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INTYODUCTION -

Traditionally pulsos havo boon an Aiwportant
constituont of Indian dict. Rich in protoin and osrontial
amino acids, thoy are cotsumod in varlous ways foponding
on the culinnry nicotios of difforont roglonsg.

Tho nutritionnl standard of the food concumod
by tho pooplo of thic country is far bolow, when comparcd
to othor countrios in tho world. In cconomicnlly advanced
countrico, the averago uptako of protoin ic gonerous and
tho protoin of animal origin mako up noarly half the
totnl protoin. In toms of ealorios, tho por eapitn
consumption of fool onorgy por day ic only 1270 in India,
vhon compared to tho world avorige of 2420, The consump-
tion of fruits, vogotablos, pulsos, cgg, fish and moat
is doplorably inndoquato in Indian., This Las boon ecloarly
roflectod in tho protoin oquivalont being 81 for Indla,
G0 for othor under dovolopod countrios and 80 for

davelopod countrios.

Diot survoys carricd out in India have chown
that bulk of tho feod 1in Indian dictarics is formed by
corenls, which supply about BOS of tho total onorgye.
Put according to Aykroyd and Doughty (1%w4),n balanced
diot chould contain 3 oz of pulses por day por adult.



Thic 1o boeausc of ths fact that all pulscos contain highor
porcontago of protoin than coreals. DBut tho prosent
production of pulsos is only 12 million tonne. vhich 1s
neot sufficient for consuumption as por tho abovo octandard.
This omphaoises the necossity for incroasing tho
production of pulsoo,

Pulces have tho uniquo bnilt in mochanisn for
dircetly using tho lnoxhauatiblo stock of nitrogen in tho
atoosphero. Every yoar in Indin, theso cropS use somo
12 11akh tonnos of atmosphoric nitrogon worth FS.250 crores
freo of any costs In all cur factories, we do not produco
oven half of thic nmount of fortilizer nitrogon. Evon tho
crops that follow pultos bonofit from the onriched goils
to tho oxtont of Iz 45 erores, The annual pulseos production
of about 1.2 erore tonnes Atsolf 18 worth Fs,.1,200 crores,
equivalent in value te the bost karvest of our most prized
erop of whoat, grown on the bost lands wo havo (Chowdbury,
1968). %imo pulsos play an important role not only in
improving tho nutritionel standard of tho food that we
consumo, but in tho wholo oconomy of the country nlco.

Tn Korala, Pons ond boans occupy 9300 hgctares
with on annual production of 3700 tonres. Cowpea occupios
a largor area under pulses, ovonthough lnb-lab eontiins
comparatively higLor percontage of protein than othors Tho



roacon boing tho oproading habit ecupled with soason bound
nature of kitchen gardon labe-lab which is boing ailtivated
ag a vogotablo erop in Kerala. But the roecently roloased
Co.1l 1ab-1nb 18 a non coaconbound, dunl purpose variety
with oroet hnbit.

Co.1l lnb=1lab is a erosc betwoon £iold Inb=1nb
(Rolichog lob=1nb var. Jirnocuo) and kitehon gardon lab=-lnb
(Dallchon Jnbelnb var. tvpicua) and onn bo cultivated
throughout the years Considoriny tho high contont of
protoin (22.7%) Co.l lab=1ab has boon tried at Vollayani
to accortnin 1ts cuiltcbility to Xorala conditions. Tho
proliminnry trinls worc coniucted at tho Agricultural College
¥arm, Vollayanl and in viow of tho encouraging results
obtalned, it was thought worthiwhile to conduct systomntic
flold trials to study tho nutritional ns woll as .pacing

roquironents of this erop under Koraia conditilons.

Logumos havo boon roportod to bo heavy phosphato
foodor: and phosphato manuring of logurwes has beon found to
Incronso the nitrogen fixaticn in oll, ac woll ao tho
nutritivo valuo of crops. Loguwe crops axo eapablo of
tapping tho cubsgil and utilising Lio native phosplorus
and,thorofore, 1t is 1likoly that thoy may not givo any good
responso for phosphorus application (Rohoja,1966). S8imilarly
it hac also boon roportod that nddition of potash will



inorease tho phosphorus sbeorption by plants (Fahoja, 196),
Howovor, rolliablo data are lacking on this aspoet of
menuring also.

Boing n reeceontly xoloased varioty, corroct
assossmont has not bocn mndo of tho roquircmont of
Co.l 1lab~1ab. It 15 not knoen, how far this orop doos weoll

undor our condltions.

With rndienl change in the plant type concopt
in food erops, 1t has now bocomo apparont that plant
population is cno of tho important factors that dotorainos
tho ylold of cvops. AS a erop nowly introduccd undor our
conditions, tho spacling roqilromonts of the erop undor cur
agro-climatic conditions neod invostigation,

Thug, to got an 1doa on tho photphorus, potash
and spneing roquiromonts of Co. 1 lab-lnb nond alco to got
a elue on the bohaviour of phosphorus in tho soil, tho
prosont ctudy was undortaken. Broadly, tho cbjoetivos of

tlio oxporiment can bo lald down as followst

1. Tho poriormarco of hybrid Co.l lab-lab undor
gradod dosos of phosophorus and potash.

2, Porformanco of crop as influcncod by Spacing.
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FEVIEW OF LITBRATURS

Thioc rovicw rolatos to tho effecto of different
lovols of phosphorus, potash and spaeings on a recontly
introduced Co.l labe1lndb undor Vpllayani corditionc. Sinco
thore 1o not much work on tho abovo aspocts of study on
lab-lab, tho relatod literaturc on tho othor erops,

particularly legumos havo boon mviowed.
e ] ] wih and (&)

Tho bonoficinl offoctsof phosphato on nodulation,
growth, ylold, compo~ition and gonorl bohaviour of
leoguninous erops havo beoen vory woll octablishod.

Phoophorus plays a vory iwportant role in
sustaining tho soil microbial population at a high lovel.
It hac a definito otimulatory offect on tho mltiplication
of rhigobin, which in associntion with loguminous crops
f1x atmocphorie nitrogen.

Fosults of field exporimants ecnductod at
d$fferont placos in tho country havo shown that tho
rosponco of lopumes to pho.phatoe has boon conspicuous in
0o0'ls poor in availablo pho.phoru., In phosphnto rich

g8oils, tho results havo not boon signifiennt.



Rao (1923) observad thnt phosphorus application
increaced tho growth of plants like dnincha, cowpoa and
bersocm significantly. Tho favourable responsc of loguros
to phoophate appliention with rogard to yicld has hoon
roported by Frod gt al (1932). Increasc in growth of
plants 1lko daincha, cowpoa and borsoom with phosphiorus
application has boen obsorved by Parr and Bofte (1945) alco.
Sen (1956) yomaried that "4t wounld pay to fertilise logumes
with phospbato as it ineronsos tho yiolds of those erops
and onrich the Soil". Tocults of oxperimonts conducted
by Lin (1959) showod that phocphato fortllisation inereascd
hoight of plantc, numbor of tillors and leaves por plant,
welight of tops and rvots, and hay yiold 4n yollow lupino.
Markod Incromce In tho herbage growth of whito clovor duo
to addition of phosphorus was Toported by Tomploton and
Taylor (1966). The offoot of phosphorus in inercasing tho
spcd yield of logump was reported by Pahoja (1966) who
notod that soed yiold of logumes was oubstantially
reducod whon phosphate was doficient in soll, Howover,
low phosphato responoe at high levols was also obsorved
by Raheja (1866) in borsoom crop. Application of phorphatos
was cvon reported to roduco ylolds undor certain conditions
by Plorre (1944).

Tho offoct of different lovols of phosphorus on
tho ylold of difforont kinds of loguminous crops has also



boon rccorded by soveral workers., Tho optimum roquircment
of pho pliorus for come legnwmincut crops has also boen
workod out. DBaur and Trembly (1048) obsorvod that 60 1lb,
phospliorus por acre proporly placod in bands sufficod to
produce gocd ylolds of canning and froezing peag. Incroacos
in yleld of dry mattor, nodulo number and nitrogen contont
of pong were roportod by Vyas nnd Dosai (1953), whon thoy
applied G0 and 120 1b. of suporphosphato por nerc.

Bhldo (1952) roported spectacular ineronsce in
ylold of cowpoa with application of suporphotphate to supply
30 lb. PpOg per ncro. Sixltar rosults woro also roportod
by Rmo and Govindarnjan (1952) en boanc and cowpon.

Chandani and Oboroi (1955) noticed incronse in vogotativo
growth of cowpen manurced with phosphorn nt S0 b, por
acro. Significant incronsc in ylold of cawpea was obtained
by Sharma and Mi.m (1061) by applicaticn of 30 and 60 1b.
phosphorus per aero. The re.ponge of cowpoa to foliar
application of suporphozphato was studicd by Panikkar (1903)
vho rocorded 100 por cont incroase in striw ylold ovor
control., TLo oxporimont of !lair (1966) in cowpon showed
that phosphorue applicaticn at tho rate of 30 kg. per
hectare inemnaseod 100 sood wolght. Phosphorus also tonded
to onhaneo tho mambor of pods, longth of pods ag woll as
the nmuzbor of <oeds por pod However, thoro was no signiiioant



increase in tho yilold of scod hoyond 30 kg. P205 por
hoetnre. Phosphoric had no significant offeet on tho
holight of plants also. Bains (1957) also found that
pho~phato application «id not influenco the yilold 4n
£3i0ld bonno,

Bnllnl and Natu (1959) reported sipgnificant
inereaso in ylold of gram by tho application of phosphorus
at 40 1b, por acre. Manu (1966) summaricing tho rosults
of oimplo fortilisor trinls conducted on groundmut and
Bongal gram concluded that both tho erops ro.pondod signie
fiemntl to phosphato mamuring at doses varying from 33.6 kg,
to €7.2 kg. por hootaro. The rosponsoe of groon grm to
phocphorus application in an acid latorito soil with high
flxation capacity was studiod by Moolnni and Jana (1966).
Thoy obsiorved that 100 kg. Pg0g por hoctaro signifieantly
increnoed ylelds of groon gram, when applicd with or withe
out nitrogen. Doshpando and Bathkal (1985) ecomparod tho
rogponso of mung to folinr Spray and soll troatutont of
phosphorus. Thoy roported that 10 1h, 9205 por acro as
folinr cpray nnd 20, 40 and 60 lb. por acro a5 Soil troate
monts produced ineroaso of 32.1, 20.6, 75.6 and 85.6£ in
sood yiolds nnd 8.5, 14.8, 27.9 and 46.27 in groon mattor
yiolds recpoctivoly from mang Thoy noved that 40 and o0
ib, Paa5 por acre signifiicantly incroased numbor of pods por
plant and weight of pods por acro.



Howevor, Btukla (1964) found that application
of phosphorus at 30 and 60 1b. par ncre did not increaso
significantly the bolght of gram over no mamre treatmont,
Sekhen ot a) (1966) reportod that ro.ponso of guar
(Cyamopsis totyngonalobn) and mash (Rhasoolus gurous) to
Pg0g at 0, 40 and 60 1b. por aecro was nogligibles Even in
a ooil with vory low phosphiorus contont, there was no offect
with phoophato application on various legumes (Baboja, 1936).

Tho offoot of phosphorus on soybonn was studied
ny many workors, Wolch gt al (1949) and Howoll (1958)
roportod bonoficial offocts of phosphato fortilisntion on
tho ylold of soybonn. Miyasaka of a) (1886) obtainod
increasod coyboan yiolds from 257 kg. por Loctare to 795
and 1373 kg. por hoctars at 60 and 120 kg. Pglg por Loctaro
respoetivoly over no phosphoruo. According to Anthony (1657)
application of at leact 45 lb. Pgy0g por aere wn. nocossary
to build up tho phosphorus ctatus of soil onough to ineroase
soybean ylelds by 10 bu por acre froo rocidual phosphors.

Bingloten (1945) and Par (1947) obtained incroased
yilolds of alfalfn and clovor by tho addition of phosphatic
fortilizors. Par (1947) cbsorvod that incroasing doso of
phocphatie fortilizors, partienlarly suporphosphato, onhanced
fodder yiold in clovors. Larsen gt al (1952) and
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Jamos gt al (1953) cobtaincd signifieant ineroaco in ylold
of lucorno by phosphato manmaring with dosos varying from
30 to 240 1b. of Pglg. From a long torn trial with low
dosoo of phosphorus at 18, 35 and 72 1b. of PgOg por acroy
Arbika Singh and Tirlok Singh (1953) obtained incroaced
yiold of berseom. An increased ylold of 331.9 maunds of
greon mattor by tho application of 20 1lb. phosphorus to
borsoom was recorded in low Dolhi (4Anon., 19c8).

Rlgindl gt nl (1663) rocordod 1:.95% and 3,95% incrorsced
yiolds of borsoom with 150 kg. superphasphato with and
without 100 kg. cnlcium nitrato rospoetivoly. But in tho
caco of Indinn clovor (Molilotus parviflown), phosphorus
showed a tendoney to inereaso tho yiold only to a slight
dogreo, vir., 4 to 5% which was not cingifionnt (Gill and
Batra, 1986).

Johri (1856), studying tho offoct of application
of superphogphate to daincha in latorito coil noticed that
in pho phato manurod plots with 25 1b. Pg0g por acro, the
average hoight of planta and tho total dry mattor yseld
woro € and 12 timos reospoctivoly more than that in no
manure plantc. Hair ot nl (1957) obtained significant
inereonco in hoight of sogbanin with phosphoms application
at the rato of 30 lb, por acio. Trom tho results of oxpori-
nonts with difforont kinds of phosphatic fortllisors,
Malathl Dovi (1960) reported that cuporplocphnto was the bost
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in incrogsing tho yiold of groon manures. According to
Vonkata Fao 2nd Badacivem (1968), ineroago in tho ylold

ef groon mattor in tho case of cannboemp was tho order of
50% at 40 1b. Pp0g lovol and tho same wac over 200 por ccnt
at 320 1b. Py0; lovol.

Contrary te the avove findings, Agarwal and
Vorma (1251) could not get incroased ylold of groon mattor
in sannbomp in Kanpur soils whoro the avallnblo Paos contont
was high. Deooal gt al (1957) nico obtained no significant
difforonco in the yield of legumirous groen manure crops on
sandy loaw colls fertilised with phosphatos. Thoy arrivod
at the conclusion that phosphnto application to tho groon
manure crops in candy loawms with an availablo phosphorus
contont of S0 1b. por aecro or above had nro bonofificial
offoct in increasing tho production of groon mattor.
Investigations carricd out by LHolwany and Ganguly (1959) on
groon manuring in conjunction with application of fortilisers
indicated that though, dainchn rospondod to tho applieation
of suporphocphate by producing more ylelds, tho difforocnce
in yleld of groon mattor was not statistlceally significant.
Tno ot al (1982) obtaincd no 3ignificant difforenco in
yiold of pilliposara and cannhomp ralsod on sandy loam solls
of Andhra Pradosh with phosphorus at 22.5 lb. por acro
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Fifoet of phosphowms on the upntnke of nmutrionts and guality

In addition to bottor prowth In logumos tho
phosphate npplieation 1S nlco Lound to increngo the uptako
of phocphorus, calecium and nitrcgen. Imcroase in protein
contont of loguminous gscodc indienting an incroaso in
nitrogen content has beon reported by Follors (1018).
Aloxandor Mactaggart (1821), from his trinl with alfalfa
concluded that tho nitryogen contont of roots chowed an
incroase a8 a rosult of pho-phorus fertilisation. He had
aloo roported cimilar rocultc on pras. tecording to Sirkar
and S8on (1941) tho protoin synthosis is controlled by tho
supply of plocphiorus in tho plant. In fact,the uptako of
nitrogon ic very largely ascocinted with tho uptnko of
phosphorus. It was ebcervod that in tho phosphato manured
series, phosphato and caleium eontont of boroeom nnd cowpoa
foddors, phocphato eontont of wheat grain, and nitrogon and
phocphato content of whoat ctyaw woro ineroascé over no
minure corins (Parr and Boso,1944 1945). Fuloky (1947)
obtained an incroase in protoin contont of soyboan by the
application of phosphatic fortilizors, Parr and Sen (1948)
rocoyded botter growth in logumos -2nd inereaso in phocsphorus,
canleium, and protoin content by phosphato applieation.
Xlaro (1950) al o rocordod lIncroaoe in protein centont of
ooybenn by pho~phate fortilisation. Acharyn ot al (1953}
found that the appliention of phorphatic fertilisors to
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logumos incroaced tholr nitrogon contont. Inercaso in
yio0ld of day matter, ncdulo number anl nitrogon content of
poas vas roportod by Vyms ard Dosal (1953) whon thoy appliod
GO nnd 120 1b. of cuporphosphato per acre. Hochlor and
Moore (1967) found that phocphorus contont of alfalfa plants
ineroatod with increasing rates of phosphate fortiliserc.

In on oxporiment conducted by Ghendo and Son (1953)
applicntion of phosphorus incroased tho nitrogon contont

of guar as compared to plants grown in the control plots.
Panon (1959) roportod that protoin content of cortain
wintor legumeos was ineroased ab a rosult of phosphato
fortilisation.

Sanltaru ot al (1963) ctudiod tho offect of
16, 30 and 45 1b, Pp0g por acre on thio protoir eontent of
sannhomp crop and found that 15 1b. Pglg was signifiecantly
tuporior to highor dodes,.

Blgindl ot nl (1563) obtained incroased phosphorus
contont by 40.22% and 35.09% by tho npplication of 160 kg.
suporphosphato with and without 100 kg. ealefum nitrate
rospoetively. Hamdl gt al (1963) found that inercace in
phosphorus contont of plant wat proportionate to tho photphorus
addod. Daniol (1966) oboorved that phoophorus uptake was
maximizm in plants yoeeolving 30 lb. phoophoris por acre.

Prinls at Kovilpatty on sannhomp ~howed maximum uptake of
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phosphorus nt 30 1b, Pg0g por acro, in tho form of
suporphosphnte. Tho applieation of phosphato to guar crop
at tho rato of GO 1b Paos por nere incrensed tho nitrogon
contont of plants as compnred to the control (Rahwin, 1060).
Baing (1967) reported tiat 640 1b of P205
inecrongod photplorus contont of plant Trom 0.209% to
0.392% in fold bhenns.

rer acre

Though thero 13 sufficiont oxpoerimoental ovidonce
to provo tho ecapaeity of phosphorus to inereaso tho nitrogon
content of logures, a fow invostigators have failed to
ohsorvo the sace offoct, Chandanl and Oborot (1958) working
on the valuo of cortain logumes aS groon manurod, concluded
tiat applicnation of phcopinto to logumes like sannhemp,
borseom, sonji, peas, lontil, cluster bozns, soyboans,
cowpon «nd dalnechn did not incroaco nitrogon contont.

Maini and Bains (1908) reportod that application of
pho~phorus 1t £9 lb, por aerc did not ineroase tho protein

contort in soyboans.
Effcet oy phogphomus on ni on

Tho results of vory large nusbor of oxporimonts
corducted in varicus parts of tho worid substantinto tho
viow thnt phoophoris oxarts a stirulntory cifect on
nitrogon fixation in wo=t tho logumos James gf al (1944)
reported that tho nitrogen contont of oxporimontal plote



on vhich a rotation including logumos was uso, was highor,
whoro phoapharie acld and potassic fortilicors woro applicd
than vhero no fortilisors wore applicd, inspito of groator
romoval of nitrogon by crops from fortilised plots. Bon

and Daine (1955) from £ilold exporimonts with difforont
lgvols of ons rarging from 16 to 64 1b. por aerc found

tbat with grdod do~os of the nutriont, incroacod nodulation
wn~ obsorved in borsoom and cowpoa. In latorite soils of
Korala, lair ot al (1957) obsorved significant incroaso

in tho numbor of nodules in Scsbania, wi.on cuppliod with

30 1b, of phosphorug per acro, Blumo and Faychandhuri (1957)
cobsorved that elovers, gramg, votchos, ote., could utiliece
the nitrogon from atwosphore for thelr growth. Acconiing

to Al'os (1958) nitrogon {ixntion in logumo wac diroectly
conncetod to tho total 4ry mattor production of tho erop,
which in turn was controlled by tho phosphorus applieation.
5ikka and Jain (1958) studylng tho offact of phosphato
nanuring on phyosienl and clhomieal proportics of coil obsorved
that whon guar (Cwmpoptig tetrncopalobn) was fortilisced with
phocphatoe, the nltrogon contont of tho coll was increasced

in comparison with the none-fortilisod plots. Similar
ineroaso in nitrogen fixation with phesphorus applieation
was also roportod by Izawa and Okomote (1959) and Lin (1958)
in rod clover and white clovor respoctivoly. Hudaliar (1960)
also obsorved incroasod nitrogon fixation by legumos as a
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rogult of phosphiorus application.

Howover, Horaco ot al (1928) stated that
suporphosphate and Muriato of potash applicd in plots to a
crop of coybean did not havo any influence on tho nitrogen
fization. Only clight ineronce in tho nitrogon content of
seil was recordod by Vyas and Dosai (1953). Fugssel (1961)
roported that legumes may not ineronso soil nitrogen under
all conditionc, In enco of logumos 1ike peac, boans,
soybonns and groundnut, ovon if tholr roots are ofton well
nodulatod, a largo portion of nitrogon fixcd is romovod
by the sood, straw and othor harvostod porticns of tho crop.

Effoct 1 1iod S 8 _on tho av
of mtrionts

The valuo of logumos as soll improvers 45 rTocognised
evorywhoro. Tho fact that Somo erops have a congidorably
grontor powor than othors for utulising tho logse roadl ly
avallnble Scurcos of phocphatos ¢an bo omployed in converting
sono of tho phosphatos into moro oasily available form by
growing thom as groon marure crops. Yawalkar and Agarwal (196
roportod incroased availability of eertain plant nutrionts
1like, phoophorus, calciun, potassium, magnoesium and
ivon ao bonofigial effocts of groon mpanuring. Fahoja (19GG)
reported that in most placos tho tubsoll contains
adoquato gquantitics of phosphorus which tho deop-rootod
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erops ayo ablo to tap and mako uso of in growth of tho
erops. Tho roason forwory Small reSponsce to applied
phosphato by gram and pigoon poa necording to him was tho
deop root syctom preceont in thosp plants by which they aro
nble to tap tho subsoil phosphomus protty offoctively in
o t loealitics in India.

A o8till bottor methed of bullding up tho soil
fortility vhich was reocciving much attention in rocont
voars in India 18 tho phosphato fortilisation of logumos
Tho analysis of 0oil camplos from tho pormationt manurial
and rotation oxperimente of Pusa in 19646-4%7 rovonlod that
the plot in which sannhomp was fortilisoed with phocphato
showed highost contont of earbon and nitrogon (Sinha,1947).
Dotal and Parr (1949) roported that in addition to inercase
in the yiold of logumo, increaco in orpanic mattor and
nitrogen contontswas also brought about by phosphato
application. Tho 801l analysis showed that plots whoro
bersecn had boon grown in rotation with phosphate manuring
had at tho ond of a ton yoar poricd altout 178 highor
nitrogon contont and also highor orgnnic mattor content
than the plots whore borcoom had boon grown without phosphato
wanuring (Acharya ot a],1953), Tho offoet of continuous
cropping oi borsoom with tho addition of phosphato on tho
nutriont status of soll wao studicd by Son and Bains (1955).

Thoy obsorveod that cultivation of borseom for thrce years
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wvith tho nddition of phosphate incroased the nitrogon
contont of soil. Balns (1857) concluded that under groon
houto conditloens, ~0il tost values for avnilablo phiosphorus
and avallable jotash vere influcncod by tho applicntion

of rospect.vo fertilicer olomonts, particularly at highor
lovols of applicd phiosphato. and potash whica indleated
build up of availablo nutrients in tho coll Phosphorus
appliention to greon manuroe. liko scannhemp bro ght about
mobiliontion of nitrofon o rtnted by Vonkata Tao and
Sadncivanm (1568), wherelin they got an incronse of 72 1b
nitrogon in he el1l by tuo applicat on of 40 1b. pheonliorus
to cannhomp. 41n ineroacing trond in nitrogon lovel wac
noticed by thom with incroasinp lovels of Pglgy tho raximm
boing 204 1b. of nitrogon at 320 1b, 9205 applicntion

Qg task erowtl a 0lé of g}

Compnratively vory fow ~tudiot soem to h~vo boon

errried out on tho offoet of potas.ium on tho yield of legumes,.

Striking ylold responco by potash application to
soyboan has boon reportod by Collwell (1944) and Colline
oL nl (1947). Fo .itor (1947) reportod that potassiun
chlorido appliecation at the rate of 1 cwt por acro ineroasod
the yiold of —ubtcrranoan clover cipnificantly. Baur and
Prombly (1948) indicatod that eanning and frocesing peas in

vostorn kashington required 60 1b. Ko0 por aere in most
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of the soila. Fedorov and Podjanpoljlasja (1950) roported
that leosser dosos of potascium in sand culturo codium
reduced yiclds and also roduced tho woight of nodulas
formed in legumot. Exporimonts conductod by Dolver (1953)
indicatod that dwarf boan required comparatively loscer
potasniux than nitrogon and phosphorus. Vargans (1957)
obtaincd tho highost yiold with 60 kg. potash por hoetnro
in boans, Wua (1963) obsorvod increased yiolds in soyboan
by tho appliention of potassium both in plots troated with
phoophorus or inoculeted., Feng (1964) reecordod higher
yiold rosponces to potash in sandy loans. Ho cbtainod an
ineroasoed ylold of 215 kg. por hoetarc by applying 60 kg.
Kg0 por hoctaro on a candy loam., Fois~ and Shorwood (1965)
obtainod incroasod secd weight by tho appliention of
potash alono in soybenn. Bignificant ylold increasc of
groundnut vith 180 kg, Kao per hoataro in coil having en
adoquate supply of availanblo potash has boon roported by
flagin and Koyunjicky (1066). 1In addition to an incroaso
in yiocld of lucern (Modlcazo Sativa T.) an incroased hoight
of plants, rato of loaf accurulation, loaf sigo, wolght por
unit aroa, ctematal mucbor and aporture have also boon
rocordod by Coopor gt al (1967) by potash application.
Thoy found tint not photosynthocis of oxeisod loavoo
incrensed with potnch applieation and loavos fyom plants
with added potash and lower COp compensation points.
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Howovor, lessor rosponscs Wero roportod hy
Carttor (194l1l) nnd by Prinecoc nt nl (1941)., Tossitor (1947)
roportod that potassium chloride application at tho rato of
1 owt. por acro 414 not bhave nny pocitive offoct on lupinod
and othor pasture cpocios. Potascium hnd no offeoet on the
total yiold of pacturo for four yoars, whon 200 and 400 b,
K20 por acre addod a5 oithor ono initial or four oqual
anmial application rospactively (Doll ot nl,1959). Howovor,
501l toot showed n slight ineroaso in potacsium centont
whoroe 200 lb, of potassium woro applicd annually. Fong
(1264) could not got any incroace on hoight of plants by
applieation of potash, though he reocorded increasod
brnching In a1 oxporimont with gre mdmat, Veoraraphnvan
{1964) roportrd ti~t thore was no signifiecant difforonce
in hay (dried shoot) yieold by the differont lovols of
potach., Teunri (1905) roportod that addition of potansium
had no offoct on tho formation of nodulos in cowpen.
Vijayakumar (1967) also roported thet potassium had no
offect on nodulation, nucbor and longth of pods, and ylold

of bhuoa in cowpoa.

Dopresgion offoct of potassium on yleld attributos
11ke hoight of plants, welight of teps and rootc, mumbor of
lonvos and tillers por plant hac beeon noted by Lin (1259)
in yollow lupino. Adverse offoct of potasccium on ylold
was alco noted by Xatnski and Banahatti (1985), whon
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potas iuw sulphato at the rato of 100 b, and 200 1b, K0
per acro was appliod to groundnut. Vijayalumar (1967)
roportad a reduction in the wonn hoieht of cowpon Ly tha
application of potascium,

c 13} £

Albyocht gt nl (1948) found that potnsh was tho
p1jor factor in making for a larger concontration of
nitrogon in tops, ¥while thore was a lower concontration in
the roote. BSchoffor gt al (1981} noticed that tho crudo
protein contont of groon and ripo poac woroe favourably
influcncod by the application of phosphato and potash,

Tho absorption of phosphorus incrensod with inereasing
potasch in tho soil. Tho applieation of large amountg of
nuriato of potash to tho o'l rrduced nbsorption of nitrogon,
sulphur and phosphorus ~ard thoroby protein cyntbosis s alco
roducod (Rahojn,1966). Klobosadol nnd Brinssado (1906)
found that potash did not significantly affoect crude preotoin
contont of forago. Baine (1967) rocorded an increase in
potash contont of £10ld boans to nn oxtont of 1.49% to 3.11%
at tho highoot lovol of application (320 1b. K,0 por acre).

Spacing

Moot of the spacing oxporimonte with crep plants
havo chown that tho yleld por aerxo dopandod on the growth
and ylold por plont and the total nuxmber of plonts por
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unit arca. Tho limitation of any of tho factors dopressed
total production. Vittum ot al (1958) notod that tho

yiold of posg wac docronced when plant population was loss

or whon spacing given was clo.or than the optimum,

According to Rlopma (1958) tho dureticn as woll ac branchirg
characteristics and facilitios for irrigation of Lho crop
dotornined tho optirup plant population per unit areca.

Short staturcd oarly variotlos of pons roquired a largor
nuzbor of plants por unit aroa, whoreac tho rovorso wac

truo with woll brmnching and long duration dry crops., Somo
authora, howovor, have romarited that spacing doos rot influonce
tin lovol of protein (Goldin, 1966 and Singh and Singh, 1968).

sphc wih and 1d of

liagl and Dalnl (1957) obtaiunod 5.24% hiprkor
yiecld of groundnut with 12" x 9 cpaeing over tho commonly
adoptod opoeing of 12 x 24 Iin Punjnb. Pleard ond
Sigwnlt (1960) roportod that Spacing roquiromont variod ovon
with variotios of tho snmo crops According to him the optimmm
plant donsity ef £1old boans (¥s £aba) wac about 45 plants por
22 for n largo Socdod varlety nnd 60 to 55 plents por w?
n smnll scoded varioty. [Lohman and Iambort (1880) otudying

tho opoeifiec offefts of gopacing botweon roves and plants within

for

tho sape row, in the e15e of two varlotles of Soyboans

in two difforont ~oll typos found that the number of
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gecds por pod docrongsed irrespoctivo of soil typos, when
tho spaeing botwoon plant~ in tho camo row was roducod,
But tho wcight of sce@ bohaved difforeontly. Although in
wido sSpacing of 7 to 12 betuwcon plants in rows oituatod
30 to 36" apart incronsed the poreontago of largo pods,
this was not eondusive to hoavy yiold whon compnrod to n
spacing of 2" to 6" (Anon.,1961). 1In a otudy of tho offoct
of oSpaeing on protoin centont of plant, it w1s obscrved
that protoin contont torded to bo lowor with closor
spaeing (Donovan gt nl,1903). Felo~ and Shorwood (1965)
roportod that rows 24 wido produco tho highost Socd
yields 1n soybenn followgd by rows 16, 8, 32 and 40 inchios
wido Appndural of al) (1656) studilcd the offcct of spacing
ané loaf area on pofl ylolds of kidnoy boan (Phacoolus
yulearis 7)) and obscrved that n spacing of 7.5 cm within
the row, with 30 5 cm betucon rows was suporior to all
othor spacings, 4hwad gt al (1966) obtainod highost pod
yields with 24" x 12" spaecing in tho ease of four Sproading
typo variotioz of groundiut Molinynwe and Cao-Vanelinv
(1966) roported that ~oyboan plants porforred well under
closer spacings in the dry conson and undor wider spneings
in tho wot soason. Crop growth in tho dry senson rocordod
a hiphor sood weight of 12,8 gram® comparod to 9.1 grams
in tho wot zon.on. Guput gt al (1967) ob orved that in
soyboan the highoot population gave tho highest avorago
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sced ylold, ospoeinlly with onrly varictlios. Omy (1987)
rocordod higher yiold of poods whon coybonng gown in rous
12 apart with 1 or 2 seods por hill spacod 6 or 4 inch
apart “cndor crop snap boans (Phnccolus yulearls L.) woro
socded 2.5, 5.1, 7.6 and 10,2 cm. apart in row. Spacod 76 om.
apart in three consocutivo yonrs. Tho 2.5 ewe cSpacing
consistontly gnvo tho highost ylold ({ultcliffe, 1967). In
anothor trinl conducted for threo yoars in poas Shokhawat
oL al (1957) roportod that higboct avorigo pod yiold of
13216 kg. por boectaro was obtainod with an intra-row spaeing
of 45 72 cm., whilo 30.48 em. 2nd 60 95 em. spacing. gavo
only 11941 kg. and 10593 kg. recpoctivoly Gautam and
Tonka (19c8) notlcod taat eloser row Spacing and highor
sood rato mado tho plant tall, roduced branchirg, and
docroased ylold bocnuso of inereaced intor and intra plant
compotition, Thoy obtained negativo correlation for por
rlant and por heetare ylold undor ineroased Socd ratos.
Irrignted groundnut rosponded to broador Spacings as
ovidonced by tho rosult obtainod by Govindadas ot a3 (1968),
which showod that 18" x 3" and 15" x 4" spacings rosulted
in moro numbor of kemalc por unit wolght than tho othor

troatmonts.

Howovor, Son and Jana (1960) obtaltecd rosults
vhich showed that difforont spacines hnad vory little offoct
on tho holght of plants. Dut nugber of branehos, pods,
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cecdsy dry woight and yleld por plant incroascd with
widor spacings. Goldin (1966) nnd 8ingh ard Singh (1968)
voro of tlie opinion that spacing doot not inflnenceo tho

yiclds of pods and bhusa or protein contont or grain

Intoraction offocts

offutt ot pl (1866) concluded that phosphorus
nnd potash ineronocd hay yilold whon used togotler or in
conjuncticn with llmo, but ngt whon cithor was used alore
or withwout limo. Seed yiclds were not increased unloss
phosphorus and potash wore usod in conjunction
Gooring (1986) roportcd thnt 2 corbinntion of 160 kg Po0g
pluc 260 kg. EoD per beetnro gavo optimum ylold whoro soil
phosphomg md potash wore vory low. While ctudsing tho
ofTeet of nitrogon, potash nnd phosphoras on beans,
Brins (1967) roported that nitrogen application shewed
signifiennt a soclation with bonn yiolds, whorons
phosphorus and potash offect. worp monsignifiecant.
Singh and Singh (1268) cconcluded that Intornetion of 80 kg,
P 0 por hicetnro and 25 cn. spacing has considorably
increasod tho straw yiold.



MATERIAL AND METHODS



MATERIALS AKD MOTHODE

Tho procont investigation was undortnkon to
astece tio pho phorus, potash and spacirg roguireronts of

Co.1 1lab-1ab (Ottumochal) under Vollayani conditions.

Exporimontat gito

Tho oxveriment was laid out in t!c rod loam soils
of tho farm attacled to tho Agrienltural Collogo and Tosoarch
Instituto, Vollayani. “he analytical data on chomical
compo ltion of tio o'l are furniched in Appordix 1I.

SBoasgn

Tho oxporimont was ccnducted during tio pericd
from Coptombor, 1968 to Janunry, 18069. Thoe motcorologiecal
ob~orvations rocordod durinp tho nbove porlod arc given

in Appendix 1I.

S00d_matorinl

The varioty u~od was Co.1l lab-lnb (Ottumochal)
Tho seods woro obtninod from tho Pulces Brooding Station,
Agrieciltural Gollogo and Foroarch Instituto, Colmbntorc.

Co 1 lab=lab is z high ylolding improved stmin
roloasod by the Pulses Breeding Station, Agriculturnl
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Colloge and hocoarch Inctituto, Coipbatore. It 1o a
noh=ceason=bound dual purposo varloty of 116-120 days
duration and ic reported to bo su.tablo for growing

round tho yoar undor irrigated and rainfod conditions.

Tho plants are schert, bushy and oroct. Tho
infloresconcod are born on stalks of modium longth with
vhito flowors. Floworing starts Cron 45th day aftor
sowing and continucs for anbout 90 te 100 days. "uo avorago
nuobor of flowors in oach infloposconco ™nges botwoan
B5 to 60 and about 50% of tho flowers sot pods, Tho greoen
pods £1it for uco as vegotablo can Lo harvested 10 to 12
days aftor flosoring. Fods aro light greon, 6.5 to 7 cm.
long and 1.5 to 2 om, broad with protoin and f£at econtents
of 20.7% and 3.93% rospoctlvoly.

Manurop nnd fortilisors

A unifomm basal drossing of enttle manuro, limeo
and avmonium sulphato was yiven to nll plota. HNitrogen
as acwonium sulpante, phospliorus as superphosphate and
potassium as mmrlate ox potach werc applicd. Iimo was
given in tho form of calclum hydroxide.



Fortilicor~ anl cattle manuro uscd wore

annlysed ag followss

Ammonium oulphato
Superphosphnte
¥arinto of potash
uvizo

Cattlo maznuxe

Iny out of the oxporiront
(n) Treptmonte

20,.6% N

16.0% P50
50,07 K,0
55,07 Ca0
0,828 N
0.31% Pp0g
0.48% K,0

5

Tho troatrort. consigsted of 4 lovols of

48

phosphoius and threo lovols oach of potash and spacing

ard thoir cosbirantions. The following woro tie lovels

Icvols of phe »nlorus

Po '
Pl :
P2 H
Pa ]

Lovols of potnsh
Ko H
K1 ]
KE L)

I'o phosphorus
26 kg P 0;/ba
50 kg P205/hn
7S5 up onslha

io potash
15 kg K30/hn
30 kg K20/.m
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Lovols of opaeing

By ] 40 emx 15 em
Bl H 40 em x 25 cn
sz H 40 cm x 35 em

Tho differont treatmont combinations numboring

36 wore ao followss

PKS P,k 8 P K & PK O

000 1o 2’0 3'0°0
Pofafr  PafoS1 Poffy  Pafhy
PofoS2  Pi%o%z  Pfo¥z  Pa¥eSsp
PoksSo  PiFi8p  PgBp  PoSg
Pofafl  PifgSy PoKyBy Pely§y
Pofi®z  Pyf3Bp  PRiBy  PaRyS,

PofaPo  PiFfo  PKoBp PafsSg
Po¥oBy P3KgSy Pololy 7Rty
PooBy PiEoBp a8y Pao8q

{b) Dooipn

Tho dosign adopted for tho exporimont was a
4:32 partially confounded faetorial oxporimert with two
roplications Tho intoractions KS =nd Ksz wore partially
confourded in roplications I and II respoctively.

Turbor of troatmonts 1 38

FMambor of blocks ] € blocks of 12 plots
cach

Plot sizo [ 4dmx525m
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Fiold culture
(1) Broparatory enltivation

Tho oxporimental plot rocoivod ono ploughlng with
garden tractor ono month boforo planting. The ficld was dug
twvico and stubblos, grassos and other weods wore yemoved.

Tho bleeks nnd plot. wore thon laid out as per the design.

(11) Mapuring

Tho limo roquirement of tho soil was found and
calecium bydroxide ns por tho limo roquiremont was applicd
brondoast and Iincorporatoed 10 days before starting the
oxporimont. Cattle manure at tho rate of 5600 kg por
hoetaro was al.o applied and incorporated.

The fertilisors woro appliod nc basal drossing,
a day prior to scwlng, Ammonium sulphato and muriato of
potash wore appliod brondeact, whilo cuperphoSnhate was
placed in bands 10 em doop and 30 cm apart  Amconium
culphnto was npplicd to supply a unlform doso of 10 kg N

per hoetaro,

(141) Sowing

Tho soods wero dibblod in lines at tho mto of

one sood por hole on 25-0-1968
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(iv) Gemoml condition of tho crop

Sprouts started appearing ovor tho curface Crom
4th day onwards, Garmination continucd till G6-10-1968,

The gonoral condition o tho crop was normal,

(v) Aftor cultivation and piant vrptoetion
Wooding and intercultivation worc cyctematically

earrlod out whenovor necescary. Altogetaor two hand
woodings wore givon to koop tho plots freo of weeds.

Systematice prophylactic eprayings woro given to
control posts.

(vi) Harvost

Tho ontlire pods wero barvostod green for vegetablo
purposo. The £irst harvost otartod on 19-11-1958. Right
harvosts wore denoe to colleet the ontire green pods and
tho last harvost wac conducted on 11-l-1959, The four
plants solectcd £€rom cach plot for biomotric obSorvations
voro harvestod soparatoly. Haulms wore pulled out and
drded undor the sun for three days and wolght rocorded.

Ch r~_Studicd

Four plants wore solected from cachh plot by

randon motled for dotalled obrervaticns.
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A. Biomotric ohsorvntions
(1) Hoioht of plants

The hoight of oach seloctod plant waS moasurod
indivldunlly on SO0th Aany aftor sowing. Tho hoight wao

moncured from cotyledonary nodo to the terminal nodo.

(11) Farlinoss in floworing

Tho numbor of days takon for the first flowor
opening wa~ rocordoed nnd from thic floworing duration

var calculatod.

(11i) Iuwbor oy podg por plant

Tho nunbor of pols on Soloated plants in cach

harvost was noted and averngo workod out.

(iv) ZLongth of pods
7he medinn longth of groon pods eolloctod from
tho obvsorvation plant wns measurod in contimotyoc  Tho

avorage length was also worked out.

(v) Yi0ld of proon pods

The wolght of givon pods obtnincd in eight
hnrvosts was rocorded wopamtely. Trom this total ylold

of groon pods in nll tho harvosts wa~ 2l.o coleulated
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(vi) toicht of Aricd hawlm

Cn completlon of hiarvest of pods, tio plants
wore pulled cut, drted uniformly »nd tieir woight rocorded.

D Clomiend annlvcis
(1) Iotnl nityorop confent of % o soll)

Total nitrogon cortont of tho Soil taken on tho
S0th d~y and at tho tize of final harvest was eotimntod

v joldahl's mothed wnt usod for ostimntion of totnl nitrogon.

(i1) lable ol

The avallable p!ospliorus contont of tho soil
talken on tio 50th day nnd at tioc tice of Tinal harvost of
erop was dotormined Bray's mothoed Ho.I wa uced to

estimato avallablo plouphomus (Bray and Kurtz, 1945).

(11i) avnilablo potash

Tho availablo potash contont of the soll takon
on tho 50th day ard at thoe tico of {inal harvost was
ostimntod. Turbidimetric mothod (Datta et al, 1963) was u.ed.

(iv) Hitroron contont of pods

Foprose: tative samplos of groon pods havo beon
drasn £rop onch hawoe ¢ and pooled and nitrogon content was
ostimantod after dizestlon of the dry powdored material by
micrn-Fjoldnhl-Gunning wotaod.
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(v) Bitronon contont of hwilm

Samples of bhusa wore drawn from oanch plot and
annlysod for tho nitrogeon eentent usirg micro-Xjeldahl-
wanning mothod.

(vl1) Phogphorus contont of pods

Phosphoms content of podc (camples drawn from
oach harvest and pooled) wns dotorminod colorirotrienlly
{Jackson,1958),

(vii) Pho~pl orus_content of hnolm

Samples of haulm drawn from oach plot woro
analysed for the phosphorus contont colorimetrically as

in tho enso of pods.
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A+ Blopotric ob-orvationo

The data relating to various biomotric obsor-
vntions taken wore statistically annlycod. Tho reosults
arc fumichod bolow:

1. Hoight of plnnts

Tho data on tho hoeight of plants taken on tho
S0th dny wore analyscd and the analyais of varianco tahlo
ic given in Appendix 111, Tho twoan bolghts of planto

undor various troatmentc aro prosontod in Tablo l.

Tho rocults Lavo indieatod thnt thore 15 no
signifieant inecreaso in hoight of plantc duo to difforont
lovels of phosploruc, Tho difforont lovolc of potash
and spacing also have not oignifienntly infIuonced tho
hoight of plants,

The iIntorict’on offoctc wore also not significant.

2, Farlineas in flgworing

The annlysis of varinnce tablc on tho numbor of
d2ys roquired for the first flovor oponing in differcant
trentoonts 1o givon in Appondix IV. Tho moan valuoC aro
progonted in Table 2.



IBEE 1

Koan hoight of plants ¢n 50th day in cm.

3a

Po Py Po Pg ¥oan
Bg 106,25 115.96 112.25 111.75 111.55
8y 106.87 119,83 110.87 119.48 114.28
8y 103.96 109.91 123.64 113.62 114,01
Ky 102,50 114.87 111.67 114,00 110,76
.9 113.46 113,08 119,58 113.62 114,54
Ka 106,12 117.75 115.42 117.21 114.13
Hotin 10'7.38 115.23 115'55 11‘.9" -
ko ky Mean
8o 107%.66 1li2.41 114.59 111,65
8y 108.25 1i6.31 117.22 114.26
8p 115.47 116,09 110,47 114.01
Hoan 110,76  114.54 114.12 -
8B, for lovols of P 2.86
8.B. for lovols of X or 8 2,48
B.B. for cogbinations of P and X or
coxbinntions of P and 8 4.96

8.B. for combinaticns of E and B

4,29



TATIE 2
¥oan number of days for first flowor oponing

37

Py Pl PB Pg ¥oan
8q 36.83 37.33 36,83 36,67 36.91
’1 37.50 36.83 3".00 35.50 36.96
Go 37.6% S6.60 36,17 36,33 36.66
¥y 37.67 37.33 37.00 36.67 37.16
1 3% 37.67 236,67 38,17 38,67 36479
ko 38,67 36467 36,83 36417 36,58
¥onn 5%7.33 36.89 86,67 38,50 -
ky ko
.O 37.37 36.62 36.75 36.91
Sl 3'7.50 36162 36.?6 36.%
85 36.62 37.12 36.25 36.66
Hoean 37.16 3G.79 36.58 -
S.B. for lcvels of P 0.261
8.8, for lavols of Kor B = p.228
S.B. for cczbinations of P and K o
conbinntions of P and 8 2 0,455
8.E. for cesbinations of K nnd 8 = 0.354
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It is soon that tho highost lovol of phosphorus
could induco oarlilness only by 0.83 day whicl was not
significnnt,

Tho offoet of potach was nlso not oingificant
in this roopoat. Variation in cpacing alsco did not
affect floworing.

3. Iuchar of pods por plant

The numbor of podo produeced per plant was
analysed and the annlysis of variance table i1s given 4n
Appendix V. Tho moan nupber of pods per plant undor
dlfforont troatronts 15 given in Toble 3.

It 1s soon that nhosphorms and potash althor
alone or in combinations havo net signifieantly incroncod
tho moan nuxber of pods por plant. Howover, Py Po and
Pa bave rocorded 14,44, 22,48 nnd 14.85 por cont increnso
and k_ haove rocordod 12.20 nand 11.68

1 e
por cont ineronto ovor ki, lovol reoopootivoly.

OVOT P, lovel and k

Unliko phosphorus nnd potash opacing has rocorded
sipnl:ieant increaso in tho nucber of pods por plent, the
increnso bolng pocitive with inerease in spneing. The
difforonce brought nbout by Bg spacing alono has boon

5ignificant over 8, and Bq-



TABIE 3

Mean nurbrer of pods par plant

M
o Py Py P -oan
80 16.67 22,37 18.42 20,87 19.58
81 21.37 24.46 26.564 27.7° 24,79
Sg 28,00 22.75 36.92 27.1% 30.21
5 20.88 22.67 24,67 248.17 23.02
k2 22- 54 29.12 2‘.67 26.50 25. ka8
Moan 22,01 25.19 260,95 25,28 -
O T
89 17,12 20.87 20.75 19.58
8y 22.41 27.37 22,59 24.79
8g 80.63 £9,31 31.78 30.P1
Maan 23,02 25,85 85,71 -
C.D. (0.05) for lovels of P = G.1149
CeDe (0,05) for levels of K or S = 5.2098

C.D.
C.0,

{0.05) for combinations of P and
or cozbinations of P ons S = 10.5876

{0.05) for cozbinations oy K gnd 8 =

9.1608
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Tho intormetions botwoon, pk, ps nnd ks wore

not significant

4. length of vods

Tho data rogarding length of pods under varicus
treoatmonts vore analysed and tho analysis of varianco tablo
ic givon in Appendix V. Mean longth of pods corracponding

to difiercnt troatmonte i given in Table 4,

It 1s coon that highor lovols of pho phorus hnvo
signifienntly lnercaced tho longth of pods Among the
dirforont lovols; p, and pa bavo rocorded sigrificant
inercnso ovor Pqs over taouph the difforot eo botuocn Do and
Pq V&S not Gignifieant. Increcase in length o pods rocordod
by py ovor p, was al.o not signifieant, Tho data aglse showed
a £light ineroaco in the length of pod at the highor lovol
of potach (ks).

With regard to spacing, signifiecant inereaso in
tho longth of podc wat noticed for tho widost macing viz.,
£g OVOT S, The difforencos botwocn Sq and 54 Ao woll as

8, and 54 Wore not signifiennt,

Among tho intornction, pk intoractlion was signi-
fieant Tho maxi.um longth of pod of 5.02 em ba. boon
rocorded by tho combination p.a.k0



Honn longth of pods in cm.

TABIE 4

Th 4]

44

p0 P 1 p.‘! Py tioan
8p 4.59 4,63 4.77 4.64 2.6
51 4.58 4.61 4.88 4.80 4.72
Bg 4.73 4.78 4.83 4.87 4.80
ko 4. 51 40 58 50 02 4. 6" 4. '70
ky 4.68 d4.71 4.78 4,67 4,71
ko 4.71 4.72 4.68 4,97 4,77
Hoan ‘.63 4067 4-83 4.?7 ——
ok k& toan
5o 4,62 4.60 4.75 4,86
8y 4.7¢ 8.68 4.70 4.72
Sa 4.71 4.84 4.85 4.80
Mean 4.70 4.71 4.77 -
C.D. (0.05) for lovols of P 0.1046
Cole (0.05) for lovels of Kor S = 0.0805
C.D. (0.05) for combinations of P and X
or combinations of P and 8 = 0.1815

c.n.

(0.05) for cowbinations of K ang &

= 041570
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5 1d of on _nedg

Tho datn on tho ylold of grech pods obtained in
all tho odght hnrvonts woro analysod Sceparatoly nnd the
analysis of variatico tables arc given in Aopondices VII
to XIV. "ho pooled dnta wac also annlyced ard the analysis
of varinnco tablo 40 prosonted In Appondlx %V, Tho xoan
violds of pooled datn calculated por Liectaxe hasic ame
givon in Table S.

Tho analycis of varianco tables have chown that
nono of tho troatmonts oxcopt tho offect of opacing in the
first harvost, was significant in thoir offocts. The data
oh pooled mnnlysla hiave also shown that tho offect of
noithior phosphorus nor potash was cipnifieant in inerossing
tho yiold of greon pods, Tho 4ifforont spacings alco 414
not cignificantly influcreo tho yiold but the highost yilold
was rocerded by closost opacing (so).

The intoraction effects woro also not oigniftcant.

6, Yiold of hnulm

Tho analysis of varimneo tnblo on tho ylold of
hauln por plot is progsontod in Appondilx XV1. Tho mean ylold
of hnulm por plot calculated on o por hoctaro bnois is
givon in Table ©.



TARIE S
HMean yiold of gxoon pods in kp/ha (total of oight harvosts)

-a

43

Lay v

LBRARY % 3
*‘“w

Po Py Po Py Mean
Sp  ©2345.012 2617.37E 2354.679 2626.745 2485.454
5;  2364.840 2461.425 2431.583 2448.082 2425.485
8p  2058.725 2000.070 2501.260 2163.888 2203.490
ko  £186.474 2233.174 2005.070 £313,174 2234.225
k;  2286.260 2463.412 2BIB.649 2965,950 2483.570
k;  2294.840 2072.297 2263.807 2660.602 2397/.:5%
Moon 2255.527 2380.627 2420.177 2412.908 -~
Xy k, k, Hoon
%, 2084.284 2671.664 2700.411 2485.454
s 162,793 2636.007 2480 650 2426.485
8, 2455.508 2143.031 2011 B4L 2203,490
Mogn  2234.2256 2483.570 2307.636 -

8.E.
S.E.
s.E.

s.E.

for lavols of P
for lovols of XK or 5

for combinations of P and X or
corbinations of F and S

for cocbinations of K and &

139.009
120.385

220.776
208.514
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TADIE 6
YHoan yiold of haulm in kg/hn

by

Voan
Po Py Py Py
50 763,004 1121.826 1958.332 1084.918 1007 042
g4 GS9.000 B800.475 928.885 9O57.148 868,637
8g 582,776  587.209 £849.899 757.142 685,804
ko €37.209 £00.523 845,237 004,761 790,204
kl 644,047 D03.570 1110.842 891,270 850.670
ks 734.528 886,508 870,237 1003.178 873.600
Honn 671,950 B86.530 945.104 §33.066 —-
lco kl k2 Hoan
80 888,329 1182,318 1010.,413 1007.042
5y 720 237 805.618 G80.0566 BGR.G37
89 788,885 G41.071 G30.355 ©FG.804
Heon 799.204 8B2.670 £73.609 -
C.. {0.05) for lovolc of P = 200.716
C.De (0.05) for lovels of Xor S = 173.819
C D. (0D.05) for cosbinntions of P and K
or coeobinations of Pand 8 = 347,647
C.D. (0.05) for combinntions of Kard 8§ ~ 301.069
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It 1c soon that tho effoct of phosphorus on
tlo yiold of haulm wac not significant. Tho offoct of
potath was also not found to bo signifieant. Howovor,
spacing has contributod to significant incronso in tho
yield of haulm. It 15 soon thet s, and 6, Lavo brought
havo brought about significant increasec io tha ylold of
haulm ovor oy ovonthongh oy and s; woro on pars The

interaction offocts woro also not found to bo significant.

B. Chomieal nnnlysis

Tio data rolating to chomienl analysis of ceoil,
pods and haulnm woro statisticnlly analycod. Tho rosults
arc furnishod bolews

1. Ik cont.ont Soll

Tho datn on tho nitrogen contont of coil tukon
on tho §0th day nnd at the tiro of final harvost woro
analyced and tho annlycis of variance tables are given
in Appondicos XVII nnd XVIII rospectivoly. Moan valuos
of nitrogon in porcontege are givon in Tables 7 and 8

rospoctivaly,

1t is soon that tho offoct of phosSphorns was
signifiennt in the samples collocted on tho S0th dny.



TABIE 7

Hitrogon content of soil (in porcentage) on SCth day

44

Py By Py P3 Yoan
8; 0,0683 0.0717 0.0722 0.0722 0.0711
32 0.0682 0,0715 0.0722 0.0722 0.0710
ko 0,0674 0,0715 00,0722 0,0721 0.0708
¥ 0.0688 0.,0719 0.0723 0,0724 0,0713
kg 0.0625 0.0720 0.0723 0,0724 0,0715
ko kl ko Mean
Bo 0.0710 0.0715 0.0718 0,0714
sl 0.0707 0.0712 0.0714 0.0711
Ba 0.0706 0.0711 0,0714 0.0710
Hoan 0.0708 0,0713 0,07156 0.0000
CoDe {0.05) Tor lovols of P = 0,000238
C.D. (0.05) for lovels of Kor 8 = 0,000816

CaD. (0.08) for combinations of P and X

or combirations of P and 8 = 0.00163

CoDe (0.05) for cozbinations of K and 8

[i]

0.00141



TABIE 8

Nitrogon content of Soil (in porcentage)
at tho time or final barvest

47

P P Py Py Yean
gp 0.0719 0.0720 0.0720 0,0721 00,0720
So 0,0718 00,0713 0,0719 0.071¢ 0.,0719
kg 0.0718 0.0720 0.0720 0.0720 0.0719
ko 0.0719 0.0720 0,0719 0.0%720 0.0719
¥oan 0.0719 0.0720 0.0719 0,0720 -
k ka Monn
Bg 0.0720 0,0720 0.0720 0.0720
51 0.0720 0.0719 0.0719 0.0719
Yoan 0,071 0.0719 0.,0719
CeDs {0.05) for lovels of P = 0,0000999
C.D. (0.05) for lovels of KXor § = 0,0000856
C.Ds (0.05) for coxbinations of P and X
or combinations of P and 8 ~ 0,0001733

C.De

{0.05) for coxbinationc of X and 8 = 0,0001509
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Signifieant inereaco in tho nitropon contont of Soil was
brought aboit by treatmonts pq, Py and ps ovor no phosphorus
treatmont, ovontlough the difforonco betweon tho lovols

was not signifieant. Tho difforent lovols of potash and
spacingc wore not offoctive in making any cipnifiecant chango
in this rcspoct. Howevor, a Slight increaso in nitrogon
cortont lns boon rocorded by op Spacing.

Tognming tlo data at tho tiro of final harvest,
it 1g seon that noithey phospborus nor potash has offocted

any signifiennt change in tic nitrogon contert of coil.

Amonug spacings, 8g alonc has shown significant

ineronso over 83 and 8oy while 8y and Sp are on par.

Nono of tho intoractions was found to be
significnnt,.

2. Availnblo phosohoruc contont of soll

Anzlysis of variance tablos on the availlablo
phosphorus contont of Soll takon on 50th day and at tho
timo of final harvest arc given in Appondicos XIX and XX
rocpoctively. Moan valuos arc givon iln Tablos O and 10.

It 1s coon that effocts duo to Py Ky S and

intoractions worc found to be significant. %ho data on
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50th dny indieato that ineroncontal dosos of photphorus
havo chown highly signifieant progroseivo inerease in
available phosphiorus contont of soil. Hoan valnes for
difforont lovels of phosphorus are 66.33, £0.00, 110,67
nnd 116,67 1b roopectivoly for Por Pyr Pp and Pye

The offoct of potach was also significant at
nll lovels. Moan valuos for Aiffeoront lovele ara 74.83,
101.33 and 104.83 1b yoopectivoly for kg k:l ond kg.

With rogard to spneing, Bpy the widost spacing
has oignifieantly incroascd tho availablo phosphorus
contont of Soil over tho othor two opacings. Thoro has
boon a 9igrificantly progrossive incronce from 8, to Gge

Tho differont combinations and intoractions wero
nlso found to bo significant.

Fogamdirg tho availablo phosphorus contont of
s0ll at the tino of final hamwost, it iz scon that dAifforont
lovols of phosphorus have offoectod cignificant ineroase in
this rogpact oxcopt Py which hns wecorded a oignifieant
roduction in tho available phosphorus ecntent ovor Pge

In recpoct of potash, k; has given significant
increnso ovor iy, while ), hso shown significant roduction
fron kl'



TABIE O
Avallnble phosphoms contont of soll (P 1b/aere) on SO0th day

5u

Po P Py Py Hoon
8¢ 64.67 a7.33 84.00 02,67 B2,17
8y 51.33 83.33 138.67 116.00 97.33
8o 80.00 69,33 109.33 147.33 101,50
kg %1.33 73.33 102,67 §2.00 74.82
kl 44.00 91.33 131.33 138.87 101.33
k2 £0.67 75,33 88,00 165,33 104.83

Hean 65,33 80,00 110.67 118,67 -
ks 5 k2 Hoan
’O 44.00 62.50 110,00 82,17
8y 103.50 124.00 64,50 97.33
¥oan 74.83 101.233 104.83 -
C.De {0.05) for lovels of P = 3.447
C.De {0.05) for lovels of K or S - 2,978
C-D. (0.05) for cobinatton. of P and K
or coxbinations of P and S = 5,977

€.De (0.05) for combinations of X and 8

5,161



TAIIE 10

91

Available phospborus eontent of soil (P 1b/acra)
at tho tino of finnl haivest

Maan
Po p bJ Pa
So 8‘.00 106.6" 91033 1&.00 110-04
8y 82,67 79.33 134.00 78.00 93,50
8g 77.33 108.67 183,33 112.67 120.50
ko 88.67 115,33 162.00 84 67 112.67
k1 76.00 118,67 122.G% 195,33 128.17
ke 79.33 60,67 124,00 68.67 83,17
Moan 81.33 £8.22 136.22 116,22 -
kg ky ko Hosan

) 78.00 179.00 73.00 110,00

8 135 00 75,50 70.00 £3.50

S 125.00 130,00 106,50 120,50

Honn 112,67 123.17 83.17 -

C.D.
CD.
CeD.

ch.

(0.05) for lovols of P

{0 05) for lovels of X or 8

{0.05) for conbinations of P and K
oF ¢o binztions of P and 8

(0.05) for ecmbinntions of K and &

7.425
6,446

12.892
11.158
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Tho offect of Spacing has boon signifieant In
this ro~poet. Howevor, 8y ha. rocorded clgn ficant reduction

and B,

in the available phocophorus eontont of soll over SO o

3. AV bio b _cont-ont of coil

The data on tho avallablo potash e.ntont of sopil
takon on tho E0th day woere analysed rnd the annlysic of
variwneo tnblo is prosonted in Appondix XXI. Tho moan
value of avallnble potash contont are givon in Tablo 1l.
Tho datt on tho avallable potash eontont of .oil taken
at tho time of finnl harvest wore not analysed as it was

found to bo tracos in all ¢treatmonts.

It ic noted that Py» Py and p.;hnvo significnntly
roducod the avallnble potash content over Pos whorcas Py

and Pg wore on par

Contrary to tho abeovo, highost lovel of potash,
viz , k; b3 ircroased tlhio available potash eontent of
soil .ignifienntly ovor ko and kl, whilo ko anad kl wore

on par,

Fogarding spacings, cg hns offoctod I1pnificant

ineroasc in avalloble potach content ovor gy and B¢

%ho difforont combinations and interactions wore

a?so cignifient.



THIE 11
availablo potash contont of soil (K Ib/acro) on 50th day

aﬁa\‘

93
N
[

Po Py Py P3 hean
BO £28.17 28,17 16 33 12,33 21.25
8, 32.67 8.33 8.33 7 00 15,538
Sy 25,33 24,00 28.00 33.33 27.66
ko 44,00 12,17 8.33 17.80 20.80
ky 20,17 13.50 20.17 26.83 20.16
2 28 00 34.83 24,17 8.33 23.83
Hoan 30,72 20.17 17.55 17.55 -
kl kg Hoan
so 12,37 22,12 29.25 21.25
51 22.12 12.37 12,25 15 &8
So £27.00 25.00 30.00 27.66
Hean 20.50 20,16 23.83 -
¢ b, (0.05) for lovels or P - 1.656
C.D. {0.05) for lovels of X or S = 1,434
CD (0 05 for combinations of P and K
or combinations of P and S - 2,870

C.D. (0 05) for combinations of K and §

2 48B4

™

~
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4. Hitryomon contont of wvode

Tho data on tho nitrogon contont of groon pods
havo boen énalysed d tho analysis o1 variance tablo 19
givon in Appondix XXII. Table 1B sumpnrigos tho porecontago

nitrogon content of pods under cach troatmont.

Pogules caowed that tho highor lovols of phocphorus
woro signifieant over no phosphorus trontront in incroasing
tho nitrogon contont of pods. Nut the difforoncos botwoen
taaso lovols, vig., botwoon Py md pgy and pg and pg woro
not statisticnlly cipgnifieant.

It is coon that kl has .ignificantly incroa~od tho
nitrogon contont of pods ovor Mgy. At ks lovol, thoro has
beon a roduction in nitrogon contont which 1s also
significant.

Bpacings did not effect any chango in this respoet.

Ameng intoractiong, pk interqction was statistieslly
significant. pyk, corbination hat rocorded 4.5%0% of
nitrogon, which was tho highest value neong the difforont

combinations of p and k.
6. Eltromon contont of baulm

Analysis of varianco iz givon in Appondix XXIIX
nnd menn valuoS aro prosented in Tableo 13.



TABIE 12

Percentage of nitrogon in peds

20

Y¥oan
P Py Py Py
Bo 4.458 4.497 4.479 4,555 4,497
By 4,423 4.525 4,526 4,538 4,503
92 4.419 °4,493 4.682 4.5°7 4,505
ko 4.423 4,478 4,549 4.493 4.487
kl 4.416 4,500 4,638 4.572 4.527
k2 4,462 4,446 4.503 4,551 4.491
¥onon 4.438 4,505 4.529 4.540 -
ko kl kz hoan
8y, 4,403 4.605 4.411 4,503
Sp 4.550 4,466 4,420 4.508
Hean 4,487 4,527 4.401 -
C.D. (0.08) for lcvols of P 00,0808
C.D. (0.05) for lovols of K or 8 = 00,0353
CePe {0.05) for cocbinations of P and X
or cozbinations of P and § = 040893

C.D., (C.05) for corbination~ of K nnd 8

= 0.0512



TABIE 13
Porcentago of nitrogon in hanlm
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Hean
Do Pl P2 93
80 2.369 2.417 2,473 2.613 2.443
81 2.363 2.474 2,497 2.4G9 2.451
8y 2,393 2.443 2,488 2,523 2.462
l:a 2.353 2,481 2.500 2,488 2.445
kl 2.342 2.482 2,487 2,523 2.459
kg 2.430 2,411 2.471 2.497 2.452
Koan 2.376 2,445 2,486 2,502 -
Hoan
By 2.413 2,438 2.479 2,443
8y 2,464 2,494 2.394 2.451
85 2.457 2,444 2488 2.463
Moon 2445 2.459 2. 452 -
CoDe (0.05) for lovels of P - 0,0116
C.De (0.05) for lovols of K or 8 = 0,0102
CeDe (0.05) for combinntions of P and ¥
or combinetion. of P and § = 0.0499

C.D. (0.05) for combinnticns of K aund §

= 0.0175
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It ic seen that tho offeet~ due to p, k, 5 and

intoraction~ wero signifiennt

Phouphorus levols have contriiuted progre sively

«fgnificant incronse in the nitrogon content of haulm

kl has boen found to be signifiear tly suporder
to l:o, whilo }:2 ha recorded a slight deocrea.o 1n nitrogon

content ovor kl

Rogaxd ng spnelrg, 85 hac boon signifieartly

~upe:lor to 5, and 89y vl 1le 89 ond §; ver on par

The difforont intoractions wore al.o found to bo

significant

6 Phosnhormc contont of podc

The data on tho phosphoruc cmntont of pods wore
analysed and tho analysis of varlaneo table ic given in
Appondix ¥XIV. The avorage valuee of nitrogen in percen-

tage are glvon in Table 14.

It is ovidont from the analysic ef varinneo tablo
that all the trontmontc and interaction. wore highly
sipnifioant.

8ignifiecant inercase in Lho phoSphorus content

was noticed with incromental docos of phosphorus applieation



TABIE 14
Porcentage of phogsphiorus in pods

Py Py Py Py Mean
5, 0.537  0.653 0,517  0.583 0.547
s, 0.496  0.566 0,580  0.583 0,550
85 0.496  0.556  0.589  0.549 0.587
Ky 0.503  0.500 0,542  0.503 0,637
&y 0.470 0,606 0,563 0,563 0.550
' 0,556  0.529  0.590  0.590 0,566

¥ean 0.510 0.568 0.685 0.572 e

ko lﬁ k2 Hean

8y 0.476  0.632  0.633  0.547

Ey 0,578 0.618 0. 423 0.559

8o 0,858 0,503 0.683 0.547

Moan 0,537 0.650 0,566 -
C.Ds (0,05) for lovels of P = 0.00159
Cule (0.05) for lovels of Kor 8 =  0.00139
CeD. (0.05) for coxbinatiocas of P nnd K

or comhinntions of Pand 8 - 0,00277

i}

CeDe {0.,05) for conxbinations of K and 5 0.00241
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Rogarding potash,kl and kz havo significantly
inercascd tho phosphorus content of pods over ko lovol

The inercnso noted at kg ovor ky was also cignificant,

It ic soon that on y tho middle lovel of spaeing
viz , 5; has offoetod Incrongo in phoSphorus contont of

pods ~ignifieantly, whilo the 5o and Sy Wwere on par.

All difforent intoract ons wore alco founi to be

signifiennt.

7. Bhesphom~ contont of haunlm

The data on tho phosphorus content of hnulm wore
analysed and the analysis of varinneo tablo is pivon in

Appondix XXV  Moan va'uoc are given in Table 15.

It 15 obsorwed that sipnificant lneronse in
phosphorus eontont of hnulm ha. boon brought about by
incremontal dosos of phosphorus, Pa las incroncod tho
plhosphorus ecntont of haulm to 0.286% from 0.E61% undor no

phosplhiorus troatuwont,

Progressively significnnt ineronso in phoopl orus
econtont of haulm was brought nbout by tio graded doses of
potash alro. The highost lovel of potash ha~ rocordod
0.2937 pho~phoru., wh le It is only 0.251% undor ne potash

treatmont.



TABLE

5

by

NG
«  JRAW = ¥

T

Porcontage of phosphioruc in haulm

po 92 Hoan
BO 0.248 0.272 0.2681 0.851 0.260
sl 0.274 0.286 0.275 0.284 0.280
Eo 0,282 0.2856 0,303 0,313 0,286
Ito 0.217 0.246 0.230 0.281 0.251
ey 0,276 0.202 0.268 0.281 0.282
ko 0.291 0.285 0.311 0.286  0.293
Moan 0.261 0.274 0.280 0,286 -
ko kl. k2 Moan
:lo 0.239 0.270 0.272 0.260
81 0,257 0.288 0.2904 0,280
8y 0.256 0.2387 0.313 0.286
¥oan 0.251 0.282 0.293 -
C.D. (0.05) for lovolc of P 0.00116
C.D. (0.05) ror lovels of KX or 8 0.00102
CoDe (0.05) for combinations of P and X
or coxbinations of P and S 0.00204
€.D. (0.05) ifor combinations of K and 8 0.00175
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Signifiecant incroaso in phosphorus contont of
baulm has beou recorded by widor spaelings, viz., sy and
Sy OVOT 95. Tho difforonco betweon 5, and §; amd 5, and
82 hns also been found to bo significont.

All intoractions havo boen found to bo
cignifieant in thoir offocts.



DISCUSSION




DIBCUSSION

An oxporisont to study tho porformanco of Co.l
labeindb (Ottunochni) undor graded doses of phosphoruo
and potach at difforent spacings was conductod in tho
farm attachod to tho Agricultural Collego and Fosoarch
Instituto, Vellayani.

Tho effeets on tho varicus biomotric charactors
ns woll as ylold wore studlod to agsess how best oach
attributo has beon influoncod by tho treatmonts. Tho rolen
of npplied phospborus and potach on thoso chavactors woro
nlso agaosscd,

Tho Tosults obtainod from tho prosont study on

tho nbove factors aro digecuscod horoundor.

A. Biomotric obsorvntions
1. Hojsht of planks

AS evidoneod from Tablo 1, phosphorus did not
Significantly incroago tho hoight of plants, though highor
lovols of phosphorus showed a tondoney to increago tho
bhoight over no phosphorus. The lack of rocponze for graded
lovels of phosphorus was not duo to tho unavallability of
phosphorus as indicated by the data on 2oil analysis
(Inblo 9). Black (1957) has reportod that tho role of
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NS ¥
phoophorus 1s moro towards the dovolopmont of productive
atiributos rathor than the vogetative charactoristics of
tho ecrop. Hence, any vido varintion cannot be oxpected in
tho observation on hoight with inerease in phosphorus
applieation. Soil analysis data of tle control plet have
shown that ovon without phospherus application, plants
vere able to dorive their yogquiraments from tho nativo
phasphorus. It has been roported by Fahoja (1956) that
1cguninous erops like gram and pigoon poa are able to tap
the subsoil phosphorus pretty offoctlvoly with their dcop
root systom,

%ho cbservations on hoight in tho prescnt stady
aro 1o conformity with theo result obtninod by Bimkla (1084).
Hair (1666) has altc cbtaincd Similar rosults in cowpes.

Ho significant incroasc in the hoight of plants
was obtained by difforent lovols of potash also. Experiments
cornducted by Fong (1964) chowed that potash did not inerense
the height of plants significantly. Potash ac an olomont
thnt hastons the motabolic process in plant Should have
rosponded well to ineroaco the hoight of plants. Howovor,
the daote (Taoblo 11) on Soll mnalycis have indicatod that
tliore vas no cubstantianl difforenco in the availanblo potash
contont of ceoll betwoon the different lovels of potash
oxcopt at tho highest lovel of application. Tho 345 ma, of



rainfall roccivod during tho first week of application
wight havo resulted in tho legching of n good proportion

of applied potash. fTiug,tho applied potash might not havo
boen available for erop growth fully and henco tho lack of
rocponse for petash. Buckman and Brady (1230) hava obsorved
thnt unliko nitrogon nnd phocphors cuchk potascium is lost
by leaching,.

It 15 nlso seen that spreing~ did not have any
~ignificant effoct on hoight Tho variation in spaec ng by
its imuonco on changing tio nutriont avallability affoet
plant charactoristice The reasons givon for tho lack of
rosponso for helght by tho application of phosphorus and
potash hold good also for tho absonce of rosporse noticod

to spacing.

2. Earlinosg in figsoring

Phosphorus and potash did not have any significant
offoet iIn inducirg carlinos 4in flowering. 15 .an boen
discus od oarlier, tho lack of rospensce for appl od plwspho-
rus ot thits charactor ean bho attributed to tho Inheront
eapacity of leguminous plant to utiliso subsoil phs phorus
to satisfy the rogquiroments inm fall,

Tho loaching logs that might havo occurrod duc to
tho hoavy preeipitation (Appondix II) rocelvod during tho
£irst wook of applieation might have contributed to lack
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of respense for potach., Turther, potnch 1s not roported
to axert maech influenco in indueing earliness,

The sbscneo of significant rosponse for spacing
on this chametor can bo attributed to tho avallability of
sufficiont native phosphoms (Table 9) whieh 1s tho main
factor that influonces carliness,

8. Luvhor of pods vor pinnt

It i ovidont frem Tableg 3 that grded dosos of
phosphorus did not signifieantly inerease tho nuwbor of pods
per plant. Rowover, tho highor levols bavo offocted a
glight incrosse in tho nusbor of pods per plant ovor no
phoophorus treatmont.

Tho data on tho phosphorus uptake have Jhown
significant incronso in phosphorus content of the plant
vith graded doses of the matriont (Fables 14 apd 15).
Howover, a corrospending ineroase in tho ylold was not
notiecd, Thno it can boe seon that tho lack of signifieant
increate in tho nuwbor of pods per plant was not due to
ncnavallabllity ard uptnko, bat phosphoms beyond a cortaln
lovol in plant doos not influenco initinticn of flower buds,
It ean, theroforo, bo presuwmed that inercaco in tho uptake
of phocphoms boyond a eortain level only inervasos the
phosphiorus contont in plents, Howvaver,; the nddition of
phosphorus to inereaso tiie nuzber of pods per plant eannct
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bo cozpletoly ruled out, since n trend to ineroase the
yiold with increaced phosphorus lovols hat boon noticed.

It would, thkorefovo, Scem that the optisum roquircment of
phiosphorus will be come whore slightly sbove that 15 noticed
in tho control plod, but lowor than that of tho othor
trentzonts,

Potash also followed tho same trend ac shown by
phosphoms, Similar lack of rosponso :10F potssh has boon
roported by Vijayakumar (1907) undor tho soro agro-climatie
ecnditions. Tho lack of rosponso for potash mipht be duo
to tho lonching loss of a good proportion of applied potash
duo to tho hoavy precipitation occurrod during the first
veek of application.

From tho moan toblot 1t can bo geen that 40z35 ca.
spacing was cignificantly superior to othor two spacings.
This i in conformity with the rosults obtainod by Son and
Jana (1880). As covidenced from tho difforential xuSponse
(Tables 12 and 14) noticod in tho uptakc of nutrionts 1t
may be ascumod that it 15 not the absorption of nutyrionts
that has brought about signifieant offoct of cpaelng in
incrensing the mamber of podt por planty but tho more
offlcicnt utilication of absorbod nutrionts uodey widor
spacing. Inercace in tho donsity of popualation lords to
overcrovainy and sutual ghading nnd thoroby funetional
loaf amea gots reducod. In widor spacing, chances for wutusl
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chading is much loss. Mere functional loaf 4ron lod to
the more cificlont as imilation of tho aboorbod nutrionts
resulting in the highor numbor of pods por plant undor
widor spacing.

4, Jonsth of pods

An oxampinntion of Tnblo 4 yovols that only
phosphorus and spacings bavo shown significant inereaso in
longth of pods,

It 15 soon that application of phosphorus at
50 kg. P205 por heetarc significantly ineronsed the length
of poda, when compared to no phospborus troatment. But tho
difforence botwoon 50 and 75 kg. por heetaro was net eigni-
fiecant, HMoroover tho incrpaco in longth of ped attributed
by 26 kg. Paos por heotaro ovor no pho~phorus trontment was

nlso not significnnt.

Phosphorus 18 an ossential part of the nuecloo-
protein which hastons mitotie coll divi~ion (Black 1957).
~ho Inereacc in longth o1 pods notiecd in tho present study
by hlghor lovels of pho phorus ¢an be attributed to its role
in coll division. Tho rosults aro in conformity with that
of haly (1966)

Potnosium has not offoeted any ~ignifleant chango
in pod length, Vijaynkumar (1867) also has roported similar
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rosults undor the samo agroclimatic conditions.

Among the difforent spacings, 40 x 35 em. has
boen found to bo scignifienntly suporior in this rospect
ovor tho eloc ost spaeing of 40 x 15 em A~ has boon
discussod oarlior, tho incroased functional loaf arca of
widely spaced plants might have enhanced the ascimilation
nnd utilisation of absorbod nutrionte and honco the signie
ficant cffoct.

6. Yiold of groon pods

Tho data havo shown that phosphate application
did not havo any significnnt offoct in incroasing tho yicld
of pods No signifieant offect of phouphorus wn. obtained
in any of tho eight harvosts or by poolod nnalysis of the
data., Tho results of this oxporimont agroc with tho rosult
obtainod by Agnrw@al and Vorma (1951) in sonnhomp. UDosal
at al (1967) arrived at tha cenclusion that phosphato
applieation to greon manure crops 1ln candy loawms with an
availablo phosphora~ contont of 50 1lb. or aboveo had no
bonoficinl effects in inceroasing tho preduction of groon
mattor. Tho laek of ro~pense in the ylold of groon nods
in tho protent invostipgation can bo astrituted to tho high
stntus of availlable phocphorus in tho codl w!ich 1s found
to bo 96 lh. por acre,
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The lack of response for phosphorus in tho pooled
analysis is to bo oxpocted, since phosphotus did not have
any significant offcct on tho nuzber of pods por plant
{Tablo 3). It may also bo notod that thorn wno significant
difference in total phosphorns absorption by tho cxop. As
has boen digeuncced carlior, tho incroasced phosphorus comtent
of plant above a certain lovel was not benoficial in
ineroasing tho yleld. It might havo hoen utilised only
to inecrosase tho phosphorus ceontont of pods,

D obsowwation on the danta of individual harvests
indiented that phocphorus did not hnvo any significant
offoct at any of tho harvost, which again shows that tho
available phosphors in the seil is cufficicnt to moet thoe
roquirezonts of plants. Tho fact that awvallable phospborus
hns not shown substantinl redection cvon aftor a loguws crop
of four months durst'on indicates tuo capzcity of logumo
to mako svallable tho nativo phosphorus and thsreby meet
its rsquircments. Tho obsoxvations of tho present ctudy
aro in conformity with that of hahieja (1966), who roported
tLo capaclity of lcgumes for inereasing tho availability of
8011 phosphorus.

It 1o ovidont from the data that graded dosos of
potash have no .ignificant offoct on imeroising tho yicld
of pofit. Sen and Kavitkar (18960) whilo studying tho
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offoet of potach on crops in Pusa, porzanont monurinl
oxporimont (I'ow Sorics) havo commended “the yosponso of
potach as judged from the yields of malzo, onte, peas,
whoat and gran was nonsignificant ovor control®. Tho reason
for luck of roSponsc to potash according to Sem ot al (1249)
vas that crops mirht bave obtaibed thoir potasslum
roquiromonts from tho non-exehangonblo portion. The lack of
raspongo for applicd potash in thp prosent invostigntion
may bo duo to tho faet that crop might havo obtained its
requiromonts fros tho noneoxchangeable portion of tho goils.
Anothoer roason that could be attribnted to the lack of
rosponse 15 tho loaching loss of a good proportion of potash
1mzediately aftor application as cvidenced frem the
moteorologienl obsorvation (Appendix 11).

Variation in spaeing did not have any significant
influence on tho ylold of groon podc as cvidonced from tho
dgta on pooled analysis. Varintion in spacing by its
influcneo on changing tho nutricnt uptako por plant affect
tho plant charaetoristics. Tho obgorvation that tho native
phosphoruc and potash eould supply tho roquizements of
plants explaint in part the yeason for lnek of rosponso to
spacing. Tho Suporiority of wider spacing in producing
8ignificontly bighor nucbor of pods por plant, and
ineroaced pod loagth might have boon offeot by a large
nuzhor of plants por unit aroa in closoly spaced plote.
Importanco of high plent pormlation for highor yicld ovor
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lower donsity has boon ctrosced in erojs liko paddy by
wor£or- liko Tanakn gt nl (1056) and Nair (1958)
Burut ot 5]._ (1867) in .oyboans nnd Culteliffe (2967) in

snapuheans obtalned results 1iu savour of closor spacings.
6. a 1]

Ac ovidonced from tho data, phosphorus was 1ot
found to offcet any signifie~nt chango in tho yiold of
havls  Similar result. wore obtaincd by Agawial and Vorma
{1951), Dosal gt al (1957), Rolwapy and Ganpuly (1969) and
fno ot gl (1802) in ome groen manuro and foddor crops.
Tho fact thnt noither haulm, nor pod has been incroased
with addition of phoophorus further econfimms that under
normal conditlons of .oits suffielontly riech in phosphorus,
plants ean do woll on tho native phosphomus.

The effeet of potash was also not ~ignifionnt,
whieh might have becn as discus~od earlicr, duo to loaching
los o8 ns woll ns the capaclty of tho plant to utilise the
nonoxchangeable potash of tho ~0il as stated by Son ~nd
Kavitkar (19 0)

It 1o coon thnt tho offoct of spacing has boon
significant in increaring tho haulem yicld %ho closor
gpacir g’vm., 40 x 15 cms b1 rocorod maximm ylold of
haulm A9 soon from the rosult , ruobor or plants per

unit aron was the eritorion in deeciding tho yiold of haulm
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Tho numbor of plants in each plot was 350, 210 and 150
undor 40 x 16 e 4, 40 x 26 c@ and 40 x 35 cm  Spacings
rospoctivoly "hus it may be soon that tho clese~t spneing
hags necemmodntod more than doublgﬁgumbor of plants por

unit aren as compared to tho wido t spacing. Thi. increonsed
population por unit arca has rosulted in increasod haulm
yiold

B Chomicenl annly-is
1 n_cantont of sol

Data on oll 4nalysis hing shown that phosphorus
had cignificant offoct in increacing tho tot~1l nitrogon
content of soil on 50th day.

It 1. soon thnt soil nitrogon has beon incroasod
from tho original status (0.071%) in all treatments excopt
in the control, wore a roductlien has boon noticod
Phosphorus eoxort. stimulatory effect on symbiotic microorgn-
nisms in tho roil, which in associntion with loguminous
crops fix atmo.phoric nitrogon and thus enrich the soil
Alloc (1968), Sikka and Jnain (1958), Izawz nnd Ckomoto
(1959), Lin (1959) ard Madaliar (1960) obtainod rosults
in favour of phosphorus application for inereasing nitrogon
contont of tho soll In the control plot tlis oxtra
stimlatory offcet 1y tho added phosphorus was lacking

rosulting in soverc compotition botwoen the microbe. and
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growing plants for tho availnblo quantity of nitrogen in
tho seil. This may prebably bo tho reason for rocording
a roduction in tho nitrogen contont of tho soil in tho

control troatmonto.

Though tho effoet of opacing was not cignifieant,
inorcacod nitrogon contont was noticod in plots whore
closor Spacing wac adoptod. Tho incroasod facilities for
syzmbiocis provided by larger numbor of plants por unit area
wight have rotultod in greator fixation of nitrogon in tho
soil.

Dnta rogaxding tho nitropgon contont of soil at
tho timo of final harvost (Table 8) chowed that spncing
alono produccd signifieant offoct in this rospoct and that
too only at 5% lovol. Iliitrogon content of all the treatmonts
hac boen increased from thoe original status, although at
varying degreos. As tho growth of plants advanecd, scmo
of tho unavailable subsoll phosphorus has boon mado availablo
by tho nctivity of doop root systom in tho logumo crop.
Data on tho availablo phosphorus contont of coil takon at
tho time of final harvest rovealed that cemo subsolil
phogphorus has boen mado availablo (Tablo 10). Thus as tho
growth advancod, sufficiont quantity of phosphorus was mado
avallablo which in turn holpod to enrich tho coil with

nitrogon, as has boon discus od proviously.
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This Inecreasod availability of phocphorus by
tao activity of logurmo crops 2rrospoctivo of tho levol of
adfed phosphato may bo one of the rosscns for not cbtalniug
signifiennt inercase in yield duo to ineremental doses of
phosphorus.

Vhen eonditions relating to nutriont availability
is almout identical, difforence in nitrogen content of sell
can be brought about only by the intensity of syrbiotic
microbinl populaticn which is dircetly controllod by tho
plant population per unit area. Censoquently, whore woro
nucbor of plants h~vo boch accomrodnted the soil hns
rocorded signifiecantly bighor content of nitrogon. The
closest cpacing, viz., 40xl5 cm. in the prosent invectigation
accommodated mora thon double tlo nabor of plants as that
of widost spacing (40x35 em.) and honce the highor
percentage of nitrogen in the closest spacinge.

2a 1o | [<] £ &

The reocults on tho availnble paosphorus conitont
of soll taken on SOth dny showed that tho dirferort lovels
of phosphorus werc not only significautly suporior over
ne paesphoru. troatment, but signifieant botweon theomselvos
alcg. This 1s in agycoment with the results obtaiued by
Bains (1967). Valora (1852) ~howed inexenced pho-phorus
contont by tho applieation of suporphosphato to solls
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norually high in avallable phoophoras It 1s ween that
oxcopt Iin control and the lowost lovel of appliod phespho-
rus, all tho othor lovelc incroasod tho available pho-phors
contont of Soil from tho original stntus of 96 1b por acre
Tho depression 4n the available phosphiorus contont in tho
control nd lowest lovel of added phocphoru may bo duo to
inerensed uptanke by the plant in the oarly poerlod of growth
couplod with bigh bacterial utilisntion.

Availablo phosphorns contont of Soil was incroased
in plots roceiving highor evols of potasa also. But at kg
lovel o clight deerpase £rom tho originnl stntus hau boen
noticod., Potash 11~ been roported to increase tho biochge
miesl renetiont of tho plants (Black 1957) 7Though a good
proportion of potash hiad boon washed off, the rommin‘ng
quantity of potach might have inecreased the ability of
plants ao woll ao soil bactoria to lneronso phocphato
availnbility

Rogarding cpacirg, tho widoct spacing hns yocoxded
highoot content of avallnblo phosphorus which is highly
«ignifieont over tho other two cpacings. Tho middle
spacing (40x25 cm.) was also significantly .uporior to
lowest spacing (40x 15 em )  The offoct o: spaeing on tho
available pho phorus ccntent 15 in agrooment with tho

goneral bohaviour of plant Vhen plantc per anit area 1o



lo8o, loos of mutrients on acconnt of uptake will be loss
and consoquently nutriomt statuc of tho soil will bo high.

Data on tho phoophorus content of coil at tho
timo of final harvest Substantiates that deop rooted logumos
aro ¢npablo of convorting tho unavailgblo subsoil phosphorus
into an availnble form. It 15 soen that tho availsble
phosphorus contont of so0il has boon inercased oveon after the
crop has beon harvostod and yezoved., Even tho control plot
hns maintainod aluost tho original statns in »opoct of
availsblo phosphozus. According to Fahioja (1906) subseil
contains pdequate quantities of phosphorns which the deep
rootod erops are nble to tap and mako use of in grovth of
crops. Tho yecult of present investigation cubstantiato
this unique charactor of doop rootod logukes. At 95 kg
Paos por boetaro leovel o significant deprossion in tho
avallable phosphoms contont of the Soll wac recoxded. Oa
a porusal of data on photphiorus abserption prescnted in
Tnoblos 14 amd 15, it will bo apparent that groator amounts
of photphorms wng absorbed frem tho troatment roeelving tho
highost lovol of phosphiorus. Thorofore, this roductson in
tle phocphorus availsbility ean be taken only as a
roflcction of comparativoly highor uptako by tho crop.

Potach at 15 kg por hoctare has significantly
inecroased tho phosphorus content of soil. But at highor
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lovol of potash application, signifiennt reduction in
phosphorus contont has alsco boon notiecd. This roduction
@y bo gttributed to higher rato of aboorption of phosphorus
at highest lovol of potash. This 15 in agrooront with tho
obsorvation of Rsheja (1966).

8ignificant roduction in phosphowns contont of
soil rocordod by 65; spaeing (40x25 cw.) might have boon
duo to tho highor rnte of absorption of phosphorus as seon
in tho data rogarding phosphoyus eontont of pod (Tablo 14).

3. Ayailnblo pofnch content of godl

Tho data on 501l analysic on &0th day rovoslcd
that Ineromontal dogos of phospliorus doercased Libw
avallnbility of potash cignifieantly. The higher lovols
of phoophiorus viz , 50 kg. and 76 kg. por hoctaro havo
rocordod oqual availability of potash., It 18 found that
absorption of any particular nutrient ic largoly controlled
by the doficfoucy or toxicity of cortzin otheor nutricnts
in tho tof1l. Thuo tho avallability of largo quantitios of
aidod phospboris might havo rosulted in inereased absorp-
tion of proportionate amounte o: potassium also. Tho
significant incrcase of availablo potash noticod in tho

eontrol plot may bo attributod to tho above reason
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Higher lovol of added potnsh has rocordod
significantly higher content of availablo potash in tho
coll. This 15 in agrocmont with thoe rosult obtained by
Daing (1967).

Apong spaelngs, tho wildost spaneing {oy) has
rocorded significantly highor contont of avallable potash
in the soil. This con bo attributed to tho roduetion in
tho plant population por unit aroa undor wider spacing
which might havo reducnd tho uptako of potash.

Tho faect that only tracos of availablo potash has
beoon found in tho s0il at tho time of €innl harvect indieates
furthor that n very good proporticn of tie gpplicd potash
hnrs boon loached cut from tho soil daue to hoavy rains and the
availablo potash left behind knas boon utilisod by tho plant
fully.

4. N [ nt of

The data bave indicatod that phosphorms has
ineroasod tho nitrogen contont of pods with incroasing
lovels of 1ts application. But significant ineroaco has
boon noticod only botweon 0 and higher lovols. This might
have rosultod 4n tho ineroased uptake of nltrogon in the
prosonte of phospboruse This is in conformity with tho
findings of Acharya gt pl (1953), Vyas and Desal (1853)
and Shonde and Son (1958). Incroascd protoin content on
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account of phooOphiorus application has boan obtainod by
Parr and Boso (1944, 1945), Parr nnd Sen (1948), Klaro
(1850} and Panoso (1859).

Significant inernaco in tho nitrogen contont of
pod has beon offoctod by potash applieation at the rate of
16 kg« xeo por hootaro., But tLo highast lovol of potash,
viz., 30 kg. por hoctaro hac doprogged tho nitrogen contont
of ped olgnificantly.

Tho favournble offoct of potnsh in ineronsing
tho nitrogon and protoin contcnts of plants hac boen roported
by Albrocht gt al (1948) and Schoffor ot al (1961). Tho
doproc~ing offect of potash at higher lovels of applieation
hins alo boon roportod by Rabiejn (1966) He found thnt
applicntion of largo amounts of murinto of potach to tho
coil reduced tho nboorption of nitrogon, sulphur and
phosphorut and thereby protoin synthosis is also reduced.

Tho difforont Opacingo did not affect nitrogon
contont of pods It can, therofore, bo a~~umed that spacing
effoct 438 not co pronounced so as to oxhibit its offeet on
nitrogon contont. Goldin (196G) and Singh and Singh (1968)
found that opacing deos not infiuenco protein contont of
grain.
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6. Hitxogon contont han

Significant inecrease in tho nitrogon content of
haulm ¥at notod with incronsing lovols of phosphorus.
Acharya {1953) obsorvod thnt applicaticn of phosphatie
fortilisors to logumos incroasod tholy nitrogen contont.
In tho phorphatic menured corloc Parr and Boso (1044, 1045)

observed ineroascd nitrogon contont of whoat ctraw.

Hlighost lavol of potash has slightly reducod tho
nitrogon contont of haulm. 8Similar deprocsing offeet of
potash at highor lovols has boen reported by Wnllaco (1951)
in borsoom whoroin nitrogen content of hay docronced from
3,18 to 2.74% as top drossing mtos of Ro0 increased from
0 to 160 b, por acro,.

Nitrogon contont of haulm incroacod as tho spneing
botwoon plants incronsed, tho highost boirg at 40x35 cnm.
spacing. The closost spacing has rocordod lowost nitrogen
content. Denovan of 21 (1963) roportod that protoin contont
tondod to bo lowor with closor spacingse.

Tho intoraction effeet of phosphorus and potash
was significant in rospoct, of nitrogen content of pods aqo
woll ac houlm, Tho inerence in nitrogen contont of pod
and houlm may bo a fofloction of ineroased symblotic fixza-
tion of nitrogen in tho codl inducod by phosphatie fortili-
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Sation. But tho lovol of phosphorut at which tho signifi-

eant ofioct 185 sorn 1s different. Whilo plk showod

1
signifiecant Incrcato in nitrcgen content in pods, nalty gave

incronSo in nitrogen content of haulm  This difforertial
cffoet of ploophioru or tho nitrogon content of pod ond
haulm mny probably be n rofloction of difforentinl priority
with which tho absorbed nitrogen is utilizsod for thoe protein
synthosis of podc mnd haulm. It 18 quite probablo that

tho roquircmonts of nitrogen for tho protein synthesis of
pods is catlofleod with the troatmont coubination of P1k&qy
and all the oxcoss nitrogon mado available with highor lovels
of pho~phoras has beon utilised for tho protein syntlosis

of hnulm,

6. Pho~rhoms_content of pods

Insrorontnl dosos of plnsphori. havo rocorded
ineroaned phogsphorut content in pods  The frvourable
influcnee of added phosphorus in inerearing tho phorphiorus
content in plant hne boon rocognigod by Parr and Son (1948)
Eochler and Mooro (18BG%); T1pindl gt al (1983), Hardi ot gl
(1965) , Danlol (1966) and Baing (1957).

Signifleant increase in phosphoms contont of pod
haz boen recorded by two highett lovel of potach viz.,

30 kg por hoctare. Tho uptako of plosphoru. 18 vory largely
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asgociatod with tho potash contont of Soil. According to
Rahoja (1966) absorption of phocphorus incroascd with
incroasing potash centent in tho soil.

It 15 soen that 8; Cpacing has inercasod the
phosphoTus contont of pods significantly. Thic imercased
uptako of phosphorus by plants spacod at 40x25 cm. distance
right havo eontributod o significant roduction in availmble
phosphorus in soil as seen in Tablo 10.

The maximum phospioms contont of 0.633% has boen
rocorded by tho cozbination k;Sh. This ean bo attributed
to tho increaso in tho absorption of phosphorus duo to
inerensing lovols of potash. Thic 13 in ggyocmont with tho
€indings of Fnbeja (1966), TFurthor, elosor Spaeing might
have helped to inereace tho availability of phosphorus,
resulting in tho officlent uptako by highor lovels of potash.

7s gohoms h

Significant incroase in tho phosphorus content
of haulm has boen offocted by graded doses of phosphoruse
Tho addition of phosphatic fortilisers had inercased tho
availablo phosphoms contont of tho soll, which in tumn
rosulted in incroasod nptake of this mutriont. This is
in agreomont with thoe £indings of Parr and Boco (1844, 1045),
Handi gt gl (1965), Blgindi gt al (1983) and Daniel (1966).
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Umnd Eristman (1961) obsorved that oddition of phospborus
hns roflocted in the phosphorus eontont of grain ond straw

The offoct of potash on tho phosphlorus eontont
of banlm it similar to that of pods, which 13 in agrocrent
with tho obcorvatlons of Eahojn (1066).

Plants cpacod at 40x35 cm distenes rocorded
highest content of phosphoms in hanlm which was
signifieant. 45 the pucbor of plants per unit arca 1s
considorably loss under widor spacing, tho soil ac woll
a8 cnvironxental conditions will bo bottor for individual
plants. Thio .aight have rosulted in increased uptake of
nutrients including phosphorug.



SUMMARY
AND CONCLUSIONS



SUMMARY ARD CONCTUSIONS

An oxporimont was lald ount in tho farm attacled

to tho Agricultural Collogo and Rocoarch Instituto,
Vollaynni during 1968-18%09 to study tlio porformanco of
Co.1 lab=1ab (Ottumochni) undor gyndod dosoc of phosphorus

and potach at difforent spacings. The troatuments compriced
four lovols of phosphoyus (0, 25, 50 and 76 kg PgOg por
hootare), threo lovols of potash (0, 15 and 30 kg K50 por
hoetare) and t! reo epacings (40x15 em, 40x25 cm and

40x35 em).

The obsorvations of tho presont ctudy aro

ouzmarised as followss

1.

2.

3.

]

5,

Tho troatmont offocts woro not significant on hoight
of plants,

Earlinoss in flovoring was alco not affected by tho
difforont lovols of phosphorus, potash ard spacings.
Significant inercaso in tho nurbor of pods por plant

vas rocordod at 40x35 cm Spreing.

Bffoet of phosphorus on tho length of pod was signifi-

cant.

Thero was oignifieant increaso in tho length of pods
for tho widor sprcing of 40x35 cm, compared to 40x15 enm
Spaelng,
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7.

8,

Qe

10.

1l.

12,

T AE
S 0L 5355

¢80

The intoraction offoct botween phosphorus and potach
was also significant. The maximnm nod length of S5.02 em
vac recorded by the combination pax .

TLo yleld of groon pods was not influonecd by any of
tho treatments. Troatmont comblnation ?1K230 hng
rocorded the highest ylold of 3289.761 kg of groon
pods per hoctaro.

Spacing alono hnd sipnificant offect on the ylold of
haulm, 40x15 ca and 40x25 cm spacings wore signifi-
ecantly superior to 40x35 cm spacing.

Applieation of phocphorus had significantly increased
tho nitrogen content of soil con 50th day ovor no
phosphorus troatment, although the differonces botveon
varions lovels of pkoSphorus wore not c.gnificant.
Spaelng of 40215 cm bnd signifieantly increascd nitrogon
content of S0il aover other levols at tho time of finnl
harvest.

Significant increase in tho availability of phosphorus
in soil on 50th day was observed with increasing levols
of phosphorus and potash application.

The avallability of phosphorus in Jho Soil was
significantly higher undor wider spacing on 50th day.
Potash at 30 ke K20 and phosphowus at 75 kg Paos per
heoctare significantly reduced thio available phosphorus
content of Solil at the time of final harvest.



14,

15.

17,

18,

19

20,

21.

8o

There was signifiecant inereasce in tho avallablo
potash contont oy soil at 30 kg K0 por hoctare on
50th day

Nitrogen contont of pods ineroasod with Ineroncing

lovels of pLosphorus,

Potnsh appliention reduccd tho nitrogen content of

pods signifricantly boyont 15 kg Kq0 por hoctara,

tho of:ioct of spaeing on nitrogon contont of pods was

not signifiecant.

Ineroase in the lovols of phkoophorus applicaticn
signifiecantly ineroased tho nitrogen contont of hauln.

Potash at 16 kg K,0 por hoctarc has cignificantly
ineroased the nitrogon contont of hnulm cover no

potash troatmont

40x35 cm Spaeirg was significantly Superior to othar
tvo upacings in ineroating the nitrogen contont of
haulm.

Gridod dosos of phosphorus and potash stpnificantly
ineroascd phosphomac cenhtont of pods and haulm.

Incronco in spacing cignificantly ineronased tho
phosphorus contont of haulm,
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Thoe present study hat indieatod that addition
of phosphorus in Soils rich in avatlablo phorphorus only
belps to maintain tho phosphorms stati1o of soll mthor
than incroasing the yleld, It would be wortiwhile to
hnwvo further investipgntions on this acpoet to como to
dofinito coneclucions The absonco of Yospon.o for potash
iIn the prosont study scuggests thoe ncco.city for furthor

investigatione on thic 1lino alsgo.
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APFEIDIX I
Chomical analynis of tho goil from the oxporimontal flold

Total nitrogon .o 0.071 por cont
]

Totnl F‘BO5 .e 0,041

Total Ky0 . 0,081

fvallablo phosphorus (P) .. 0.0048 "

Avaialblo Potash (K) .. 0.0042 =

pH ae 8.8




AFPBIDIX IX

Hoteorological data rocorded at tho Agriculturl Collega
Fara during the crop pericd

Tomporature®C _  Folntive Fainfall

Honth ook ¥oximm Finimm booidity$ (in om)

Boptoxbor

1968 24-30 29,0 23.7 92,0 346.0

Octobor

1968 1-7 29.1 23.6 89.0 33.8
w 8-1¢4 30.1 23,2 87.0 -
" 15-21 0.3 23.7 91,0 266.0

22.28 30.7 24.1 £€6.0 75.0

® 20-4 Nov. 29,8 23.4 92,0 377.0

Hovombey

1968 8-11 29.3 22.8 90.0 173.0
" 12-18 30.5 25.0 £8.0 20.0
" 19-25 30.7 23.0 92,0 117.2
o 26-2 Doc. 31l.2 22.8 01.0 -

Doccobor

1968 3=2 3l.4 23. 4 9l.2 7%.0
- 10-18 38l.1 2l.1 20.3 -
" 17=-23 30.5 22,2 88.4 114.,0
" 2¢-31 30.1 22,9 9l.1 -

January

1969 1.7 31,0 22.6 £0.1 -—
v 8-14 31.0 22.0 fl.1 -—
" 15-21 30.7 22.1 £28.0 -

" 22-28 20.B 21.7 88.4 -




APPERDIX IIX

Hoight o1 pinnts on S0th day
{Analysis of varianceo)

Sourca 85 DF VYariance F
Totnl 145584.82 7

Block 10258, 73 5  205l.74 <1

P 13480.70 3 4403.56 1.0
g 1720.44 2 860,22 <1
P.8 15838.68 €  2639.78 1.11
X 3766.86 2  1883,48 <1
P.X 7036.26 6  3518.03 7 1.4
.75 4187.72 2  2003.86 <1
e 3173.72 2  1586.86 <1
B.K.S. 12887.7% 12 1073.97 Z1
Error 73232.47 31 2362.33




APPEIDIX IV

Earliness in flovoring
(analysis of varinnco)

Source &8 F Varlanco e
Total 77.320 n

Block 6400 5  1.28000 1.02785
P 7.040 3 2.38670 1.88461
s 1.190 2 0.59500 0.47783
P.8 5,920 6  0.98570  0.70240
X 4.190 2 2,09500 1.68247
P.X 4.920 6  0.82000 0.65853
o) 0.393 2 0,19650 0.,15780
Es? 5.166 2 2.68300 2,07438
P.K.5 3.600 12 0.20166 0.23422
Error 38.601 31 1.24519




APPEIDIX V

Furbor of pods par plant
{Analysis of variance)

Source 83 P Variance P
Total 102261, 78 72

Block 3039, 94 5 787,98 <3
P 5683, 44 3 iea7.81 L1
8 21677.78 2  10838.89 8.37e¢
P.8 6102, 22 6 1017.03 <1

K 1654.78 2 1.39 <1
P.X 3920.22 € 653.37 <1
XS 96.06 2 48.03 <1
¥s® 204.50 2 1725 <1
P.K.8 20477.12 12 1706.42 1.3
Error 40115,72 31 1294.05

=+ Bignificant nt 1% lovel



APPENDIX VI

Longth of pods
(Annlycic of varinneo)

Soureo 58 )i Varianco 7
Total 3.5160 7

Block 0.2666 5  0.05332 2.24

P 0.4175 3 0.13918 5,854+
8 0.2492 2 0.12460 5.23¢
P.5 0.1416 6  0.,02360 0.99

K 0.0712 20,0350 1.49
P.X 0.8486 6  0,14143 S.04es
X8 0.1138 2 0.05690 2,39
xs? 0.0222 2 0.01210 0.46
P.K.B 0.4465 18 0.03720 1.56
Error 0.7378 31 0.02880

¢+ gignificant at 1% lovol
* 8ignificant at §¢ lovol



APPENHDIX VII

Yiold of grecn pods in the f£irst harvest
(Analysis of variance)

Source S8 DF Varicnes F
Total 2507915.00 71

Block 6092¢6.00 5 121803.00  3.13¢
P 52554.00 3 17518.00 <41

s 208108.00 2 134099.00 3 50+
P.8 156677.00 & 26113.00 <1

K 36808.00 2 18404.00 £ 1
P.K 206550.00 6 384485.00 <1

ES 31034.00 2 15967.00 <~ 1
K52 12309.00 2 6155.00 £ 1

P X.8 344317.00 12 28693,00 <£1
Crror 11£9302,00 31 38365.00

* Signific-nt at 5% lovol



LPPENDIX VIII
Yield of groon pods in tho Socond harvest

(analysis of variancoe)

Seurco 88 fri Varianco ¥
Total 5064002,88 71

Block 350653.13 5  70130.63 <1

P 125180, 49 3 42720.83 41

8 21408.08 2 10704.06 <1
P.B 292021, 14 6 48670.19 <1

x 195026.3¢ 2 99513.,17 1.15
P.K 142764.22 6 23792.37 £ 1
xXs 134262,72 2  67131.36 <41
xs2 45840.72 2 22720.36 < 1
P.K.8 107343278 12 89462.73 1.03
Error 2676904.26 31 86351.75




APPEIDIX IX
Yiold of greon pods in tho third harvest
(Analysis of variancao)

Sourco 85 DF Varlaneo r
Total 6831807.85 T

Block 1120374.12 5  225874.82  2.30
P 35006.50 3 11608.83 41
s 214477.98 2  107238.89  1.09
P.8 492218.67 6 82036.4¢ <1

K 203157.03 2  101578.51  1.08
P.K. 340703.09 6 56783.86 <1
RS w217 2 2013.68 <1
ks 465615.72 2  232857.86  2.37
P.K.B 913448.26 12 76120.68 <1

Brror 3033779.63 31 97863.85




APPEKDIX X
Yiold of green pods in the fourth harvest
{Analysis of variance)

Sourco 38 DF Varianco P
Total 9877537.33 71

Block 1977166,16 5 395453.23 3.6162
P 146644,33 3 48881.4¢ “1
8 714767.41 2 357383.70 3.2671
P.8 507301.92 6 84550,32 £ 1

4 00399.83 2 45199,06 41
P.X 641626,07 6 108037.64 £ 1
XS 135813.17 2 67906.58 < 1
K52 835588.22 2 417794.11 3.8194
P.K.8 1437258,96 12 119771.58 1.0949
Brror 2390971.16 31 109386.10




APPERDIX X1

Yield of groch pods in the £ifth harvest
(Analysis of varianco)

Sourca as DF Varianco F
Total 1300388,00 7

Block 196204,00 5 39242,80 2.2076
P £2563,00 3 17521.00 1.0259
8 48378.00 2 24189.00 1.4162
P.8 36773.00 6 6128,80 41

K 27123.00 2 13561.30 41
P.X 192516.00 6 32086,00 1.87E6
K 24039.00 2 12019,50 <1
xs® 50738,00 2 25369,00 1.4853
P.K.8 142506,00 12 11283,00 <1
Error 529459,00 31 17079.30




APPENDIX XII

Yleld of green pods in the gixth Larvost
(Analysis of varianeo)

Sourco 38 DF Variancoe F
Total 2302073.32 71

Black 230636.90 5 47927.38 1.4413
P 246378,71 3 §2126.24 2.4607
& §9472,03 2 20736.01 <1
P.8 252926, 41 6 38821.07 1.1674
K 19398.36 2 2609.18 <1
P.K 129882.75 6 21647.12 L1
X3 50397.14 2 20608.57 <1
xs2 80353.39 2 40176.69 1.2082
PuX.S 203802.76 12 16083.56 <1
Error 1020824.87 31 33252,41




APPERDIX XIXII
Yiold of greon pods im the gsovonth harvest
(Analysis of variance)

Source 1] DF Varianco F

Total 5203079.88 71

Block 1193788.46 5 238757.69 14.89
P 196216.71 3 65405.57 <1

8 30101.88 2 15050.94 <1

P.S 145856.79 € 24309.46 £ 1

K 101628.88 2 50814.46 <1

P.X 163741.12 6 27290,18 <1

KS 206713.60 ] 103356,80 1.24
KSZ 31192.20 2 16508,10 <1

P.K.8 §54312,08 12 46192.67 41

Error 2579528.16 a1 83210, 58




APPERDIX XTIV

Yield of groon pods in tho cighth harvest
{Analysis of varianec)

Source sS PP Varianee P
Total 605487.99 71

Block 104464.41 5 20892.88 2 23
P 17492,38 3 §830.79 41

8 12392.20 2 6195.10 <1
P8 22226,91 6 3704.42 {1
.o 40382,11 2 20191.06 2.16
P.X 16486.,67 6 7747.78  <Z1
KS 6207 17 2 2603.69 41
xs? 188,23 2 o112 <1
P K.8 66541,66 12 5545.14 <1
Error 290106. 25 3 9358.27




APPEEDIX XV

Total yleld of green pods (B harvests combined)
(Analysls of varinneo)

Source 88 or Vardanco F
Total 105830521.28 72

Block 13977676.28 5 2795516.06 1.822
P 1493876 .50 3 497958,83 <1

8 4681950+,37 2 £340076,18 1l.52¢
P.5 3012707.41 6 652117.00 <L 1

K 3396093.68 2 169804G B4 1,106
PoK 4729287, 10 6 788214.,561 <L 1

K8 516702.30 2 458351.19 <L 1
K52 6069504.€66 2 3034762,33 1.978
PsK 8 18099500. 74 12 1591626,06 1,037
Error 47653323, 15 31 1633978 16




o™
APPFHDIX XVI
¥iold of houlm
(Analysis of varianco)

Sourco 58 bF Varinnco P
Total 30538437.50 71
Block 4470025,83 5 805299.16 2,33
P 37¢8218.00 3 126G072.66 3.20
5 5460381, 25 2 2730190.62 7,10%*
P.8 990471.55 53 165078.59 <1
K 493225, 00 2 246612.00 <1
P.K 1213177.83 6 202196.30 <1
KB 76120,16 2 38064.68 <1
xs% 686320,16 2 D547064.58 41
PaKeS 1419238, 87 12 118260.20 £ 1
Error 11912270.85 31 3842GC.80

s#8irnificant at 1¢ lovol



APPENDIX XVII

Hltrogon content of sfoll on 50th day

(analysis of varinnee)

Sourco 88 DF Varlanco v
Total 0.00026050 7

Block 0.00000027 6 0.00000005 <1
P 0.00018304 3 0.00006101 31,77**
8 0.00000210 2 0.000001058 <1
Pe8 0.00000048 € 0.00060007 <1
X 0.00000722 2 0.00000365 1.84
P.K. 0,00000735 6 0.00000182 <1
)i 0.00000007 2 0.00000003 £1
rs® 0.00000018 2 0.00000008 <3
P.K.B 0,00000058 12 0.000000046 £ 1
Error 0.00006044 31 0.00000192 Z£.1

asBignificant at 1 lovol



APPEKDIX XVIII

Hitrogen contont of soll at tho t4to of finnl harvest
{Annlysis of variance)

Boureo 88 )ig Varinnco g
Total 0,000001%0 71

Block 0.00000006 5  0,000000012 <1
P 0.00000014 3  0.000000048 1
& 0.00000016 2  0.000000080 3,63*
Pa 0.00000002 €  0.000000003 <41
4 0.00000003 2  0.000000006 /1
P.K 0.00000015 6  0.000000025 1.13
X8 0.00000002 2 0,000000010 /J1
152 0.00000005 2  0.,000000085 1.13
P.K.8 0.00000037 12 0.000000030 1.36
Error 0.00000070 81  0.000000082

$g4gnificant at 5¢ lovol



APBENDIY XTX
dvailable phosphomsa content of coil on 50th day

(analysis o variance)

Joureco 88 12)3 Varianco P

Total 106460.00 71

Blocl 10230, 16 5  9846,02  14p,128%*
P 54264.00 3 11421 33  442.858%s
8 4969,33 2 2484.66 96,541+
P.S 863600 €  1499.33 55 80p**
X 12016.00 % G458.00  D50.407%*
P.E 3865200 6  6442.00  240.786%+
XS 144€0.66 2 7230.33  £80,3G4ws
s® 5076. 16 2  £2538.08 98.413%%
P.K.B 67456.00 12 4788.00  185.683%s
Brror 798,69 31 25.79

#¥84pgnificant at 1% lovol



APPENDIX XX

Available plioopborus contont of 90il at tho time of fingl
hawvost

(analysic of varinnco)

Sourco 88 DF  Varimnce F
Total 240856,00 71

Bloek £3450.67 5  5691.93 47.5000%s
P 30074.67 3  10024,80 91.8174%e
8 8802.00 2  4446.00 37.1025%e
P.8 80230.66 6  6538,44 54.56420%
K 25084.00 2  126542.00 104.6649%s
P.X 51241,83 6  B50.22 71.2694%s
K8 16688,40 2 8342.20 09.6160¢s
w® 10889,05 8  5444.52 64.564Ge+
P.K.8 26585.84 12  2216.44 18.4981es
Brror 3714,.68 3 119.83

ee5ignificant at 1% lovel



APPEIDIX XX

Availablo potash contont of s0lil on S0th day

{Analysis of varinneco)

8ounrco es DFP Varlanco r
Total 21234.00 71

Block 760,16 5] 152,03 25.604¢*
P 2123,00 8 707.66 118.134%**
) 1764.33 2 877,16  147,870%#
PSS 3649.6% 6 608 27 102, 402¢*
K 187.33 2 92466 16.600%+
P.X 8355,00 2] 802,50  150,262%%
K8 408.66 2 204,33 3¢.308*
xs® 380,66 2 190.33 32 042e*
PS5 €420,83 12 535,06 00,077%%
Error 184.36 31 3 94
*«5ienifieant at 1% lovel



APFENDIX XXII
Porcontags of nitrogon in pods
(Analysis of wariance)

Soureo 88 BF Variance F
Total 0.663 71

Block 0,123 & 0,0246 6,8333¢%
P 0.124 3 0.0413 11.4722%+
8 0.001 2 0,0005 0,1388
P.5 0,042 & 0.00%70 1.9444
K 0,025 2 0.0125 3.4722*
P.X 0.0%76 8 0.0125 3.4728%%
ES 0.117 2 0,0885 16, 2500¢*
rs? 0.002 2 0,0010 0.2777
Egrror 0.154 43 0.0036

ssSipnificant ot 1% lovel
#5ienificant ot 5% levol



APPEIDIX YXII1
Porecontage of nitropen in houlm
(analysis of varianco)

Source 88 DrP Varizsneo P
Total 0,443 71

Block 0.035 5 0,007 23.333%*
P 0,173 3 0.05%6 192,000
8 0,004 2 0,002 6,666
PeS 0.020 6 0.0033 11.000%*
K 0.003 2 0.0015 5.000*
PsK 0,047 6 0.0078 26.000%*
K5 0.020 2 0,010 33.333%¢
rs® 0.010 2 0.005 16.666%*
PeK.S 0.121 iz 0,010 33,333%#
Error 0,010 31 0.0003

#s5ignificart at 1% levol
*Significant at S¥% level



APPERDIX XXIV
Porcontage of phosphorug in podec
(tnnlysis of varienco)

source 88 DF Varianco F
Total 0.476301 71

Block 0.097658 5  0.0105316  3487.78%+
P 0.043080 3 0,0143600  2564.28%s
5 0.002055 2 0.0010226  182.58%¢
P.S 0.030728 6 0.0051213  0l4.52%e
X 0.010143 2 0.0050715  905.62%¢
P.X 0.042929 6  0.0071648  1270.43%+
s 0.080257 2  0.0401285  7165.80%¢
xsZ 0.014176 2 0.0070880  1Z20,57¢%
P.X.5 0,155042 12  0.0120201  2307.16%#
Error 0.000173 31 0.0000056

#s8ignificant at 1% lovol



APPREDIX XXV
Porcentnge of phosphomus in haulm
(analysis of variance)

Scurs 83 or Variance r
Totn 0,079 71

Blog 0.0008 ] 0,000160 53 33
)4 0.0060 3 0.,002000 (17 M e
g 0,0083 2 0.004150 1350,00e+
P.H 0,0088 .} 0,002430 A76,66%*
E 0,0231 2 0.,011550 3B50.00%s
Pe 0,0124 € 0.002070 690.00%*
X8 0,0006 2 0.000300 100,00%*
#:8 0,0004 2 0,000260 €6,66%
PX.8 0.0176 12 0.,001470 490,00°*
Error 0,0001 31 0.000003

#3ignificmt at 1% lovel



APPBIDIX XXV
forcantoge of phosphorus in haulw
{anzlysis of variance)

Sour & b+ of Variance 4
Totd 0,0770 7%

Blot¢ 0.0008 5 0,000150 53 33%*
P 0.0060 3 0.002000 §66.664=
g 0.0083 2 0.004150 1350,00%+
P.t 0,0088 ;] 0.001430 476,66+
E 0.0231 2 0,011550 3850.00*¢
P. 0.0124 6 0.002070 890,00
K3 0.00068 2 0.000300 100,008«
w 0.0004 2 0.000200 €6.66¢*
PK.B 0.0176 e 0.001470 490.00°%*
Error 0.0001L 31 0,000003

#3ignificmt nt 1% lovol



