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Effectof Plant Density and Spatial Arrangement on Seed Yield of
 
Cowpea (Vigna unguiculata (L.) Walp.)1
 

D. Nangju, 1. N. Little and A. Anjorin-Ohu2 

Internliwnallnsiltte of Tropical A.griculture. Ihadan. ,Vteria 

,.l/.sitm. In spacing e\periilients at Ihlidai. esicern Nigeria. co%%pea c%.Prinit. an erect. detern inatl and tos 
branching t pe shos\Cd a ctisistentil higulcr optinun densit\ than TPale (ireen'. senti upright, indcternminate and 
high branching tykpe. Optimum spacing o'or"rima' ranged from 16 ito17 cn \ithin rosss and 34 it)40 in betwcern 
rows. representing a range in densities 'rom 145 to 180 thousand plant, per heclare. TPale (ireen had optinun 
spacings ol' 19 to 20 cl \ithin ro\ss and 501to 65 ctihcloecn rio%,, or densities f'ron 70 to 115 thousand plants per 
hectare. The el'fect of vairs int either hetsen-ro%%or %\ithin-ron pacing tas conitcntl%nire pronounced in Tale 
Green* than in 'Prina'. 

In 3 e\periliiCnts \%hcre either the %ithin-ros, spacing. te hetecn-ro\s spacinig, or both %ere vlricd. there \s,a 
close linear relationship bet'sccn the log of tie icld per plint and ilc denlsit.. .\ factorial e\perinlient. involving 
both \sith in-ros and betsseen-ross spacings. shossed no signilicant intcraction hetscen these 2 f'actor,,..\ppa rcntkl. 
var. ing tilespacing betsscen-ros afTects \ield for different rCasons and to itgreater e\tcnt than var. inc tile 
spacinglithin rosss. 

In Africa. co\\pea or southern pea, is the third nlost iinportant Our obLjccties \%ere to ealuile the response to varing within-ros 
grain legumes after peanut (..rac'his hr'pogat'a I..)and hamnbarrat and hetssecn-ris dcnsitic, in co\peas. and to sttid\ tie interaction 
groundiLut (l'oand:eia t Nicria largest these I'actors. T o culti sith different plant habits %%eressterranlca1. 117). is tilc betseen ars 
cowpea producer in A'rica (X). On tlre basis of bralchinc anicle bllongchosen to ol,,erse the elTcct of plant hahit ointhe response patterns. 
(5) recogni/cd 3hasic grosth halhits ol'co\ pea at llocring. "hese arc 
erect (upright or bunch). scmi-erect (senii-uprigltt. selli-hunch or 
decunhcnt) and prostrate Iclinhing. scandent. or procitnbei l).Stcclc 
(18) rcportcd that the col.pcas interplanted silb cereals in northern 
Nigeria are generally prostrate and da.lenglh sensitive. sshereas thosc 
grti n alone or interplanted stith .ilis in southern Nigeria arc 
predominantl\ upright and da\-neutral. 

Plant spacing (plant densit\ ) is important in obtaining inm\inunl 
seed \ield under given soil and climatic conditions. In sonle crops, 
spacing has an indirect elfect on \secd control H3),soil crosit i (121.
insect populations (I),and disease dcelopmcnt (3). Man\ ssorkers 
have conducted sptcing e.\periiments "iti cos peais (6.7. It). 14. 1I,1. 
19, 20). hul most of theni did not define tie grossth habit of*the plants. 
Iaking it difficult itoImake colparisons 'ron their studies. Sonic 
workers Msl0 described the grolith habits of the cultivars the\ usetl 
have sliolsn tli:it the response of cosypca to spacing and spatial 
arrangenent isdependent tn plant type. .enkits and Ilarc( 1lO) found 
that I to 6 plants per 30 cn of ro\ and 2 plants per hill at 61 cn apart 
wvere best for the seni-bush ')i\iclec' and vining 'Brosn Crosder; 

'Materialsand Melliods 
Field epcrinicints \cre conducted on lhadan soil series at tile 

International Institute of' I ropical Agriculture. Ibadan. Nigeria. The 
chemical and ph. sica I propertics ofthis soil sserc: pli5.9 6.4. organic 
carbon 1.1 IX;. (IA 4.5 6.911ClI/l(t0g. total N II.13 0. 18', . sand 
X4"; . silt 4';. and Cdis 12'. The soil ssas prepared b\ conventional 
ncltds, of"ploughing and harrossing. and lertili/Cd s\ith 40 ke N. 35 
k P and 51 kg K per ha iust hel'ore planting. 'Prima', an erect. earl. 
det'enlinatc and loss branching t>pe. and 'Pale (irecn', a largC
senli-tpright. indctcrnlinattc and high branching t.l tere used. Plotspe. 

crc hand" cdcd t\icc ,tI5and 31 dassalcr planing. Insects ssere 
controlled sith sscckl"\ application otfdinletoate beforc floering. 
amid at nix\ture olfeinthsull'an and (iardna f'rom llos'ering to linal 
harvest. bi,, insect control is not tpical of Nigerian culture. -1lie 
seeds \%ere dustCd kith chluironch .titbefore plantin, in order to 
control scedling discascs. All missing hills \crc replalcd \ith 
seedlings tif the sante age 3 to 6 da\ s alter cmnergence. 

The rainflall patlern in Ibadan is essentialls himodal %kilh.i long 
respectivel\. provided the distance betwcen rosks kas kept at 107 cill.rains season (Iirst seasonu I 'riim \pril to .Jul'%arit] a shorl-rain. season 
The runnerless, hunch, determinate t\pe. 'Virginia 61-5' (191 and 
'Princess Anne' (20), showed increases in green pod yield "ithl 
decreases in ro\ spacing il' the distance bet\cen plants %%as nain-
tained at 7.5-10 cili. Yield increase of 40 was obtained if the ros\ 

-spacing "as reduced from 105 to 45 cn (18). and 74' ifthe rtt\s spac-
ing was reduced fron 90 cm to 15 cn (19). 

A deterrent tt comparing results reported for different spacing 
experinents, not only in cos%peas but in nost other crops. isthat often 
no simple mathematical relation between spacing aind yield is 
reported. A direct linear relation holds s\len there is sonie density, 
roughly tssice the optinun density. b)eyond sshich there is no 
marketable yield per plant as in the case in riiaite and brtccoli (2). 
The log-linear relation holds shere there is sonic usable yield even at 
high densities as with sugar beets (9) and most lesurne crops. Duncan 
(4) recommended this form of equation for most spacing data. Willey 
and Heath (20) have discussed the mathematical aspects ol' spacing 
experiments in detail. 

Received 'or publication October 7. 1974 
2Agronomist. fornierly bionietrician, and formerly Research Assistant. 
respectively. International Institute of Tropical Agriculture, PMIt 5320, 
Ibadan. Nigeria. 
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(second season)i from late Atgust to late October. 
ThrougholtU the I'ollosing discus,sion. 240 cii'a, used s the Unit 

distance. snce this enabled us it express nearl\ all of the spacings ais 
an integer number of ross s or plants per unit. 

The elTect of betscen rt\i spacing on cisspea seed yield %wasstudied 
in the sectond rainy season. 1972. by var ing tihe ross density in 8 cqtal 
steps frrn I to 8 rtiss per 240 cn. and keeping sisthin-row density 
constant :.it16 plants per 24 cn. TFhe cxperinental design siss splil 
plot \sith 3 replicates. cultivars ats main plots and ross (ensities a> 
subplots. 

The elcct tf witltin-rtis spacing tn ctsspea yield %kasinvestigated 
in the dry season 1972/73. Within-row densities were varied at 4. 8. 
12. 16. 21) and 24 plants per 240 cin. and the betssccn-ro densitie, 
were miaintained at 3.2 rosts per 240 cn b\ planting the cosspea or 
ridges 75 cii apart. The esperinental design sas again atsplit plt. but 
with 4 replicates. Furrow irrigaition was applied at \eekl) intervals. 

in the first rains season. 1973. hoth \sithin and between-ro 
spacings stere varied sintult;incousy. The experimental design was 
split-split-plot \with 3 replicates, cultivars ,miain plots. between-ro 
spacings as suhplots and within-row spacing as sub-subplts. The 
spacing treatments \ere I'acttrial combinations of hctsseen-ros 
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densities of 2, 4. 6 an(d 8 rows per 240 cm and within-ros densities of 
8. 16 and 24 plants per 240 cm. 

The ellect of spatial arrangcment on cos pea . ield was es, aluated in 
the second rainy season, 1973. h maintaining a constant plant densit% 
or I plant per 900 c' or II I.III l)ants per ha. Four plantarrangenenls with different ratios of' bet%sccn-and and sithin-roI(os/24)
densities were used. These. in terms of rows and plants pcr 240 cmt, 
were: 8 • S. 4 • 10, 2.67 • 24 and 2 . 32. the e\perinental design 
was a split plot ith 3 replicates. cultivars as main plots and spacing 
as suhplots. 

Results and Discussion 

lEperiment I ssas the onl%esperiment in which 'Prinia' out-\ ielded 
Pale Green'. for in the other t,;ts raifall \ as, ot sufficient duration It 
favor the indeterminate cultivar. The secon:l rain% season in 1 '2 ssts 
unusuall. short. "lhe rains ,oplied 45 dt , alter platting. or ahout a 
week a.|lter Ilte first flowering or hothl culli%ars gi\ing the determ inte 
'Printa' a decided alvanlac eu the indelcriltina.e 'Pale (Green'. 
Another factor favoring "Pritoa' over Pale (ireen in this e\periment 
was the hiuh constant s'ithin-ross densit (r 16 plants per 240 cot ( 15 
cti spacing). test, that tka, cher thelater Shossed si, Iuch to 
optittimu for "Trint,'than to that l'or Pale (ireen'. 

3oth tile Nields pcr platt --.and their lo!,arithms were anal,\/ed for 
linear correlation with hetscen-ros densit%. Both aillsse, ease i 
highl. significant linear correlation, hut in vies of the rcsults with 
other experiments and ott ltie basis tf past experience. it %kasdecided 
to use the he-dtcnsil relation (I ig. I). In other wor,. since it i,, 
know,n that cp.pa, w ill prduce Sonomiehl even ll htih detisitie,. it 
is prelerahle to fil a 'unction that :appnnaches /ero ,is..mpttoticall\. 
Fitting such a function gase the fo'loissg CLttlatiOs:',: 

For Priia' l.n (Nicld/plant - 2.96 0. 153 I 

For Pale (reen lFn (. icldlant - 2.9(0 0.220 13 

where In is the natural logalithnl and 1Bis the number of rosss per 
240 cnt. 

Ohserved and piredicted val ies lot I. n (icldplant were closeh 
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Fig. I. Relation of betsseen-row density to log of seed ield per plant.
Second rain) season, 1972. 

[able I. Iffect of between-roys density on seed yield of 2 co%%pea cultivars 
Within-ro density constant at 16 plants/240 cm. Second season, 1972. 

lieen- Predicted row Seed Yield per Ln (yield/plant) total seed densit% .ield plant
plt ie'

(kg/hl (g) Obsersed Predicied 
(kg/ha) 

citI) 
Prima 

I 4)8g 14.7 2.69 2.81 460 
2 816def 14.7 2.69 2.66 789 
3 lOl7cd 12.2 2.50 2.50 1016 
4 1259ahc 11.3 2.43 2.35 1104 
5 1384a 10.0 2.31 2.20 1249 
6 135 lab 8.1 2.10 2.05 1286 
7 l l61ahc 6.1 . 1.89 1288 
8 1189abc 5.4 1.68 1.74 1264 

Pale Green 

I 304g 13.1 2.58 2.68 403 
2 6791 12.1 2.50 2.46 6463 778ef 9.3 2.24 2.24 778 
4 27de 9.3 2.2 2.2 8 
4 927de 6.3 2.12 2.01 8355 875def' 6.3 1.84 1.80 835 
6 753ef 4.5 1.51 1.58 8114 
7 742ef 3.8 1.34 1.36 752 
8 6761' 3.0 1.12 1.14 690 

Means l'ollowed I) the same letter are not signilicantl\ different b 
l)uncan's multiple range test at ,";. 

1500

t250

-

tooo1 LSOO05 

750 -

N PRIMA Yq-1297 40-49 70aLIO64 xIz 
(R' 097 * ) 

500 PALE GREEN. q 877 28-14.15 .1-729I2 R 0.087** ) 

L. 
1 2 3 4 5 6 7 a 

ROWSPER 240cm. 

Fig. 2. Curses representing the relation between total seed )ield per ha and 
betsseen-row- densits. Second rainy-season, 1972. 

related (Table I ) as indicated hy signilicantlv high coefficients of 
linear correlation for 'Prima' and Pale Green' (0.99 and 0.98, 
respectivels ). Total seed %ield of "Prima' increased s ith a decrease in 
row spacine and levelled ol at lros spacing or 40 cm, wsbile seed vield 
or Pale Green' reached a maxiimuni betwcen 48 and 60 cm antid then 
declined with further increase in ro\ spacing (Fig. 2). 

timnes/ield/plant in g. equations for predicting total yield were 
obtained h adding the natural log or the density to the above 
equations. I-urthlcrnore. D (densits in thousands or plants/ha) = W 
(plants/240 cml) , B (ro\\s/240 cm)/0.576 and in this experiment, W 
was maintained at 16. Therefore the equations for total yield could be 
expressed entircl in terms of' B: 

Ln yield of 'Prima' 6..z84 - 0. 153 B + Frn B 

Ln . ield or 'Pale Green' 7- 6.224 - 0.220 13 + Ln B 
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Iable 2. Effect of within-row densit) on seed .ieldof 2 coN pea eultivars. Pale (reen" outieldId Plrint" 1) ;hout 90" lTahle 2). In both
 
Between-row densit constant at 3.2 ros/240 cm. Dry season. 1972/73. cultivars. tilelinear correlation hetaCen the los ofIteld/plant and
 

Within-	 densit% ksas higher than that betkcen Nield,plant and densit%. Thie 
row Seed Yield per Ln (yield/plant) Predicted theoretical olitimum densitN aitlin-ros for Prini,' aas 15.1 

densi yield plant total seed plants/240 cn or 15.9 cm spacing. [or Pale (reen'. the opti iium %%as 
(plants/ (kg/hat' (g) Obsered Predicted' i ld 12.7 Plant s/240 cm or 18.9 cm spacing. 
240 cnt) (kg 'hai Iperiment 3 Sulered l'rni a Short eirl) hefore,c'i,,t droilt juist

1loascring. .\hhough Pale (ireen' rceracrcd 'rima" plants reliiined 

Prima 	 stunted and relalikehl\psrinienti,nal tp it harat Ili,, haig a 
factorial c\perimltn., nimdc it possibi: not oinl]to make comiparisons

4 722d 32.49 3.48 3.27 586 %%ith the results of the preceding 2 c\periiients, hut al to stud the 
8 769ed 17.30 3.0)1 9WX 

" 3.O1 interaction l'aclor,,, 	 %%;IS tile8 	76cd1.30 2.852.85 900 bhercc the ' Ilie most Striking result 
12 953cd 14.30 2.66 2.74 1035 I 
16 939cd 10.56 2.36 2.48 1058 almost complete ahsence Of such an interaction as sho\%n b\ parallel 
20 1092c 9.83 2.2) 2.21 1014 lines in I:i. 3. This scen s to indicate that tiletotal area available to 
24 lOO8ed 7.56 2.02 1.9 933 each plant is not the most important Iactor influencing \ield peir plant. 

I1'this %%ere so. then the optimum ,aithtin-ra)s dernsit \ be highsaould 
Pale Green slien tlil betccin-ru)a densitl\ \as lo and %ice versa. Such a 

4.04 situation 	 2 I'actors. Our 
8 1836ah 41.31 3.72 3.73 1,448 data strongl\ sutppirl the cnc.luiiut that sa ilum tilerange o1' 

12 16 13b 3.1) 2022 stUdICd. o vsithin-rom bettv detnsitiCs 

4 1544b 69.48 4.24 	 1207 .,ouldresult Iii a high interactin hei,ecl ilte 

24.20 3.41 densities liet elfects and cen-row 
16 165l) 18.62 2.92 3.10 1967 %%cre independent. ..\ poNsihle e\pla;ititni, that itllin ro\,s. plant 
20 1902a 17.12 2.84 2.78 1794 conipetitiot for soil nmoistuire and nutrients is the imtiporlat I'.actor 
24 1822ah 2.61 1571) causes in per plant asith increarse in densit.13.06 	 2.47 that a decrease e\ild . Otl 

the other hand. -such competition ma\ he reltiel. uninportant MhetnNiMeans I'ollo%,,ed b%, tile same letter are not significarnt.h diff'erent ., b t c n- ,.tll,.tt .l ar d.T e l'ctIl ) u .ise dt 
g ii fcanilcr 	 nib~betascen- ross densities varied. The effect mia% bie due. instead, todi 	 ire

Duncans multiple range iest test at 5. changes in lie efficient.c of various practices. Weeding and insecticide 
y Based on eq uat ions: 

spraying v crc nore dificutt in closch sliced than .,idelh spaced
*Primia' Ln(yiell/pt.) 3.54 0.066W ro,.%s. iblis difference becanc miire prUttmtlcCd as the :iseasoll 

[N(. iehkt-.5.25 0.166W Ln progressed. and asas itore important il the indeterminate 'Pile 

Pale Green" 	 Ln tield/pi.) -.4.30 0.07) \V 
Ln icld)6.07 ln \V of asithiri a peas.. 0.079 \V Table 3. [*flec and betl%%ed-ri densities on seed yield in c,.s

I:ir,,t rain. season., 1')73. 

20 PRIMA PALE GREEN .. .. . . . . .... .... .......-. 

a8 0.Density 11.. . .. to tl seed/240 cm Seed Yield,' I.n (yield,. . plant) . Predicted 
15. 	 Bmcn Wihn ield Plnt ),ield 

10,10 6r0ass 	 roy.., rtnru (ke/h:' Observed Predicted ( g/ , 

Priniaa" 


22 22.0 
-,0 1,0 . 4 8 744a1c 13.4 2+60 2.69 817 

6 8 920abc 11.0 2.40 2.38 900 

90 1 " 8 8 9x2ah 8.8 2.17 2.1)7 88) 
a 2 16 639bc I1.5 2.44 2.44 63) 

2 X, 	 8 61Ic 39)) 3.)1 564 

16 765abc 6.9 1.93 2.13 035 

4, 6 16 972ah 5.8 1.76 1.81 1018 
8 10 1016a 4.6 1.53 1.51) 998 

L4., 2 6 8, 2. 6 	 244 A 4 a 2 640bc 7.7 2.04 1.88 547 
ROWSPER 240cm 4 24 731abc 4.4 1.48 1.56 793
 

Fig. 3. Relation of'betAeen-roa density t)log of seed )ield per plant at 3 6 24 886abc 3.5 1.25 1.25 873
 
within-row densities in 'Prima' and Pale Green'. First rains season, 1973. 8 24 876ahe 2.6 .96 .94 853
 

Pale Green 

The use ol'natural logs in these equations has tie advantage of simiple 2 8 2049a 73.8 4.30 4.24 1927 
rendering ol'dieternmination of'oplinium densit. or spacing. lxpressing 4 8 18 l9alb 32.7 3.49 3.71 2269 
tie equatlion in general terms. 6 8 1981a 23.8 3.17 3.17 1985 

8 8 2048a 18.4 2.91 2.64 1550' 
Y =a - I1 + t.n 13 

2 16 210 7a 37.9 3.63 3.52 1878 
and equaLting the first derivatiaes t iero gives. 4 16 1864a 16.8 2.82 2.99 2211 

dY/dB 1) 1//6B 16 173labc 10.4 2.34 2.45 1933 
8 16 1289de 5.8 1.78 1.92 1516 

so that B I/b is the value orfB which theoret ically should give time 
2 24 1473bcd 17.7 2.87 2.81) 1371maxitnum yield. In terms of spacing, since B - 240/spacing, the 4 24 2040a 12.2 2.50 2.27 1613 

optimum spacing is simply 240 b. Thus for 'Prinia'. the optimum 6 24 982e 3.9 1.36 1.73 1-110 
between-row density was 1/0.153 = 6.54 and optilniun spacing 8 24 1392de 4.2 1.44 1.21) 11117 
0.153 x 240 = 36.7 cm. The corresponding values for Pale (ireen' 	 __......... ...
 
were 	4.55 and 52.8 cni. I Means It)lloed by the sante letter wkithin the same culti,,r aie not 

In Experiment 2. conducted \ith irrigation (luring tile season, Duncan's multiple range lestat 57.dry significaintly different by 

J. Amer. Soc. Holt.Sci. 100(5):467-470. 1975. 469 



of'Prima' and 'Pale the log of the ield per plant and the population densit. . Beleen-ro%
Table 4. Effect of spatial arrangement on the seed )ield 

Green.' Late rainy season. 1973. and %%ithin-ro% densities %%ere virtuall. independent in their elfects. 
and tle former had the greater eflec t. The optimum densit hoth 

Seed yield (kglha 1 between and %%ithin-ro%'s%%as lo%%er (wider spacing) for the indetermi
nate 'Pale Green* than for the determinale 'Prima'.Spacing (cm) - .
 

Prima Pale Green
 
______"__-L.iterature' 

30 :x30 1054b 167 1i 
15 . 60 l089h 	 1466a 
10 	x 90 I036h 1429a 

I152h7.5 	 . 120 689c 

Means follo,,ed by the saame letter arc not significanll, different at tihe."; 

level, 

those of
Green' than in the determinate 'Ptiot'. Sceds, pa rticula r 

ients I and 3consistentll sliosed
'Pale ( reen'. hiarvested 'rom e peri 

more insecLt din.lgc at close spacin,, than at %%ide spacing. It should 
be stressed. ho,,ever, that tile lack (,f interaction of' hetacen-ro\, and 

%itlhin-ro\k ni a not he a genral rule in co%%peas. hut rather as it 

peculiarily of the sea n in stich the experiments \%ere conducted. 
from Table 3 \ere strikingl.'Fhe optiminunm spacings calculated 

similar !.,,those obtained in Ile preo jous 2experinients in spite of the 
and mnean totll \icld. Inwide differences in grimin conditons 	 tiic 

'Priia' th optitnit hetsecn- and sxithin-rim s n %-_ffcctcre 7 
wiedfeecsi gsad 

17.0 cii respectively. %%hile in experiments I and 2 the corresponding 
figures %%ere 37.1 and 15.9. In 'Palc Green' the optimum spacings 

calculated from e\pcerin ii 3 \\cre 04.1 aiid 21.6 %lhilc tihe other 2 

experiniien ts ga e values of 53.0 anid 1,8.9. 
11 and \\ it is possible toIromU the equ.itions involking huth 

Calculate the theoretical optiimumiio r.ii ii of hets.ccn-roim to \%iltin-rim 
, the ratio of the coefficienitsspacings al a i\ed densil\. This is s:ilipl 

2..: 1 and in 'Pale (ireen itof B and W . In 'Prima' this ratio xat, 
3:1, enmphasi/ing the 	 fact that hctisecii-rioix spacing sast iitiiir 

criticl factr in *Pal Gree , tha in tleineteiiiiii~ic lie 
critical f'actor inl the itdetmmiii.ti' 'Ple (ireen' than in the 

determinale 'Priima'. 

I-.xperintent 4 %%asdesigned it) test the el'fci of ar ing the ratio of 
total dcnsit\ iibetsscen-roim ti xxithin-rim sp:cing. keeping the 
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