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Effectof Plant Density and Spatial Arrangement on Seed Yield of
Cowpea (Vigna unguiculata (L.) Walp.)*

D. Nangju. T. M. Little and A. Anjorin-Ohu?
International Institute of Tropical Agriculiure, Ihadan. Nigeria

Abstract. In spacing experiments at Ihadan, western Nigeria, cowpea ov. Prima. an erect, detern inate and low
branching type showed a consistently higher optimum density than *Pale Green', semi upright, indeterminate and
high branching type. Optimum spacing for “Prima’ ranged from 16 10 17 ¢mv within rows and 34 10 40 ¢m between
rows. representing a range in densities from 143 10 180 thousand plants per hectare. "Pale Green™ had optimum
spacings of 19 1o 20 cm within rows and 30 to 65 ¢m between rows, or densities from 70 to 103 thousand plants per
hectare. The effect of varying cither between-row or within-row spacing was consistenthy more pronounced in *Pale

Green® than in "Prima’,

In 3 esperiments where cither the within-row spacing, the hetween-raw spacing, or both were varied. there was o
close linear relutionship between the log of the vield per plant and the density. A factorial experiment, involving
both within-row and between-row spacings, showed no significant interaction between these 2 factors, Apparentis,
varying the spacing between-rows aflects vield for different reasons and to o greater extent than varsing the

spacing within rows,

In Africa. cowpea or southern pea, is the third most important
grain legumes after peanut (Arachis hvpogaea L.} and bambarra
groundnut (Foandzeia substerranea L) (17). Nigeria is the fargest
cowpea producer in Africa (8). On the basis of branching angle Ebong
(3) recognized 3 basic growth habits of cowpea at lowering, These are
erect (upright or bunch), semi-erect (semi-upright, semi-bunch or
decumbent) and prostrate (climbing, scandent, or procumbent). Steele
(18) reported that the coswpeas interplanted with cercals in northern
Nigeria are generalty prostrate and daylength sensitive, whereas those
grown alone or interplanted with sams in southern Nigeria are
predominantly upright and day-neutral.

Plant spacing (plant density) is important in obtaining maximum
seed vield under given soil and climatic conditions. In some crops,
spicing has an indirect effect on weed control (13)s0il crosion (12).
insect populations (1), and discase development (3). Muany workers
have conducted spacing experiments with cowpeas (6, 7, 10, 14, 15, 106,
19, 20). but most of them did not define the growth habit of the plants,
making it difficult to make compirisons from their studies. Some
workers who described the growth habits of the cultiviies they used
have shown that the response of compea to spacing and spatial
arrangement is dependent on plant tspe. Jenkins and Hare (10) found
that T to 6 plants per 30 ecm of row and 2 plants per hill at 61 em apart
were best for the semi-bush “Dixielee” and vining *Brown Crowder:
respectively, provided the distance between rows was kept at 107 cm.
The runnerless, bunch, determinate type. *Virginia 61-5" (19) and
‘Princess Anne’ (20). showed increases in green pod vield with
decreases in row spacing il the distance between plants was main-
tained at 7.5-10 em. Yield increase of 409 was obtained if the row
spacing was reduced from 103 to 45 em (18), and 747 il the row spac-
ing was reduced from 90 cm to 13 em (19).

A deterrent to comparing results reported for different spacing
experiments, not only in cowpeas but in most other crops. is that often
no simple mathematical relation between spacing and  vield s
reported. A direct linear relation holds when there is some density,
roughly twice the optimum density, beyond which there is no
marketable yvield per plant as in the case in maize and broceoli (2).
The log-lineur relation holds where there is some usable vield even at
high densities as with sugar beets (9) and most lezume crops. Duncan
(4) recommended this form of equation for most spacing data. Willey
and Heath (20) have discussed the mathematical aspects of spacing
experiments in detail.

' Received lor publication October 7, 1974

* Agronomist, formerly biometriciun, and formerly Rescarch Assistant,
respectively. International Institute of Tropical Agriculture, PMB 5320,
Ibadun, Nigeria.
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Qur objectives were to evaluate the response to varying within-row
and between-row densities in cowpeas, and to study the interaction
between these ictors, Two cuttivars with different plant habits were
chosen to observe the effect of plant habit on the response patterns,

Materials and Methods

Field experiments were conducted on Ibadun soil series at the
International Institute of Tropical Agriculture, thadan, Nigerta. The
chemical and physical properties of this soil were: pH 3.9 6.4, organic
carbon 1.1 187 CEC LS 6.9 meq/100g, total N 013 018", sund
847 Csil 4%, and elay 1290 The soit was prepared by conventional
methods of ploughing and harcowing, and fertilized with 40 kg N, 33
kg Pand 50 kg K per ha just before planting. “Prima’, an erect, carly,
determinate and low branching type, and "Pale Green', u large
semi-upright, indeterminate and high branching type, were used. Plots
were hundweeded twice at 15 and 30 dayvs after planting. Insects were
controlled with weekly application of dimethouate before flowering,
and o mnvture of endosultan and Gardona from flowerimg to final
harvest, This inseet control is not typical of Nigerian culture. The
seeds were dusted with chloroneb just before planting in order 10
control seedling diseases. Al missing hills were replanted with
seedlings of the same age 3 1o 6 dayvs alter emergence.

The rainfull pattern in Thadan is essentially bimodal with o long
riiny season (first season) from April to Juls and a short-riiny season
(second season) from Late August to late October.

Throughout the following discussion, 240 em was used as the unit
distance. s'nce this enabled us to express nearly all of the spacings as
an integer number of rows or plants per unit.

The effect of between row spacing on cowpea seed yield was studied
in the second rainy season, 1972, by varving the row density in 8 equal
steps from [ 1o 8 rows per 240 em. and keeping within-row density
constant at 16 plants per 240 em. The experimental design was split
plot with 3 replicates, cultivars as main plots and row densities s
subplots,

The effect of within-row spacing on cowpea vield was investigated
in the dry sceason 1972/73, Within-row densities were varied at 4, K.
12,16, 20 and 24 plants per 240 em, and the between-row densities
were maintained at 3.2 rows per 240 cm by planting the cowpea on
ridges 75 em apart. The experimental design was again a split plot, but
with 4 replicates. Furrow irrigation was applied at weekly intervals,

In the first rainy season, 1973, hoth within and between-row
spacings were varied simultancousty. The experimental design was
split-split-plot with 3 replicates, cultivars as main plots, between-row
spacings as subplots and within-row spacing s sub-subplots. The
spacing treatments were  fuctorial combinations ol hetween-row

467



densities of 2, 4, 6 and 8 rows per 240 em and within-row densities ol
8. 16 and 24 plants per 240 em.

The eflect of spatial arrangement on cowpeit vield was evaluated in
the second rainy seuson, 1973, by maintaining u constant plant density
of 1 plunt per 900 cm? or 1L plants per ha. Four plant
arrangements with dilferent ratios of between-and and within-row
densities were used. These, in terms of rows and plants per 240 em,
were: 8 - 8o - 106,207 - 24 and 2« 320 The experimental design
was o sphit plot with 3 replicates, cultivars as main plots and spacing
as subplots.

Results and Discussion

Experiment | was the only experiment in which *Prima’ out-vielded
*Pute Green', for in the other tests raintall was of sulficient duration o
fuvor the indeterminate cultivar, The second riiny season in 1972 was
unuswiily short, The rains stopped 43 days alter planting. or about
week after the first owering of both cultivars giving the determinate
Prima’ o decided advantage over the indeterminate “Pale Green'.
Another factor favoring *Prima’ over "Pale Green™ in this experiment
was the high constant within-row density of 16 plants per 240 cm (13
em spacing). Later tests showed that this was much closer 1o the
optimum for "Prima’ than to that for *Pale Green'

Both the yvields per plant and their Togarithms were analy zed for
linear correlation with between-row density. Both amalyses gmave a
highly significant linear correlation. but in view of the results with
other experiments and on the basis of past experience. it was decided
to use the log-density relation (Fig. 1), In other words, since it is
known that cowpeas will produce some vield even at high densities. it
is preferable to fit a function that approaches zero asymptotically.
Fitting such a function gave the Tollowing equations:

For *Prima’ Ln (viekd/ptanty - 296 0.153 B
For *Pale Green® Lo (yield/plant) = 290 0.220 B
where Lnis the natural logarithm and B is the number of rows per

240 cm.
Observed and predicted values for La (vield/plant) were closely

1T+

=)
14

@

-
T

o
T

O
T

»

SEED YIELD PER PLANT (g) LOG SCALE
-

B PRIMA LnY *2.96-0 1538 (r=0-99)
4 PALE GREEN LnY=2-90-0-2208 (r=0-98)

b, ) TR L ! 1 L L
2 3 4 5 6 7 8

ROWS PER 240¢m

Fig. 1. Relation of hetween-row density to log of seed yield per plant,
Sccond rainy season, 1972,
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Table 1. Effect of between-row density on seed vield of 2 cowpea cultivars.
Within-row density constant at 16 plants/ 240 cm. Second season, 1972,

Between-

row Sced Yield per Ln (vicld/plant) pr'"jdl‘flm

. A : total seed
density vield plant vield

(rows/240 (kg/ha) (g) Observed  Predicted (ke/ha)

cm)
Prima
1 408 14.7 2.69 2.81 460
2 8lodet 14.7 2.69 2.06 789
R} 1017¢d 122 2.50 2.50 1016
4 12539abe 1.3 243 235 1164
N 1384 10,0 230 2.20 1249
6 1351ub 8.1 2.10 2.03 1286
7 1161abe 6.0 1.81 1.89 1258
8 1189abe 34 1.68 1.74 1264
Pale Green

| Jodp 1.1 258 Q.68 403
2 6791 12.1 150 2,46 646
3 T78el 9.3 24 2.4 778
4 927de 8.3 212 2.02 832
S 875det 0.3 1.84 1.80 835
6 753t 4.5 1.51 1.58 804
7 T42ef 38 1.34 1.36 752
8 6701 3.0 1.12 114 690

*Means followed by the same letter are not significantly different by

Duncan’s multiple range test at 34,

15001
a
L]
. 1250}
o
=
~
o
=
S ioo0f LSD(0 03)
w
=
Q
dl
& 7501
A 2
® PRIMA. Yq=1297 40-49 70 x-10-64 x' (R? + 0.97*%)
so0r 4 PALE GREEN. Yq= 877 28-14-15x/-7 29! (RE+ 0.87%%)
A
1
L'_l 1 | i 1 1 1 J
! 2 3 4 5 6 7 8
ROWS PER 240cm.

Fig. 2. Curves representing the relition between total seed yicld per ha and
between-row density. Second rainy season, 1972.

related (Tuble 1) as indicated by significantly high coefficients of
linear correlation for *Prima’ and *Pale Green' (0.99 and 0.98,
respectively ), Totad seed vield of *Prima” increased with o decrease in
row spacing and levelled off at row spacing of 40 em, while seed yield
of *Pale Green® reached o maximum between 48 and 60 em and then
declined with further increase in row spacing (Fig. 2).

Since total yield in kg/ha is density in thousands of plants/ha
times/yield/plant in g, equations for predicting total yield were
obtained by adding the natural log of the density to the above
equations, Furthermore, D (density in thousunds of plants/ha) = W
(plants/240 cm) » B (rows/240 ¢m)/0.576 and in this experiment, W
wis maintained at 16. Therefore the equations for total yield could be
expressed entirely in terms of B:

Ln yield of *Prima’ - 6.284 - 0,153 B + Ln B
Ln vield of *Pale Green' - 6224 - 0.220B + Ln B
1975.
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Table 2. Effect of within-row density on seed yield of 2 cowpea cultivars.
Between-row density constant at 3.2 rows/ 240 em. Dry season, 1972773,

Within- Predicted
row Seed Yield per Ln (yicld/plant) “' li%tf-d
densily yield plant lu‘fl, I“lt
(plants/ {kg/hay (z) Observed  Predicted? (k)"%l(' v
240 ¢m) gohit)
Prima
4 122 2.4 348 Ry 586
8 76Ycd 17.30 285 3.0t 900
12 953ced 14.30 2,66 274 1035
16 939¢d 10.56 2.36 2.48 1058
20 1092¢ 9.83 2 2.21 1014
24 1008¢d 7.56 2.02 1.95 PXR)
Pale Gireen
4 1544b 69,48 4.4 4.04 1267
8 1836ub 41.31 RV 3.7} 1848
12 1613b 24.20 3.9 341 2022
i6 1655b 18.62 292 3.10 1967
20 190234 17.12 2.84 2.7% 1794
24 182 2ub 13.06 2.61 247 1570

#Mceans followed by the same letter are not significantls  different by
Duncan’s multiple ringe test test at 3%,

Y Based on equations:

Ln(yvield/pt) - 354 0.060 W
LN (vield)y - 325 0066 W + LnW

‘Prima’

Pale Green™ Lo gyield/pr.) - 430 - 0.079 W
Logyield) - 6.07 0.079W .« Lo W

20 PALE GREEN
aoL
s
§ 60
[
S0 40f
K
Ce
3 20
@l
&
o s
9 iof
Do
Q
W
W o3
o
) 1
1 I 1 1 | L 1 1 J
— 2 4 6 2 O3 4 6 8

ROWS PER 240cm

Fig. 3. Relaticn of between-row density (o log of seed yield per plant at 3
within-row deansities in *Prima” and ‘Pale Green®. First rainy season, 1973,

The use of natural logs in these equitions has the advantage of simple
rendering of determination of optimum density or spacing. Expressing
the equation in general terms.

Y =u-bB+LnB
and equating the first derivatives to zero gives.
dY/dB - - b+ I/B

so that B = 1/bis the value of B which thearetically should give the
maximum yield. In terms of spacing, since B = 240/spacing, the
optimum spacing is simply 240 b, Thus for *Prima’, the optimum
between-row density was /01533 = 6.54 and optimum spucing
0.153 x 240 = 36.7 ecm. The corresponding values for "Pale Green'
were 4.55 and 52.8 ¢m.

In Experiment 2, conducted with irrigation during the dry scason,

J. Amer. Soc. Hort. Sci.  100(5):467-470. 1975.

‘Pale Green™ outvielded *Prima’ by about Y0 (Table 2). In both
cultivitrs, the linear correlation hetween the logs of vield/plant and
density was higher than that between vield plant and density. The
theoreticul optimum  density within-rows for "Prima’ was 15,1
plants/240 eny or 15,9 em spacing. For *Pale Green', the optimum was
127 plants /240 em or 189 ¢m spacing,

Experiment 3sullered from ashort early season drought just hefore
Howering. Although “Pale Green™ recovered "Prma’ plants remained
stunted and refatively small up to harvest This experiment, being
factorial experiment, made it possible not onls to make comparisons
with the results of the preceding 2 experiments, but abso to study the
interaction between the 2 factors, The most striking result was the
almost complete absence of such an interaction as shown by parallel
lines in Fig. X This seems to indicate that the total area available to
cach pluant is not the most important factor imfluencing vield per plant,
FE this were so, then the optimum within-row density would be high
when the between-row density was tow and vice versi, Such a
situation would result in o high interacton between the 2 fuctors. Our
data stronghy supports the conclusion that within the range of
densities studied. the effects of within-row and between-row densities
were independent. A possible explanation s that within rows, plant
competition for soil moisture and nutrients s the important factor
that causes o decrease in vield per plant with inerease in density. On
the other hand., such competition may be relativels unimportiant when
between-row densities are varied. The effect may be due, instead, to
changes in the efficiency of various practices. Weeding and insecticide
spraving were more difficult in closels spaced than widely spaced
rows, This difference became more pronounced as the season
progressed. and was more important in the indeteeminate TPale

Table 3. Effect of within and between-row densities on seed vield in cowpeils,
First rainy season, 1973,

cnsity /330 ¢ G . Yeodicte
Density /240 ¢m Seed Yield, Lo (vield, plant) 3 nfdM.L.d
'_" T vield plam — 7 T T total I’J“l
Between-  Within- e “ el Do yie
Fows rows (kg /ha) (g} Observed Predicted (Kg/ha)
Prima
2 8 6l1¢ 220 10 3.01 364
4 8 T4dabe 13.4 Y60 2.69 817
6 h1 920ube 1.0 240 2.38 900
8 8 982ub 8.8 217 2.07 881
2 16 639he 1.5 244 ((RD)
4 16 765abe 6.9 1.93 AR 935
6 16 972ah 58 1.76 1.81 1018
8 16 1016 1.6 1.53 1.50 998
2 24 640be 7.7 .04 .88 547
4 24 73 labe 4.4 1.48 1.56 793
6 h2l 886ihc 35 1.25 1.25 §73
8 o2} 876ubc 2.6 96 .94 853
Pale Green
2 8 20492 FAR 4.30 4.24 1927
4 8 1819ab 327 3.49 K| 2269
6 8 19812 238 .17 317 1983
8 8 20484 18.4 291 2.64 1556
2 16 21074 379 1.63 3.52 1878
4 16 18640 16.8 282 299 2201
6 16 1731abe 10.4 234 245 1933
8 16 1289dc 5.8 1.78 1.92 1516
2 24 1473hed 17.7 287 2.80 1371
4 24 2040 12.2 2.50 2.27 16113
6 24 98¢ 39 1.36 1.73 1410
8 2 1392de 4.2 1.44 1.20 1107

*Means followed by the same letter within the same cultivar e not
significantly different by Duncan’s multiple range test at 3%,
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Table 4. Elfect of spatial arrangement on the seed yield of *Prima’ and *Pale
Green.' Late rainy season, 1973

Sced yield (kg/hay

Spacing (cm) e
Prima Pale Green
30 < 30 1054b 1671
15« 60 108Yb 14664
10 % 90 1036b 14294
7.5 < 120 [L.ON 1152b

t Means followed by the sume letter are not significantly different at the 5%
level.

Green' than in the determinate “Prima’. Seeds. particularly those of

Pale Green'. harvested from experiments 1and 3 consistently showed
more inseet damage at close spacings than at wide spacings. It should
be stressed. however. that the Lick of interaction of between-row and
within-row may not be i general rule in cowpeas, but rather as a
peculiarity of the season in which the eaperiments were conducted.

The optimum spacings caleulated from Table 3 were strikingly
simitir 2 those obtained in the previous 2 eaperitents in spite of the
wide differences in growing conditions and mean total yiclds. In
*Prima’ the optimum between- and within-row spacings were 37.6 and
17.0 cm respectively, while in experiments tand 2 the corresponding
figures were 37.0 and 159, In "Pale Green’ the optimum spacings
caleulated from eperiment 3 were 641 and 216 while the other 2
eaperiments pave values of 33,0 and 18.9.

From the equations involving both B and Wit is possible to
caleutate the theoretival optimum ratio of hetween-row to within-row
spacings at a fived density. This is simply the ratio of the coeflicients
of B and W. In Prima this ratio was 2.2:1 and in "Pale Green™ it was
31, emphasizing the fact that between-row spacing wits more
critical factor in the indeterminate “Pale Green than in the
determinate “Prima’

Experiment 3 was designed 1o test the effect of varying the ratio of

between-row to within-row spacing, keeping the total density in
plants/hectare constant, Actually the number ol treatment levels was
too small to permita critical analysis. However, the results confirmed
what could be predicted from baperiment 3, namely. that there i
considerable leeway in ratios on cither side of the optimum, which will
ave Titte effect on the total vield, and it is only extreme deviations
from the optimum that will have it serious deleterious effect on vield.
Thus it was only the extreme ritios of 161 Yor between-row to
within-row spacings that showed @ significant reduction in vield in
both cultivars (Table 4).

Conclusions: 4 highly significant linear correlation existed between
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the tog of the vield per plant and the populition density. Between-row
and within-row densities were virtually independent in their effects,
and the former had the greater effect. The optimum density hoth
between and within-rows was lower (wider spacing) for the indetermi-
nute “Pale Green® than for the determinate "Primi’.
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