limits or tolerance
limits set by other countries.

449 Vir, S. Efficacy of some important
insecticides against Amsacta moorei
Butier on cowpea crop. The Madras
Agricultural Journal, 70(10): 682-
684. 1983 :

The efficacy of thirteen insecticides against
Amsacta moorei on cowpea crop was tested
in Rajasthan, india. Out of the thirteen
insecticides, only quinalphos (0.075%),
endosulfan * (0.1%) and dichlorovos
(0.0.25%) were found most effactive.

450 Warui, C.M. Bruchid infestation of
cowpea (Vigna unguiculata) varieties
in the field. Insect Science and its
Application, 283-286. 1984.

To observe the infestation of the varieties
and compare them with local cowpea
varieties collected from different parts of
Kenya, a study was conducted from 1979 to
1981. Five different bruchid species were
identified as infesting cowpea varieties in
the field. These were Callosobruchus
rhodensienus; C. phaseoli; C. chinensis; -
Bruchidius atrolineatus; and C. aralis, in
order of decreasing abundance. Over 50%
of the bruchids found in the field were C.
rodensienus - while Zabrotes spp. and C.
maculatus were never encountered in the
field. Although the IITA materials were
introduced because of their yield potantial
it was found that some of them ware as
susceptible to preharvest bruchid attack <.,
the locally available materials. The short
rainy season had more bruchid infestations
than the long rainy season.
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451 Abdel-aal, Y.A.l.; Hussein, M.H. -Adult

: emergence and survival of the cowpea
seed beetle Callosobruchus maculatus
exposed as eggs to the hormonoid
altosid. Zeitschrift fur Angewandte
Entomologie, 95(1): 30-33. 1983.

Under normal conditions and after Altosid
treatment of one and three day old eggs of
Callosobruchus maculatus, survival and
adult emergence were examined. Data
obtained showed that this juvenile hormone
analogue reduced significantly the adult
emergence and the higher the concentration
the higher the reduction in survival. It was
quite clear that the compound was more
potent when applied to newly laid eggs,
particularly, at higher concentrations.

452 Adjadi, O.; Singh, B.B.; Singh, S.R.
Inheritance of bruchid resistance in
cowpea. Crop Science, 25(5): 740-
742. 1985.

To indicate the natwre of inheritance of
resistance to bruchids (Callosobruchus
maculatus F.) in cowpea, F1, F2, and
backcross populations involving three
resistant and two susceptible parents were
bioassayed in the laboratory for bruchid
reaction on an individual plant basis. The
reaction of F1 seeds was similar to that of
seeds from the maternal parents indicating
that the genotype of the maternal plant
controls bruchid infestation. The F2 seeds
derived from Fq plants represented the
true hybrid population and the mean adult
emergence was similar to that of the
susceptible parents, indicating complete
dominance of susceptibility. No reciprocal
differences were observed. The F2 plants
derived from the six crosses segregated
into a ratio of 15 susceptible : 1 resistant,
indicating digenic inheritance. These
resuits were further supported by the
backcross data. The F{ plants from the
backcross involving the resistant parent
segregated into a 3 susceptible: 1 resistant
ratio, whereas those involving the
susceptible parent were uniformly
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454 Dick, K.M.; Credland, P.F.

susceptible. The data indicate that
resistance to bruchids in cowpea is
controlled by two recessive genes for
which symbols rcm1 and rcm2 are being
proposed.

453 Aguiar, P.A.A.; Moraes, G.J. de.
Armazenamento de caupi a nivel de
fazenda [Storage of cowpea under

farmers' level]. Pesquisa
Agropecuaria Brasileira, 18(1): 5-
9. 1983.

Cowpea seeds were stored with a slight
weevil (Callosobruchus maculatus)
infestation (1.5-3%) for a twelve-month
period, under low humidity and high
in the northeast Brazil.
Amianthus box with sand cover, metallic
bin sealed with bee wax, subterraneous bin
with plastic covering, jute sack with seeds
sprayed with corn oil and jute sack were
used as containers. A great attack of the
weevil in jute sacks during the storage
period was detected while the other
containers offered a good protection against
the pest attack, mainly in the amianthus
box with sand cover.

N

Ego
production and development of three
strains of Callosobruchus maculatus
(F.) (Coleoptera: bruchidae).
Journal of Stored Products Research,
20(4): 221-227. 1984,

The numbers of eggs laid by individual

- females of three geographically isolated

strains of C. maculatus (F.) on different
numbers of cowpeas were counted. Females
of strains originating in the Yemen and
Brazil laid about 40 eggs when provided
with a single cowpea, whilst females of
Nigerian strain laid 75. Given 40 cowpeas,
females of all three strains laid between
80 and 90 eggs. Only one or two aduits of
the Yemen stvain emerged from cowpeas
irespective of the initial lumber of eggs
present, compared with the ten or more

117




adults of the other two strains which
emerged when the cowpea bore numerous
eggs. The daily levels of vi position did not
differ among the strains when females had
access to cowpeas changed daily for others
bearing no eggs. The periods of
development differed among the three
strains, the greatest median value being
33 days in the Yemen strain where the
greatest individual variation in
development times was also noted. The
significance of the results to the
development of possible control measures
for this pest is discussed. '

455 Don-Pedro, K.N. Toxicity of some
citrus peels to Dermestes -maculatus
and Callosobruchus maculatus.
Journal of Stored Products Research,
21(1): 31-34. 1985.

The toxicity of powdered sun-dried orange
and grapefruit peels to Callosobruchus
maculatus and Dermestes maculatus was
evaluated in the laboratory. LDS50 values of
orange and grapefruit peels admixed with
cowpea grains on adult C. maculatus were
4.00g(peel)/100g (cowpea) and
5.62g(peel/100g (cowpea) respectively.
LD50 values of the ground peels on adult D.
maculatus were much higher at
14.13g(orange peel)/100g (fish chips)
and14.29g(grapefruit peel/100g (fish
chips). Orange and grapefruit peels
deterred adult test insects from admixed
cowpea and dried fish chips respectively.
Orange peel at high dosages was also shown
to depress progeny development of D.
maculatus. The possible use of ground
orange peel as a protectant for at least
cowpea grains from C. maculatus
infestation in small-scale storage in
Nigeria is discussed.

456 Evans, S.V.; Gatehouse, A.M.R.;
Fellows, L.E. Detrimentai effects of
2,5-dihydroxymethyl-3,4-
dihydroxypyrrolidine in some
tropical legume seeds on larvae of the
bruchid Callosobruchus maculatus.
Entomologia Experimentalis et
Applicata, 37(3): 257-261. 1985.
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The secondary glant ‘compound 2,5-
Dihydroxymethyl-3, 4-
dihydroxypyrrolidine (DMDP), and
analogue of B-fructofuranose, is lethal to
the larvae of the cowpea pest
Callosobruchus maculatus F. when
incorporated into artificial diets at levels
greater than 0.03%. In the range 0.003%
to 0.03% the compound reduces larval
survival in a dose-dependent manner. The
-0-D-glucosidase digestive enzyme
demonstrated in homogenates of the
alimentary tract of the larvae is strong
inhibited by the compound in a competitive
manner.

457 Gatehouse, A.M.R.; Butler, K.J.;
Fenton, K.A.; Gatehouse, J.A. Presence
and partial characterisation of a
major proteolytic enzyme in the
larval gut of Callosobruchus
maculatus. - Entomologia
Experimentalis et applicata, 39(3):
279-286. 1985.

Protease activity in the gut of
Callosobruchus maculatus (a storage pest
of cowpea seeds), has been investigated to
help clarify nutritional mechanisms in
view of reports that these insects carry -
out little or no proteolysis. Larval gut
homogenates showed protease activity
against a variety of different protein
substrates but did not hydrolyse a
synthetic trypsin substrate. Protein
trvpsin inhibitors from legume seeds
which are not hosts to C. maculatus
(soybean, lima bean) were not effective
inhibitors of the larval proteolytic
activity but a cowpea protease inhibitor
preparation and a protinin partially
inhibited proteolysis. The latter two
inhibitors also inhibited the plant thiol
protease papain. It is suggested that C.
maculatus has replaced the 'normal' insect
proteases with an enzyme similar to plant
proteases to evade the antimetabolic effects
of trypsin/chymotrypsin. inhibitors in
seeds. Besides trypsin/chymotrypsin
inhibitors, cowpea seeds also contain
proteins which inhibit papain; these
inhibitors were purified and were shown



to be effective inhibitors of C. maculatus
larval protease.

458 Giga, D.P.; Smith, R.H. Comparative
life history studies of four
Callosobruchus  species infesting
cowpeas with special reference to
Callosobruchus rhodesianus (PIC)
(Coleoptera:Bruchidae). Journal of
Stored Products Research, 19(4):
189-198.  1983.

A comparative study of the ecology of
Callosobruchus analis (F.), C. chinensis
(L), C. rhodesianus (Pic) and two strains
of C. maculatus (F.) was made three
temperatures (25, 30 and 35 deg. C) and
three relative humidities} (60, 70 and
80% r.h). The performances of C.
rhodesianus and the strain of C. maculatus
from Brazil were also compared at 20 deg.
C. The intrinsic rates ot increase of each
species at each temperature were
estimated. The optimum temperature for
multiplication of all species was around 30
deg. C. Total oviposition was highest at 30
deg. C for all species, but survival from
egg to adult was highest at 25 deg. C for C.
rhodesianus and the Malawi strain of C.
maculatus compare with 30 deg. C for the
others. Development of both strains of C.
maculatus was fastest at 35deg. C., but all
other species developed most rapidly at 30
deg. C. Relative humidty in the range 60-
80% had no appreciable effect on any of
the biological characteristics studied. The
performance of C. rhodesianus was better
at 20 deg. C than that of the Brazilian
strain of C. maculatus, and the results are
discussed in relation to the distribution of
the two species in Africa.

459 Hagstrum, D.W. Preharvest
infestation of cowpeas by the cowpea
weevil (Coleoptera: Bruchidae) and
population trends during storage in

Florida. Journal of Economic
Entomology, 78(2): 358-361.
1985.

An examination of 62 one-bushel bags of
cowpeas, representing 49 different fields,

revealed an extremely low preharvest
infestation level (mean 2.33
Callosobruchus maculatus adults emerging
per bushel per 2 weeks of storage). From
similar initial infestation levels,
populations either slowly dwindled away or
after an 18-week delay increased
exponentially. '

460 Hussein, M.H. Altosid SR 10 as a seed
protectant against the cowpea seed
beetle Callosobruchus maculatus
(Fab.) . International Pest Control,
25(5): 140-141, 1983,

Seeds of the broad bean (Vicia faba) were
dipped in several concentrations of aqueous
Altosid solutions, air-dried and exposed to
egg-laying adults of C. maculatus at zero,
7, 14 and 21 days after treatment with
Altosid. All solutions with more than 100
ppm Altosid reduced adult emergence, high
concentrations giving greater reductions.
Altosid residues were still effective as a
protectant of bean seed$ against beetle
infestation two weeks after treatment,
especially with the higher (800 and 1600
ppm) concentrations. A considerable
decrease in residual activity was observed
by the third week.

461 |vbijaro, M.F. Preservation of
cowpea, Vigna unguiculata (L) Walp,
with the neem seed, Azadirachta
indica A. Juss. Protection Ecology,
5(2): 177-182. 1983.

Admixture of 1 to 3 g dry ground neem sed,
Azadirachta indica, with 20 g cowpea seeds
affords protection from damage by
Callosobruchus maculatus for more than
4 months. The neem seed does not affect the
survival of adult Callosobruchus but
significantly reduces fecundity, prolongs
the pre-imaginal development period and
considerably reduces the emergence of
progeny. While over 99% of untreated
cowpea seeds exhibited the exit holes of
beetles, no damage was observed at the
higher doses of neem. Treated seeds were
82% viable, while their texture, colour
and overall attractiveness remained
unaffected.
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462 Lambert, J.D.H.; Gale, J.; Arnason,
J.T.; Philogene, B.J.R. Bruchid
control with traditionally used
insecticidal plants Hyptis spicigera
and Cassia nigricans. Insect Science
and its Application, 6(2): 167-170.
1985.

Losses of stored seed fo insects in the
tropics have reached levels of major
concern. Synthetic insecticides, while
effective, are generally very expensive for
small farmars. The efficacy of two plants
Hyptis spicigera and Cassia nigricans,
used by farmers to control insect
infestation in stored cowpeas was
determined. The oviposition ar.d hatching of
bean weevils (Acanthoscelides obtectus),
under controfled environmental conditions,
were reduced following treatment with
EtOH extracts (1 g plant material 1 m|
EtOH) at low application rates with ECsg
between 0.3 and 14 | extract/y bean.
Further field studies are proposed to
determine if such natural products can be
further’ explo:ted to reduce stored legume
losses. ))

463 Messina, F.J. Influence of cowpea pod
malurity on the ovipoasition choices
and larval survival of a bruchid
beetle . Entomologia Experimentalis
et Applicata, 35(3): 241-248.
1984 .

The ‘active’ or dispersing morph of
Callosobruchus maculatus, a pest of stored
cowpeas, is presumed to infest cowpea
plants in the field prior to harvest. in
oviposition choice tests, both normal and
active females preferred pods that were
full-size but still green over younger,
smaller pods or older, mature pods.
Exposed seeds were usually preferred over
intact pods of all stages, although females
laid more eggs on green pods than on the
rough-coated seeds of one cowpea variety.
Egg-to-adult survivorship was highest for
eggs laid directly on seeds. On both green
and malure pods high mortality occurred
because newly hatched larvae failed to
pentrate a seed after they drilled through
the pod wall. However, since 20-50% of
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eggs laid on green pods do develop into
adults, cowpea plants are susceptible to C.
maculatus well before pods dehisce to
expose the seeds. The oviposition
preferences of C. maculalus may be
strongly influenced by the surface texture
-of potential oviposition sites.

464 Messina, F.J.; Renwick, J.A.A.
Effectiveness of oils in protecting
stored cowpeas from the cowpea
weevil (Ccleoptera: Bruchidae).
Journal of Economic Entomology,
76(3): 634-636. 1983

Applications of five chemically différing
oils (three vegetables oils, mineral oil and
polyethylene glycol) at dosages of 5.0 mi of
oil per kg 'of seed effectively protected
cowpeas from Callosobruchus maculatus
(F.). Oils caused high mortality of eggs and
larvae on\he seed surface, but had no
effect on mduvuduals that successfully
entered the 'seed. After 30 days in storage,
treated seeds were more deterrent to
ovipositing females than were newly
treated seeds, but the stored seeds were
less toxic to eggs and larvae. Oil
application may therefore be useful for
only a limited period of time.

465 Messina, F.J.; Renwick, J.A.A.
Mechanism of egg recognition by the
cowpea weevil Callosobruchus
maculatus. Entomologia
Experimentalis et Applicata, 37(3):

| 241-245.  1985.

Several experimenis were conducted to
determine the. mechanism by which
ovipositing cowpea weevils Callosobruchus
maculatus (F.), avoid egg-laden seeds.
Deterrence was associated with the egg
itself and not with other adult activities on
the host. Both chemical and physical
(tactile) stimuli appear to be involved in
egg recognition; the chemicai deterrent
was more soluble in methanol than in ether
or water. Contrary to a pravious- study
using C. chinenslis (L.) it was found that
females were not deterred from ovipositing




on seeds that had been exposed to high
densities of males.

466 Naik, R.L.; Dumbre, R.B. Effect of
some vegetable oils used as surface
protectants against Callosobruchus
maculatus on storability and
qualities of cowpea. Bulletin of Grain
Technology, 23(1): 33-39. 1985.

Studies were undertaken to assess the
effect of some vegetable oils as surface
protectants on qualities and storability of
cowpea seeds against pulse beetle, C.
maculatus (Fabr.) during 1979-80.
Fourteen vegetable oils including edible
and nonedible ones were tested. Each oil
was used at 0.25, 0.50, 0.75 and 1.00 per
cent levels. Nonedible oils were effective
even at the lowest level upto 3 months.
Neem. oil gave complete protection at 0.75
and 1 per cent levels, upto 150 days after
application while Karanj oil did so at 1 per
cent level. Edible oils were however
ineffective after 3 months at 0.5 per cent
and below. Germination percentage and
imbibition of water were not adversely
affected six months after storage in
treatments other than neem oil extractive
and undi oil where germination was
hampered after three days. Organoleptic
test indicated that seed treated with neem
oil and castor oil gave disagreeable taste
and smell. With Karanj oil however, these
qualities remained unaltered.

467 Naik, R.L.; Dumbre, R.B. Effect of
some vegetable oils used in protecting
stored cowpea on biology of pulse
beetle, Callosobruchus maculatus
(FABR) (Coleoptera : Bruchidae).
Bulletin of Grain Technology, 22(1):
25-32. 1984.

Effect of a few nonedible and sdible oils
used as surface protectants on the biology
of pulse beetle, C. maculatus infesting
cowpea in storage was studied. Nonedible
oils such as neem, castor, karanj and undi
were generally more effective than edible
oils viz. groundnut, safflower, coconut,
mustard, niger and palm in preventing
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adult emergence and prolonging the
development from egg to adult stage. Effect
of various oils on ovipositional behaviour
revealed that the number of sggs laid
progressively declined with the increase in
dosage. The largest reduction in egg laying
was with neem oil extractive at 1 per cent.
Neem oil was significantly superior to all
the oils at 1 per cent level in reducing
hatching percentage wherein only 20
percent eggs hatched. All the vegetable oils
had a repellent action as indicated by
reduced oviposition. Neem oil extractive
was the most effective treatment allowlng
nearly no oviposition.

468 Oliveira, F.J. De; Santos, J.H.R. dos.
Predicao de periodos de estocagem
para sementes de Vigna sinensis (L.)
Savi, injuriadas pelo Callosobruchus
maculatus (F., 1775). [Prediction of

storage periods of seeds of Vigna’
injured by

sinensis (L.) Savi
Callosobruchus maculatus)) Ciencia
Agronomica, 14(1/2): 1-14, 1983.

To find a method that permits the

prediction of storage period of cowpea
seeds damaged :by Collosobruchus
maculatus in different levels of
infestation, four varieties oi cowpea seeds
were used. Four independent variables viz,
initial germination, initial humidity,
number of eggs and number of holes were

refated simultaneously with percentage of

germination. It was concluded that it is
possible to predict the wvariations in
germinability of cowpea seeds until ten
months of storage by means of multiple
regression linear equations.

469 Oliveira, F.J. de; Santos, J.H.R. dos;
Alves, J.F.; Paiva, J.B.; Assuncao,
M.V. Perdas de peso em sementes de
cultivares de caupi, atacadas pelo
caruncho. [Losses in weight of cowpea
seeds infested by weevil]. Pesquisa
Agropecuaria Brasileira, 19(1): 47-
52. 1984

Seeds of cowpea varieties CE-1, CE-2, CE-

25, CE31 and CE-218 were infested with

!
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Callosobruchus maculatus adults to find a
rapid procedure that permits to relate the
indexes of infestation with the percentage
of losses of seed weight. The resuits showed
that the number of typical holes made by C.
maculatus in the samples of 100 seeds of
cowpea obtained from the damaged lots
could be related to the percentage losses of
seed weight by means of the equation
Y=0.2222+0.5042x within the limits of
6.08 to 28.10 holes.

470 Pereira, J. The effectiveness of six
vegetable oils as protectants of
cowpeas and bambara groundnuts
against infestation by Callosobruchus
maculatus. Journal of Stored
Products Research, 19(2): 57-62.
1983.

Traditionally extracted neem kernel oil,
karite oil, groundnut oil, palm kernel olil,
palm oil and industrially extracted
groundnut oil were assessed as protectants
of cowpeas and Vigna subterranea against
C. maculatus. On cowpeas only neem
kernel oil reduced oviposition at 8mi
oil’lkg seed. All oils except palm oil
reduced egg hatching at dosages more or
less 3ml oil/kg seed. Tests on the duration
of effectiveness of neem oil showed that
8ml oillkg cowpea seed gave good
protection up to 3 months.

471 Rup, P.J.; Chopra, P.K. Effect of
hydroprene on Callosobruchus
maculatus (F.) (Coleoptera:
Bruchidae). Journal of Stored
Products Research, 20(4): 229-
232. 1984.

The effect of the insect growth regulator,
hydroprene was observed on
Callosobruchus maculatus (E). Hydroprene
was applied topically to the last 2-3
stermites of unmated males and females
with micropipette. No significant decrease
in fecundity was observed even with the
highest dose of 0.75 g of hydroprene.
The fertility of the eggs laid by treated
females was affected on the first day of the
oviposition period even with the lowost
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dose of 0.1 lLg, and the effect was diluted
with time. Male fertility was also affected.
The emerged F4 adults showed
morphological abncrmalities and the
developmental period was prolonged.

472 Sano-Fuijii, |. Effect of bean water
content on the production of the active
form of Callosobruchus maculatus
(F.) (Coleoptera:Bruchidae).
Journal of Stored Products Research,
20(3): 153-161. 1984.

The effect of bean water content on
production of the active form in cowpea
weevil, Callosobruchus maculatus (f) was
investigated. The results showed (1) beans
with high water contents (16.2 and
22.1%) create a favourable condition for
the production of the active form, (2) the
active form does not emerge from dry beans
(with water contents of 8.7 and 12.4%,
(3) the increased water content of bean
during larval growth facilitate the
production of the active form and (4)
decrezise of bean water content prevents the
production of the active form. It was also
showri that bean water content and
temperature are closely related and work
in a complemeéntary manner for the
production of the active form.

473 Sowunmi, O.E,; Akinnusi, O.A. Studies
on tie use of neem kernel in the
control of stored cowpea beetle
(Callosobruchus maculatus F.)
Tropical Grain Legume Bulletin, 27:
28-31. 1983.

Matured neem (Azadirachta indica, A. Juss)
fruits which had dropped from the tree
after ripening were picked and dried at 60
deg. C. for 5 days. The fruits were
decorticated to obtain the kernels which
were ground and sieved through a 40-mesh
screen. Cowpea beetle infested seeds of
cowpea were admixed with powdered neem
kernel at rates of 0.5, 1.0 and 2.0
parts/100 parts of seed and kept in closed
jar under ambient conditions. The results
obtained showed that the 1% and 2% neem
treatments provided effective preservation




for 8 months against Callosobruchus
maculatus.

G06 Viruses, Virus Diseases

474  Allam, E.K.; El.Said, H.M.; El-
Amrety, A.A.; Salem, D.E. The effect
of soybean mosaic virus (SMV) and
cowpea mosaic virus (CPMV)-on the
susceptibility and morphological
changes of 40 soybean cultivars in
Egypt. Agricultural Research
Review, 62(2): 335-346. 1984.

The effect of soybean mosaic virus (SMV)
and cowpea mosaic virus (CPMV) on the
susceptibility and morphological changes of
40 soybean varieties was studied. The
results showed that all cultivars were
sensitive to SMV while 37 cultivars were
-susceptible to CPMV.

475 Ando, Y.; Ehara, Y.; Yamanaka, S.
Release of antifungal phenolic
compounds from cucumber mosaic
virus infected and noninfected cowpea
protoplasts.  Phytopathologische
Zeitschrift, 110(4): 354-359.
1984,

Fungitoxic phenolic compounds were
released from cucumber mosaic virus
(CMV-infected and non-infected cowpea
protoplasts). These compounds were
presumed by thin layer chromatography as
similar compounds released into the leaf
ambient fluids when CMV-infected cowpea
leaves were incubated in water. Larger
amounts of the compounds were released
from CMV-infected cowpea protoplasts than
from noninfected protoplasts.

476 Anjos, J.R.N.; Lin, M.T. Bud blight of
soybeans Glycine max caused by
cowpea severe mosaic virus in
central Brazil. Plant disease, 68(5):
405-407. 1984,

and Control

Plants of the soybean cultivar |AG-2
showing symptoms of bud blight in Central
Brazil were found to be infected by an
isolate of cowpea severe mosaic virus
(CPSMV) serotype |. The isolaie was
transmitted by the beetle Cerotoma arcuata
but not through seeds of soybean IAC-2,
Biological amd in vitro properties of the
Brazilian isolate were typical of CPSMV.
Significant reductions in plant height,
grain yield, number of pods per plant, and
seed germination occurred in a field trial.

477 Anno-Nyako, F.O.; Vetten, H.J.; Allen,
D.J.; Thottappilly, G. The relation
between cowpea golden mosaic and its
vector, Bemisia tabaci. Annals of
Applied Biology, 102(2): 319-323.
1983.

Adult whiteflies (Bemisia tabaci) acquired -
the agent of cowpea gokden mosaic (CGM-A)
within 7 minutes and transmitted during 2
minutes inoculation access. Nymphs also
acquired CGM-A and ratained it through the
pupal stage. Efficiency of transmission
reached 90% when the acquisition period
was increased to 36 h. The minimum latent
period of CGM-A in B. tabaci was 8 hours
and the median latent period (LP50) about
12 h. Transmission was generally
intermittent and declined throughout the
period of 21 days which was the maximum
time insects remained infective. Female
whiteflies were more efficient vectors than
males. B. tabaci acquired CGM-A. from
plants inoculated only 60 hours
previously. The epidemiological
implications of these findings are
discussed




478  Atiri, G.I. Insect transmission
characteristics of a Nigerian strain of
cowpea Aphid-borne mosaic virus.
Fitopatologia Brasileira, 9(3): 495-
503. 1984,

The transmission characteristics of a
Nigerian strain of cowpea aphid-borne
mosaic virus (CAMV) was found to be that
of a typical nonpersistent virus when
determined on four cowpea lines with
varying response to aphid infestation.
Differences occurring in the optimum pre-
acquisition, acquisition feeding and
inoculation feeding periods, and the
retention times on the four lines were
attributed to the nature of aphid probing.

479 Calvete, J.S.; Wieringa-Brants, D.H.
Infection and necrosis of cowpea
mesophyll cells by tobacco necrosis
virus and 2 strains of tobacco mosaic
virus. Netherlands Journal of Plant
Pathology,90(2): 71-78. 1984.

When cowpea mesophyll tissue with or
without any epidermal layer was inoculated
with tobacco necrosis virus (TNV), local
necrotic lesions were produced. In
epidermal strips isolated after inoculation
of intact ieaves local lesions were never
observed. Homogenates of epidermal strips
removed within 30 min after inoculation of
the leaf with the cowpea strain of tobacco
mosaic virus (Cp-TMV) or with TNV and
incubated on agar for 2 or 4 days were not
infectious. However, when clusters of
mesophyll cells or vein pieces were “still
attached to the epidermal strips after
stripping, the homogenates showed virus
activity. When cowpea leaves were
inoculated with Cp-TMV or a common
strain of TMV (TMV-U) infective virus
material was present in the mesophyll
tissue as measured in the homogenates, at
the moment of stripping, i.e. within 10
min after inoculation.

480 Carr, R.J.; Kim, K.S. Ultrastructure
of mixed plant virus infection: bean
yellow mosaic virus with cowpea
severe mosaic virus or cowpea mosaic
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virus in bean.
334-348. 1983.

Virology, 124(2):

Ultrastructural responses of bean leaf cells
simultaneously infected with two
morphologically distinct RNA viruses,
cowpea mosaic virus (CPMV) and bean
yellow mosaic virus (BYMV), or cowpea
severe mosaic virus (CSMV) and BYMV,
were studied in situ. The major effects on
cells infected with two viruses included:
(1) association of virus group-specific
cytoplasmic inclusions characteristic of
each virus; (2) close association of virions
into specifically arranged aggregates in
which CPMV or SCMV icosahedra were
aligned along the long axes of the BYMV
rods; and (3) the induced formation of
intranuclear inclusions, spheres (22-26)
nm in diameter) and filaments (10-14nm
wide and of variable length) in mixed .
infections of CSMV and BYMV. Intracellular
serological testing using ferritin
conjugated with CSMV antibodies revealed
no relationship between the spherical
intranuclear inclusions and CSMV capsids.

We conclude that the ultrastructure of -

mixed infections could be used as another
tool for identifying related plant viruses.

"481 Collins, :M.H.; Murphy, J.F.; Witcher,
W.; Barnett, O.W. Survey of cowpeas
Vigna unguiculata in South Carolina

USA for 6 viruses. Plant Disease,
68(7): 561-563. 1984, :

A survey to .determine the occurrence and .-

incidence of six viruses in cowpeas in
South Carolina was made in 1981 and
1982. During those two years, 16
countries were involved in the commercial
production of cowpeas. but only one
country was involved both years. Four
viruses were found (blackeye cowpea
mosaic, cowpea chiorotic mottle, cowpea
severe mosaic, and cucumber mosaic).
Incidence within a country ranged from 1
to 76% and plants infected by more than
one virus were found in 10 countries.
Southern bean mosaic and cowpea mosaic
viruses were not defected.




482 Coutts, R.H.A.; Wagih, E.E. Induced
resistance to viral infection and
soluble protein allerations in
cucumber and cowpea plants.
Phytopathologische Zeitschrift -
Journal of Phytopathology, 107(1):
57-69. 1983.

The formation of tobacco necrosis virus-
elicited local lesions led to a localized
resistance in cowpea leaves and cucumber
cotyledons with an acquired systemic
resistance. The "resistance" was against
sympton expression rather than against
virus  multiplication. A similar
"resistance” in both species could be
elicited by spraying healthy tissue with
polyacrylic acid 4 days before inoculation
or osmotically-stressing cowpea leaves 24
h before inoculation. Virus-elicited
necrosis resulted in reproducible
alternations to the soluble protein profile
of both species. Apparently novel host
proteins in cowpea leaves were induced
during necrosis and quantitatively reduced
by concomitant actinomycin D treatment.

483 Dawson, W.0. Effects of animal

antiviral chemicals on plant viruses.

Phytopathology, 74(2): 211-213.
1984,

Tobacco mosaic virus (TMV) and cowpea
chlorotic mottle virus were effectively
inhibited by 14 of 27 chemicals reported
to be active against several animal viruses.
Adenine arabinoside, ribavirin, guanidine,
cordycepin, tubercidin, (s) 9-(2,3-
dihydroxypropyl) adenire, distamycin A,
2,3-bis-(acetylmercaptomethyl)-
quinoxaline, cycloleucine, 3-deazauridine,
2,3-diaminopyridine, 8-azaguanine, 2-
thiouracil, and 5-azacytidine were
inhibitory. The ability of such a large
proportion of the chemicals tested to
inhibit both plant viruses argues for the
possibility of a wide-spectrum antiviral
compourd for plant viruses.

484 De Varennes, A.; Davies, J.W.; Shaw,
J.G.; Maule, A.J. A reappraisal of the
effect of actinomycin D and

cordycepin on the multiplication of
cowpea mosaic virus in cowpea
protoplasts. The Journal of General
Virology, 66(4): 817-825. 1985.

Actinomycin D (AD) administered to
cowpea mosaic virus-infected cowpea
protoplasts immediately after inoculation
inhibited virus multiplication, whereas
late in the incubation period neither virus
multiplication nor host DNA transcriptor
were affected. The data suggest that neither
virus uncoating nor encapsidation were
inhibited by AD. The inhibition of virus
multiplication was manifested as a
decrease in the level of progeny viral
nucleoproteins and (+) and (-) viral
RNAs. Cordycepin strongly inhibited coat
protein production and (+) and (-) viral
RNA synthesis throughout the incubation
period.

485 Demski, J.W.; Alexander, A.T.;
Stefani, M.A.; Kuhn, C.W. Natural
infection, disease reactions, and
epidemiological implications of
peanut mottle virus in cowpea. Plant -
Disease, 67(3): 267-269. 1983.

A mild strain of peanut mottle virsus
(PMV) was found in cowpea fields in
Georgia in 1980 and 1981 but only when
peanut fields were nearby. Infected
cowpeas were either symptomless or
showed a mild mottle, and plant growth and
vield were not affected significantly by the
virus in greenhouse studies. Ten of 24
Vigna entries were resistant to PMV.
Aphis craccivora transmitted PMV to and
from cowpeas and from cowpeas to peanuts.
A low frequency of seed transmission was
detected in one cowpea plant introduction.
Field tests demonstrated natural
transmission to and from cowpeas, from
cowpeas to peanuts, and from peanuts to
cowpeas. The necrosis strain of PMV caused
a more severe disease in cowpea than the
mild strain, and a mixed infection of PMV
and cucumber mosaic virus caused a
synergistic disease reaction in cowpea.




486 Edwards, M.C.; Gonsalves, D.;
Provvidenti, R. Genetic analysis of
cucumber mosaic virus in relation to
host resistance: location of
determinants for pathogenecity to
certain legumes and Lactuca saligna.
Phytopathology, 73(2): 269-273.
1983.

Pseudorecombinants of two naturally
occurring strains of cucumber mosaic
virus (CMV-B and CMV-LsS) were used to
analyze the genetics of CMV in relation to
pathogenecity to Vigna unguiculata, Lactuca
saligna, Phaseolus vulgaris and Pisum
sativum. RNA 2 of CMV-B determined
systemic infection of cowpea, bean and pea.
Chlorotic. and necrotic local lesion
formation on V. unguiculata depended upon
RNA 2 from the B and LsS respectively.

487 Evans, D. Isplation of a mutant
cowpea mosaic virus which is unable
to grow in cowpeas. Journal of
General Virology, 66(2): 339-343.
1985.

Following nitrous acid mutagenesis of
cowpea mosaic virus (CPMV) virion RNA,
a mutant has been isolated which is able to
grow in Phaseolus vulgaris but is unable
to grow in the 'Early Red' or 'Blackeye
Early Ramshorn' varieties of cowpea
(Vigna unguiculata). Dot blot analysis
failed to detect virus-specificc RNA in
'Blackeye Early Ramshorn' plants which
had been inoculated with mutant 7A-4,

indicating that no CPMV RNA synthesis had

occurred. Supplementation experiments
showed that the mutation was located in B
RNA.

488 . Fribourg, C.E.; Koening, R.
Serotype-i11 of cowpea severe
mosaic virus in Peru. Journal of
Phytopathology, 113(4): 368-372.
1985. .

An isomeric virus with particles ¢. 25 nm
in diameter was isolated from cowpea
plants grown in the Peruvian jungle. In
serological agar gel double diffusion tests

the virus was indistinguishable from
serotype 111 of cowpea severe mosaic
virus (CPSMV). Unlike other serotypes of
CPSMV it infected several solanaceous
plants. Cr

488 Gahukar, K.B.; Kalore, A.R. Mosaic

diseases of cowpea in Vidabha. PKV

« Research Journal, 8(2): 44-47.
1984.

Two sap transmissible viruses isolated
from cowpea plants showing mosaic
symptoms and one seed-borne virus
isoiated from apparently healthy cowpea
seed showed distinguishing symptoms. All
the three viruses were transmissible
through cowpea seed and also through
aphids, Aphids craccivora, A. gossypii and
Myzus persicae in non-persistent
maniier. Cowpea mosaic virus 1 and 2 had
thermal inactivation point between 60-70
deg. C, dilution end point between 1:1000
- 1:0000 and longevity in vitro 7 days at
room temperature and 11 days at 6-8 deg.
C. Cowpea banding mosaic virus had
thermal inactivation point between 70-80 -
deg. C, dilution end point between
1:10000-100000 ana lohgevity in vitro
9 days at room temperature and 15 days at
6-8 deg. C.

490 Gaspar, J.0.; Beriam, L.O.S.; Alves,
M.N.; Oliveira, A.R.; Costa, A.S.
Serological identity of bean angular
mosaic and cowpea mild mottle
viruses. Fitopatologia Brasileira,
10(1): 195-199. 1985.

Serological tests carried out with antisera
against cowpea mild mottle virus and bean
anguiar mosaic indicated that the Brazilian
bean virus used as an antigen reacted
nearly in the same manner against both
antisera. These results were obtained by
the serologically specific electron
microscopy (SSEM) technique as evaluated
by the number of virus particles attached
to the antibody-coated grids and
principally by observation of decoration of
the attached virions. The two whitefly
transmitted carlaviruses that have many .




other characteristic in common are in
addition considered to be antigenically
identical. The decoration results seem to
have been more reliable for establishing
relationships than the SSEM particle
counts.

491 Graham, R.A. Effects of cowpea
severe mosaic virus of growth,
nodulation and yield of vegetable
cowpea (Vigna unguiculata (L) Walp)
in Trinidad. Tropical Agriculture,
62(2): 154-156. 1985.

In a pot study with three vegetable cowpea
cultivars, cowpea severe mosaic virus
(CSMV) inoculation induced ditferent
effects on plant development and
nodulation. The most susceptible cultivar
was "Los Banos Bush Sitao No.1. Early
CSMV inoculation (5 and 13 days after
planting) reduced leaf area, shoot weight
and nodule weight in 'Los Banos Bush', but
later inoculation had no effect. in a field
study under two N regimes, pod yield of
'Los Banos Bush' was reduced by CSMV only
in the absence of fertilizer N. Supplement
N reduced the injurious effects of the
pathogen on plant growth and yield.

492 lizuka, N.; Rajeshwari, R.; Reddy,
D.V.R.; Goto,. T.; Muniyappa, V.;
Bharathan, N.; Ghanekar, A.M.
Natural occurrence of strain of
cowpea mild mottle virus on
groundnut (Arachis-hypogaea) in
India. Journal of Phytopathology,
109(3): 245:253. 1984.

Vein-clearing followed by downward
rolling and necrosis of leaves and severe
stunting of groundnut plants were caused
by cowpea mild mottle virus (CMMV).
Virus was transmitted by Bemicia tabaci
but not by Aphis craccivora or Myzus
persicae. An antiserum for CMMV was
produced and virus was serologically
related to CMMV reported on cowpea and
groundnut crinkle virus (GCV) from West
Africa.

493 Kiefer, M.C.; Bruening, G.; Rusaell,
M.L. RNA and capsid accumulation in
cowpea protoplasts that are resistant
to cowpea mosaic virus strain SB.
Virology, 137(2): 371-381. 1984.

Leaf protoplasts from the Arlington line of
cowpea (Vigna unguiculata) support only a
limited increase of cowpea mosaic virus
strain SB (CPMV-SB) whereas cowpea
severe mosaic virus replicate efficiently
in Arlington cowpea protoplasts. CPMV-SB
rreplicates efficiently in protoplasts of
cowpea line Blackeye 5. Differences
between progeny CPMV-SB from Arlington
and Blackeye 5 protoplasts were not
detected. Inoculation with CPMV-SB RNA,
rather than virions did not make Arlington
protoplasts fully susceptible. These
results favor, for the likely involvement
in the CPMV-SB restriction. phenomenon,
events in the virus life cycle that occur
after exposure of virion RNA to the
cytoplasm and before assembly of particles
is completed. The accummulation of CPMV-
SB RNAs of both polarities was found to be
depressed in inoculated Arlington
protoplasts. However, (+) RNA -(virion
RNA polarity) accummulated to no lesser
extent, per unit of (-) RNA, in Arlington
protoplasts than in Blackeye 5 protoplasts.
Capsid antigen accummulation per unit of
(+) RNA, was reduced in Arlington
protoplasts as compared to Blackeye 5
protoplasts.

494 Lakshman, D.K.; Gonsalves, D.
Genetic analyses of 2 Large lesion
isolates of cucumber mosaic virus.
Phytopathology, 75(7): 758-762.
1985.

Four strains of cucumber mosaic virus
(CMV) induced small (<0.1 cm diameter)
necrotic lesions upon inoculation to
cowpea, Vigna unguiculata ssp. cylindrica
‘Catjang'. In addition, a few large (0.4-0.6
cm) necrotic lesions appear at the rate of
0.11-5.26% (0.53% average) of total
lesions. It was shown that these large
lesion-producing isolates were mutants
derived from their parent strains.
Pseudorecombination analysis showed that
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RNA 2 carries the genetic determinant for
the large-lesion phenotype in two large-
lesion isolates derived from CMV-C and
CMV-N strains.

495 Lakshman, D.K.; Gonsalves, D.;
Fulton, R.W. Role of Vigna species in
the appearance of pathogenic variants

of cucumber mosaic virus.
Phytopathology, 75(7): 751-757.
1985.

To determine the role of host plants ir the
appearance of new strains of cucumber
mosaic virus (CMV), two cowpea
cultivars, namely, Vigna unguiculata ssp.
unguiculata 'Blackeye' and V. unguiculata
ssp. cylindrica '‘Catjang’', were
investigated as model systems. Four
strains of CMV, selected by several single-
lesion transfers through Chenopodium
quinoa, caused numerous necrotic lesions
with diameters of 0.1-0.2 cm and <0.1 cm
on the inoculated primary leaves of
Blackeye and Catjang, respectively.
Additionally, large necrotic lesions (0.4-
0.6 cm in diameter) appeared at a rate of
0.11-5.26% (0.53% average) of the total
lesions on Catjang and only 0.02% of those
on Blackeye. inocula from large lesions
derived from Catjang caused similar
lesions on Blackeye. Unlike their parent
strains, some large-lesion isolates became
systemic to Blackeye. Large-lesion isolates
were stable under continual passages
through Catjang but reverted to small-
lesion types after four serial passages by
mass inoculation through C. quinoa,
cucumber, squash, or tobacco. Cross
protection and serological tests indicated
that the large-lesion isolates were CMV,
They were also indistinguishable from
respective parent strains as determined by
coat protein peptide mapping, RNA profile,
and symptomatology on differential hosts.
This suggested that the large-lesion
isolates were mutants and not contaminants
already present in the various isolates.
Presence or absence of satellite RNA did
not affsct the appearance and size of large
lesions on Catjang. Their initial expression
on Catjang provides an example of a
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specific host-selection mechanism which
might add to the high variability of CMV.

496 Lee, R.F.; Johnson, L.B.; Niblett, C.L.
RNA methylitransferase activity from
healthy and cowpea mosaic virus-
infected etiolated cowpea hypocotyls.
Physiological Plant Pathology,
23(1): 15-34. 1983. )

RNA methyitransferase (MTase) activity
in extracts from etiolated cowpea
hypocotyls was measured by determining
the radioactivity in. the acid-insoluble
precipitate formed from an assay using
(3H-methyl)S-adenosyl-L-methionine as
a methyl donor and either Escherichia coli
methyl-poor tRNA or plant viral RNAs as
methyl acceptors. The RNAs of tobacco
mosaic virus (TMV), brome mosaic virus
(BMV), and E. coli methyl-poor TRNA
were methylated four to five times more
efficiently than were the RNAs of cowpea
mosaic virus (PMV) and bslladona mottle
virus. Sequential methylation: experiments
suggested that MTase extracts from healithy

and PMV-infected hypocotyls differed in
- specificity when RNAs from BMV were

used as the methyl acceptor.

497 Lin, M.T.; Hill, J.H.; Kitajima, EW.;
Costa, C.L.. Two new serotypes of
cowpea, severe mosaic virus.
Phytopathology, 74(5): 581-585.
1984.

Two cowpea severe mosaic virus isolates
V-1 and one from bean, were identified as
new serotypes Il and IV, respectively.
Serotype lil differed from the other
serotypes by infecting Nicotiana tabacum
'TNN'. Serotype IV was unable to infect
Chenopodium amaranticolor, a known
diagnostic host for this virus. Two beetle
species, Cerotoma arcuata and Diabrotica
speciosa, transmitted serotype IV from
beans to beans. Cytological alternations
induced in plants infected by these four
serotypes were similar, except the fibrous
inclucions appeared to be induced less
frequently by serotypes Ill and IV than by
the other two. Two major proteins with




apparent molacular weights of 40, 300-
41,800 daltons (d) and 20,000-21,400
d were detected in the middle components of
the four serotypes. A minor protein of
about 22, 400-23,300 d was detected in
serotypes 1, lll, and IV, but not in serotype
Il. Serological analysis showed that cross
reactivity among the four serotypes was
due to the corhmon antigenic determinant A.
Serotypes 1, lll, and IV share an additional
common determinant designated as B.
Serotypes | and IV also have the common
determinant designated C. Each serotype
also has a specific antigenic determinant
D, E, F, and G for serotypes |, Il, lil, and
IV, respectively which contribute to their
serological distinction.

498 Linthorst, H.J.M.; Kaper, J.M.
Replication of peanut stunt virus and
its associated RNA 5 in cowpea
protoplasts. Virology, 139(2):
317-329. 1984.

Peanut stunt virus (PSV) RNA containing
PSV-associated RNA 5 (PARNA 5) was used
as the inoculum in the successful infection
of cowpea protoplasts. Total nucleic acid
extracts of protoplast samples at different
times after inoculation were analyzed for
the presence of PSV genomic RNAs and
PARNA 5 using gloxal denaturation,
agarose gel electrophoresis, blotting to
nitroceliulose, and hybridization to
specific probes. It appears that (+)-
stranded PSV genomic RNAs are
synthesized up to 36 hr after inoculation
after which their synthesis levels off,
whereas PARNA § synthesis continues
much later during infection. Oligomers of
PARNA 5 were found in the infected
protoplasts, in double-stranded RNA
preparations from PSV-infected tissues,
and in single-stranded PSV-RNA
preparation isolated from purified virus.
However, we were unable to demonstrate
the presence of circular PARNA §
molecules in infected protoplasts or
tissues. These results leave open the
questions whether PARNA 5 is replicated
via a rolling circle type replication
mechanism, as proposed for viroids and
tobacco ringspot virus satellite, or via a

virus-like replicatons mechanism, as
certain structural featurcs of PARNA 5
would indicats. It is not possible that both
types of mechanisms are operative at
different phases of PARNA 5 replication.

499 Mali, V.R.; Ganacharya, N.M.
Comparative studies on two isolates of
tobacco ring spot virus from cowpea.
Indian Phytopathology, 37(4): 630-
632. 1984.

Two isolates of tobacco ring spot virus
(TRSV): VU and VC from cowpea are
compared for transmission, physical
properties, host range, serology and
electron microscopy. Both isolates were -
indistinguishable serologically, in particle
size and morphology and ' transmission
studies. Though the isolates were identical
immunologically, there were differences
in physical properties, especially in
thermal inactivation point and longevity
in-vitro and in the reaction of 21 hosts.

500 Mali, V.R.; Khalikar, P.V.; Gaushal,
D.H. Seed transmission of poty and
cucumo viruses in cowpea in India.
Iindian Phytopathology, 36(2): 343.
1983.

This paper reports the transmission of
bean yellow mosaic (BYMV), cowpea
aphid-borne mosaic (CAMV) and cucumber
mosaic (CMV) viruses through the seeds of
23 cowpea varieties collected from
Badnapur, Maharashtra, India. Seeds
derived from the inoculated virus infected
plants were used to determine the extent of
seed transmission in each variety. Level of
seed transmission in each was determined
by visual symptoms together with the
identity of viruses checked through their
reactions on certain test plants and by
serological tests."

501 Mancino, L.J.C.; Agrios, G.N. Effects
of antiviral compounds on symptoms
and infectivity of cowpea chlorotic
mottle virus. Plant Disease, 68(3):
219-222. 1984. .
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Symptoms of cowpea plants infected with
cowpea chlorotic mottle virus (CCMV)
were suppressed when plants were sprayed
with ribavirin, amantadine, formycin, and
methisazone but not when sprayed with
MBC. 2-Thiouracil sprays increased or
decreased symptoms, depending on time of
application. 2-Thiouracil, formycin, and
methisazone also caused phytotoxicity on
sprayed plants. Ribavirin reduced and 2-
thiouracil increased the infectivity of
CCMV in some treatments, whereas the
other compounds had little or no effect.
Some ribavirin and formycin treatments of
~ soybean plants reduced CCMV local lesion
numbers significantly. All other
applications of the antivirai compounds
caused some but statistically
nonsignificant reductions in local lesion
formation. Ribavirin and amantadine did
not significantly alter detectable viral

antigen concentrations in sap from treated

infected cowpea plants as determined by
ELISA.

502 McGovern, M.H.; Kuhn, CW. A new
strain of southern bean mosaic virus
derived at low temperatures.
Phytopathology, 74(1): 95-99.
1984,

A new strain of southern bean mosaic virus
(SBMV), designated NCP, was derived
when certain cowpea lines were inoculated
with the cowpea strain (CP) and
maintained at 21 and 24C. NCP was
serologically different from CP and three
other strains of SBMV. Strain CP caused
necrotic local lesions on cowpea cultivar
Clay and plant introduction (Pl) 399419,
while NCP caused no symptoms on Clay and
local chlorosis and systemic mosaic on PI
398419, The two strains also differed in
susceptibility of their RNAs o proteinase
K and virion accumulation in cultivar Clay.
NCP partially overcame the resistance in
cultivar Clay, but had no appreciable effect
on the resistance of three other cultivars.
The four interesting factors responsible
for the derivation of NCP were: host,
temperature, viral replication, and viral
movement.

503 McGuire, J.M.; Gonzalez, A.R.;
Wickizer, S.L.. Cucumber mosaic
virus in southern pea. Arkansas
Farm Research, 33(2): 2. 1984,

An outbreak of moderate to severe mosaic
symptoms developed in southern pea
(Vigna unguiculata) in commercial fields
in northeast Arkansas and southeast
Missouri. Virus isolates were determined
by serological tasts to be a strain of
cucumber mosaic virus. Cucumber mosaic
virus are transmitted by numerous aphid
species. Practical procedures for
controlling cucumber mosaic virus such as
possibile availability of host resistance e
being investigated. '

504 Meer, J. van der; Dorssers, L.;
“ Kammen, A. van; Zebel, P. The RNA-
dependent RNA polymerase of cowpea
is not involved in cowpea mosaic |
virus RNA replication: immunological
Virologv, 132(2): 413-

evidence.
425, 1984,

The RNA-dependent RNA polymerase
(RdRp) of plants has been proposed to act
as core RNA polymerase in plant viral RNA
replication. An antiserum directed against
the host-encoded RdRp from cowpea leaves
was applied to examine a possible role of
this enzyme in cowpea mosaic virus
(CPMV) RNA replication. The amount of
host-encoded RdRp increased more than
20-fold in cowpea leaf cells infected with
CPMV. In striking contrast, no increase of
RdRp was found to accompany CPMV RNA
replication in cowpea mesophyll
protoplasts after infection with CPMV,
idicating that an increased amount of .
RdRp is not a prerequisite for CPMV RNA
replication. Furthermore, it is concluded
that, contrary to a currently popular
hypothesis, the host-encoded RdRp is not
involved in host response to virus
infection, the physiological significance of
which is not yet clear.

505 Miller, W.A.; Hall, T.C. RNA-
dependent RNA polymcrase isolated




from cowpea chilorotic mottle virus-
infected cowpeas is specific for
bromoviral BRNA. Virology, 132(1):
53-60. 1984.

An RNA-dependent RNA polymerase
activity capable of synthesizing full length
double-stranded RNA products only in the
presence of bromoviral RNA templates has
been isolated from cowpea chlorotic mottle
virus (CCMV)-infected cowpeas. No
comparable discrete products were
obtained when a nonbromoviral (cowpea
mosaic virus) RNA was used as template.
Heterodisperse, ribonuclease-sensitive
products were obtained in reactions
catalyzed by similar extracts from mock-
inoculated (uninfected) plants in the
presence of added CCMV RNA. Comparison
of the activities of the barley-and cowpea-
derived enzymes provides further evidence
for our contention that a virus-encoded
polypeptide is an integral component of
these replicases.

506 Molot, P.M.; Mas, P.; Lecog, H.;
Marchoux, G. Action, vis-a-vis de
quelques agents parasitaires, de deux
fractions elicitrices issues de
Phytophthora capsici appliquees sur
organes en survie et plantules de
diverses especes vegetales. [Effect of
two fungal elicitor fractions on
different host-parasite systems].
Agronomie (Paris), 4(9): 835-842.
1984.

Two partially purified elicitor fractions
G4 and G5 obtained from Phytophthora
capsici and applied on detached leaves or
cotyledons of Capsicum annuum reduced
infection by P. capsici. They also induced a
significant increase in the number of local
lesions produced by cucumber mosaic
virus (CMV-N strain) on pepper. A
significant increase in local lesion number
produced by CMV-N strain on Vigna
unguiculata, pepper and tobacco was also
observed.

507  Muniyappa, V.; Reddy, D.V.R.
Transmission of cowpea mild mottle

virus by Bemisia tabaci. Plant
Disease, 67(4): 391-393. 1983.

Individual Bemicia tabaci adulls acquired
cowpea mild mottle virus (MMV) in 10
min and transmitted it within 5 min to
soyabeans. Starvation before acquisition
had no effect upon transmission, but
starvation after acquisition decreased
transmission frequency. Irrespective of
the length of acquisition, ability to
transmit CMMV was relained in. the
whitefly for only four successive
inoculation access periods of 5 min. each,
but adults that lost the ability to transmit
the virus could reacquire and transmit the
virus. CMMV was not detected by enzyme-
linked immunosorbent assay in adults that
had been given acquisition access periods of
1-8 hour.

5(_‘30'8 Naidu, R.A.; Sreenivasulu, P.;

i Nayudu, M.V. Uptake and distribution
of 32P in tobacco ring spot virus
infected cowpea (Vigna unguiculata).
Indian Phytopathology, 36(3): 438-
442, 1983.

The uptake and distribution of 32P in TRSV
infected 6 day old cowpea plants: was
compared with that in healthy plants at 24
hr intervals for 5 days. The uptake of 32p
was more in infected plants. The dimension
of 32p was more into the virus infected
leaf when compared to the opposite healthy
leaf of the same plant. 32P incorporation
into inorganic, arganic, protein and
nucleic acid phosphorus fractions was
more, and less into lipid phosphorus
fraction of infected planis when compared
to healthy samples. The peak absorption of
32p was however the same till 48 hr after
inoculation, or 8th day plants after sowing
in both infected and healthy plants. This
suggests that infection by TRS s
responsible for higher 32P uptake and
distribution in general.

509 Nassuth, A.; Alblas, F.; Van Der Geest,
A.J.M.; Bol, J.F. Inhibition of alfalfa
mosaic virus RNA and protein




P
/

synthesis by actinomycin D and
cycloheximide. Virology, 126(2):
517-524. 1983.

Actinomycin D, added early after
inoculation, reduce the production of
infectious alfalfa mosaic virus in cowpea
photoplasts by 90%. This reduction was
associated with an inhibition of viral
minus-strand and plus-strand RNA
synthesis, suggesting the involvement of
host factors in these processes. Coat
protein production was less affected by the
drug. Addition of cycloheximida throughout
the growth cycle resulted in an immediate
cessation of coat protein production and an
enhanced degradation of viral RNA. This
degradation obscured possible effects of the
drug on viral RNA synthesis.

510 Nassuth, A.; Tenbruggencate, G.; Bol,
J.F. Time course of alfalfa mosaic-
virus RNA and coat protein-synthesis
in cowpea protoplasts. Virology,
125(1): 75-84. 1983.

A study was made of the time course of the
synthesis of viral plus-strand RNA,
minus-strand RNA, and coat protein in
alfalfa mosaic virus-infected cowpea
photoplasts. The three genomic RNAs were
synthesized at different rates, as were
their corresponding minus-strand. it was
concluded that viral RNA synthesis Is
regulated both at the level of minus-strand
production and the level of plus-strand
production. The synthesis of subgenomic
RNA 4 was slower than that of its
corresponding genomic RNA (RNA 3),
indicating that an additional functions
expressed later in infection, is required
for production of subgenomic coat protein
messenger. The data support A modsl for
RNA 4 synthesis involving internal
initiation by the RNA polymerase at the
intercistronic junction in minus-strand
RNA3.

511 Provvidenti, R.; Gonsalves, D.; Taiwo,
M.A. Inberitance of resistance to
blackeye cowpea mosaic virus and
cowpea aphid borne mosaic viruses in
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Phaseolus vulgaris. The Journal of
Heredity, 74(1): 60-61. 1983. .

In population from crosses of resistant and
susceptible plants of the bean (Phaseolus
vulgaris), resistance to blackeye cowpea
mosaic virus (BICMV) and to cowpea
aphid-borne mosaic virus (CabMV) was
conferred independently by single
dominant factors that appear to be closely
linked. Linkage was determined by
separately inoculating plants of the
testcross with both tissues on different
leaves. Since BICMV and CAbMV incite,
identical symptoms, but do not cross'

protect against each other, their presence ~ -

in each susceptible plant was determined
by enzyme-linked immunosorbent assay
(ELISA). The normally .resistant plants -
responded with a lethal systemic
hypersensitive reaction when approach-
grafted to BICMV- or CAbMV-infected
plants, or when mechanically inoculated
and held constantly at 35 deg. C.

512 Rossel, H.W.; Thottappilly, G. Virus

diseases of important food crops in .

tropical Africa.
1985.

61p. Ibadan, NTA.

This publication reviews the geographical
distribution, symptoms, identification and
control of the most prevalent virus
diseases of Africas' principal staple food -
crops including cowpeas.

513 Santos, A.A. dos; Lin, M.T.; Kitajima,
E.W. Caracterizacao de dois potyvirus
isolados de caupi (Vigna unguiculata)
‘no estado do Piaul. [Characterization
of two potyviruses isolated from
cowpea in the state of Piaui]
Fitopatologia Brasileira, 9(3):
567-582. 1984. .

i
Two viruses, cowpea rugose mosaic virus

(CRMV) and cowpea severe mottle virus

(CMV+V) were isolated from cowpeas in

1979. CSM+V infected a greater number of

plant species than (RMV) did. Nine cowpea

and three bean cultivars showed different




reactions to these two viruses. The green
peach aphid, Myzus persicae, {iransmitted
both viruses in non-circulate manner.
Only CSM+V was transmittcd by Aphis
citricola and through seeds of cowpea
cultivars Serido. Both viruses had the
same in vitro physical properties, thermal
inactivation point of 60-65 deg. C.
longevity in vitro between 7 and 9 days at
room temperature. In double diffusion
lests in agar gel, CRMV was shown to be
serologically related but not identical to
CSM+V and another potyvirus, cowpea
green vein-banding virus. Both CRMV and
CSM+V were not serologically related to
blackeye cowpea mosaic virus, bean
common mosaic virus and soybean mosaic
virus. Results obtained suggest that CRMV
and CSM+V are viruses previously
unreported in cowpea.

514  Savithri, H.S.; Erickson, J.W. The
self assembly of the cowpea strain of
southern bean mosaic virus formation
of T equals 1 and T equals 3 nucleo
protein particles. Virology, 126(1):
328-335. 1983.

Virion-like particles of the cowpea strain
of southern bean mosaic virus were
assembled from isolated coat protein and
RNA components in vilro at low ionic
strength. Purified southern bean mosaic

virus RNA was heterogeneous on sucrose

gradients, and was separated into low
(0.3-0.6x108 Da) and high (1.0-
1.4x106Da) motecular weight (MW)
fractions. Assembly with high MW RNA
resulted in T=3 particles at pH7 and 9.
Low MWRNA assembled with coat protein
into T=3 1 particles at pH5 and 7, and into
T=3 particles at pH9. The formation of
T=3 parlicles at PH9, and of T=1 particles
at pH7, required the presence of Ca2+ and
Mg2+ ions. Proteolytic digestion of the
basic amino-terminal arm of the coat
protein in the absence of RNA indicated that
the arm-RNA interaction is an early event
in the assembly of an initiation complex
for both types of particles. The effects of
pH and divalent cations on SBM assembly
suggest that the charge configuration of
carboxyl group clusters in the putative

initation complex regulates further
subunit interactions and, hence, the mode
(T=3 vs T=1) of assembly.

515 Schmidt, T.; Johnson, J.E.; Phillips,
W.E. The spherically averaged
structures of cowpea mosaic-virus
components by X-ray solution
scattering.  Virology, - 127(1): 65-
73. 1983.

The X-ray diffraction patterns of the four
components of cowpea mosaic virus
isolated from a cesium chloride gradient
were measured, using film methods to 30
resolution. Diffraction patterns were
analyzed by fitting computed two-shell
spherical models to the observed data. The
fitting procedure was applied to data to 80
A resolution to avoid the nonspherical
contribution 1o the pattern observed at
higher resolution. At PH 7.0 all four
components displayed the same external
spherically averaged radius of 140 2 A.
The lowest density component (top), which
contains no RNA, was best modeled by an
empty shell with an outer radius of 140

and an inner radius of 101 3 A. The
middle component, containing 27% RNA by
weight, was modeled with a uniform
electron density sphere. The bottom upper
and bottom lower components, which are
biologically identical but display different
bouyant densities in cesium chloride
solutions, were analyzed independently.
The bottom upper component was best
modeled with an 101 A inner (RNA
containing) sphere of mean electron
density 0.453e/A3 and a 101 to 140 A
outer (protein containing) shell of
electron density 0.410e/A3. The bdtiom
lower component was fit with the same
model excepi that the RNA containing
region displayed a mean electron density of
0.459e/A3. The implicatons of the
spherically averaged component structures
for the protein structure, RNA and protein
hydration, and cesium binding to RNA are
discussed.




516 Shanks, M.; Lomonossoff, G.P.; Evans,
D. Double-stranded replicative form
RNA molecules of cowpea mosaic
virus are not infectious. The Journal
of General Virology, 66(4): 925-
930. 1985.

Virus specific double-stranded replicative
form (RF) RNA was isolated from cowpea
infected with cowpea mosaic virus. The RF
was assayed for infectivity in a local lesion
host and a systemic host. In neither host
was undenatured RF infectious, although
infectivity was restored upon denaturation.

517 Singh, A.K.; Singh, A.K. Distribution
and inactivation of cowpea mosaic
virus in seeds and flowers of cowpea
cultivars:. Indian Phytopatho.ogy,
37(3): 568-570. 1984.

Experiments were conducted to find out the
distribution and inactivation of cowpea
mosaic virus in flowers and seeds of
© cowpea cultivars. The results showed that
the virus was present in the developing
flowers, immature and green seed tissues.
The virus was absent in the cotyledons and
diced pod tissues, seed coat and ootyledons

The virus was unable to move in the

cotyledons due to the inhibition of the
passage. In the diced seed tissues the virus
was absent due to inactivation of virus by
dehydration and inactivation system.

518 Singh, AK.; Singh, A.K. Effect of
cowpea mosaic virus (CpMV) and
southern bean mosaic virus (SBMV)
on yield of cowpea. cv. Pusa Dofasli.
Tropical Grain Legume Bulletin, 31:

21-23. 1985.

A field experiment was conducted io study
the effect of cowpea mosaic virus (CpMV)
and southern bean mosaic virus (SBMV) on
the yield of cowpea cv. Pusa dofasli. A
control of healthy plants were compared
with plants inoculated with viruses at 7,
21 and 35 days of age. All inoculated plants.
become infected and number of flowers,
pods and seed as well as seed size and fresh
and dry weight decreased. Decrease in pod

\.
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- 519 Singh, A.K.; Singh, AK.
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- number and fresh and dry weight was
-jreater in pods obtained from cowpea
plants infected with SBMV than from CpMV
while reduction in the number of seeds,
flowers, pod size and weight was greater in
early inoculated plants.

Effect of
southern bean mosaic virus infection
on the leaf protein concentrates in
cowpea cultivars Current Science,
53(7): 390. 1984. .

Seven varieties were inoculated with the
virus as seedlings. Infected plants had
higher contents of leaf protein
concentrates (LPC) than healthy plants,
with higher contents of nitrogen and
protein but lower contents of sugar and
starch in the LPC than found in healthy
plants. Varietal differences in LPC
composition were evident.

520 Smith, A.G.; Durand, D.F.; Hall, J.H.
Interactions of cowpea mosaic virus
with cowpea protoplasts. Journal of
Phytopathology, 107(2): 182-191.
1983. '

The capability of cowpea mosaic virus to
attach to and infect protoplasts of immune,
hypersensitive and susceptible cowpea
(Vigna unguiculata) lines was examined by
inoculating protoplasts with either
purified virus or radioiodinated purified
virus 1251-CPMV. Systems were used in -
which plants were immune and protoplasts
susceptible, plants were immune and
protoplasts resistant, and plants and
proiopla=ts were susceptible to CPMV. No
differencés. were observed in the
attachment of 125-CPMV to resistant and
susceptible protoplasts. Polycations,
proteins, or virus particles were added to
the inoculation medium to neutralize
potential nonspecific interactions between
cells and virus particles. The various
additives induced quantitative differences
in binding of virus particles te
protoplasts.




521 Thongmeearkom, P; Honda, Y.; Jwaki,
M.; Deema, N. Ultrastructure of
soybean leaf cells infected with
cowpea mild mottle wvirus.
Phytopathologische Zeitschrift,
109{1): 74-79. 1984.

Cowpea mild mottle virus (CMMV), a
whitefly-transmitted, rod-shaped virus
isolated in Thailand, induces feather-like
structure in the cytoplasm of infected
soybean cells. These structures were the
results of a complex arrangement of virus
particles and occurred in all types of cells
observed. An organised arrangement of
virus particles in the form of layers was
also observed in the cytoplasm of the
infected cells. In ultrathin sections, the
particles measured about 10mm wide and
more than 600, long, which corresponded
to the size reported for the purified
preparations of CMMV.

522  Thottappilly, G.; Rossel, H.W.
Worldwide  occurrence and
distribution of virus diseases. In:
Cowpea research, production and
utilization, edited by S.R. Singh and
K.O. Rachie. 155-171. Chichester,
England, John Wiley. 1985. v

This is a comprehensive survey of the

major viruses attacking cowpoas. The mosi
important ones are described according tc:

countries where they have been reported,
symptoms produced by the viruses,
vectors, modes of transmicsion,
characteristics of the viruses and control
measures.

523 Van Beek, N.A.M.; Derksen, A.C.G.;
Dijkstra, J. Polyethylene glycol-
mediated infection of cowpea
protoplasts with Sonchus yellow net
virus. The Journal of General
Virology, 66(3): 551-577. 1985.

The conditions favouring the infection of
cowpea mesophyll protoplasts by Sonchus
yellow net virus (SYNV) were determined.
When 3 x 108 protoplasts were inoculated
with 60 LgSYNV in 40% polyethylene
glycol, 3mM-CaClo at room temperature,

over 90% of the surviving protoplasts
became infected. Infectivity tests showed
that the virus could be detected 12 h after
inoculation.

524 Vetten, W.J.; Allen, D.J. Effects of
environment and host on vector
biology and incidence of two whitefly-
spread diseases of legumes in Nigeria.
Annals of Applied Biology, 102(2):
219-227. 1983.

Seasonal periodicity in the incidence of
cowpea golden mosaic (CGM) and lima bean
golden mosaic (LBGM), two whitefly-
spread virus-like diseases, corresponded
closely with fluctuations in population
density of their vector, Bemicia tabaci at
two conirasting sites in southern Nigeria.
More pupae of B. tabaci occurred on CGM-
susceptible cowpea cultivars than on
resistant ones but these observations did
not relate to the yellow - sensitivity of
whiteflies. Resistance to CGM in cowpea
was identified amongst germplasm exposed
to natural infection. Resistance was
associated with lower disease incidence,
slower spread and milder expression of
symptoms relative to susceptible
cultivars. Vector non-preference for
resistant cultivars may have contributed
to reduced secondary spread.

525 Watts, J.W,; King, J.M. The effect of
charge in infection of tobacco
protoplasts by bromoviruses. The
Journal of General Virology, 65(10):
1709-1712. 1984,

The susceptibility of freshly isolated
tobacco protoplasts to infection by brome
mosaic virus(BMV) fell rapidly to a low
residual level over a period of 8h in
culture. In contrast, susceptibility to
infection by cowpea chlorotic mottle virus
(CCMV) fell much more slowly over 15h
in culture to a similar residual level. In
the absence of polycations, BMV infected
many more protoplasts if CCMV were also
present in the inoculum even though CCMV
did not infect such doubly inoculated
protoplasts. Both effects are thought to be a
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consequence of the different electrical
charges of particles of the viruses and
support the view that inoculation of
protoplasts depends primarily on physical
interactions between virus and protoplast.

526 Wyatt, S.D.; Wilkinson, T.C. Increase
and spread of cowpea chiorotic mottle
virus in resistant and fully
susceptible cowpeas. Physiological
Plant Pathology, 24(3): 339-345.
1984.

The resistance of cowpea plant introduction
(Pl) 186465 to infection by cowpea
chlorotic mottle virus, strain T, involves
reduced virus replication and restricted
virus movement. At the cellular level, it is
difficult to distinguish between uniformly
reduced virus replication and a high
virus-replicating capacity in only a few

HOO Processing

527 Denloye, A.O.; Ade-John, A.O.
Moisture sorption isotherms of some
Nigerian food grains. Journal of
Stored Products Research, 21(2):
53-58. 1985.

An apparatus that can be used to rapidly
determine moisture sorption isotherms for
granular food products is described.
Moisture sorption isotherms were
determined for four granular food products:
cowpeas, maize, groundnuts and soyabeans
of Nigerian origin and at three
temgeratures (30, 40, 50 deg. C).
Hysteresis was observed in the isotherms
for the four products and the equilibrium
moisture content was lower for the oily
grains (soyabeans and groundnuts) at the
same value of relative humidity. The
Hailwood and Hourobin equation was used to
correlate the experimental data and the
values of the correlating constants are
tabulated. The Brunauer, Emmett and
Teller equation was also used to obtain
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cells. Therefore, protoplasts were isolated
at intervals from inoculated leaves and
stained with virus-specific fluorescent
antibody. Protoplasts from Pl 186465
leaves inoculated with strain T showed a
steady increase in the fraction of stained
cells to a value of approximately 25% at
25 days after inoculation. In contrast, the
more virulent strain R caused the fraction
stained to rapidly increase to
approximately 40% at day 7 and remain
close to that value through day 25. When
isolated Pl 186465 protoplasts were
inoculated with strains T and R the viruses
increased with equal efficiency. It is
concluded that leaf cells of this cowpea
strain reduced both the accumulation and
spread of strain T but lose the ability to
reduce accumulation when isolated as
protoplasts. ‘

estimates of the monolayer water content
for the four grains.

528 Ologhobo, A.D.; Fetuga, B.L. Effect of
processing on the trypsin inhibitor,
haemagglutinin, tannic acid and
phytic acid contents of seeds of ten
cowpea varieties. Tropical
Agriculture,61(4): 261-264.
1984.

Trypsin inhibitor (Tl) and haemagglutinin
activities, tannic acid and phytic acid
contents were determined.in 10 varieties
of cowpea. The different varieties were
subjected . to four processes: cooking,
soaking, autcclaving and germinatiion. TI
and haemagglutinin activities were
completely eliminated by cooking and acid
contents by 31.0-47.3%. Soaking for
three days decreased Tl activity by a mean
of 31.2% haemagglutinin activity by
19.0%, tannic acid by 13.4% and phytic
acid by 24.4%. Maximum germination




effects on Tl and haemagglutinin activities
were obtained in 'Westbreed'. and 'Kano
1696' where percentage losses amounted to
57.2 and 57.6 respectively. The phytic
acid contents of all varieties were greatly
reduced by germination.

529 Phillips, R.D.; Baker, E.A.; Kennedy,
M.B.; Chhinnan, M.S.; Rao, V.N.M.
Production, textural, and nutritional
properties of extruded foods from
cowpea meal. In: Research in food
science and nutrition. Volume 1: the
production, preservation and
processing of food; Proceedings of the
Sixth International Congress of Food
Science and Technology, Dublin, Sept.
18-23, 1983, edited by J.V.
MclLoughlin and B.M. McKenna. 122-
123. Dublin, Boole Press. 1983.

Cowpeas of a type with brittle, loosely
adhering seed coats were decorticated by
coarsely cracking the seeds and aspirating
the seed coats, then hydrated to 20%, 30%
or 40% water and chopped into course
meals. Extrusion was carried out on a pilot
scale extruder at barrel temperatures of
150, 175 and 200 deg. C. The textural
properties of cowpea extrudates were
greatly affected by feed moisture and
barrel temperature. The nutritional
qualities of cowpea extrudates depended on
the method used to measure them. In vitro
protein digestibility varied significantly
with processing.

530 Phillips, R.D.; Kennedy, M.B.; Baker,
E.A.; Chhinnan, M.S.; Rao, V.N.M.
Novel foods from cowpeas by
extrusion cooking. In: Cowpea
research, production and utilization,
edited by S.R. Singh and K.O. Rachie.
367-373. Chichester, England, John
Wiley. 1985.

Novel foods having nutritional quality equal
to that of traditional products can be
produced by extrusion cooking of cowpea
meal. The protein quality can be enhanced
by incorporating complementary amino
acids, either in the free form or within

other ingredients that could be combined
with cowpea meal before extrusion.

531 Salunkhe, D.K.; Desai, B.B. Cowpea
(or Southern Pea). In Their:
Postharvest Biotechnology of
Vegetables. 131-134. Boca Raton,
Florida, CRC Press, Inc.. - 1984.

The green pods of cowpea are harvested
when moderately tender for the fresh
market. If grown as a field crop, the dried
pods maybe picked twice or thrice during
the harvest period. Once-over harvests are
also common especially when mechanical
harvesting is employed. Changes in the
quality of cowpeas were found out to be
minimal when stored at 5§ deg. C. The
changes consisted of decreases in the
percentage of green seed, total chlorophyll,
sugar, starch and protopectin. A decrease in
green seed occurred after 12 hours when
the. produce was stored at 25 deg. C. When
the processing variables such as soaking
medium, soaking temperature, and soaking
time in the production of quick-cooking

“southern peas were investigated, the rapid
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low temperature vacuum- infusion of
soaking water produced a uniform product
with good seed coat integrity. The use of
refrigerated water (4 deg. C) soaking
medium and short soaking times greatly
reduced the seed coat disruption (11%
disrupted seed coat) as compared to
samples soaked at higher temperatures and
longer times, exhibiting higher disruption
(86 to 100%).

532 Sefa Dedeh, S. An old . procesing
method, a new protein food. Food and
Nutrition Bulletin, 6(1): 77-80.
1984,

The old processing method of making gari is
described. With little modification the
process is demonstrated in developing a
new protein food called "abropa” which is a
combination of covwpea and can flours mixed
in the desired proportions. The abropa
samples prepared have protein contents
ranging from 14 to 20 per cent, increasing




according to the level of cowpea flour in the
mixture.

533 Senter, S.D.; Cox, N.A.; Bailey, J.S.;
Meredith, F.I. Effects of harvesting,
transportation, and cryogenic
processing on the microflora of
southern peas. Journal of Food
Science, 49(6): 1410-1411. 1984,

Samples of southern peas (Vigna
unguiculata (L) Walp., cv. Purple Hull
Pinkeye) were obtained at critical stages in
a normal harvesting, transportation, and
cryogenic processing operation and
microbiologically analyzed for total plate

count (TPC), Enterobacteriaceae count
{ENT), and yeast and mold counts. Molds
were identified to genera while ENT were
identified to species. Operations involving
extended holding times tended to increase
all  counts significantly, although
subsequent processing reduced these counts
to an acceptable level. Predominant genera
of ENT and molds appeared to be soil borne
organisms such as Enterobaciter
agglomerans, Enterobacter cloacae,
Klebsella pneumoniae, and Serratia
liquefaciens, and Fusarium, Cladisporium,
Alternaria, Phoma, and Aspergillus,
respectively. ‘

100 Economic and Social Aspects

534 Adams, W.M. Beans-cowpeas:
production constraints and national
programs. 67p. [East Lansing,
Michigan State University. 1984.

This publication presents information
which has been drawn from sources in 26
countries in Africa, Latin America and the
Caribbean. The emphasis has been placed
upon production and utilization constraints
and cowpea and bean research and
utilization programs in each country.

535 Ashraf, M. Farming-systems
approach: research on cowpeas and
extension. In: Cowpea research,
production and utilization, edited by
S.R. Singh and K.O. Rachie. 341-
849. Chichester, England, John
Wiley. 1985.

This paper describes the use of a varming
systems approach for transferring new
high-yielding cowpea varieties to the
smallholders in the sub-humid tropics of
Nigaria. The methods that emerged from a

3-year on-farm research-extension
experience consist of a procedure used for
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grouping small farmers into various
homogeneous recommendation domains;
assessing opportunities and leverages for
improving the productivity of the existing
cropping systems; and the on-farm testing
of short season cowpea varieties that
farmers were keen to accept.

536 Deka, J.C.; Singh, Y.; Sharma, K.C.;
Gupta, P.C.; Bhardwaj, A.K. Studies on
rice based multiple crop sequences. |.
Crop yields and economics. Indian
Journal of Agronomy, 29(4): 485-
489. 1984,

Field investigations were carried out from
1979-80 to 1982-83 at the Crop
Research Centre, Pantnagar to work out the
economics of six rice based crop rotations.
The rotation rice-wheat-maize+cowpea
gave maximum net return followed by
rice-berseem. In these two rotations,
higher profit was due to forage component.

537 King, J.; Nnanyelugo, D.O.; Ene-
Obong, H.; Ngoddy, P.O. Market index
and dietary patterns of low income




households with special reference to
cowpea (Vigna unguiculata). Nigerian
Journal of Nutritional Sciences,
5(1): 53-58. 1984,

A 4-day weighed intake was done on 60
preschoo! children in and around Nsukka
township of Anambra State, Nigeria during
the wet season. The adequacy of the
children's diet and the contribution to it
made by cowpea (Vigna unguiculata) and
other legumes was investigated. The
children were drawn randomly from a
sample of 250 households in which
consumption and utilisation patlerns
relating to most of their food and 38%
purchased half and grew half; therefore
although Nsukka is situated in a a
predominantly rural area, this community
may be viewed as being in the process of
urbanisation, with consequent changes in
dietary pattern. A 24 hour dietary recall
showed that yam, rice and cassava were the
most popular staples; 39% had eaten
cowpea the previous day, compared to only
23% for meat. This. is in contrast to an
earlier study and may reflect the effects of
the current "austerity” period. A market
Index of common food items and legumes at
Nsukka market was done on a quarterly
basis from January to October 1983 and
calculated as cost per 4.2MJ energy and
20g. of protein. Although prices fluctuated
greatly for yam and cassava, legumes were.
less affected and, after fish and maize, were
the cheapest source of protein. Intakes of
the preschool children did not meet
recommended levels for energy, protein,
calcium, riboflavin and niacin. Cowpea and
other legumes contributed significantly to
intakes of protein, iron, thiamin and
niacin.

538 Mittal, S.P.; Grewal, S.S.; Agnihotri,
Y.; Singh, P. Economics of
intercropping legumes in maize under
rainfed condition. International
Journal of Tropical Agriculture,
3(3): 187-191. 1985.

A study was conducted for four years
(1980-1983) to find out yield, total
production and net returns by growing
legumes, viz. cowpea, black gram, green
gram, and groundnut as intercrops with
maize at 60 cm spacing under rainfed
condition. All intercrops reduced maize
yield. Cowpea reduced net returns by 22%
as compared to pure maize grown at
optimum spacing of 60 cm.

539 Ngambeki, D.S. Economic evaluation
of alley cropping leucaena with
maize-maize and maize-cowpea in -
Southern Nigeria. Agricultural

Systems, 17(4): 243-258. 1985.

This paper attempts to assess the economic
implications on_ labour utilization for the
management of the leucaena hedgerows, on
crop yields and the overall benefits from
alley cropping with leucaena. The results.
show that although the management of
leucaena trees " increases labour
requirements by .about 50% the system can
sustain and increase maize yields by over
60%, reduce the use of nitrogenous
fertilizers and give an attractive net
income and marginal rate of return per
unit cost. It gave a reasonable benefit-cost
ratio of 1.23 to 1.32 and looks promising,
especially for maize production in tropical
areas.




Joo Nutritional Studies

540 Akinyele, 1.0. Acceptability and
chemical characteristics of cowpea
products from two new varieties.
Cereal Foods World, 30(8): 553.
1985.

The development of high yielding cowpea
varieties at the International Institute of
Tropical Agriculture (lITA) have
stimulated research into their utilization
for producing various cowpea products.
Traditionally cowpeas are eaten cooked or
fried as ‘'akara' balls, steamed as
‘moinmoin’ or made into a cowpea soup
preparation called 'gbegiri'. The quantity of
these products depend in large part on the
functionality of the cowpeas. Since these
new varieties have not been tested as to
their functionality, this study was
undertaken to evaluate two such varieties
TVX 3236 and IT82E-60to make three
cowpea products viz 'akara’, 'moinmoin’
and 'gbegirl’, using traditional methods.
The products were as acceptable to taste
panelists as the traditional products. The
pH of the cowpea products were similar in
all cases while the amylose content soluble

sugars increased with type of cowpea

products. The new varieties therefore give
products that are comparable with
traditional ones. The protein and caloric
content of the products are important in
meeting the nutrient requirements of rural
Nigerians.

541 Awolumate, E.O. Accumulation and
quality of storage protein in
developing cowpea, mung bean and
soya bean seeds. Journal of the

- Science of Food and Agriculture,
34(12): 1351-1357. 1983.

The study was carried out to compare the
time course of laying down seed storage
protein in cowpea, mung bean and soybeans.
Pods were harvested periodically during
seed maturation and studied for changes in
fresh and dry weights, total sulphur, total
nitrogen and protein content. The total
sulphur which formed a substantial amount
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of the sulphur amino-acids in mature seeds
did not change much in cowpea and mung
bean. Storage protein accumulation was
very rapid between 7 and 14 DAF (12.9%
day-1) in cowpea.

542 Bhatia, C.R. Possibilities of seed
protein improvement in tropical and
sub-tropical legumes. In: Seed
Proteins. Biochemistry, genetics,
nutritive value. 451-480. The
Hague, Netherlands, Martinus
Nijhoff. 1683.

This review includes consideration of the
protein contents and composition of various
legumes including cowpea.

543 Bressani, R. Nutritive value of
cowpea. In: Cowpea research,
production and utilization, edited by
S.R. Singh and K.O. Rachie. 353-
359. Chichester,” England, John
Wiley. 1985.

The paper discusses the nutritional quality
of cowpea in the context of diet as a food
component consumed together with such
staples as cereal grain and starchy foods. It
covers variability in the chemical
composition of cowpea, antiphysiologic
factors, the supplemental effect of cowpeas
when eaten with staple foods processing and

" its effects on nutritional quality of cowpeas

and some recommendations for
improvement.

544 Ekpenyong, T.A. Effect of cooking on
polyphenolic content of some Nigerian
legumes and cereals. Nutritional
Reports International, 31(3): 561-
566. 198S5.

To evaluate the polyphenolic content of
some common Nigerian legumes and cereals
and the effect of cooking on the tannic acid
content, two varieties of cowpeas and three
species of legumes were purchased locally.




Three sorghum varieties and two millet
varieties were obtained from the Institute
of Agricultural Research, Ahmadu Bello
University, Zaria. All the samples were
steam treated by autoclaving. The tannin
content was determined and the results
showed that dark coloured seed coats
contain more tannin than the light coloured
seed coats. Tannin affects the nutritional
value of grains. Cooking reduces
significantly the tannin levels and this loss
in tannin is attributable to the destruction
of polyphenolic compounds by moist heat. it
is also due to the formation of some
insoluble complex between the tannin and
protein.

545 Haytowitz, D.B.; Matthews, R.H.
Effect of cooking on nutrient retention
of legumes. Cereal Foods World,
28(6): 362-364. 1983.

The results of studies by Virginia
Polytechnic Institute and State University
and the University of Idaho give valuable
information concerning the retention of
nutrients during the cooking of legumes
such as cowpeas, beans broadbeans,
chickpeas and lentils. The nutrient

retention of cowpeas was as follows: -

protein, 96%; ash, 76%,; fat, 100%;
potassium, 76%; iron, 92%; zini, 100%;
copper, 85%; thiamine, 65%; riboflavin,
76%: niacin, 66%; Vitamin B6, 59% and
Panthothenic acid, 64%.

546 imungi, J.K.; Potter, N.N.
Nutritional and sensory properties of
canned and stored cowpea leaves.
Nutrition Reports International,
31(1): 21-34. 1985.

Canned leaves were compared in terms of
nutritional and sensory properties with
leaves cooked by traditional Kenyan
techniques. The leaves were also stored at
temperatures 24 and 30 deg. C, and
nutritional and sensory properties assessed
at three months intervals for a total of 9
months. Freshly canned cowpea leaves
compared well with cooked leaves in terms
of both nutritional and sensory properties.

No significant change was observed in the
sensory properties of canned leaves during
the storage period and nutrient retention
was also quite good. The results indicate
that a convenient high quality cowpea leaf
vegetable product can be produced by the
canning process.

547 Imungi, J.K.; Potter, N.N. Nutrient
contents of raw and cooked cowpea
leaves. Journal of Food Science,
48(4). 1252-1254. 1983.

Seeds of cowpea (Vigna unguicullata)
cultivar MM4 obiained from Kenya were
grown for their leaves as a vegetable. The
mean crude protein contents of the leaves
from the 1981 and 1982 seasons were
328 and 34.3% of total solids,
respectively, and leaves were a
particularly good source of minerals,
including iron, calcium, phosphorus and
zinc. Levels of vitamin C, total carotene,
and free and total folacin were 410mg,
57mg, 334 mcg and 2012 mcg,
respectively, per 100g of solids: Freshly
harvested leaves cooked by a traditional
Kenyan technique retained 88% of their
crude protein and substantial quantities of
minerals. Losses in vitamin C and free and
total folacin were 87%, 49% and 66%
while their recoveries in the cooking water

were 5.6%, 20% and 12%, respectively. -

Carotene in the cooked leaf solids increased
slightly. Comparisons with other leafy
vegetables indicate good potentiai for
processing.

548 Job, T.A.; Maner, J.H.; Buitrago, J.
Cowpea protein supplementation of
cassava for rats : lthe effect of
cooking and ensiling on the utilization
of cowpea-cassava diets by growing
rats. Nigerian Journal of Nutritional
Sciences, 4(1): 29-34. 1983.

Cassava of the bitter and sweet varieties
were fed with either cooked or raw
cowpeas, with or without ensiling, to rats.
The cassava-cowpea mixtures contained
74.5% of cassava and 25.5% cowpea on a
fresh basis with a calculated crude protein
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content of 13% on a dry basis. The
mixtures were either dried directly in
forced-air oven at 70 deg.C for 36 hours
or ensiled in plastic bags for one month
before subsequent drying at same
temperature on the unensiled material.
Either the bitter or sweet cassava-cooked
cowpea diet was as well utilized by rats as a
cassava starch-soybean meal control.
Feeding the raw cowpea- cassava mixtures
significantly (P<0.01) depressed gain
when compared with the cooked unensiled
forms.

549 Ketiku, A.; Ladoye, O. The chemical
composition and protein quality of
rice and peeled beans mixtures.
Nigerian Journal of Nutritional
Sciences, 5(1): 23-27. 1984.

Rice and peeled beans, combined in various
proportions, were c¢ooked together,
analysed for their nutrient content and
evaluated biogically., Apparent protein
digestibility values for the rats ranged
from 82.2% for peeled beans/rice
combination (80:20 on protein basis) to
85.3% for the mixture containing peeled
beans and rice in the ratio, of 80:50,
protein contribution. The digestibility
coefficient of 85.3% for peeled beans and
rice in the ratio of 50:50 protein
contribution was not significantly different
from 83.4% obtained from unpeeled beans
and rice (50:80, protein contribution).
The protein quality parameters, PER
(adjusted NPR and relative NPR ranked the
protein of the different rice and
peeled/unpeeled beans mixtures in the
same order. Peeled beans/rice (50:50,
protein contribution) had the highest PER
(adjusted) of 1.98 and NPR of 3.66. This
same mixture of peeled beans and rice
contained 17.8g% protein, a figure close to
20.3g% for 'soy-ogi' and a multiple of
3.449% for 'corn ogi'. The estimated gross
energy value was 390 Kcals/100g. its PER
of 1.98 compared favourably with soy-
ogi's 2.2. This cooked peeled bean/rice
mixture may thus form the basis for the
development of another weaning food for
Nigerian children.

550 Mabesa, L.B.; Novero, F.E. Baking
qualities of flour from germinated and
ungerminated legumes. Philippine
Journal of Crop Science, 10(2): 63-
70. 1985.

The baking qualities of flour from
germinated and ungerminated legumes were
evaluated. Legumes used were cowpea, navy
hean, soybean, rice bean and mung beam.
Wheat flour was substituted by flour from
either ungerminated and germinated legume
at 10, 20 and 50% level. Results indicated
that the loaf volume decreased as the crumb
tended to darken when legume flour was
used particularly those from germinated
legume flours. Substitution of wheat flour
for the preparation of loaf bread with
legume flour was tolerable up to 20%.

551 McWatters, K.H. Functionality of

cowpea meal and flour in selected
foods. In: Cowpea research,
production and utilization, edited by
S.R. Singh and K.O. Rachie. 361-
366. Chichester, England, John
Wiley. 1985.

This paper reports on the performance of
cowpea meal and flour in several foods like
ground beef patties, bread, cookies,
doughnut and akara. It was found that the
production of good-quality akara depends
upon the volume and viscocity of the foam
produced when cowpea paste is whipped.

552 Mcwatters, K.H. Compositional,
physical, and sensory characteristics
of akara processed from cowpea paste
and Nigerian cowpea flour. Cereal
Chemistry, 60(5): 333-336.
1983.

Quality- characteristics of akara processed
from a commercial Nigerian cowpea flour
and from soaked but not dehulled cream
peas (Dixiecream cultivar) were compared
to traditionally prepared akara as a
reference. Particle size analysis showed
that the flour which had poor water
absorption was considerably finer than
traditional paste, with the greatest




concentration (68%) of flour particles
occurring in the 200-400-mesh range,
compared to 64% in the 50-100-mesh
range for traditional paste. Reference and
Dixiecream akara were higher in moisture
(45.3 and 48.5%, respectively) and crude
fat 31.8 and 30.3%, respectively than
flour-based akara (40.8% moisture,
20.8% crude fat). Flour-based akara,
which contained whole egg, was higher in
protein content (19.3%) than reference
(16.1%) or Dixiecream akara (17.3%).
Sensory attributes of akara from all
treatments were highly acceptable except
for the dry, tough texture and beany
flavour noted in flour-based akara.

553 Meredith, F.l.; Langdale, G.W.; Dull,
G.G. Effect of ammonium nitrate and
low level foliar treatments of
simazine on some chemical
components and protein quality of
cultivar Pinkeye Purple Hull pea
(Vigna unguiculata) seeds. Journal of
Food Science, 49(1): 221-224,
1984.

Southern pea seeds were grown two years
with treatments of ammonium nitrate
fertilizer 0, 30 and 60 kg/ha and simazine
0, 2,000 and 4,000 ppm applied as a
foliar spray. No differences were found in
yield, crude fat and crude fiber. Ash,
protein and several of the amino acids
increased with the 30 and 60kg/ha
nitrogen fertilizer treatments. Treatments
with simazine had no effect on the essential
amino acid content. In the Southern pea
seeds, protein quality was decreased by the
treatments with nitrogen fertilizer,
simazine and combinations of these
treatments.

554 Meredith, F.l.; Langdale, G.W.;
Searcy, G.K.; Hollander, S.A. Effect of
foliar applied simazine and
ammonium nitrate on the elemental
content of cowpea seeds. Journal of
Food Science, 50(1): 93-95, 105.
1985.

The elemental concentration of K, Na, P,
Ca, Fe, Mg, Cu, Zn, and Mn was determined
in seeds of three cultivars of cowpeas
(Vigna unguiculata (L.) Walp.) treated
with 0, 2000, and 4000 ppm simazine as a
foliar spray and side dressed with 0, 30,
and 60 kg/ha ammonium nitrate fertilizer.
The element Ca was increased by the
simazine treatment in 'Pinkeye Purple
Hull' and Mn was increased by the
ammonium nitrate fertilizer treatment in
'‘Mississippi Silver'. Significant fertilizer
by simazine interactions were found with
the remaining elements. Similar treatment
responses in the elemental concentration
were found among the three cultivars. The
percentage recommended dietary
allowances based on the individual
elementary concentrations that a 100g raw
edible portion of cowpeas would supply
were not significantly affected by the
treatments.

555 N'doye, A.S.; Drapron, R.
Stabilisation de la farine de niebe
(Vigna unguiculata L.) en rue de la
preparation d'un aliment de sevrage
mil-niebe, au Senegal. [Stabilization
of the niebe-meal (Vigna unguiculata
L.) in order to prepare a millet-
niebe weaning food in Senegal.]
Sciences des Aliments, 5(Special
no.5): 103-112. 1985.

In Senegal, previous clinical results
indicated that a mixture of millet and niebe
[cowpea] flour has an excellent nutritional
value and could be dispensed to infants
affected by kwashiorkor disease. However,
this contribution of the cowpea flour has
not been fully exploited because of the
development of beany and rancid flavors
during the storage of the flour. It was found
out that a key enzyme oxidising
polyunsaturated fatty acids-lipoxygenase-
is responsible for the degradation of the
nutritional quality of the cowpea flour. To
resolve this, a thermal treatment of the
flour was carried on: the complete
inactivation of lipoxygenase was obtained
after 30 minutes at 100 deg. C when the
moisture content of the flour is 10%.
Comparatively, when moisture is 16%,




inactivation is obtained only after 1 minute
at the same temperature. This last
condition is more economical and less
damaging to organoleptic characteristics. In
addition, lipase is inhibited and
antinutritional factors such as trypsin
inhibitors and most of the microorganisms
are destroyed.

556 Ologhobo, A.D.; Fetuga, B.L.
Distribution of phosphorus and
phytate in some Nigeria varieties of
legumes and some effects of
processing. Journal of Food Science,
49(1): 199-201. 1984,

Phytate anion, total phosphorus (P),
phytate-P, inorganic and residual P
contents were determined in different
varieties of cowpeas, lima beans and
soybeans. The dry seeds were subjected to
different processing methods which
included cooking, autoclaving, soaking and
germination. Germination and soaking were
most effective in decreasing phytate
contents while cooking and autoclaving only
slightly altered total P, phytate and
phytate-P contents in all varieties.
Germination increased inorganic P contents
but effected the highest percentage loss in
residual organic P.

557 Onigbinde, A.O.; Akinyele, |.O.

Oligosaccharide content of
20varieties of cowpeas in Nigeria.
Journal of Food Science,48(4):
1250-1251. 1983.

Mature dry seeds of 20 varieties of
cowpeas (Vigna unguiculata) grown in
Nigeria were analyzed for their sucrose,
raffinose and stachyose content. The dry
seeds were ground into powder, extracted
with 80% ethanol and the extract analyzed
by paper chromatography using a mixture
of n-butanol, water ammonia solution
8:1:2:1 wv/v). The results show a
progressive decrease in raffinose and
stachyose content with dehulling and
cooking and an increase in sucrose level
after cookiny. The average content of the
sugars in whole beans on dry weight basis
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was sucrose 0.8% raffinose 2.6% and
stachyose 3.3%. The average cuntent for
dehulled raw beans were sucrose 0.7%,
raffinose 1.8%, respectively.

558 Onwuka, N.D. An appraisal of the
cooking quality enhancement of
cowpea by Kaun (Akanwu). Journal
of Food Science and
Technology,20(5): 198-201. 1983.

Cowpea was cooked with different quantities -
of Kaun (Akanwu) to determine its effect
and organoleptic qualities. It was found
that, increase in the concentration of Kaun,
decreases cooking time, alters the texture
(calculated as percentage strain) and
increases the nonenzymic browning
reaction. If the ratio of Kaun and cowpea
seeds is lower than 1:250 (w/w) the
product becomes salty and develops
offensive odour. Similar effect is noticed
with alkalies like NaOH and KOH, the effect
more pronounced with NaOH. Concentration
of the reducing sugar (glucose) in the
cooked samples decreases as the
concentration of Akanwu increases. Because
of the reduction in cooking time, a
considerable amount of energy can be saved.

559  Phillips, R.D.; Chhinnan, M.S,;
Mendoza, L.G. Effect of temperature
and moisture content on the kinetics
of trypsin inhibitor activity, -protein
in vitro digestibility and nitrogen
solubility of cowpea flour. Journal of
Food Science, 48(6): 1863-1867.
1983.

Samples of finely ground cowpea flour
containing 7.5%, 19.4% and 25.5%
moisture were heated in sealed tubes at
100%, 125 deg, and 150 deg. C for periods
of 0.5 to 120 min. First order rate
constants for losses of trypsin inhibitor
activity and nitrogen solubility ranged
from 1 x 10-2 o 18 min-1 and from 4 x

10-2 to 8 min-1 respectively. In vitro
protein digestibility (IVD) increased, then
decreased ‘with heating as described by
sequential first order kinetics. Rate
constants for increase of IVD varied from




0.13 to 12 min-1: while for decrease in
IVD the range was 5 x 10-5 to 3 x 10-2

min-1. Activation energies and
relationships between 1n k and water
activity were computed.

560 Phillips, R.D.; Chhinnan, M.S.;
Kennedy, M.B. Effect of feed moisture
and barrel temperature on physical
properties of extruded cowpea meal.
Journal of Food Science, 49(3):
916-921. 1984.

Whole cowpeas were decorticated, adjusted
to moisture contents of 20, 30 and 40%,
chopped into coarse meals and extruder on a
Wayne pilot-scale extruder at barrel
temperatures of 150, 175 and 200 deg. C.
Measured product temperatures ranged
from 130-164 deg. C. Product moistures
ranged from 10-34% and were affected
mainly by initial moisture. Expansion at
the die was highest for 20% moisture
extrudates (1.7-1.9), and lowest for 40%
samples (0.9-1.3). The 20%-15
extrudate was dense and twisted. The 20%-
175 product was highly expanded (0.23
g/cm3). Other products were intermediate
in density. Tristimulus color values were
determined.

561 Reddy, B.N.; Nusrath, M. Aflatoxin
contamination in pulses from tribal
areas of Veda district, Andhra
Pradesh, India. Current Science,
52(21): 1024. 1983.

Fifty six samples of cowpea and horsegram
were collected to detect the contamination
of aflatoxins. Fifteen of the cowpea samples
were positive to one or more of the
aflatoxins.

562 Shewfelt, R.L. Quality and maturity
indexes for postharvest handling of
southern peas. Journal of Food
Science, 49(2): 389-392. 1984,

Purple hull pinkeye southern peas were
harvested at three levels of maturity,
shelled and stored at three temperatures

(1, 5 and 20 deg. C). Samples were
evaluated at three storage intervals (1, 4
and 7 days) using 11 different indicators of
quality. Alcohol insoluble solids and total
solids measurements were most closely
related to maturity differences. Derived
instrumental color functions (H and E),
pH, total acidity , and % green peas were
the quality indices providing the hest
separation of the effects of maturity and
storage. Instrumental color values were
rnore closely correlated to changes in %
green peas than total chlorophyll
concentration. The proposed indices provide
the means for a unified study of quality
changes in southern peas during all stages
of postharvest handling.

563 Tyler, R.T. Impact milling quality of-
grain legumes. Journal of Food
Science, 49(3): 925-930. 1984.

Physical and chemical characteristics of
seeds from eight legumes were evaluated
for factors that determine the impact
milling quality of grain legumes which
include cowpea. The index of milling
efficiency adopted was protein separation
efficiency, defined as the proportion of the
total flour protein shifted into the fine
fraction during air classification of
impact-milled flours. The legumes
contained similar levels of chloroplast -
derived, adherent protein. Consequently,
the maximum protein separation efficiency
attainable was similar for the different
legumes. Significant correlations were
detected between milling efficiency and (1)
the crude fiber content of the seed (2) the
water-insoluble cell wall content of the
seed, and (3) seed hardness (flour particle
size index).

564 Williams, C.E. Evaluation of
nutritional potentials of 'Akara’ made
from cowpea meal and traditional
paste as a source of improving
nutrition in rural areas of Nigeria.
Nigerian Journal of Nutritional
Sciences, 5(2): 129-135. 1984.
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'‘Akara’ (fried cowpea paste balls) made
from cowpea meals (designated middlings)
and traditional cowpea paste were evaluated
for their composition and nutritive value.
Nutritional evaluation of the raw cowpea
middlings and fried 'akara’ samples showed
little diifferences among the samples
including the paste, while slight
improvements were recorded when
middlings were fried. The marginal
improvement in nutritional value of
middlings 'akara' was probably due to the
minimal frying process.

565 Williams, C.E. Digestible and
metabolizable energy from cowpea
(Vigna unguiculata) (L). Walp) meal

'‘Akara’. Nutrition Reports
international, 31(3): 555-560.
1985.

K00 Other Uses of Cowpeas

566 Chandy, K.T.; Lal, B. Water use and
productivity of summer forage
cowpea as influenced by irrigation

schedule. Indian Journal of
Agronomy., 30(1): 133-136.
1985.

A tield experiment was conducted in
Pantnagar, India in summer 1981 to
determine an optimum irrigation schedule
for forage cowpea. The experiment was laid
out in split plot design with four
replications keeping five irrigation levels
(no post-planting irrigation and
irrigations at 15, 12.5, 10.0 and 7.5 cm
cumulative open pan evaporation measured
from USWB pan) in main plots and three
varieties (Russian Giant, UPC 5286 and
UPC 287), in sub-plots. The results of the
experiment showed that green forage yield
from the unirrigated plot was 181.2 g/ha.
Three irrigations given at 15 cm CPE
significantly raised the yield to 150.5
g/ha. Further increase in the number of
irrigations (4, 5 and 5) at 12.5, 10.0 and
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The digestible energy (DE) and
metabolizable energy (ME) values of three
cowpea meals, a freeze dried cowpea paste
in the raw and autoclaved forms and the
fried 'akara' forms of the meals and paste
were determined with weanling albino rats. -
DE values did not vary significantly among
the various cowpea meals and paste ranging
between 2.63 and 2.71 kcals/g. ME values
also ranged between 2.29 and 2.42 kcals/g.
Autoclaving the 4 meals significantly
improved DE and ME values. Values for the
different autoclaved samples did not vary
significantly. DE and ME values of the fried
meal 'Akara’ were significantly higher than
for the raw and autoclaved meails.
Significant variation in DE and ME values
were encountered among the ‘akara'
samples. ,

i
¥
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7.5 cm CPE, respectively, gradually
increased the yield. Among the varieties,
UPC 5286 and Russiant Giant were at par
and produced significantly higher green
forage yields than UPC 287. Protein yield
from Russian Giant was significantly more
than that from the other two varieties.

567 De, R.; Salim Khan, M.A.; Katti, M.S;
Raja, V. Fodder legumes affecting
sequential crop production and
fertilizer N use efficiency. Journal
of Agricultural Science, 105(1): 1-
7. 1985.

Experiments made with summer fodder
crops, cowpea (Vigna unguiculata), guar
Cyamopsis tetragonoloba, sunnhemp
(Crotolaria juncea) and pearl millet
(Pennisetum americanum) and winter
fodder crops, lucerne (Medicago sativa),
berseem (Trifolium alexandrium and oals
(Avena sativa) showed that a sequential
crop of Sudan grass yielded more after the




legumes than after the cereal fodders. The
legume advantage was noted in the crop not
given fertilizers but also when Sudan grass
was given N fertilizer. On average the yield
increase in Sudan grass grown after cowpea
and sunnhemp is equivalent to 25 Kg N/ha
applied to Sudan grass grown after pearl
millet.

568 Frankenberger, W.T., Jr.;
Abdelmagid, H.M. Kinetic parameters
of nitrogen mineralization rates of
leguminous crops incorporated into
soil. Plant and Soil, 87(2): 257-
271. 1985,

The use of leguminous cover crops to
supply N to companion or succeeding crops
was explored by incorporating fresh
leguminous plant residues into soil
columns and incubated at 23 deg. C for up to
20 weeks. The N mineralization rates of the
constituents of cowpea, alfalfa (Medicago
sativa L.), Egyptian clover (Trifolium
alexandrium) and soybean were assessed at
specific time intervals. Relationships
between the chemical composition of the
plant materials and the cumulative amount
of N mineralized in soil revealed that the
total N and C:N ratio of the residues were
extremely important in predicting the N
released in soil. Statistical analyses
indicated that the cwnulative amount of N
mineralized was not significantly
correlated with organic C nor with the lipid
content of plant residues, but lignaceous-C
appears to have a measurable influence.

569 Ghuman, B.S.; Lal, R. Effect of crop
cover on temperature regime of an
alfisol in the tropics. Agronomy
Journal, 75(6): 931-936. 1983.

Effect of maize (Zea mays L.) and cowpea
(Vigna unguiculata L Walp.) canopies on
the thermal regime of an Alfisol was
investigated in flat and ridge seedbeds. An
interaction was observed between canopy
characteristics and soil moisture
availability that influenced the soil
temperature. When the soil moisture was

<0.08 cm3 cm-3 (suction>0.64 bar),

plants were protected against temporary
wilting in the second half of the day and the
5-cm soil temperature decreased with an
increase of maize and cowpea canopies.
However, when the soil moisture was 0.0.8

cm-3 (observed on 53rd day after seeding
of crops in 1980), the 5-cm maximum
soil temperature under maize and cowpea
crops was higher by 3 and 0.2 deg. C
respectively, than in an uncropped flat
seedbed, and by 7 and 3.9 deg. C,
respectively, than in uncrcpped ridges. The
5-cm soil temperature under maize was
slightly lower in the early growth stages
than under cowpea irrespective of the
method of seedbed preparation. However,
the reverse was true towards the crop's
maturity. In addition to percent ground
cover, soil moisture deficit, and the
possible change in thermal conductivity
were responsible for this reversal in soil
temperature observed at the maturity
stage. Soil temperature regime is strongly
influenced by the interaction between
canopy cover and soil moisture regime, on
the one hand, and canopy height and density
and wind velocity, on the other hand. The
effect of increasing crop canopy on soil
temperature on a given day (that provided
an identical radiation for all plots) was
studied for the fiat seedbed by staggering
the seeding dates of crops in the first
season of 1981. On the 16th June (at
approximately 50, 40 and 20 days after
seeding), and when the crops were not
under moisture stress, an increase of
maize canopy from 0 to 59.7% decreased
the soil temperature range from 10.6 to
4.3 deg. C at 1 cm and from 3.2 to 1.6 deg.
C at 20 cm depth. Similarly, an increase of
cowpea cover from 0 to 100% decreased
the temperature range from 10.6 to 1.7
deg. C at 1 cm and from 3.2 to 0.6 deg. C at
20 cm depth. Empirical models were
developed that describe the effects of
canopy cover, soil moisture, and radiation
on maximum and mean soil temperatures at
1, 5, and 20 cm depths.

570 Giri, G; Saran, G.. Effect of preceding
season cultural practices on mustard
Brassica-juncea Czern) under semi-
arid rainfed conditions of northwest




India. Journal of Agricultural
Science, 105(1): 91-95. 1985,

A field trial was conducted for 3 years at
the Indian Agricultural Research Insiitute,
New Delhi, India under semi-arid rainfed
conditions to study the effect of the
preceding seasorn cultural practices on
mustard and to assess the possibility of
double cropping. The yield of mustard after
fodder cowpea was similar to that of
conventional tillage. It can be concluded
that additional yield of fodder cowpea can be
obtained without reducing the yield of
mustard. g

571 Jatasra, D.S. Take higher forage yield
from cowpea. Indian Farming,
35(4): 31, 33-34. 1985.

With the adoption of improved varieties and
suitable agrotechniques, the forage yield of
cowpea could be increased considerably.
'HFC 42-1' is one of the more promising
varieties. It is erect-growing, high
yielding, palatable and of high nutritive
value. However, it is susceptible to mosaic
disease. Other promising varieties are:
‘NP3, 'CO1' 'Russian Giant', ''GFRI 457*
'MPK' and 'EC4216'. Cultivation measures
such as sowing, fertilization, weed, pest
and disease control, water management and
forage conservation are discussed.

572 Jindal, S.K.; Gupta, B.S. Genetic
divergence in fodder cowpea. The
Indian Journal of Agricultural
Sciences, 55(1): 1-3. 1985.

Genetic divergence for 7 characters was
assessed in 39 strains of fodder cowpea
(Vigna unguiculata (Linn.) Walp. subsp.
cylindrica (Linn.} Van-Eseltine) using
D2.statistic. The population was grouped
into 5§ clusters, of which 2 had only a
singie strain each. The varieties differed
significantly for the 7 characters
considered collectively. Leaf number and
branches/plant contributed maximum
towards the total divergence.
573 Lal, M.; Shukla, N.P.; Saxena, D.C.
Studies on water use and irrigation
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scheduling in mixed cropping of
forages involving different canopy
surfaces. Indian Journal of
Agronomy, 29(1): 68-71. 1984.

Field experiments were conducted at the
Central Research Farm of Indian Grassland
and Fodder Research Institute to study
three mixed cropping (M.P. chari+
cowpea; maize + cowpea and teosinte +
cowpea) and five moisture regimes. Fresh
forage yield was increased with
supplemental irrigation at 100mm
cumulative ET over rainfed condition in
both the years of investigation. Among the
intercrops, M.P. chari + cowpea producing
257.8g green and 52.5g drymatter/ha was
the most productive combination under
varying conditions of moisture availability.
However, the proportion of cowpea was
more in association - ‘with maize than with
M.P. chari or teosinte. ’

574 Mandal, BK.; Rao, M.V. Effect of
cattieshed washings on the yield of
some fodder crops. Indian Journal of
Agronomy, 28(4): 475-476. 1983.

Two experiments were conducted to study
the effect of catlleshed washing on the yield
of todder crops like cowpeas, maize;
sorghum, cluster bean and rice bean. The
results indicate that there is significant
difference in yield due to application of
cattleshed washing. Increase in forage yield
were appreciable in the case of cowpea.

575 Mishra, S.N.; Verma, J.S. UPC-5286
- a high yielding variety of fodder
cowpea. Indian Farming Digest,
18(3): 9-12. 1984,

UPC5286 is a high yielding variety of
fodder cowpea released on all Indiz basis
for its general cultivation. It is suitable for
early to medium late sown periods under
irrigated and rainfed conditions and also
suitable for summer cultivation. its
average green forage yield is about 350-
380 quintals per hectare at 50% flowering
stage.




576 Nad, B.K.; Goswami, N.N. Calcium,
magnesium and sulfur requirements
of greengram, cowpea and mustard
grown in sequence. Indian Journal of
Agricultural Sciences, 54(7): 569-
572. 1984,

Field experiments conducted with legumes
and oilseeds grown n sequence revealed
that fodder cowpea require high amounts of
Mg and Ca. The 3-crop sequence of
mustard, greengram and cowpea removed
448 to 71.1 kg S/ha, 127.8 to 256.8kg
Ca/ha and 63.8 to 135.3Kg Mg. ha.

577 Singh, V. It pays to grow sorghum
mixed with [fodder] cowpea. Indian
Farmers' Digest, 18(5): 32. 1985.

Data from experiments conducted at
Pantnagar, India indicate that cowpea was
the most suitable and ‘promising legume
intercropped with sorghum. Cross sowing
of cowpea and sorghum recorded more
forage yield than other system of mixed
cropping. This is more convenient too
where sowing can be done by running seed
drill in both direction. Cross-way planting
sorghum east-west and cowpea north-south
way. Crop should be harvested at fifty
percent flowering stage which, however,
can be delayed to soft dough stage in case of
Rio variety of sorghum. N
if

578 Thakare, K.K; Maha}an MD\ Yield
and composition of fodder of some
cowpea (Vigna sinensis |.)varieties.
PVK Research Journal, 9(1): 79-81.
1985,

A field trial with fourteen varieties of
cowpea was conducted in India to study
their forage quality. The green as well as
dry fodder yields were recorded and

analysed statistically. The chemical
analysis of the varieties of cowpea forage
showed that the highest value of dry matter
content waS/ Tecorded in C-152 (check)
variety. The HFC-42-1 recorded the
highest ash content followed by Russian
Giant and No. 450. Regarding crude protein
content, the highest value was recorded in
CO-1 followed by No. 457 and No. 450 and
lowest value was obtained in No. 978. CO-1
contained the highest protein. The highest
value of the ether extractives ‘was observed
in No. 450 followed by No. 985. The
highest crude fiber content was recorded in
No. 978 followed by C-152 and HFC-42-
1. Varieties Nc. 450 and EC-4216
appeared superior in performance over
other varieties in increasing forage yield
and from nutrition point of view also.

579 Yadhav, S.N.; Sawant, A.C. .Grow
_ maizxe plus cowpea for more fodder in
"Konkan region. Indian Farming,

35(9): 8, 19. 1984. '

Field experiments were conducted at the
Konkan Agricultural University, India, to
find out the optimum proportion of maize
and cowpea seed mixture and planting
pattern. Sowing was carried out mixing the

" seeds of these two crops together and was

done in line 30cm apart in the month of
December. One pre-sowing irrigation and
four irrigations were given during the
growth period of crop at an interval of 12-
15 days. When harvested 80 days after
sowing, the maize-cowpea mixture gave ‘he
maximum green fodder yield of 440.80g
per hectare as compared to either maize
and cowpea also sown as pure crop. Cross
sowing of maiza + cowpea also supplied
more nutritious fodder in terms of crude
protein yields.
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Botswana, 020

Bradyrhizobium, 325

Branching, 034, 177, 177-178

Brazil, 036, 122, 181, 190, 210, 216-217,
228, 251, 261, 263, 388, 399, 453,
476, 490, 513

Breeding methods, 010, 108, 112, 138, 180

Breeding programs, 004-006, 118

Brown blotch, 132, 387

Bruchidius atrolineatus, 429, 431-432, 450,
452, 461-462

Bush fallow, 221

Cc152, 113, 139, 198
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cBs, 202

Calcareous soils, 254, 308

Calcium, 262, 554, 576

California Blackeye No. 5,
361, 493

Callosobruchus analis, 450, 458

Callosobruchus chinensis, 426, 447, 450,

144, 244, 333,

458, 465 _
Callosobruchus maculatus, 005, 138, 141,
146-147, 150-151, 156-158, 162-163,

165, 425, 431, .446, 451-473
Callosobruchus rhodesianus, 450, 458
Callus tissues, 039
Caloona, 062, 323, 357, 359, 364
Canning, 546
Carbofuran,
Carbon,
Carbon dioxide, 035, 068, 358
Carboxin, 407
Caribbean, 122, 534
Carolina cream, 109
Cassava, 223, 230, 243
Cassia nigricans, 462
Castor, 219
Castor oil, 466
Cenchrus echinatus, 378
Cercosphora, 006, 023, 032, 132, 138,

387, 389, 391, 414
Cerotoma arcuata, 497
Chaetoseptoria leaf spot, 391
Chalcodermus aeneus, 163, 424-426
Chemical control, 010, 387, 437
Child feeding, 555
Chisel ploughing, 305
Chloropiiyll, 097, 193, 374, 395
Chlorusis, 405
Choanephora cucurbitarum, 391
Chromosomes, 025
Chrotogonus trachypterus, 155
Citrus peels, 455
Clavigralla gibbosa, 446

421, 446-447

Clavigralla tomentosicollis, 005-006, 163,
434, 437, 447

Clay soils, 306

Climatic requirements, 007, 202-203 .

Colemania sphenariodes, 155

Colletotrichum lindemuthianum, 313, 387,
409

Colletotrichum truncatum, 132

Colombia, 243 , 426

Commelina bengalensis, 382

Composition, 542-543, 552, 557

Constraints, 009, 534

057, 062, 101, 317, 339, 352, 359

158

Consumer preferences, 108, 113, 120, 540,
551
Consumption, 009

Control methods,

382, 389-390, 426, 512

Cooking, 091, 528, 544, 548, 557
Cooking quality, 106, 558

Copper, 545

Cordycepin, 484

Corona, 131, 391

Corynespora cassiicola, 414

Costa Rica, 120, 186-187, 426

Cotton, 240 h

Cotyledons, 041, 083, 086, 096

Cover crops, 568

Cowpea aphid-borne mosaic virus, 006, 032,
124-125, 176, 384, 478, 500, 511-
512, 522

Cowpea banding mosaic virus, 489 .

Cowpea chlorotic mottle virus, 126, 481,
483, 501, 505, 522, 525-526

Cowpea golden mosaic virus, 032, 477, 512,
524

Cowpea mild mottle virus,
512, 521

Cowpea mosaic virus, 126, 130, 474, 480,
484, 487, 489, 493, 496, 504, 511,
515-518, 520, 522

Cowpea. mottle virus, 512

Cowpea rugose mosaic virus, 513

Cowpea severe mosaic virus, 126, 476, 480-
481, 488, 491, 493, 497, 522

Cowpea severe mottle virus, 513

Cowpea yellow mosaic virus, 032, 512

Crop rotation, 214, 215, 218, 221, 230,
232-233, 383, 536, 576

Crop water use, 279

490, 492, 507,

Crop yield, 119, 188, 220, 245, 288, 536,
538
Crossing, 023, 179-180, 182"

Crown cover, 569.

Cryogenic processes, 533 :
Cucumber mosaic virus, 006, 126, 353, 475,
486, 494-495, 500, 503, 506, 512

Cultivars, 001, 008, 020, 028-029, 090,
104-106, 108-110, 113, 116-117,
122, 129, 131, 133-134, 140, 145,
164-165, 181, 199, 242, 244, 263,
333, 442, 474, 578

Cultural control, 195, 198, 374, 382, 387-
388, 437, 447

Cydia ptychora, 427

Cyonodon dactylon, 382

Cysteine, 084

Decapitation, 034




Decortication, 529
Defoliation, 056
Dehulling, 557
Deltamethrin,
Denitrification, 331

Dermestes maculatus, 455
Determinate and Indeterminate habit,
Diabrotica speciosa, 497

Diapause, 429, 432

11

Digestibility, 530, 543, 559, 565
Digitaria spp., 379, 382
Dinocap, 414

Disc ploughing, 305

Disease transmission, 125, 477, 485, 489-
490 497, 507, 517

Distribution, 388, 426, 512

Diurnal changes, 100

Domestication, 013

Drought,

Drought tolerance, 004, 143

Dry matter, 035, 266, 270, 277, 308

Dwarf cultivars, 175

ELISA, 006, 352 -

Ecology, 355, 458

Egypt, 474

Electrodyn sprayer,

Electrophoresis, 089

Eleusine indica, 378-379, 382

Elongation rate, 053

Empoasca dolichi,
446

Empoasca kerri,

Endocarp, 079

Endosulfan, 433

Enterobacteriaceae, 533 ,

Environmental effects, 067, 085, 102, 191,
203, 280-281, 524

Enzyme activity, 088

Epicotyls, 038

Epidemiology, 387

Epoch, 104

Equilibration,

Erosion, 301

Erysiphe polygoni, 134; 414

Etiella zinkenella, 446

Euchrysops cnejus, 446

Euphorbia heterophylla, 382

Evaluation, 008, 042, 110, 115-116, 121,
125, 127, 129, 133, 139, 143, 145-
146,151-152, 156, 162, 242, 293, 393

Evapotranspiration, 273, 275, 282, 290

Evolution, 013

Experimental design, 229, 231

Extrusion, 529-530, 560

005

138, 154, 163, 442-443,

155

292

445 i

051, 067, 142, 206, 279-281, 285

Fat content, 545

Fecundity, 423, 461, 471

Feeding, 443

Feeding behavior, 430, 434, 440

Fensulfothion, 441

Fertilizer application, 198,217, 250

Flours, 550-552, 555, 559

Flowering, 023, 042, 059, 062, 067, 202-
204

Fluorodifen, 327

Fodder, 143, 213, 567, 570 572, 574-576,
578-579

Foliar spraying, 553-554

Forage, 566, 571, 573, 575, 577-578

Franklinilla occidentalis, 438

Fruiting, 057, 059-060, 062

Fruits, 058, 100

Fumigation, 393

Fungicides, 390, 401, 406-407, 412-414

Fusarium equiseti, 312, 399

Fusarium moniliforme, 418

Fusarium oxysporum, 128, 141, 386 391,
399, 402, 416-417

Fusarium semitectum, 399

Galactosidases, 088

Genetic resources, 012, 014

Genetic variation, 014 018-019, 020, 022-
024, 026, 028, 030-032, 366

Genotype nutrition interaction, 044

Genotypes, 022, 024, 027, 031, 114, 121
144, 147, 247, 300

Genotypic differences, 119

Germination, 036, 040, 062-064, 067, 070,

088, 096, 310-311, 313-314, 468
Germplasm, 010, 012, 012, 020-021
Ghana, 012, 120, 150, 522
Gibberellin, 076
Glomus epigaeus, 408
Glomus fasciculaturmn, 348, 393
Glomus mossae, 408
Glyphosate, 065, 089
Grain yield, 022, 027, 035, 052, 056, 085

111, 115, 121, 141, 154, 166, 183-

184, 188, 193, 197, 199, 216, 218,

227, 244, 249, 252, 267, 284, 289,

291, 308, 324, 334, 390, 443
Green gram, 233
Green manure, 269
Groundnut, 383
Guyana, 305-306, 426
Gypsum , 304
Hand pollination, 182
Harrowing, 305
Harvest index, 034, 085,

198, 533, 562
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Heat, 142, 202, 204-206
Helicotylenchus dihystera, 420
Heliothis armigera, 446
Heliothis zea, 425

Herbicides, 119, 192, 327, 378, 381-382
Heritability, 019, 022, 028, 031, 107, 156
Heterosis, 023, 030, 183

Hoplolaimus columbus, 419

Hoplolaimus indicus, 419

Hoplolaimus pararofustus, 419

Hoplolaimus seinhorsti, 419

Host range, 374, 388, 419, 447, 522

Host-plant resistance, 004-006, 010-011,
032, 120, 123-124, 126-127, 129,
131, 134,138, 140, 144, 146, 148,
151, 153, 156-160, 162-163, 165-
168, 172, 281, 425, 434, 437, 447,

; 452, 486, 524

Hydrogen peroxide, 050

Hydrogen-ion concentration, 296

Hydroprene, 471

Hypocotyls, 045, 053, 071, 077, 496

Hyptis spicigera, 462

Hysteresis, 527

IC 9642-B, 168

IITA, 004, 006, 008, 011-012, 118, 120,
540

ife Brown,
443

In vitro digestibility, 559

India, 001, 007, 013, 117, 130, 135, 139,
155, 198, 209, 213-215, 219, 226,
236, 247, 256, 262, 266, 308, 313,
428, 449, 489, 500, 518, 561, 566,
§70, 573, 577-579

Indole-3-acetic acid, 033

Indonesia, 113, 198, 522

Infection, 353

Infestation, 043, 459

Inflorescences, 023, 429

Inheritance, 026, 029, 031, 117, 452

Injurious insects, Q03, 390, 424, 426-427,
447

Inoculation, 125, 319, 323, 325, 334, 336-
337, 347-348, 367, 388, 491

Inoculum, 370

Insect biclogy, 425-426, 446

Insectioidal plants, 462

Insecticide residues, 448

Insecticides, 005, 390, 424, 428, 433, 441,
444-445, 447, 449

Integrated pest management, 004-006, 161,
435, 437

120, 154, 162, 164, 177, 327,

160

- Maize,

International Agricuitural Research Centers,
011

lron, 545

irradiation, 175, 298

taly, 008, 522

Japan, 373, 522

Kainji Kurl, 106

Kaolinite, 098

Karyotype, 025

Kaun, 558

Kenya, 120, 387, 419, 422, 446, 522, 546

Krishnamany, 105

Labour utilization, 539

Land Equipvalent Ratio, 201, 224

Land preparation, 377

Land use efficiency, 243

Latin America, 122, 388, 426, 534

Leaching, 275 :

Leaf area index, 037, 054, 212, 281

Leaf distortion, 174

Leaf water content, 072

Leaf water potential, 062, 067, 272, 280,
287

Leaves, 033, 054, 062, 067, 069, 072, 074,
078, 087, 102, 173, 193, 519, 546-
547

Leghaemoglobin content, 193 ‘

Leptosphaerulina leaf spot, 391

Leucaena, 222, 539

Line-source sprinkler system, 273

"Liriomyza trifolii, 426, 445

Los Banos Bush Sitao No.1, 185, 337, 491
Lygus hesperus, 144, 152, 425
Macrophomina phaseolina, 004-006, 139,

387-388, 399 '
Magnesium fertilizers, 259, 262, 303, 576
186-187, 201, 208, 210-211, 213,
216-217, 221, 227-229, 231, 238-
240, 427, 438, 538-539

Mancozeb, 387, 414

Manganese, 044, 295, 554

Manures, 190, 251, 269, 316

Market prices, 537

Maruca testulalis, 005-006, 141, 150, 163,
166, 390, 427, 433, 436, 444, 446

Maturity, 562

Meal patterns, 537

Megalurothrips sjostedti, 160, 163, 427, 447 ..

Melanagromyza phaseoli, 446

Meloidogyne arenaria, 023, 419

Meloidogyne hapla, 023, 419

Meloidogyne incognita, 167-172, 385, 419-
421

Meloidogyne javanica, 171, 419




Membranes, 070, 083

Mesocarp, 079

Mesophyll, 072, 074, 479

Methionine, 092, 094, 543

Methylammonium uptake, 095

Metolachlor, 195, 327, 328

Mevinphos, 448

Mexico, 137, 426

Microflora, 533

Micronutrients, 352, 406

Milling, 563

Mississippi Silver, 023, 391, 530

Mixed cropping, 210-211, 215, 234-235,
241, 438

Mobilization, 059

Modurasia obscurella, 446

Moisture content,” 080, 184, 527, 559-560

Moisture stress, 040, 272, 276

Monocrotophos, 433, 437, 441, 445-446,

" 448

Morphogenesis, 102

Mortality, 436, 464

Mozambique, 392

Mulching, 267, 269, 301, 389

Mustard, 233

Mutation, 173-175, 177-178

Mycorrhizas, 112, 348, 352, 393, 408

Mycoses, 132, 390, 402, 416

Myzus persicae, 387-388, 430, 489, 522

National Programs, 534

Necrosis, 255, 387-388, 404-405, 419,

: 479, 482, 522

Nectaries, 078, 082

Neem oil, 466

Neem seed extract, 461, 470, 473

Nematicides, 419, 421

Nematodes, 167, 169, 171-172, 419, 421

Nickel, 066, 255

Nezara viridula, 005-006

Nicotinic acid, 545

Niger, 006, 012, 120, 297, 352

Nigeria, 002, 004, 006, 006, 012, 028, 073,
106, 114, 120, 134, 138, 154, 164,
178, 197, 208, 221-222, 245, 252,
258-259, 273-274, 277-278, 292,
297, 327, 330, 354, 375, 433; 437,
442-443, 455, 478, 524, 527, 535,
544, 549, 552, 556-557, 564

Night temperature, 062, 067, 206, 359

Nitrate, 062, 098, 261, 352

Nitrogen, 049, 058-060, 066, 092, 098,
101, 186-187, 213, 220, 259, 265,
317, 823, 330, 330

Nitrogen fertilizers, 197, 210, 250, 252-
253, 261, 324, 337, 342, 553, 567

Nitrogen metabolism, 066, 320, 441

Nitrogenase, 358-359, 361-363

No-tillage, 306

Nodules, 321, 336, 346, 357-359, 361-364,

~ 369-371, 373

Nomenclature, 015

Nutramin 6, 046

Nutrient, contents, 001, 259, 376, 549, 551,
554, 578

Nutrient quality, 530, 552, 5§62

Nutrient uptake, 215, 238, 260, 262, 265,
270, 276, 278, 304, 308

Nutritional value, 001, 543-547, 548-549,
552, 555, 564

OQil-base inoculant, 347

Oils, 464 "

Oleic acid, 038

Oligosaccharide, 557

On-farm research, 535

Ootheca mutabilis, 447, 522

Ophiomyia phaseoli, 439, 446

Organogenesis, 084

Organophosphorus compounds, 441, 448

Orius tristicolor, 438

Ostrinia nubilialis, 425 _

Oviposition, 144, 147, 151, 431, 454, 458,
463, 465

Pagria signata, 113, 155

Pakistan, 113, 198, 409

Parasitic weeds, 374

Parathion, 424

Pathogenicity, 140, 406, 420, 486

Peanut mottle virus, 485

Peanut stunt virus, 498

Pearl millet, 220

Peduncles, 023, 027, 062, 087, 177

Peru, 237, 426, 488

Pesticides, 099, 354, 437, 446, 535

Phenolic compounds, 475

Phenotypes, 031

Phenotypic correlation, 111, 196

Phenylalanine, 094

Philippines, 113, 198, 379

Phloem, 062, 067, 079, 081

Phomopsis sp., 399

Phorate, 441

Phosphate, 270, 308

Phosphorus, 186-187, 193, 232, 251, 259-
260, 263, 265, 287, 276, 292, 372,
556

Phosphorus fertilizers, 197, 254, 258, 264,

288, 348




Photoperiod, 042, 062, 067

Photosensitivity, 106

Photosynthates, 103

Phytate, 556

Phytic acid, 528

Phytochrome, 102

Phytophthora, 387, 389, 391

Pigeon pea, 209

Pinkeye Purple Hull, 131, 391

Plant assimilation, 068

Plant population, 194, 263

Plant water relations, 282, 287

Plasmalemma, 070, 077

Pod characters, 022, 184, 204

Pods, 028, 062, 065, 067, 145 185

Polypeptides, 089

Population dynamics, 018, 431

Population growth, 423, 440, 459

Portulaca oleracea, 379

Postharvest, 562

Potassium, 251, 253, 256, 260, 262, 265-
266

Potassium fertilizers, 268 0

Powdery mildew, 134

Pratylenchus brachyurus, 419

Pratylenchus penetrans, 419

Pratylenchus zeae, 419

Predators, 438

Prima, 142, 154, 387, 443, 447

Production, 009, 534, 538

Profits, 535-536

Proline, 050, 094

Protectants, 466, 470

Protein content, 001, 017, 093, 178, 519,
532, 540-542, 545, 547-548, 551, 578

Protein digestibility, 091, 543, 549

Protein quality, 092, 530, 541, 549, 552,
562

Protein synthesis, 063-064

Protoplasts, 076, 475, 484, 498, 510, 520,

528, 526

Pseudomonas phaseolicola, 398

Pseudomonas syringae, 391

Psychrometers, 287

Pueraria phaseoloides, " ‘269

Pusa dofasli, 113, 518

Pyrite, 304

Pythium debaryanum, 401

Quinalphos, 449

RNA, 496, 504-505, 509-510, 515-516

Radiation, 283

Raffinose, 557

Rain-fed farming, 024, 188, 212, 233, 271,
538

Rancidity, 555

Recessive genes, 452

Relative humidity, 410

Relative water content, 143

Relay cu. 'Jplng, 198, 237

Reproducuon, 380, 431-432

Reproductive developmant, 062, 067

Residual effects, 213, 222, 232, 251, 264,
560

Rhizobium, 049, 052, 293, 297-299, 307,
317, 319, 322-323, 325, 327-328,
331, 334-336, 338, 340, 340, 344-
345, 347-348, 351-352, 354-356,
3£9-360, 362, 365-368, 370, 407

Rhizobium CB 756, 343, 364

Rhizobium japonicum, 293, 325, 329, 340,
340-341, 345, 355, 365, 368

Rhizobium leguminosarum, 419

Rhizobium lupini, 356

Rhizobium meliloti, 355-356

Rhizobium phaseoli, 302, 347, 355 -

Rhizobium trifolii, 344

Rhizoctonia bataticola, 391

Rhizoctonia solani, 140, 192, 401, 406 407

Rhizosphere, 238, 322

Rhopalosiphum maidis, 430

Rhynchelytrum roseum, 378 .

Rice, 215, 389, 439 i

Riptortus clavatus, 446

Riptortus dentjpes, 148 :

Root-knot nematodes, 168 :

Roots, 047, 119, 257, 277, 281, 407

Rotational cropping, 214, 536

Rotylenchus reniformis, 419

Safflower, 233

Salinity, 033,

Sandy soil, 304

Savanna, 002, 245

Sclerotium rolfsii, 127, 401

Screening, 004-006, 119-120, 142, 159,
352,/447 : :

Seed cl*amcters.-eﬁs 107, 158, 563

Seed coats, 090- 09\1 315, 529

Seed imbibition, 080

Seed longevity, 311

Sead pretreatment, 040

Seed testing, 313-314

Seed weight, 022, 065, 089, 158, 469

Seed-borne diseases, 418, 489

Seed-borne pathogens, 309, 399

Seedling emergence, 037, 040-041, 055,
062, 067, 069

041, 070, 275

‘Seedlings, 045, 047, 050, 075




Seeds, 061-064, 067, 088, 090, 092, 096,
309-315, 466
Segregition, 062, 112,

Selenium, 094

Senegal, 120, 555

Senescence, 083

Sensory evaluation, 540, 546, 552

Septoria vignicola, 138, 410-411, 413

Sequential cropping, 214-215, 576

Sericothrips variabilis, 425

Sierra Leone, 199, 248

Simazine, 553-554

Soaking, 528, 531

Soil temperature, 205, 569 ]

Soil types, 007, 188, 305, 307, 322-323,
355

Soilborne organisms, 295,

Solar radiation, 062, 067, 332

Sonchus yellow net virus, 523

Sorghum, 207, 216-217, 236, 241, 360

Southern bean mosaic virus, 126, 353, 502,
514, 518-519

Sowing, 242, 246-249, 579

Soybean, 094, 211, 220, 355

Sphaceloma spp., 136

Spodoptera littoralis, 005-006, 155,

Spraying, 433, 437, 444 '

Sprinkler irrigation, 194, 279

Stachyose, 557

Stomata, 102, 272

Storage, 400, 453, 459, 468

Storage quality, 531, 541, 555, 562

Striga gesnerioides, 006, 374, 382

Sucrose, 557

Sudan, 338

Sulphur, 256, 303, 576

Sunn-hemp mosaic virus,

Survival, 451, 463

Swest potato, 227

Swelling, 080

Symbiosis, 062, 357- 358, 360, 369

Symbiotic promiscuity, 149, 368

Symptoms, 387, 391, 426, 492, 512, 522

TVU 2430-P, 168

TVu 11952, 162

TVu 11953, 162

TVu 1469, 052

TVu 2027, 162

TVu 310, 440

TVu 4200, 145

TVu 4214, 145

TVu 4552, 202, 204

TVu 625, 145

TVu 76, 442

114, 387-388

[N

533

446

128, 386

‘__’,V_Trypsin inhibitors,

163

TVu 946, 440

Tannins, 090-091, 544

Tanzania, 116, 120, 133-134, 415, 417,
444-445 -

Technology transfer, 535

Temperature effects, 036, 042, 062-067,
069, 142, 204, 297, 358-400, 416,
423, 458, 559-560

Tetrachlorvinphos, 448

Thermal regimes, 203

Thioral, 418

Thiouracil, 501

Threonine, 094

Thysanoptera, 438, 444

Tilage, 023, 198, 222, 301, 305-306, 382,
535

Tissue culture, 084

Tobacco mosaic virus, 353

Tobacco necrosis virus, 479, 482

Tobacco ring spot virus, 499, 508

Tomatoes, 224 '

Toxicity, 437,455

Trace elements, 259- 260

Translocation, 057, 060, 103

Transmission, 384, 387- 388, 418, 499-500

Trap cropping, 374, 419, 435 B

Trellis, 184

Triacontanol,

Trinidad, 122,

046
185, 244

457, 528, 559

Tyrosine, 094

U.S.A.,, 104, 108-109, 112, 211, 391, 419,
425, 459, 481, 485, 503

Uganda, 120, 387, 522

Urca, 066, 253

Uromyces phaseoli, 404, 412

Utitization, 540

Vacuoles, 076

Valine, 094

Varietal reactions, 170

Vectors, 388-389, 392,
490, 492, 522, 524

Vegetable legumes, 001, 073, 184, 225

Vegetable oils, 466-467, 470

Vernomia galamensis, 382

Vitamin B8, 545

Water, 100-101, 212, 284, 287, 294, 369

Water content, 072, 294, 311, 552

Water deficit, 277, 285, 289-290, 346

Water requirements, 055, 271, 284, 573

Water stress, 050, 246, 283, 285

Water use, 274, 282, 289, 291, 566

Water use efficiency, 278

West Africa, 013, 307, 195, 319

447, 477-478,




West Indies, 318

* Wheat, 213 ,

White Acre, 109

Xanthomonas campestris, 029, 129, 391,
394-396

Xylem, 062, 067, 071, 100

Xylem water potential, 286

Yield components, 018-019, 021, 035, 111,
191, 196, 251, 259, 360 .

Yields, 046, 061, 104, 161, 189, 194, 211,
278-279, 305, 536, 578

Zabrotes spp. 450

Zimbabwe, 009, 014, 387

Zinc, 047-048, 259-260, 270, 308, 349-
350, 372, 545

Zinc toxicity, 048
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