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IVTRONIICTINM

T.ecumes are a larce arour of nlants second onlw to

cereals as a acurce of food to man and his animals. Thev

.-helonn to the family leguminosae, one of tre laraest
families of flowverinc nlants. Cowpea is one of the
important lecumes orown in Miceria whichk htelonas to the
sub-family parlionaceae. Three Adistirct arours of cowféa

- are in cultivation ip Viceria: thre Catjanc cowrea (Viam
unaudcwfaita (7..) ™alr.), tha common covpea (Vignn Adncrads (1..)
ex Tassak.) and the vardlonc hean [Yiapr sesouipedalis (1..)

ﬁ Truw,) (Coblev and Tteele, 1977: Purselclove, 1079},

o In & country like “ioceria where cersals, root and
tﬁher cerons are the dorinant stamle foof in the face of

3'cost1y an” short sunrlies nf reat and fisghk, people are

2 likely to suffer from “eficiency of rreotein. Cowpea offers

a coreat nogsirilitv for meetinc tVis uragent need for fooAd

vrotein. Vewever, hecanuse of low nroduction and high
deman?, covnea is sold at bich prices and tended to limit
? the avility of a larce nronorticn of Vimerians to ordinarily
consume covmea in their romes.
.~ The annual oroduction of cownea in Viceria is about 7%, 000
metric tonnes fror 2.7 million bhectares (*non., 1772} with

an averane yield of 714 %r/ha, This nroduction is verv low
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an? so supply does not meet “emand and thus the high cost.
There is thus the need to increase the production of this

crop in the country,

FACTORS AFFFCTING VIFLD

The low yield which characterise the rrocduction of
cowpea in Vigeria are attribuvted to amono other reasons,
low plant density and poor crop manacement, marticularly
cron protection (Ojehomon, 1970: Steele, 1972). Strikinc
yield increases trave heen obtained by controllina pests
and it is now known that in order to ohtain cood yields
from sole crops of cowpea the control of pests is imperative
(Tavlior, 1973; william, 197%; Paheja, 1276).

Three types of cowpea are generally arown in the country:
spreading, semi-erect and erect types. Unimproved cultivars
are qgenerally prostrate or trailina,adapted to local con-
Aitions but invariably of low vield potential. In contrast,
the primary characteristic of improved cowpea cultivars
generated by the various breedinc procrammes is that their
potential yield is sionificantly oreater. Perbaps the most
important attribute of imoroves cowpeas that makes them
amenable for easy manipulation in the attempt to increase
vield, apart from the er¥ploitation of their genetic

potential (for example by sound fertilization procrammes)
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15 the erect or semi-erect habit of the plant., The
spreading, semi-erect and erect cultivars respond differently

to various agronomic practices, particularly spacing.

local cultivars which are mostly spreadina types generally

S

“gb'ﬁbt respond to high plant densities whereas, the improved
erect and semi-erect cultivars do resvond {(Ojebomon and
Famiduro, 1971; Haizel, 1772; Ffteele, 1972),

: ff Tt is not only high plant population which contributes
.to.ﬁigh vields, but also the way the plants are arranged.
Ojehomon and Bamiduro (1971} have revorted that erect
:ﬁéﬁltivars respond hest to rectangular arrancement, whilst
semi-erect types respond best to square arrangements. Till
now there is ne srecific recommendation for optimum plant

population and inter- and intra-row spacings for the cowpea

‘- ecultivars grown in the country.

QBIFCTIVES OF TPE PROJFCT

Not much work has heen done on cowpea plant arrangement
in ¥igeria, and particularly in northern Figeria. Trere is,
therefore, the need to conduct researclh on these aspects to
make different spacing recommendations for the cowpea instead
of rzcommending the same inter- ané intra-row spacings for all

types as seems the case at present.



This 1nﬁestiqation was, therefore, conducted with the
following objectives:
| i) To determine the optimum plant population rance
for different types of cowpea which can give maximum grain
vield per unit area.
ii} Teo find thre best plant arrangement for the
different tvpes of cowpea. ”
iii) To observe hrow arain yield and various aqronomic
characters of cowpea are influenced by the varying plant

population and different arrangements.



5.

REVIE® OF LITFRATURES

nﬁronoﬁic studies on cowrea have heen carried out in
different narts of the world. ™he available literature on
the effect of plant density and plant ceometry on the yield
and yvield components of legumes in general and cowpea in

particular is reviewed,

EFFECTS OF PLANMT ﬁOPULAmION ON PLANT GROWDH

Plant density wlays an important role in increasing
or decreasing the vield of a crop per unit area of land. For
highest vield, optirmum plant density is essential. An
increase or decrease in nlant population beyond the optimum
dces not help in getting higher yvield from a unit area of land.
Increasing yield of an individual plant by Jecreasing plant
population below a certain specific density does not compen-
sate for the loss due to diminished population, and increasing
plant density above a certain limit makes individual plants
too weak to produce normal vield.
) In ceneral, the yield of a crop plant increases with
.iﬁcrease in plant population. “hen hiclogical yield (total
Ary matter) is considered, it increases with an increase in
dengity, reaches a maximum and remains constant even with
further increase in density, following asymptotic curve ;f !

(willey and Heath, 1969},
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Fowever, ;ﬁéﬁlsééd.or renroductive yield is considered, a
parabolic shape is obtalned, i.e. yield increases with
increase in density and reaches a maximum, beyond which
further increase in density leads to a decline in seed vield
(Folliday, 1960:; Mitchell, 1976}. The decrease in yield
after reaching maximum density is attributed to the effect
of competition between the rlants at bhicher peopulation. '@”
Plant competition is a natural phenomenon in which plants
growing in close proximity develop at the expense of others
in the utilization of space, light, nutrients and moisture.
Plants show extreme “plastic behaviour” particularly in size
and form in response to environmental conditions., At lower
than recommended deﬂsity, mean plant height is reduced and
branching is more profuse. At hicher densities ratheg weed
suppression occurs under more close canopy, hut the risk of
lodging is increased bhecause hich densities give rise to
longer internodes and hence weaker stems. VPowever, plants
make wide adjustments to availahle space producing more or
less similar yields over a considerahbhle range of plants per

unit area of land (Weberef.af., 1966; Wilcox, 1974).
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TFPECTS OF PLAMT POPULATIOM ON STED YTELD

All other conditions being egual, the optimum density
for seed yield in a particular cultivar should be about the
same irrespective of where it is agrown. Fowever, variations
in the climatic and soil conditions of a place plus the
degree of attack from insects, pests and diseas«s do cause
differences from country to country or even in the same

country as well as at the same locations.

COWPFA
| Not much work has been done on the effect of popula-
tion density on the vield of cowbea. The little work done
seems to show a lot of variations between countries and even
within a céﬁnéry at “7ifferent locations. lltl B
Fzedinma (1965a) from southern Migeria and'Yaybck and
_ Asenime (1977) from northern Migeria have reported that
Itrailing cultivars fall to give vield increases at high
plant population. According to Fzedinma (1965a}., the lack
of response was due to lack of their tertiary shoots to set
rods and the indeterminate growth hakit which results in a
simultaneous vecnetative and reproductive arowth resulting in
a constant exhaustion of the available photosynthate which

in turn affected pod setting. Working with bhoth erect



an® snreading cultivars, also in Nigeria, Steele (1972)
observed that the spreadinc types do not cenerally respond
to ropulation increases beyond 63,000 nlants/ha. This he
said was due to the ability of the spreading cultivars to
compensate for the low population by spreading profusely.
Results in Uganda have shown thrat optimum plant density
for high aorain yield is between 26,000 - 50,000 plants/ha
(Rubaihayo ef af,, 1073), whereas in Tanzania, a nopulation
of 120,000 plants/ha has heen reported as optimum (Fnyi, 1°73a).
Frskine and ¥han (1976) in Guinea reported no agronomic
optimum for plant density but the increase from 100,000~
250,000 plants/ha did not sianificantly increase arain vielad.
They concluded that it would be uneconomical to orow cowpea
at above 100,000 plants/ha. 0Ojehomon (1970) workina on the
recommended 0.90 x 0.3NMm spacing in Migeria found that yields
were sub-optimal and succested that hicgher densities may
increase yi=lds subseguently. Ojehomon and Pamiduro (1971)
reported from southern Migeria that hiaher yields resulted
from increasing the plant density of both erect and semi-erect
types up to 7,000 plants/ha. Remison and Okunariwo (1979)
in the Southern Guinea savanna zone of VFNimeria found the opti-
mum population to be 23,000 plants/ha for Ife Rrown and

between 111,000-161,n00 plants/ha for the variety New Fra.




The result of the experiment carried out in Samaru by the
iﬂétitute for Agricultural Research on rlant density showed
an increase in vield up to 80,0N0 nlants/ha with erect
cultivgrs (Anon., 19R%0}.

';aﬁi"Sohé workers have found yvield reductions in qrain
lequmes with increasing density {(Prskine and ¥han, 1976;
Crothers and Westermann, 1976; Westermann and Crotbers,
1977). Reduction of yield and its components at high
densities may be due to density induced mortality as reﬁotted
for Wigne unguiculata (Frskine and ¥han, 1976).

A hiagh mlant population can be achieved by narrowing -
either the inter-row or the intra-row spacings. fince cowpea
cultivars vary in their growth hahit €from erect hunch to the
spreading.types, the effect of mutual shading, carbhon dioxide
movement as well as incidence and spread of plant diseases
may vary widely depending on the growth habit of the cultivar.
Fzedinma {(1965a) and Baizel (1272) have suggested that the
erect bush habit is more efficient for carain production than
the trailing indeterminate hahit, bhecause the former has a
high pod-to~stem ratio, little tendency to perenniality and
even pod ripening. The hioh production by erect cultivars
may be fdue to better water and nutrient utilization as a
résult of less evapotranspiration or due to greater atsorp-

tion of radiant energy. e
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FFFFCTS OF PLANT POPILATION OM YIELD COMPONFENTS

- Grailn yield in cowpea is a product of the number of
flowerina inflorescences initiated, the number of pods set
per flowering inflorescence, and the number and weight of
seeds.pér pod (Fnyi, 1974). Thre highest seed yvields are
cbtained when all these are maximised and density induced
mortality allows the full expression of these characteris-
tiéé (Westermann and Crothers, 1977). In dense stands
autoregulation might operate to bring plant size and
number intc equilibrium.

In a study to compare the vegetative growth, develop-
ment and seced vield of cowpea, Ojehomon (1970} found that
thg cultiva;s that had the highest flower huds (New Era)

N giéo had the highest flower bud and immature fruits
abscission, He, therefore, concluded that it is highly
unlikely that breeding for higher number of flower buds per
plant would achieve higher vyields.

In Ghana Haizel (1972) roted that at hich plant
. densities cowpea produced fewer pods. The work of Remison
;nﬁ Okunariwo (1979) confirmed this as they reported that
the number of pods per plant, seeds per pod and seed yield
decreaserd at high densities in 1976 although there was
stabilization of yield and components of yield over a

wide range of density treatments in 1972,
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However, Frskine and Vhan (197€) reported that pods per
plant and lateral branch Jdevelonment decreased, but seed

numher per pod increased with increasine plant population.

FEFFECTS OF PLANT ARRANGEMFMT ON SFFD YIELD

Yiel@ per unit land area is not Adependent only on the
number of plants per unit area, but also on the spatial a
arranagement of the plants or in other words “plant rectan-
agularity”. Plant rectancularity can be better visualised
in row crops and defined as the ratio of the distance
between plants within the row to the distance hetween the
rows. Studies have demonstrated that maximum yields
result when plants approach eaquidistant spacings. Reynolds
(1950) on peas, Donovan e¢f af (1963); weher ef af. (1°966) on
soybean, Crothers and "estermann (1976) on snap hean ohserved
that within a given population level, seed yield increased
as the inter-row spacings amproached a uniform distribution
pattern.

Very little work has “een done on plantina conficura-
tion with cowpea. In most of the cases only rectangular
arrancements were used. Souare and rectancular arrancements
have not bheen compared. Haizel (1972) workina in Ghana with
a spacing of 22.5 x 22.5 cm, 45 x 45 cm, 90 x 90 em, 90 x 22.5

cm, 45 x ©0 cm, and 45 x» 22.5 cm found that saquare arranagements
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MATERIALS AND METHODS

EX#ERIMFNTAL SITE

The experiments were carried out in 1980 and 1981 on
fields 75 and S4F of the Institute for Agricultural
Ré;earch (I.A.R.) farm at Samaru (11° 11'N, 7° 40'FE and 685 ™
above sea level) in the Northern Guinea Savanna zone.
IThe ¢limatic and soil conditions as well as the c¢ropping
.ﬁistory of the two plots used for the investigations are

presented in Tables 1, 2 and 3,

PLANT POPULATION

Four plant populations (40,000, 65,000, ©0,000 and
115,000 plants/ha) were tried. 1In the.second vear an
additional population of 140,900 plants/ha was included as
a side observation.
PLANT ARRANGEMENT
:.j  for'each plant population, one saguvare anf three rectan-
gular arrangements were tested. The square arrangements
50 x 50 em, 3% x 3% cm, 33 x 33 cm and 30 x 30 om corresponded
to the plant populations of 40,000, 65,000, 90,000 and
115,000 plants/ha, respectively.

Th;ge rectangular arrancements with fixed inter-row

spacihgs of 90 cm, 60 cm, and 30 cm were used.
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In case of 115,000 plants/ha, instead of 30 cm an

inter-row spacing of 36 cm was used.

The intra-row spacing

: to give the approximate required plant ponulation/ha were

computed in each case (Table 4).

Table 2. The Physical and Chemical Properties of the Seil

from the Experimental fite.

Scil Properties

Tharacteristics

Field 75 Field S4B

Effective OWC 6.65 4.2¢
Textural Class SL to Lms SL to Lms
Total M ¥% 0.056 0.045
Available N {(ppm) 131.4 10%.6

Total P (ppm) 4.2 2.45

pF in HZO 5.4 5.2
Organic carbon % 0.245 0,098

Sandy loam
Loamy sand.

51
LMS

i
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1

Takle 3. Cropping Vistory of Fields 2?5 and S4R used for

the investigation

Year TS Crops arown iE Plots
75 B4n

1274 : e Sorgtum Cotton/Sorghum
1075 o Groundnut Cotton
1076 ) Maize Fallow
1977 };; : | | o Groundnut Fallow
1978_.. * : o . Sorghum Fallow .
1979 #:il?  “  “ - Cowpea Fallow f
1980 .,i4f ' Cowpea rallow

e e e _ : -



17.

Table 4. Spacing Arraﬁgements NNsed for the Various Plant

Populations.

Spacings (cm) Approximate number of

Inter-row Intra-row plants/ha
a0 28
60 41 40, 000
i ¢ _ a3
S L SO - S
50 17
60 25 65, 000
a0 50
in 39
a0 T 12
60N 18
33 - a3
g0 10
€0 15
16 o5 115,000 , 3
30 30
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CULTIVARS

The three test cultivars were Ife Rrown, Accession 355,
and Accession 16%96. Ife Bjpown (Cl) ig a cultivar developed
by the Institute for Agricultural Research, Samaru and the
University of Ife. It is an erect cultivar with brown seed
coat. It is day neutral and takes 3 - 3k months to mature.
Accession 355 (Cz) is derived from crosses between Ife Brown
and Vew Fra progenies. It is an erect cultivar with a brown
seed coat. It is day-neutral and takes 3 - 3% months to mature.
_Accession 1696 (63) is a local selection which spreads and
:is photoperiod—sensitive.- It has a white seed coat. Its
maturity time varies from 2-5 months depending on the time

of the vear it is planted.

EXPFRIMENTAL LAYOUT

?he investigations were carried out usina a strip block
"éeéiqﬁlﬁith 48 treatments (4 arrangements x 4 populations)

x 3 cultivars. Treatments were replicated three times
giving a total of 144 plots (Fig.l). The size of each gross
plot was 5% x Im. VYield data were collected from plots

measuring 3 x 2m, while other ochservations were carried out

on the remaining stands within each plot.
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CULTURAL OPERATIOM
LAND PREPARATION:
| The experimental area was plouched and harrowed before
.1afinq out the experiment. Each of the plots was then hand-
levelled to get a uniform surface for sowing on the flat.
FERTILIZER APPLICATION:
_= h27'k§ PZOS/ha (150 kg/ha single superphosphate} was
uniformly spread an’ mixed into the soil just hefore sowing
in all the plots.
SOWING:
Intef- and intra-row svacings were marked ougraccording
to the plan (Fig.l1). Two seeds were sown per hole and seedlings
thinned to one plant per stand at three weeks after germina-
tion. In 1980, seeds were sown on R July, while in 1981 sowiﬁg
was done on 15 July. Five additional plantings (Tuly 8, 15,
22, 29; Augnst 5, 13) were Aone in 1981 trial but only in
respect of Accession 1696. The purpose of planting this
cultivar on several dates was to ensure that it fruited in
view of its photoperiodic-sensitivity. ' - |
PLANT PROTECTION
| The experimental nlots were hand-weeded twice in 1980 and
onée in 1981 to reduce competition from weeds. From five weeks
after germination thke c¢rop was reaularly sprayed at fortnight

~intervals using mixture of Dithane M45 and Penlate at the
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Table 1. Westler Records During the Experimental Periods and 10 Year Mean Veather Conditions at Samaru

Latitude 11° 11'%, L

] Mean Mean PH FKean wind Mean pan
Total rain- Ten . . R.H. %
M .M . Temp. 8
Month fall (mn) Year ‘can Max ean Min Mnm unshine (ten speed km evap. (mm)
mean temp: temp: years) hrs g a.m 4 p.m years)
; {air) “C (air) ¢ c oS L
Rain-
fall
()
168¢ 1981 1R 108] 1980 1981 on 108n 14981 108 1081 1980 108 E.PF,. 1980 1981 1980 1981
June il16.4 53.0 162.4 n 4 33,6 19.8 21.4 25.5 R.3 2.9 74,9 71.5 56.% 45.9 64,3 193.2 204,67 7.8 9.7
July 267.4 84.3 ?22¢.° 29,8 2R.R 1.0 19, B 231 R 6.5 £,/ R]1.,3 R2.1 6.5 7.9 70,2 178.3 169.21 £€.3 6.5
August 214.6 80,6 2R0.0 2R.T7T 2B.4 194 19.% 23.R 4.1 6.5 P34 B2.4 A7T.R €7,9 75,6 112.6 127.4 5.4 5.8
Sent. 7¢.% 133.3 228.4 n.7 3001 19.5 19.4 24.2 7.6 7.7 T5.5 76.4 62.5 £5.2 69,2 91.57 1131.B 5.9 5.4

Oct. 16.3 0.0 38,8 32,0 32.5 1R.9 17.3 24.R 8.7 #.7 64,2 0.1 £3.% £7.7 51.1 130,46 85.15 6.9

L
.
%

Fov. 0.0 - 1.1 28,5 29.1 14,7 14.2 21,6 £.3 7.1 21.3 23.6 17.5 21.7 25.5 141.€7142.0 R.7 9.4
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rates of 2.5 kg and 0.f ka/ha, respectively for the preven-
tion an? control of fungal diseases. They were also spraved
with cypermethrin (cymbhush) at the rate of 2.5 litres/ha

(ULV spray) to control insects, heainning immediately after

flower initiation until the plants started drying.

BARVESTIVNG
Four pickings were carried out in cv. Ife Prown and cv.
155 to avoid shattering. Cultivar 1696 failed to bear any

seed in both years and hence there was no picking.

OBSERVATIONS

The following observations were recorded in all the
cultivars in accordance with the procedures outlined. Unless
it is specified to the contrary, all reasurements were bhased
on five randomly selected plants per plot. In 1981 measure-~
ments were restricted to only plant height and number of

vegetative branches.

Plant height: Was measured from ground level to the tip of
the longest hranch. | ” 

Mumber of branches: Only those branches arisinc fréﬁﬂthe main
stem were counted.

Leaf number: All open leaves on a plant were counted.
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Leaf area: A comparison of the dry weight of the leaves on
the plant to the weight of a known area of a sampnle of the
leaves was usd to computc the area of the leaves. This
was done by suinc a round borer of a known diameter to bore
a fixed number of randomly selected leaves from each sample.
They were then oven-dried to a constant weiaht. Total leaf

area was then calculated from the formula:--

w
LA - w Dl

v
where L.A. = Total leaf area (cmz)

W = Total leaf Ary weiaght (o)
w = Dry weiaht of sample (qa)

X = Leaf area of sample (cmz)

Total dry matter: The oven dry-weight of the whole plants
were recorded.
Number of peduncles per plant: This was counted at maturity,

just before first pickina of pods.

Number of pods per peduncle: This ohservation was made on
50 peduncles from 10 plants (5 from each plant) just before

first pickina.
Number of seeds per pod: The number of seeds from 50 randomly

drawn pods from each plot was counted.

One Thousand (Test Weight): 1000 seeds were randomly drawn

from each plot harvest and weighed.
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Seed wgighf per unit aréa; From the yield obtained from the

plots of a known net area (3 x 2m) the seed weicoht per
hactare was determined after threshing and winnowing the
produce from the entire net plot.

Statistical Apalvysis

" rThe data collected were subjected to statistical analysis
as described by Suedecor and Cochkran (1967). The least
significant difference was used for the comnarison of treat-
ment means. The Reciprocal FTguation as described by
Willey and Heath (1969) was used to estimate the optimum
population density for each of the cultivars. The formula
used was: | |

a + bp + cp2
yield/plant

| 1y
where N

a, b and c = Pegression constant
.p = population per unit arca.
From this formula optimum population is calculated from thé

formula: P = a/c

P = optimum population

"

a &k c Regression constants,
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pREEINT TS
VECFTATIVE GROWTE ™M NEVELOPMEMT

PLANT HEJCGHT:

Cultivar differences in plant height were sianificant
in both years and the mean of the two years (Table 5 Fi¢s.2
(a) and 3(a)). It is evident that 1€6°¢ was significantly
much taller than the other two cultivars (Ife Prown and 35%)
whick were similar in both vears.

From Takle 6 it is evident that plant population affected
plant beight siconificantly only in 1981, Durinc that year
the lowest ponulation (40,007 plants/ba) whichk was similar to
65,000 plants/ha produced siconificantly taller plants than
the two hicher populations of 9n,NC0 and 115,000 plants per
hectare. Figs. 2{(bh) and 3(h) do not show any markec difference
due to population density.

Nifferent plant arrangements dA4id not affect the plant
height significantly in any of the two years. However, the
tallest plants were produced in sguare arranacements during
both years (Tables 7, Figs.2(c) an?d 3(c)). None of the
treatment interactions exerted a sionificant influence on

plant heiaght.
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Plant height was.founﬂ tc be positively ﬁut not signifi-
cantly correlated to seec vield/ha in 1980 but positively
and sianificantly correlated to se2d yield/ba in 198]1.

MUMPER OF BRANCHRS PER PLANT:

Cultivar differences in the number of hranches per plant
were significant in 1980 and the mean of the two vears, but
.not in 1981 (Takle S5)., TIn 19RO, cv, 1696 heing at par with
cv. Ife Brown was significantly superior to cv. 155. In the
mean of the two years cv, 16°%f was significantly superior to
the other two cultivars. CCv. Ife Prown was also superior to
cv. 355, Fig.4 (a) shows that cv. Ife Prown and cv. 355
were slow in producing hranches during early growth period
{un to A days), bhut were faster in latter period (66-80 days}.
Performance of the three cultivars was almost the same in 192]
(Fic.5(a)).

Plant population affected the numter of branches per
plant significantly in 1921, bkut not in 1980 and the mean of
the two years. In 1221, maximom and minimum number of hranctes
were produced in 40,000 and 11%,000 plants per lectare resmec-
tively. The effects of 65,000 and ©0, 000 plants/ha were
similar to 40,000 and 115,000 plants/ha (Teble &), From
Figs. 4(b) and 5(h) it can he scen that more hranches were

formed in shorter period in 1981 than in 1980,



26.

The different svacing arraﬁqements affected hranching
of the cultivars only in the mean of the two vears (Tahle 7).
Sguare arrangements produced hicgher numbers of branches than
others though significantly superior only to 60 cm arrangement.
Superiority of souware arrangement can also be seen in Fig.4(c).

Plant population and spacing arrangement interaction
were not significant fer number of branches per plant.

The interaction Yetween plant population and cultivar
in respect of number of wranches per plant was not significant
in all cases. Mumbker of branches per plant was sionificantly
affected by spacing arrangement and cultivar in 1981, hut
not in 1980 nor the mean of the two years. In 1981, cv.16%6
with sguare and 30cm arrancements produced sionificantly more
branches than other combinations (Table 9).

The plant porulation, spacing arrangement and cultivar
interactions were not sianificant in both years and the mean
of two years.

mumber of branches per plant was positively correlated
with seed yield/ha in both vears but significant only in

1981,
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NUUMBER OF TLFAVEE PER PLANT:

Mumber of leaves per plant were counted only in 10R0,
The different treatments and their interactions were not
sionificantly effective in influencing the number of leaves
per plant. Fowever, c¢v. 1696 produced many more leaves per
plart than the other two cultivars in the different treatment
combinations.

The number of leaves per plant at 90 days after sowingo
was nositively hut not sianificantlv correlated with seed

vield/ha.

TOTAL LEAF ARFA PFR PLANT:

Cultivar differences in total leaf area per plant was
significant (Tamhle %)Y, The total leaf area for cultivar 1696
was significantly superior to the other two. Cultivars
Ife BPrown and 355 were similar in total leaf area.

Plant population affected total leaf area significantly.
Tre lowest and highest plant population “eing at par, signi-
ficantly produced more leaf area than the other two popula-
tions. WHowever, 65,000 plants/ha was sionificantly hetter

than 20,000 plants/ha (Table 6).
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From Table 7, it is evident that spacing arrangement
significantly affected total leaf area per nlant., Sqguare
arrangement being at par with 60 c¢m were sionificantly better
than 90 and 30 om arrancements. The 90 om was significantly
superior to 310 ¢m arrangement.,

Total leaf area per plant had heen siqn;ficantly affected
hy mlant vopulaticn and arrancement interactions (Tahle 8).
The &0 x 15 cm arrangement with 115,000 plants/ha heing at
par with 50 x 50 cm with 40,000 plants/ha. produced significantly
more leaf area per rlant than all other arrangements.

Total leaf area per plant was not significantly affected
by plant popuvlation and cultivar interactions.

Total leaf area per plant was not affected by spacing
arrancement and cultivar interactions. FHowever, cv.16%6 had
more leaf area fcllowed by cv, Ife Rrown in all arrangements
except the scuare arrancement where cv.355 was next to cv.1696
(Table 9). The three factor intcractions of plant popula-

tion, spacing arrangement and cultivar was not siaonificant.

WEIGHT™ OF LFAVFS:

Cultivar differences in dry weiaht of leaves was signi-
ficant. Cultivar 1696 vroduced meore Adry weicght of leaves than
cultivars YIfe Brown and 355. Cultivar Ife Prown and cv.355

were at par (Table 5).
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Plant population, spacing arrancement as well as all
the treatment interactions Aid not affect dry weioht of

leaves significantly,

TOTAL DRY MATTER:

Fxcept plant arrancement and cultivar interaction, all
the treatments and their interactions did not affect total
Ary matter significantly.

Table 9 Fas clearly shovn that the interaction hetween
'spacing arranagement and cultivar was sionificant. The
interaction hetween the different plant nopulations and
spacing arrangements produced the hichest dry matter with 60 com
arrangement. with cultivar 1698 though similar with 90 and
. Bguare arrangements with cultivars 1496 and Ife Brown
respectively. The lowest dry matter per plant was produced

by 60 om arrangement with cv.31R5,

YIVLD COMPONENTS AND YIRLD

Cultivar 16%6 failed to produce pods in both vears.
Therefore, yield components and yield data were recorded
only for Cv. Ife Prown and Cv.355.
NUMBFR OF PENUFCLES PEFR PLANT

Though cultivar TIfe Rrown produced more peduncles per
plant than cv.355 in hoth yvears and their mean hut the dif-

ferences were not sionificant.



20

REP. T REP II REP III
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Table 5. Yean Performance of Three Cowpea Cultivars as measured “v various Vegetative Characters

at Tamaru, 9RC and 19RnN

Mumber of Total Leaf Dry weight

. . Leaves area per of leaves
Cultivar Height of Plant (cm) Mumber of Branches 2
per plant per plant plant{cn™) (g)

198C 1981  Mean 1980 1981  Mean 1980 1980 1980
Ife Brown 5!.3 56,2 53.8 2.8 3.6 3.2 31.¢ 5766 387.9
355 32,9  40.¢ 39.8 2.4 2 2.7 25.9 4932 2,2
16%¢ 96.4 143.9 170,2 3.4 4.6 3.9 67.5 RL0% €02.9
S.E.(+) <1 R.1 2.2 n.2 0.4 0.2 L 322.0 20.5
L.E.D. 19.8%% 16 Rke 10, ,20%% n.g 1.5, 0. a%k* N.S. 1826, 2% 116.7%*%
¥.2, = VYot gignificant.
$.E. = Standard Error
L.8.D., = Leapgt sipnificant difference

* = Significant (P = n,0%)
#% = Highly significant (P = 0.01)



Table 6, Mean Fffect of Plant Population as measured by various vegetative crowth characters

of three cowpea cultivars at Samaru; 1920 and 1981

T,
Plant Height of Plant Number of Pranches ;22:1p2:af
o 2 1
opulation (em) per rlant plant (cm’)
'ann
(*0nn/ha) o8N 1651 Vean LT T Yean . 1980
40 52.3 L 73.R8 2.8 3.9 3.7 6045
65 £8.7 £2.0 75.< 2.7 2.8 1.3 £129
an 54 .5 74.7 FL F i.n 3.7 1,4 S497
115 £7.4 14 .7 T} 2.0 3.4 3.1 7151
e, 4.2 ‘.8 . P n.? n.2 0.2 125,2
1.7, ve e € re Ne n_A7* NE 390.¢€

'S = MNot significant

.E. = Standard Frror

S.D. = Least significant difference
*# = Significant (P = 0,05)

** = Highly significant (P = 0.01),
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Table 7. Mean Fffect of Plant Arrangement as measured hy various
vegetative growth characters of three cowpes cultivars at S
Samaru; 1980 and 1081,
Plant Mumber cof Branches Mumber of leaves Total Leaf
Arrangement per plant per plant area per
1980 1981 Mean 1680 plant (em’)
1980
an 2.7 3.5 3.2 41.0 6278
60 2.5 3.5 a.n 41.1 6793 .
3n 2,9 3.9 2.4 3r.@ 5617
Square 3.3 3.0 3.6 46.7 7032
S.F.(+) 0.2 0.2 0.2 4.7 135.3
L.5.D. MN.5. N.S. 0. Sk* N.S. 90, 6%%
¥
N.S, = VWot significant
S.E. = Standaxd Frror
L.8.D. = Lenst significant difference
* = Significant (P = 0, NR)
e = Fighly significant (P = 0,01},



33,

Tatrle B. Mgan effect of Plant Population anéd arrancgement as
measured by Total Leaf area per plant, of the three
cowpea cultivars at Samaru, 1980 and 1981

. Total T.eaf
Plant Spacing
Population ZIArrancement areg per plant
(1 000/ha) (em™)
1280
90 x 28 . 6863
£0 ¥ 4] 7002
40 30 x 83 5608
A0 ¥ 50 8218
0 x 17 60RB
60 x 25 5676
65 30 x 50 €412
22 x 3¢ 6339
o0 ¥y 12 5196
60 x 18 R57R
90 30 x 26 5176
13 x 33 £Q40
90 x 10 6974
60 x 15 25
115 36 x 25 5272
30 x 30 7533
S.E. (%) 129,3
L.8.D, 1230 7**
. . * = gignpificant (P = 0.05)
M.S. = VNot significant ¥y = \ o
S.F. = Standard Frror = Highly sianificant

L.S.N. = Least sianificant difference (7 = 0.01)
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Table @, Mean Fffect of Plant Arrangement and Cultivar as measured
by various Vegetative Growth Characters of three Cowpea
Cultivars at Samaru, 1980 and 19R1.

iiggzge- Cultivars Maumker of PBranches Total dory
et matter
1980 1981 Mean (a)
1980
Ife Prown 2.6 4 2.9 651
an 355 23 o2 2.7 589
1696 34 el 3.2 4R
Tfe Rrown 2.8 o 703
60 585 1.7 3 ) .6 445
1696 2.9 3.9 3.5 1166
Ife Rrown 2.R 4.1 3.6 626
30 355 2.7 2.9 2.8 676
1696 33 4.0 4,1 R07
Tfe Rrown 3.1 3.9 3% Q41
Square 355 2.R 2.7 2.8 R27
1696 3.9 5.1 . RRG
S.F. (#) n.4 n.5 0:35 02.4
L.S.D. MSs 1.0% NS 257.65%*

S = Mot sicnificant

F. = Standard Frror

S.D. = Least sianificant difference
* Significant (P = 0.05)

* Hiohly significant (P = 0_01)

i




(@) CULTIVARS
A AF Ife Brown
..__—-—. = 355

oO— ————0- 1656

(b, POPULATIONS (c)] ARRANGEMENTS

35
A — —-A = ({0,000Plants ha-! b SOCHY
o .......... o s GS,OCOPMII'IH ha-1 ._____'.‘ EOCM
©— —@+ 90,000Piants ha-! L @ =30cm
®————a@ = 115,000 Plants ha-! 8 8= Square
L.S.0
L.S.0

100
LS.D
=
-
—
Z
|
Q
S
-~ 50k /
s /
e J
W
x - /.”,_—.
-
P
/ (a)
O;_{; 1 S | 3 L
0 4« 66 80 40

D A Y S

1 J L
66 80 4o 66

E R S o W I N G

A F T

Fig.2:Mean effects of piant population, plant arrangement and cultivar onthe height of cowpea plants at Samaru,!980.



HEIGHT OF PLANT

36

150 - POPULATION S
CULTIVARS

A A = Ife Brown A———-A = 40000 Plants pa-!

° @ - 355 _l, O-:eeveneugy # 65,000 Plants ha-! ARRANGEMENTS

O————0:= 1696 LS.0 —© = 90,000 Plants ha-! &----48 5 90cm

/ l
/ B = 115,000 Plants ha-! L.5.D 66— g« 60cm LSO
100 + / ®- — - @=30cm
/ B————@ = Square A

50}
(a)
0Ly 1 Ll | 1 o] Ly 1 v
35 52 69 0 35 52 69 0 35 52~ . 69
DAYS A FTER S O W !
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Fig 4:Mean effects of plant population, plant arrangement and cultivar on the number of branches per piant of three cowpea cultivars at Samary1980-
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Marmber of peduncles per vlant decreased with increase in
plant pepulation in both Year; and in the mean of the two vyears
{(Table 11). Tre differences were significant in 1981 and the
mean of the two vears hut not in 1980, In 1%R1, the two lowest
populations treing at par produced significantly more peduncles
per plant tran the other two higher porulations which were at
mar. For the mean of the two yvears, the effect of 40,000
plants/ha was significantly more pronounced over 70,000 and
115,000 plants/ha, but not over 65,000 nlants/ba, Significantly,
more peduncles were produced at 65,000 than at 115,000 plants
per hectare but at par with 90,000 irn influencinc number of
peduncles per plant, The two higher plant populations i.e.
90,000 and 11%5,000/ha were at par with each other.

- The effects of plant arrangement on the number of peduncles
per prlant were not significant in hoth the years and their mean.
Fowever, the highest number of peduncles per plant is produced
with &0 om arrangements in 1980 and in the trrean of the two years
and in the 30 om arrangement in 1981,

Interaction between plant population and spacing arrange-
ment was not signhificant in hoth years and the mean of the two

vears.
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From Ta“le 132, it can be observed that there were signi-
ficant differences in number of peduncles per plant in 1981,
but not in 1987 and the mean for the two years. TIn 19R1,
cultivar Ife Brown prroduced sicnificantly more peduncles than
cv.355 in the lowest population hut was at par in all the
hiagher pooulations. Cv. Ife Brown produced significantly more
peduncles per plant with decreasing plant population.

Interaction between spacine arrangement and cultivar
was sionificant in both the years and their mean (Takle 14).
In 1980, 1981 and their mean, Cv. Ife Rrown produced siqni-
ficantly more peduncles than Cv,355 only in €7 cm arranaement.
In 1980, also with this arrancement cv. Ife Prown yielded
significantly hicgher thkan the other arranagements. In 1981,

30 em arrangement beinc at nar with» soguare arrancements
produced more peduncles than 60 and ©0 cm in both cultivars.
For the mean of the two years, C.v. Tfe Brown produced siani-
ficantly more peduncles in 67 cm and 290 and 30 em. A0 cm was
at rar with the scquare. The different arranagements did not
affect Cv.358 significantly.

The three-factor interaction between plant vopulation,

plant arrangement and cultivar was not sianificant in both

vears and the means of the twvo years.
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Comhined analysis for thé two vears bas shown that the
number of peduncles per nlant was significantly more in 19pP0
than in 1981 (Appendix 16)}.

The number of peduncles per plant was necgatively corre-

lated with seed vield/ha in 1981, bhut not in 1980,

NUMBER OF PODS PER PFDUNCLE

Mumber of pods per peduncle was not sionificantly influenced
hy the treatments and their interactions in any year.

There were significant differences in the number of pods
per peduncle produced in the two vears, the 1987 result heing
sirnificantly htiagher than that of 1921 (Appendix 19).

There was no significant correlation hetween numbers of
pods per peduncle and seed vields, thouch the correlation was

positive in 1980 and negative in 1981,

MUMBER OF SEEDS PFR POD

Cultivar effects were not significant in both the
yvears and their mean. Fowever, cultivar Ife Prown yielded more
seeds per pod than cv. 355 in bhoth the years and their mean.

Tt is evident from Takle 15 that the higher the plant
.population the lower the number of seeds per pod. The only
sionificant difference was observed in the mean for the two
years, where the lowest population produced a higher number of

seeds per pod than all the higher populations.
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From Table 16 it can bLe observed that plant arrangement
had affected the numbher of seeds per rod only in 1981 when
square arrangement, being st par witbh 30 om produced signi-
ficantly more seeds per pod than the 90 and A0 cm inter-row
arrangements which were at par with each other.

The interaction between plant porulation and spacing
arrangement was not sirmnificant in bhoth vears and their mean.
However, the highest numher of seeds per pod was produced by
the lowest population with rectangular (90 x 2R cm) arrancgements
in 1980 and square (50cm x S0cm) arrangements in 1981 and the
mean of the two years.

The interaction between plant population and cultivar
was nhot significant in h»oth years and their mean. Cultivar Ife
Prown however, produced more seeds ver pod at all plant popu-
lations in both years and their mean. The numher of seeds per
pod for both cultivars decreased with increase in population in
most of the combhinations.

The interaction between spacing and cultivars were not
significant in bhoth years and their mean. Though the interac-
tion effects are not significant it seems that different spacing
arrangements had influenced Cv, Ife Prown but not Cv.355. Under
scuare and 30 cm arrangements, cultivar Ife Brown bore more seeds

per pod under 30 cm than under 90 and &0 om arrangements.
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The three-factor interaction between plant population,
plant arrancement and cultivar were not sionificant in the two
years and their mean. There were significantly more seeds per
pod in 1981t than in 1980 (Appendix 22).

Mumher of seeds per pod was positively correlated with
seed yield in 1980 and 1981, but it was significant only in

1981.

1000-SEFD WEIGHT

Cultivar differences in 1000-seed weight was not signi-
ficant in both years.

Table 1% revealed no significant Adifferences in weight of
1000~-seeds due to plant porulation. Fowever, there was ten-
dency of Adecline in test weight bevond ©n thousand plants/ha.

Spacing arrangement sionificantly affected 1000-seead
weiaght only in 1981 and the mean of the two vears (Table 16).
In 1981 and for the mean ¢f the two years, seeds were heavier
in 30 ¢m, being at par with sguare arrangement in 1981 and
with square and 60 ce¢m in the mean for the two years. There were
no significant differences between 90 and 60 cm arrangements.
The data for 1780 revealed the same trend.

The interaction of different treatments were not sighni-

Ficant.
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The combined analysis bhas shown that 1000-seed weight was
significantly heavier in 1280 than 1981 (Appendix 25).
One-thousand test weight was positively but not signifi-

cantly correlated with seed vield/ha in both the years.

SEFD YIFLD PER PLANT

Nue to some mistakes in data collection, the seed yield
per plant for 1981 was discarded. Therefore onlv 1980 result
has been reported. There was no significant cultivar
differences in seed yield per plant.

Seed yvield per plant was siqgnificantly decreased with
increase inpplant population (Table 15). The lowest and highest
plant population produced the highest and lowest seed yield
per plant, respectively. However, 65,000 and 90,000 plants/ha
being at par were significantly superior and inferior to the
hichest and lowest plant wopulations, respectively.

Spacing'arranqements affected seed yvield per plant signi-
ficantly. The sauare and 9" cm arrangements being at nar
were significantly sumerior to the &N and 30 com arrangements
which were at par with each other (Tabhle 16}).

The interaction hetween plant population and spacing arrange-
ment was significant (Takhle 17). The different interactions
had more seed yield per nlant with low porulations than with

the high populations.
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There were no simnificant differences in the rlant popu-
lation and cultivar interactior effects. Cultivar Ife Brown
however, vielded hiocher than Cv.355 in all the plant popula-
tions. The yield of Cv.35F decreased with increase in plant
population, but the result for Cv. Tfe Prown was inconsistent.

Yo significant Aifferences were ohserved for plant arrange-
ment and cultivar interactions. Fowever, Cv. Ife Rrown yvielded
hioher than Cv.355 in all ttre arrancements. 7Thre highest yield
for the two cultivars were recorded in scuare spacing arranqe-
ments.

There were no sionificant differences in the interaction

between plant ponulation, spacing arrancement and cultivars.

SFFN YIFLD PFR HECTARF

Cultivar Ife Prown vielded sianificantly biaher than
Cv.355 in 1980, but not in 1781. The mean vield of Cv. Tfe
Rrown for the two vears (1128 kg/ha) was sionificantly higher
than that of Cv.3155 (88° kg/ra) by about 27% (Table 10).

From Tahle 18 it is evident that Jdifferent plant popula-
tions have affected seed yield. Tn both years and their mean,
20,000 plants/ha heing at par with 115,000 plants/ha yielded
significantly higher than the two lower ponulations. fhe same
trend was found in the mean of the two years. In 1981, 20,000

and 115,000 plants/ha beino at par with 65,000 plants/ha were
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sunerior to the lower population of 40,000 plants/ba. There
was no statistical difference between the two lower nlant
populations.

Spacing arrangement differed significantly in producing
seed yields in 1°R1 and for the mean of the two years, but not
ir 1980 (Tarle 12). In 1771, 30 cm and saquare arrangements being
at par vielded siconificantly higher than 60 and ©0 cm which
were also at par. The mean vield for the two years showed the
same trend. In 1980, though the differences were not signifi-
cant, 30 cm and sguare arrangements yielded higher than the
other two arrangements,

The vield data presented in Tahle 20 show no significant
differences due to plant population and spacing arrangement
interaction. TIn 192, however, highest yvields were ohtained in
scuare arrangement in all the plant populations. Square arrange-
ments of 30 x 30, 33 x 33, 39 x 32 and 50 x 50 cm yielded
highest with 115,000; 90,000; €5,000; and 40,000 plants/ha,
respectively. The vields of 1981 and of the two yvears revealed
that sguare arrancgements vielded hicher than other arrangements
in all tre plant vopulations except for the 9,000 plants/ha.

Yield data presented in Tabhle 13 differed sionificantly
in cultivar and population interactions in 1980 and for the

mean of the two vears. The cultivar differences were found
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only with the three higher plant nopulations. With all ttre
plant populations except the highest one in 1°%31 Cultivar
Ife Brown yvielded tigher than Cv,355.

Cultivar dJdifferences under different arrancements in

both the years were not sionificant {Tahle 14}. Fowever,

Cv. Ife Provn vielded hiagher in most cases. The mean value

of the two years showed Cv. Tfe Frown performecd significantly
hetter than Cv.3%5 with the two higher populations bhut was at
par with Cv.355 with the lower populations.

The interaction effects of nlant population, plant arrange-
ment and cultivar were not siarificant in both the vears and
the mean . of the two vears. ‘Yowever, Cv, Ife Prown yielded
the highest with 30 x 36 cm with 90,000 olants in both years
and thelr mean. Cv. 355 also yvielded hicrest with 30 x 36 om
in 1981 but with 60 x 1R cm and 36 x 25 cm in 1980 and the
mean of the two vears, resrvectively.

The comhined analvsis of the two vears' result has
shown that yields in 1980 were significantly bhigher than that

of 1981 (Appendix 13).
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Seed Yield from 140,000 nlants/ha

Only seed yield was estimated from the look-side-trisl.
Xn average seed vield of 722 ka/ha was ohtained. This
vield although at par with 40,000 plants/ha was significantly
lower than the vields from all the other plant populations.

In case of plant population an® cultivar interactions
the differences were not significant. Cultivar Ife Prown
however, yvielded (290 kg/ha) higher at this ponulation than
all the otkler populations except the 90,000 plants/ha and
Cv.355 vielded (554 ko/ha) less than all the other popula-

tions except 40,000 plants/ha,
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Takle 10, Mean Performance of Two Cultivars of Cowpea for
seed yield (kg/ha} at Samaru, 172f0 and 1981.

Seed Yield (ka/ha)

Cultivar
1280 1281 Mean

Ife Prown 1338 g1¢ 1128
355 oan 786 fR9
s.E. (1) 62.6 427 44,9
L.8.D, 260 4 ** N.S. e 240 %
N.8., = VNot significant
S.F. = Standard Frror
T..5.h. = lLeast significant

* = Significant (P = 0§,05%)

k= Fighly significant (P = 0.01)
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Table 11. M™ean Fffect of Plant Ponulation on the Seed Yield
(ka/ha) ,and Number of Peduncles per plant at
Samaru, 1980 and 1981

Plant

Popula-~ Seed Yield (ko/ha) Mumher ofp;igzncles per
tion
(*000/ha) 1980 1981 Mean 1980 19081 Mean
40 952 724 ]38 26.1 20,0 23.6
65 1143 gAA 004 25.1 10,0 22.5
an 1313 a27 1220 24.1 14.7 19.4
115 1251 al12 1082 23.3 13.1 12.3
S.E. 81.5 60.3 5R.3 1.2 1.3 1.3
L.5.D. 166, 4%*% 165.8* 150,3** M. S. 2,72%% 3 _AR%**
N.S. = VMot significant
S.E. = Standard Frror
L.S.n., = Least Sicnificant difference
*

= Significant (P = 0,05)
*k = Highly sianificant (P = 0.01)
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Table 12, Mean Fffect of plant arrangement on the seed
yield (ko/ba) at Samaru, 1980 and 1981

Plant Seed vield (ka/ha)
Arrangement .
(em) 1980 1981 Mean
90 116¢ 694 Q30
60 1088 736 912
a0 - 1445 g7 1221
Square 1261 976 1118
S.E. a7.5 60.3 58.3
L.5.D. ¥.8. 165 .8%* 150, 3**
M,S., = Not sianificant
S.¥. = Standard Frror
L.S.D. = Least significant difference
* = Siemificant (P = 0,05)

*k = Highly Significant (P = 0,01),.
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Table 13. Mean Effect of plant population and cultivar as
measured by seed yield (kag/ha) and number of peduncles

per plant at Samaru, 1980 anpd 1981

Plant

Seed Yield (ka/ha) “umber of peduncles
Popula- Cultivar ner plant
tion
('0on0/ha) 1980 1981 Mean 1980 1981 Mean
A0 I1fe Rrown 977 a51 Q14 25.1 23.3 24.2
355 Q27 589 759 26.9 18.5
Ife Brown 1359 8R4 1122 26.3 19,7 23.1
65
3155 n28 805 867 23.R 20.0 21.9
Ife Rrown 1536 1028 1282 25.6 141.2 19.9
o0
355 1nap 826 n5R 22.6 15,3 18.8
Ife Brown 1486 fa0 1193 22.6 12.9 17.8
115
355 1017 23 Q70 23.9 13,8 18.8
Sl . 765 118.8 Tra2 1.6 0.5 1.4
L.S.D. 156,2%* N .S, 198 . 090%* wg 1.0** N.S8,
N.S. = Not significant
S.E. = Standard Error
L.S.
+*

Significant (P = 0.05)

N. = Least siqnificant difference
= Highly significant (P = 0.01)
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Table 14. Mean effect of plant arrangement and cultivar as
measured by seed vield (ka/ha) and number of peduncles
per plant at Samaru, 1980 and 1981

Sgiiigge— Cultivar Seed Yield (kg/ha) Number of Peduncles
ment pey plant
(cm) 1080 1981 Mean 1980 1981 Mean
90 Ife Prown 1349 427 ARy 22.7 15,2 20.2
ags anA 762 273 23,4 6.8 2n0.2
Ife Prown 1137 RQ5 a1 29.4 17.6 23.8
60 355 1038 668 853  24.4  14.8 19.6
Ife Brown 1414 1098 1256 22.7 18.# 20.8
a0
355 876 ac6 856 23.7 8.4 21.2
Ife Brown 1459 1133 12%5 24.3 18.4 21.5
Square 3155 1064 810 041 25.7  17.3 21.5
S.T., 76.5 111.7 T7.0 1.6 0.5 1.11
L.S.D. N.5. N_&. 151.3* 4. 7* 1.1* 2,70*
M.S, = Not significant
5.E. = Standard Frror
L.S.D. = Least significant difference
* = Significant (P = 0.05)
** = HMHighly sicnificant (P = 0,01)
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Takle 15. Mean effect of plant population as measured by
nurher of seeds per pod and seed weiaght per plant

at Samaru, 1980 ar” 19R]

Plant Yumber of Feeds per mod Sea” weiaht per
Popnlation _ nlant (a)
(*0n0/ha) 1900 10871 “ean 1980

10 7:5 0.3 : I 3e, 4

65 £.0 R_E 2.9 35,.°

L 6.0 "3 7.6 o

115 6.6 f.6 3-8 30,0
S.F.(4) n,2 0.4 r.2 a8

L.S.P. N.8. Ms n, G** 2.,3%*

.8, = Not sirnificant
F. = Etandar? Frror
T..8.n.= Least simnificant difference
* = fjonificant (r = N,05K)
** = VPiahlv significant (P = n,01)
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Tah A, "ean effect of plant arrancement as measured by number
of seeds per prod 10NN-seed weiaht and seed weiaght per
plant at Samaru, 17PN and 1991

Spacing Mumber of Seeds per 1000-Seed Wejiaht Sl
Veight ver
Arrangement Pod S
(em) plant (a)
1080 1981 Mean 1980 1081 Mean 1000
S0 Tad R.1 7.6 135.5 124.5 130.0 24.7
60 Ts2 8,2 7.6 137.8 126.5 132.1 22.2
30 f.8 .0 T49 140.1 132.4 136.2 21.9
Sauare 6.9 Q.3 8.1 138.9 120.7 134.3 24.9
S.F. (+) 0.25 0.4 02 2.5 2.6 2+3 n.8
LSD. N.S. 0.8% N.S. N.S, 5.4% 4.5* 2.3*%
N.S. = Mot sionificant
S.E. = Standard Frror

]

L.S.D. T.east sionificant difference
* = Significant (P = 0.05)
*k Highly significant (P = 0.01).
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Table 17. Mean effect of plant population and arrancement
as measured by seed yield per plant at
Samaru, 1980 and 1921,

Seed Weiaht

Plant Plant
Population Arrancement peiﬂ?lant
(em) :
('n00/ha) 1980
90 x 28 28.3
10 60 ¥ 41 24.2
30 x 83 22
50 x 50 26,9
T T T T T e k17 T
0 x 25 25.0
65 N0 x 50 20.F
e 39X 30 23.0______
o0 x 12 24.3
60 x 18 21,3
20 30 x 136 22.5
oo 3333 27.2______
en x 10 22.7
60 x 15 18.3
115 36 x 25 18.7
30 x 30 22.9
S.E. 1.5
L:S.Ds o 4, 6%
N.S. = Not significant
S.E. = Standard Error
L.S.D. = Least sionificant Adifference
: = Significant (P = 0.05)

* = Wiaghly significant (P = 0_01).
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NISCUSSTON

VEGFTATIVF GROVTH AMD DEVELOPMENT

At the time of last samplina, cultivar Ife "rown and
cv.355 were in reproductive stage whereas c.v. 1696 was
still in full vecetative growthr staae. At the time of
final harvestinag of cv. Ife "rown and cv. 35%, flowering
had just started in cv. 1696 which produced a neoliagible
number of pods even at one and a half months after the
final pickinc of the other two cultivars.

In cultivar 1696 vecetative growth was muck more
vigorous than reproductive stage till the end. This could
be the reason for its failure to produce pods as most of
the photosvnthate manufactured could he diverted to vegeta-
tive parts. The limited supply of photosynthate to the
reproductive parts micht have caused flower abscission and/
or seed abortion as reported by Fzedinma (1965%a) and
Steele (1972).

Cultivar differences

Cultivars differed significantly as reported in previous
chapter in the veqetative characters. In all these
characters, cultivar 169F proved to he more vigorous than
Ife Rrown and 355. There were no significant differences in

the number of leaves per plant and total dry matter anéd also
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for number of branches per plant in 1981, thouchk the
performance of the three cultivars were in the same order,
cultivar 1696,;> cv. Ife Rrown > cv. 355,

These differences seem to he genetic. Cv. 1696 being a
trailing and long duration cultivar performed better in
vegetative characters than Ife Brown and 355 which are semi-

erect and of srort to medium duration.

Effects of Plant Population

All the growth parameters except total leaf area were
not significantly affected hy different plant populations in
1980,

The total leaf area was sionificantly hiacher at the
highest and lowest than the two medium populations. The
differences in leaf area might te due to more leaves per
plant {though not significant) at the highest plant popula-
tion and larger leaves at the lowest population respectively,
though the Jifferences were not significant,

Height of rlant and the numher of branches rer plant
were significantly affected by varving plarnt populations
only in 1981, The difference hetween the two years was
probkably due to differences in the fertility status of the
goil in the two experimental sites and the weather conditions

during the two years.
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The soil fertilitv and the weather conditions were
better in 1980 so that the plants might not bhave suffered
for want of nutrients or moisture as might bave heen the
case in 1981.

In 1981, bhoth the height of the plants and the number
of branches per plant were similar in the three higcher popu-
lations and significantly less than in the lowest population.
The general trend was a reduction with an increase in popu-
lation. Ojehomon and Ramiduro (1971} had remorted reduced

growth at high plant populations.

Effects of Spacing Arrangement

Spacing arrangement affected the mean number of branches
and total leaf area sionificarntly, beinag hicher in the sguare
than the other spacing arrancements. However, square arrange-
ment was found to he at par with medium spacine arrangement
for total leaf area with narrow and wide spacinc arrangement
for the numkher of bhranches per plant. Even where the
differences were not significant sguare arranagements were
found to be superior to the other spacina arrangements. This
finding is in conformity witt the findings of Ojehomon and
Pamiduro (1971) whe reported that square arrangement was hest
for semi-erect cultivars. The reason for the suveriority of
square arrangements could be due to the uniform spatial distri-
bution to all the plants which prevented the plants from compe-

ting with each other for essential arowth reguirements.
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Treatments Interactigns

The interaction between population and spatial arrangement
significantly affected total leaf area only. The total leaf
area was ¢generally more in square arrangements at all plant
populations. With all the populations, saquare érrangement
was either superior to all or at par with one or two rectan-
gular arrangements. FPopulation and cultivar interactions d4id
not affect plant growth significantly. Spacing arrangement
and cultivar interactions had significant effect on the total
dry matter and in 1981 on the number of branches per plant.

In cv. Ife Brown, more hranches were formed in 30 cm arrange-
ment which wasg at par with the sguare and ©0 c¢m arrangements.
Cultivar 355 was unaffected by the different spacing arrange-
ments. Cultivar 1696 had maximum number of branches in

square arrangement though there were no significant difference
between sguare, 30 and @0 cm arrangements. Cultivar Ife

Rrown and cv., 355 produced maximum dry matter in the sguare
arrangements while cv. 1696 did so at 60 cm. Statistically,
square and 60 cm were the same for cv. Ife Prown: sguare, 30
and 90 em for cv. 355 and A0 and 90 cm for cv. 1696, In all
rectanqular arrancements, cv.1696 produced more dry matter
than the other two cultivars. From this finding it seems that

for erect cultivars sguare arrangements or medium inter-row
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spacing and for trailing cultivars rectanoular arrangements

with wide inter-row spacings are more suitahle.

YIFLD COMPONENTS

Yield components including number of peduncles per plant,
number of pods per peduncle, numher of seeds per wnod, 1000-
seed weight and seed yield per plant were measured only in
two cultivars (Ife Prown and 355) and not in cv.1696 which

failed to produce seeds.

Cultivar differences

There were no significant differences hetween cultivarss
in all the above yield components parameters. Fowever,
in all the vield components, cv. Ife Prowvn produced more than

cv. 355.

Fffects of Plant Population

Varicus plant populations significantly affected the
number of peduncles per plant in 1981 and for the means,
nunher of seeds per pod (mean) and seed yield per plant in
1980 but did not affect numher of pods per neduncle and
1000-seed weight in any yvear. Fxcept seced test weiaht which
was not sensitive to pepulations, all the other yield compo-

nents tended to decline with increasing plant population.
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Similar findings have bteen reported by others. Frskine
ané Khan (1976), Remison and Ckunariwo (1979) have reported
that number of pods per plant decreased at very hicgh plant
populations.

Whereas Fnyi (1974), Crothers and “estermann (1°7A) apa
Remison and Okunariwo (197°) reported decrease in number of
seeds per pod with an increase in plant population Frskine
and Khan (1976) found an increase with increase in plant
density. Acuvilar et al., (1977) observed that 1000-seed-

weight was less sensitive to plant density in snap bean.

Effects of Spacing 7rrangements

Pmong the yield components only seed vield per plant,
10N0-seed weiaght in 1981 and its mean for two years as well
as the number of seeds per pod in 1981 were significantly
affected by different spacing arrangements. Clear cut
differences were observed in seed yield per plant which was
higher at square and 90 cm row width arrancements. Number of
seeds per pod in 1981 was higher in sauare and 30 cm row

width arrangements.
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Treatments Interactions

Interactions bhetween population énd spacing arrangement was

sionificantly affected only ir seed vield rer plant. The
highest seed yvields per plant were obtained with sguare
arrangement for higb plant populations of 115,000 and 90,000
plants/ha and with rectangular arrancements of lower popula-
tions of A5,000 and 40,000 plants/ha, although the differences
were not statistically significant. Population and cultivar
interactions significantly reduced the number of peduncles
per plant with increasing plant population only in 1981,
Spacing arrangement and cultivar interactions affected only
the number of peduncles per plant in both years and the mean
for the two years. Unlike cv.355, cv. Ife Brown produced
significantly more peduncles ner plant at 60 com row width
and saquare arrangements. Mone of the vield components was

affected by population, arrangement and cultivar interactions.

SEED YIFLD PER BECTARW

Cultivar Differences

There were significant cultivar differences in seed
vield/ba. Cv. Tfe RBrown vielded sidgnificantly more than cv.
355 in 1980 and the mean of the two years. Lack of signifi-

cant differences in 1981 was probably hecause none of the yield



66.

components as well as the vegetative characters were signi-
ficantly dAifferent in 1981. Total yield was higher in 1980
than in 1981, This was attributed to more favourahle weather
conditions in 1980 than 1981, anA because of the higher

fertility of the so0il in plot 75 wused in 1980,

Fffects of Plant Population

Plant nopulation sicnificantly affected seed yield/ha in
both yvears and their mean. In hoth years and their mean
vields from 90,000 plants/ha were the hiachest though at par
with 115,00n plants/ba in all cases. 7Tn 1981 there were no
significant difference hetween the yields ohtained with
65,000, 90,000 and 115,000 plants/ta. The optimum plant
nopulation pver hectare appeared to be 90,000 for Ife RBrown
and 94,000 for cv.355,

Fven with the adverse effects of higher plant popula-
tion on leaf arcea, number of peduncles per plant and number
of sceds per pod, there was an increase in sced vield at
higher population. This could be due to areater numbher of
plants per hectare which comrensated for the reduction in the

other yield components.
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Many researchers have reported similar results. In
erect and semi-erect cultivars seed yield increased with
increase in population up to 120,000 (Fnyi, 1973a): 87,000
(0jehomon and Bamiduro, 1971): 104,000 (Mangju, 1979);

83,000 (Remison and Okunariwo, 1979); 100,000 (Mohdnoor, 19R0)
and 80,000 (Anon., 1980).

Some workers have reported reducrtions in grain yieléd at
very high populations (Crothers an? Westermann, 1976:

Erskine and Xhan, 1276, and Westermann and Crothers, 1977).

Frskine and Vhan (1°76) found no agronomic ontimum for
plant density but that increases from 100,000 - 250,000
plants/ha did not significantly increase qrain vield/ha
though it reaguired two and half times the sowing rate. They
therefore concluded that it would be uneconomical to co above
100,000 plants/ha since the seeds are expensive. Leakey (1972)
also rerorted that hiochest yvields obtained with high density
in snap hean was wasteful of seeds because the percentace of
plants surviving at harvest was much reduced.

Accordinag to Fnyi (1974) sced yield in cowpea is a
product of number of flowerina inflorescences initiated, the
number of pods set per flowerino inflorescence, the numher of

seeds and weight of their pods. Reduction of yields at very
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high densities therefore may he due to density induced
mortality which do not allow these characteristics to be
maximized as reported in cowpea by Frskine and ¥han, (1978).
In soybean, Probst (1945) also reported increased lodging
at high density. According to Ofiehomon {1970} there may
have been more flower production at higrer densities but
increased numher of flower production does not necessarily
increase production of mature seeds; probably hecause of
higher rates. of flower ahortion at hich densities.

The efficiency of conversion of bhiomass (total dry matter)
into seed vield may he less at high densities as reported hy
Ishag (1973a) in field heans.

The inbihition of nodulation might be another reason
.for decreased yield at high densities as reported by Sprent
et al. (1977) in field beans. If high densities can cause
reduction in nedulation in cowpea then vields will he affected
as cowpea 1is reported to produce optimum seed vields when
effectively nodulated (Summerfield et al., 1976; Summerfield
et al., 1978; Minchin and Summerfield, 1978).

High plant dengity may also reduce root volume and so
affect nodulation. This could acgain affect seed vield at

high densities.
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In 1981, yields from hicgher plant populations /5,000,
90,000 and 115,000 plants/ha were statistically similar.
Similar results have been reported by Remison and Okunariwo
(1979} in cowpea, 2tkins (1961) and Lucas and Milbourn (197§6)
in snap hean. They noted that the non variation of results
at higher populations was possibly because of less pod reten-
tion at high densities whereas widely spaced plants (low

density) had the ability to produce prods over a longer period.

Effects of Spacing Arrancement

Spacing arranaements significantly affected seed vield/
ha in 195; and the mean of the two years but not in 1980, As
discusééé$earlier, soil fertility and weather conditions
might have led to the resnonse observed in 1980,

In 1981 and the meun of the two vears, square and 30 cm
row-width arrangements yielded significantly more than 90 and
6C cm row-width arrancgements.

Paizel (1972) found that square arrangements produce
higher rate of seed increase and so higher grain yields. Panwar
and Singh (1979) however, found no significant differences in

square and rectanqular arrangements under late sowinag conditions

in India.
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Treat t Interaction

Oonly population and cultivar and arrangement and cultivar
interactions influenced the seed yields/ha significantly.

Population an®“cultivar interactions significantly
affected seed vield in 19280 and the mean of the two years hut
not in 1981. Cultivar Ife Prown vielded sionificantly more
than cv. 355 at all the plant populations both in the mean of
the two years an¢ at tbe three higher nopulations in 1980,

Spacing arrangement and cultivar interactions significantly
affected the mean vield of the two vears. Yield of Ife Prown
in square arrancements was similar to 30 cm row-width arrange-—
ment and significantly better than 90 and 60 om row-width
arrangements. Cultivar 355 vielded almost the same at all
the different spacing arrancements. Poth cultivars, however,
vielded more under sguare arrancgements but the differences
were hot sianificant.

Many workers have reported that within a oiven popula-
tion level, yield increased as the inter-row spacing approached
a vniform distribution prattern (Reynolds, 1950; Donavan et al.,
1463; Crothers and Westermann, 1976), Ojehomon and Pamiduro
{1971) also found the square arrangements to he the hest for
semi-erect cultivars.

L
SN
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SUMMARY  AND COMCLUSIONS

Field trials were conducted at the research farm
of the Institute for Agricultural Research (T.2.R.)..

Samaru, during 1980 and 1981 wet seasons to determine the
effébté of plant porulations and spacing arrancgement on
the yield and various acronomic characters of different
types of cowpea.

The treatments consisted of three cultivars of cowpea,
viz., Ife Prown, 385 and 1696; four plant populations--
40,000, 65,000, 20,000 and 115,000 plants/ha; and for
each porulation four spacing arrangements includino cone
sgquare and three rectanaqular arrangements.

In most of the qgqrowth parameters, cv. 1696 was found
to be superior to the other two cultivars. The different
plant populations and spacinag arrangements significantly
affected only the total leaf area per nlant. Lowest and highest
piant nopulation and soguare or medium inter-row spacings for
erect cultivars and rectangular arrangement with wide inter-
row spacings for trailing cultivars were found to be more
suitable.

Cultivar 16%6 failed to produce any aopreciahle seed yield
in bot* years. Hence, vield and vield components were studied

only in the other two cultivars, both of which 4id not differ
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significantly in 211 the yield components, Wowever, in all the
yield components, cultivar Ife Prown yvielded more than cv. 355,
Generally, there was reduction in all the vield commponents with
increase in plant population, except 1000..seed weight which
was not sensitive to mopulation changes. Spacing arrangements
statistically influenced the seed yield prer plant which was
higher at sruare and 90 cm rectangular arrangements. Thoughk not
sfatistically, hinhest seed yields per plant were obtained at
scuare arrancement of higk nlant nepulations (115,070 and 20N, 0nn
plants/ha) and at rectancular arrancements of lower plant
populations (65,000 and 4n,0N0 plants/ha).

In hoth years, Ife Prown yielded more than cv.355. 1In 1980,
both cultivars vielded more with 20,000 and 115,000 nlants/ha,
whereas in 181 their yields at these populations were at par
withk the vield obhtained at 65,000 plants/ha. DNifferent swpacing
arrangements did affect seed yields inbloﬂl and the mean of the
two years. Sguare and 30 ¢m row-width arrangements yielded
significantly more than 90 and A0 ¢m row widt} arranaements.

‘Rased on the findings, it may be concluded that cv. Ife Prown
is a more promisina cultivar than cv. 355 for the northern Guinea
Savanna zone. For high oarain yvield, cultivation of Ife Brown
at 90,000 plants/ha and cv. 355 at 96,000 plants/ha with souare
or narrow inter-row spacings of 30 em row width may be

recommended.,
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APPENDICES

APPFNDIX 1. Analysis of variance table for Cowpea heiaht

(cm) at Samaru, 1980
Source D.E. S8 me F

RPeplication 2 4551,.58 2275.94 -
Arrancement 3 195,57 131.86 0.20
Population 3 519849 1732.903 2. 7908
Arranc. Pop. o 11591.36 1287.80 2.06"°
Error (a) 10 18750,7% 6£25.33 .
Cultivar 2 f7851.909 43925.99 36,07**
Error (b) 4871.99 1217.99 =
Arranc. C.v. ROKE .92 1494.49 1.36™7
Pop. C.v. 13 5406.10 901.02 0.82"*
Arrana. Pop. 19 12680,11 204.45 0.1a"8
Error (c) £0 6571.14 1095,27 -
Total 143 = =

ns = Not significant

Significant (P = 0,05)
Hiahly significant (P = 0.01)

DF = Deqgrees of Freecdom
S8 = Sum of Sguares

M8 = Mean Saguares

F = F-values

Design = Strip block desian



APPENDIXY 2.

Analysis of variance table

e,

for cownea height (cm)

at Samaru, 1981
Source D.F. SS MS F

Replication 2 2238.18 111e.09 -
Arrangement 3 3035.75 1011.92 1,328
Population 3 6718.19 2239.39 2.93%
Arrang. Pop. 9 2294.24 254.02 0.33°°
Frror (a) 30 22930.34 764.30 -
Cultivar 2 207740.70  297740.70 187.90%*
Error (b) 4 3167.52 1583.76 -
Arrang. Cv. 6 6978.25 2326.0R 1,80 15
Pop. Vs. 6 483,05 161.02 0.12 7F
Arrang. Pop. Cv. 18 40410.136 A48.92 ¢.35 108
Error {c} 60 38748.86 1291.63 -
Total 143 - - -




APPENDIX 3.

height (cm) at Samaru,

79,

Combined analysis of variance table for cowpea
1980 and 1981

Source D.F. ss Ms F
Replication 2 £431.10 3215.55 -
Year 1 23482,206 23482,20 27.06%*
Arrangement 3 1656.80 552.27 0.65ns
Population 3 5006, 80 166R8,33 1.98ns
Arrangement Pop. 9 3013.80 334.87 0.4 ns
Arrangement Year 3 1774,40 591,47 0.70ns
Population Year 3 5571.30 1857.10 2.20ns
Arrangement Pop. Yr. 9 5277.80 586,42 0.70ns
Error {(a) 62 52212.40 842.60 -
Cultivar 2 354198,20 177099,10 738.22%~
Frror (b} 4 a57.,.70 239,93 -
Arrangement Cv. 6 4314, 30 719,05 06.73ns
Population Cv. 6 3388.80 564,80 0.57ns
Year Cv. 2 30816.00 15408_00 15,67%*
Arrangement Pop. Cv. 18 5215.30 289,74 0.29ns
Arrangement Cv. Yr ) 12411.90 2068.65 2.10ns
Population Cv. Yr. A 11647.30 647.07 0.66ns
Arrana. Pop. Cv. Yr. 18 3070.00 511.67 0.52ns
Error (c) 128 121942.70 983.41
Total 2Rr7 - - -
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APPENDIX 4. Analysis of variance table for cowpea number of

branches por plant at Samaru, 1980

Source S : D.F. €8 MS F
Replication - _ 2 14.71 7.36 -
Arrangement 3 11.04 3.68 2.81 ns
Population _ 3 1.81 n,en 0.46 ns
Arrangment Pop. a9 11.21 1.24 N.95 ns
Error (a) . 30 39.24 1.31 -
Cultivar o 2 22.66 11.33 24,11**
Error (b) 4 1.89 0.47 -
Arrangement Cv. 6 5.27 0.AR 0.42ns
Population Cv. [ 6.38 1.04 0.50ns
Arrangement Pop. Cv. 18 5.21 p.29 0.1%ns

Error (c) : ‘ &0 - - -

Total 143 - - -
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APPFNDIY 5. Analysis of variance table for cowpea number

of hranches per plant at Samaru, 19R]

Source N.F. &8 MS F
Replication 2 2.48 1.74 -
Arrangement 3 £.25 1.75 1.82ns
Population 3 9,34 3.11 3.23*
Arrangement Pop. 9 1.84 0.20 0.21ns
Exror (a) 30 28.89 0.96 -
Cultivar 1 56,46 56,46 12.77ns
Frror {b} ? 8.82 4.42 -
Arrangement Cv. 3 16.46 5.48 1.51%
Population Cv. 3 9,31 3,10 1.98ns
Arrang. Pop. Cv. 9 13.34 1.48 0.%ns
Error (c) 30 46.R6 1.56 -
Total o5 - - -
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APPFNDIY 6, Combined Analysis of variance tahrle for cowpea
number of branches per plant at Samaru, 1980

and 1981
Source DFs SS Lt F

Replication 2 16,17 8.08 6,7a**
Year 1 6Nn.22 60,22 80.60%*
Arrangement 3 14.89 4.96 4.16%%
Population 3 3.R0 1:27 1.06 ns
Arrangement Pop. 9 41.83 0.54 N.A5 ns
Arrancement VYear 3 1.40 0.37 0.31 ns
Population Year 3 7.3¢€ 2.45 2.06 ns
Arrangement Pop. 9 8.21 0.91 0.76 ns
Frror (a) 62 74.16 1.19 -
Cultivar 2 75.29 37.65 3B,.42%*
Error (b) 4 3,93 0.98 -
Arrangement Cv. 6 4.73 n,7a 0.55 ns
Population Cv. 6 10.57 1.76 1.22 ns
Year C.v. 4 3.83 0.96 N.66 ns
Arrangement Pop. Cv. 18 16.06 0.Ra 0.62 ns
Arrange,ent Cv. Yr. 6 17.00 2.P3 1.97 ns
Population Cv. Yr 6 5.11 0.85 0.59 ns
Arranao. Pop. Cv. Yr. 18 20,84 1.16 0.81 ns
Error (c) 124 179,07 1.44 =

Total 287 - - -




APPFNDIX 7.

R3.

Analysis of variance table for cowpea number

of leaves per plant at Samaru, 1980
Source D.F. S8 MS F
Replication 2 17412.41 R706.21 -
Arrangement 3 1435.1° 47,39 0,61 ns
Population 3 404,38 134.79 0.17 ns
Arrangement Pop. Q 3529.69 392.19 0.50 ns
Frror (a) 30 23349.03 778,30 -
Cultivar 2 48835.50 24417.75 6.49 ns
Error (b) 4 15034.10 3758.33 -
Arrancement Cv. 6 3938.10 A56.35 0.78 ns
Pop. Cv. 5 1AR8, 59 281.43 0.34 ns
Arrangement Pop. Cv. 18 5919 ,6A6€ 328,27 0.39 ns
Frror (c) 60 50381.48 839,69 -
Total 143 - = -




APPEMDIX R,

Analysis of variance table for cowpea

total

leaf area (cm2) at Samaru, 1980

Source D.F. _S MS F
Replication 2 74900000 37450000 -
Arrangement 3 41100000 13700000 B,26%%*
Population 3 62800000 20933333 12.62%**
Arrangemeht Fop. 9 5600000 £222222 3,75%%
Frror (a) 30 497600000 1658666 -
Cultivar 2: 353990000 176990000 35.56*
Frror (b} 4 19910000 4977500 -
Arrangement Cv. 6 24597700 14096167 1.47 ns
Population Cv, 6 91743300 15220550 1.59 na
Arrangement Pop. Cv. 18 167360000 a2Q7777 0.97 ns
Frror (c¢) 60 576374000 9606233 -
Total 143 - - -




APPENDIY 9.

Analysis of variance table for cowpea dry

weight of leaves at Samaru, 1980
Source D.F. SS MS F
Replication 2 6462.48 3231.34 -
Arrangement 3 2193.41 731.14 0.07 ns
Population 3 2078, 32 692.76 0.72 ns
Arrancement Pop. 9 4427.29 191,92 0.51 ns
Frror (a) 30 2PR77.91 962,57 -
Cultivar 2 1R026.55 ani3,. 28 44,33*%*
Frror (h) 4 f£13.23 203,21 -
Arrancement Cv. 6 A301 .68 731,94 1.54 ns
Population Cv. A 1097.61 182.94 0.38 ns
Arrangement Pop. 18 1n447.59 580,42 1,22 ns
Error (c) £0 28560, 75 476.16 =
Total 143 - - "




APPENDI¥Y 10.

26,

dry matter {(g) at Samaru, 1980

Analysis of variance table for cowpea total

i i o e e e e i -

Source D.F. 58 MS F
Replication 2 18013,01 an6.51 -
Arrangement 3 T075.23 235811 C.69 ns
Population 3 10079.12 3359.71 0.99 ns
Arrangement Pop. 9 3175.2¢6 3528,14 1.04 ns
Error (a) 30 101348.43  3378.27 -
Cultivar 2 25270.87 12635.44 1.12 ns
Error (b) 4 450R5,24 11271.25 -
Arrangement Cv. 6 18302.35 3050.39 2.94%*
Population Cv. A A214.04 1035.687 N.99 ns
Arrangement Pop.Cv. 18 13717.88 762.10 0.73
Error {c) 60 621R3,69 1036, 38

Total 143

—-—




APPFNDIX 11.

87.

Analysis of variance table for cowpea seed

vield [(kg/ha} at Samaru, 1980

Source D.F. S8 MS F
Replication 2 51000 425500 -
Arrancement 3 5,520 312506.7 1.39 ns
Population 3 JA0R3B6N 11661286.0 RO.8**
Arrangement Pop. g 1716370 190707.R 0.83 ns
Error (a) 30 6882310 229410.3 -
Cultivar : 1 11007420 11007420.0 25.12%*
Error (b} 2 876310 438155.0 -
Arrangement Cv. K 386730 128919.,0 0,72 ns
Population Cv. 3 3037480 1012498.3 5.,7*%
Arrangement Pop. Cv. @ 690490 76721.1 0.43 ns
Error (c) 30 5361010 178700.3 -

Total ag




APPENDIX 12.

88.

Analysis of variance table for cowpea seed

Yield (kg/ba) at Samaru, 1981
Source D.F. 88 ME ¥
Replication 2 227960 113980.0 -
Arrangement 3 1791377 197125.7 7.8%*
Population 3 634436 211478.6 3.12%*
Arranaement Pop. a 674844 749B2.6 N.89 ns
Error (a) an 2527250 84241.5 -
Cultivar 1 403202 403202.0 9.2 ns
Frror (h)} 2 87426 43713.0 -
Arrangement Cv. k) 656036 21R67R,6 2.92 ns
Population Cv. | 3 2951490 983RP3.0 1.88 n=s
Arranaement Pop. Cv. 9 405061 45006.7 0.6 ns
2245623 74854.1 -

Frror (c) an

Total o 95




APPFMDIX 13,

89,

Combined analysis of variance table for cowpea

seed vield {(kg/ha) at Samarv,

1980 and 1981

Source D.E, S8 MS F
Replication 2 1038KR0 £1925,.0 -
Year 1 4739640 47319640 .0 S5R.04**
2rrangement 3 1507300 502433.3 F,15%*
Population 3 2283620 761206.7 a, 32%%
Arranagement Pop. 9 560480 £2275.¢€ nN,76 ns
Arrangement Year 3 152990 50006 .7 0.62 ns
Population Year 3 65R480 216493.3 2.69%
Arrangement Pop. Cv, @9 538130 59902.2 0.73 ns
Frror {(a) 62 SCFRAS00 81653.2 -
Cultivar 1 2752390 2752390 28.33*
Frror (b} 2 194270 97135.0 -
2rrangement Cv. 3 731370 243776.7 3.41*
Population Cv. 3 1747990 5826€63.3 g.15%*
Year Cv, 1 576480 526480 8.06%*
2rrancement Pop. Cv. @ 339420 37713.3 0.03 ns
Arrangement Cv, Yr, 3 52600 175533.3 2.45 ns
Population Cv. 3 242660 2BNBRE, 7 3.90%%
rrrangement Pop.Cv.¥Yr 9 R10610 appe7 .8 1.25 ns
Frror (c) 62 4434520 71524.5 -
Total 101 - - -




on,

APPFNDIX 14. Pnalysis of variance table for cowpea number
of peduncles per plant at Samaru, 1980

Source n.F. S5 MS F
Replication ? 16£2.16 81.08 i.97 ns
Arrangement 3 261.08 87.03 2.18 ns
Population g 104,21 34.74 0.85 ns
Arrang. Pon. 9 2€63.74 29.30 0.71 ns
Frror (a) 30 1233.26 41.10 -
Cultivar 1 2.0R 9,08 0.25 ns
Frror (b) 2 72.25 36.13 -
Irrancement Cv. 3 294.48 28.16 3.08*
Ponulation Cv. 3 111.05 37.02 1.16 ns
Arrangement Pop. Cv. Q 107.67 45.2¢ 1.42 ns
Frror (c) an 256,61 31.88 -

Total a5 - - -
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APPEMDIX 15. Analysis of variance table for cowpea number
of peduncles per plant at Samaru, 1981

Source ' D.F. SK MS F
Replication 2 182.13 91.06 -
Arrancement _ _3 114.08 38.03 N.8°% ng
Population 3 1022,26 340,10 T7.,a%*
Prrangement PoD. a 56.71 .30 0.15 ns
Frror (a} : an 1286,04 42.87 -
Cultivar 1 12.55 12.55 0.28 ns
Error (b} ' 2 91,09 45.56 N.28 ns
Arrangement Cv. 3 .61.60 20,50 3.15%*
Population Cwv. 3 127.36 45,75 T x*
Arrangement Pop. Cv. o ©3,08 10_.34 1.72 ns

- Error (c) 30 106,33 6.50 -

Total . ' a5 - - -




APPENDIX 16,

Comhined analysis of variance table for cowpea

number of peduncles per plant at Samaru, 1981

* ._. and 1981

Source N.F. 85 . M8 ¥
Replication 2 2,49 1.2 -
Year 1 2653 .69 2653.67 61.35%*
Arranaement 3 131.21 43,75 1.01 ns
Population 3 RIR_RBO 292_090 43,.25%*%
Arrangement Pop. 9 154,91 17.20 0.39 ns
rrrangement Year 3 2243.94 81.30 1.88 ns
Population Year 3 247 .66 82.55 1.91 ns
Arrancement Pop. Year o 162,55 18,06 0.12 ns
Frror (a} 62 2681,96 43.25 -
Cultivar 1 21.46 21.46 1.36 ns
Frror {(») 2 12.73 .37 -
Mrrangement Cv. 3 209 KRR G, R6 2.95*
Population Cv. 3 46,41 15,48 0.65 ns
Year Cv. 1 N.15 n,1% 0.006 ns
Arranaement Pop. Cv. o 285,52 31.72 1.34 ns
Arrangement Cv. Yr. 3 47.60 15.87 0,67 ns
Population Cv. Yr 3 202.33 67.44 2.84%
Arrancement Pop., Cv. Yr. © 314.05 35.23 1.48 ns
Error {c} 62 1470.16 23.71 -
Total 18] - - -
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APPEN™IX 17. 2nalysis of wvariance tahle for cowpea number
of pods per veduncle at Sarmaru, 1980

Source D.F, S8 MS F
Replication 2 (.32 0,160 -
Arrangement 3 0.480 0,160 1,39 ns
Population 3 0.320 N.106 0.92 ns
Arrangement Pop. Q 0.500 0.065 0.57 ns
Error (a) 30 1.460 0.115 -
Cultivar 1 0.0021 0.0021 0.018 ns
Frror (b) 2 0.230 0.115 -
Arrangement Cv, 3 0.140 N.046 0.15 ns
Population Cv. 3 n,s510 0,170 1.65 ns
Arrangement Pop. Cv. 9 0.880 0.098 0.95 ns
Error (c) 30 3,008 0.103 -

Total ng - - -
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APPFNNIY 18, Mnalysis of variance table for cowpea number
of pods per peduncle at Ffamaru, 1921

Source D.F. Ss MS F
Replication 2 1.49 e.7% -
Arrancgement 3 0.4¢€ 0.15 1.15 ns
Population 3 0,.8R 0.2° 2.23 ns
Arrangement Pop. ot 2.28 0.25 2.00 ns
Frror (a) 30 3.87 n.13 -
Cultivar 1 0.92 0.92 15.30 ns
Error (b) 2 n.11 0.06 -
Arranaement Cv. 3 0.89 0.31 1.324 ns
Population Cv. 3 n.o9 0.33 1.43 ns
Arrangement Pop., Cv. a 0.37 n.04 0.17 ns
Error (c) 30 7.01 0.23 -
Total 95 1 - a




Source

Renlication

Year

nrranqement
Population

arrangement

ation Year
Pop- year

popul

hrranaement
prror (a)
cultivar

Frror (b)

hrrannement Cv.

Population Cv.

Yearl Cve.
hrrannement POP- Cv.

£ Cv. Yr.

Arranqemen
Population cy. Yr.
prranneme

Frror (c)

nt Pon. CvV.

¥Yr-

3

(s ]

2
101

neduncle a

f yariance ta
s of gamaru,

ple for cowpea
1080 and

Mg ¥
_,ﬂ.,.,ﬂ,.f_ﬂ___—__.ﬂﬁ_.ﬂﬂw
0.AC n.30 1.76
1,08 1.08 £.35%
0.21 n.07 n.A1 ns
1.07 n.36 2.12 ns
0.56 n.63 e B L
n,73 0.24 1.41 ns
n.12 n.03 n.1R n8
0.98 n.33 1.94 nS
10.145 0.17 -
n.50 0.50 71.40%
n.01 n.C -
0.31 0.16 n.R6 nS
n.30 n.10 n.83 ns
0.42 n.A2 3,50 ns
1.3% .15 1.25 ns
1.0 n.37 3,08%
1.69 n.56 A.6T*¥
1.08 0.12 1.00 ns
v 0% b Nn.12 -
—-—-—-——--———;-~’_-4-_--__

Total



r

APPENDTY 21,

97

hnalvsis of varlance table for cowpea numher
of seeds rer wnod at Samaru, 19R1

Source ™.F. cr e F
Replication 2 5.70 2.9% -
Arrangement 2 21,01 7.00 4.00%
Population 3 14,88 A.92 ?.83 ns
Arrangement Pop. o 7. AR n.R2 N.47 rs
Frror (a) 3n 62.37 1.74 -
Cultivar 1 3.an0 3.80 N.R% ns
Frror (I} 2 7,54 A.27 -
Arrangement Cv. 3 1.72 0,587 .44 ns
Pop. Cv. 3 0,33 0.11 0.7N8 ns
Arrangement Pon. v, o 11.06 1.23 N.95 ns
Frror (¢} 30 30,25 .30

ac

Total




oR.

APPENDIY 22. Comhined analysis of variance tahle for cowpea

numher of seeds per nod at Samaru,

122N and 1981

Source N.F., s& LA F
Replication 2 a.11 4.56 -
Year 1 138,73 138.73 Ri.6**
Arrancement 3 F.72 2.24 1.31 ns
Population 3 19,80 A.60N 3.8B%%*
Arrancement Pon. Q TR 0.P8 N.52 ns
Arrancement Year 3 16,06 5. 3R 3.14%
Ponulation Year 3 2.6A N.R7 N.h2 ns
Arrancgement Pop. Year o ¢.74 1.08 0.63 ns
Frror f{(a) 62 105,61 1,70 -
Cultivar 1 16.46 16,46 8.12 ns
Error (b) 2 A,N6 2.03 -
lrrangement Cv. 3 1.13 0,48 0.46 ns
Population Cv. 3 0,71 0.24 0.23 ns
Year Cv. 1 1.64 1.64 1.58 ns
Arrangement Pop. Cv. e 9, R12 1.n6 1.05 ns
Arrancement Cv. Yr. 3 2.51 0,84 0.81 ns
Population Cv. Yr. 3 1.5% 0,53 n.51 ns
Arrangement Pop. Yr. 9 16,37 1.82 1.75 ns
Frror {c} 62 64,25 1.1n4 -
Total 121 - - -




a9,

APPENDIY 23, 2nalvsis of variance tahle for cowpea 1NM0-seed

weight (o) at Samaruv, 19#N0

Source n.F. oF ME P
Replication 2 ROA LR Inz2.30 -
Arrangement 3 272.7 a0, o0 N.61 ns
Population 3 106,72 65.63 N.44 ns
Arrangement Population o 1075, 119.4¢° 0,R0 ns
Error (a) 30 A58, 7 148.°4 ~
Cultivar 1 77.1 77.10 0.84 ns
Frror (bh) 2 184 .2 22,10 -
Arrancement Cv. 3 138,32 A6,07 0.20 ns
Population Cv. 3 133,09 454.63 1.97 ns
2rrancement Pop. Tv. Q 1203.R 133.76 0.%8 ns
Error (c¢) ae 5904 .4 230.15 -
Total 95 - - -




APPRNDNIY 24, Analysis of variance
1000-seced weiaht (a)

100,

table for covmnea
at Samaru, 1981

Source D.F. Ss LS F
Replication 2 SRE6.5 293.2 -
Arranagement 3 844,13 291 .1 3s42%
Population 3 224.9 74.9 0.87 ns
I rrancement Pop. o 23R A 26.5 0.30 ns
Frror f(a) e 2559.0 85.3 -
Cultivar 1 25.0 25.0 0.05 ns
Frror (h) 2 Qa5 & 407.5 -
Arrangement Cy. 3 4.0 2R.,3 0.51 ns
Population Var. 3 46.2 15.4 0.2R ns
Arrangement Pop. Cv, 9 295.2 32,7 0.59 ns
Frror (c) 3n 1660, 6 55.4
Total o5




101.

APPENDIX 25, Analysis of variance table for cownea
10n0-seed weiaht (q) at Samaru, 1°°]

Source R =5 MS F
Replication 2 12R.2 214.10 -
Year 1 A5R8 .5 ARRR_50 3R . 3G%*
trrancement 3 1044 .7 348,23 2.76%
Population 3 31+.4 105,47 N,R4 ns
Arrancement Pop. 9 916.0 1n1.7# 0.81 ns
Arrangement Year 3 102.2 24,07  0.27 ns
Population Year 3 1049 34.97 n.28 ns
Arrancement Pop. Yr. a9 371.5 41.28 0,33 ns
Frror (a) 62 TRIR. ] 126.00
Cultivar 1 Q4,7 04,70 0.A1 ns
Frror (b) 2 308.6 154,30 -
Arranacement Cv, 3 43,2 14,43 0.09 ns
Pop. Cv. 3 711.9 237.30 1.57 ns
Year Cultivar 1 .7 A.TD N,N4 ns
Arrangoment Cv. o 201 .7 33,19 n.,22 ns
Arrancement Cv. Year 3 1P0 .3 60,10 N,39 ns
Population Cv., Yr. 3 koo n 233,00 1.54 ns
Arrancement Pop. Cv., Yr. a 1226.7 136,30 Nn.20 ns
Frror {c) 62 9358%,2 150.809 -

Total 191 - - _




102.

APPENDIY 26. Analvsis of variance table for cowpea seed
weight per plant at Samaru, 1780

Source DL,F. g2 ME F
Replication 2 1R07 .60 708,80 £2.6
Arrancement 3 100,37 £1,46 4,18%*
Population 3 305,93 101.9%8 . H2%*
Arrancement Pop. 9 6R3ILER 72.63 4. TR**
Zrror {a) ' 30 _ 455,52 15.18

Cultivar () 1 1403.05 1403 .08 9,34 ps
Error (h) 2 ann_ 27 150,16
Arranaement Cv. 3 7.040 2.h5% 0.078 ns
Population Cv. 3 163,20 54.42 1.61 ns
Arrancement Pop. Cv. 9 14R8.74 16.52 3.49 ns
Error (¢} 30 1012.26 33,74

Total 95




