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IN1T.0pUdCr1IoON

soybean (Glyeine max (L.) Merrill) is an exoellent
gourae of plant protein and vegstable oil, Altiougi ihs
orop hag bazn culitivatzd in wue hilly arsas of our
couatlry aincs 1882, iis large scala cultivaiion in the
plains of Jorih India ocume into practiice oniy after 1300,
svarsince then, efforts were made to popularise soybean

among the farnars,

Intensive researcih work on soybean wag started in
Lede Pant Iniversity of Agrioulture and lechnology,
Pant Tagar and Je . drishi Vishwa Yidyalapya, Jabalpur in
nid-sixtiza, 4s part of the oo-ordinated projact, a
slobal germplasm colisotion was sorssned in varioas
centraes in Inacis for seleoting sulitable types for the
differsntial areas, Iased on a similar trisl at
Joimbatore, 2 varietlies were ascreened in as promising
Jor souta Indiz, These 25 varieties were further tested
for their performance in red loam soils of :richur, since
1970. The variety o0 39821 (UGM 20) was found to be one

of wice moat promdsing,

4 matritiounal trial on this erop was conduoted
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during 1977 to aiudy the nitrogen renuiren.nt and
response to rhizobial culture inooulation (Tair,1975).
“1tih & vizw Lo standardise the nutritional requirements
of the eroy, it was oonaidered necessary 10 continue
axporimental wors on o2iner fertiliser mairisnts,
"nosphiorus appliisation to legumes is gssnerally treated
28 more imporitant than non=lagumes,. ‘his ias so bsoause
tnis natrient slays a dual rols in legame cuitivation
Doth as a matrisnt directly involved in ithe nutrition
of the plant nnd also mseting the re-uiromunt of
nitrogen fixing oacteria. Threagh the lavter, the
nitrogzen supply to the plant is also decilded to an
gxtent by svailabiiiiy of phosphorus in the soil,
‘nospnoras stsatuy of wne red loam soils of ferala is
generally rated as low and in gener:l, rs.ponse to

fertiliser pnosphorus is frequent,

g in the osse of phosphorus, appliention of
iime also is another panagemsnt recomuond vion uwsually
<iven in the oase of leumes, “ositive veanonse o
lime a2lso is mor: fre-uently reported in ie.umes than
in non-legara, In addition to the direct involvement

of meeiing the rsguircusnt of ezleium, this practice
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regulia in providing a mors sultable nediun to the growth
of plant anli alsc supplisa this elenant Lor the growih
and ‘mltiplicuiion of nitregen fizing breteriz, Ths

lime status »f 501l optimam Doy tae :etiviiy of
raoizobicl erganisme i3 also pgenarally sonsiderasd o be

Algher than taal dor tas Zlrzet oros nutriting,

It is welil=known that for efficient symblotio
nitrogen fixiitlon by legumes, pressence of aypropriate
girains of the reruired rhizobial speeics is a must. for
soybean, bzing a new introduotinsn, the most effective
strains of Jhizobium jsponioum (the speeies reaponsible
for nitrogen fixaticn in the ecross—inooulation group of
soybann) may not be .vailable originzily in the soll.

In sueh a oase, & drastio improvement in orop parformance
is to be normally expeotad beaoau:e of eulturc inoculation,
lowever, nn axperiuent condueted during 1377 indicuted

a reverse wrend of deorease in yleld, nodulation and
alirogen upiaxe of soybdbsin consejuent W saiiurs
incculaiion. It wag then concluded tnat tae soile
orobably contained efleotive strains of tuis speolces of
ihizobium and tazt the naivive strains were zove ¢ffeotive
than the strains introduced through the culture. -3

Wwese resalts were gulte contrary to expzetction, it wis



felt neoessary to chack the results by repexting the
traatuents again,  As menlloned ewrlicr, Lwo of the
manageadble cnvironi.nt l fnotors affeciins officlent
niwrogen fixzution by Lsganes wure the phsaphoran
avaliacilivy snd Lisc siotas of soil. T4 a3 therefors
congidered wvortudiile suwulgling the responie o sulturs
inoculavion in cosblnatlon with ~pnlied »hwvasaiorus and

ii.n‘:: .

ne present investigation was taken us wita toe

foilowing broal odjectives in view.

1) ‘o study Las response of soybdem:n tc graded
levels of appiled puospaorus and o arrive at e

repuirenn:nt of :1iis natriant for soyisesan,
1i; Zo 3wdy the rasponse of soybeun to liming,

ii1) o assess the effeot of artificial culture

innoculantion.

iv, o sludy wae interacilon Sotuser these fictors

on soyvaan,
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ReVIad OF LITSATURE

sxperimaental resulis on the influenoce of phosphorus
applioation, liming and rhizobial inooulation on soybzsan
yield were widely varying. Definite advantages due to
inoreasing levels of pnosphorus, liming and inooulation
were ofien reported by workesrs from different parts of
Lo world, But in contrast to this, lack of response or
even negative response also were reported at timss, A
brief review of the researoch done on these lines is
presented below.

1., sffect of applied phosphorus on growth atributess-

Lutz and Jones (19753 observed that plant height
inoreased significantly with inoreansing rate of phospnorus
(in the trials oconducted in the year 1971 and 1972).
Application of phosphnorus or phosphorus along with line
inoreased uwe height of plants (Ferrarig.1976). oSimilar
inorease in heligit of plant consequent to increuse in
phospnorus applioation was reported by Salen (1976).

Babin and Ignatenko (1969) found that phosphorus
inorsaged the leaf area index whioh was refleocted in
photoaynthetic aoctivity. Similar rssults were also noted
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by oy 22d ishra (1975). <hey found that soybean
variety "Iragg” ressonded poaitively upte 1 kg
phogphoras pur hestars, Zignificant pogitive oorreli.iion
netuesn lenf -reo and nunber of pods per plany, hundred
geed welsnit nnd seed ylzld were observed by Pal nnd

saxena (13577).

Mooy wund John (1396v) reported what nodulation in
soybesn re uired very nigh levels of phospnoris.
i;nificani interaction bdetwsen phosynorad and caleian
with reapect to nodule numbar was algo reporitcd by these
Jorzars., orroboratory resulig were sldso obundned by
Jonaa gt 2d. (1977). “‘zoording to “oy and ‘ishe. (1973)

appliestion of phospiorus inoreased nodu.aiion in soybean,

in the expariment conduoted vy ooy nd John (1906),
significant inerzawe in wsight of rootl modulceg was
obtained iue w inlsrastion vetween pnogsnorvas and
ealoiun, Cereire gi al.{19749 odserved inorsase in
nodale wel at wion nigher lovels of paosphoria. “lthough
an inerease in weighit of nodules wag observed dy oy and
Mishra (1975, pogiiive response was noviced only upto

3 k¢ phosynorus/ia,

“gsavan and Morachan (1373) reporte’ thit



application of phosphorus inoreased the total dry weignt
of gsoybeun plants, They also showed that such an
inorease in dry welgnt was observed only upto 100 kg
PQOS/ha (in the case of o0 39821 selzotiion of soybsan),

neyond which no inorease wag noived.

2, &ffect of applisd phosphorus on yield and yield
attributess -

siva shankar gt al. (1974) based on a field trial
revorted th:t applioation of phosphorus siinifioantly
inoreased the number of pods per plant and the number
and yield of seeds per plant. A similar inorsise in pod

nutber was reported in soybean by saleh (197v).

Hagoarenhas g% al. (1968) in a field trial on a
soil with a pHi of 4,8 observed that soybean yield was
increased by phosphorus application from 1,73 t/ha in
control to 2,53 and 2,03 t/ha vhen 100 and 200 kg
ans/na respectively were given., Simiisr resulis were
obtained by Cheasney (1969). Aoccording to him inoreuse
in yield was from 1299 kg/ha in no phosphorus plot to
2177 kg/ha in plois siven phosphorus at the rate of 132
kg/ha., JSoybean when grown on soil of pH 5.5, gave
signifiocant line:r reascsonse to phosupnorus appliocation.

Magoarenhas ¢t al. (1970) and Chatterjee gt al. (19728



revaalad that on a well drained soil, soybson yield
inoreased upto 80 kg ?Qﬁslna. Kagavan 2nd “orachan
(1973) in an experiment found increase in yield with
inoreaged rate of puosphorus application usto 100 kg
??ngha in the oase of - 39921 and 50 kg Peag/ha in
the case of =V 33324 galection of soybean. ilowsver,
comar and v (1973) obtainsd linear inorve:ss in yield
of soybeun from O to 120 kg ?205/h3 in GLarnel area but
at ialsen ilne inorease wag only uosto 94U ug ”gwglna.
Saumgartner at al. (15974) notsd inoresnge in yield of
soybean whnen phosphoras was applied ot we rate of

80 ke Pgﬂq/ha egneciaily when applied wuivh 1ins,

sure gh ale (1975, vbserved zn inorcuuc in yiald vith
inercausing rate of paosphorus applicoation. “Pnosphorus
at the rate of H00 kg ?Qos/ha increased wie yileld upto
Z«Tb from 1,70 t/h& when no pnosphorus was zppiled, in
the case of soybenn varieiy sonte o8 Lutz und Jones
(13753 reported thut yleld increassd wilh paocspuorus
applioation, However 1ts influence onaize of geeds
w3g erratis, In the {irst yesr of tri 1, size of sceds
was not affeotad by phognnorus but in the secoad year
of study, it wog ongerved st sice deorcoset with

increasing doses of fervilizer phogmior.:. imdilarly,
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ioy wna fisara (1975) noted poszitive reoponoue in 7i2ld
oniy auto & piacspaorus dose ol IO ay/hne  Yoa gh al.
(19797 conciuded © .t pl vzlue ai sum 28 bane soatkent
ware posiviveldy volatzsd o geed yield vl wo ~oiative
yileld due W appilisalion of panspuoras.  In wstasr
exparinent, PFerrari {1279) observad tant so2? riald
inerensed from 7,21 = 2,51 t/hn without £3-132d phospaorus

to 1.08 = 2408 t/aa witn 300 ko 2,7 . /ac,

Angn 2t axena (1373) dound bnae spaiied
pho 3ohor 3 L%d no erfect on Boydead yioio wie nhe
avzilinsle zoaogshorns w3 high but yicld insrooced with
applisd phosphorus wngre aveilable pRospuor. ras 10W.
sAanki g% ad. (1974) Yoxd Nno response oo uiga dnse of
applied phospnorus wnl2ss in the presence ol molyddenun
and lime, Mascarennta ond £idkal (1374, aiso fhand laek
of response in yizld with inoressed rat: ol olisd
phogpnorai. “esed on an experiment Swa shan.w gi al.
(1974 found taat soyvern variety' 11l suswed no
gignifisant innreuse in seed yleld with =peoiicovdon of

Y Y g
nho i}ﬂ'?"'lls batwesn o0 v Y i

«.

’?,fs/zg::. e Anoreaze was

observed fTrorm 3,7 t/h& witnoutl paoOsL.or .0 w2 L4870 ./ an

Zra . 1 W PR Ia SR P I W r s - e T BT oo PR ATy e

wilen 40 Ko 7 O, /hnowas 2opsded Sa ooBBLv.o oo IV o0 sy
< VoY : 3

N oand 40 kg K50/na. wutz sac dones (107Voe —uand vhat
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soybaan yield was unaffescted by phosphorus during the
first and second year but in the third year of experiment,
yleld was lowered in plot where phospnorus wag applied.
‘able and hugpe (1976) investigated the effeot of
phoapnatic fartilizer on the performance of soybesan and
inund that the growth and yield remalned unaffeoted due
to phosphorus application. Yo seed yield inorease was
obtained in the sxpsriment reported by Jones gt al.(1977)
%0 appliention of phosphorus beyond 15 ko/ia aventhough
the us0il was low in phosphorus. In 2 poi culture
experiment it wos found by sable and “haspe (1977) tunt
‘phoaphate 114 not influence grain or stiraw yield. Pod
nuuiber and hundrsd graln weight 3lso showed an irregular

trend.

3, woffeot of phospnorua on conient and upliue of
mtrientss -

Janway and Weber (1971) in their experiment
determined 7, P and 7 contents in various plani parts
at sucoegsive stages of developmeni in nodulated and
non-noduliated plants of soybsan., Joncantration of °J,

? and £ in each plent pord decrensed exvent in ihe ssaeds

a3 the azagon progressad In the W fertilizer trial and
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P oaad O fertilizer trial, Pertiliszer apnlic tion
inorecsed wo coneentration of nutrient apnlied in all
peris,  wne in the seagon, o ennivent inorsasad
eapecinily in lenves, petioleg and seedu in 7T Aeficisnt,
non=nciticwed plants it reselivad no U ferivilizor
Jrevilooation o develoning seeds reasulted in nmarced
depletion nf nutrient in other plant paris irrespective

of ferililser appiloaticn,

An ingreasse in loal osnleiunm wd g ol pu00s poorus
sons: et Lo the Adition of »hwsphorus wil reported
by Tereira gi al. (15748, ILuaiz and Joaws (19793 obgerved
inorzase in lesf phosriosruva consentralion with incresse

in applied puospioric. Gastn (1977 oaued on & pov

ouiture experluent reporicd tnal orade provwein, ras

a

!
oroialn, paosmioru., sognesas aadiron conteaes of

Il

soybean seeda inoreazei under twe influs e ol pucaphorus.

Singh and daxens (1277 found wnt wed e ol punipuorus
by leaf lamina, leaf psilole and stem lnoreisel with

are of the plant upto 6% to 80 days. Juereaitur,
incrense wag found only In the phosphiorua as1tmt of
gtem and untake of gsecdz. Ipioige of ohnasbom™ig wag found

to inereanse oith inocal~ation oo,



In an sxperivent uwith nodulated md non-nodulated
soybean plantu, .lanway and Jebsr (1371) noted that
phosphorus in plant parts deoreaged exoepti in sesds,
a8 szason progressad, Translooution of tuis nutrient
to developing sesds resulied in marked depletion of
nutrient in the other plant parts. Singn and Saxena
(1973) in contrast to the earlier findings, obvaserved
a decrsage in recovery of phospnorus wich inoreused
amount of appliied phospnorus, Howsver, phospiorus
ocontenit oif lamina, psiiole and total upiae by anoot
at pod developuent stage wag positively correlated with
yleld, .dwards anl 3arber (1976) observed that average
net rate of inflex of phosphorus deoreused witn
inoreasing age of spybean plants within o range of 15
to T4 doys, singn ani Saxena (1977 found th«t in
soybaun piants after 850 days, phosphorus content deorezsed
in lanina 2nd petiole. Thera was also desore.ss in
uptake of pnosprorus by husk with advancing ags,
CSoncentration of phospnorus had also deerenssd in plant

parts with inooulation.
4, iffect of liming on growih and growtu ateriovuies:-

Lutz and Jones (19754 baged on thelr experiment
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sioilar fmprovement in nodulation was observed by Tnew
and Tivekonandan (197%). Blevins gt gl. (1977, obaerved
wist low euloium sizpnificantly redueed nodulc numbsr and

walonte

“ranco and Cobireiner (1971) found two to tarae
fold increise in nitrogen fixatlon wits liming. iinmilar

resudt was 1lso reported by Thew and Viwvedanunizn 11975).

Lafil Natit (1974) reported tht pod {illing
was Jdelayed in unlimed plant possibly due to culediun,
phiogphoras -nd molybdenum deficlency or zine, boron or
mangansae wxicity. xosus limse onused situnted growih,
smaller isaves and f2ilure of ssed developuent probably

due to phospaorus and zino defloeicnoy.
e uffaot of limin,., on yicld of soybeins=

Yascarenhas gk al. (1969) observed nositive
affaot on yicld wiu: liuing, ‘lowever, Mascarenhas gf ol.
(1970} found only = murginal reaponge in yisld in the
second year ~f experiment (9 inorease in yield). Martini
gt al. (1974); “hew and Vivekanandan (197%) and Perrari
(1970) 2luso reported sigpnificant inorease in crop yield
dae vo liming the zoil.

In conirast to e above observ.titions, Masoarennes

at al. (1)68); Hagoarenhaa gt al. (1970); Lutz and



Jones (19753 found no oonspicuous response o liming
with respeot to seed yield., Pevy gt al. (1909) aloo
obgerved no yleld inorease uwith liming in soybean

exoest wnan given in combinzation with phosphorus in

30ils with pi between 5.0 and 9.6,
ve w«ffeect of liming on contaent and uptoae of nutrienuss~

sdepete (1972) observed si;nificant response W
linin,; with respact to nitrogen upiake vhea 97 is bztween
el to T.0s Althoay nhosphoras had an inors .sing treand,
wie affest of Lindng wig noi signifione,.  @BAKL X% 4.
(1574) =lso found similar inorease in niuirogen donient
of plant tissue consenuent to liming togethor wiuvh
phosphorus applioation., ’sriini at al. {19745 and
laamageter gt al. (1974) alao raported iaoreus: in wisl

aitrogen content with liming.

119757 reported decrease in prospaorus
uptake by leaves ond stem consequent to liming, auwl
(1977) observed tiint alitnough soybean waz tolerzant to
nigh levels of exchangnble aluminium, its performance
wag adverssly affecitzd whon value surpasased 5.5 m.eq.per
100 g of s0il in olay ultisol, Correlotion exisved betwsen

nitrogen contsnt of leaf and yisld, Yitro.ea, phosphorus



and osloium contents of the leaves werse not affectad

by pil differenoces,
7. Effect of oulture inooul-tion on growihs-

wosas (1969) from his study reporicd that
nodulation on fertile or modorately feriile soil
inersased plant height. Dry matter yicl: wag found to
be increased by ased inooulation and liming us reported
by Chatterjsz ai sl. (19729, imilar result wes obtained
by iuafti and Netit (1974) due to inooulation with
—aizobiun japonicum. Ory metter of soybesn wes 2lso
found tw increase in Tigeria when hizher nitrogen dose

vas pdven in sonmbinsilion with imooulation 7 long, 1975%).

Jhatwerjee gt al. (19723 dzged on uhe result of
& trlal conclizded tht sesd LDwenlsition @ Lizing
increscaed nodulation., ‘amdi gt 3l. (19747 found that
nodulntion Irequaency, fresh weisni of nedules and dry
welight of poda inercased with inoouliation, Inocuinted
set waa Jound to b2 haiter tnan uninoculave i 2t in e
field where it nad not besn cultivaited szfora,
Jangenvian gt al. (1276) and :onova gt al. (1976)
observed t.hai a sirain »f hizobium Jdaponicun
inoreased nodulation and nodule weight.



Zatti gt al. (1970) obssrved higher vumber and
weidit of nodules per plant when inooulated set was
gupplied with 80 kg PZOS/iia.

rgreira gt al.(19749 reported that inooulation

of soybean with [

i Japonioum was ineffective in

4 orop sown following potato dus to the pressence of

Sacliilin polymyxa whioh inhabited development of
Jbizobium japonicum. sSoudder (1375) observed u decrease
in nodulation when incoulum was applied to sceds by
soating or by nixing in hopper compared to that when
placed in 2.5 to 5,0 om below seed, Davidson and ieuser
(1973) buaged on their experimental results susgesied

tnat application of axoess quantity of Zhizobium japonicum
to seeds is neocessary. -hig permitted zde~uate nuuber of
organism to survive Zor nodulation. eluon 24 2l. (1973)
on the other nand, did not find any inorsasc in nodule
mags per plant followin, inoculation of .o0il or seed

with comumerci:l inozulum,
3. offect of sulture incoulation on yicl: 2ad auirieat
sontent: -
Lufii and Netit (1974) observed tual incculciion
with Rhizobiun Jazonioum inereased seed yiels per plant,
Pod nmumber and sced welgat were Incereas:d by tae

applicaiion of nigner deses of nitrogen along witn
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incoudation of soybean in the expuriseai 2rnuacted dy
aang (197») in ¥Wigeria, Jonove gk al. (1975) also found
simitar inorease in thouswnd seed waisal wnen Incenlated
witii _nizobiug japonicum. zbie 2nd Jaugpe (1977)
reported that inceulzation inoreaged pod reubdber, pod

weighit ana nundrsd gsed weigab,

Jatamalani ¢0909) observed that grain yield of
soybe n varleties dragy nd ‘Mlurk 63 recsiving
inoculation was significantly superior to tuz non-
inocuinted ones, “‘oun inoculated wnd aon-inoouiated
seeds snowed signifieant responase to phosphorus upto
B0 Ry F;"? /an, Fuohapskii (1969) obiained highest yield
fron inocuiated plants to whiech W, P‘?Q} and }:25} had been
applied at 4% kg/he essh., oimilarly wigner ylelo was
obtained by ~alil g% sdhe 1374 in waelr [icld trial
<hen inoonlation was coubined wiih &) sg ¥ 0g/he waan
£120 N0 phnsphorias Wwio spulliad.  Taatteriee gy oal. (19728
Jond aoaltive rosponase in yisld waen inocuiation and
limlng were regaricd tw,. In awnthar sxpevriment, <ang,
1272 aoaeladsd tnat aigher nitrogen application
gombined «iw: inoculation on zoybean inoreased yilsld.

mova gh Za. (1970) repcrted higher yleld oonsequent to

tie aoplictiion of Zhizodiuwnm japonicum. 3able and Khuspe



19

(1977) also got aimilar inorease in yield with inooculation,

Belajova (1968) in an experiment on soybean with
and without inocculation along with 40 kg ¥, 60 kg P2(35
and 80 kg in/ha nlone rnd in all combinations, found
tnat yield was not affeeted by sesd imoculation at all
levels of potassium, From the resulis obtained by Joses
(1969), it was observed that nodulation on fertils or
moderat:ly fertiie zoil decreased yield of sced. In 8
trial by linga gk al. (1971), inooulation along with
20 - 40 kg M and 40 - 60 kg P,0;/ha gave little effeot

with reapeet to sesd yield, seed =1, protein ocontent ete.

soudder (1975) observed that application of
inooulum to ine seed by ocoating or by mixin. in e hopper
gave decreagsed yiseid compured G plucing it 2.5 o 3.0 om
below the seed. Nelson g% al. (197:) reported that
inooulation of so0il or sscd wilih commercizi inooulant

1id not increass yield,

Sccording to Sokorenko (1971) inooulation of
soyhean geeds marikedly inoreassad uhe toval alirogen
oontent of plants wnen no fertilizer wis ;iven and when
supplied with P and X but not when given %, P and X in
combination., In another experiment, liming and seed



inoculation had resultsd in increased nitrogen,
phosphorus and oaloium conients of planis (Chatterjee

8k aley 1972). Kang (1975) oonoluded that under

Yigerian conditions, higher niirogen appliocation combined
with inoculation of soybean inoreased nitrogen uptais

and seed nitrogen oontent, ZXonova gt al. (1976) found
higher nitrogen oonient in the orop dus to inooulation

with Shigobluz japoniour.



MATERIALS AND METHODS
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MAT@d Ao Ali) FAT006

The field experipent was conducted at the
Instructional Farm attachad {o the Collage of
Horticulture, Vellanikikara with the objective to
study the responsc of soybean to different levels
of phosphorus, liming and rhizobial inoculation.

1. HMaterials
1.1 3ite and Soil,

ihe farm 18 situacted at 10° 32" N latitude and
76° 10" longitude at an altitude of 22,25 metres.

The soil of the experimental areva is deep, well
drained, moderatsly acid, medium clay loam and falrly
rich in organic matter. The chemical characteristics
of the soil are given below.

Table 1. Chemical characteristics of soil.

Constituent Content Method used
in_soil
Total nitrogen 0.088245 Microkjeldahl
Total P05 001426 In HCl extract, as

anmonium phoaphnmnlyhdata
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[
content
Constituent von Method used
o _scil
Total K20 0. 149% In HC1l extract,
cobaltinlitrate,
Total calciun 0.1263% In !l extract, volumetric=

permagnate method,

Available phosphorus 1.82ppm In Droy-l extract, chloro-
stannous reduced molybdo-
phosphoric blue colour
mathod.

Avallable potasaium 275ppn In neutral ammonium acetate
extract - Flame photometrioc,

sxchangeable calciun 474ppn In neutral aumonium acetate
extrect - Versene methods,

pil 640 1 5 2.5 soil 3 solution
ratio using a pH nmeter.

1.2 Clinate.

The area enjoys a humid tropical climate, 7The weekly
average dally maximum temperature showed little fluctuations,
the range for the entire period being 27.4°C to 31.3°C.

The weekly average of the dally minimun temperature also
varied only slightly, the average being 22.4°C to 23.7°C
during the cropping season. The range of relative humidity
was from 914 to 96+ in the forencon aad G5:¢ to 86 in the
afternoon. The weakly variations in relative humidity
were small. The total rainfeall received during the crop
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season in 86 rainy days anounted to 1732.20 mm. 1here
were rains during the entire period of crop season.
ilowever, nost of it was received during the first ten
weaks after sowing. 7The total quantity of rainfall
received during these (66 rainy days wes 1645.10 mm.

The average daily rainfall of this period works out to
be 23,54 mm. For the later period from eleventh to
sixteenth week, ralnfall was low. ihe nunber of rainy
days during this period was 20, total rainfall 846,10 mm
and the average daily 2.0) mm. The nuaber ol sunshine
hours followed a roverse pattern, the dally aversgge
mumber of sunshine hours upto the tenth woek being Ced9
hour per day and that during the later period was 4.82
hours per day. Jsunshine recorded during the entire
period ranged from <.3 hour to 6.3 hours per week. The
metecrolojical data, for the period are presented in
£ige«1 and Table 1.

13 2230,

The experiment was conducted durling the period
from July to October 1978.

1.4 Cropping history.

The area was under rubdber plantation before. It
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wag oleared during 1975 and was under bulk orop of tapioca
till 1976, Cooonut was planted in the ares during 19706
and the experimsnt was laid out in thoe interspace nf

cooconut seedlings,
1.5 Variety.

+he varisty used was obtuined from tha Agriouliural
3otany Sivision, Lamil Nadu Agrioultaral Univercaty,
Soimbatore., ihe materirl was originally an introduction
from Thailand and the collection numbdur aesigned vis
=0 39321, It was relensed oy Tamil Vadu Agriculuarsl
Universiiy under the name JGi 20,

146 Fartilizers,

snmoniuws sulphate, supar phosphate and muriate of
potash were used to supply the required quantities of
nitrogen, phosphorus and potagsium, Caloium hydroxide

wag used as liming material,
2. Methods.
2el Lay out of experiment,

The experiment was laid out as faotorial in
randomnised block design with three replieations. .iue

procedure followed Ior the allooation of trezwmenis
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iifferent plots was in acocordance with randon"isble (Fisherand
‘atas 1963). The lay out plan is sibown in ‘ig.c.

The detaiis of the lay out are as follows:-

Tambar of replications 3
Jumber of 5lots per replioation 16
Mumber of beds per plot 4
3ed slze 4.5m x 1 m

2e2 Ireatments.

Treztments eongisted of 16 combinations of 4 lavaels
of phosyhorus, 2 levels of lime and 2 levels of rhi-obicl
inoculation. The detzils are furnished below.

L Control (no phosphorus;
2 30 kg ‘”205/1‘3
P, 50 kg P,0c/ha
3 90 kg P,0g5/ha
Levels of lime
L Jontrol (no lime)
Iy 250 kg lime/ha

Levels of rhizobial inooulation
I Sontrol (without inooulation)
11 Inooculated
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Treatment combinations

EOLOIO P°L°I1 P°L1l° ?°b111
P1LDI0 ? L°I1 P1L1EO P‘L1I1
Mo Patols Pl Polyly
PSLO 3.0 & 3.&011 ?3;-‘1 IO 93131 11

2.3 Field culture.

2.%.1 Preparation of main fLield.

ihs fleld was ploughed with tractor and clods
broken and weeds were removed, Beds of 4,5 m length
and 1 m widih were taken, separated by ochammels of 30 om.
width, Each plot oonsisted of four beds, Deep drainage
onanisl was providzd 2long the boundary and between the

plo 13,

2.%.2 Lindng and fortilizer applioation.

Lime was broadezst and raked in two weeks prior
to sowing. Full dose of fertilizsrs ure applied as
bpagal dressing three days prior to sowing., Lime and

fertilizers were appilied as per schedule of tre:tuenta.

The prooedure recommended by Tamil Wadu Agrioultural



University wais followed for treating the syeds with the
oulture (:ihizobium japonioum). Jagszery syrup was prepared,
tue culture was inturn added w the ayrup and aixed
thoroughly. Ihe regaired ampunt of sezds as per goheduls
of treatments were then mixed with the culture and the

sgeds were subsequantly dried in shade,

sowing was done on 1=7=1977, Thirty seeds wers
dibbled in each row of the one metre wide bded at a
digtance of 45 om between rows., Seedlings were thimed
out 2 weex after sowing to retain a population of 20
plants per row thus giving an average spacing of 5 om

batwean plants and 45 om between rows,

203.4 Wﬂo

4 mild attack of leaf eating caterpiller yns
noticed wihiioh conld be effectively controlled by spraying
malathion,

2+.3.5 Heading and earihing up.

dand weeding «nd earthing up were done one month
after sowing, uJrainage ochannsl was oclaeared and deepened
to faoilitate the {low of water at thut tine,
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2.3.0 Harveating.

-

The orop w:zs ready for harvast 102 dnys cfter
sowin;, The stags of harvest was rarked by compleie
defoliation., Plot~wise narvesting was carried out on

10-10-11278,
3, Obgervations “woorded

Following ooservitions wera rcoordied.
3.1 Growth charaoters.

1. iHelight of plant,

2+ "Tumber of branocnes.

3. Leaf area index,

4, Yodulz sount,

5. ‘Todule weight,

6., Numbsr of pods per plant,
7. ‘umber of sesd3 par pod,
e Cry welght of stenm and petiols,
Yo wury uwalsht of lesaves,

10, ZIry welght of shell,

11. Pry welgnt of seeds,

12. {otal dry weizht of plant.
1%, Yet assimilation rate,

ce



3.2

3¢5

3e30

Observations at harvest.
1. Grain yield,

2. f‘(.VGr yieldo

3. Holsture percentage,
4, Teat welght,

5« Shelling nercentage,
b, Harvest index,
Chemical studles,

1 2lant epalyals.

Plant components were analysed for the following
nutrients on 20%%, 50" and g0 day after sowing ana at

harvest stage.

A,

3.

Jitrogen conient in different componania.

1)
11)
111)
iv)

Parcentage of nitrogen in stem and petiols,
Percentage of nitrogen in leaves,
Peroentage of nitrogen in seeds,

Percentage of nitrogen in shell.

1)
i1)

Peroentage of phosphorus in stem and petiols,
Pgreentage of phosphorus in leaves,



i)
i1)
1ii)

iv)

v)

o

1)
1)
111)
iv)

v)

Peroentage of phosphorus in seeds.
Percentage of phoasphorus in shell.

Peroentage of ocaloium in stem and petiole,
Paroentuge of caleium in lsaves,

in sceds,

in shell.

Peroentage of ozloium

Percentage cof caleiunm

iiptake of niirogen by stem and petiols,

Iptaks of niirogen by ieuves.

Uptaka of nitrogen by seeds,

Uptaite of nitrogen by shell.

Total uptake of nitrogen by the plant

Jptake of phosphorus by stem and petilols,
Uptake of phosphorus by leaves,
iJptake of phogphorus by seeds,
Uptake of phosphorus by ashell,
iotal uplause of phosphorus by the plant,
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i) iptake of ealoium by stem and petiole,
ii) Uptake of caloium by laeaves,
i11) Uptaske of caleium by seeds,
iv) Uptaie of calcium by shell.

v) iotal uptaws of ozleium by tne plant,

5.3.2 goll analysia.

1. Total nitrogen oontent of the soil.
2. Total phosphorus oontent of the soil,
%e iotal potassium oontent of the soil,
4, Iotal oaloium content of the soil,

5. Avallable phosphorus in the soil,

6. Available potassium in the soil,

7. Exohangeable ocaloiur in ths soil,

4, pH of tne soil,

These estimations were done on & pooled sample
collcoted from different locations prior to sowing and
on 16 pooled samples colleoted from respesciive irextments
of the three replications after harwvest.

4. Sampling Procedure.

ne bad in each treatment and a row in this ssieotsd



bed were marked at random, Five plants at a streteh
ware randomly seleated and tagged to study the growth
charaoterz suoh 83 plant height and number of branohes.
dimilarly, another se¢t of five random plants at &
stretoh were selected at 20™%, 50° and 80" days after
gowing and at harvest and were removed by uprooting,
These plants were ugsd to study lhe numbsr anmd welght
of root nodulss., Ihen the root portion was removed and
plant oomponents separatad and bagged, These aseparated
components namely stem + petiole, leaves, seeds and
shell were used for further studies.

[

5 DLetalls of Oheservation Procedure.

Procedure followsd to study the charaoters is
ag detailed belows~-

3¢l Heilght of plant.

Heignt of the selected five plants was measgured
from the ground level to the terminal bud, The average
of the five plants was then worked out. Ihe observation
vas made on 20%?, 50™ ana 80" day after sowing,

52 Mumber of hranches.

The number of branches of the same plants yere
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counted on ‘50"‘h and ao"h day after sowing,
53 Leaf area index.

Ten leaves were seleoted at random from the
gelacted five plants whioh were out at the base and
remved for the purpose., The ilmpressions of these leaves
were taken on juality bond paper of known weight par unit
area, 1lhe paper was cut in the shape of zample leuves
and welight of suoh 10 paper ocuttings was taken. Trom
this, the actual area of the sample leaves was caloulated,

Tue leaves were dried in & hot air oven at 70°C to
80°C for three days and weight of ths 10 sample leaves
was reoorded, uiry weight of the rest of the leaves wes
added to the dry weight of 10 sample leaves to get the
total dry welignt of the leaves of five plants. ILoaf area
of these five plants was ocomputed from the dry weight of
total leaves and the area per unit dry weight caloulated

from the area of 10 leaves.
Leaf area index was worked out ags followsg~

A . waaf area of five planta
Leaf area index = T .4 area ocoupled by five plants

5.4 Yodule count.
This observation was taken on the samples plants
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which ware used for taking observation on leaf area index.
These plants were uprooted and soil from the root was
carafully removed, ITotal nﬁmber of root nodules was.
counted and the average number of root nodules per plant

was oaloulated,
55 Yodule weight,

rrash welignt of the noduleswas taken, Average
welgnt of nodules per plant was then worked out,

5.6 Yumber of pods per plant,

Average number of pods per plant was worked out
by counting the total number of pods from the five sample
plants taken at harvest for recording other observations
like dry weight and leaf area index.

5.7 Yumber of seeds per pod.

ien pods were selesoted at random from wne avove
sample plants. Total number of seedswas counted and

average number of seeds per pod was oaloulatad,
58 Dry welight of shoot,

Five sample plants uprooted on 20‘“. so‘h and
eo‘h day aftsr sowing and at harvest were ussd for
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determining the dry weight of shoot. Immediatsly after
the leaves were sgparated and bagged, the same were
dried in a hot air oven at a temperature of 70° to 80°C
for 3 days and then dry weights was taken. Dry weights
of stem + petiole and leaves was rsoorded separately
and they were subse;uantly added up to get ths total
dry weight. n the ao"h day and at harvest, pods wers
also separated from the planta, The pods werz then
separated into seed and shell and their dry weight was
algo determined separately. For caleculating total dry
weight at these two stzgea the weight of pods was =lso
added to the weight of leaves and siem + petiols,

5.9 Ory weignht of seeds and shell,

“n the 80th day and at harvest, pods from the
sampls plants were separated and they were further
geparated into seeds and shell, Theasewers dried

separately and their dry welght was deturmined,
5.10 et agsaimilation rate,

Tne proocdure glven by watson (1958) as modirfisd

by Juttery (1970) was followed,
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winnowed and cleanad.
reoorded,

for determination of moisture,

ihe equation used was the following:-

A - i
NAR =» —a——3}
b, = toong * Ap)
Where,
W, = fotal dry weight of plants/m’ at uime t,.
4, = ‘Total dry welght of plants/m” at time t,.
’1.2 -ty = Iime interval in days.
A2 = Leaf a.rea/m‘? at time t2‘
Ay = Leaf area/n’ at time t,.

Grain yield,

Jrop was harvested from the net plots, lhresiad,
Graing were sundried and weight

3amples of seeda were oolleoted from eaoch plot

The data on the perecentage

of molsture were analysed gtatistioally and ths differences

were found to be non-gsignificant,

for moisture oorrection was therefore not dones,

Adjustment of yleld data
A toial

of 45 sampls plants were removed from tine plots upto the

harvest astage,

“hile ealculating the yleld, the size of

the net plot was ocaloulated taking into acoount the area

oocupied by these samples.
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5.12 Stover yisld,

Jtover from eash plot waa sundried and weighed
separataly.
513  shelling percentage,

oneiling perosntage was oaloulated from the dry
waight of grain and dry weight of pods of the five asnmple
plants ualng the following formula,

Shzlling percentage = Dry weight of pods x 100
5.14 Harvest inde=x,

Harveat index waa ozloulated as followss~-
. X _gaqon

Where,
Y ascon = Dry welght of grains

Y biol = Total dry weight of plants
(exoluding roois)

The five sample pnlants ussd for taking observations

on dry welight were used for this purpose zlso,

®. Chemical Analyais.

Plant samples taxken on the 20th. 50‘“ and so“h day
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after sowing and at harvesi were used for chemical
analysis., sample plants were separated into different
somponents, viz: stem ¢+ petiols, leaves, sseds and
shell and bagged separately, The different components
were oven dried to constant weight and ground for the
determination of total nitrogen, phosphorus and ozlofum

oontents,
041 Total nitrogun oontent,

fotal nitrogen was estimated by HMiorokjeldahl
procedure as given by Jaokson (1958).

0.2 fotal phosphorus ocontent,

Phosphorus oontent wag estimated oolorimetrically
(Jackson, 1958) after wet digestion of.tha sample using
triscid mixture and developing colour by the molybdo-
phosphoric yellow colour meihod,

6.3 Total ezlciwz oontent,

rotal oalojium oontent in plant was estimited by
the Vgrsene titration (Jaokson, 195:) after wet digeation
of the sample using tri”acid mixture,

6.4 Uptak‘.e of nitrogsn.
fotal uptaze of nitrogen was oaloulated from the



nitrogen percentage and dry weight of the component.
The uptake values of the different components were added
0 get ths total nitrogen uptake.

6.5  Uptake of phosphorus.

iais was oaloulated from the total phosphorus
content and the dry weight of the component, IThe total
uptaiks of phosphorus was saloulated from the uptake of

wne different components,
0.0 Jptaks of ocalcium,

Uptaice of oaleium was caloulated from the ealeium
gontznt and dry wsigat of the components, Iotal upt:uke
of ealeolum w13 also oaloulatad,

0T 5041 analysis,

A ocomposite soil sample from the experimental
plot was taien prior to lay out for the analysis of total
nitrogen, total phosphorus, total oalcium, total potassium,
available phosphorus, available potassium, exchangesable
caleium and for the maasurement of pHi, Jimilarly, soil
samples were taken from each treatment after the experimsnt
and the composite samplss pooled owver the replications
vere usad for the :stimation of total nitrogen, available



phospnorus, available potassium and exshangeable oalcium,
7. Statistioal Analysea.

uata on yleld, yield attributes, growth oharacters
and those on ochemical analysis were analysed statistically
by following the msthods suggested by Snadscor and
Jochran (1967), 'F' test was ecarrisd out by analvais of
variance mathod, Oritlcal diffsrence wis worked out and

signifioant resulis were ocompared,



RESULTS AND DISCUSSION



RusULEs AND pISCUSSION

The resulis of the experiment ag influcsnoed by
various treatments are presented in the following text
with ths help of Tables and suitable fipures,

1. Growth Tharact:rs
1.1 Height of plants,

Dats on th2 mean height of plants are prssented
in iable 2 and Fig, 3 and the analysis of variance is

given in Appendix il.

uifferent levels of phosphorus did not produse
any significant effeot on plant haight at any of the
three gstages of growth. However, 90 kg Pgog/ha reaorded
the maximum mean height at all the thrue sgituges of
growth,

Liming also did not exert any significant
effaoct on the heigzht of plant but for a slight
inoresge notad on the ’50m and eo“‘ day after sowing.

Rhizobial inooulation of geeds did not .ave
any signifiocant effeot at any of the atages of growth,
Uninooulated tre:itment was on par with the inoculated
treatment,
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Table 2, Effect of phosphorus nutrition, liming and rhizobial
inooculation on height of planta and number of branches.
..... Height of planis (om) Number of _branohes .
D AT M 20th day 50th day 80th day S5uth day 80th day
L sATMSNTS after after after after after
sowing sowing sowing sowing sowing
Levels of
phosphorus
(Kg PEOB/ha)
0 15.27 56,72 59.24 2.856 3,236
(1.690) (1.799)
30 15.25 60,57 65,22 2.759 3.083
(1.,661) (1.919)
60 15,07 61.36 66,77 2.736 3.591
(1.654} (1.895)
90 16.49 66,76 T0.01 24955 3.4T71
(1.719) (1.863)
' tast NG NS i 7] 13 N3
b at 5% - - - - =
Levels of lime
0 15.54 60,04 63.97 2.806 34353
(1,675) (1.831)
250 15.49 062.67 62.67 24549 3.037
(1.688) (1.907)
' test K S N5 15 s
0D at 5% - - - - -
iRizobial
dnooul ation
Uninoculated 15,47 61,30 65.89 2.799 3.463
(1.673) (1.861)
Inoculated 15057 61 «40 65.23 20856 3.519
(1.690) (1.876)
' test Ho No NS N5 G 1]
SEm 04332 2,227 2.606 0.032 0.050
(}D at 5:% - - - - -

G O G . D A s e D U WS A AU U QP T T Y PSP B D GU AP TN W U S W DD SR T T VS S S S G s P

Figure in parenthesis indiocate root (x) transformed values.
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Interaction effects betwssn phosphorus, liming
and inosulation were not signifio-nt at any of the
stages of growth.

The review of literature on the effect of
phosphorus on plant naignt\ganarally shows an inoreased
height with phosphoras supply (lutz and Jones, 19754;
3aleh, 1976 and Perrari gt al. 1970) ind ioating thereby
that plant height in soybean is a charaoter tazt
improves with phosphorus applioation, 7IThe laock of
significant inorease in height in the present
investigation thus points to the faost that the
inherent phosphorus supply was adequate in the soil
to maintain growth of the plant in terms of plant heignt,
There are also reported evidsnoes on a desorease in
height of soybean with inoreased levels of applied
phosphorus ({esavan and Y“orachan, 1973) probably in
soils containing excess quantities of phoaphorus
originally. 35uch a dsorease wags not noticed in the

preaent work,

Similar reports of both fawourable and un-
favourable effects of linming on plant helgnt are also
available in literature, Lutz and Jones (19758 reported
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Ly 9EN (s

an inorease in plant height beoause of liming in the
experiments oonducted during 1971. Ihey found that
plant height remained unaffected in their experiment
condusted during 1372, and deoreased in that of 1973,
because of liming, £lkins¢1976) also found increased
heignt vacause of liming but Lufti and Oetit (1974)
noticed stunting of plaants bacause of overliming. As
indioated by the above review, it appears that there
ig an optimum piH range of soil for different varieties
of soybean, Laock of significant effeot of liming on
heignt in the pressnt investigation pointas to the

fact that original pi of the soil (6.0) was within the
optimam pi! for this variety. Ihe results also show
that application of lime at 250 kg/ha could not raise
the pi1 to super optimal levels for growth as nmeagured
by height of plants,

There was no signifioant effeot on plant height
bacause of culture inooulation, This probably is
beoause nitrogen supply to the plant througn symbiotio
nitrogen fixation could not be appreociably aliered by

culture inoculation.

1.2 Jumber of branches,
Ihe data for number of branches are presentsd in



-
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Table 2 and Pig. 4 and the analysis of varianoe is
given in Appendix II,

The data presented show that there was no
signifioant effeot of phosphorus on the number of
branches either on the 50 day or on the go'd day
after sowing. ‘lowsver, a very slight inorenge was
noticed with 90 kg "50,/ha on the 50

but this trend was not reiainasd on the aom day.

Liming and inooulation did not influence the
nunber of branohes aignificantly except for the fuct
that limed and inooulated treatments were sligntly
superior to ocontrol., Interaotion effuois were not

signifiocant at any of the stages.

Ag in the oase of plant height, there was no
gignifioant effsot of phosphorus applieation, liming
and inooculation on number of branches :lso, .he
reasons attributed to the lask of significant inorease
in plant height are attributable in the ocase of number

of branches also,

1.3 Leaf area index (L.A.I.),

Data on leaf area index are presented in Table 5

day after sowing



Table 3. Effect of phosphorus nutrition, liming and rhizobial
inoculation on leaf area index "nd nat assimilation
rate,

| Net assimilation
Batween Batwaen
, ‘ 20th 2and 450ih &
AT T YY) 20th day 50thday 8¢4h day 50ih day  80th day
after after after after after
gowing sowing sowing sowing sowing
Levsls of phoaphorus
(g onﬁlha)
0 0.379 %.657 3393 3.205 3.080
30 0,458 3,807 34,625 54382 3.628
60 0.358 4,097 4,183 2,950 4,118
30 0.4357 4,758 5,438 %4389 3 357
P' Lest sdg Ho i Ns NS
dum * 0.028 0,340 0,436 0.187 0.550
Sh at 5 0.080 - - - -
Levels of lime
0 0.396 4,071 4,201 3,113 3.659
250 0.420 4,087 4,118 34380 24432
w1 teat qo T NS & No

Zhizobial inooulation

Ininooulatad Ue 396 3999 4,220 3.252 34550

Inooulated 0.420 4,159 4,039 34241 3542

P*' test To qs 1o £ NG
Scm * 0,020 0.241 0e308 0.132 0.389

Jb atg 59 -
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Table 3 a, OCombinzd effeot of phosphorus and liwming on
leaf area index on the 20th day after sowing

iy - A D TR R S T o " - - - -

LBVELs 04 PLOSPAOrUS

0k g e Vil Maan
(s *’?205/@) 0 250

A G TP o A o S S U G G D S, R oW T B S BT T P S N S D\ A D

0 0.384 0.374 0.%79

30 0.426 0e439 0.458

60 0.425 0,221 U358

90 Je 043 04526 Q437

Mean D396 0.420 0.408
vom b4 04339

Ji at 54 0,113
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and Fig. 5 and analyslis of variance is given in

Levels of phoaphorus did not infiusnce lgaf area
index signifiocantly on the so‘h or 80%W day after
souing but on the 20*" day, P,0; at 30 ka/ha vas
significantly superior to that of 60 kg/ha. In tre
gecond znd thlrd stages of growth, although the highest
lavel of phosphorus was on par with other levelas, a
steady increase in L.A.l. wag observed with inoreasing
dosas of this nutrient,

A4th levels of liming and inoculation slight
inorease in L.A,l, was observed on 20th and SOth day
after sowing. /n the other hand, at the taird stage
higher u.A.1. wag recorded in treatments whare no lime
was applied or wvhere seceds ware sown uninooulated,
However, ireatments were found statistioally at par,

both in the case of liming and inooulation.

Interaction between phosphorus and liming was
found to be significant on the 20th day. Ihe nigheat
level of phosphorus, 0 kg ons/ha along with lime at
250 kg/ha gave tne highest mean u.i.l. value, However,
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the results do not indicate a consistent positive
interaction between levels of phosphorus and liming.

At the other stages of observation, the interaotion
between these ireatments was not signifiocant. Similarly,
the interaction betwean phosphorus and inoculation and
that between liming and inooulation wers not significant
at any other gstage,

inlike plant height and number of branches, L.A.I.
seicixd 8 distinot trend of inorease with inoreasing
ievels of phosphorus, though the effeot was significant
only at the firat stage. While disocusaing th: characters,
plant height and number of branches, 1t waa concluded
that the inherent supply of phosphorus was adequate in
terms of these two characters, In terma of L.A.1., on
the ocontrary, the original phosphorus supply in the
soll was not adequate as evidenced by the inoreage in
this ocharacter with increase in the lewel of phoaphorus.
Such differences indireotly indloate tiat phosphorus
requirement for maintaining optimam leaf growih is not
the same as that for plant height and number of branches,

The effeot of phosphorus on increase in leaf area
may be either direct or through its effeot on inoreasad



nitrogen supply through symbiotic nitrogen fixation,
Suoh a positive interaciion betwasen phoaphorus
application and nitrogen acoumulation will be disoussed
further while dealing with nitrogen uptake.,

Tne effects of liming and inooulation were not
gignificant and consistent, Iihe reusons for these have

been disoussed earlier,
1.4 Yot assinilation rate,

Jata on the net sessimilation rate are presented
in Tabls 3 and the anilysis of variuance is given in
Appendix I1I.

Levels of phosphorus, liming and rhizobial
inooulation did not affeoct net assimilation rate
algnificantly. Interaction was also not szignifieant,

Net agsimilation rate which is the measure of
the effiolency of the leuves to photosyninesis was
not found to be affected signifioantly by any of the
treatments, It is ¢ onerally expeeted that net
agsimilation rate will decreass with inorease in leaf
area index espeoially at higher L.A.l., valuss, In the

present study, there uwas no suoh consistent relation



noticed indicating thereby that L.A.I, was not high
enough to exert any signifieant mutual shading. It
may be recalled that L.4.l. also did not show any
significant treatment varistion. It was expected that
aver the stagea, there would be a deorease in net
agsimilation rate 28 the L.%.l. inoreased substantially
vith advanoing age. such a trend wes also not
apparent in the siudy though the mean uL.A.l. 2t SC%%
day and eo‘h day after sowing was round about 4, It
may be concluded therefore that even this L.4.1. did
not result in signifis=nt matuzal shading.

1.5 Dry welght of stem and petiolae.

Data on dry weignt of stem and peiiole at varioua
stages are given in Tzble 4 and Fig.6 and the annlysis

of variance is given in Appendix IV.

Higher levels of phoaphorus tended to inerense
dry matter production at all the four stogas hat the
differsncez were not gtatistioally siynificant, m
2oth day and so‘h day after sowing, the inorease in dry
natter was obgerved with increasing levels of phoapliorus.

At harveat, 30 kg ?205/ha produced less dry matter tnan



Table 4, Effect of phosphorus nutrition, liming and rhizobial
inooculation on the dry weight of stem znd petiole.

. S D 2 U G S s DD A DD S

PABATMLTIS 20th day

50th day 80th day

after
——— ---20wing
Levels of phosphorus
(kg ?zos/h&)
0 0.692
30 0.784
60 0.737
30 0.823
F' test Mo
SEm * 0.046
oD at 5% -
levels of lime
{fg/na)
0 0.736
250 0770
F' test K5
SEm * 0.033
ihizobial inoocula-
Lion
Uninoculatad 0.721
Inoculated J.T85
F' test R
S8m » 0.033

Cb at 57

after after
~gowing_ ____sowing
15.34 23.83
17.36 20453
15.56 30.43
20,76 34,58
NS N
153 2,85
16.40 28,85
18.10 28,83
N3 NS
1.08 2,01
16,84 20,62
17.67 29.07
) N3
1.08 2,01

Harvast

20,20
18.84
22.26
23.50
LF
2.27

21,14
21.26

1.61

204,63

21,78
NS

1.61




Table 4 a, Joubined effeot of phosparorus and limiag
on the dry weight of sterm und peilole
(&/5 plenta) on the 20th day afier sowing

Levels of phosphorus

(£g P,0c/ha)

S W - R S ) R 0

0 0.69% 0.04% 0,604
30 0.720 U548 0.724
60 0,658 JeT1%3 OeT37
30 0.71% 0.230 Je323
Jeam 2 Cedb3

b at 5% 04187



that of the control plot, but ctier lsvels foilowed a
linear increase in dry matter wiin inoreasing levels

of phosphorus,

Inorease in dry weight of stem and petiols due
to liming and inooculation was found to be marginal and
non-signifioant,

3ignificant interaction affect was observed
be tween phosphorus and liming on the 20th day,
Pnosphorus at 90 kg P205/ha in ocombinatinn with 250 kg
lime/ha gave maximum dry weight of stem + netiole =mi
it was signifioantly aigher than all anther camhinationa
except 30 kg P205 + 250 kg lime/ha, YIn phoashinrug +
250 g lime/ha recorded the lzast dry weipght, Though
the overall trand was in fuvour of positive internotion
betwsen phoaphorus levels and liming, it wia neither

steady nor consistent,

iry welght of stem + patiole weni on inoreasing
till the so‘h day of plzat growih dat tne some was
found to deorsase at harveat, Inorease in dry weight

over the stages was enhmoed by higaer doss of phosphorus.

Although the inorease in dry welgnt of stvem and
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petiole was non-signifioant, there wag =n inorsaasing
trend with inoreasing dose of phosphorus fertiilizer,
Xgaavan and Morachen (1973) alao observed the gams with
regard to total dry matter of soybdean plant, variety

Ll 39821,

Liming at 250 kg/ha was on par with the control.
sams trend was notioced in the oase of inoculation,
iowaver, limed plots =2nd inooulated trentments and a
3lizht edge over the control, The rasult will e
disoussed further subsejuently while dsalin, witnh toial

dry welght of plantas,

1.6 Dry weight of leaves.

[ty th

+ata on dry weight of leaves on 207, iloth

and

th

80" days afver gouing are presented in inxde 5 and

“1g.6 and the analyais of variznce is given in 4ppendix V.

Ury waight of leaves was not infiuenced by ihe

th

5,3‘3
levels of phosphorus on the 20" and 50°° days but on

1'.&188()ml

inoreasing levels of phosphorus, Although signifiocant

day, there was signifieant incresse with

rease in dry weight of leaves was not obiained with
inoreasing levels of phoaphorus, thers was 2n incraase



Table 5, Effect of

cn
co

sphorus nutrition, liming and

rhizobial oulation on the dry weight of

leaves
Dry weight of leaves (g)
TREATMENTS 20th day  50th day 80th day
after after after
sowing sowing sowing
Levels of phoaphorus
(£g ona/m"
0 0.836 8,491 11,03
30 0.965 8.648 12,29
60 0.833 8.434 12.91
90 0.915 10.310 17.11
F' tast NS KES S51g.
Sim 0.063 0.664 1.37
CD ay 5 - - 3.95
Levels of lime
{Kg/ba)
0 0,862 8,974 13455
250 0,913 8.970 13.11
P' test NS N3 NS
Ob at 5+ - - -
Uninooculated 0.851 8,885 13017
Inoculated 0.923 9.082 13.50
F' test NS 3 NS
SEm ¥ 0.045 0.469 0.97

CD at 5%




Tabls 5 a, Combined effeot of phosphorus =and liming on
the dry weight of leaves (g/5 planta) on the
20th day after sowing

Levels of phosphorus Layaels iima ( Kg/ha Mean
(g F505/na) 0 250
0 0,834 0.8%8 0.83%
60 0.960 04705 0.833
90 0.745 1,085 0215
Mean 0.862 0.913 0.288
Sum ¢ 0,089

oD at 5% 0.265



in mean dry weight from control to 90 kg P205/m on the
50% day, On the 80%® day, 90 kg P,0c/ha gave
significant inorease in dry weight of leaves over

plols where phosphorus was applied at the rate of O,

30 or 60 kg ons/ha.

Liming or inoculation did not affeot the dry
weight of leaves,

Interaction betwsen phoaphorus zad liming an 20™ day had

signifiocant efieot on dry weight of lenves but the

effectis were limited to certain oombinations only.

Phosphorus at 90 kg ?’205/11& along wiih 250 kg lime/ha

was signifiocantly superior to 90 =g ?2(!5/‘::& without lime

and 60 kg ;?2{}5 v 250 kg lime/ha, Jsimilar was the

difference notsd when 40 kg ?205/11& witnout iime and

60 kg Paasfna was applied at 250 kg lime/ha level.

Dry welight of le=wves inoreased Iron 20 th day
to 50% day with further inereise at the third stage.
digneat level of phoaphorus gave the maximum inoraenge
in dry weignt with advanoesmant of erop growth,

3ignifieant inorsage on the 502

inoreasing trend on 50 und 20™ day in the dry weignt

aay sad



of leavea dus to inoreasing levels of phosphorus may
be attributed to inoreased branohing and leaf production
ag evidemded by higher leaf area index (iable 4),

The results will be further disoussed undsr
total Ary weight of plants,

1.7 Lry weigat of shell,

Data on the dry weight of shell are presented in
{able 6 and Fig. 6 2nd the analysis of variance is given
in Appendix IV.

Inoreasing lavels of phospuorus huod meo signifiocant
effeot on the dry welght of shell, '“can dry uveight of
snell on the 80" day was highest when 90 kg P,0/ha
waa applied but at narvest stage, control zave the

highest value,

oiming did oo give any aigniiisont 2il:ct Lot
whe mean dry welgnt sihowsd a nogative effect with higher
levels of liming, Altnouga inoculation 4il 12t roduecs
atatistieally significant results, azn isersosiag trend
wag obgerved with inoculation., Inter-eii-n effect was

not significant.



lable 6, Effeot of phosphorus matrition, liming and
rhizobial inoculation on the dry weight of
ahell and seeds

A T -

Qu.mmi.u.mmz Ery welent of seads(g)

TReATMuNTS 80th day 80tn day
after Harvesti after Harvest
- - -aoving gouing.
evels of
sphorus
m &Oslha)
0 13,00 14,81 14,30 24 .37
30 14,99 13,26 15.42 23,22
60 10.14 13.78 19,80 23.49
90 17.93 14.24 15.85 2793
F*' test N3 R 5 ]
San ¥ 1.44 1.53 2,04 3.34
Levels of lims
{¥g/ha)
0 16.24 14,45 17.80 25.79
250 14,81 13459 16,88 23.71
' test Ns RS RS M3
Som hd 1.02 1.08 1.45 2.36
Cu at 5° - - - -
“hizgobial
dnooulation
Uninooulated 15,21 13,06 17.43 23,09
Inoculated 15.84 14,98 17.26 20,41
' teat i 18 NS s NS
SEm * 1.02 1.08 1.45 2436

Cv at 5% - - - -
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Pry weight of shell fell at harvest stage
from th=t on the BOth day.

R23ults will be disoussed undsr the total dary
weight of plants,

1.3 2y d3igant of seeds,

data on the dry weigzht of sceds are presented
in Table 6 and *ig.5 and the analysis of variance is
given in Appendix V.

Pansphorus lavels conld net influenoce dry welght
cf ageeds signifisantly at any »f the stoyes, At both
the stages, 30 g ﬂEﬁb/hﬁ aave hidher dry w2i-ht but

. \ . ] .
it wag on par witl othor» lawsl-,

Jontrol plotl gave higher yleld fuan pioi applied
with 250 kg lime/ha though differsnoes were not
significant statistically., No difference wzs noted
with incculniion. Interaction had no signifioant afieot,

ry welght of seed inoreased from the ao‘” day
10 harvest stage of the orop.
1.9 Total dry weignt of plants.

Data on the total dry weight of plants are
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Table 7. Effeot of phosphorus mutrition, liming .und
rhizobiel inooulution on the total dry weight

of plants
foval dry weignt of plunts (g)
TRBATMANIS 20th day 50th day 80th day
after after after f{arvest
| e ————— --20wing ___gowing . _sowing
Levels of phogphorus
(Kg P OM/ma)
0 1.151 23.70 62,18 66,80
30 1.747 26,00 63.23 5532
00 1.568 24,04 79.27 59.44
90 1.765 31,07 90.27 65.68
P' test NS [ 5] HS NS
Shm ¥ 0,105 2.14 736 6.60
U at 5% - - - -

Levals of lime
(Kg/ha)

0 1.617 25.%9 T6.87 61,78
250 1.681 27.01 73.91 58,78

P' test w5 Ho No No
Sim 2 0,077 1.51 521 4.67

oD at 5 - - - -

Ihizobial

Uninoculated 1.586 25,66 75,12 57 .45
Inooulated 1.712 26.75 75.66 63.17

P' test NG KR S q3
SEm » 0,077 1.51 5e21 4,67
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Table 7 a., Combined effaot of phospaorus and liming on
the total dry weight of plants (g/5 plants)

on the 20th day after sowing

levels of phosphorus

Maan
(kg P,0z/ha) 0 250
0 14550 1.430 1515
30 1.025 1.869 1.747
60 1.775 1.360 1.568
g0 1.517 2.014 14705
Mean 1.681 1,681 1.681

CD at 5% 0.428



preaented in Table 7 and Fig, 6 and the analysis of
variance is given in Appendix VI.

At none of the stagea, visz: 20th. 50th. Both

days after sowing or at harveat, phosphorus, liming
or inooulation ocould exert any influence on the dry
waight of plants,

Interaotion bstween phosphorus and liming wag
found to hawve significant influenee on the dry weight,
on the Zoth day. iraatment of 20 ko ﬁaﬁg/ha armlied
in oombinationwith 250 kg lime /ha w=s siymifioantly
superior Lo the same dJdose of phosphorus without lime,
The above treatment wus =lso si.nificsatly anparior to
treatment combinavions having 2.0 xg lim:/he vith O
or %0 kg ?205/;;9 and to that of the ocontrol., Iireatment
combination "0 kg P2ﬂ5/ha + 250 kg lime/ha was
signifioantly superior to combination 60 ks F205 +

250 kg lime/ha and was on par ith othars,

Taere was no sonsisvent incresmzs In Ary matier
asoumalation by plail parts at any of the atage by
applieation of pacapuorus. Thoush sn inoreasing trend

b4



was noticed almost in all the osses, it was moat
congpicuous in the case of dry weight of leaves, in
vhioch there was signifioant inorease on the goth day
after sowing., 7These results also suppori the
conoclusion that the inherent phosphorus level of

tae 801l is nearly at adequaoy level, Liming and
inooulation did not result in signifieant improvement
in dry matter accumlation. The reasons for the lack
of response have alre:dy been diacussed, Many of the
reported experimental resuits inaicate signifiocant
inorease of dry weight consequant w0 applioation of
lime (Chew and 7ivekanandan, 1975; Baumgartner g% @k.
19743 ilpete, 1972) and inooculaition (iafti end Netit,
19743 “hatterjee,et al., 1972)

The inverastion between phosphorus and liming
was significunt in dry welgnt of leaves ana total dry
welght on the («2()*“5'&:"1 day. dihough the e@xiefi w:s8 nov
consistent, thers was an indioacion oi & posiiive
raaponse to i@ combined applisation of aigher levels
of phosphorus along with lime, However, Whue s¢ilecis

wore not consistent even in whis ocusraciar,
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Over the stages, there was a steady inorease
in dry weipht of stem ¢ petiole upto the ao‘h day,
after whioh it showed a conspicuous deorease., A
similar trend of deorease in dry weight after the 80
day was notioced in the ease of total dry weight also,

th

The dry weight of seed on the oontrary, registered
narly 47.2° inorease over the above stages, Part

of the deorezse in total dry weight and that of stem ¢
pestiole may be attributed to the le«f £all th~t oceured
after the ao‘h day, There could have been ulso
translocation of oarbohydrate to the developing sceds
and this might have partly been resrongibic for the
decrease in dry welght, This will be fuxrther
subatantiated by the fuet that dry welgnt of shell

also deoreassd from Soth day 111l hervest.

1.10 umper of root nodulew.

Vata on the number of rool noauic. v prageiated
in Table 8 and the anilysis oi vericuace is ,iven da

Appendix VII.

On both $0th and so‘h days after sowing, lavels
of phosphorus failed to vroduce signifiocant effeot on



Table 8,
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Effeot of phosphorus mutrition, liming and rhizobial

inooulation on the number of root nodulss and freash
waight of root nodules per plant,

-

Tunbar of root

Freah weight of root

TRoAD LTS 50th day 80th day 50th day 80th day
TReATHL NS aftaer after after aftor
sowing sowing soving sowing
levels of phosphorus.
(48 <;05/na)
0 0.030 0.000
(1.015) {1.000) 0,006 Q000
30 0.223 0.121
(1.106) (1.059) 04016 0.020
60 0,092 0.098
(1.045) (1.,043) 0.010 0,007
90 0.416 0.418
(1.,190) (1.191) 0,026 0.061
' test do Na q3 N
Sem * 0,055 0.063 0,009 U.018
Jv at 5 - - - -
Levels of lime
0 0,126 0,090
(1.001) (1,044) J.013 0,015
250 0.248 0.221
(1.117) (1.105) 0,015 0.028
#' ieat 0 s 0o ¥
oum 2 0.039 0.045 0,006 0,013
Wi at 5 : - - - -
‘nlizobial inoculation
(1.092) (1.037) 0,012 0,011
Inooculated 0.179 06237
{1,086) (1.112) 0,017 0,033
¥' teat No N 33 ¥
SEm & 0,039 0.045 0.006 0,013
QU at 5'j‘;i - - -

WO VO s D B T o S Y

Figure in paranthesis indicate root (x » 1 ) transformed values.



op
C

number of nodules, But, inoreasing lavels of
phosphnorus showsd an inoreasing trend in the number
of nodules except 30 kg P205/ha whioh recorded hnigher
nodules waan 60 kg ?205/ha.

Liming at 250 kg/ha was on par with the oontrol.
4848 was the trend obdbiained for inoouluiion.
Interaotion effaot dug to various coumbinations did

not siow any significance,

hiterature on the effeet of 2nnlied phosphorus
(Jones gt al. 19773 %Sebin ~nd Isnatenxo, 1363) 2nd
lime (Blevins gt al. 19773 “artini gt al. 19743 Cisw
=nd Vivekanandan 1975) on lepumes gencrally indioate
inoressed nodulation oonsse.:uent to their application,
ing laok of significant inorease in nodulation in
ihe present study thus indicates that the levals of
paosphiorus and c¢aleiwn iz the 30il were sde-uate for
maintaining nodal:tion at the optimue level, imilarly,
there was no responad oo ruizc2iun inozul .tion indicating
Japonioun
were also avallable in the sell originally. Literature

that the effectiive sirains of

on this aapect wluo, generally, indicates enhanosd
nodulation beosase of artificial culture inosulation



(katti gt al. 19703 Jansenvian gt al. 1976; Fonova
et al. 19765 .singh and 3axena, 1977). According to
sonova gt al. (976,nodulation in legumes is induced

Dy the presence of effective atrains of the -pyropriate
~hizobium gpecies, In general, the number of nodulas
inoreases in proporiion w iths number of suoh organisms
oaresny in Wie s0il upvo & limiv., Jne laock of
significant inorease in nodulation, tnus indicateas

winh aderaate number of such orgunism was originally
pregent in the soil. accordin: to Jangsenvian g% al.
137¢) a conspicuous increcse in nodulation in goyhean
443 Oovedrved in ficlds where it nad not becn culiivated
auen artificial inooussiion is resorted o, A similar
resudt was expeoied in wae prassat study 2iso s the
ficld wus never wiier wie orou before., It uay Lowever
o3 noted taal oowpew alse oomen undey the Lune Croas

inoculation group a8 soybean and probably, ths strain

In 2 siwilar study on ine effectivanass o8 ~iliure
{rooulations on soyoean conductad in 1278 (lair, 1478)
on 3 similar type of soil i1 was found ih:it thers wasg
a significant deoreas2 in nodulaiion and yicld hen

oulture inoocuiation was dona., It was indicatzd from

69
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this study that the native strains were effeotive

on soybean also and that these natural strains were
more effeciive ihan the introduced ones, Though in
the present study, the effect of inoculation was not
signifioant, the mean nodule numbsr of the inoculated
set was less than the uninoculated oontrol on the
50““ day after sowing., The results may thus be
summorised as follows, (i) There wzs abundanoe of
effective strains of Rhizobium Japonicum originally
in the soil (ii) ihe introduced stirains were only as
affactive or even inferior to the native stralins,

1.11 wWeignt of nodules.

Data on the fresh weight of root nodules are
presented in Table 8 and the analysis of variance is
siven in Appendix VII.

None of the treatments was effeotive in raising
the weight of nodule significantly. Lavels of
phosphorus, liming and inooulation gave no significant
affeot on the welght of nodules.

Significant interaction effeot was not observed

among any of treatment combinations.
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The results reported on ths effeot of phoaphorus,
linming and inoculation generally indiocate a positive
response of these ire:iments on nodule weight., In the
experiment under report, there was no significant sffeot
of these treztments on this oharaoter. The reasons for
sush an observations were discussed already while dealing
with the observation on nodule number,

2o Yield and Yisld Attributes:
2.1 Tumber of pods per plant.

bata on the number of pods per plant are presented
in Table 3 and the analysis of variance is given in
Appendix VIII.

Tumber of pods per plant oould not be affected
by any of the treatmenta. The interaotion was also

not signifiocant.

3aleh (1976) reported inorease in the number of
pods per plant when phosphorus was applied. The
results show that the numbsr of pods is a character
that is affectasd by application of phosphorus in
deficient soils. The abgence of a significant inoresass
in the number of pods per plant in this study indiocates that



Table 9, &ffect of phosphorus mutrition, liming and rhizoblal
incculation on numbder of pods per plant, number of
seeds per pod, weight of seeds per pod and test welight

No., of No., of ‘weight of Tezt welght (&)
T cATMENTS pods/ sseds/ aeecda/pod 1000 seeds

plant  ___ pod _______(&) e —

Lavels of phosphorus
(Kg ?,0:/ha)

0 30481 2.353 2.579 94 .60
(5.55) (1.5%4)
30 24,77 2.374 2.458 96,35
(4.93) (1.541) :
00 29.93 2.152 24349 96,35
(5.47) (1.467)
90 28,90 2.223 2.792 96 .58
(5.38) (1.491)
P' test s 5 N5 No
Som 2 0297 0.032 0.324 1.76
Cb at 5% - - - -
Levels of lime
(Kg/ha)
0 28,29 2.295% 2.628 94,58
(5.32) (1.515)
250 28,83 2.253% 2.475 36,43
(5.37) (1.501)
F' tast 43 R R s Na
Sk 0.210 0.020 0,228 1.24
Cu at 5° - - - -
Rhigzobial
Adnooulation
(5.,15) (1.50%)
Inooulated 30,72 2.292 2,724 93,83
(5.,54) (1.514)
P' teat N 5 ¥o K
SEm * 0,210 0,020 0.223 1.24
D at 5% - - - -

Pigure in parenthesis indicate root (x) transformed values



the supply of phosphorus was adequate in the soil
originally. Similay results of laock of signifiocant
inoreage in pod number were aloo reportied by Sabis
and shuspe (1977). It may be noted thai in this

experiment, there was no inorease in {inal yield aiso.

sable and Zhuspe (1977) reported an inoreuse
in the number of pods per plant when culture
inooculation waa resorted to, parsumably through the
increasasd nitrogen supply because of enhanced
aymbiotic nitrogen fixation. In the present study,
there was no response ito inooculation, Similarly,
there was no inorgase in the number of pods when

liming was done.
2.2 fumber of seeds per pod.

Data on the number of geeds per pod are
presented in Table 9 and the analysis of variance
is given in Appendix VIII.

iavels of phosphorus did not influence the
charaster signifioantly. Liming and rhizobial
inooculation also did not produce siznifiocant effeot,

Interaction was also nonsignifiocant,



The reasons for the lack of response to applied
phosphorus, liming and inooulation have bean disoussed
carlier while dealing with the vegetative charaoters.
The same reasons will be applicable in this oase alao.

243 Yelght of seeda per pod.

pata on the welght of seeds per pod are preaented
in Table 9 and the analysis of variance is ygiven in
Anpendix VIII.

ihe data reveal that levels of phosphorus,
liming and rhizobial inooulation 4id notv exsrt any
3ignifioant effeot, There was no signifiocunt interaction

effeots.,

The total weight of seeds par pod is a Ifunotion
of the number of seeds per pod and the teat welght.
It may be noted that these charactcra were not
signifioantly affeoted by the various treatmentis,

2.4 Teat welgnt,

Jata are presented in Table 9 and the analysis
of variance is given in Appendix IX.

All the levels of phosphorus, liming and rhigobial
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inooulation were on par statistioally, Interaction

effects were also nonsignificant,

Results of the experiment by Sable and Khuspe
(1977) have indicated inorease in teat weight of
soybean with inoreasing levels of phosphorus., Similar
inorease in the weight of seeds bescaunse of culture
inosulation was reported by Sable and Khuspe (1977) and
Zonova at al. (1976). These resulis indioate that test
weight 1s a oharaoter that ocan be altered substantially
by phoasphorus and nitrogen supply. 7he fact that thsre
was no response to phoaphorus, liming and culture
inoculation in this study again indicates that both
the supply of phosphorus and oaloium was adegquate in
the soil and that oulture inooulation did not alter
the nitrogen supply to the orop.

245 Shelling percentage.,

Data on t:2 shelling percentage are presented
in Table 10 and the analysis of variance ins given in
Appendix IX.

Levels of phosphorus, liming and rhisobial
inooulation could not exert any signifioant change on



Table 10. Effeot of phosphorus mutrition, liming and rhisoblal

inoculation on shelling percentage, harvest index

and moisture percentage of seeds

Y - G - -

Shelling percentage . Moistgre
TiBATMENTS 80th day after Harvest perocentage
. sowing __ Harviff_ index of seeds
Levels of
hosaphorus
Kg onslha)
0 47.92 62,94 0.473 6,12
(43.81) (52.51) (14,32)
30 49,92 63,29 0.466 6.06
(44.35) (52.71) (14.25)
50 54,00 63,90 0.484 5.90
(47.33) (53,073 (14.00)
90 50.21 65.37 U+4406 6.28
(45.12) (53.95) (14.52)
P' test NS NS No No
Levels of lime
(Kg/na)
0 49,35 64,78 0.466 6,23
(44.63) (53.,01) (14,.46)
250 51.69 63,96 0.469 5.95
(45.97) (53.11) (14,12)
F' test NS NS No NS
Sim * 0.94 0.43 0.00¢ 0.21
Ch at 5 - - - -
lnizobial 1 latd
Uninooulated 50.94 63.98 0.467 6.00
(45.54) (53.12) (14,18)
Inoculated 50,14 63.78 0,468 6.18
(45.06) (53.00) (14.40)
P test No NS NS NS
S&m + 0.94 0.43% 0.006 0.21
CD at 5% - - - -

T W L - O U O G O D T WD Tt T A A o

- o

Figure in parenthesis indioate values after making angular

trangformation.



Table 10 a,
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Oombined effect of phosphorus and liming on
shelling peroentage on the 80th d=zy after sowing

Levels of phosphorus

Lavala of lime (Kg/ha) Mean

(kg B 05/ha) 0 250
0 44441 51446 47.92
(41.79) (35.54) (43.81)
30 48.15 51,68 49,92
(43.98) (25.97) (48.95)
60 49.55 58452 54,06
(44.74) (49.91) (47.33)
30 55436 45,04 50421
(33.08) (42:16) (32.12)
Mean 43.35 51469 50,52
(44.63) (45.97) (45.30)
sem + 1,843
D at 57 5.4%



the shelling peroentage either on the Goth day after

éowing or at harvest,

*

Interaotion between phosphorus and liming on 8o day was
found to be significant, Phoasphorus lsvel at 60 kg
P205/ha in combination with 250 kg lime/ha guve the
nighast shelling percentage whioh was signifiocantly
higher than pnhospnorus at 90 kg P205 *+ 250 kg lime/ha,
30 kg ?zos/ha + no lime and the control, Jombination
of 90 xg ons/m without lime was also found to be
significantly superior to the treatment of 90 £g
9205
differences betwsen the other treatment combinations

+ 250 ki lime/ha and to that of the control. 1Ine

were not signifioant,

There was & marked inorease in shelling
percentage from the ao"h day till harvesat., Mosi of
this inorease must be attributed to the inorease in
sved weight with advanoing age. However, ithe deorsase
in ihe weight of shell (lable 6) =2lso sontributed
partly to the increase in shelling paeroentzgs. JThe
reasons attributed to the lack of signifisaont increuse
in other yield components consequsent to applieation of

phosphorus, lime and culture inooulation are applicable



in this oase also, Though the interastion bestusen
phosphorus and liming was significant, the results

were not consistent,

-~

2ol flarveat index,

Jata on the harvest index are presented in
Table 10 and the analysis of varianee i3 given in

Appendix IX.

Yone of the treatments ocould influsnce harvest
index significantly. Interaction effecots were =lso

nonsignifioant,

"hosphorus is generally oonsidered to be a
nutrient that increases the yleld of grain at the
expense of vegetative growth and ineoreassa2d nitrogen
supply usually inoreases the vegetiative growth at
the expense of grain yield. It was therefore originally
expeoted that phosphorus applieation would inoreass
the harveat index und inooculation would deorenss 1t,
In this study, there was neither responze toc appliesd
P nor to oculture inooculation., Similarly, application
of lime also did not influenoee harvest index
signifioantly., The reasons for suoch results have
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besn discussed already, It may also bs noted that
these treatments could not alter the vegstative growth
and the final yield of grain and stover aignifiocantly,

2.7 Moisture percentige of seeds,

Jata on the moliasture peroentage of seeds are
presentad in lable 10 and itne analysls of warlianoe

is given in Appendix IX,

ihe results rewveal that phosphorus, liming and
inoculation did not exert any signifioant effect on
thias charaoter, Interactions also did not have any
aignificant effact.

¥algtura content of seed is usually oonsidered
t0 be a charaoter either indicative of difference in
the chemical composition of asseds or degree of maturity.
The gstudy indicates that these oomponents were not
altered by ihe diffsrent treatments, Visual
obaarvations on the maturity of the orop alao did
not show any difference between treatments., "ne of
the objectives of reocording the moisture aontent of
seeds was to adjuat the seed yileld of tue net plot to a

uniform moisture oontent. Aa the data showsd no differenne



in molsturs perocentage such an adjustment wss not dons,
It nay also be pointed out in this connection that the
produce was sun-dried for 3 days prior to collection

of samples for moisture determination and «lso reoording
the yield, Juoh long period of sun=-drying might have
masked the differences in seed moisture content, if

at all it was present at the time of harvest.
2.8 Grain yield,

vata on the grain yleld are preseated in Table 11
and Tig. 7 and the analysis of variance is given in

Appendix VIII.

There wags no significant inorease in yicld due
to appliocation of phosphorus but the resultis reveal
that there wag an inorezsing trend in yleld with

inereasing levels of appiled phospnorus.

Limed plots hed slight advantage over the
oontrol plot but inoculation was found to iave negative
effeot on the yicld althougn ths effect was nol

signifiocant, Interaciion effecis wers not significant,

The results of a non-significant effeot of graded
levels of pnosphorus is in agrsemeni withh taa trend



Table 11, Effect of phosphorus nutrition, linming =nd
rhizobial inooulation on the yicll of _r:in

and yizld of etover

-

————————————— e Grajs. .. dtQver
Levels of phosphorus
(kg P,0:/h2)
0 2127.72 2356 ,65
30 2216.,01 2559.74
60 2365.51 2519,13
90 2379.05 2957 .62
F' test RE) vige
S&m » %4.76 117.72
30 at 5~ - 322.22
Levels of lime
(Kg/ha)
0 2253,09 2589,.76
250 2290,76 2606,8%
P' test NS Ns
SEn 2 67.10 89.99
Cbat 5° - -
adsobial i 1latd
Uninooculated 2335.49 2668,04
Inooulated 2208,36 2528.55
F' test LB LR
515 67.10 89,99

Tbat 5°
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noticed in tue oase of yleld componentis, There was
21ls0 no consistent improvemsnt in growth sf the plant
as indicated by the resulis on growth char:zgters like
plant height, number of brancnes and by the data on
dry weigat of the plant ocomponsnts, * urobablas
indirect advantage due to applieation of phosphatio
fertilizer was thought to be the enhanced nodulation
and congeiuent anltrogen nutrition of the orop., ~4s

the data on nodulation and nodule wei ht indicate,
there was agoin no improvemant in the:ze chrasticrs

also because of phoaphorus supply. Another probable
effect of phosphorus on nitrogen fixation could be

an inereased efficiency of the nodules to fix nitrogen,
ine data on the oontent and uptaze of nitrogen by
goybaan indioate that tnere was no such efizet notlioced,
All these point 1o the faot that the availability of
phosphoras in tihe soil on whioh ihe experiment was
oonducted was adeaqaais cnough both in lerzus of rewiresment
of phosphoris for the growth of the crop direetlly and
alas in terms of requirement for effeoiive nodulation

and nitrogen fixaiion,

A nutber of references are availablas in literaturs

showing inoreass in yleld of soybeana conszuent to
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phosphatio fertiliser application (Dutra gt al., 19753
fesavan and Yorsohan, 19733 Ferrarigd19763 omar

and cev, 19733 Jhatterjce g% 8l., 1972band Jaesney,
1373). There are also & few reported results in whioh
thare was no inorease in yleld because of phogphorus
applioation (Masgarenbas and &iihal, 19743 Sable and
<huspe, 197¢).

As in the case of phosphoruz, a favourable
response w-.s also expected fron applicution of lime,
This was especiilly so beoause ine soll ls aosldie, It
is known that ths oaleciunm level in the acil, optimum for
We growth of legumes is genarally higher than that of
the non-legumes, This 13 reportad to be heoause of
the higher cation exchange capaoity of legune roots
({1adals and Telson, 1371) and the higher caloium
raquirenent for nodulation (Lowther and Lonsra;an,
1963), In the praesant investigsation, there vyag
no significant inorsase in yleld beocasuse of
applioation of lime, The results on yield oomponents,
growth oharaoters and dry welght wers also sinilar,
Again, in the case of nitrogen uptake also, there was no

sisnificant improvement because of applica.ion of lime,



The only explanation for suoh a bshaviour appears to
bec the fast that at least for this variety of soybean
the 30il supply of oaleium was adenquate anough btoth
direatly in terms of nutrition of tha orop and also
for ¢ffeotive nitrogen fixation i3 in the case of
phosaphoruas, most of the reported experimental resulis
reveal advantage due to liming (Perrari, 1970
Martini gt al., 1974; “avr gt al,, 1960; and

Mageuarenhos et ﬂln » 1989}0

Sulture inoculation did not result in o
aignificant inorease in yleld, ™ the conirary, the
mean yield of the inooulated series was alighily lower
ithan the uninooulsated set, The menn wield of the erop
wag fairly high and .as oomparable t» the yield figure
reported in literaiure, Huch a result pointa to tihe
faot tuat the orop did not asuffer for want of nitrogen
‘aymblotically fized. There was also no visual symptonm
of nitrogen starvation of the erop. The 4d2ta on
nodule nunmbder and weight will alsn gubstantiate tne
voint that inooulation was not besnefioicl, ize
explanation for such & remit lies in tue et that,

in all probability, th: =0il originally had =de uale
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Table 11 a, Comdinsd effect of phosphorus and rhizobial

inoculation on stover yleld (£g/ha),

- prp—

Rhizobial inooulation

Levals of phosphorus ;nhwoula~ Inoonla= Mean
(Xg P,05/na) ted ted
0 2504 ,41 2208,95 2356,68
30 2884 ,U05 223%643  2559.74
60 2474 .99 2563,27 2519,.,13
90 2608, T1 3107.12  2957.62
Mean 2589,76 2606,83 2598.%0
sim 167,75

482,64
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number of stirains of Rhizoblum Jjaponicum effective on

Joyi2an, In a similar experiment conductiad earlier
in wne vaue ype of so0il, tners was a significant
decreuge in yield, nodulation and nitrogen u,take
of aoybean when oulture inooculation was done (Wair,
1978). It was oonoluded from the results that there
w8 not only adejuate number of effective strains of
ridzobial speclcs vui also taat the sirains intyo luced
wirough tne calwure were less effective on zoybean,
«nough in the present study, the desre=se in yisli
congenuent to oulture inooculation w~s nct signilicani,
there was deorease in mean yield oonsanuiznl Lo cudiure
inooulation, Howsver, literature on thz »ubjwct in
general indleates iwmprovement in the rerforuance of
the orop when inooul-:tion was done (“u~ticrjes gl &h.s
13723, Pevy gk al., 19695 Kattl g% al., 17703 able
and -hwspe, 1977).

24 Jtover yiell,

Uata on the stover yleld are sresented in J2ble
11 and Fig. 7 and the analyasis »f varicnse iz ~iven in

Appendix VIII,

Levels of phospherus had si nificant eifecot on



the stover yleld, Highest lavel of phosphorus at

90 kg ?goslha was significantly superior to all other
lower levesls, Although 30 kg and 60 kg sts/ha were

found to be better, it was not significantly superior

W the control, WNeither liming nor rhizobial

inooulation could affest the yleld of stover significantly.

Interaotion between phosphorus and rhizobial
inooculation was found to be significant. Inooulation
when combined with phosphorus at the rate of 90 kg
?zas/ha, was significantly superior to other doses
of phosphorus along with oculture tre:utment. The above
treatment oombination was also superior to treatment
of 60 kg Paﬂsfha applied without inooculation, Treatment
aombinations of 30 kg ?zﬂs/ha or 90 kg Pzﬁs/ha without
inooculation were found to be significantly superior to
treatments O or 30 xg onslha with inooulation.

Contrary to the result of the effeot of
phosphorus on grain yield, vegetaiive charascters and
dry welgnht, there was a gignificant inorease in the
yield of stover at the higheat level of applied
phosphorus (90 kg'?zos/na). Such a statistieally
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significant increase in yisld of stover without there
being a similar response in ths oase of vegstative
characters is diffioult to explain., The only
justification for this probably lies in the fact

that the oumulative though non-significant improvement
in growth parameters manifested itself on the final
yield of stover, It may be noted here that ine
variability in the observations on oharacter: like
height, number of branohses, leaf area, dry wsight eto,
night have been comparatively higher beosuse the azample

size was small,

As in the oase of grain yisld and other
ocharacters, thers was no significant response to
lining and inooulation., In the oase of the latter,
the mean yleld of the inooulated set waa even lower
whan the uninoculated geries, 1he reussons for such a
result have besn discussed in detail earlier,

The interaction batwesn phosphorus and
inoculation was signifioant. However, the resulis
arg inoconsistent and diffiocult to explain, The
significant increase notsd in some combinations may



Table 12, Effeot of phosphorus nutrition, liming and rhizodlal
inooulation on nitrogen oontent of atem and petiole

TREATMLNTS

Nitrogen ocontent of gtem & petiole(%)
20th day S50th day 80th day

Levels of phoaphorus

(Kg onalha)
0
30
60
90
' test
SEm 2
Cb at 5°
Levels of lime
(Eg/ha)
0
250
F' test
oLm
CU at 93
Uninooulated
Inoculated
P! teast
3Em

Ch at 5%

after after after Harvest
gowing. .. sovwing. .. gowing
2.121 1.249 0,641 0.441
1.662 1.190 0.743 0,552
1.911 1.193 04555 0.695
2.252 1.194 0,660 0.545
sSig. NS [ R) NS
0.138 0.071 0,084 0.0
04395 - - -
2,013 1.217 0.672 0.563
1.960 1.196 0,630 04554
N3 NS RIS s
0.095 0.045 0,055 0,045
2,075 1,172 0,682 0.567
1.898 1.240 0.621 0,550
13 RS NS NS
0.095 0,045 0.055 0.045




therafore treated as a resultant of chance errors.

3+« ©Ohemiocal Analyses of Plant

3.1 Total nitrogen content in different components,

311

Data on the nitrogen oontent of stem and petiole
are presented in T:ble 12 and Fig.8 and analysis of

variance in Appendix X.

Application of phosphorus at the highest level
of 90 kg Pzﬁslha gave the highest perocentage of nitrogen
on the 20" Jay after sowing which was significantly
superior to 30 kg ngs/ha but waa at par with other
doses of phoapaorus, However, ocontrol plot also

recorded signifioantly higher content of nitrogen
than wherg phosphorus was apolied at 30 kg PQGS/ha.

on the 50" day, 80 day and at harvest differcnces
in nitrogen content were not signifiocant, ’lowever,

the genseral trend shows an inorease in nitrogen content
with inoreasing levels of phosphorus,

Liming or rhizobial inooculation oould not affeot
nitrogen content signifioantly. No interactions were

aignificant,



Table 13, Effect of

o
0o

sphorus nutrition, liming amd

rhizobial tion on the nitrogen oontent or
leaves
--litrozen content:lgaves (L) .
TAEATM NIS 20th Aday 50th day 80th day
LaRATMUNTIS after rter Ftor

----0wing.___.  g0wing ____sowing

- ey el

Levels of phosphorus

(Kg on,;/ha)
0
30
60
90

F' test

Skm »

Cb at 57
Levels of lime
{kg/ha)

0
250

P' test

Som *

Cd at 5%
Uninoculated
Inoculated

F* teat

S8m +

CD at 5%

4,166 34405 2.395
34920 3277 2,437
4,045 34260 2.426
4,215 3.451 2.415
Nu NS N3
0.158 0.155 0.1%0
4.073 3277 24341
4,100 3.420 2,495
5 HS 5
0.114 0,110 0.039
4.113 34384 2.492
4,060 34313 2.344
N3 3 NS
0.114 0.110 U.089
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Peroentage nitrogen content was maximam in the
first stage whioh deoreassed markedly with advanoement
of orop growth,

The results will be diasocussed later while dealing
with the nitrogen content of seeds.

3.1.2 Hitrogen gontent of leaves.

bata on the nitrogen content of leaves are
presented in iable 13 and Fig.8 and the analysis of
variance in Appendix XI.

Levels of phosphorus, liming and raigobial
inooulation did not produce any significant eifect on
the nitrogsn oontent of lsaves on 20th. so‘h or Sﬂth
days after sowing, There was no significsnt interaction

betwean phosphorus, liming and rhizobisal inoculation,

Percentage of nitrogsn in this part also tended
to deorease with advanocement of growth,

sisoussion on this also will be covered subsenuently.

3.1.3 Hitrogen content of ghell.

Data on the nitrogen content of shell are presented
in Table 14 and FPig.8 and analyasis of variance is given
in Appendix X,



Table 14, Effect of
rhisobial

of shell and geeds.

sphorus nmatrition, liming and
oculation on the nitrogen content

TAATMuNGS

lavela of phosphorus

(Kg PZOE/hS)
0
30
60
90
F'test
dom 2
Ch at 5°
Levels of lime
(Zg/na)
0
250
F' test
JEM
Ch at 5%

inisobial inocula~-
lion

Uninoonlated
Inooulated

P' teat
SEm »
CD at 5%

Nitrogen_content (%)
Shell Seeds

80%h day  ~ 80th day Aarvest
after Harvast after
gowing gowing
1.197 0,695 5.134 5.175
1.177 0,722 4,397 5.460
1.079 0,768 5.518 5.219
1.12% 0,901 5450 5¢310

s NS 5 o
0.095 0.063 0167 0.214
1.170 0,762 5315 5205
1.118 0.781 5233 5377

NS NS N3 NS
0,071 0.045 0.118 0.152
1.134 0.780 5130 5330
1.154 0,763 5.417 5251

NS NS &~ S5
0,071 0,045 0,118 0.152
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Table 14 a. OJombined effeot of liming and rhisobial
inooulation on the nitrogen oonient ()
of shell at harvest.

W e B A WD S I SN AP S v G Gt A R e . - -

Levels of lime ahizobial inogulgtion Mean
(4g/na) Uninooulated Inooulated
0 0.658 0875 0,772
250 0,901 0.661 0.751
Mean 0‘780 0.773 00777
sbm 2, 0.063

Cb at 5 0.191



Different levels of phosphorus oould not
influenoce the nitrogen oontent of shell aignificantly.
Liming and rhizobial inoculation also failed to exert
significant affeot.

Interaction betwecn liming and rhizodial
inooulation was siznifiocant at harvest stage.
Jninooulated set where 250 kg lime/ha was applied
reocorded the maximum nitrogen oontent in shell whioh
was signifioantly superior to the treatment with
inooulation at the 3ums level of lime :nd also to
control, Inoculatsd set with no lime applied registered
signifioantly higner content than both control and
treatment with inoculation 2t 250 kg lime/ha,

Percentags nitrogen in shell was generally less

at harvest stage than at the aom day aft.r sowing.
The result will be disoussed subssquently,

3.1.4 Hitrogen oontenk of saeda.

Data on the nitrogen content of secds are
prasented in iables 14 and FPig. 8 and tue analysis of
variance in Appendix XI,

wevels of phospuaorus 4i1d not have any signifioant



effect on nitrogen ocontent, Liming ani rhizobial
inooulation also failed to exert any influence on

sesed nitroazen content either on the so‘h

day or at
harveai, There was no signifioant interaction effeot

between phosphorus, liaming or ruizobial inooculstion.

Peroentage niirogen in seed did not differ
moh between the i1wo stages, namely 80“" day and
harvest.

+he variaiion in nitrogen oontent oi seeds
was not significant either in ths case of phoaphorus,
lining or inocuiaiion. Ia8 resulis on the niirogen
sontant of stem +« peslols, leaves and saell are also
similar excepting in the oase of stem ¢ neiiole at
the firsl stage of observation, QGm day after soing
when there was significant affeot of nhnaphorus,
Agaringin the omse where the effeot is sl nificant,
the results are not oonsistani enough to draw out
valid conclusions, The general trend of the effsot
of phogpnorus on nitrogsn contsnt may thus bs taken
10 be that of a non-significant differcnce, I‘he review
on this aspeot generally indioaies an inorsase in
nitrogsn 2nd protein ocontsnt of geeds at higher levels



of applied phospnorus, probably as a result of
inoreased nodulations and nodule efficievncy (sapoor
and Gupta, 1977). In tue yresent study, there was
virtually no indiocation of such 8 bensficial effeot
of phosphorus., These resulis also support tne
oonolusion drawn sarlicr that the inherent phosphorus
supplying po-er of th: soll was wall beyond the

optimam level,

Similar to the effect of phospnorus, tlae
effact of liming nd inoculation are lso generually
rzporiel to he favourable in terms of nitrogen sontent
of grains in soybean (saniki g% al., 19743 Zaum:artner
et al.s 19745 hatterjee gt al., 19724; Sokorenko 13713
sable and ‘huape, 1977). As in the oase of other
obgervationa, there was no signifiocant efiecct of
either of tne above treatmenis on the nitrogen oontent
of seeds or of the other plant parts, The reason for

guch resulis have bsen slrezdy discussed,

Jomparing between the stages, there was 8 marxed
decline in nitrogzen oontent of stem + peiiols, leaveg
and shell. The msan nitrogen content of stem ¢+ petiole

deoreased from 1,387 par ocent to 0,559 per cent from



Table 15,

Effeot of

phosphorus nmutrition, liming and

rhisobial inooulation on the uptaie of nitrogen
by stem and petiole

£ (BALMENIS

Uptake of nitrogen by atem and petiocle
.imag --

arvor 7 dtcer Y arver  arvest
sovwing sowing sowing
Rl
0 1.278 17.391 13,848 7.677
30 1.142 18,107 18.052 10,917
60 10223 16,900 15.679 13,360
90 1.549 22,070 20.524 12,200
P' test NS 85 45 i R
Sum + 0.130 24330 2.381 1.716
Ch at 5% - - - -
Levels of lime
(Kg/ha)
0 1,297 17.985 17.572 11,998
250 1,299 19,253 16.479 10,079
P' teat N3 NS N3 N3
JEm & 0,095 1.648 2.037 1.213
CD at 5% - - - -
Rhizobial inocula-
lion
Uninooculated 1.319 17.810 17.718 10,597
Inoculated 1.27 19.420 16.339 11.480
F' test N3 NS NS N8
SEm » 0.095 1.648 2,037 1.213

CD at 5%

DD A SUD i SO G D Tl S S A O I o W M U A P I G A D S S DTN il KT A G U W s TS VDD T R U AT s
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th

20™" day after gowing to the harvest stage, ihe

similar figures for leaves from 20% to 50 gay

are 4,087 per cent and 2,418 per oent., In the oase
of aghell, the nitrogen content dropped from 2,144
per oent on the 8ol day to 0,777 per cent i
harvest, In the case of grains on th:z contrary,
nitrogen content remained more or leuss the same from
BOth day till harvest., One of ihe reasons for the
marked deoline in nitrogen asontent of 211 we plant
parts (excepting grain) ~ould be itne iilutisa of
nitro e2n in a largsr bulk of dry matier =3 tha plants
developed. 3ut a dominant reason for zush 1 dcore se
should be the translooation of this nutrient to the
developin; grains. Ihis will beoome/clear while
nsomparing the nitrogen asoun:-ilation of diffarant

plant parts,
362 Tsvage of nitrogen by different components.

3.2.1

Daia ontne upuake of niiro:en by stem and
petiole are presgsenizd in Table 15, 'ig. 9 and the
analysis of variunoe i3 given in Appendix X1I.

Appliocation of different levels of phosphorus
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Table 16. Effeot of phosphorus nutrition, liming and
rhigobial inooulation on the uptake of nitrogen

by leaves
Uptake of nitrogen by leaves (Xg/ha)
20th day 50th day 80th day
LaBalMs 918 agter after after
e e e o e sowing . ___ gsowing _______Sowing_.
levels of phoaphorus
(Kg onilha)
0 3,122 26,239 24,542
30 3.181 254318 27.874
60 3.0063 22,533 28,547
90 3.565 31.592 38.925
F' test N us 05
Siom ¥ 0,310 3.092 4,152
CD at 5% - - -
Levels of lime
{kg/na)
0 3.123 26.472 29.382
250 30343 26,369 30,562
P' test RS RRS 95
Ssm ¢ 0.219 2.185 2,936
D at 5% - - -
Rhizobial inooula-
tdion
Uninooulated 3,093 25,800 30,495
Inoculated 3373 27 . 041 29.450
P' teat No W5 NS
SEm 0.219 2.185 2.9%

oD at 5%

- -
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dii not have any significant affeot on the uptake of
nitrogen by stem and petiols, However, the highest
lsvel of 90 kg Paoslha recorded the maximum uptake of
nitrogen on 20th, so‘h and ao‘h days after sowing. On
the other hand, uptake was minimum in the control
treatment in all the above stages and also at harvest,

Neither levels of liming nor inooulation could
bring about significant diifferenoce in theo uptace of
nitrogen ai any of the stages namely 20th, SOth. BOth
day after sowing or at narveat, Interaction effeots

ware also non-si.nifioant,

"noaphorus application had no efisct either
on the nitrogen content or on dry weight cf stem and
petiole, Same was the effeot noted with liming and
inooulation., This is obvionsly reflected in the oage
of nitrogen uptcke by stem and petlols.

The results on uptzks of nitrogen by tnese

plant parts will be discussed later,

Data on the upiike ol nitrogen by leaves are
presented in jlable 10 and Fig.9 and tae analysis of
variance is given in Appendix XII1I.
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Signifioant difference in uptake was not
obgerved with different levels of phosphorus, liming
or rhisobial inooulation. IHowsver, a slight inorease
20114 be found when 90 kg ?zos/ha was applied, over the
treatment receiving no phospliorus, 2t all uirse atages

of growth, 208, 50*® and 80W days after sowing.

jetween the stagess, there wasg inoreusse in the
apvake of pnosphorus, it being moat conspicuous »etween

th th

20" and 80 ™" daya after mowing. 3etween the %Om and

80th days, the inorease in uptake wea only oirginal.

‘i@ data on the uptake of nitrogen by lsaves
also will be discussed later,

3243 lptake of altrogen Dy aoeld.

Data on the uninxe of aitro en by shell on the
ao‘“ day after sowing ani at harveat ars presented
in Table 17 and Tiy,9 and the analysis of varlance

is given in Appendix XiI.

ihe deia reve:l the absence of signitfiocant
difference betwesn virying levels of phospooras, liming
and rhizobial inosulaiion both on {hs %th d1y and ag

narvest,
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Table 17. Effeot of sphorus matrition, liming and
rhizsobial tion on the uptaxe of nitrogen
by shell and seeds
-—--URtaks of ) B
IREATMENTS &‘Eﬁ'&i%m - 80th "day 4
after Harvest § after Harvest
sowing sowing
levels of phoaphorus
(Kg Eiaog/ha)
0 14,949 9.010 55.958 120.103
30 16,665 8.646 69,630 116,285
60 16,207 8.892 93.27% 111,092
90 20,270 9.409 101,413 123,630
F' test R NS Sige N3
Skm ¢ 2,635 1.189 10,049 17.458
CD at 5?’:‘ - - 29,020 -
Levels of lime
{4g/na)
0 184450 9,181 81,555 118,283
250 15.595 8.797 78.582 117.272
F' test Nis NS Ns Ns
Som s 1.863 0.841 7.106 12,345
2D at 5 - - - -
Uninooulated 16,993 84455 62,160 110,851
Inoculated 17.052 9.523 77.378 124,703
F' teast NS NS N3 NS

Ou at 54




Table 17 a., Combined effeot of phosphorus and liming on
the uptake of nitrogen by seeds (Kg/ha) on
the 80th day after sowing

- -

Levels of phospnorus  Lavela of lime (Kg/ha) Mean

(K8 ons/ha) 0 250
0 45,415 66.501 55.958
30 62.885 76.376 69,630
60 88,248 984301 93,275
90 129.675 73,151 101,413
ssm 2 14,212



There was no significant interaction effaot
satween phosphorus, liming and inoculation.

Prom 80 day till harvest, there was a
conspiouous deoresse with the nitrogen uptake of
shzll in all the trentments, the overall nzan

percentage deorsass deing 52.8.

J.5.4 LUptake of nitrogen by sceda.

dota on the upwaie of niirogen by gweds are
presentad in lfable 17 and Vg9 wnd the tunalyuis of

variancc ia ;iven in ‘ppendix XIIl.

wavels of phosphorus exerted signifioant effeot
on the uptakse of nitrogen by seeds on une sﬁth day
after sowinsz but did not heve such an e¢ilisct at
harveat stage, Highest pnospuorus lavel ut 35U £g
onslha gave the hignest uptaxe value waich decrsased
at lower levels of phnosphorus, Chosphorus at the
rates of 60 and 90 kg ?2%5/ha were siznificantly

saperior to control and 30 «g Pzﬂsleval.

Lining 2nd ralzobial inooulation Aid not have
aimificant effeot on nitrogen uptake eluner on the
Both day or at narvest,
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Table 18, uffeot of phoaphorus nutrition, liming and rhisobial
inooulation on the total upuake of nitrogsn by plants.

Uutake of nitresen by plante (Kg/hs)
LRLATHL LS :ﬁg&rday thtgrday gofttzrday Harvest
souing soving sowing
Levals of phospnorus
(%g P,05/na)
0 4,403 44,941 109,319 136,809
30 4,546 43,420 132,219 135,760
60 4,286 41,9%0 158,454 124,271
90 5123 54,415 181,127 157.801
P teat s 25 Sig N3
J.m & 04363 4,919 15.482 18,553
Chat 5+ - - 44,709 -
Loevels of live
0 4,533 44,828 146,332 145,593
250 4,647 47.525 143,727 131,727
F Teat 435 Mo No NS
Ssm ¢ 0,270 50478 10,948 13,119
U at 57 - - - =
inizobial {nooulation
Uninoculated 4,525 45,512 149.875 130.9:8
Inooculated 4,654 46,841 140,634 146,322
P Teat NG o B NS
Sum & 06270 24478 10,948 13,119

Cuat 5 -

W S D -
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Signifiocant interaotion effeot was observed
between phosphorus and liming on the ao“‘ day after
sowing. Phoaphorus at 90 kg ons/ha wag signifiocantly
superior to 0, 30 and 60 kg ‘?zoslha without lime., 7he
same lsvel was also superior to all levels of phosphorus
at 250 kg lime/ha exoept for the treatment combination
b0 kg PZQS + 250 kg lime/ha, ontrol ploi was alzo
found inferior o 50 kg 92")5/}13 with and uishout lime,

Titrogen uptake by seeds inoreasc? Lronm 308

day till harvest,

The results will be disocussed subscausntly

while dealing total uptake of nitrosen by planis.

3020 )

1

Data on the total nitrogsn uptake by nlants
are presented in Table 18 Fig, 9 and the analysis of
varianose is given in Appendix X1V,

Uptake of niirogan by plantsg wew ci mificantly
affected by levels of phospaorus on the 80th day
after sowing. At this stage, the hijghest lavel of
90 kg ons/ha was signifioantly superior to 0 and 30 kg
P205/h3- The phosphorus level of 60 kg ?205/ha which
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recorded a nitrogen uptake of 158 kg/ha was found to

be significantly superior to the contirol with a
nitrogen uptake of 109 kg/ha, At all otncr stages,
phosphorus had no signifiocant influsnce in ins nitrogen
uptake by plants but the general trend way in {wour
of an increage with inorensing levels of applied

phosphorus,

Levols of lime did not have wmy ol nificant
effeat but the upiteke of nitrogen was alisntly inproved
by liming on the 20% ang 50 days. n 0" gay =na

1 harvest reverss weg the trend,

Altaougn non-signifieant, raizonisl inoculztion
inproved nitrogen ustake at all stages sxoepl on ine
aa*‘h day aftur z04ing. Inare w.a no signilicant
interaction betwien phosphorus, liming md ranizobial
inocoulatio:,

Iptace of nitrogen by plants went on inorezsing
with advancement of growth upto the 80““ dzy dut a
3light fall was noticed at harvest.

Pronm the rasults on totrl nitrarm i and
nitrogen uptake by plant parts at differont stages,
it may be generally oconcluded that appllcation of
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phosphorus did not have significant effeot though
there wag siznificant inorense in total uptake on
the ao‘h day after sowing with inereasing levela of
pnosphorus. If this trend of lack of inorease in
nitrogen uptaike with inoreasing levels of phosphorus
is acoepted as a genaral trend, it would bs contrary
w0 the expectied pattecrn, It is ocomsidsred thst
pnosphorus application in legumes would increase the
accumulation of nitrogen through incrg:ge? efilclienoy
of nitrogen fixation und also through the direet
inwlvement of pnosphorus ia orep nutrition., The
critioal level of piosphorus in soil for efficient
nitrogen fixation is considered to be hizher than
that of the aritical level for the 1irsit nutrition
of the legumes, 5Such an inoreased accu-malation of
nitrogen can either be refleotad in terms of nitrogen
content of tissue or through higher untoke, In the
present st;;dy, there was no consistent inarsase in
either nitrogen coniant or nitrogsn uptike by olant
parts, As conscluded earllier, ths vesulis indioate
adequaoy of avallable phospaorus in soil,

5 similar fayouravle rasnonse -mo nlag cxpacted

from applicaiion of lire and also by ouliure innonlation,
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The reasons for lack of signifiocant effeot of these
treatmants have bezn discusssd earlier,

The variation in nitrogen uptake at different
stages of growth of the plant showed major difference
betwean plant parts., For example in the oase of stem

and petiole, there was a oonspicuous inoreasse in the
uptake of nitrogen upto the 50 day after whioh there
was & marginal decreass upto the 80"'h day. There was
2 oonspiocuous deorease from ao“‘ day till harvest and
the mean difference in uptaite from the psak recorded
on the 50 day 111 harvest was 7.58 kg/ha., In the
oase of leaves there was & marked inoresse in uptake
upto the &it'.)t‘h day after sowing. The mean nitrogen
uptake of leaves on the 800 day comes to 29,97 ke/ha.
In the oase of shell, there was a deorease in uptake
from the 80" day after sowing till harvest, this
decrease being to the extent of 8,03 kg. In the oase
of seeds, there was a marksd inorease in nitrogen
uptake from 80" day after sowing till harvest. The
mean uptake by seeds at harveat ocom:3 to 117.78 kg.
The deorease in uptake by stem and petiole and shell
is presumably because of trans}ooation of nitrogen to
the developing graing, The total quantity of nitrogen
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thus transloocatsd from stem + petiole and shell works
out to 15.6 kg There might have been a similar
translocation of nitrogen from the leaves 2lso but

it is diffioult to apportion the total of 29,97 kg
acoumalated in the leaves on the ao‘h day because
there was complete defoliation after this atage and
a8 ocertain quantity of nitrogen might have been lost
through this. But even assuming that nsarly all the
nitrogen on the leaves was translooated to the grains
prior to defoliation, the total juantity of nitrogen
translocated from the plant parts to the graln works
out to only about 45.57 kg This comes to 39 per oent
nitrogen in seeds, The remaining 61 per oent of the
nitrogen in seeds miust have oome from absorption of
the nutrient after the development of the seeds and
its direot acoumulation,

The results thus indicate the relative importance
of maintaining oonditions suitadble for nitrogen fixation
in this orop at thc vegetative and reproduotive phases
of its growth, It may be reasonable to agsume that in
this orop, contribuiion of nitrogen acou=mlated in
the vegetative parts towards grain filling is significant
though the abasorption in the reproduotive phase is more



important in terms of quantity.

A comparison of the proportion of the total
nitrogen in different plant paris also show variation
between stagsa, For example at the firat stages of
sampling, 20 days after sowing, nearly 76 per oent of
ths total nitrogen was acoumilated in the leaves, At
the next stage,>0 days after sowing also, the major
part of nitrogen was oconocentrated in leaves, On the
contrary, the major part of nitrogen in the plant on
the 80th day was oconcentrated in the seed (55,67}
followed by leaves (20.87), stem + petiole (11.8%)
and then by shell (11,.87). HNearly the same trend
continued at the harvest atage also, with the grains
ascounting for 44 per oent of the total nitmgén
followed by stem + patiols and then by shell,

The disocuasion of nitrogen uptaike pattern thus
glves only general information on the orop. It was
originally expeoted that pattiern of nitrogen uptake by
soybean would be different at varying levels of
phosphorus and liming and because of culture inooulation.
In the present investigation, beoause no signifiocant
effeot of these treatments was noted, it is diffioult
to evaluate the difference in uptaike pattern at varying



Table 19, Effeot of phosphorus nutrition, liming and
rhisobial inooulation on the pﬁoapbom
content of stem snd petiole

— -

Phosphorus oontent of stem and petiole(®)

T REATME T, 20th day 50th day 80th day
IIcCATMENTS after after after Harvest

JSouing. . eowing. . _sowing

Levels of phosphorus

(Kg Po0:/ha)
0 0.100 0.219 0.115 0.044
30 0.122 0.245 04137 0.043
60 0,103 0,225 0e110 0.039
90 0.088 0.224 0,120 0,028
F' test RS NS R 83
Sem * 0,018 0,013 0,016 04,008
G ay 55 - - - -
Levels of lime
{Eg/ha)
0 0.109 0.234 0.121 0.041
250 0.092 0.222 0.120 0.0%
F' tast NS NS .5 NS
Sem » 0,013 0.009 0.011 0.005
O0b at 5% - - - -
inizehial i lati
Uninooculatsed 0.099 0,227 0.127 0.040
Inooulated 0,102 0.229 0.113 0.037
2 taat NS N3 N5 L)
Sum 2 0.013 0.009 0,011 0.005

Cb at 5% - - - -
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Tabls 19 a, Combined effeot of phosphorus and liming on

ihe phosphorus content () of stem and petiols

on the 80th day after sowing

—-—

Levels of phoasphorus Levela of lime (Kg/ha)

(Xg Py0q/ha 0 250 tean
0 0.096 0.133 0,115
30 0.176 0.096 0.137
60 0.113 0,106 0.110
90 0.09¢6 0.143 0,120
Shm :_ 00022

CD at 5% 0,065
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levels of the above treatmenta,

33 Phoagphorus oontent in different components.

Data on the phosphorus ocontent of stem and
petiole are presented in Table 19 and Fig.10 and the
analysis of variance ia given in Appendix XV,

levels of phosphorus 4id not affect the phosphorus
sontent of stem and petiole asignifiocantly at any of the
stages namely 20“, ‘;‘vi)ﬂ'3 and 80"‘h days and at harvest,

Levels of liming and rhizobial inooulation also
oould not exert any signifieant effeot on the phosphorus

oontent,

3ignifioant interaction effeot was noted between
phosphorus aad liming on the 80 day after sowing.
Phosphorus level of 30 kg P205/ha. without lime was fbund
to be asignificantly superior to 0 and 90 kg Paos/ha at
the sams level of lime, The above mentioned combination,
30 kg ?zoslha without lime was found to he superior to
same level of phosphorus applied with 250 kg lime/ha
and also 60 kg 9205 + 250 kg lme/ha, with respest to
phosphorus oontent of stem and petiole,
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Table 20, Ekffeot of phosphorus matrition, liming and
rhizobial inoculation on the phosphorus
oontent of leaves

Phosphorus oontent of leaves(:)
TASATMENTS 20th day  50th day 80th day
after after after
sowing sowing sowing

Levels of phoasphorus

(Eg Ifzoglha)
0 0.229 0.508 0.267
30 0.138 0.580 0.261
60 0.142 0.560 0.221
90 0,202 0.579 0.251
' test No Na o]
vsm & 0.033 0.030 0.016
0D at 5% - - -
Levels of lime
{&g/ha)
0 0.164 0.531 0.249
250 0.192 0.582 0.251
-~ F' test NS NS NS
SEm » 0.023 0.021 0,011
Ch at 57 - - -
Shizobial inoculation
Uninoculated 0.153 04557 0.246
Inooulated 0,203 0,557 0.254
F' test NS NS NS
Sem 2 0.023 0.021 0.011
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Table 20 a. Combined effect of phosphorus and liming on
the phosphorus content () of leaves on the
80th day after sowing

- - - s, WP G W S s, W > DY WS

Levels of phosghorua Levels of lime (Kg/ha)  yaap

(Kg P,0./ha
275 0 250
0 0.222 0.312 0.267
30 0.268 0.254 0,261
60 0,266 0.175 04221
90 0.238 0,264 04251
Mean 0.249 0.251 0.250

Dom X 2.022
o at 5’ J-Oﬁtﬁ
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Percentage of phosphorus in stem + patiole wae
found to inorease on the so‘h day oompared to the 20t
day, But in the stages thereafter there was deorensge

in phosphorus oontznt,

The resulis will be disocussed later while dealing
phosphorus content of seeds.

3+3.2 Zhoaphorua gonient of leaves.

Data on the phosphorus oontent in leavas at
different stages are presentad in Table 20 and Fig.10
and the analysis of varianoe is given in Appendix XVI.

Levelas of phosphorus oould not infliuence the
phosphorus oontent of leaves signifioantly. All
levels of the nutrient were on par at all the thrae
stages namely 209, 50" ana 80" day after sowing.

Levels of liming also did not have signifioant
effeot on the phogphorus oontent, 3ut, limed plots
were found slightly superior to the control. .Jame
trend of advantage was notioced with inoculated treatment
over thati of uninooulated one, although the effeot was
not signifiocant,

Interastion between phosphorus and liming was



signifiocant on the ao‘h day. TIreatment comdination,
250 kg lime/ha without phosphorus was significantly
superior to the control, 60 kg P205 ¢+ 250 kg lime/ha
and 90 kg P205/h3 without lime, Similarly, 60 kg
?205/ha without lime was superior to same lavel of
phosphorus applied with lime, 30 kg Paoslha with and
vithout lime and 90 kg P,05 ¢ 250 kg lime/na.

Percentage of phosphorus in leaves inecreased on
the 50th day compared to the 20th day but deoreased on
80" gay,

Data on the phosphorus oont:nt of leaves will

also be disousaed later.,

3+3.3 Phoaphorua gontent of ahall.

Data on the phosphorus content of shell are
presented in Table 21 and Pig. 10 and analysis of
variance is given in Appendix XV.

There was no significant difference bectiween ihe
levels of phosphorus with respect to phosphorus oontent
in shell, Liming alsoc could not exsrt any aignifioant
influence but had slight advantage over the conirol
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Table 21, Effect of phosphorus nutrition, liming and
raizobial inoculation onthe phosphorus
content &f Lnell and seed

-

....----;gmam- gontenk ()

| - 80th day " 80th day
LR ATMETTS after Harvest after Harvest

Levels of phosphorus

(Kg P,0./ha)
0 Ue 160 0.068 0.323 0.444
30 0.192 0.083 04354 Ue445
60 0.171 0,082 0.351 Ue542
20 04156 0.07 0.433 0.527
F' teat NS NS NS NS
gEm * 0.016 0.009 J.040 0.042
Ch at 5 - - - -

Levals of lime
{dg/na)

0 0,165  0.073 0,320  0.49¢

250 0,17 0.079 0.411 0,475
' test H3 oh) Vig. N3
Spy ¥ 0.011 0.006 0.029 0,030
Cu at 5. - - 0.084 -
dhizobial inooulation
Uninoculated 0.169 0,083 0377 0,486
Inoculated 0,170 0.070 0.353 0.488
F' test RS s NS No
Sem * 0,011 0,006 0.034 0.030

CU at 5 - - - =




Table 21 a, Combinsd effeot of phosphorus and liming on
the phosphorus oontent (%) of shell on the
80th day after sowing

-

- - e

Levels of phosphorus

Levala of lime (Kg/ha) wgan

(kg Py05/na 0 250
0 0.1%6 0.184 0,160
30 0.225 0.158 04192
60 0,170 0.171 04171
90 0.129 0.184 04156
Mean 0.165 0.174 0.170
Stm * 0.032

Ch at 5% 0,065

o

0



with regard to phosphorus oontent, Inooulated set was
also at par with the uninooulated series,

Significant interaction effeot was noticed between
phosphorus and liming on the ao“‘ day after sowing.
Unlimad plots at 30 kg ons/ba were found to be superior
to 90 kg on,j/ha. but this treatment was on par with
60 kg P205/ha. Similarly, 30 kg P205/ha without lime
wag algnificantly superior w 30 kg ?205 + 250 kg lime/ha,

At harvest, percentage of phosphoras in shell
vas leas oompared to that on the 80th day.

The disoussion on the phosphorus oontent of shell
will be done later,

3.3.4 Phoaphorua content of agada.

Data on the phosphorus ocontent of sseds are
presented in Table 21 and PFig. 10 and the analysis of
variance is given in Appendix XVI.

Levels of phoaphorua could not =ffaect the
phospnorus content in seeds significantly either on
the 80 day or at harvsst, However, 90 kg P,/ /A
waa found to be slightly betier than other levels on

-

a3
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the ao‘h day. At harvest, the upper tw levels of
phosphorus were bstter than the control and 30 kg
?205/::1&1.

Higher dose of lime at 250 kg/ha waa significantly
superior uvo the control on the gotB day with resgpeot
to seed phosphorus content but both levels were at par

at narvest stage,

ihizobial inooculation could not exert any
infiuence on the phogphorus ocontent of sesd ¢t any of
the stages. There was no signifiocant inierasiion effeot
between phosphorus, liming and rhisobial inooulation,

From the data on phosphorus content of plant
parts, it may be generally oconoluded tnat .a2re was
no significant difference between lavels of phosphorus
on:the ocont.unt of tnis nutrisnt in the plant parts. The
interaction bestween phosphorus and limins .lsc remained
non=-simmiricant in most of the instances, though in
some oase there was 2ignificant interaction batween
them, Evea where the interaotion effeot was asignificaant,
the results ware not oonsistent, »hile discussing the
results on other oharaoters, it was oonoladed earlisr

that the eiffeot of phosphorus on growth, yicld and
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nitrogen uptaike of soybean was not significant because
the phosphorus supplying powsr of the soil was adaquate
enough both in terms of direot orop nmutrition and also
for efficient nitrogen fixation. The d2t- on the
phosphorus ocontent of plant parts will further
subatantiiate this view because even by 2pplying
phosphorus at the rate of 90 kg ?zos/ha. there was no
substantial increage in the phosphorus content of plant
parts at any of the suages. The review on the effeot
of applied pnosphorus on the phosphorus aontent of
soybean tissue gen:=rally indicates an inarecase in its
oonten; conse juent to inore=se in 1ts soll supplies
(Pereiva g2t 8l.,» 1974, Kapoor and Gupta, 19773 Luts
and Jones,19753 showing thereby that the defieleney
of this nutrient in the soil is very well reilected

in the contznt in plant parts, The fact that Lhera

was a consistent lack of significence n:oause of
pnospaorus application substantiate the point that the
pnosphoras supply in soil originelly might have been

at the supzr-ontiomal level.

Application of lime is known 1o inorease the
availability of phoaphorus in acid soils., Hesults
reported by Chatterjee gt 8l., (1972¥aleo indicate suoh



an inorease in phosphorus content of soybean plant
consequeni to liming., It was therefore expeoted that
appliocation of lime will inorease the phosphorus
content of nlant parts alse. In the prazent study
there was no such effeot noticed persumably beosuase
evan without added lime, the phosphorus reguirement

of the orop was adecuately umet,

Seed inooulation with the culture 4id not affeot
tne phosphorus gsontent of tissue, sSuch 2 resull agrses
witn the earlier observations on the ¢ffect ~f inoculation

on the other characters which have bdecsn discussed earlier,

Oomparing betwesen the stages, it is seen that
phosphorus contant of plant parts inoreased aubstantially
from the 20“‘ day to ‘5()th day after sowin:, There wae
a substantial deoreage in the ocontent of this nutrient
with further advanoe in crop growth in the case of stem
+ petlole, betwsen tha BOm day after sowingz and harvest,
In the crase of sseds, on the contrary, thare was

increzae in the sontent of phosphorus {ron BO“h

day
till harvesti. The deorease in the phosphorus oontant
of all the parts excepting grain after the vso"'h day

indioates transleoc:ztion of this nutrient tn the developing



Table 22. BEffest of phosphorus nutrition, liming and rhisobial
inooulation on the uptake of phosphorus by stem and

petiole
Up;;k. of phosphorus by stem and pétiole
LEglus)
1 BATMENTS 20th 50th day 80th day
T BATMSRTS attcrd&y after after Harvest
sowing sowing sowing
levels of phosphorus
(Kg P,0;/he)
0 0.061 2.999 2.527 0.805
30 0,085 34792 20923 0.802
60 0.070 3.091 34080 0.830
90 0,065 4,164 3.805 0.832
#' teast q3 31g. NS NS
CU at 5% - 0.914 - -
Levels of lime
{£g/ha)
0 0,077 Je392 3.022 0.823
250 0,064 3630 3.145 0,712
F' test N3 N NS
SEm * 0,010 0.224 0.277 0,122
Cv at 57 - - - -
dodzobial incoulation
Uninooulated 0,069 34376 34200 0.735
Inoculatad 0,072 3.047 2877 0,750
P' test N3 H3 KES NS
okm & U010 0.224 0.277 0.122

JU at 5/ -

E .2 2 = 3 D e gt A S DRt TBYR VD D i YT SR W S o
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Table 22 a. Comdined effeot of phosphorus and liming
on the uptake of phosphorus by stem and
petiols (Kg/ha) on the 80th day after sowing

- - -

Level of phospuorus lavela of lima (£g/ha) ooy

(kg P,05/ha) o -
0 2.303 2.751 24527
30 3.668 2.178 2,923
60 3.256 2.903 3,080
30 2,861 4,750 3805
Mean 3.022 34145 50054
SLm ¥ 0.556

Ob at 5% 1.605



grains, This point will bsoome clearer uhile comparing
the phosphorus uptaks of plant parts at different stagea,

Se4 Uptake of phosphorus by different components,

Data on the uptake of phosphorus at various stages
are presented in Table 2” and Fig., 11 and the analysis
of varianoe is given in Appendix XVII,

Application of virylag levels of anoapuorus 41d
not resuld in an inereage in e uptake of saninaorns
throushout the growth poriod of soybe-n exs2ct on the
50th day after sowlng. AL this stage, the cigneat
level of 30 ny Paﬁs/na gave We maximum anl control
plot recorded the minimum uptais value oif paocsphorus
by sten + petiole, Phosphorus at 30 kg ?Easfha was

signifiocuntly superior to oontrol and 60 kg ?zms/ha.

Neither liming nor inoeulation sould exert any
significant influenoce in the uptaks of phosphorus at
any of the stagus.

Jignifioant interaction betwsun phogphorus and
iiming was observed on Lhs 80th day aftsr sowing. 'hen



Table 23, sffeot of phosphorus nutrition, liming and
rhizobial inoeculation on the uptake of
phosphorus by leaves

- - -

R A D R U D A o B AN s TS A i VD U URD TS . S e T G AR

Cb at 5

Uptake of phosphorus by leaves
a————— Kg/ha) —
TsATMENTS i%:ﬁiday ggggrday 22:2rday
sowing sowing gowing
Levels of phosphorus
(kg P,0./na)
0 0.170 3.862 2.678
30 0.119 4,452 2,743
60 0.101 4.337 2,801
90 0.162 5. 306 3.875
' test No H3
Sum ¥ 0,024 0.392 04365
Ch at 5° - - -
Lavels of lipe
(Kg/ha)
0 04122 44,258 5,115
250 0.154 4,720 2,934
F' tent NS NS ¥S
3im * 0.017 0.277 0257
G at 5 - - -
iaizobial incaulation
Uninooulated 0.117 4,426 3.004
Inooulated Q4159 4.553 24985
F' teat ws NS N3
Sum 2 0.017 0.277 04257
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90 kg ?205/h3 was applied in combination with 250 kg
iire/ha, twna uptake was significantly higher tham
control and treatment combinations of 250 kg 1lime/ha
w7ithout phosphorus, 30 kg 1’205 * 250 kg lime/ha, 00 kg
?205 + 250 kg line/ha and 90 kg '92!‘)5/ha withiout lime,

Phoaphorus untake by atam + pztisle ianreased
till the Sot’h dzy atage which remained 2lmoat constant
1111 the 90 day but deoreased thereafter,

Tne reyulia will de dlscusced whil. ’enling with

Wie toval phosgpaorus uptoke by planta.

3.4.2 Upiake of gaosphorva by leavas.

»ala ca the upiake of phoaphorus by leaves are
Jresented in Table ¢% and Fig.ll and tae mauliycis of

variaance in Appendix aVIIIL.

Levels of phosphorus did not affect the phosphorus
upteke signifioantly at any of the stages exoent for
slight advantage noted at the highest dosec of paosphorus
at 90 ki P,0g/ha on the 50" and 80" day wficr sowing.

biming and ruizobial inoculaiion also ~ould not

affect the uptake vulue gignificantiy, Intercetion



effects were not significant,

Phosphorus uptake of leawve increased upto the
50‘” day and decreazed thereafter,

fesuiis willl be discussed while denling toial

uptaike of phosphorus by plantg,

3.4.3 Uptaka of phoaphorusg by shell.

Data on the uptake of phogphorus by shsll are
presentad in Tadble Z4 and Tz 11 ond tre znzlrais of

variznoe is gziven in ‘pnendix XVII,

sppliecation of phosphorus did not exert any
significant change in the uptake of phosphorus by shell,
Howavar, a gradual increase whag observed with increasing
levels of phogpnhorus on the Both day after sowing,
Jimila tread was observed at harvest stage only upto

60 kg P,0/ha.

Liming or rhizobial inocoulation did not have any
significont 2ffeet on the phosphorus up.aks by shell,
Interuotion effecis bBotween phogphorus, liming and
inoculation yere not 3ignificant,

Phospnorus wptske deorsased at harvest stags
ocompared to that on the eo‘h day after sowing,
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Table 24, Effeot of phosphorus nutrition, liming and
rhizobial inoculation on the uptake of
phoaphorus by shell and seeds

- -

Untaks of phoepborus (Xelba)
THBATMUNTS ﬁm&ﬁum--'- &‘gﬁ*ﬁ?ﬁgﬁ -----
after Harvest after Hervast
e e e e sowing gowing
Lavels of phoapuorus
(Kg ?aoﬁ/ha)
0  1.791 0,882 4,153 11,612
30 2.402 0.920 4,953 8,618
60  2.512 1015 6.439% 11,53%
90 24570 0,870 7.841 124231
F' test e NS S1g. 95
Sum 2 0.324 0.182 0,903 1.823
b at 87 - - 2.601 -
Levsls of linme
{£g/ha)
0 2.3%41 0.897 5.408 11.364
250 2,297 0.949 6.263 10,929
F' test 8 N3 S ]
Sim & 0.228 0.126 0.639 1.289
CD at 5~ - - - -
abdzohial inoealation
Uninoculeted 24325 04912 5937 10.444
Inooulzted 2.313 0.935 5.735 11.909
F' test ¥o S RE 45
RYY. S 0,228 0,126 0.639 1.289




Table 24 a, Combined effeoct of phosphorus and liming
on the uptake of phosphorus
(Xg/ha) on the 80th day after sowing

- -

- - o -

Jy seeds

lLevels of lime

Levels of phosphorus Mean
(Kg ?;05/ha o 250
d 4,621 34085 4,153
30 4,570 5433% 4,993
o0 3703 9,083 04395
90 84740 6.943 7,841
Mean 5.408 60263 50836
SEm ¢ 1.274

0D at 5 3,679
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Digocussion on this aapeot will be covered under
tot2l uptake of phosphorus by planis,

3.4.4 Uptake of phosphorua by seeda.

Uata on the uptaks of phosphorus by sceds are
presentzd in Table 24 and ?g.11 2nd tae snzlysis of

varisnce is givan in Appendix aVill.

The data revaal that higher levels oi applied
phoaphorus enhanced uptake of phospnorus by sceds
significantly on the 80m “ay after sowing bul all
the treztmenta were at par at harvest atage. On the
89th day, applieation of phosphorus at 90 kg ?acsfna
resuited in maximim uptake of phosphorus by seeds
and inls weatment was significantly superior to
applioation of phosphorus upto 30 kg ?Qﬁglha.

Thers was nn gignificant differcncce in tue
oharazcter ciiher due tw lime sppliieaztien or dus to
rhizovi:l irooulnstion,

Interaocion eifect betwecn phosphorus and

liming was obaarved o de significanti on the :Esst*h

day.
Highest dose of pnospaorua at 90 kg.?gcgfha pove
significantly higher uptake of phosphorus by sceds

compared to oontrol, 30 xg and 60 kg onslha when



+ABLs 25, Effect of phosphorus nutrition, liming and
rhizobial inooulation on the total uptake of
phosphorus by plants

Total uptake of phogohurs (Kglue)
, , 20th day 50th day 80tk day
TRGATMURTS after after after Harvest
sowing sowing sowing
Leve
\i; %gogfmp’?"”""m
0 0.211 3.194 11,169 13.272
30 0,207 84251 12.625 1047554
00 0.172 T.410 14,640 134430
90 0.235 9.487 18,194 14,514
F' test NS N i, 45
Ssm & 0.032 0.892 1.688 1.969
Cb at 5% - - 4,876 -
Levals of lime
{Xg/ha)
0 0,193 8.804 13.99% 13,127
250 0.219 8,366 14,409 12,658
B +aat s KR 53 R
Jaid * 0,022 0.631 1.194 1392
Cvat 5. - - - -
daizobial incoulation ,
Uninooulated 0.181 8.964 14.552 12.169
Innoulated 0.2 31 8,207 13,702 12,615
2 test -3 RES NS o
Ssm 0.022 0,631 1.194 1.332

S at 59

- T D D S S WYY S T s S T Y S N A P Y S s o

- -




Table 25 a, Combined effeot of phosphorus and liming
on the total uptake of phoaphorus by plants
(Kg/ha) on the 50th day after sowing

Levels of phoaphorus levela of lime(Xg/ha)

(Kg Po0g/na) 0 250 Mean
0 11.770 6.770 9,194
30 7.866 8,636 8,251
60 T7.044 7.776 7.410
90 8,537 10.4%6 9.487
Mann 8.804 8, 366 aa585

Cuv at 5 34643



Table 25 b, OCombined effeot of phosphorus and rhigoblal
inooulation on the total uptaike of phosphorus
by plants (Eg/ha) on the 50th day after aowing

-

Levels of rhizobinl

Y Y ol . 2 1e S W DS

Can

Levels of phosphorus inooulation
(%g 50¢/ha) Tainooula- Hean
ted Inoculated

0 11.772 6.617 J.194

30 T.442 94060 6.580

60 8.241 64580 Te410

90 8,401 10.571 2.487

Mean 8,964 8,207 8.586

-



lime was not applied. On the other hand when lime
was applied, 60 kg P205/ha recorded the maximum uptaks
of phosphorus which was signifioantly anigher than the
oontrol and 30 kg P205/h8-

There was inorease in uptake of phosphorus by
seeds at harvest stage ocompared to that on the ao"’h
day after sowing.

Je445

Data on the toial uptake of phosphorus by plants
are presented in fable 25 Fig.11 and the analysis of
variance is given in Appendix XIX,

lievals of phosphorus had aignifioant effeot on
the uptake of phosphorus by plants on ths ao‘h day
after sowing, Highest level of applied phosphorus
reoorded the highest uptake value at this stage whioh
was signifiocantly superior to the oontrol and
phosphorus at 30 kg onsl‘na. At all other stages,
difference batween levels of phosphorus were not
significant. Liming and rhizobial inooulation failed
to exart sisnificant effeot on the phoaphorus uptake.

Interaction between phosphorus and lining wes
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significant on the 50"" day after sowing. Treatment
receiving no phosphorus or lime was found t be
signifioantly superior to treatments where lime only
wvas applied and to plots supplied with 30 kg and

00 kg ‘ons/ha. without lime, Control plot was also
superior to treatment oombination 60 kg ?205 *+ 250 kg
lime but was at par with other treatments., Similarly
phosphorus at the rate of 90 kg Paosl’na in combination
with lime was significantly supsrior to the treatment
with no phosphorus at the same lavel of lime,

Interaotion betwesen phosphorus and rhisgobial
inooculation was significant on the 50th day after
sowing., TIreatment reoceiving nei.her phosphorus nor iocula—
Tion waa signifioantly superior to treatment rcoeiving
phosphorus alone at 30 kg ?zos/ha. Control plot was
also superior to trsatment combinations 0 and 60 kg
2,05ulth rhigobisl inoculation, Similarly, 90 kg ?,05/ha in
oombination with rbiaolsa\ moculalion wag significantly
superior to treatment combinations, O and 60 kg P205
with rhigobiel eeulslion . Interaotion between phosphorus,
liming and rhizobial inocoulation was also found 1o
be signifioant,

An evalnatio‘n of the overall affaot of various



treatments on the uptake of phosphorus will reveal that
there was no consistent significant effect of sither
phosphorus applic:tion, liming or culture inooculation,
Tais is 1o be normally expected because there was no
such aignifiocant effcot of the different treaiments
either on the dry weight of plant or phosphorus content
of the plant parts., he reasons for tnls have been
already discussed and the major conolusion of such
resulis have been drawn while discussing the phosphorus
oontent of plant parts. The following disocusaion is
meant only to elaborate on the uptake pattern of
phosphorus in different plant oomponenta., As it is

in the oase of nitrogen, there was a gteady inorease

in the phosphorus uptaize of stem + petiols upto the
goti day after whioh there was a substantial deorease.
In the case of leaves it inoreased subatantially

upto the 50 day, after whioh there was marked deoline
upto the ao‘h day after sowing, There was & similar
drop in the phosphorus uptake by shell from the 80th
day t411 harvest, In ocontrast, the uptake of
phosphorus by seeds nearly doubled from 80" day 11l
harvest., » comparison of the total phosphorus uptake
at various stages will reveal that there was a steady

14

A



rate of inorease in the uptake of phosphorus upto the
g0 B day after sowing. It remained oonstant thereafter,

Somparing the phosphorus uptake of stem + petiols
on the 50*B day after sowing snd harvest, it may be
noted that it droyped from an average of 3,5 kg/ha on
the 50" aay to about 0.8 kg at harvest. A similar
quantitative catimate of the deorease in uptake of
phosphorus by leaves betwsen so‘h day and harveat is
not possible as the content of phosphorus in the leaves
at harvest stage could not be estimated., In the oase
of shell, phoaphorus uptike deoreased from 2,3 kg to
about 0.9 kg/ha betwaen Soth day and harvest, iThe gain
in the uptake of phosphorus from the ao‘h day to harvest
in seeds w2s from an average of 5.8 to 11,2 kg/ha., 18
it was in the oass of nitrogen, an attempt is made to
aggess the quantity of this matrient itranslocated from
different parts to the grain, In the oase of stem +
petiole, the juaniity of phoaphorus lost from the tissue
works out to 2.74 kg between the stages, O
sowing and horveat, Inthe oage of shsll, the suantity
similarly lost works out to 1.4 kg. Assuning taat all
the phospinorus containad in the leaves on the ao‘h day

day after

vag completely translooated to the grain, the contiribution
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by lsaves works out to 3,02 kge. The total quantity
of phoaphorus thus tranalooated from different plant
parts wrks out to 7.16 kg. 7The total quantity of
phosphorus in the grain at harvest was 11,22 kg, The
peroentage of the nutrient in the seed asquired
through translooation works out to 64%, This is

in marked oontrast to nitrogen in which ocase only

%) were estimated to be received by translocation.

As 1t was done in the oase of nitrogen, an
attempt is also made to &asgsess ihe pattern of
acoumlation of phosphorus in different parts at
varjoun stages, and it was szen that on the 20th day,
the major portion of phosphorus (66.27) was in the
leaves whioch had deorsased to 56.1 per ocent on the
50‘“ day, On aa‘h day after sowing, accumilation was
maximam in seeds (41,0°) followsd by stem + petiole
(21.,47), Proportions of phosphorus in leaves and
shell were 21,3 per cent and 16.3 per oent respectively
at this stage. At harvest, phaaphnrus uptake by seeds
oconsiderably inoreaged to the tune of 80,9 per oent of
the total uptake wnioh was followed by shell (7.1%)
and stem ¢+ petiole (6.04).
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Table 26, &ffeet of phosphorus mutrition, liming and
rhizobial inooulation on the ocalojium oeontent
of stem and petiole,

Zaloium_gontent of u.sat..eﬂ“miiakh.l

o ATMANTS 20th day 50th day SB0th day
L.nATMANTS after after after Harvest

——020uing____ gowing ____gouing_ . _____
Levels of phcaphnrua

(Kg P 0 /ha
0 1,277 0.867 0.673 0.615
30 1,592 0.907 0.540 0.620
60 1.413 0.911 0,811 0.629
. 90 1,53 0,360 0.TO7 0.629
F' test Mo o5 S41g. 33
S.m ¢ 04095 0,068 0,044 0,042
Ch at v¥4 - - 0.%27 -
Levels of lime
{ig/na)
0 1.458 0.928 0,703 0,691
250 1,448 0.845 0.662 0.556
F' test Ho & 85 Sig.
SEm * 0.067 0,048 0,031 0.030
OL at 5° - - - 0,085
‘hizobial incaulation
Uninooulated 1.517 0.921 0,676 0.645
Inooulited 1390 0.851 0.689 0.601
F' teat NS NS R NS
SEm ¢ 0,067 0.048 0.031 0,030

] - A W e i = ~— -
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Tabls 26 a, Combined effeot of phosphorus and liming on
the oaloium content (%) of stem and petiole
on ths 80th day after sowing

A A T s D S Wl G U S AT S A W S ) S D P - -

Levels of phosphorus lavaels of lime (Kg/ha)

(ng ?acg/ha) 0 250 Mean

0 0,584 0,761 0,673

30 0557 0.522 0,540

60 0.894 0,727 0,811

90 0.775 0,639 D797

Maan 0Q703 0.662 00683
SEm 2 0.063

Ch at 5% 0,179



3.5 Zaloiunm oontent in different components.

3541

Data on the oaloium content of stem and petiole
are pregented in Table 26 amd Pig.12 and the analysis
of variance is given in Appendix XX.

Levela of phosphorus applisd 4id not produce
any signifiocant difference in the ocaloium content of
stem + petlole at any of the stages except 2t the
third stags of observation, got® day afisr sowing,
At this astage , phospnorus level at 60 kg Pzﬁs/ha
recorded the highest oaloium ocontent . hich w=s
significuntly suparior to the ocontrol plot and 30 kg
Pgos/ha level. Highest lavel of 90 kg ?2ﬁ5/ha was
found to be significantly superior only to 30 kg
?2°§/h° lovel and was at par with other treatimenta.,

Lining did not have ~ny affeoi at any of the
stages exoept for the significant negutive effoot
notel at aarvest, There wag no effect of rilzobial
inoculation, Inoculated set was on par with the

uninoculated at all the stages of growth,
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Table 27, Effect of sphorus nutrition, liming and
rhisobial ulation on the oaloium ocontent

of leaves
Galoiym oontent of leaves (i)
_ 20th day 50th day 80th day
THEATHENTS after after after

sowing gowing sowing

T S Y D TP AT B D S YD B TS ) W WD - -

(Levela of phosphorus

— -

0 14331 1.734 1.634
20 1.579 1.710 1,611
60 1.666 1.900 1,710
90 1.538 1.816 1.992
P' test b ] "5 3
SEm » 0.110 0,100 0.115
0D at 5% - - -
Levels of lime
(Kg/ha)
0 1.517 1.762 1.782
250 1.540 1.817 1,695
F' test - S 5
Ch at 5% - ' - -
dbhdzoblal inooulation
Uninooulated 1,482 1.838 1772
Inocul ated 1.574 1.741 1 0706
P' test NS N3 8







Interaction effeot dus to phosphorus and liming
was noticed on the 80 day after sowing. Treatment
with phosphorus at 60 kg Paoslhn without lime rsoorded
the highest ocaloium oontent whish was significantly
superior to O or %0 kg Pzﬁs/ha without lime, The
above mentioned treatment was also superior to 30 kg

?205 ¢+ 250 kg lime/ha. Phoaphorus at the rate of 90 kg

P205 without lime was superior to phosphorus levsl of

143

0 and 30 kg P205/ha without lime in addition to treatment

combinations of 30 kg P205 + 250 kg lime/ha, Lime at

250 kg/ha without phosphorus was significantly superior

1o tne treatmant of 30 kg ?eoslha at same level of
liming, Similarly, 50 kg 9205 + 250 kg lime/ha vas
siznificantly superior to treaiment combination 30 kg
P205 *+ 250 kg lime/h2 with resp:<st to ozloium oontent
in stem + petiole.

The general trend showed &8 gradual decrsase in
the percentage of oaleiun in stem + psiiole .ith

advancemant of orop growth,

The disoussion on tnis aspeot will be done later,

3.5.2 QCalalum gonkent of lesves.

Data on the oalojum content of lecves are rcoorded
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in Table 27 and Pig. 12 and the analysis of variance
is ziven in Appendix XXI.

avala of phosphorus did not have any signifioant
affeot nn the caloiunm oontent of leaves, Liming or
rhizobial inooulation also could not influence the
sharacter significantly. The~e was no interaction
effeot hetwesn the treatments at any of the stages,

Percentage of oalojium in leaves over ths stages
d1d not differ much and the ocontent remained steady
from 20*0 day t111 the G0™® day though & 8light inarease
in peroentage was notioced from 20th to 50th day.

The result will he disouaged izter,

BeDed &&MWMH" k .

Data on tae oaleium oontent of shell are
presentsd in Table 28 and Tig, 12 and the analysis
of varianoce is given in Appendix XX.

Applicaiion of pnosphorus 4id not exert any
algnificant effaot eitasr on ths 80';n day after sowing
or at harvast., However, the genaral trend indicates an
inorease in the calcium oonient with inereassd levels of

phosphorus,



Table 28, Effeot of phosphorus nutrition, liming and
rhizobial inooulation on the caloium oontent
of shell and seeds

Caleium content (2)
THRSAIMATS ————eeOhell) - ieed ______
80th 4 80th day
after Harvesat after Harvest
sowing sowing
Le
(5, 8 A
0 0.955 1.091 04567 0.384
30 0.928 0.935 0.416 04415
60 0,986 1.162 0457 0.391
90 1.006 1.043 0.463% 0.346
?' teat NS N3 NS H3
Jam ¢ 0,075 0.076 04050 0.034
S at 57 - - - -
Levels of linme
{Kg/ha)
0 0.994 1.021 0.4380 Je 389
250 0,943 1.09 0.465 0,379
P' test i S N3 3 2 )
Som ¢ 0.053 0.054 0.035 0.024
CL at 5% - - - -
Jhizobdal inoaulation
Unincoulated 0.980 1.023 0.484 0362
Inooculated 04957 1.092 0.467 0.406
?' test N3 N3 1S NS
Skm » 0.053 0.054 0.035 0.024

Cb at 5% - - - -




e
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Liming snd inooulation also failed to cause
signifiocant effeot on the character at either of the
stages, There was no interaotion effect butwsen the

pair of fastors.

he rasults will be disoussed later while
disoussing the resulis on the oaloium content of seeds,

3.5.4 Qalolup oontent of ageds.

Data on the oaloium content of secds arse presented
in Table 28 and ¥ig.12 and the analyeis of wvariance in
Anpendix XXI.

’hoapnorus levsls did not have any significant
affeot on the oalcium sontent of sceds sitaar on the
80" day or at harvest. Liming and rhizobiel lnooulation
al3o did not have siynificant effeot. ’o significant

interastion effeot was notlced at any astage,

Parcentaga oalcium in seeds sligntiy fell at

th

harvest stage oompared to that on the 80 ' day after

sowing,

Application of phospaorus, lime and culture
inooculation in genaeral 1id not have any effeot on the

oaloium oontent of the tissues, However, the effeot of



phosphorus was significant in the ocase of c¢aloium content
of astem + petiole at one stage. Uimilarly, the
interaction between phosphorus and lining was slso
significant at one stage and at all other gtages tae
effeots were non-signifiocant, If ithe isolated

instanoes of statistical siinificance noticed in these
two cases are magleoted considering thew 25 exceptions,
the general oonclusion would be that the supply of
oaleciun in the s0il was adequate cnough for the crop.
Gormolly it is expeated wuat applicution of nhnaphorus
will decrease the avallability of ocaleium bacaunse of
form:tion of insoludle salts of phrosphorus and caloium,
The resulis reported by Xapoor and Gupta (1977) also
showed such 8 dedrease in the oalsian oantent of
soybeun by appl oation of phosphatie fertilizers, 1In
the present atudy, there wag no such oconsigtent deorease
in the caloium zontznt of soybeun tilssues., This again
supporis the e«rlier conclusion that ths calcium ocontant
in 301l was sufficiant enough for maint:ining sdeuate
supnlies of oxloium to the orop. The prob=ble deorease
in the availability of caloiun becanse of apolisation
of phoophorus upto 90 kg }?EGS/ha 00u1ld not probably



affaect the caloium suirply to the orop significantly.
"he gsame 6owlusions as adbove could be drawn by a
oomparison of oaloium oconient of tissuss with and
witnout appliocaiion of lime, JSurprisingly, even
applioavion of lime at 250 kg/ha could not increase
the caloium content of plant parts au zany of tne
stages. This is however contrary to the resulis
reported by (.onki e al.y 1574 and “aatterjce gt al.s
19728 who found an increase in onleiwn content hen

liuning was done,

There appears t be no reason vhy culiure
incoulation should alter the caloium content of plants,
Howevaer, Thatterjee g% 8l.(1972) found an inoresse in
caloium oontent of soybenn sseds oonsc-uent to culture
inoculation, In this experiment, there was nn such
consiatent affsot of sulture inooulation on caloium

contant,

Jodparin wibwesn the tages, thers wag a
sudgtuntiai decresse in w3 onxloium mrntent of stem +
pevlole slvn zdvanelag age till harvest nnd a slight
deerense ia wae calelum content of aeeds, In ine

laesves the —:uleiuas content remained more or laas

193



Tabls 29, Effeot of
rhisobial

sphorus nmutrition, liming and

oulation on the uptake of
oaloiun by stem and petiole

Uptake of oalo%gm hy)gtam and petiole

T wATML NS 20th day 50th day 80th day
after after after Harveat
sowing sowing sowing
levels of phosphorus
(£g ons/}m)
0 0,779 11,346 15.454 11,297
30 1.080 13.417 15,181 10.819
60 0.922 12,297 22,961 11.902
90 1,081 15,558 23.03%0 14.478
P' test s5ig. e ) Sige R
Shm 0,084 14525 2,311 1.655
Cb at 5% 0,238 - 6.673 -
Levels of lime
{Xg/ha)
0.927 13.227 19,390 12.415
250 1.004 13,382 18,923 10,833
F' test NS WS 3 NS
Sum * 0,055 1.078 1.634 1.170
Cu at 5% - - - -
Uninooculated U.963 13.197 18,779 11.936
Inooulatead 0.968 13.412 19.534 12,312
F' tost 5 No NS B 1)
Jdm & 0,055 1.073 1.634 1.170
3D at 5% - - - -

3
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steady from 2ot to ao‘“ day after sowing wherecas in
the shell, there was slight increase. Jaloium is
generally considered to be an element that is immobile
in the plant and if this is trus in soybean also, the
lowver czloium oontent of stem ¢ petiole with advancing
age oan only be justified by assuming that the rate of
absorption of this elemsnt at later stages (as
comparsd to increage in dry matter accumulation) was
sudstantially lower than its rate of abscrption in the
early stages, The sligat inorsase in wie conteat of

oaloium in shell and dzcrease in seeds fronm Bthh

day
to harvest should e viaken w0 be aiguin a result of
difference in the rate 5f upiske of calelw: and increage

in dry matter ascocumlation,
3,6  Uptake of oaloium by different components.

3404

Data on ithe uptaks of ocaleium by stem and petiols
are pragentzd in Table 29 and rig. 13 and the analysis
of variance is givaen in Appendix XX11.

affect of levels of phosphorus waa found to ne

signifioant on the 20" 1nd 80™ dsy after sowing with



Table 30, Effeot of phosphorus matrition, liming and
rhizobial inooulation on the uptake of
oaloiun by leaves

S s Y G S D AL D G T A - — e - - -

Jptaks of calo%um by leaves
— Skg/ha

I suATMSNTS 20th day 50th day 80th day
after after after
- - gowing __ eowine ___ sowing

Levels of phospnorus
(Xg P,0./ha)

0 0.97% 12,987 17.375
30 1.338 13.150 18,755
60 1.118 14,700 254505
90 1.270 17.065 32,166
F' test No oS 5ig.
SEm * 0.150 1.302 3.716
U at 5% - - 10,729
Levels of lime
(kg/ha)
0 1.175 14,107 23.475
250 1.210 14.844 23.425
F' test NS s N
Sbm * 0.0T1 0.920 2.627
Cd at 5 - - -
shdizobial inogulation
Uninooulated 1.125 14.670 22,997
Inooulated 1.260 14,281 23.903
' test RS B 93
Sum * 0,071 04920 2,627

-~ G T W S S A PP O S D S P M WU S D SN D T s G CUR T B SR GD S P W TSI -
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respect to oaloium uptake by stem + petiole but was
non-significant on the 502 day and at harvest stage.

fm the 20" day, 30 and 90 kg P,0c/ha were significantly
superior to control. On the Scth day, 60 and 90 kg
3205/ha were significantly superior to the lower two
levels, the oontrol and 30 kg onslha.

Lining and rhizobial inooulation did not produce
any signifioant effect on the oalcium uptaiie dy atem +
petiole at any of the siages., Tacrs waz no leaificant
interaotion efiset bYetwesn vhoaouorui, lindsy and

inooulation.

Salolun uptake was found to increase from 20““
day to the gotB day after sowing. Ilherc was conspliouous

~th

deorease in mean uptaike of oaleium frox ™ day till

harvest,

The disocussion on this asvest will »e cowvered

later.

34002 Uplawe of ouloium by lgavag.

Data on the uptake of calolun by lz2ves arve
preseanted in Table 30 und Pig,13 and the analysis of

variance 1s given in Appendix (X111,
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Effeot of levela of phosphorus applied was found
to be significant on the 80 B day after sowing with
regpeot to the uptake of oaloium by lauves. ilighest
level of phosphorus applied was signifioantly superior
to the conirol and 30 kg ?2’35/ha but was at par with
00 kg sz)s/ha. “ith lnoreaging lovels of phosphorus
appiled, the uptaks by this plant ocomponent was also
found to increage at 211 the stageas., The effeot due to
varying levals of phospaorus wiugs not significant on
both 20™ ana 50% aay,

Liming and rhizobial inooulation 4id not show
any significant effect. There was no sizpnificant
interaoction effsct due to the treatiments,

JCaloium uptake by leaves inereased frou ?Om
day till the last atage of observation, 30 dnys aflter
sowing,

The discussion on this aspeoct will be done while
dealing total calcium upiake by plants,

3.643 lUptake of caloium by shell.

Data on the upiake of caloium by shell are
presented in Table 31 and Pig,13 and the snalysis of
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Table 31, Lffeot of phosphorus mutrition, liming and
rhizobial inosulation on the upitake of
caloium by shell and seed

- o - - -

. MO - —mu.— nga .....
D BATMSNTS 80th day 80th day
aftor Harvast § after Harvest

sowing sowing

- o

Levels of pnosphorus
(£g PBOS/ha)

6 10,803 13.972 64765 3.673
30 12.490 10.430 54807 84251
00 14,133 14,2569 T+315 3,030
90 15,247 13,149 8,008 84254

F' teat N3 RS N T
iboat 5 - - - -

Levels of lime
(£g/ha)

0 14,167 12,815 T.152 34970
250 12,170 13,095 64795 T+659

F' test s H3 s Ho
SRS S 1,046 0959 0.T54 0.752
Cb at 5% - - - -
Bhdzobial inoculation
Uninooculated 12,723 11.692 £.385 T.425
F' test No NS NS w5
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Table 31 a, Combined effeoi of phosphorus and liming
on the uptake of caloium by shell (kg/ha)
at harveat

W A Y o A S - -

I-:e-vela of phoaphorus  lLavals of lime(Xg/ha)

(&g 'P205/ha) | 0 250 Mean
0 16,911 11,911 13,972
30 11,928 8,931 10,430
60 11.566 10,971 14,269
30 10.853% 154445 13.149
Mean 12.815 13.059 12.937
Sém & 1.917

S at 5% 50536



variances is given in Appendix XXII.

Calcium uptake by shell could not be significantly
influenced by levels of phospnorus applied, liming or
raigebial inooculation, either on the Bﬂth day or at

narvast slage,.

Significant interastion effeot duz w0 pnhospnorus
2nd liming on the uptake of oaleium by shell was noted
at narvest. At 250 kg lime/ha, 60 and 90 kg Pgns/ha
ware aignifioantly supsrior to 30 kg ?Qﬁs/na but thease

were a2t par with oontrol.

@ ralis will e disoussed whils dealing wotal

uptake of ealelun by plants,

3.0.4 lptake of galeium by mecda.

Data on the uptake of onleiun by seedu are
prezented in J[ubls 31 and Plg. 1% and tae analysis of
v.riznoe is given in Appendix Aaild,

There was no signifioant differenoce in the uptake
of oalecium by sseds dug to different lsvals of phospnorus,
liming or rhizobial inooulation, Interaction effeotis
wers algo not significant,



Table 32, sffaeot of phosphorus nutrition, liming and
rhizobial inoculation on the total uptake
of caloium by plants

bt - A - -

Total uptake of oalojum oy plantg (4g/ha)
20th day  50th day  80%h day

FEOEYY Y

after aftor after arvest
sowing sowing sowing
uevels of phosphorus
(£g P,0./ha)
") 1.745 24,937 50,403 33.9%2
30 2.441 26,572 524155 29,509
60 2,118 27.004 71.583 34,262
90 24357 324617 T8.454 3% 4891
P' test 5ig. e Sige R
dom * 0,158 2.,025 7.109 24387
CU at g 0.453 - ~234528 -
Levels of lime
0 2,116 27335 04,00% 35387
250 20215 28,230 01.692 31.599
P' test Vo Ho Ao i
Sum * 0.110 1.856 50027 2.395
Uninooulated 2.092 27.866 01,865 31,062
Inooulated 2.232 2T.639 04,432 7354745
' test KE . ¥ TS g

o at 5‘ - - - -

- g -us -y - o
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Uptake of calcium by seads inoreased slightly

fron so‘h day to harvesti siage.

The result will ve discussed while dealing with
the total uptake of ocaloium by piants,

5045 lo%al uptaie of oalojun by planta.

Yata on the total uptake of caleium by plants
are presented in Table 32 and Pilg, 13 and the analysis
of variance is given in Appendix iXIV,

Different levels ol paogyioras »#ppiiz? bdrought
about gdgnificant difference in the w L=l u:tike of
oaloium on t{he acth day after sewing. Tho:phorus
applied at 90 kg ?Eeafha wag simificantly suverjor to
tha control and thce treastmsnt with 30 kg ?gﬁgjha but
60 kg Pgﬁs/na wity guperior to the control anly. At all
other stages, levels of phospnorus friled w exert any

effeot,

levels of liming or rhizobial inooculsztion
oould not exert mny si;nifiloant effeotl in the upiuie

e

of caleiun by ploant at zny of the stages. o significant

intweraotion sffect w23 noticed.



Total oaleium uptake by plants inoreased with
advanoing age of the orop upto the 80'} day but
deoreased substantially thereafter, the over all mean
decrease at harvest as oompared to the go 8 day being
47.1 per oent,

Caloiunm uptake by plant parts showed varying
trend at different levels of phosphorus applied in
different plant components, For exampla, in the oase
of stem + petiole and lsaves there was a gensral trend
of inorease in oaleium uptaks with inoreasing phosphorus
levels, In the oase of shell and seed, the trend was
not oonsistent and was different at differont stages,
The inoresse in oaloium uptake was significant in the
oase of stem + petiole at two stages and in the case
of leav:s at one stage. It is diffioult to consider
these significant effects as being real from an overall
aggessment of the trend of resulis, Therefore further
disoussion on thiaz aspect is baged on the agsumption
that appliocation of phospnorus did not affget uptoks
of oaloium, Yhile disoussing the oaloium content of
plant parts, it was oconcluded that though there was a
possibility for decrease in the avallability of oaloium
because of applioation of phosphorus, under the oondition



in whioh this experiment was oonduwoted, the deorease
in availability of oaloium oonsequent to application
of phosphatio fertilizers was not substantial, TIhe
data on the uptze of this mutrient by plant parts

will furiher support this conolusion,

Applioation of lime did not affect the uptake
of oaloium by any of the plant parts at any of the
stages, The reasons for similar trend in the ocasc of
caloiunm oontent and dry weight of pi it parts have bsen
disougsed already. Inooulation also did not have
significant effeot on the oalcium uptake, In as muosh
ag oculture inoculation could not inorease the dry
mtier aoccumulation by plant parts, there was no
reason for expecting a change in the nuantity of

oalojium taken up by plants because of this wreatment,

The patiern of uptake of ozloium by stem + patiole
wig that of a steady inorease upto the ﬂot'h day, followed
by a substantial deorexzse thereafter, In the case of
leaves, oaloium uptake inoreased upto the 50 day. In
the shell, it remainad more or less oonstant fron go 8
day t1l1l harvest whereas in seed there was slight

inorease over tine above stages, The trend of the caloiunm



uptake elither remaining oconstant or inoreasing with
advansing ags oan be normally expeoted but a deoresnse
with advancing age is not to bs expeoted as ocaleium is
an immobile nutrient, Such a deorease was notloed
only in .. 3332 of stem + patiole from 80 day till
harvest, It may be noted that there was a similar
substantial decrease in the dry weight of stem +
petiole also over these two stages., As was explained
earlier decrease in dry weight wass mainly beoause there
wag oomplets defoliation after the eo"“h day and only
sten remainsd at the time of harveat. This loss in
plant parts had their effeot on caloium uptake also.
In the ocase of total oaloium uptake also, ticre was
inorease upto the 80 day followed by a substantial
deoreuse after this stage. The extend of decrease was
ag muoh as around 47 per ocent as has bacn explained
earlier, TIhis decrease must dbe accounted as due to
defoliation. A point of prasticcl importance is that
in the oase of soybeun nearly half of the oaloium taken
up by plant is turned back % the soil before harvest
of the crop.

While disoussing the uptake 5f nitrogen and

phosphorus the relative contributinn of translocation
of these nutirients to the seeds wer estimated, In the

A



case of caloium it is assumed that there was praotically
little translooation of this nutrient within the plantas
and the wantity acoumlated in the seeds must have
mostly oome from absorption of tais nutrient after

formation of the seeds,

As was done in the oase of nitrogen and phosphorus,
an attempt ias made Lo looate the zone of peak accumulation
of oaloium at the diffsrent stages., 7The results sinow that
out of tne total juantiiy of caloium asoumilated in the
plant on the 20th
in leaves (55.3),the rema}ﬂd&l‘ being in stem ¢+ petiole,

m the 50" day also the same trend ocontinued though the

day, the maximam juantity was looated

relative ocontribution by leaves decreased to 52.1 per oent.
At the next stage, 80th day after gouing, ine peroentage
ocontribution of leuves deoreased further to 37.4 per ocent,
The ghare of totul ealolum uptake in stem + petiole,

shell and seeds were 30,5 per eent, 21,0 per oent and

11.1 per ocent reapectively. At harvest, the maximun
quantity of oaloium was acoumalated in sheil (38.87)
followed clossly by stem + petiole (3677), Seeds
contributed only to 24.9 per cent of the total oaloium
uptake, It may be recalled that the acoumulation pattern
of nitrogen and phosphorus followed an entirely dirferent
pattern with the largest share of these nutrients being
in geads at the time of harvest.



Table 33, &cifect of phosphoras nutrition, liming and
raizobial inoculation on total nitrogen,
ovallable puosphorus, avaliable potesalam
and exchangeable oalojium of soil after
harveat ~f the crop

VD W N A T A - b

Availa~ Avalle- Exohange~-

_ ‘ Totel ble ble able
Loten dHU I nitro~- phosp- potas- ocaloium
san horus sium (ppm)
&5 (ppm)  (ppm)
Levels of phosphorua
(Kg Paeslha)
4] Vel 89 1.710 200425 427.50
30 0,086 2793 206,88 375.75
60 0,086 34363 192.13  350.25
90 0,082 4,099 208475 300,50
L§vela of linme
0 0,087 3,047 203,00  367.00
250 0,083 2.936 204,00 360,00
i 1al 1 lati
Uninoculatad 0.036 2.872 203,00 359413

Y A AP D DU S M T D A A G e - = w o - - - - -
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4, Chemioal Analysis of Soil after the Harvest of
the Orops~

Data on the total nitrogen content, available
phosphorus, available potassium and exchangeable oaloium
after the harvest of the orop are presented in Table 33,

Level: of applied phoaphorus did not affeot tie
total nitrogen and avallable potassium contents
subatantially., 0On tha other hand, there was notable
inorease in avallable phosphorus but reverse was the
effeot ith regard to exchangsable csleium in whioh
oaae there was steady deorease wiih inoreasin: levels

of phosphorus,

Lacx of a conspiouous change in the contaent of
total nitrogen and available potassium with increasing
levels of phosphorus and the ooocurance of a gubstantial
inorease in the available phoasphorus oontent are to be
normally expeoted, The inorease in the avallable
phosphorus content was subatantial and at the highest
ilsvel of applied phosphorus (90 kg P205/ha). the
available phosphorus ocontent wag more than double that
of ocontrol. A substantial decrease in the content of
exohangeable oaloiunm was also noted with inereasing



levels of phoasphorus, This is in all probability
because of precipitation of large ~uantitles of
ozloium at higher levels of applied phosphorus, %o
substantial change in any of the oonstitusnts was
notioed bacause of liming and oulture inoculstion,
Laocik of response to cultare inoculaiion wias to be
normally expeoted and 2lso to lime in the case of
nitrogen, phosphorus and potassium eonicnis, I[lowever,
a maried inoreage in exchangsable caleoiux oconitent was
anticipated conseiuent to application of liime, On

the ocontrary, in the present study, there was no
indiocation of such an inoreass., The only explanation
for this appsars to be that all the added oaloium was
leaohed away and by the end of the orop season, the
oaloium level reverted back to the inherent e ullibrium
level, A comparison of the analysis of datn of the
501l with the original figures will indioate that
nitrogen ocontent did not vary much over the period of
orop seaaon, and available potassium and exchangsable
caloium deorsased substantially. This deorecase in the
content of potassium and oaloium must be attribated
io the heavy leaching. Phosphorus oconient of the soil

at the and of the orop season wasg oomparable (0 the

179
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initlal values in ths plots that did not rccelve
proaphorus fertilizer. As mentioned earlier, plots
it received phoapnorus fertilizers reglstered a

subgiuntizl inocrs.se in the content of thls nutrient,



SUMMARY
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SUMMARY

An experiment was oonduoted at the Instruotional
Farm attached to the Jollege of Hortioulturs, Vellaniikara
from July to Notober, 1978 to study the effect of
phosphorus, liming and rhigobial inooulation on the
growth and yield of soybean,

The growih charaoters, yield attributes and yleld
ag influenoced by various treatments were recorded. 7The
nitrogen, phosphorus and oaloium contentis of different
plant parts were also eatimated, These daia were
statistioaily analysed., 7he results of the investigation

are summerised below,

1. Differsnt levels of phosphorus, liming and
rhizobial inooculation did not exsert any significant
influence on the heigzht of plantsg at any of the stages

of observatien,

2. Number of dbranches werz also unaltered by
levels of phosphorus, liming and julture inooulation
eithar on the BOth day or on Both day after sowing.

3. Levels of phosphorus did not have signifiocant
effeot on leaf area index at any of the stages exoept



on the 20% day after sowing when 30 kg Pzﬁs/ha wasg
found to be superior to 60 kg ?205/1;&. Liming and
inoculation had no effeot., 3ighifiocant intsraotion
sffeot was notioced between phospaorus and liming on
the 20" day when 90 g °,0g * 250 kg lime/ha recorded

tna hi@eﬁit bLeAsl, Valuﬂo

4, et assumilation rate was not affeoted by
applioation of phosphorus, liming or by oulturse
inooulation at any of the stages of observation.

5. iffaots of phosphorus, liming and rhizobial
inoculation were not significant on dry weight of
stem ¢ petiole at all ths four stages of obeervation,
Siinificant interaotion effeot was noted betuween

phosphorus and liming on the 2()t'h day.

6. Phosphorus had signifioant affeot on the
dry weight of leuves on the go'® day. At this stage,
90 kg P205/ha was superior to 0, 30 and 60 kg '?2‘35/118.
Liming and culture inoculation failed to influence
this character siznificantly. Interaction between
phosphorus and liming was significant on the 201"h day.

7. None of the facstors were abls to produce



o
I
—in

siznificant effeoct on the dry weight of shell or
seed at either of the stages, BOth day or at harvest,

8, Total dry weight of the plant waa
unaffected by phosphorus, liming or inoculation
at any of the stages, iowever, interastion between
phosphorus and liming was found to be significant

at the 20%

day. As in the ozse of dry weight of

stem + petlols and leaves, maximum dry weight of

the plant was obtained in treatment with phosphorus

at the rate of 90 kg onslna in oombination with 250 kg

lMI!Ilao

9, Number and weight of root nodulea did not
differ because of the treatments eithsr on the EéOth
day or on the Bot‘h day after sowing.

10. TPhosphorus application, liming and
oulture inoculation ocould not infiuence the yisld
componen ti, numnber of pods per plant, number of seeds
per pod, weigzht of seeds per pod and thousand seed
walght.

11, Shelling peroentags, harvest index and
moisture peroentage ware unaffecied by phosphorua,
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liming and rhizoblal inooulation, Phosphorus x lime
interaction was significant with regard to shelling
peroentage on the eo‘h day after sowing. Phosphorus
level at 60 kg ?Eﬁs/ha incombination with 2°0 kg lime/ha
gave vhe highest shelling pereentage at this stage.

The minimam valus was notioced in the control,

12, Inoremental doses of phosphorus had no
effect in inorsasing the grain yield. Liming and
inooulation also failed to produos signifioant variation,

13, ‘fighest stover yleld was produoced when
phogsphorus was applied at 90 kg ?205/ha. This level
was significantly superior to all other levels of
phosphorus, Application of lime or inooculation did
not have signifiocant effect, On atover yleld,
phoaphorus x rhizobial inooulation interaotion was
significant, Inooulated set when given phoaphorus at
the rate of 20 kg ?2ﬁ5/na produced maximum stover yleld.
Mininmum yileld wag recordiin the oase where no phosphorus
wag applied but inooulated with rhizobium oulture.

14, Applioztion of phosphorus at the highest
lsvel of 90 kg ﬁ205/ha gave the highest perocentage of
nitrogen in stem « petiole on the 20‘“ day after sowing
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which was significantly superlor to 30 kg '*‘2 5/h:;’. but
was at par with other levels. At all othar stages,
levelas of phoaphorus had no effect on nitrogen content
of these plant componenii. No si,nifiocant effeot was
noticed due to liming and rhizobial inoculation,

15. Wo si:nifioant shange in the nitrogen
content of leaves, shell and seed was notlosd dus to
phosphorus, liming or rhizobium inooulaiion at any of
the stages of observation., 3ut signiflcant difference
was observed dus to the interaotion effeot ok havvest between
liningz and rhizobial inooculation with regard to nitrogen
ocontent of shell. Uninooulated set, where 2,0 kg lime/ha
was applied recorded the maximam value whereas minimum
wes obtained in the control plot.

16, Uptaze of nitrogen by stem + petiole or
leaves was not affected by phosphorus levels, lime or
culture inooulation at any of the stagss of observation,
T.ere was a steady inorease in the uptaze of nitrogen
by leaves till the 80'® day but in the case of stem *
pastiole inoresse was notioced only upto the 50“‘ day
whioh deoreased thsreafter till harvesti,

17. signifioant influence of phoaphorus was



noticed on the ao‘h day after aowing with regard to
nitrogen uptaks by geeds. Phoaphorus at 90 kg
P205/ha gave ithe highsst uptale value followed by

00 kg onslha. Both these levels were gignifiocantly
superior to the oontrol and phosphorus at 30 kg ong/ha.
Phoaphorus levels did not affsot the uptake by seed at
harvest, Jptake of nitrogen by shell on the Both day
and that at harvesi were zlso not significantly
affeeted by phosphorus levals, .imllarly, liming or
rhizobizl inosulation had no effeot on uptake of
nitrogen by shell and seed at any of tha stages,
3ignifioant interaction effaet waa notioced hetwesn

levels of phosphorus and liming on the a&‘h

day, with
regard to nitrogen upiake by seed, Phosphorus at 90 kg
onslna applied without lime gave the highest uptaks
valug whereas minimum uptake of nitrogen by seed was
noticed in the oontrol. The total ~uantity of nitrogsn
translooated from different parts (stem ¢+ pctiole, shell
and leaves) to the grain works out to bs 39 per oent

remaining being directly absorbed by secds.

18. “otal untaike of nitrogen by plants on the
goW day after sowing was significantly affeoted by
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lavels of phosphorus., Highest level of phosphorus

gave the maximm uptake value whioh deoreased with
decrensing levels of phosphorus, At all other stages,
effeet of phosphorus on this character was non-significant.
Meither liming nor culture inooulavion produced
algnifioant difference in total nitrogen uptake by

plants at any of the stagea of observ:iion,

19. Phoaphorus content of stem ¢ petiole was
not nltar=2d4 by levels of phosphorus, liming and
rhizobizl inoculation but there was signifioant
difergnce due to the interactiion between phosphorus

levels and liming on the Sﬂm

day after sowing,
Phoaphorus applied at X kg '232()5/ha without iime gave

highest pliosphorud content in siem and pstiols,

20, Differsent lavels of phosphorus, liming
and rhizobial inoculation had no eifect on the
phospinorus content of leaves at any of ithe stages,
Interaction between phosphorus and liming was found to
be significant on the 80%* day, Lime at the rate of
2.0 kg/na without phosphorus gave maximum and 60 kg
’9205 inpoabination with 250 kg lime/ha gave the
ninimim phosphorus sontent in leaves,



21. Levels of phosphorus had no e¢ffect on the
phosphoruas content of shell and seed eithsr on the
eo“h day or at harvest. In the oage of seed, 20 kg
lime/ha inoreased phogpghorus oonitent on the sc‘h day.
sffect of rhizobial inoculation wazs not significant.,
#ith regard to shell phosphorus content on the aa‘h
day, interaciion effect between phosphorus andi liming
was gsignificant, Fhosphorus level at 30 ki ??ngha
applied without lire recorded the maximum phosphorus
content wher® us 90 kg ?st/ha applied without lime
recorded the minimum phosphorus oontent of shell.

22 On the 50th day after sowing, uptoie of

phosphorus by stem + petiole was significantly affected

by applioation of phosphorus. Iilighest level, 90 kg

?205/na gave highest phosphorus uptake and it deoreased

with deoreasing levels of phoaphorus applled, At the
other stages, levels of phosphorus had no effect,
Liming and culture inococulation also could not alter
pnosphorus uptake by ‘stem ¢ petlole., ignificant
interaction was foun: on the &')m

and liming, when 90 k; PEO,5 + 250 kg lime/ha gave the

maximum upteke. The minimum value was recorded by the

1

‘! day between phospuorus

(

5



treatment combination, 30 kg P205 *+ 250 kg lime/hs,
Inorease in uptake by stem + petiole was noted

initially but 1t deoreased in the latsr atage of orop
growth which is atiributed to be beocause of translooation

to the seeds,

2%, Phosphorus uptake by lexzves was not affeoted
by levels of phosphorus, liming or rhizoblal inooulation
at any of the atages. Phosphorus uptake inoreased till
Soth day but deorzased thersafter,

24, affeot of phosphorus on upiake of phospnorus
by aseeds was significanti on the BDth day. At this stage,
uptake velue inoreassd with inoressing levsla of
phosphorus upto 90 kg ”Qﬂglha. At harvesti, there was
no significant differunce in the phogphorus upiake by
geed dus to applied pnnaphorua. In th:s case of 3nsll,
upt:ke was unaffeotzd by differsnt deses »f applied
ohosphorus. 3oth in the oamse of shall und ogeeds, no
differeme was noticedlin phosphorus uptacze duae to
liming end raizobial inooculaiion, osignifisant
interaction effeoct in the phosphorus uptzls by aeceds
+a8 observed on tue 50 day. Phosphorus at 60 kg
P2os/ha when applicd in combination with lime at the
rate of 250 kg/ha reoorded vaximan uptaige of phoaphorus
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in sesd., On the other hand, minimum wag observed in
treatment with 250 kg lime ha without phosphorus. A
drop in the uptsake of phosphnorus by shell was noted
«fter the 80 duy t1l1l harvest but the uptixe value
in seeds doubled during tha period, Total -uantity
of phosphorus translooated from different parts to the
grain works out to be 64 per oent remaining being
agcurmlated by continued uptake, Altogether seed
ascounted for 86.8 per cent of the phosphorus
agsoumilated in planta at harvest,

25, As in the case of ased, 90 kg ’.’2 'S/ha
reoorded maximam total uptaike of phospinoras on the
804“‘n day after sowing 1t being significantly superior
to control and phosphorus at 30 kg ?205/119.. At all
other stages, phosphorus falled to produce significant
efféot. Liming or culture inoculation could not
3ignificantly influence the toial uptace of phosphorus.
On the som day, inter-stion detween levels of
phosphorus and lime was significant, wien control
plot gave the maeximun uptake valus, Phospnorus and
rhizobial inooulation interaction was also found to be
sigmificant, Control gave the highest vulue and the
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oombination, 60 kg P205 * 250 kg lime/ha recorded the
lowest uptake,

26, Applioation of phosphorus failed to result
in significant effect on caloium oontent of stem +
petlole at any of the stages except on the Soth day.
Yerz, phogphoras when applied at tue mte of 60 kg
”2ﬁ5/ha wag significantly superior to control and
paosphorus at 30 kg ?gﬁb/xa. 71 all the stages of
obsarvation, significani 2ffact of lime -3 noted only
at harvest wnere control provad 1o be better than lime
at 250 kg/ha, Tulture inocaletion had no siymificant
effect at any of tue stuges. Interaction batwecen

th day

phosphorus and liming was significant on the 80
and maximum and minimam oaleiwm contents were notioced
in treatments applied with 60 kg 9205/ha without lime
and treatmsnt combination of 30 kg Pgﬁs + 250 kg lime/ha

respeotively.

27. Lavels of phosphorus, liming =and rhizodial
inooculation failed 1o produce significant effeet on the
saleium oontent of leaves, shell and seaeds at any of

th.: stages.,

25, Zuleiom uplikad by stem ¢ petiole wns

sigmifiocantly altered by applied phoaphorus on the Eoth
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day and 80" day after sowing, &t both these stages,
phosphorus at the highest level, 90 iy ’?"2'~"'35/£‘;.a
recorded the maximum uptake, Appllcation of line and
culture inoculation fauiled to exert signific.nt cffeot,
Tnere was an inoresase in upliake by tihe plant part upto

tha Botn day whioh decreused conapiouwously thereafier,

29, ‘ishest level of puoasphorus ot YU kg
Pzﬁslha gave tue nighest oudeiuw upiake by deuves on
go b
remained at par wiih othoer lévels. Ll and

day after sowing, wheress at ali Cuaey Uuiagsas, it

inooulation did not nave signifiexnt eirleect 2t any
of the stages. Mnleiunm uptaxze by leaven inorezsed

t1ll the 80*“ day after sowing.

30, iptake of calcium by shell and seeds were
not affected by levels of phosphoras, liming or
rhizobial inooculiation at any of the ailagens of
obzervation, 3uc, interastion between pucspoorus and lim-
ing wag signifisant at bharvest stoge, wiuh reasgect
calofum untake of snell. Iigaest level nr ilme in
combination with 60 ig ?zﬁsfha gave the hLighest uptake

valug, Caloium uptuxe oy siaell almogi remained oonstant



from 80th day till harvest bui in sezds 2 slight

inorease was noticed during s period,

31. “otal upuake of calcium by plants wes

ootB 80" gay after sowing.

significeant on the day and
" the 20*" day, phosphorus spplied at 30 &g P,0c/ha
gave maximm total coleiua uptaxe dat on the Jot’“ day,
90 kg ‘Pzﬁs/ha raoorded the highest vaius, «ftects of

liming and culture inocuiavion were non=-si-nificant.

32, After narvest of the oropn, total nitrogen
and available potassium oonisnts of vne soll did not
ohaage substantially, wiiersas in wie case of avallable
phoapiorus 2 notable increase was obaserved. !everse
was the efect on oxonangeable ocaloiunm of the soll
vith inoressing levels oi phosphorus. ..iming; and
rhizobisl inoculaiion did not mave any 2onopiocuous

effaat on any of the charaoters aeadlonsd «bovs,
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Jeather data (weekly average) from 25th June to 14m Ostober, 1978.

APPLNDIX - I

Temperature (o) Relative Total Number
Date toese WERITVIRIT  -romssdipfiel- oy Gayealay  sunahine

mam  mum noon  moomn  (po J8. (hours/week)
June 25 = July 1 1 23,0 2245 94 84 2199 7 0.3
July 2 = July 8 2 23,0 22,9 35 a1 141,58 7 1.2
July G o= July 15 3 27.4 22.4 36 81 296,.8 o 0.6
July 16 - July 22 4 25,5 23.0 93 74 4.0 7 2.9
July 25 = July 29 5 27.9 23.2 35 85 252.7 T 0.3
July 30 = Auguat 5 6 293 23.3 4 79 12.5 4 1.4
August © = Auguat 12 7 28,2 23.1 36 86 241.5 K 0.5
Augast 13 - August 19 8 28,7 2247 35 80 12745 7 O.4
August 20 - Auguat 26 9 28.1 23,1 95 79 93.9 7 0.6
August 27 - September 2 10 28,1 22,5 94 81 215.5 7 1.7
September 3 - Geptember 9 1 305 2347 91 65 549 2 0.3
September 10 - jeptemberio 12 30.1 2340 91 67 11.9 2 37
September 17 - 3eptember23 13 3.3 228 93 €9 19.0 5 542
September 24 - Sgpiember30 14 22.T 23,1 92 70 2249 T 2.7
Ootobar 1 -« Notober 7 15 30.4 22.6 90 66 1949 2 53
October & = Netober 14 16 313 23.0 g2 70 Be5 2 5.7




APPulDIX - 11
Analyses of variance for helght of plants and number of branohes

- > .

-

o

Height of pluntas (om)

20th day 50th day  80th day

Mean gquares

Tumber of branches

s it o S

50th day  80th day

source df after. after afteyr after

sowing sowing aovi ng sowing

8lock 2 3,398 37.T89  55.296 REN
P 3 5071 205.115 234,852 0.058
L 1 0.028 83,029 121,658 0.002
PxL 3 0.541 8.261 25,430 0.003
I 1 0.120 0.123 5.096 0.003
Px1I 3 2.778 107.084 163.824 0.015
Lx1 1 50182 168,637 197.965 0.008
PxLxl 3 1.437 12.335 54.947% 0.032
Error 30 2.628 119.066 162.928 0.03%1

after
sowing

AT T e AP D W WD D Sy T

0.152
0,033
0,069
0.021
0,003
0.013
0.229
0.098
0.059

——— o

*3ignificant at 5 percent level

——

—



APPENDIX - 111
Analyses of varianse for leaf area index and net assimilation rate

Mean squares

o e

Leaf arca index Net assimilation rate
. (g/n%day)
20th day 50tn day 80th day Batween Between
source af after after after 20th and 5Qth and
sowing sowing sowing 50th day 80th day
3lock 2 0.029 3.564 14.679:*: 0.224 11,733
p 3 0.027 2.854 10,638 0.508 2.343
L 1 0,007 0.003 0.0813 0.859 0.619
PxL 3 0.051 0.466 0. 893 0.037 1.631
I 1 0.007 04306 0. 178 0.001 0.0007
Px1I 3 0.012 2.287 2.960 0.106 0.151
Lx1 1 0007 0.039 1.041 04320 1.673
PxL=x1 3 0.011 1.294 0.251 0.469 3.541
irror 30 0.009 1.393 2.278 0.418 3,634

- - o -

* Jignificant at 5 pervent level
“* S5ignifiocant at 1 perpent lsvel




APPESTDIX - 1V
Analyses of variance for dry weight of atem *+ petiole und shell of five plants

Dry weight of stem * petiols (g) Dry weight of shell
£0th day 50th day 80th day 80th day
Jsource df after after after Harvest after Harveat
s0wing sowing sowing sowing
3lock 2 04164 68.685 510,008 10.058 195,969 0.740
P 3 0,052 76.294 263.876  51.837 524172 5243
L 1 0.014 34 .680 0,003 0.137 24.510 9.013
Pxi % 0,085 8.206 24,214 92,769 4,766 46,357
1 1 0,050 8.167 2.430 15.870 4,750 44.468
Px1 3 0.040 26.203 98.868 11,180 18.932 7.948
Lx1 1 0.004 8.003 12.000 53,740 8.250 13.653
PxbxI 3 0,014 60,816 39,087 72.284 3156 24,606
srror 30 0.02% 23,048 97.270 ©€1.363 24,748 28,106

- — - o -

*.ignificant at % percent level
**Signifieant at 1 pertenti level



APPuiDIX - ¥

Analyais of variance for dry weight of leaves and seeds of five plants

Yean squares

ry weight of leaves (g) bry weisht of seeda (g)

20th day ~ 50ta day  80th day "B‘ T80 aay
souree 4af after after after after Jdarvest
sowing sowing sowing sowing
T o P - o P -
8lock e U418 22,001 157.163' 4864232 13.438
P 3 0.049 9.853 83,223 101.170 56.648
L 1 V.031 . 0.002 2,237 10 ,083 52.08%
Pxi 3 0.183% 0,089 13.039 94,098 111,403
1 1 0.060 0.455 1.313 0.333 132,003
Px1I 3 0,086 T.437 22,612 67.275 83,209
Lx1 1 <0,0u1 1.367 10.823 21.870 0.563
PxL xI3 0.0%3 5374 36275 35.414 132,773
srror 30 0.050 5.250 22,442 50.105 133.878

* wignificant at 5 perbent level
*#iignificant at 1 .erbent level

S U o o S i W S P D I > Pt U T D . W S P . S VUG, O S0 S N A2 VAU U R U D G S s G AU S 2 WA I I o Tt i T w0t



APPSHUIX-V]Y
anzlyses of varinnce for total dry weignt of plants

- — - . Mg - - - - e o~ - - - XD O AU D s W S S D D Sl N

Mean squarcs

D - L A A A it I T

Total dry welght of five plants (g)

A SN OO AT A D SN D S S s D T T Y Gl D 99D - -

20wk day S5uin day 80th day
souarce af after after after Jarveat
soulng sowing sowing
Jloox 2 1.029 151,927 4929.866 9.725
P 3 2,150 125778 1308.903 218,485
L 1 J.048‘ 51.492 105,.To1 112,546
P xL 3 UeBGT 14,462 42,591 718,242
1 1 0.189 14,257 34537 3924735
Pxl1 3 14198 53.805 496,009 239,650
Lbxl 1 0,012 15.930 0.360 166.330
PxLx1I 3 De132 102,660 175.563 637.990
Error 30 0.132 54 832 650,820 522.943

- s o g > - T ot - i - 20 O A

*51gnificant at 5 per cent level
*#3ignifioant at 1 per cent level



APPENDIX - VI1

Analyses of variance for number of root nodulss and weight of root nodulss

per plant
Maen squares

Number of rooiu nodulss g" Welght of root nodules

50th day 80th day G 50th day 80th day

after after ¢ after after
Source df sowing sowing ¢ sowing soving

*

Blooik 2 0,787 0.193 0.003 0.017
P 3 0,071 0.080 0,0007 0.0009
b 1 0,037 0.043 0.00004 0,001
PxL 3 0,012 0.007 0.0004 0.0002
1 1 <0009 0.067 0.0002 (1,005
Lx I 1 0.0%6 0.00% 0,002 0.0000008
P xL x 1 3 00008 0.009 0.0005 0.00‘0‘2
Brror 30 U030 0,048 J.001 0.004

*3ignificant at 5 per cent level



APPuliuli - VIIX

Analyses of variance for “o. of secds/pod; weight of seeds/pod; Yo. of pods/plant;
yield of grain and yield of stover

-

Mean square

o o o - e -

Yield of Yicld of

Source df Wo, of seeds/ Jeight of 'Wo. of pods/ ??ain stover
pod seeds/pod plant {g/ha) (Xg/ha)
Blook 2 0.003 0.535 0,009  1685722.40 1522554.45::
P 3 0.014 0.415 0.778 176332 .24  781543,31
L 1 0.002 0,280 0.029 17321.44 3464.29
PxL 3 0.010 1.017 1.102 13%0950.08  212360,84
1 1 0.001 1.417 1.892 195385.83  233839.42,
Px1 3 0.003 1.432 04870 45382.17 527611,02
Lxl 1 0,021 J+096 0.020 692,56 41225,02
PxbxlI 3 0.0007 0.897 2.617 27%1.87 124714.36
prror 30 0,009 1.258 1,061 106007 .20 167671.53

- -

*Significant at 5 perbent level
**3ignificant at 1 perpgent level



APl IX QX

snalyses of variance for moisture percentage, test weiint, shelling percentage

- o -

and narveat index

- - -

- - — -~ A D Y . o AT O D W B T W . A D AT e WO <t O SN S S W

Maan squares

Hasture
Souroe ar ggg:agg_

saceds
3lock 2 0.299
? 3 0,443
L 1 1.330
PxlL 3 0.559
1 1 0.559
Px1 3 0.286
Lx1I 1 0.003
Pxuzx1l 3 0.532
Brror 30 1.015

—-— - A " - - o - W 7 A " W AND W  wAD N WD W W U G T AN

Shelling per~ Shelling

Tegt welght ocentage on perosntage

(g) 1000 80th day at darvest

seads after narvest index

sowlng

100,700 139,960 1.742 0.002
24.225 25.919 4.306 0.003
40,9060 21.333* D117 0.00008
15,900 75175 3.962 00002
126,850 2.726 0.169 0.000003
9,200 43.938 3.429 0.002
45,300 11.155 24965 0.0006
35.650 26,524 0.962 0.0003
364750 21.267 4.4952 0.001

- - - -

* Significant at 5 peroent lavel
*# 3ignificant at 1 pertcent level



APPsNLIX - X

Analyses variance for the nitrogen conient in stenm * petiole and shell

A A A S . S S - -

- - o ————

Stem * Petlole (i) ! Shall (i)
20th day 90th day 80th dey { 80th day
Jourece af after afier after Harveat § after Harvest
sowing sowing sowing § souing
Blook e 0,679 4,052 0.024 0.057 0.123 0.062
3 0.798  0.009 0,072 0.130 0.034 0.100
L 1 0,034 0.005 0,020 0.0008 0.031 0.004
PxL 3 0.0492 0.019 0.009 0.108 0.052 0.040
I 1 0.374 0.055 0.044 0.003 0.005 0.008
Pxl 3 0.189 0.021 0.065 0.036 0,006 0.016
LxI 1 0.091 0.032 0.003 0.002 0.034 0.600
PxLxI 3 0.061 0.051 0.114 3,044 0.041 0.161
Error 30 0.224 0.057 0.082 0.063 0.112 0,052

*Significant at 5 perjpent level
®3igrificant at 1 verssnt levsl



APPs’iDIX - XI

Analyses variance for the nitrogzen content in leaves und seeds

laavau \:) ) Segds ()

20th day 50th day 80th day ] 80th day
Source af after after after ¢ after Harvest

30wAng sowing sowing 8 sowing

* * »
Bleck 2 0,060 0.828 0.973 1,135 0.810
P 3 0.209 0107 0.003 0.757 0.189
b 1 ..009 0.246 0.285 0,080 0.353
PxL 3 0,022 0.238 0.160 0.140 1.196
1 1 0,033 0.060 0.264 0.986 0.075
Px1 3 0.145 0.139 04599 0.949 0.503
Lx1 1 0.170 0.009 0.520 0.213 0.246
PxLxl 3 0,177 0,535 0.558 0.026 0.399
Error 30 0,300 0.292 0.20% 0.0338 0547

* Significant at 5 percent level



APPn WIX -

ALX

Analysss of wariance for upiake of nitrozen by stem *+ petiole

and sh

ell

- vas g o -~

- - o . — - — " M 0 N W Yoo W W S 2t WY

Stien * petlole (X

o -

Mean aquares

- oy e o -

- - - o mae oo

z/ha) 3hell (Xg/ha)
20th day  50th day ajth day “80tn aay -
Jouroe aft after after after Jarvest  after Harvest
sowing sowing sowing sowing
Sloak 2 0.210 39,108 152,834  24.017  557.163 35,442
3 0.374 66,773 100.811 72,209 62.545 1.213
L 1 0.001 19.298 14,354 54,152 97.340 1.771
Pxi 3 0.505 18.006 2.713 33,860 19,480 25.250
I 1 0.020 31.457 23.020 Y4543 0.042 13,674
PxI 3 0.260 19.026 11.712 2,752 43,326 T.451
L x1 1 0.143 1.000 12.097 1.229 7.107 13,251
PxLxl 3 0.007 31,352 41,197 34,665 74501 6.851
arror 30 0,208 65.170 99.589 354318 33320 16.973

D A S V- ot > - B S . St A W A2 RS Ak D PN SO D ST . A, S T Y W S T S WD VB WD P — -

*53ignificant at 5 perecent lavel
*»5ignificant at 1 perpgent level



APPSNDIX - XIIX

Analysea of variance for the uptake of nitrogen by leaves and seeds

- -~ - - wut

Mean squares

- - -

Leaves (Xg/na) 0 Szeds (Xg/ha)
20th day 50th day 80th day g 80th day -
. after after after ¢ after Harvest
Source _gt sowing sowing _ sowing 4 sowing
* * ¥ E X
3lock 2 6.281 45,388 1626.,907 19197.492 1734.768
P 3 0.617 172.4293 464,322 5281 .034 346,312
L 1 0,583 0.126 15,708 106.055. 12.27%
PxL 3 2.743 26,630 117.122 3887.276 7529.429
I 1 0.93%3 18,500 13,104 209,677 2302.562
Px1 3 2,30 54,489 57933 1404,016 5155.252
bx1 1 0.183 44,583 426.974 156,762 137.6871
PxLx1 3 1.333 120.841 133,518 7094237 3360.458
Error 30 1.149 114,690 206,872 1211.848 3657.378

*5ignifioant at 5 percent level
**5ignificant at 1 percent level

IRV 8 - s ows



APPENUIX XIV
Analysea of variance for totzl uptake of nitrogen by plants

-

Mean squocaes

-

Total uptate of nitrogen by plants (Xg/ha)

A S s o R Lo T D N 1o W T AND €2 e WP WA T R B e P Rl ATIR RS D G et <t U W

20th day 50th 4oy 8Cth day
after afier aftar Harvest
Souroe at sowing sowing sowing

Blook 2 54546 78.754 475,047, 2129.379
v » 1.651 380,151 11680 .,475 2341.033
L 1 0.156 37.264 115.630 2207.136
PxlL 3 4,166 43,144 2800.936 5254.,700
1 1 0,200 21,200 101%.657 2817.961
PxI 3 24724 258,150 3278.590 2779.017
LxI 1 D128 207.833 105.6 13 434.644
PxL =zl 3 Cl.011 346 .927 942,854 4016,221
srror 3G 1.763 290.302 2876 ,.344 4130.621

*5ignificant at 5 parcent level
**S5ignificant at 1 perpent level

D TP S U N A A TP PO B WD I o T A soir

-



APPENDIX - XV

Analyses of variancs for tHe phosphorus oontent of stem and petiole
and shell

 ——— - - —— - o

Mean squares

D S B M S G T MG T I L S SO G U U A —— o~ v —-

3tem * petiole { .) _ ¢ Jnell ()

20tn dey  50th dwy  80th day g 80th day

after after after Jarvest g after Harvest
___Sourge _ag aow.ir:gu gowing sowing { sowing
3look 2 2,003 (4004 0,001 0.002’* 040005 0.001
P 3 2.003 0,001 0,001 0.006 0.003 0.0007
L 1 0.003 0,001 <:0.001* 0.,0003 0.001* 0.0002
£ x L 3 C.005 0.002 0.010 0.0004 0.009 0,002
I 1 0.00007 0400005 0.002 0.00008 0,000002 0,002
Px1 3 0.0002 0.0007 0.00% 00005 0.0 0,002
b x 1 1 0.004 0.00002 0,036 .« 0001 0.007 0.0002
PxL xI 3 0.,0004 0.007 0.0000 0.0004 04002 0.,0001
Error 30 3.004 2,002 0.003 0.G003 0.003 0.001

*5ignifieant at H perpent level
+#5icnificant at 1 perpent level



APPLTulIX XVI

Analyses of variance for the phosphorus content of leaves and seeds

- - - -— e o - o — o o o & - -

Mesn gouares
SRR 7.1 .- I €40, _— ooScedd (%)
20th dny  Suth dey  8utn day g 80th day

Souroce ar aftier after alter aftar Harvest

- o - - o ——— - ——n—

3look 2 0.004 0.065  0.007 0.040 0.007
p 3 0.023 0.013 0.005 04027 _ 0,930
L 1 0.009 0.0%0 9.00008 0,098 0,007
? x L 3 0.003 0.010 0.0t7 0.44 0,015
L 1 0.030 0.0000008 0.0008 0.006 0.00002
PxI 3 0.006 0.016 02007 0.053 0.022
Lxl 1 0.040 0.008 0.002 2,031 0.002
PxLxI 3 0.008 0.003 0.501 RS 0.003
arror 3G 0.013% 0.011 Je X3 Qe20 0,021

*Signifieant 2t 5 pericent level
*#significant at 1 pergent level



APPEIVIX=-XVII

Analyses of varianoce for uptake of phosphorus by atem * petiole and shell

- —— A U S . D

Maan squars

Stem * petlole (¥./ha)

20th day
after
Joursa at sowing
3lo:ic 2 De 04
r 3 04001
L 1 0.002
PxL 3 0.001
1 1 (e 001
Px1I 3 < G001
Lx1I 1 2e00%
PxiLx1l 3 L G0
Error 30 Ge0u2

5Cth day

after

S il B W s A M O e D I WD AR A SN I s

W ol o A e B N D e D Y T W T T VD 2D M e e D A S

I b o8 BB T B U W GO i e A NP

80t aay

oftar darvect

sowing

£ 404 D111

2426 D09}

Celile NDe147
» ¥

9,050 Je255

2.0%0 0.015%

2.224 ‘3037‘

0,672 D329

DTOHT 0207

102356 00356

Shell (Zg/ha)

-

3th day

zLer flarveat
soWwing

).736* 0.023
1.543 0.052
J.022 0.032
1.000 0.052
0.002 0.006
2.056 0.354
0.383 0.090
JeT22 0.064
1259 0.7394

*3ignificant at 5 peroent level
**3ignificant at 1 pergent leval



APPLNDIX - XVIII
Analyses of variance for uptake of phosphorus by leaves and gseeds

Mean squares

- - -

Seeds (Eg/ha)

Leavaes (Kg/ha) ]

PUTH ddy T SUTH dey B0 Wy 1T T BUE 3y

after after after 0 after Harvest
Souroe df sowing sowing sowving :av sowing

» # * * *

Block 2 0.050 134630 8.008 115.644' 13.440
4 3 0,013 4,341 5.893 31.786 39.918
L 1 0,011 2.562 0.390 8.763* 1.686
PxL 3 0.005 0.868 3137 30.770 2,571
1 1 0,021 0.193 0.076 0.490 25,748
PxI 3 0.006’ 4.59 1.161 8.239 10,019
Lx1I 1 0.032 1.767 0.005 26.151 16.212
Brror 30 0,007 1.844 1.595 3.739 39.377

*Jignificant at 5 per cent.level
*+3ignificant at 1 per cent.level



APPETINIY -« XIX
Anslyses of variance for total uptake of phosphorus by plants

- - o ——a— — -

Mean squares
Total uptake of phosphorus by plants (Kg/h=)
20th day 50th day 80th day
after aiter after Harveat
Source af sowing sowing soving
Block 2 0.018 8.291 284,766, 14,753
P 3 0.008 10,703 111.243 38.020
L 1 0.007 2.301' 3.038 2.642
PxlL 3 0.016 30.515 17.243 2,995
I 1 0.03%0 6.872' T7.497 25.148
Px1I 3 0.010 34.375 3.207 12.592
Lx1 1 03009 2,417, 47.772 25,886
PxLx1I 3 0.005 42,500 17.509 65,112
Error 30 0.012 9.548 34,214 46,529

-~ - amvonn -~ o -

*Significant at 5 per cent level
£*5ignificant at 1 per cent level



APPHiIvIX - XX
Analysas of varianoe for tane oaloium oontent of stem ¢+ petiole and shell

Mean asquares
Stem_+ petiole (=) ---3nell (:)
20th day 50th day &0th day g 80th day
after after after Harvest G aftier Harveat
Source af sowing sowi ng aoving _ ¢ sowing__
Blook 2 0,222 0.367  0.113. 0,216 0,092 0.040
P 3 0.232 0,008 0.149 0.001“ 0,014 0.109
ds 1 0,001 0.083 0.019* 0.218 0.031 0.064
Px1L 3 0,081 0.001 0.072 0.043 0,029 0.110
1 1  0.194 0.058 0.002 0,022 0.006 0.057
Px1I 3 0134 0.055 0.012 0.006 0,018 0.090
s xI 1 0.011 0.025 0.021 0,010 0.019 0.018
PxLx1 3 0,070 0.089 0.022 0.024 0.099 0.174
Error 30 0,108 0.056 0.023 0.021 0.068 0.070

*5ignificant at 5 per cent level
**#3ignificant at 1 per cent level



APPUHDIX - XXI

Analyses of varisance for the caloium oontent of leaves and seeds

Mean aquares

LY Y B R W I e D A g A S A T AP WD MDD YO I AL D T A TSN

-_*Leaggpﬁ(ﬁ) 4 Seads (») _
20th day 50th day 80th day ¢ 80th ‘
. after after after 4 after Harvest
Souroce af aowing. sowing sowing 4 aowing_‘;
L *» *%
Bloeck 2 0.538 0.740 1.383 0.011 0.010
P 3 0.241 0,089 0.367 0.050 0.009
L 1 0.006 0.035 0.090 0.005 0.001
PxL 3 0.117 0.270 0,172 0.010 0.019
1 1 0.101 0,114 0.052 0.004 0.023
Px1I 3 0.067 0.20% 0.043 0.021 0.006
Lx1I 1 0.012 0.095 0.465 0.002 0.009
PxLxI 3 0.167 0.014 0.035 0.028 0.012
Error 30 0.146 0.120 0.159 0.0%0 0.014

L S T g -

*3ignificant at % per cent level
“#3ignicicant at 1 per cent level



APPIRDIX - XXII
Analyaes of variance for uptake of oaloium by stem + petiole and shell

- -~ - - - -

Mean aquares

- __..3%tem * potiole (Kg/na) 4 -___Shell (Zg/ma)_

20th day 50th day 80th day 0 80th day

after after after Harvest ( after Harvesat

Souroe as sowing sowing sowing 8 sowing

Blook 2 0,183 13.459 382,523,  39.000 83.510  13.075
P 3 0,253 31,801 235.959  31.910 45,225 36,702
i 1 0.071 0.291 2.608 80.005 47.840  0.943
PxL 3 0.108 3.936 87.639  73.614 5.416 93,517
1 1 <0.000 0.559 6.847 1,691 9,505  76.583
PxI 3 04159 17.110 14.979 14,601 18,756 4,711
LxI 1 0,055 2.920 29.031 19,750 47.481  40.168
PxLxI 3 0.050  62.343 2,085  35.680 32,93 53,085
Error 30 0,081 27.907 64,077  32.851 26.282 22,049

- - -

*3ignificant at 5 per cent level
**5ignificant at 1 per cent level



Anslyses of variance for uptake of leaves and seeds

APPENDIX - XXIIIX

Ciluum by

Mean aquares

) Leara; (Kg/h2)

-

g Sggds (Kg/ha)
20th day  50th day 80tk day  80th day
. after after after § after Harvest
Jourece art sowing sowing sowing 9 sowing
» % *%
3lock 2 0.121 106.195 1116.495‘ 82.255 8,281
P 3 0.298 42.900 556 4567 10.360 0.763
L 1 0.014 6.519 0.030 1.526 20,619
Pxl 3 0.334 10.654 97.232 15.967 0.837
) ¢ 1 0.221 1.813 9.837 0,006 38,020
Px1I 3 0.094 43,077 15.884 15,128 16,096
Lbx1 1 0.009 1.212 53.109 2.43%0 4.477
PxLx1I 3 0.271 16.584 106,789 11.498 27.435
Error 30 0.128 20.3%23 165.667 13.647 13.562

A Nle W D WA A U R VO L O G D

*Significant at 5 per cent level
*#3jgnificant at 1 per cent level



APPUNUIX - XXIV
Analyses of variance for total uptake of calcium by plants

-

Total uptake of caloium by plents (Xg/ha)

- o G S AU S A

20th day 50th day 80th day

after after after Harvest
Source df sowing gowing sowing

3look 2 0,497,  179.021  4638.567,  145.525
P, 1.164 134.164 2354 ,824 89,584
L 1 0.116 9.630 101,821 156,349
PxL 3 0.815 21,573 47,232 328,145
I 1 0.255 0.336 79.130 263,062
Px1I 3 0.342 72.266 125.607 42,350
Lx1 1 0.014 04,371 337 .981 166,470
PxLx1I 3 0.509 122,.%62 159,235 176,005
Error 30 0.296 82,696 606,404 137,701

- o -

*3ignificant at 5 per cent level
**3ignifiocant at 1 per cent level
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ABSTIRAOCT

An experiment was oonduoted at the Instruotional
Parm attashed to the Jollege of Hortioculturs, Vallanlikara
during July w Octoder 1978, w atudy the effoot of
phosphorus mutrition, liming and rhisobial inoculation
on soybean (Glyoins max (i.) Merril),

The investigation was taken up with the objeotive
of arriving st the phosphorus requirament of the orop,
asoessing the reasponse to liming and evaluating the
effect of rhisobial inoculation, The trial was also
aimed at studying the posalble MGeraoqu eficots

between theass faotors.

Tne experimsnt was lald out as a faotorial in
randomised blook design with 16 treatments and 3
replications,

ihe study revealed that applied phosphorus 4&id
not signifioently affsot any of the growih charasters
conasistently. Crain yield and yield attributes were also
unaffaoted but stover yield inoressed with higher dosss
of applied phosphorus.

In general, nitrogsn, phosplorus and oaloium contents
in plant componenis were unaffeoted by levels of phosphorus,



T R

lining and rhicobdial inooculation. Uptake of these
nutrients also remained almost unohanged, At harvest,
nitrogen uptake by seeds constituted 44 per osnt of

the total, remaining being acoumlated in stem + petiole
aml shell, In the oase of phosphorus, 86,9 per ocent

of the total acoumnlation was in seeds, 6,0 per ocent
and 7.1 per oent being in stem + petiole and shell
respectively. Calsoium being an immobile muitrient and

an eloment not tranalocated within the plant, proportion
of uptake of oaloium in various ocomponents of the plant
was different from that of nitrogen and phosphorus,

In ocontrast to nitrogen and phosphorus, only 24.9 per oent
of the total was found in sceds whereas 36.3 per oent
and 38,8 per ocent of it were conoentrated in stem +
petiole and shell respectively.

Levels of phosphorus, had no effeot on total
nitrogen and availlable potassium contents of soil after
harvest of the orop but there was a notable inorease in
available phospnorus and deorease in exshangsable oaloium.
Liming and rhisobial inoculation did not have any
sonspiouous effeot on the content of nutrients in soil,



