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Cowpea (Vigna umgeiculat.. b, Lalp) is widely groun in
the asiun, frices and amevac.an ¢untinentr, In Indlz pulsec
oecuply «n area of 23,5 million hectares produelng 12,14
mrllion tonnes, 1%t constituben an eassy wnd readily
avarlavle souree 0f 4ood gualitry protein in the diots of
aillions, <lbhough it has been cultlweted for centuries
in toese regions, tue yislds ure low und wnstable, .ttemsta
nave been aude to luprove the yield ¢f cowpeo {inag, 1974),

Coupen 1e grown mostly as & rainfed erop und
indetermninzte typeo aave been reported to perforn better
under dryland ogriculture ({haturvedi et al., 1980).
However, seeds with reasornable gomminution percontuge .t
sowing fige ure not adeuntely uvailable becauss tae lued
of viubility of evwpea peeds under ambient conditions o2
storage ig faster tuan other pulges like ureen i
(Vigna yadiata) (' grawal, unpublished), .eedl require
storage for ot least one planting, season i.,6¢, reil aurvest
to qubseguent sowlng wudieh ip urually ¢f aix montns dur.tisu
Losp of viubility is influenced by .sany storage .actors,
but relubive hunridity and tewporature ure the two coin

Iactors anfluencing, viabllity of seedw during shorege,



seod deteriorntion leeding to loss of viehility ao
o result of wvarious phyalologlcsl und biochesicul Jactors
can affect the yield of the crop in twe vaye : firet the
decreased germinution leading to o subeoptisad population
of plomta per unit area; geccndly, the deteracration auy
recult in poor perforsence by tne suwiving plunts,
whesretically, by increusing seed rubes, the firsl cwect
of the problen could be overcome (abdella and Joborte,
19050} ZHowewer, reyurdang the second aspect, there exiole
an dnfovmation (Up.
dence & fileld experdsent wus luid out with tne
followin: objectives :
1« to study the effect of loas of saed visb.lity
on grovtn uand yield of indeterwinate couwpea, el
2e B0 investigute whetaor tae delebteriouvs elliccto
due to loss of viability could be compencated
by increasing tho plant pupulation per unat

5 a2
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vead deteriorution leadiny, to 10ss of viabilaby cuu
affoct tue yield of the ¢rop in tuwo ways 1 Tfirst tho
decressed germination can lead to o sub~optianl populotion
¢f plants per unlt ares; secondly the deteriorstion may
resuld in a poor pesrformance by the surviving plants,
Providin, cne is avere of tha Pirgt problea, taeovreticolly
it could be overcone by incrensing seed ries (»bdalla
and ebazbe, 1369b), However, regurdin, the second aspect
of thv problem not cuen 1u known., There is also ceap to
crop vardction with veg.rd 6 tae looe an viability o
field perioraince relationsalps. Shere sxists =n
anforaatron lacuns in thi. sphere, The present position

ropurding the above problea is reviewed hers,

Zele  Aoceloyutad .geiny

receleruted agelinsg technicues huve been wicsly used
i aneustry to devermans the Zunctional l.de ppan of vuriousn
inde of products (Leloucne and Baskan, 1973). 57 exoyosi i
peads to very adverse levels of tedpor.ture and vsintive
umidity tas mate ol deteériorutive procesues wag greatly

dnereasad «nd in o Tew days inforziidion ¢.n be (rined on



the probable longevity of « sead 1ot undor nomal eondifiovae
wnd tue storzbility predicted., way ecientists have
appreciated the wtilisy of this technique in sveluuting
nged vigour and gterabllity (Helnev ot al., 19623 DRuehing,
194569; oudatock, 19703 and Tesrony and .old, 1977)e

in the precent inveatigution scoslersied againg
tcebnique wae utilized as o 600} for oveuting veriability
un geraination peycentuge o2 the seed lot, There are tuo
neans for thic end 5 flvstly kesp the peeds vader aablent
copditicns oud allew tow geed to age {(Bubumel cpeang)e  The
muin defect of thie method is th.t {4 tukes long tise to
8t u reasonable deop in geralnuatlion, second metnod is by
sublecting t.e seeds Lo scceloraled wpeling trsatuents for
daflerent lengbtns ol tame, Tois ie a rapid, ivexnensive
.53 sbsple asthod, Howevsr, since hne trestoents ipe very
Intenee, the ageing pricessss ooy not be wnifony, olsd
tac pattern of loze inm viability will not be similav £
that 0f nubursl waeing, -arriuon (1066) Lap veporbed
di2ferorces botwsen y.eld wnd viability loae an renid g elin

«nd slow wyelng (patumsl) treatzente io leltuge.

2a2¢ LOgc of Visbility «nd Crop Yieldo

8 aentloned sarlier, sabeophimel populution per unit
area ad tae pooy porloli.nes o the swrvivors are tae main

wuys by walch crop ylelds .re affected by lowared viabilily



o seeds, The probles or reduced plant population ic
igportunt parbitulerly in those species which ave unanle

to compansate for o reduced dencity (by tillering) and
thus have a populaticon yield curve which showe « rel.tively
gharp yield peck at & particular populadion dengity (villey
and Heath, 1969), C(owpes, which can not compensate for &

reguced density fall under the «hove ¢.tepory of orope.

ZaRele Lose of viabhility - ite effacts on
the developmental stuases of tha crop

The final yield may be conaildered &s o Recpure of
the total cumilotive growth of tho erop. «bkdalla and
woberts (1969} alfter detuiled examination of tne rood
arovih in broad heans aod peas huve reported that the rate
of (rowtk is affected if Lae storage conditicas huve led .o
oome loss of viuwbility, HReducin, viabality %o 60 ver cea®
or helow had signdficant und relstively lurge efrfects ca
root prowth, Furbther decrespes in viability te sbout 0 vor
cent hid 1ittle effect on the root growth of the survivorg.
Howevar, the anliial low growth dil not persint,

The increase in fry weight of pea shoote over the
firat slx weoks showed & decrease in mean growth rde of
surviving seddy @ tne growdh rate wap chout 2% per cent lecs
than that of the control plante from seeds whica showed

160 per cont viability (abdella and woberts, 1969b).



% later ptuges, the treatoonts on beans and peus
led 0 asaall bubt highly significant reduction in plant
heignt, The trestuents tended W cange Dargsd Lncrecss La
plant-to~pluant variatioss in plant helght, Ia kost cudses,
thase ¢ffects of seed shorage treatuoents on plant hed ht
were piten paralleled by eamiler decreases in tiller or
leal nuaber sad locrespes in Lae plent Lo plant vari.tion
i1 lwafl nuober,

waring too period bevween 5 10 L wnd 8 weeks acue
07 tas uwe.a relative growta xutes werc sigraficantly
giffercnt froe the cuntrole, Houwever, uli shtorape treataent,
and oreabsr valuse toan tee cunteola, 1t wen cunciuaed
tuet toe adverse gesd atupuge trestlonto cause no dawdnullon
- the rate of increase in the ling.r growlbh o0 the whoote
during {he later cloges of prowth, In fact, inere wus

gone indicating o plight evmpensatory inereass an the

tl‘.ﬂe_r srorth 1wbe 8 this stege. [be duiferences n
pl.at cexzhv was tporefore attributed fo the effect wi oeed
rorugd trestaents on toe early steges 0f growth { .odulla

Wl coberbs, 1969h).

The sborase trectmentis which redused vanbility to
anout L0 per cent nad une offect on finel yisld of orudin or
shraw ia broead beans, peas and barley., lLovertneless sucn

trectaents Gid affect tae e.rly growth of roots und gacots



of taa plints, some Individuals were affected more than
others 50 tarxt the wariability of the plunts wes lnerewcod,
~veatuully thece e.rly effects ¢n the rote of prowth
tended to dicapplar wad thore w5 odde possibility ol
coupensatory srowth during toe latsr stoges of development;
thus the curly oslower ruten of prowtl was of little
consoquence when it cwie to iinal yleld unless tae detworio-
ration wap 80 severe durdnmg storege ta-t it led to a crop
in viubility 1o below about 50 per cent {.bdaliam eug
oberts, 1969h), It was nowaver, expressed thut thess
senerulisntions apply at least for peas, beins wnd barley,
bat Jjud ing by tae different rel.tionsaip between viabality
and finil yield, would noet hold for any specleg which
bebaves lixe lettuce,

Harrison (1377) observed that the rete of germination
wiag inversely related to tae degree of dsteriorution an
barley, Uowever, tiw grouth rates were not sirmificantly
ditferant,

Perry and Harrieoa (1977) aleo in the case or barley
reported a lower lield asersence an t¥ cuge 0. deterisrdatec
seeds lots wunder unfevourabie cunditions, wioalsr lower
smergence wus «leo reported by Loodstoc. ef al, (1370) wnd

PL5ag-ri—g

~greved and Lingh (1975) in the case o) seybeuns,
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0262, Lo@s of viablliby wnd fanal yieldo

The loss in crop yielde due 40 decreaged viability
conld thesoretically by overcome by incrsasing the seed
rote, But even if we compensafe for this potentiwl loss
of yield by increasing vne aeed ruts, there ig also
avidence that, in nany cases, the yield of plunts produced
froa sRevavans sesds decrewsed wila uge 0L thy vecd e..,
in wheat and Bragocsta (Crociond, 1934) ond in gaise
{ungas «nd Kosaler, 19441,

wher have Leen a nuwanar of luvestigetions in whica
reduced ylelds wers reporved fraz 0ld seeds, in other
raports no effset of age was found and exceptionally .n

LJuny (Figme radaste), Podrico (19%59) observed signd Zicantly
rAene

bipgher yielda lrom 2ld easdu. 1t wam connidecad that tne
gegd reguices quity certain sdasoning O cuwelh, belure it
1m cepable of sttaining the pecs 0 its viability, S.rion
and Carman (1946} working on asix hortloultumsl speciwes dig
a0t obeerye any algniiicant reduchlons in yield with
inereasing chronologicsl age of tae weed oxcapt i. tis cusee
0f b0u.t0, Durton {196%1) refevria, to H08.t0 Bul.ouben
taat tae actwsd age i Lhe soed io oF zuch leas importunco
than Spe eavaronaent < whien at 3o kepbd. Brown (1963)
A1o8 gndesved no sagnific.aat dilloranes a ginld ol we

aavo Ll ages 0f 8.l seodg,



Un the other hand, thirkovskii (195%) reported
reducod ylelds of le.ves per plant froa 0ld Yabacco peed.,

Narrigon (1965} carrled cut two typeu 0f sxneriscnto
on lettuce, in the firet, !slow agelng' tre.tuento were used
in waich the Besds were mplored for S t0 10 years it ooen
storage or sewled in uilr or carbon dioxide ub 1830. ia the
second type of trisle he enployed 'rupid cpeiny' treatuont.
in which the seeds woere stored at 10 ner cent moisture
content ab 3506 for ¢ to 11 duys,

in rapid ageing treustments smigmficant decreuses in
arouta wers only obtuined once vi.bility hnd droppec wvelo.
about 30 per ceab, 1% «lso showed youghly the sano
rolutionship bekween percentage viabllity and yield cerave(
froa bt surviving seeds. In btre slow sgedn,, treatusnto,
toe resulits agedn dindiceted & congisteat reletionshly
bebuneen loss of viability and yield irrespesctive of the
cultiver or ageing treatuent, bub tue relativmsaly wan
distinctly different from that shouwn by rupid age.ny btreat-
nents, In this trestaest even & snsll lose of viability
reguifed in o severe loss of yield in planto derived [ioa
tae purviving seedo,

The reason for the two distinct types of rel tiomohip
betuees loss of vinbility and yield was not clear, hut
there may be two possibilities, [ivst it is popoibie th.t

conditions lecding t0 o rapid loss of viability produce a
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dirferent reletionenip fro. thoss resulting in a slow loss
of yinbllity; or slternatively tne relationsaly botwesn
loas o4 viability and dry weipht of seedlinen asy be
diffarent fros tiat beheesa lose of viability ond Tinal
yaeld,

The wesulis of the experviaent conductsd by Harrvison
{1905} wn onxon geeds whilh wag 5 yeave old wnd had been
gtorel ut 18°C for 4 years gealed in werious guseg sacwed
t deerd.se in yield wlith lose of viubilivy,

Pield trials conducked by Ching andg Cainoun {1968)
cle.rlr indicoted tout seed pyoduction and forare yleld
wars not sipnificuntly dilferent $n peed lots h.ving
diZievent peraluabilaities ranging fxei ST to 79 per cont.

«hialla and leberte (1963a) repsried that in poas,
krood beuns and burley, perrantdee viabiliby appeurea Lo
bz o relizble index ol too detoericration of tas eurviving
seed ag indicated by tne accumalatlon of Guroadsage
uhervatione, = fiold experisml wac oditucled wits 4 vise.
to find ont shother porcsnlese visbilicy would alse
andicate the gwowth potential 22 fae suwrvivin, beedv wndeyr
field eonditlions {ibdalle and Noberis, 19€5%), There was
three gtorage treafaenta applizd to the bnree species 686
toat they lost G0 por ceal vikbliity ard tue fine] sconomic

gields were compavrsd with coLbvol freatments 4n shich
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there had bean o lose of viubility, The ageiny freataents
ware as follows 3 vean 25“(;. 18 peor cent muisture conteat
{maue) for 106 days (54 per cent viability); 5579, 18,6 1o v
cent i.te 10r 24 daye (5% per cent viabalityld; 45°¢ » 123
per cont m,¢e £02 17 duye (53 per cent vimbility); beans
25%¢ s 1Ceu pex cent m.u. Tor 45 daye {48 vexr cont viablility;,
’,})Oc, 1845 per cent myce Tor 17 days (43 por cont viaoility),
45%, 112 per tenl m,ce for 37 dueyp (5% per cent viability),
burley 2596, 18 per cont G.Ce Zor 54 daye (HJ por cont
viability); ',’;506‘, 18,0 por cent mec, Ior 48 doys {48 neo
cent vanbility); 45°C, 12,1 per cont mec. for 17 duys

{47 ser tent viabilaty)e In o1l tae cpeclos hue trotuent.
included dlffevent mbes of aselny, and trewtasents in whleoa

a high temjeraturs was combined wiln & low moisture content
or o low temperature was combined with w high melsture
content, Thore were no gisnifie.nt difference betwesn tie
Lroutaents and tae conbtrols for eitner vwelght of seedo or
weight &f siraw,

.. £ield trial was conducted by the above =ubt.uors on
thense Tlwee species witn the following objectiveos ~ (1) Ho
confiva that deteriovation ascocioted with a reducticn of
wviability to 50 peor cont has 1o significaat effect on Jin.l
yield, {2) to find out waellur seed deberiorsbion ugsociwted
with o reduction of viability below 50 per cent affects

final yield and if 1t dues, (%) $0 find out whebloer the
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parbiowlsr cogbinstion of srwircnuwentel Lactors durin,
storage or rate of loos of viability is dapurtant in
determining yield, or vhethsr percentage vaubility is zlow
sufficient ap an index of yield polentiality.

It was confairasc tact meed deterioration coscciuted
with a reduction of vinblility down 0 50 per cent had uo
gienitic.nt effect on rinal yield, Howewer, Lufre wan
evidantdy 4 trend of decreqsing yield with decreawang
viahility, but the slope of the curwe wob prudnal 80 taud
sipnificant reductions in yield cnly beocuge evident waen
viability had dropped %0 below 50 per cent, Tacre wa.
&lse a close slmilarity betueen the contrastin, secd-
stovage enviropmenks an thelr effect on yield, Tasy also
have goncludad thet percentoge viability wae on excellent
index of the loss of yield potenti.l of the surviving
pegds, 1t was 2ls0 ropovited taxt it was uninnort.nt walcg
Jactor - tenperubure or auisture content wag reapunsible
for tne deterdiovution, or how rapidly the deteriorcbion
has occurred, but only tao extent of deteviorabaon wap
iaportant,

Avberts (1972) auo expresesd the views that altuowa
a pimple pemination tear cun 2ot £ o iudox of Bus
potentinl yield of tae survaving seeds, the roluaticnstap
petweun viability and yields muy be dafferent ln different

speelea, On the one aand toere is tae type of relubionghip
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shown by peas, beans, barley und onion in wilon o slgnafli-
cant lose of final yield only occurs when a considerable
less o2 viubility nus taken place, On tne otuer hund,
ghioge iu the type of relationghip chown in letiuce an whica
tosve 18 . considerable loss of yield when o e3ll loso of
vanbility hos talen plecs, 18 the otorage of seeds Jor
crop preduction soae lose of viability can be tolerated in
the first type, but ot in toe second, Therefore, Ifrom tuac
practieal poini of view, at 1o very importunt to know whici
cabegory 2 gpecies belongo,

Hayrapon (1977) reported tn.t geed debericration n.d
1o pignificant effect on grain yield in barley, liowever,
plants {roo deteriorated seeds sbarted to tiller luter ta.n
controle, but tlllering psbtes wero sinil.r,

Varices possible oxplanations for tne decrewsed
srowts rates in plante fron seed populations wiricu hwve
lost viability wore wdvanced by vurdous worvhers, They wrc
discussed below,

Loso of vaubllity wae associzted with an accu.mla«
tion of chromcscus dadage in the surviving seeds {Lbdulle
and Roberts, 1568)., Cytolosical exuninutions huve snown
thet the visidble aberrations produces ae o result of poor
storage conditions rapldly disappear during the growth of
tne 2eedlings, It was reported that all visible cborratiu.s

in pen voots were no longsr present in the meristeus wuen the
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roots were 10 cm long, This loss of viebility of the
aberrant cells afber division mey be becouse the daughter
celdns will tend to contaizi groan deletions and other fLoras
oi genetlc labazlance, 0Oan the other hand minor chromosone
damages will perelat not only to the maturity of tiws plont
but through o succepgive generations, The chronowone
dagage ¢f the iInteyaediate mafure muy alse be selected ocut
during cell division, bub it nay tuke longer to disuppecy
than the more obvicus sborvwatiocns (abdalla and Roberts,
19693}, fHe nlso hypothesived Lot reduction in growth
rate Lo due %o chrowosome disturbancss of intevamedinto
severity and thoems asy tend Yo dipappeer with tiue o that
growth rate eventuslly returng to nomnal, This sls0 can
provids a satisfochkory exslannhion Lo the increspmed plan*:.-
to-plant variation ag & vresuld of sced deterioration duriug
storoge. However, At fails to offer any explemation os to
how there is compensstion for growth in later stages.

This also iguores the poasibility that the lower
grewth ratog found in plants derived Lrom aged weedn could
be due 46 the malfunetion of sons of the cytoplaraic
organalles, Dozage o the cytoplepmic organalles pergists
during the development of tha plant though, as with
chromosone daaags, thers would lg}z‘ﬂb&bly ke a tanﬁen@ Lo

thy domsged organalles oy the tells containing then o be



gelectod out during, developwent, . urthermors, thore 1o
evidence that repair nechanisas can oparute provided the
initinl donage was not L00 grewt, Consgquently toe onserved
sradusl return to oormal prowth rates in plants derived
fron aged ceeds would slso be compuaiible with the hypothecico
thet the loss of early vigour is due to damege o eybto-
plasnie organalles (koberts, 1972).

Jhe practical implication of decreased groutn soteo
for crup production sore also Quscussed by Hoberto (1972),
oCeording to ham, saall logeses in viability in crope llhe
peas, broud be.ns, barley and omion ure not crlticul, but
becauce ¢f tae lower rates of early growth, the erop will
probably be more susceptible to adverse condii.one during
tue emorgence and early estublishment, Uor ezumpls, such
a erap aigcht be expected to be 2a0re susceptible for suile
capping, pests, diseuses und weed competition, .lowever,
under fuvourable conditicne, the deersaeed eorly growta
rabes will have little efdect on finul yield, In centrect,
in crops like lettuce even o szall losa of viumbility
apparaatly indacates o degree of deterioration whic: will
seriously affect tne final yield or the erop. .ccording
Lo him in all cases oty crop walch has been derives fron
a geed sbtock wialca had 1ot o oiguific.nt <oount oL
viability soould not be used for producing furtner sesd

gines tae evidence indicste that such seed would contuin o



lurge anount of genetic mutabtions, Je aleo pointed out
that, in coms crope uob least, if seedlangs are not ichually
losl Quring, ewrly crowta, the sarly effects of vigour tend
to dipappesr durlng growth wnd thus final result ooy pnot Le
guite pe cotustropilce e indicated by & vigour test. ~hus
<t can uet be asswaed automavicllly bunt 2 decresse in
soedling vigour will lead to o dows of final yreld becaus:
taere ave hany processes intervening between meedlilng,
vigour and yield (.inhe wnd Lhemna, 1979) and very little
inrorasticn with reppoet to these anbervening procesces

arg SValdhblt,



3o JueBlodes o013 0T 0P

The iavestisation wae undertcken b the Livieios o
Loed Iecunelogy, indion ageieultur.l Resecroh Inpstitute,

uew relhnd,
Tele  _WTDREaLS
Seletle Heeds

8638 ol the cowpea strain 26-4-1 wis obtained lrow
LTy LhAavam 3angn, LA 2egdonmal Stotiun, ermal, It is o
semi-oract, indeterminate type nhich gaves two distioch
Slughes of podes, The strain 1o characteridsed witu active
vegetative ,rowth even uster the cutuprlby of toe pods.
Uonder copditions of conbinucus irragatlion the variely is
observed to have an extended reproductive phuse. Iu tne
precsent study wles, the veriety showed extended [lowerin]
«nd epntinued vegetative grouth till 122 days ufter sowing

when the exporiment was Leraicnbed,

Jeles Climate ond .oil

Toe details 0l the ceteorological observations for
tne period are presented in Fig, 1 and .ppendiz I, Tae
80il of the experimentol site wos a sandy cluy loam with

hich clay and silt content,
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DetaBe Jextilizers

“he fertilizevs, urea (45 % ), :supez;{:iwaplmae (16 5
9205) aid auriate o3 potasn (60 &20) were applied baeslly
to supply 20, 40 sad 10 se/nr 0F u, PBOS end ’2‘2{)’ £EU068 1=

vely.

ete acgelorated . sgios

Since no information on the loss of vimbility during,
ucgolorn.ted speing treatzent of cowpes seeds was v.lluble,
2n experdmeont was planned, tee detuils of which are

presented below,

TeCalete lncvbstion of ceeds ub BO por tent rélative hunidil

(Bh) ot 30°%C 2or 28 doye : Seeds kept in s wive

w.eget in gingle luyer was placeld i & Gesleoator combaloing
S eodutdion se ae to muintean on approzimstc ki of 80 per
cont (Lolomon, 1951). e desiccuaber woa then placed in
an anuabater at 40 ¢ 1% gor 28 Juyse  -Ged gesnlastion,
aslsturs, lensgth of roois and seoots, Lholr dry weleghto
and viability by tetrszolims salt were deteraincd ot
perigdic intervale,

sluce 1t took a long tilse Lo obtaln & rewsonaonle

drop in germination capacity, <o aldifled method weo ofopted,
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3a2e1a2e odifted aceolereied agein. technisue &+ The seede

were conditioned to the hi her molisture status of approxi-
antely 26 por cent from T.45 per ceant by adding wobter b
the rate of 18,55 0l per 10U  of soedo. Tue geeds werc
tuken in thick polybhene bags of approximately 400 sauce
40 yabor wag apalied an 34 instalmenys, Iher esch
addision, tno b.as werc okapled, 2eode Shorouchly ailzed .ud
kept in & mefriperetor at about 5°¢ 40 wituin ths oquilie
briva solsture leavel, Tao final aolstare cenbeni wuw
eotinited and too seeds weve trunscerped t.ther to 40°C
or 33°(I Lo w.Eying periods ag described belw,

HIher conditloning, < porbion of the oeed wan wept
I3 3’50(‘ for one day (gg); ancther portion ot 20% 107 the
£ir.t two dsys and subseguently at 33°C er another tuo
daye {%)* 4 tourd 30Y wln hepr ai %Oc, ier the first tvo
daye angd ot 3‘50-5 oy tase uexl Tour days ;’.354). sLber toe
treataent all oeed 10ts were transferred to o refrijerabor
and stoved thelr until sowinge This periocd ranged From
three L0 eigat duys depending upon Lhe treatmenta,

Meisture estimation and geraination testing were

doue hefore sowing and the Ligures were laken «f troat ent

levels {see luter).



Badelabe Chosreations talen 1+ The various obgerv.tionn

“alen ot pericdic intevvals cve listed below,

1. Loisture eshimchion @ oisture conbtent of the

seod samples was detornined by deyang naaples in duplicate

at 110 & 19¢ for 17 n und wow exproscsd on wet welpht baeis,

2. Berminstion testing ¢+ Two replicutes of 50 mpeedr
ewth wvere gerninaled af ’5291. for four doye using bherwecn
poper mnthod (C:halg et al., 1967}, “ne peeds were
cateporised in €0 novaal, sbroranl, dead ond hurd. Tae
Lermanetion percentage wab sEpresssd oo tho baple o0 sopall

geedlings only.

5¢ Nisubrlity test 1 eeds wsve precondilionsc by
otaking ol roca beppexature (or 17 » 1 4 und rensvies, the
o2sd coulp, Yrecuad.tlonod seeas were oOuied la 0.5 per
ecant agusows splution 01 2, 3, S«trdphenyl tebrizolivw

aloride ang loouboted of 55% for about 4 h, altor the

(e

wEpLTy Ga bals perldg, tae colulisn Woe dredned olf aod fne
seedo were wapned thorougaly in tap watcr, The coedc voere

clussrflof inds gereinatle and Acnegoeoninedls dependiiy

on tue ghodning pulbterna,

4s  gool and saook length t¢ Ten noroel ocedlin.o .raol
ouch replicellion were randoaly selected and thsir ruct und
sheot lengths wewsuved and the aean gf o Lwd repl.cutes

WOPHCS ula
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5. Dxy woight of root and snoof 3 The above 10

peedlings were sepuarated luto root and shoof and tuen driod
wb 110 & 1°¢ zor 17 ha  "ne xean dry weights of root wnd

shoobt ware calenlated per seedling,

Dedede Zield .xperivent

Zelnlels Layout 3 The ewperiment was conductod durin: the
period from March and July, 1980. I% was laid out in o
factorinl randopised block design with three vuplicutions,
The allocation of wviurious treatumente to differont plots wano
done by randomisuibion using Pasher cnd Y-tes andon Tableu
{Panee and ukhotos, 1957). Tae details of tae layout plun

are given below i

Total expervimentul spea 3 200 m2
Plot size s 5xtn
Hwaber of tre.toents 1 4 X2 =4

Huaober of replicaitions 1§ 3

llugber of plotao 1 9%3 = 24

BeRePa2e feod meterinl and lovele of germinabicn : .eedo

wila varyine gernination percentise, the detidls o7 wazch
wre Jiven in Table 1, was obiained by giving acceleorated
sgeing treataent which has beeu described earlier, ‘he
control (613 vus untrented seeds with no ogeing treat.ent,
A1l sred lotw were treated with Thirmua ad the rate of 1

por kg of peeds praor (O sOwing,
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5. Leaf, smtea and pod dry weisht 3 The lewves, cten
&G pous 1roa tac Tive tendoa plante were dried sep.rutely

110 ¢ 19¢ for 17 b wnd the wedgnt recorded,

e Zotal dry wcicht s The various coapaensnta such

ag leaf dry welight, ctes dey wolghb end pod dry woirhl wero

aldeld to obiadn the total dry weasat,

Te Jabs of floyerins @ Toe nuwadsoer of days buken

Ior the first flover oppoarance aml Sae uwbialnzent of 50 oy

cent plunt floworing was resvrded,

de  fausher of ppde per olont 1 sac totul nuaber of
pods freo the five vaudomly selegted plunts, wied Jor
dotemining tolald dry weignl, were counted wud their .eun

calenl.ted,

Ge Lenglh of pode ¢ Tan pods selected it ravdom

from szch dredt .ut wame uscd zor asasuwring the pod lenyib.

10.  Jumber of geeds rer nod 3 "ode wged fop ws.suring
t e longth were used Tor counbting tae muisber wi sosds wer

DU,

ite Iypxeleut of grains ver 10 poda s he gndins

froa tue -bove 10 pods were arled ot 110 3 190 for |7

ond welglod,
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12 pxy welent of husk per 10 pods ¢ The buek Srou

the ubove 10 podo were dried ot 190 3 19¢ for 17 h une

welyohaed,

“ 15« Nitrogen content of plant samplion 3 Tne tot.d

nitrogen was estianted by the indophenol blue method
{ovozamsky ot ul., 1974), the detsils of walch wre woentiunec

below,

Zengent.:

~ikaline phenolate solution 3 20 o of phoesol sas disgolved
in 250 a1l of Lm0l 1.} and made upto 1 litre,

~odzum ndtroprrsside 3¢ 0,05 per cent,

visoaiua LLT. sodution : 4 per ceat,

Phaozphate buffer solution § 15,35 o oF m’ﬁ.?:i 9&34.2120 WS
dlesoived and to thas 50 al of 14 havld was «ddaeu
and wede ap to 1 litre, <Tae P wak Jjusted to
12 2 Uels

~0dium nypochlorite pgolubion s 20 al of sodium bypoeanlorite
oolution was diluted to 100 ml,

Jdized reageat 13 100 Ll of alkkline pheavlate wolufaon
wa@ wixed with 200 al of sgdiuwm ailtroprusoide
solution to which 10 mld of the FiPL eoluviln tup

added,
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Jiged yeggant 1l ¢ 400 pl of phosphute buffer wus nixed
witn 100 ol of sodiuwa hypoenlorite solubion,

Slluted sulphuric acid 3 100 @l ng‘g {SPe LPe 1e34) wus
added 10 13 sl of distilled wator,

scid mixture ¢ 6, 0f salieylic acld was dlesolved in
diluted sulphuric ccid and msade up tae Tinul volute
to 110 ul,

Hydregen perdsxide 1 30 per cent,

Prosadura

Blseption ¢+ 0,9 ¢ of wir dry, finely jround nlunt
material was welghed into o 50 al voluuctrie flask, "0
targ, 3% @l of ecid aixture waag added, mixed well und lelt
for 1 hy Lor the mbtration rexction to proteed, J.) ual
¢f the ccid aixtuore was used zs blunk,

The Flasgs were gsested nmoderately on a hot plute
and owirled gently now =nd tren to minimise foamin,
saited for L0 manutes, then ot 10 maaute antervals O drope
of hydrogen persgszide were added, The teapesrature sas
relued to about 28090. This procedure wes repested until
the resulting solution wae clear alter 10 mimuteu . & 230% .

"o flasks weres cotled «nd maede uptd the Lurk .ith

dastrlled water, Taoe scluticn wes tuen Tiltered.

analyeis 3 Toe aliquebs of digest ond stonderd

sorias wore Alluted 1 » © with distilled watvr.e (oo ul of



27

theee dlluted solutions wore taken to which 3.0 aml o¥
anlxzed reagent I and 5 ml of uized reagent I was added
and mixed well, uvptic.l density .z medpurad 4t 6350 nw
ueing 8 opectronie 20 colorimeter after 50 winutes, “he
stundard cumve wam prepared Zrom solutions contodaing, 1.2,

2edy Zeby 4,8 .08 6,00 ppo of altrogen,

i4e Totul uphake of nitrogen 3 This was enlculated

from the toial nitrogen santent of the plunt and toe dry

cedpar 0F sten, leaves wnd pofs,

$5e QRelstive growth rotg ;3 RGR was aaloulrted
using the Zormula r = 1/% (1o by v lo, "JO) wiere v =
relative growth rate; . = plant weight and t = tiue (ap

auotes by Sonrld, 19633,

SeleBe Sbtubisticel .nalysis

Tae dub. relating to each ¢iaracter wuas auwlysed
oy opplylne Lné analye:s of verlance tecanicue an duegectad

by snedecer sud Cochran {1967).



4. ERXFIMLINTAL BUOJINS

Apiele gpeeslercbed .eing

2he dsta on the effeoct of the accelerated ageing
treatmant (80 per cent relative nuaidity ab 40%) ureo
prasented in Table 2 wmdl Jle. Je

~ perasal of the duts ind.iwsbte that sesd woisture
content lincreased with incrense in tae awadber of duys of
trautaent, The inuticl seed noisture wubtent of 7,0& per
cent increased to 14.00 per cent after 28 dayse of treats
aont, The molatura conteut increamed during the first
buo weens 0f treastaent wnd later ne incrsase in 1t was
oboerved.

muring accelerated ageln, treataent no decrsase ih
cemiination percentage w.s ohserved upto 7 duzs of
treutaent, later the geramiration percentuge declined,
The rete of full in peralnotion wag ooxlmun between 2nd
and 3rd weex after treatuent, .They four wesks of
treatosnt 0nly 28 per cent germinstion was obbaluned,

LHe vianility perceiduese =0 obieined in tetrazoliua
teot was vexy close t¢ tne gevaination percenbage turcugh=

out. Toe root and shout lengths and their dry weights did
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Fig 2 Effect of accelerated ageing (80% RH at40°C) on seed
germinahion(%) viability (%)moisture content (%) shoot &
root lengrhs (cm ) and thewr dry weights (g)
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Cable 2, Effect of accolerated aceing (80 por cent 1 ab 403(33 on molsbure content, szeed pevuinution,
vidsility, shoot lengbn, root length and their dry waiget,

wGs OF Hoigture verdination  Tetrazoliuxn 100t lensth Shoot leowih 200t dry shoot dvy
dags {5l {5) (D] {em) {cm) wodsht (@)  wearht (ng)
O T.68 w 155 13.78 Ta59 13,7 38.5
10,34 7B 78 16,53 B48% 10,2 43e3
14 13491 65 &0 14,04 &a34 10,7 41,8
2t 12:85 43 %2 14.34 Tudid 11,0 5Ge 1
28 14,0 28 28 Gedd e 27 0e B 8.2

§\3
B



Fig.3 Criteria for interpreting Tetrazolium test resulfs

on Cowpea seeds




30

not change auch uplo taree woeks of traatuent, “owever,
afbter fouy weeite of treatuents, the decrsoase was

coapiderable,

4ote2s Zetymeolium fvaluabion (roup

Hasad on the staining pabteras obtzined in Lue
rupld viebility test {(teirazolium) tho seeds weore ¢lasoie
{183 intn gomainable and non-germinable, The shaiunia
putteras and tle baais oi classaifyin. seede into
rerainable ard nonegeradneble ars orvgcented in Jic . J.

4e2e dald Diporiasnt
4e2ate  gield caergence

She dale are presented in Tuble 3 ond rige, ¢ ol G,
The effect of difdereat germinabion levels an ielu ewer cnce
a8 faund to be significont on all doys of observ.tion,
Corman.tich rute wus relatively slow in the combrol ({,1) but
theve wap a sharp ineresse ziter 12 days apd & nuximum of
53,6 per ¢ent flslf emdzzence was obinined at 18 duaye
after sowing. Yhe seed 1ot poaoessing 63 per cent
gormination {32} medntuived tne nichest tield amercencs
$41l 1280 day alber sowing, Ihis gurly faster gemmin.tion
hag, however, declined ot finsl observation, .t tho

initial stoges 1% wos eipaificunily superior to wll othor
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Fig 4 Effect of germination levels onthe rate of
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lehle 3, Lffect of pormdunation lovels on f£ield cuergonce.
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treatuento. Seducdng viability levels to further down
adversely affected the field emergence, The effect of
48 and 39 per cent germinaticn levels vere on par on 7, 9
and 18th day after sowing,

Observations indlouted thant the rate oI emergence
was luovervsely related to the degree of detsricoration
(Figs 5)e

49202 Leaf Lren

The rasmifte ave shown in Tedle 4 and 5 and vfig, 6,
Leaf avea inersssced with bizme in all treatsents excapt
for the 39 per ceat germination level &t the final stage,
al 10 duye aiber sowing, nssiows leafl aresa was cbesrved
in 39 per cent gsralnotion lsvel which was significantly
superier to contrel, owesver, there was no signific.nt
difference between control and the other deteriorution
levels, The germination levels ©3 and 48 per cent were
supericr to the resaining levels ab 15 days after sowing,
The various treatusnts did not osxert avy slgificunt
influence on leaf enlurgemsnt during the periode 20, 26
waid 45 days after sowing, However, at later atagen the
differsnces were sigunificant,

At 103 daye after mwing the differences between %Lhw
twe population densities were gignificant, The table
indicates the clesr gpuperiority of tne low plant population

L4
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Fig 6 Effect of germinat on levels and plant population
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Table 4. Bftact «f germin.tion lovels on leal wrew (cm‘?)
per plent €111 20th doy of sowing,

Geraanation TSY 6 alper BOWALE
dsvel 19 i5 2
5 1459 16,01 51,76
&y 15455 20458 5Te32
’.5 15695 1997 >8e 97
*;4 16,66 13,40 60,37
T, (Q.05) 1e42 1,18 -
Lo/plot g, 0483 1249 0462

in terme of lenf avesn poy plant,

»t tae Tinal phige of oropr srowth, the eflect oo
cermination and plant population were dietinetly visible,
fae condrol alongwath 6% per cent gemminabtlon were sighifl-
cuntly superior t6 the othisr gexalinabion levels, . RN Weall
& gradual decline in Jeuf orea with increqssing seed
detarlomabtion, The domincat role of plant population
on leag area enn be easily made out froa the duta, Tae

intercobion elfects were nonepignliionnt,
FacieDe oaf £ o8 V1

Tae date ore presented in Table § wnd T ond Am i, .
It is peen thed mean vulues of le.f dry welgal ot varicus

cermination levels followed ensentixlly the sewe trend 0o



Teble 3. niffect 6f germiration levels wand plilot popui-tion 0. leof areu (mg) per

Vi

plant.

Populae 2dye aiter sowing

comairen 26 45 103 522
tll—;s-‘;gn 2, 7 Jean EN v LBan N I, ean 4 vy Jlean
Ly 117,41 114,40 115,93 697.55 OGT75.94 665,75 155116 100739 130278 1075.54 135,74 1585.67
&y 115,91 12041 121,16 526,67 050,61 993,64 182705 111252 1471.31 1319,11 1191,34 1505.43
@3 134,47 92,63 113.5% 471,15 543,36 310,25 170,54 1053,40 1314450 1379.55 974,45 1177.01
84 126411 115,65 120,82 33,31 576,08 T57.21 1391,85 025,74 115,80 1214.30 616,00 915,15
Flean 122,498 12,7y 648,45 612,486 14065,66 1041,52 1597, 15 1004,51
s (0085 - - (0P i.pPLnAl-ReLno Jor mar inol mcuns

0f P = ZUBS of p = 181,71

=34 Lo 256.90

~E/plot D244 267N 3524 29 207450

tq(
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fabvle §, Lifect of gormlnation levels oa dry welgat (o)
of leaves par plant {upto 20 duye afbter sowiie,.

Germinmtion Gy oiksr eowing

level 10 15 3
€y 55407 64,40 247,50
8, 55426 85,67 218,40
&, 55,68 801y 45,90
&y 01,47 75623 211,00
Lol {(0409) 445 2 T3 -
wn/plot 2 3062 4,66 3970

Bhut oFf laaf aren upte 15 days oTter sowing, The variation
G, LCubidieilon levelo were Lot staliatically prouiseat
-t 20y P06, 45 and 103 Quys aflezr sowity., Hovever, ub the
Tinal phase of grovth LJenific-nl diifersnces were Jbservo.
wilh tne control reglotorin, the higheot lect dvv weilpnt,
Tre two populaticn dencitien rhswed aurbed ditfeye
auce in leal dry weipht “rom 10% duys onwards, he low
populaticn decsity was much nove efficient Cor dvy matter
asoumulatdon dn leavas, unly 4 10% daye afber sowln.,
tae effects of lnteractaons were found 50 be wursing widelz,
Tee combin.ticon of low poouluation density witn 63 gor cent
and 39 ger cent germanation levels were signilaicxntly

superaer to otner combinuiicnsg,



Zable T« Uffect or gormination leveln and plunt populstion on dry welght of leaves (&) per plunt.

Popula- Tays after cowing

veparn o8 26 85 103 122
g‘;“rﬁn By p,  lemn Py Py Gean By Py Aenn Py Pn Jean
&, 08830 Q. TTIE 0, 7973 %, 74 Ted2 Fe58 B34 757 Be D 12,48 5219 10,34
62 DaT21F 0,727 0aT24T7 3,68 3, 26 Te48 10,27 5489 8,58 11.65 Se &% 3.TT
&3 08312 0,5588 00,7168 4,03 B BaTe 841 775 Be U7 Qe 77 G4 10 Tedl
&y Del%24 1.T262 Q.TT9% 3,57 Zels e85 12,66 6,38 9o 5% SeTH 4o 776 T2
Jioan 08145 0, 6551 % el35 3¢46 10,05 Tolf 100 5 ba23
Co 7 (Qe05) - - for ‘arglacl aecans of  for wurginal oswns of

combination » 2,93 G = 1.96

& = 2,87 p o= 1.%8

Lifplot x 0, 185¢ UaT1 1,45 1,58

514
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The gesn veluss O pboorvation are glven in Tuble 8
and 9 and in Pilg. &, IY is seen from the rosulte that the
fgémmﬁzim lsvels Gid not Influence the steu dvy welght
at 10, 20, 26 und 103 doys after powing, 4% 15 duys
after mowing, the 63 por cont gevasinablon level recorded
e highest walue followed on pur by the 48 por cent level
of serminaticu, However, the 63 per cont lewel o2
gevminabion posseased distinet sﬁ@e}rmréﬁy ovar obher
levels unlike 45 per cent, During the rest of the period
of observstion aloo appreciable difference in the Mﬁeefc

instion levels could be seen excand at 163 daye

after sowing. DBubt it was the control thot ranked suporior
te all other gewainaticn lovels which were on par with |
othors, However, at the firal phase i control was on
par with the 6% peor cént germinmation lavel,

The two plant population levelds started vegishoring
aignificont .é‘ffwi: on stom dry welsht from the 45%th duy
gnvards, Throwshout the poriad of op0p growbhy the low
poptlation denpity recorded higher wiluesg, At no stuge

the Anteraction effouts vere fownd tO vory msavkediye
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Table He Sfect of gormduetion levels on dry welpht of
sten wor plunt {(ng) {wobo 20 daye).

Germination DD JLCCr SOWIng.
lavel 19 15 20
€y 46 13 Sie42 06 ¢ 50
8, 40437 67460 95467
& 36,62 57,90 (66230
&y 33647 49,95 10%e65
Coun {QelB) - Sedt -
L/plot » 29 96 7485 12,77

4. 2 5' i‘;ei‘»ést oL Elﬁéﬂt ]

Tubles 1L and 11 dopict tne efwect gf gerlnabtion
lavels and plant vogulabion on plast helgld, The Lree te
acats 454 nod very eignilicontly except ab 122 dx, o wabe.
SOwite s o ¥ U Ghuge, She T2 por cent level (control)
wog oigoific.ntly superior te the plunites fros deberlor.to
reads, The wopul.tion fdengity did not exert any aavked
influence orx plont height, It wue o200 the caro vith

population denplty-gerninntion Ievel inberactions,

4edsBy  Huamber of branches per pl.nb

Phe duty perbaining to bruneh aunber oe inZluenced

by soed deteriorestion and plantlng, Jenpitiec wre [ iver in



Table 9, DIffect of geralvation lcvels and plant populuation on dey wolght of stea () per plant,
TopUla= Lays afies sowing
topais P 26 45 103 122
ﬁiﬁﬂ Py D, Aean, Py Po P, Py Hean 7y Py tlean
&4 (0, 2648 0,2587 0.2613 2,71 1.68 223 10,15 8,69 Gel2 17410 10,49 13.20
&x Jucblt 07072 05,2841 1,54 1.25 139 13,38 Z.58 11,48 10,60 8,60 12.80
&g Ga 2054 00,2010 00,2447 1,73 138 1056 11,38 Be22 Q80  12.88 Te43 10,66
Sy 2,28 0a2361 0adB16 1,77 i <02 139 10,12 Ge 24 G153 14449 .69 1045
Lean 0.27154 0.2508 193 133 1.2 8,19 15,47 8430
C{ 0. 05) - for mar inal meane ol Ler murginel peoans for maryinal aeang of
& = Vel 6L p = 2,83 6 = 24004
p = 035 P o= 1,88
wLfelot ¥ 2,02 0379 e 23 Za 10

it



Table 18, hLifeot of germiunation levels dn plant heleht
{ca} (upto 20k day)e

Gornin.tion —ria¥e aTtey sowing

isvel 15 20
&4 T3 10,35
6, ed3 10,55
& Ha23 9,46
&y ie29 11,12

.o (0,0%5) - -
T /plot & 0.96 1,06

fuble 12 and f., ¥, Plant populations only differed
gigpifrently «b 81l stages of obeervetion walh respect
to tne number of br.nches, the low population density

bgang distinetly ouperior,

4odee  sloworine

The data on the eaergence of firet flower «id
atbainment of 59 per cent flowerdng are given in Juble 13,
Suaber of doys roqudred Lo flosering xnitiction voried
vlpadidesasly wita tue levels OF seed deteviorativn,

Tarly flowerin, sas obseyywed in tac deberdorated zaed 1ot
Litact of plant popnlabion wug zat aarked in this reoopect,
A0 the differsnoes botwesn treakments were not proncuuean

in the case of %0 rer cont flowerin, ,



Fable 11.

nifect of gemaination levels and nlant populstion on helght of plante (c21),

Fopulem Toys aiter cowins

bion 26 122

Leriie
N .
&y 12,95 16,47 12,64 45,67 62,78  S4.56 93,67
£y 13437 16424 17258 37,00 45,85 39,07 42,
£>3 10432 16,37 15,93  40,3% 40,78 40485  4I.33
&, 9. 41 108 17,01 Ze.97 51432 43437 45T
(Ban 1 26 16427 40,42 50,17  43.86
Lo 5. {0403) - Jor @arginal aeuns
[+¥¢ L= 9-43

LE/plot » Ue&T Telt

154



Tohle 12, Lffecet of gemmimatdion lovels and plant poupulatinn on nuaber of branchee per plant,

yopila=- bave Biten gowing

Lermfion 45 103 122
g;;;in Py P, ilean 2, Bs (isan Py o, llean
£y 2455 156 203 4,00 2400 36 U0 Galt 3e33 4,72
8, 3600 2.56 2,78 5467 4,67 Se 17 G.44 4e22 3435
&q %o 10 2,00 2655 Ge73 4,67 2450 Ged4 09 5,17
€ Je45 2.00 2,72 5433 4.0 4,57 6.22 Zedd 4483
siean 3e 03 203 533 3403 6430 el
Cn{0.05) for mopginal mesne of for aarginal means of for omc,inal meang of

p = 0,803 P = 1,35 P = 0,68
we/plot & Je 92 1.54 0.77

A



Lable 135, oLfect of garsijablon levels and plint populetion on flowering.

Ceopulation gﬁ;ﬁf ot 8"};"';5;;;23& . susber of days 8 50 1 Juwerlag
tlov level By By T hean P, P, Tendd
&4 5TetT L5466 5853 8 el 101,33 00,17
& 50,33 5033 IO% Se b $00,67 S 6T
&y 50e02 21233 4067 G1a QU Hat 7 3833
& 5Ce7%3 H1467 Y REY 2067 G, 67 41,67
Jeun 52,08 52625 96, 87 EEREK
Fo e {0,0%) £ pampinal 0anE 08 5 = T,48 -
Biplol & 2457 1468

47



Fig.9.Effect of germination levels and
plant population on number of
‘braonches per plont.
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Fig.10.Effect of germinationlevels and plant
population on total dry matter yeild(g)
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dedatte Hobal guy aatlber vield

ine data on tot.l dry aatter yleld are given in
Fuble 14 and 15 wud 3. 10 ot tne zrirst pghisn $he plado
Iron aaxatun deterlor«ted seeds recorded tae higx ob ary
atber accumulution, buk it was ot sietisnlcally si niiie
Gz, §0 conirple On the I5%h duy «Thor sowiny, « PEVOrEe
trend on Lotal dry autter wag vbserved with bhe deogrec 01

cuwl deterioretion excenh for tas contwnl, suring tue uexd,

14

paagts, though the dufferonces vwsre ust signdficant, *ie

cantrol plunfe accuaulated noxiaum dry wabtber, .iwil.rly,

Cop Alfferences in dry mafter accusul.vion were noy
prowdnent at 26 duys afber sowiug, bub dwyed tho namo

trend as that for 20 duys wfbor eowing,

Zeble 14, iirect or gonainstion levels on botal dry
atber yisld (ar) per plant.

Lemln.tion ToA¥E Sab8r §5w.t
lavel RIE] 15 Pie]

&y S5e 20 $15. 200 %44, (32
8y Y3462 149. 27 314,10
& F24%0 158,03 132950
& 100, T4 125,18 414, ¢
Costa {0oU5) 3092 11,58 -

L/plot g 4481 9466 45.73%




ceble 15, »ffect oF germinxtion jevels end

pr.nt population on total dry matber yield () per plunt.

Porvid- Dayn arter gowiny
o OB 2% 45 103 122
mﬂ Dy By L8000 Dy Py Agedy Py Py Jean Py Bo Yean
&y 1 DL 1030 1,059 6o 48 S« 17 Ga12 18,99 15,95 17446 23,58  19.08 24,63
& CaB82  1,0%5 1,009 Sy 22 4495 48T 363 20ed8  20au Z8.2y 14,46 <ta 8
ko 1,462 0,759 0,365 Se 3 4,04 4,62 13,80 15,96 17,80 23,65 12,03 18,0°
ts 1119 5,962 1,049 S.74 Detld Sedt  2tedd 13037 11aUD 24,00 (1,45 17,73
oo 1,050 G945 279 486 20e 9% 15454 26,38 14,5%
"y 7y (0405) - for mapginel asane of  for saguinal meang 2 for warginnl neans of
520 7t RT
fplot & U, 264 Ce758 3. T? 3a 34

12
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b 45 days arkor sowing the plonfe from tue Wi
detericrated spofs recorded zasioum dry actter yield wniwn
w88 oR par with fhe suziaua deteriorched seeds, The aesed
cebariorstlion Dud 1o 4sjO0r bLspact on the tobtul dry matber
vield per pluan?t av 159 doye alage, Towards the final
phuse o1 crop arowdh, the control plants recvrded tne
pigeet dry natter yieldd per plont, waich wos on par with
tae 63 per cent germinaticn lewel., fance no Alffcrence
in yield beiwcen 12 and 24 plets/ma heve besn reporbed
{Chuturvedl gt ul,, 1980}, we »chose to etudy the offocts
of hig er plant populction on dry aubter yield, Tae total
ary satter yield at K plmts/m‘? wat edenificantly supericr
5 40 pl_mta/m‘? Lroa 45th Jday onw.rde, The pod yleld poe
plant at hnrvesnt also was Bigmificently more in Lhe low
popul.tion density,

The interaction effechs wers not pronounced at any

or tne stuges,

fa2eYe  Redutive growth aote (RGRY

Ubaervaliong on Al «rve presented ia Tebhle 16, Tue
aCad walues were murnsdly inllueaced by tae germination
dovele., The plants Crom uagisus detoricrated seeds recurded
the lowsst gid values duvring, the pericd betwecn 10 wnd 27
days «fbor sowing, whlce was slgnificantly inferior to the

obtper levels of sesd Cetorioration and eontrol which were



2able 16, .frect of germinabiun levelws and plent population on relotive growkh rate () (ao/c/éay).

LOPLQLis= lays atter soming

Cez-.nz-‘:wn Hetween 16 and 20 Selween 20 and 45 Between 45 and 103

Wtdor -
?.::reim By Py tean P4 2o «Jpan Py Py Jean
&g 5e0524 Ca0524 20524 20480 Qe 0467 0e04T4 Je0114 Qe 00T Ce 0106
by De055% 0541 Ve 054T Ce 0492 (e44% De U458 03042 CeBi Da0I06

o
& 4 Oe 0484 0,044 140484 J0504 0e 0450 0.,0457 O 0057 Ue UOT5 £,0086
llean 00526 00523 0e0497 0, 0475 040095 0.0087
0 Ga 05) for marginal neans of Zor marginal means of for sersinil meanp of

& o= 0.0U47 & — Co0022 & = VG017
P = 3e002% for combin tion = 0,0025

T/ plot 030728 Vi 002R G 0014

Ly
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on pay, Iuring the pericd boetween 20 and 4% days after
wowing control vas significantly supericr to the deterio-
rated seeds except the least visble, 4 distinetly superdor
aifect of low population density on KGR was evident ot

this stage,

Turing the period bstween 45 and 10% duys aftexr
powing, the 63 por cent germination level poscessed Lhe
higheet RGH which wuse significantly superioy to the
undeteriorated control wnd the saximus detsriorated lots,
The sarginsl seans for population densitien were not
significantly dirfferent, However, the internctions betueen
population deroity and levels of yernination were sigpifie |
cant, The low population densiby-6% per cant germination
combination had the fastest RG% at this stuge, However,
thig vaz on par with not only with Ghe high population
density-48 per coent gommnlnstion and 6% per cent germination
but aleso with the low denoity-39 per cent germination

combinetion,
4e2s i, Leld RPN,

Lifect of germination levols and planting denaity
on various yield compenents axre presented in Table 17,
The remlts reveslad that ased deterioration and plant
population exerted no prominent effect on ths various yield

componente suca ag pod numder, grains per pod, length of



Zedle 17. usffect of gersminetise levels and pi.nt populascion on yield components,

Popula-

tion Humber of pode ser plant Kugber of greins per pod Longth of pude {ea}
{exsai-
;;:éin 2y Py Jooa P4 By Teun By By ot
=3 4‘:80 3- 13 2}0 9? 9.60 9020 9.40 13‘16? 15034 13.35‘
1
&5 4,27 5460 493 15T .03 Q30 T4e 61 1554 14428
s 5e 20 44,00 4660 Ba13 Ta 10 Te62 13.86 12,38 1%.12
&y e 5% %0 40 G &7 To1G 8e4% £a.02 12,86 13,17 1%5.02
ABafl 5. T0 4053 8460 8,57 1375 13. 21
CP(JeUs} - - -
rr/plot & 1e99 149 8.7%
ey wedght of nodse/ Iy wels bt of pod Try weight of roins
plat {3 cover/1d peag  (9) nor 10 pogs  (9)
Py Py ean Py 92 [3L:0054 & 32 Lean
4,13 701 %e57 4.63 56 &9 Te96 6,78 6417 6,42
3469 e 14 a4 e 3 346 3469 T 08 5,88 TelT
Je €3 2o55 Te 3 e 53 266 319 {02 Be T2 £, 90
279 %.18 2,98 FeN 309 .50 10 657 Te3%
e 56 2.07 4,00 .18 6,90 Ted?
for marginal aeang of 0T LuPpihal aoans of -
D = 0,42 D o= Qo4
Ded7 C. 48 150

&b



Fig 8 Effect of germination levels and plant population on

Stem dry weight (g1

dry weight of stem per plant {g)
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pode Lnd dry welght of grolno per 10 pods, dowever, the
dry welcht of pode per plant ond the dry welgnt of pad
wwirs Jron 10 pods were reawrkably influenced by thoe
pepul.tion density, 11 both cwzes the low density wao

gignificantly superior to the hich densily,

4.2.11. Hilrouen eontent ol lecves

The dotu on leaf nitrogen content ars presented in
Table 18, Leuf ;xitroga& content was oore at 45 dayp after
sowing, then decrgased t11l 103 doye and wgain iocreused
by the 122nd duye Tae ditfercices hebwesn coabirations
wore significant only ot 45 duys «ftor sowing, Leat
nitvogen was maxdaun in toe low nopulation densaty-03 per
cant gempination combinution, She wuraskions ware not
proainent 3n the ctheoy combinmations, .6 122 days afker
gowine, the low popunlation densiby possesped sizrdric.ntly

hishor percentzge of aitrogen in the leaf,

dn2eVde  ldbzo.en contedat of phem

Table 19 preeents btuw data on sbea nitrogen watont,
The diffevences were mavked only at She {in.l stage. e
conbrol wnd the 6% pur cerd genoln.tion level wore oa por
anf were oupericr to other levels ol gewmination, ..leo
tne low denclty plunting was markedly inferieor to the nih

populaticn denaily,



Tunle 18,

rffect o gemwmination levels e plant pojulation on lewl matrogen content ),

Fopuiae uye afber sawlag
cormia Y 45 103 122
g:t‘;in 24 Py {san Py Dy dear, By v, Jlean
& a0 3e 81 .40 2.5 YT %, 05 e &3 35 %e 24
{118,57) {130.35)  (121.30) (26Q,78) (239,971 (256,38) (40%.10) {(298,58) (350,09}
&x Se =4 D 2% SaT 257 2,85 2ol $e%2 e 2B Y
(156,09 (103,987 (130,51 (2063.94) (156,37) (a30.16) {481.63) (190.71) 536,17}
&y 586 5265 375 3004 Je15 3409 %e65 335 3050
(155,551 (124,47 (140,91)  (255.53) (243,50} (289,53} (386,51} {170.85) {26%.7%)
4, I 8449 37 o3 2,83 2, 9% 4o 05 %a 36 B T2
(129.42Y {16748} (148,45) (3718,53) (180,84} (279.69) (7%92,28) (159.94) (276.6 )
oan %850 36T, 283 2, %5 3476 7451
(138:39) (13178 (289.72; (215.17) (408069} (208.05)
L4 0. U5) for combination = (3,053 - for srrginal means of
B o= 045
LE/plot = 0.373 0.548 04435

Jlowras in pareatheges indicate 1ouf alfpocen

content {1.) ror plont (L0 woi 068 caloulsled).



Table 19, Lifect sl germinction levels und plant populstion on stem nibrogen content (s8).
Topiii= Says cfter sowing
GOT@hie ston 45 103 122
ﬁ:’iﬁn }_31 pz rigan p‘ DE ilsan Pl pz Aaan
8 1.54 1451 153 097 1,14 j406 1e15 1,47 1416
{ 41.73)  ( 25.3T) 33459) { 9B,46) ( 93,07) { 93,77} (196.65) (122,73} (159,69}
[ 14792 1ed8 1.54 1.05 1,04 108 1o 083 1625 1.16
€ { 27.57) { 18.63) 23410)  [140.45) { 99.63) (120.04) (179,20} (107.50) {14%,39)
& 1451 1,74 1,62 103 1.08 1,06 1,01 1.08 1.08
{ 28,130 ( 24.01) { 25.07) (117,21 ( 83,78) (102,93) (140.19) { 80.24) (110,22)
€, 1.43 151 1447 Ge 99 101 1402 Qo887 1e04 0. 95
{ 25,31} ( 15.49) 20,36} {100.19) ( 63,023 ( 81.16) (124.32) ( 69,58) { 96,95}
lean 1e57 1e56 1,01 1,07 1403 1,14
{ 50.19) ( 20.05) {114.08) ( B7.63) (160411} { 95.61)
€2 {0.05) - - ror marginel @eans of
& = Q124
p = 0,087
Lo/plot 2 J. 2258 VeG4 G 37
L ares an parentheses indicato stem nitrogen content () per piort (9 was pot calcaliuted).



4e2e13, Hatrogen contenl of pralng

Tne ehservabioas ln tnls respect are detalled in
Table 20, ueitser the gominativn levels apy the popula-
tivn deasity were found to inglusnce fao graln aitrogen

content to a significant lovel,

4o 20 t4e Dobal uotels of nitrogen per plinh

The daba ara portrayed in Tublc 20, There woe o
reduction an total nitrogen uptale por plant woth ivere.es i
seod deverioration and populaticn denelty, The contrel wid
63 per cent germination level were oppnificantly wa.Lraor

0 other levelz of zeed vetericrution,

4e241%, Zotal uptulbeo of nitrpoen per Lootire

L Sueniding gerainesion levals the tread was £, colo
aB thoat of nitroeep upb.ke per plant, howevevr, tou
reuponse of population cenpibty was totelly giffersnt, L
.Adan deneity being distindily superaor to tog low ona

(P.hle 20).



Tasle 0.

~Lfect of goruinutiun levels wnd plunt pogsuletion on grain nitrogen content (3), total
nlirogen ualehe (B} per plant and Fotel mitrogen wptake {(4g) per heckarw,

POOUIRw ) . Tot.l nibtwozen wpbake Totol rilvoren upbalce
+ion Croin nitregen content (1) (o) per plant (x)_per hoctape
<7 ¥ B
nablon ol p Jean h+) e Lean P bl lezn
2evel 1 2 1 Fed 1 2
by Ze 28 3a62 Zele  T32, 74 530447 631,6% 14,64 21e42 18.03
(132,95} (108,96} (120,922)
&, 2457 Sa82 B0  T92.64 411446 502,025 15,64 16,71 16e16
(131.72) {193,673 {122.7 )
& Je31 e TR 3.54  £16,85 362404 439,85 12442 i4edd 15043
7 (120,1%)  {110.92) (115.58)
84 3a4% 4,06 3,75 612,21 35704 484,81 12,17 14,29 1Te 23
{ 95.65) {(123.11) {112,4)
{igan a3t e dT Okl 6% 41534 15. 7% 13,72
(120,14} (115.67)
(3 (Oadh) - for surginal ceans 0% for Sargin.l mewns of
G o= 103.6 C = 2494
B = T2.7 P = 2,08
/POt & 0.466 3.1 <e38

o UPEL LI WPERUICLEL adudlate cradn nidbroen conSent (aL)

ger plank (Cp not ealiulatod),
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rield wund leborelony investigations wore congucted
to gvaluate the effoct of seed deterlorstion cn growitn aud
dry mmbter production an an indeterminate cultivar of
conges, Jour lovels o. germanibion Wiz, 72, 6%, 48 apd 39
per cent ware oObtuaned by ubilizing ¢ w accelerated afesi
technloge, These wore sown in the Jield at Ywo plant
populautions viz, 20 wnd 4G planta/ma. “he regults huve

besn described in the preceding chaphter and are dipcuseed

below.

Se.ls Field posrsence

The deterioratod seed lote germinntel fapter Luen
the undeteriorated control. Tae low initial germinaticn
in the control could be due to the time tuken Cfor hydrativn
o1 tue sped {iuilaawl seed cuisture cuntent T.45 per cont),
whereag in obher casvs btue seeds wers cundationed to
20408 par cent solsiuwe %o oreate veriability in germinad o
loval, Taus the anitiction of root snd shoot stuarted
e.rlior in the conditioned seed lobr, The rate as well us
total Tield onevEoace wers inveroely relutaed B0 bae desrec
of deterioration, Corrvoborutory results wers obtuined by
Lovdetocl gf i, (1070) ond syruvel asd Singh (1975) iu bue

€288 Lo Goybeans wad rareison (1977) for barley,
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ageng the uged peede, &3 lobor stages, the coatrol olom,
with slichtly detevicrated lots (63 per cent germination)
assuned superiority over ostper deterdoration levels,

ihree types of cnramosomnl dukgse were reported
fraa lew vionbilaty sesed lots -~ gross corsnosoatl aborretivio
fabdelila and loberds, 1268) «nich 3ay b2 deleted Saring cell
divasion; £3+1l chloronhyll mutativing wiien begrasibe on
later .ensrations (iant persiet thrown o seed production)
and chronogemsl dunsge of Intermediote intensity whiech may
be aelecked out during sevistentle tell divisicn, but tohes
longer to disappea baon the wors obvious absrrations
{«bttadia ond Roberks, 195%a), It ie oescible thut thewe
varlations <t tas final pusse could he due to tne pevsistent
nuclear Jdajagen.

% the finsl phise, the control w2d 63 par cent
sermination level were ot por wid toe tve more debteryorutes
lote at pur in tne case o leuwt ares and sten dry welgaS,
Pros this it could be derived tout o drop in ceraination
e about 60 per cant would oot slfect the factora
pignificantly, »ut 1l there ig consideruble drop in
gergination, tue leaf wroa ol tne plent, whacen is toe
worhdn,, cuwpibal of toe plunt, and vies dry wer st would se
2FRected, Jowsver, leuf ary wei nt Zolloved a alachtly
different p-tlern, That Lis at tao Ziral phuese of crap

growth the control o significuntly enperior Lo the



6% par cent germinztion level, The difersuce could be . ue
to the varaations in lenl thickness which oay be due Yo .n
inpeded translocation of photosynthates,

in the came of 39 per cent germination level, there
ernisted an inverse sel.tiouchip between sten dey wei it
wmd lexf dry weight on the 103rd day ofter gowlle,, b Goli
clese 39 per cent gorairation level reciotered the hijaest
louf dry weigat and tar lovest cten dry ~eight waon, tueo
various gevrinution levels, Thie could be expliined o
tne basls of an occumulution of phetosynthetes in tno
laavesr,

Phe difference betveen populetion deneitzes gousd bo
explaizned on the bomig of competilion £oo inpubte waley was

nare on the bigh denelty pluanting,
e te LJDuerdn

Ylower initition took aove time in tho coatrol,
counired 0 tae detericrated lovels, Tain could he due $0
tne moye active vezstative gvowth phise g evident fron
tns dry weight of leaveg and shtens, However, for 5O por
cant floworing the geraination levels and popuintion

densitaes 424 nod vary leuch,
Sede Lo dry aurnier aald

ot 10 and 15 doss after aowing, Lhe %9 and 63 per

cent geraluction levels recorded tue highent dry watter



vield, respectively. This could be expluined on the basis
of the high leaf ares obtuined at taese sbages and tls
cunpeguest lsn photosyninetic surface available, The
pattern of dry matter accumulation follows essentlally tle
saue pattern of lewf urel oxpwnsion, “nat im, at the
Pinnl otage, the move delericrated meedn had signific.ntly
low dry matier produchion, Cairxovskii (1953%) aleo
ceported a reduced yield of leaves par plunt in fthe c.ee
of Lpad tobaece peeds, oiolilarly Perry and Surrisga
{1977) obaserwved lowes srain yields fron detericrated veed
lote 30 tas gase of buarley.

1t could be seen tout thue use o deteriorated seeds
would be unlikely to huve 3 olgnificuant effect on yield,
provided tue viability is sround 60 per cent, ‘lowever,
appropri.te componsitory sesd retes nust be wsed in order
40 peve un optimun plapt population, .coording $o ubdulla
and oherts (1969b), in &hn species of buarley, Lroad beans
Lnd pea, 1L the viabllity is sbove 0 per cont and
arovided the low viability is wdjusted by inorscoing seed
rates, the crop yielde woa't be affectad,

Gince the variety is of indebeorminate growbn habit,
the trensfomuaticon fyvom vegetutive to reproductlive prase
wea 0ot perfect due to climatic foctors, Therefors, it
waf 1ot poesible o probe the influence of 1ose of viavzlit;

on Jroan yield, Toecrs could alamd be varietal dilferences
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in raspect of lous of vinbility-yleld rolsticnchipie
Taprieos (1666) working, on lettuce repurted that in sviswe
vorleties sowe loss of yileld potentlal Luy eccur befure
there is a gignificant lose of wiaballiy. It bes Lo be
further ascertained whether thie type of aa influence

prevalls in this speciss nlso,
Yebe dplative gvowbh robte (307

Detween 10 nndl 20 dayo after esowang, the tre:ituenta
48 il 72 per cent gecminaticn levels had the kichest
values of 0H {T=ble 16}, _owever, contral, 6% &xd 4L por
cont gemsination levols were on pur ab this stuge. .ron
t.aio it eun be seen that it hignsr deberior.ticn levels
La8 prowth rates were pigulificenily low in the becining.
Thie is in eonforaity wita the findiogs of .bélls ang
woberts (1963b) and farrison (1977). fowever, abt ister
stases W values did not follow 4 consletent patterm,
The W1 vas saxioun between 10 and 20 daye in «ll treatue to
aud later it declined gradually, «f no stage wntsl 163 ds g
after sowing, the Wi wan found €6 be nepative, Thic
would indicate tnat a1l the phchosynthetic organs liae
leaf, sten ebte, remained functional which wae expected
from an indeberminunt veriety, Jevertnslass, b0 vute oV
photooynbhesie/rate of vegpiration anst bave declined/

ingressed with wge,
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Safa  Dobake of nitrogen

in genexel, tae mutrogen cuntent in lewves wund

shten was prealor at 4% duyo after sowing which declined
wb 103 daye, The decrsuge in nitrogen content indicnted
tihc redistribation of altrogen froa leal wid atow o pods
waien ued started o dovelop by that biee, The sobllised
niteogen froa lead did neb ccemanlave in stem aus aludac.tod
by the low stem nicrogen venfent, oL 182 Jdays alter
aowing, the leaf nitrogen percontoge ncreassd szain by
asgizsilation wilcn agrin ¢id not ccewmalube sn the obeu,
Lespite toe mobilizticon ol nltrogen from lewd wud steu
o developing poday, o coneldorable amsunt oF nitrogen wasw
still left ia toese orguune whieh was aore than what wie
left in cereuwls, CSismalar results have reen reportad by
taaburveds 3t al, (1380),

negsrding tot.l uptike per plust «b tao fanal sbtogs
(able 18; the dsfferences Jeye sigoaificapt, The total
nabrGgen upielie per plant Jollowed tue pane publern wa that
of ary matler scouuul.bion, Lhe dulferences betwsen
trectasnts wero cajnly dee to the vuriationsg én Iy satber
production yothor thon oy ditforence in percentage tlissue
nitrogen content, Dus to higher compebition noong tho
individuale, She high deasity planbing nad sly,nificently

lover anount of nitrvogen per plant,
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{lowevar, with reepect t0 Lhe total nitro en uptske
per hechare tug pabuern wae dilferent in tne cusp of
popuiation Qeneily, Thae obviously wus due Bo the wore
nusbar of plants thet were present in t.ue ailgh denaity
planting pey unit ars., Consgguent to this the tobul
aabrogen uptuke por hectare was sagnificantls acre tas
denser plantani, Regurdins seed deterioration, tue
pattem oF nitrugea uptake folivwed taw same trend as
thel of totul dry matter coowaalation wnd sccumulation

of nitrogon in tie plant tissue on 3 per plunt bosis,
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n dnrestig.bien was conducted at the Division of
~eed Technology, indian agriculturel Jesesrch Institute,
Jew [alhd to study the effect of loss of viability on
growth and yield of cowpea and tp find sul whether tug
deleterious effcete due to loss of vaubility could be
compensited by insrensing the plant populustion psr unit
ures, T.e trectaente comprised of four levels of germine-
tione (72, 63, 48 and 39 per cent) and twe plant
popul:tions {20 and 40 plants/m‘j). The Tield experiment
wug lald out in uw 4 x 2 factorial rapndonised block denign
with % wee replicetione, The £rop was suwt: on 22nd of
darcs, U800 and harvested on 15th &f July, 1980, Tns

findin.e are guaterisod below 3

e 1n order to creabe vardubility in germin.tion
percentuie neoeleraded apeling Lrealisent way given, huwrag
wCcolorated ogoing, seed deteriorction was .Laximus cetween
2ad and 3rd weok «fbey breabnent, Thera wao no deterior.di.r
during tue Flret week. Toe lensgth of root, ghovt and taeir
dey weichds did not vory wuch until Srd week alfker treatnont,
dowever, toere wes o wrapbic veductilon in these astrabuten

durin, the 4ta weclk,
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2o The rabe oo well o t0Lal fleld e.lorgence nero

inversoly related t0 the sesd deberioxctica,

Fe  Luaf are. decroabed wita meed dedordor.tion uf
the fimul pnase of crop crovta. ~haalerly toc low populre

tion densily uss superior to tag hish one,

4p  Hegwrvdang leaf dry weignt, the contysl and the
low population deneiily were si_ndlic.ncly superior te os e~

tesataent s ab the tine 0f hamvest,

Yo Cemminution levele 72 and 63 per cent bad
wagizzeantly wore sten dry welght per pl.nde . daalurly
tas low populution Gensity recistered hignsr dry a.tter

agcuinlation in tns aton,

8¢ The germination levels exerted no signifieont
anfluence on plant aelsht oxeept «f the finsl et.ee whon
contyol recorded the nigiest velue, The effect of plintlyg
denslitles on nslgnt was alge not uarsedly evident ab any of

the Sta,,as,

Te The Jow population density hed inverdably dowr
nunber of branches por plant at varicus stages of ocbuoerv. »
tion. e.arding the eficct ol gerainution lovels, they

wers not atatistically different,
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8y appear.nce of first {lower wiae significLntly
garliser in the plants from deteriorated pesd lote, The

populction densllty nsd no marked bearing on this ugpects

3. Total dry patter yleld was highest in the
plents from the maxisum dsteriorated seed lot during tae
saply stsge. However, ut laber stages the control pluate
acouanliated meximua dry sutter whlch wae on par witn the

83 por cont germication level,

i0s Rel.bive growbh rate was least in foe aaxiaoua
getorliorated seelds in tee beglinnipg, Hul control
registered tiw lowst walue during the pericd betueen 45
and 103 days aofber sowing. +The 6% per cend and 48 per cent
cersinetion levels wers hiving significently hipner vuluss

ot thas stoge,

11e T variocus yield componenbs were 2ot signafi-
cantly influonced by the germanutlon levels, Uowewer,
population donsity had a narked boaring on the pod dry

welght per plaxt ang the dry woight of pod covers.

12x Toe low population density tended to inereasc
toe load nitrogen conbont uwt too Tinnl stage. llowever, tio
interaetion effects were aignific.nt on the 45th duy after
sowing, witn mazasun leaf nitrogen content in tne low

population~03 per cent germination combinadtion,
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1%,  1it% reerd to stem n.btrogen content, bthe control
and 6% per cant gewminatics level were slgnificaatly punewdioy
tn okher deberiorated lote at the Zinzl phase of Crop JPoUhl.
CAmilovly the plants of high dersity planting fid roonyk=

ably wove cstem nitvesen tocn tne low donsity,

f4e Heitiwr tho gerninetion lovel ady the popul.tion

denaity dad significantly influgnes groin aiteosgen coubant,

15, Nibrogen upiahe foliloved Liw pame tvend wy
thut of total dry gsubtor yield sxcept i1 the cupp i total
nityoren wptaxe per usctarce wita reference 9 the mopuiubion

fonuity.

drom tols etudy, tnevefore, we aauy conelude thot the
four germinstion levels can be grouped into tuo distincd
categories considerins the loep of viability-yield relati.a-
saide in oowpeas Toe control ang 1ie {7 por ceut constitutol
whe Luret L70ap, wisre no deledorioun effectc of sead
dsterioration wug noted, The db ond 3¢ per cant gorainst fa
levels fovan the second crow) ubsre & 2agnific.ant reduction
in tsran of ihe weriown growth atiributes and dry sutter
sield wus oboerved, Thie would, then, osan thout the uwge of
old seeds would not buve 8 sigudlicant effect on vield,
provided tn.ad wisbilaty is oround 60 por cont and appro=
priate coupensatoyy seed rubss are uved o sillow for ta.b

fraction of pseed populacion which 15 non~viable,
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