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INTRODUCTION



IKTFODOCTIOri
i  sr «t *

T ra d ition a lly  pulcoo havo boon an Important 

con stitu en t o f  Indian d ie t .  b leb  In p rotoln  and o c 'o n t l 'i l  

amino a c id s , tboy  aro eoriaumod In various ways doponding 

on tbo cu linary  n lc o t lo o  o f  d lf fo x o n t roeion s.

Tho n u tr it io n a l standard o f  tho food  consumed 

by tho pooplo o f  th io  country is  fa r  b o lo v , when compared 

t o  o tb or  countries In tbo w orld. In econom ically advanced 

co u n tr ie s , tbo avorngo uptnko o f  p roto ln  lo  gonoroue and 

tbo proto ln  o f  animal o r ig in  mako up noarly  h a lf tbo 

t o t a l  p ro to ln . In to m s  o f  c a lo r lo s ,  tbo p or  capita  

consumption o f  fo o l  onorgy p or day lo  on ly  1970 In India, 

whan compared to  tho world avoragc o f  2420. Tbo consump­

t io n  o f  f r u i t s ,  v og ota b los , p u lcos , ogg , f i s h  and moat 

i s  d op lom b ly  lnadoquato in  India. This Las boon e lo a r ly  

ro flo e to d  in  tho p roto in  oqulvnlont being 61 f o r  India ,

60 f o r  oth or under dovolopod countrloo and 90 f o r  

developed cou ntrloo .

D iot curvoys carrlofl out in  India havo shown 

that bulk o f  tbo food  in  Indian d ie ta r ie s  Is  formed by 

e o re a ls , which supply about B0% o f  tho t o ta l  onorgy.
But according to  Aykroyd and Doughty (19o4)} a balanced 

d lo t  should contain 3 os  o f  pulses por day por adu lt.
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This i s  bocauco o f  the fa c t  that a l l  pulcos contain  higher 

porccntaeo o f  p roto ln  than co ro a lo . Bat tho prosont 

production  o f  pulcos l o  on ly  IS B il l io n  tonno-> which is  

n ot s u ff ic ie n t  f o r  consumption as por tho abovo standard. 

This oophaoisos tho n o co ss lty  f o r  Increasing tho 

production o f  pu lsoo.

Fulcoo havo tho uniquo b u i l t  in  mechanism f o r  

d ir e c t ly  using tho lnoxhauotlblo stock  o f  n ltrogon in  tho 

atmosphere. Evory yoar in  In d ia , thoso crops uso somo 

12 lakh tonnoo o f  atmosphoric n ltrogon  worth Be.250 croros 

fr o o  o f  any cost*  In a l l  our fa c t o r ie s ,  vo do not produco 

ovon h a lf o f  th is  amount o f  f o r t  i l l c o r  n ltrogon . Evon tho 

crops that fo llow  pu lses b on o flt from tho onrlchod s o i l s  

to  tho oxtont o f  Be 45 cro ros . Tho annual pulsos production 

o f  about 1 .2  eroro tonnoo l t s o l f  i s  worth Fa. 1,200 cro ro s , 

equ ivalen t in value to  tho bost harvest o f  our most prized 

crop  o f  whoat, grown on the bost lands wo havo (Chovdhury, 

1968). Thus pulsoo p lay  on important ro le  not on ly in  

improving tho n u tr it io n a l standard o f  tho food  t in t  wo 

consume, but in  tbo whole economy o f  tho country a lso .

Tn Korala, Pons and boons occupy 9300 hoctaros 

w ith  an annual production o f  3700 ton ros. Covpca occupios 
a la rg or  area under p u lsos , ovonthough lab -lab  contains 

com paratively higher percentage o f  p roto ln  than othorS Tho
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roason bolng tho spreading habit coupled w ith  season bound 

naturo o f  It I t  chon gardon la b -la b  which Is  bolng cu ltiva ted  

ao a vogotob lo  crop In Kerala. But tho rocon tly  roloased 

C o .l  ln b -la b  i s  a non coasonbound, dual purposo v a r ie ty  

w ith  o r o c t  habit.

C o .l ln b -lab  i o  n cross  bctwoon f i e ld  lnb-lab  

CDollchoa ln b -lab  v a r . liKnoc.uo) and kitchen gardon ln b -la b  

fPallchon la b -la b  var. tv p lcu o ) and can bo cu ltiva ted  

throughout tho yoar. Considorlnr tho high contont o f  

p ro to ln  (2 9 .7£) C o .l la b -la b  has boon tr ie d  a t V ollayanl 

to  a scerta in  Its  s u it a b i l i t y  to  Kornln con d ition s . Tho 

prelim inary t r ia ls  wore conluctcd at tho A gricu ltu ra l C ollogo 

P ara, V ollayan l and in  viow o f  tho encouraging resu lts  

obta ined , i t  was thought vorthw hilo to  conduct system atic 

f l o l d  t r ia ls  to  study tho n u tr ition a l as v o l l  as ^pacing 

requirements o f  t ' l l c  crop  undor Kornln con d ition s.

legumes havo boon reported to  bo hoavy phosphate 

foortor- and phosphnto manuring o f  logumos has boon found to  

lncroaso tho h itrogon  f ix a t io n  In o i l ,  ao w o ll no tho 

n u tr lt iv o  valuo o f  crop s , Locumo crops aro eapablo o f  

topping tho su b so il and u t i l is in g  t ie  native phosphorus 

and jthoroforo, i t  i s  l ik o ly  t in t  thoy may not g ivo  any good 
rosponso f o r  phosphorus ap p lica tion  (K jhoja f 1966). S im ilarly  

i t  has a lso  boon reported that addition  o f  potash v l l l



4

increase tbo phosphorus absorption by plants (liahoja, 19u6) .  
Howovor, rollablo data are lacking on this aspoct o f 
manuring also.

Bolng a rooontly rolonood varioty, correct 
assossmont has not boon mndo o f tbo requirement o f 
C o.l lab-lab. It  is  not knotfn, how far this crop doos woll 
undor our conditions.

With radical change in the plant typo concopt 
In food crops, It  has now bocoto apparent that plant 
population is  one o f tho important factors that dotormlnos 
tho ylold o f crops. As a crop novly Introduced undor our 
conditions, tho spacing requirements o f tho crop undor our 
□gro-cllmatlc conditions need investigation.

Thus, to got an ldou on tho phosphorus, potash 
and spacing requirements o f Co. X lab-lab and also to got 
a eluo on tho botaviour o f  phosphorus in tho s o i l ,  tho 
present study was undertaken. Broadly, tho objectives o f 
tho oxporlmcnt can bo laid  dawn as fo llovsi

1. Tho ponormarco o f hybrid Co.l lab-lab undor 
gradod doooo o f phosphorus and potash.

S. Porforonnco o f crop as influenced by spacing.



REV IEW  OF L IT ER AT UR E



BE VIEW OP UTERATUEE

This review rela tes to  tlio e f fe c t s  o f  d if fe re n t 

lo v o lo  o f  phosphorus, potash and spaeings on a rocon tly  

introduced C o .l la b -la b  undor V ollayanl eord ltion o. Slnco 

thoro la  not much work on tho abovo aspocts o f  study on 

la b -la b , tho rolatod lite ra tu re  on tho othor crops, 
p a rticu la r ly  legumes havo boon reviewed.

F f fo c t  o f  phosphorus _on nreatli and_vlold

Tho b o n o flc ln l o ffoots  o f  pboophato on nodulatlon, 

growth, y lo ld , com po"ltion and Gonoral hohaviour o f  

leguminous crops havo boon vory  w o ll octnbllshod.

Phosphorus plays n vory Important ro lo  in 

sustaining tho s o i l  m icrobial population at n high lo v o l.

I t  has a d e fin ite  stim ulatory o f f o c t  on tbo m ultip lica tion  

o f  rh izob la , which in a ssocia tion  with loguminous crops 

f i x  atmospheric n ltrogon .

Bosults o f  f i e ld  experiments conduotod at 

d if fe re n t  places in tho country havo shown that tho 

rosponso o f  legumes to  pho-phato has boon conspicuous in  
so* la  poor In availab le  pho-phoru-. In phosphato rich  

s o i l s ,  tho resu lts havo not boon s ig n ifica n t.
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Pao (1923) obcorvad tin t phosphorus application 
Incroacod tho growth o f plants llk o  dnlncha, ccwpoa and 
borsooB) sign ifican tly . Tho favourable response o f  loguraos 
t o  pbosphato application with rogard to ylold has boon 
roportod by Prod o£ rjl (1932). Incronoo In growth o f 
plants lik o  dalncha« cowpoa and borsoora with phosphorus 
application has boon obsorvod by Parr and 3oco (1945) also. 
Son (1956) romrkod that "I t  would pay to fo r t l l l c o  logumos 
with phosphate as I t  Incronaoa tho ylolds o f  those crops 
and onrlch tho s o i l ” . results o f oxporinonts conductod 
by Lin (1959) showod that phosphato fo r t lllsa tlo n  increased 
holght o f  plants, number o f  t l l lo r s  and leaves por plant, 
weight o f  tops and roots , and hay yield In yollow luplno. 
Marlcod Incronso in tho horbago growth o f whlto clovor duo 
to  addition o f  phosphorus was roportod by Somploton and 
Taylor (1666). Tho o ffoo t o f  phosphorus In increasing tbo 
sood yield o f  loguno was reported by Ratio Ja (1966) who 
noted that sood ylold o f  loguoos was substantially 
roducod when phosphato was doflclont In s o i l .  Rowover, 
law phosphate rosponoo at high levols was also obsorvod 
by Rahoja (1966) In borsooa crop. Application o f  phosphates 
was ovon roportod to roduco ylolds undor certain conditions 
by Piorro (1944).

Tho o ffa ct  o f  d ifferen t lovels o f phosphoruo on 
tho ylold o f d lfforon t kinds o f  loguminouc crops has also
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boon recorded by severa l vorkoro. Tbo optimum requirement 

o f  pho pborua °o r  conso leguminous crops lias a lso  boon 

workod ou t. Baur and Trombly (1948) obsorvod that 60 lb . 

pbospborao por aero proporly  plncod In bands su r f1cod to 

produce good y ie ld s  o f  canning and froozlng  poas. Increases 

In y lo ld  o f  dry m atter, nodulo number and nltrogon  contont 

o f  peas were roportod by Vyns and Dosal (1963), when tboy 

applied  GO and 120 lb .  o f  suporpbosphnto por aero.

Bbido (1952) roportod spectacu lar lncroaso In 

y lo ld  o f  coupon w ith  a p p lica tion  o f  suporphoopbato to  supply 

30 lb .  PgOg por aero. S im ilar resu lts  wore a ls o  roportod 

b y  Rio and Govlndarajnn (1952) on bonne and coupon.

Cbondanl and Oboroi (195S) notlcod  lncroaso In vogotatlvo  

growth o f  cowpoa manured with pliosphoru at 80 ’ b . por 

a ero . S ig n ifica n t lncroaso in  y lo ld  o f  coupon was obtained 

b y  Sharma and Ml^ra (1061) by ap p lica tion  o f  30 and 60 lb . 

phosphorus por aero . Tho response o f  coupon to  f o l i a r  

a p p lica tion  o f  nuporphosphnto was studied by Panlkkar (19t>3) 

who recorded 100 por cont lncroaso in  straw y lo ld  over 

c o n tr o l. TLo axporlmont o f  Hair (1986) in  cowpoa showed 

that phosphorus a p p lica tion  at tho rnto o f  30 kg. per 

hectare Incroacod 100 sood weight. Phosphorus a lso  tondcd 

to  onhonco tho numbor o f  pods, length o f  pods as w o ll as 
tho numbor o f  •’ oedfl por pod Howovor, thoro was no s lg n lile a n t
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lncroaso In tbo y lo ld  o f  sood boyond 30 kg. Pg06 por 

hoetnrc. Phosphorus bad no s ig n ifica n t o f fo c t  on tho 
bolght o f  plants a lso . Bains (1937) a lso  found that 

phosphato application  did not influonco tbo y lold  In 
f l o ld  boons.

B nlla l and Hatu (1959) reported s ign ifican t 

lncroaso In y lold  o f  gran by tho application  o f  phosphorus 
a t 40 lb , por acre. Manu (1965) sumaarlslng tho results 

o f  slmplo f e r t i l i s e r  t r ia ls  conducted on groundnut and 

Bongal gram concluded that both tho crops ro^pondod c lg n i- 

f l c a n t l  to  phosphato manuring a t dosos varying from 33,6 kg. 

to  67.2 kg, por hootaro. Tho rosponso o f  groon gram to  

phosphorus application  In on a d d  ln to r lto  s o i l  with high 

fix a tion  capacity was otudlod by Koolnnl and Jana (1965). 

Thoy obsorvod that 100 kg. PgOg por lioctaro s ig n ifica n tly  

Increnood y lolds o f  greon gram, when applied with o r  with­

out nltrogon. Doshpando and Bathknl (1985) compared tho 

rosponso o f  tmwg to f o l i a r  spray and s o i l  treatment o f  
phosphorus. Thoy reported that 10 lb . PgOg por aero as 

f o l ia r  spray and 20, 40 and 60 lb . por aero ao s o i l  treat­
ments produced lncroaso o f  3 2 .1 , 20.6 , 75.6 and 85.6)1 In 

sood y lolds and 8 .S , 1 4 .8 , 27.9 and 46.21 In graon matter 
y lolda  roopoctlvoly  from mang Thoy nowad that 40 and o0 
lb .  Pg0g  por acre s ig n ifica n tly  Increased number o f  pods por 

plant and wolgbt o f  pods por acre.
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Howovor, Shubin (1964) found tin t application 
o f  phosphorus at 30 and 60 lb . por aero did not lncroaso 
sign ificantly  tbo bolght o f  gram over no manuro treatment. 
Sokhcn ££ g j  (1966) roportod that rosponso o f  guar 
f PyamopslB totrnnonolobri) and mash (PhnsooluB aureus) to 
PgOg at 0 , 40 and 60 lb . por aero was negligible. Even in 

a s o il  with vory low phosphorus contont, there was no e ffe ct 
with phosphato application on various legunos (Rahoja, 1966).

Tho o ffo ct  o f  phosphorus on so/boon was studied 
ny many vorkoro. Wolch o£ n l (1949) and Hbwoll (19SS) 
roportod bon ofld a l o ffocto  o f pbosplnto fe rt ilisa tion  on 
tho ylold o f  soyboan. Hiyasaka o£ nj, (1966) obtained 
Incroasod soybean ylolds from 267 kg. por hectare to 795 
and 1373 kg. por hoctaro at 60 and ISO kg. PgOg por hoctaro 
rospootlvoly over no phosphorus. According to  Anthony (1967) 
application o f at least 45 lb . PgOg por aero vo - necessary 
to  build up tho phosphorus status o f s o i l  enough to lncroaso 
soybean ylolds by 10 bu por acre frost residual phosphorus.

Singleton (1945) and Par (1947) obtained Incroasod 
ylolds o f a lfa lfa  and clavor by tlio addition o f phosphatlc 
fe r t ilis e r s . Par (1947) obsorvod that Increasing doso o f 
phosphatlc fo r t lllz o r s , particularly suporphoophato, onhancod 
fodder ylold In clovor. taraon ofc g^ (1952) and
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Janos g t  g i  (1953) obtained s ig n ifica n t lncroaso In y lo ld  

o f  lucorno by phosphato manuring w ith dosos varying from 

30 to  240 lb .  o f  PgOg. Prom a long to m  t r ia l  w ith lov  

dosos o f  phosphorus at 18, 33 and 72 lb . o f  PgOg por aero, 

Amblka Singh and T lrlok  Singh (1953) obtained incroasod 

y lo ld  o f  borsoom. An incroasod y lo ld  o f  331.9 maundo o f  

grcon mnttor by tho app lica tion  o f  20 lb .  phosphorus to  

borsoom was rocordod in How B olh i (Anon., 19o2).

E lg in d i s i  n l  (1063) rocordod 11.96J? and 3.9ffiS lncroosod 

y lo ld s  o f  borsoom with 150 kg. superphosphate with and 

without 100 kg. calcium n l t n t o  rosp octlvo ly . But in  tho 

caso o f  Indian c lo v o r  (W olilotus nnrviflorrO ,  phocphoiuo 

shoved a tendency to  lncroaso tho y lo ld  on ly to  a s lig h t  

dogreo, v l * . ,  4 to  5% which was not s ln g ifioa n t (G il l  and 
Bntrn, 1966).

Johri (19S6), studying tho o f f o c t  o f  app lication  

o f  superphosphate to  dninchn in  la t o r lt o  s o i l  notlcod  that 

in  pho phato mnurod p lo ts  with 25 lb .  PgOg por aero, tho 

average holght o f  p lants and tho t o ta l  dry mattor y lo ld  

voro € and 12 times rosp octlvo ly  more than that In no 

monuro p lants. Hair u i  (1957) obtalnod s ig n ifica n t 

lncroaso In height o f  socbanla with phosphorus app lication  

a t  tho rato o f  30 lb .  por  aero. Trom tho resu lts o f  experi­
ments with d iffo ro n t kinds o f  phosphatlc f o r t l l l s o r s ,

Halatbl Dovi (I960) reported that cuporphoophato was tho bost
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In  Increasing tho y lo ld  o f  groon manuroe. According to  

Venkata liao and Sadaslvam (1968), lncroaso In tho y lo ld  

o f  groon matter in  tho caoo o f  cannbomp vac tho order o f  

50% a t 40 lb . PgOg lo v o l  and tho samo vac over 200 por cent 

a t 320 lb .  PgOg lo v o l .

contrary to  tho above fin d in g s , Agarval and 

Vonsa (1051) could not got incroasod y lo ld  o f  groon n attor  

In oannhonp In Kanpur c o l i c  vhoro tho ava ilab le  P„0_ contont
<5 O

vac high. Docal o£ a l  (1957) a lso  obtainod no s ig n ifica n t 

d lffo ro n co  In tho y lo ld  o f  logumlrous groon manure crops on 

candy loam c o l l s  fe r t i l i s e d  v lth  pbosphatos. Thoy arrlvod 

a t tho conclusion that phosphato application  to  tho groon 

manure crops In candy loams v lth  an ava llab lo  phosphorus 

contont o f  60 lb .  p or  aero o r  abovo bad no b o n o f l f lc la l  

o f f o c t  In Increasing tho production o f  groon matter. 

Investigations carried  out by Rolvany and Oanguly (1659) on 

groon manuring In conjunction v lth  app lication  o f  f e r t i l i s e r s  

indicated that though, daincha rospondod to  tbo app lication  

o f  suporphoophato by producing moro y lo ld s , tho d lfforon co  

In  y lo ld  o f  groon mattor vac not s t a t is t i c a l ly  s ig n ifica n t. 

Kao o t  a l  (1962) obtainod no s ig n ifica n t d lffo ron co  In 

y lo ld  o f  p llllp ooa ra  and aannhomp raised on sandy loam s o ils  
o f  Andhra Pradosh with phosphorus at 22.S lb .  por aero



P ffo c t  o f  phosphorus, on tbo uptake o f  nutrinnte and quality

In addition to  bottor  growth In lognjnoo tlio 

phosphate application  la  a lco  found to  lncronoo tho uptnko 

o f  phosphorus, calcium and nltrogon. lncroaso in  protoln 
contont o f  leguminous soods indicating an lncroaso in 
nltrogon content has boon roportod by F ollors (1018). 

Aloxandor Mactiggnrt (1921), from his t r ia l  v lth  a lfa lfa  
concluded that tbo nitrogen contont o f  roots showed an 

lncroaso as a result o f  phosphorus fe r t i l is a t io n . Ho bad 

a lso  roportod s im ilar rocu ltc  on peas, iccordinp to  Slrkar 

and Son (1941) tho protoln  Gjmthosio is  controlled  by tho 

supply o f  pLocphorus in tho plant. In fa ct ,th o  uptako o f  
nltrogon is  very la rgoly  associated with tho uptako o f 

phosphorus. I t  was obsorvod that in tho phosphato manured 

s e r ie s , phosphato and calcium contont o f  borsoom and cowpoa 

foddors, phosphato contont o f  wheat grain , and nltrogon and 
phosphato content o f  wheat straw voro incroasod over no 

manure sorioc (Parr and B oso,1944 1945). Fuloky (194?)
obtained an lncroaso in protoln  contont o f  soyboan by tho 

application  o f  phosphatlc f o r t i l l z o r s .  Parr and son (1948) 
rocordod bottor  growth in  leguaos and lncroaso in phosphorus, 
calcium, and protoln content by pliospbnto application .
Kl.aro (1950) a l  o rocordod lncroaso in protoin content o f  
soybenn by phosphato fe r t i l is a t io n . Acharya ot a l  (1953) 
found that tho application  o f  phosphatlc fo r t i l is o r o  to
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loguaoo increased ttioir nltrogon contont. lncroaso In 

ylold  o f  dny nattor, nodulo number anl nltrogon contont o f 
poas was roportod by Vyao nrd Dosal (1933) v-hon thoy appllod 
60 and 180 lb . o f  cuporphospbato por aero. Kochlor and 
Mooro (1957) found that phosphorus contont o f  a lfa lfa  plants 
incroasod with increasing rates o f  phosphato fo r t i l ic o r o .
In an oxporitnont conductod by Ghondo and Son (1953) 
application o f  phosphorus Incroasod tho nltrogon contont 
o f  guar as compared to plants grown In tho control p lots .
Panos (1959) roportod that protoln contont o f  cortnln 
v ln tor lagunas was lncroascd as a result o f  phosphato 
fe r t ilis a t io n .

Santana ot a l  (1963) Gtudlod tho o ffo c t  o f 
16| 30 and 45 lb . P20g por aero on tho protolr contont o f 

aannhomp crop and found that 15 lb . P20s was sign ificantly  
suporior to hlghor doses.

Blgindl o t fjl (1963) obtained incroasod phosphorus 
contont by 40.22$ and 35.09$ by tlio application o f  160 kg. 
supoiphospbato with and without 100 kg. calcium nitrato 
rospoctlvoly. Hnndl uij a l  (1965) found that IncrooGO In 
phosphorus contont o f plant was proportionate) to tho phosphorus 
added. Sanlol (1966) obsorvod that phosphorus uptako was 
naxicun in plants receiving 30 lb . phosphorus por aero, 
t r ia ls  at Kovilpatty on snnnhonp -bowed noxiEun uptako o f
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phosphorus nfc 30 lb . PgOg por aero, In tho form o f 
auporphoaphatQ. Tho application  o f  phosphato to  guar crop 

at tho rato o f  GO lb Po0_ por ooro Incroasod tho nltrogond O
contont o f  plants as compnrod to  tho con trol (Kahoja, lOSo). 
Bains (1967) roportod tl at 640 lb  o f  PgOg por aero 
Incroasod phospLorus contont o f plant from 0.2o9$ to

0.392$ In f lo ld  boons.

Though thoro Is su ffie lon t oxporlmontnl ovidonco 

to  provo tho capacity o f phosphorus to  lncroaso tho nltrogon 
contont o f  legumes, a few lnvostlgators havo fa llo a  to 

obnorvo tho s i e o  o f fo c t .  Chandanl and Oboro1' (1953) working 

on tho vnluo o f  certain  logutnos ns groon manures, concluded 

t l at application  o f  phosphato to logunoo lik e  snnnhemp, 
borsoom, s o n ji ,  poas, lo n t l l ,  c lu ster  boans, soyboans, 

cowpoa and dnlncha did not lncroaso nltrogon contont.
Main! and Bains (19o5) roportod that application  o f 

pho-phorus at 59 lb . por aero did not lncroaso tho protoln 

contort In soyboans.

E ffe ct  o r  n h o s n h o T u s  on nltrogon f i x a t i o n

Tho resu lts o f  vory largo numbor o f  oxporimonts 

cot ductod In vnrlous parts o f  tho world substnntlnto tho 

viow that phosphorus oxorts a stim ulatory o i fo c t  on 
nltrogon fix a tion  In mo-t tho logumns James a i  (1944) 

roportod that tho nltrogon contont o f  oxporlcontal p lots
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on which a rota tion  including logumoo was u e o ,  was b igbor, 

whoro phosphoric a d d  and p ota osic  f o r t i l i c o r c  woro applied 

than whoro no fo r t l l lB o r s  wore n pp llod , in sp lto  o f  groat or 

romoval o f  n ltrogon  by crops from fo r t l l i s o d  p lo t s . Son 

and Bains (195S) from f l o ld  experiments w ith  d if fo r o a t  

lo v o le  o f  PgOg ranging from 16 t o  64 lb ,  por aero found 

th a t with grided do''os o f  tho n u tr ion t, incroasod nodulatlon 

wb" obsorvod in borsoom and cowpoa. In la t o r lt o  s o i l s  o f  

Koraln, Hair &1 (1967) obsorvod s ig n if ica n t  lncroaso 

in  tho numbor o f  nodulos in  Goobnnia, wLon cuppliod with 

30 lb .  o f  phosphorus p o r  aero . 31umo and Itaychaadliurl (1957) 

obsorvod that c lo v e r s , grams, vo tch oo , o t c . , could u t i l i s e  

tho n ltrogon  from atmosphere f o r  th o lr  growth. According 

to  Al"*os (1958) n ltrogon  f ix a t io n  in  1ogumo was d ir a e t ly  

connoctod to  tho t o t a l  d ry  mnttor production  o f  tho crop , 

which in  tu m  was con tro lled  by tho phosphorus a p p lica tion . 

Slkka and Jain (1958) studying tho o f f o c t  o f  phosphato 

manuring on ph ysica l and chemical proportion  o f  s o i l  obsorvod 

th at when guar ( rgamopsls totraaonaloba) was fo r t l l i s o d  with 

phosphato, tho n ltrogon  contont o f  tho s o i l  was incroasod 

in  comparison v lth  tho n o n - fo r t i lis o d  p lo t s . S im ilar 

lncroaso in  n ltrogon  f ix a t io n  v lth  phosphorus ap p lica tion  

was a lso  roportod by Izava and Okomoto (1959) and l ln  (1959) 

in  red c lo v e r  and white c lo v o r  ro sp o ctlv o ly . M udsllar (1960) 

a ls o  obsorvod Incroasod n ltrogon  f ix a t io n  by legumes as a
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rosult o f phosphorus application.

Howovor, Borneo ot a l (1928) stated that 
suporphosphato and Hurlato o f potash applied In plots to a 
crop of soybean did not bnvo any Influence on tho nitrogen 
fixation. Only slight lncroaso In tho nltrogon contont o f 
s o il  vae rocordod by Vyao and Doaal (1903). r<u3ool (1961) 
roportod chat legumes may not lncroaso s o il  nltrogon undor 
a l l  conditions. In caco o f loguEoc llko  poac, boons, 
soyboans and groundnut, ovon i f  tholr roots nro ofton well 
nodulatad, a largo portion o f nltrogon fixed is  romovod 
by tho sood, straw and othor liazvostod portions o f tho crop.

Effp.ct. o f  10KUWO8 and noollod phosphorus _on_t ho. availability 
o f  nutrlonto

Tho valuo o f logusos ao s o il  improvers Is recognised 
ovoryvhoro. Tho fact that eoao crops havo a considerably 
grantor povor than others fo r  utullslng tho loss roadlly 
available sourcos o f  pbosphatos can bo onployod in converting 
sono o f tho pbosphatos into moro oaslly available fom  by 
greying thou as groon manure crops. Yawalkor and Agaxval (196 
roportod incroasod availability o f certain plant nutrlonte 
llk o , phosphorus, enleiuo, potassium, aagnoolum and 
Iron ao bonofldlol offocts of groon manuring. Fahoja (1966) 
reported that In most placoo tho subsoil contains 
adoqusto quantities o f phosphorus which tho daop-rootod
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crops oro ablo t o  tap an«J teako aco o f  to  growth o f  tho 

crops • Tho reason f o r  vory s t a l l  rosponso to  applied 

phosphato by gram and pigeon poa according to  him was tho 

deep root system presont In thoso p lants by which thoy aro 

ab lo  to  tap tho su b so il phosphorus p ro tty  o f f o c t lv e ly  in  

mo t l o c a l i t i e s  to  In d ia .

A s t i l l  b e t te r  method o f  bu ilding up tho s o i l  

f e r t i l i t y  which was receiv ing  much a tten tion  in  rocont 

years In India lo  tho phosphato f e r t i l i s a t io n  o f  logumos 

Tbo an a lysis o f  o o l l  samples from tho permanent manorial 

and rota tion  experiments o f  Pusa In 1046-47 rovoalod that 

tbo  p lo t  to which sannhomp was fo r t l l i s o d  with phosphato 

showed highest contont o f  carbon and n ltrogon  (Stolia ,1947). 

Dooal and Parr (1949) roportod that In addition  to lncroaso 

In tho y lo ld  o f  logamo, lncroaso In organ ic matter and 

n ltrogon  contents was a ls o  brought about by phosphate 

a p p lica tio n . Tho s o i l  an a lysis  ohoved that p lo ts  whoro 

borsoom had boon grown In rotation  w ith  phosphato manuring 

had a t tho end o f  a ton yoar porlod about 17# higher 

n ltrogon  contont and a lso  higher organ ic matter contont 

than tho p lo ts  whoro borcoom had boon grown without phosphato 

manuring ( Achnryn o t  01 )1953). Tho o f f o c t  o f  continuous 

cropping ol borsoom w ith tho add ition  o f  phosphato on tho 

nutrlont status o f  s o i l  was studied by Son and Baton (1955). 

Thoy obsorvod that c u lt iv a t io n  o f  borsoom fo r  throo yoars
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w ith  tlio addition  o f  phosphato Incroasod tho n ltrogon  

contont o f  s o i l .  Bnino (196?) concluded that undor groon 

houco conditions, '•oil t o s t  values f o r  a va ilab le  phosphorus 

and a v a ila b le  i otash v cro  influenced by tho ap p lica tion  

o f  respect ..vo f e r t i l i s e r  olom onts, p a r ticu la r ly  at higher 

lo v o ls  o f  applied phospliatOw and potash w h icj indicated 

bu ild  up o f  a va ilab lo  nutrients in tho c o l l  Phosphorus 

ap p lica tion  to  groon Eanuro^ llk o  snnnhemp bro ght about 

m ob ilisa tion  o f  n itrogen  a "toted  by Vonkntn n o  and 

Sadasivara (1968), vhero in  they got an increase o f  72 lb  

n ltrogon  in  ho o i l  by ttio app lieat on o f  40 lb .  pho-nhoruc 

to  Gannhemp, in increasing trond in  nltrogon  lo v o l  was 

n oticed  by thorn with increasing lo v o ls  o f  P2O5 1  tlio raxlmun 

boing 2o4 lb .  o f  n ltrogon  at 320 lb . Pg0g ap p lica tion

E ffe c t  of. .potash on crowt.ii and y jo ld  o f__logurcs_

Comparatively vory  fow "tud ioo soon to h"vo boon 

ca rried  out on tha o f f o e t  o f  potassium on tho y lo ld  o f  legumes.

S trik ing y lo ld  rosponso by potash ap p lica tion  to 

soybean lias boon roportod by C ollw oll (1944) and C ollins 

o t  a l  (194?). Fo ^ ito r  (1947) reported that potassium 

ch lor id o  ap p lica tion  a t tlio rate o f  1  cut por aero incroasod 

tho y io ld  o f  .jubtcrmno.m c lo v e r  s lg n ifle a n t 1 y . Baur and 

Trembly (1948) ind icated  that canning and freezin g  poas in 

vosbom  V.nshlngton required 60 lb .  Kg0 por aero in  most
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o f  tbo so ils . Fedorov and Podjapoljasja (1950) roportod 
that lessor docos o f potassium In sand culture cadlum 
reduced ylolds and also reduced tbo volght o f nodules 
forced In loyumos. Experiments conducted by Dolvor (1953) 
lndloatod that dwarf boan required comparatively lessor 
potassium than nltrogon and phosphorus. Vnrgans (1957) 
obtainod tho blghost ylold with 60 kg. potash por hoctare 
In boans. Wu (1963) obsorvod Incroasod ylolds in ooyboan 
by tlio application o f potassium both In plots treated vlth  
phosphorus or Inoculated. Feng (1964) rocordod higher 
ylold responses to potash In sandy loans. Ho obtainod an 
incroasod ylold o f  315 kg. por hectare by applying 60 kg. 
Kg0 por hectare on a candy loom. P o le  and Shoxvood (1965) 

obtainod lncroaaod seed weight by tho application o f 
potash alono In soybean. (Significant ylold lncroaso o f 
groundnut vlth  160 kg. Kg0 per hastate In s o il  having «n 
adoquato supply o f avallablo potash has boon reported by 
Hagln and Koyumjioby (1966). In addition to an lncroaso 
In ylold o f  lueorn (Madlcago 3atlvn. T. ) an Incroasod holght 
o f plants, rato o f  loaf accumulation, loa f a lso , wolght por 
unit area, stomatal numbor and aporture havo oloo boon 
rocordod by Coopor ££ a l  (1987) by potash application.
Thoy found that not photosynthoclo o f  oxelsod loavos 
Increased with potash application and loavos from plants 
v lth  addod potash and lawor C02 compensation points.



Howovor, lo o se r  rocponooo veto roportod by 

Carttor (1941) nnd by Prlnco ^1, (1941). Fonsitor (1947) 

roportod thnt potassium chlorido application  at tbo rato o f  

1 cwt. por aero did not have any p ositive  o ffo c t  on luplnoo 
and othor pasture cp oc los . Potassium bad no o f fo c t  on tbo 
to ta l y lold  o f  pneturo f o r  four years, when 200 and 400 lb . 

KgO por aero oddod as o ltb o r  ono In it ia l  o r  fou r oqunl 

annual application  rospoctlvoly  (D oll p i , 1959). Howovor, 

s o i l  toot shoved a s lig h t  lncroaso In potassium contont 
whoro 200 lb . o f  potassium uoro applied annually. Fong 
(1964) could not got any lncroaso on holght o f  plants by 
app lication  o f  potash, though ho rocordod Incroasod 

branching In an oxporinnnt with gro indnut, Voonraghavan 

(1964) roportod t j-a tlio re was no s ign ifica n t d lfforonco 
In hay (dried shoot) y ie ld  by tbo d iffe ren t lovo ls  o f  

potash. Townri (19o5) roportod that addition  o f  potassium 

had no o f fo c t  on tho formation o f  nodulos In cowpoa. 

Vijayakunar (1967) a lso  roportod that potassium had no 
o f f o c t  on nodulntlon, numbor nnd length o f  pods, and ylold  

o f  bhuoa In cowpoa.

Depression o f fo c t  o f  potassium on y lo ld  attributes 

llk o  holght o f  p lants, wolght o f  tops and roo ts , numbor o f  
lonvos nnd t i l le r s  por plant has boon noted by Lin (1^59)

In yollow luplno. Adverse o f fo c t  o f  potassium on y lold  
was a lso  noted by JCataski and Bannhattl (1935), when
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potas lum sulphato at tho rato o f 100 I t . and £00 lb . KgO 
pop aero woo applied to groundnut. Vijaynkunar (1967) 
raportod a reduction in the naan Uolpht o f cowpon by tbo 
application o f potassium.

t_of_potgah_on tbo untnko o f  nutrlonts

Albroeht o£ ;j l  (1948) found that potash wno tho 
major factor in making fo r  a larger concentration of 
nltrogon in tope, while there was a lower concentration in 
tho roots. Schoffor &£ q!  (1361) noticed that tho crudo 
protoin content o f groon and rlpo poao wore favourably 
influenced by tho application o f  pkosphato and potash.
Tho absorption o f phosphorus increased with increasing 
potash in tho s o il .  Tho application o f largo amounts o f 
muriate o f potash to tho co^l reduced absorption o f nltrogont 
sulphur and phosphors" ar d thoroby protein synthesis is  also 
rodueod (Pahoja^l966). Klobosadol and Brlnsmado (19o6 ) 
found that potash did not sign ificantly  a ffoct crudo protoin 
contont o f  forago. Bnlno (1967) recorded an lncroaso in 
potash contont o f flo ld  boons to an oxtont of to 3.11$
at tho hlgboot lovol o f  application (320 lb . KgO por aero).

Spacing

Host o f the spacing oxporlaonts with crop plants 
have shown that tho ylold por aero dopondod on tho growth 
and ylold por plant and the total nuribcr o f plants por
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u n it aron. Tho lim ita tion  o f  any o f  tho fa ctors  depressed 

t o t a l  production, vittum  o£ a i  (19SB) notod that tho 

y lo ld  o f  poo was docronoed when plant population vac lo s s  

o r  whon spacing given was c lo s e r  than tho optimum.

According to Blopma (1958) tho duration as w all as branchlrg 

ehnractorlstlco  and f a c i l i t i e s  fo r  Irr ig a tion  o f  tbo crop 

dotorminod tho optimum plant population por unit area.

Short atnturod onrly  v a r io t lo s  o f  pons required n la rger 

numbor o f  plants por u n it area, whorone tho rovorso wa° 

t iu o  with w o ll branching and long duration dry crops. Some 

authors, howovor, havo romarliod that spacing rioos r o t  lnfluonce 

tho lo v o l o f  protoln  (G oldin , 1966 and Singh and Singh, 1968).

MfO-gt_pf_spaelnR on growth nnd y lo ld  o f  lom non

Uagl and D alai (1957) obtainod 5.24# higher 

y lo ld  o f  groundnut with 12" x  9 spacing ovor tho commonly 

adoptod spacing o f  12 x  24 In Punjab. Picard nnd 

Sigwalt (1960) roportod that spacing roqulrocont varlod  ovon 
with v a r io t lo s  o f  tho oamo crop. According to  him tho optimum 

plant donslty  o f  f i o ld  boons (J[s fnba) was about 45 plants por 

m2 f o r  n largo soodod v a rie ty  and 60 to 55 plants por m2 fo r  

a small soodod vn rioty . Lohmnn and Inmbort (1960) studying 

t!io s p o c l f lc  o f f o f t s  o f  spacing botweon rows and plants within 

tho some row, In tho caso o f  two v a r io t lo s  o f  soyboans 

in  two d iffo ron t • 'oil typos found that tho numbor o f
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seeds por pod docroaood irrespective  or s o i l  typos, when 
tho spacing botwoon plant'- in tho caoo row was roducod.

But tho weight o f  sood bohavod d iffo ro n tly . although in 

wido spacing o f  7 to 12 botwoon plants in rows oituatod 

30 to  36" opart increased the porcontago o f  Largo pods, 

th is  wao not conducive) to hoavy y lold  when compared to n 
spacing o f  2" to  6" (toon .; 1061). in a study o f  tho o ffo c t  

o f  spacing on protoin contont o f  plant, i t  was observed 

that pro to in contont tor dcd to bo lowor with c losor  

spacing (Donovan ot n l?19o3). Fools'- and Sherwood (1965) 

reported that rows 24 wido produco tho hlghost coed 
y ie lds in soybean followed by rows 16, 8 , 32 and 40 inchos 

wido Appadural &£ n i  (1966) studied tho o f fo c t  o f  spacing 

and lo a f area on pod y ields o f  Uidnoy boon (Phq'-oolus 
vulgaris I )  and observed that a spacing o f  7 .5  era within 

tho row, with SO 5 cm botwoon rctus was suporlor to  a l l  

other cpacings. tomad o t  rjl (1966) obtalnod hlghost pod 
y ie lds  with 24" x 12" spacing in tho ease o f  four spread lag 

typo va rlotlos  o f  ground)ut Molinyawo and Cao-Van*Hav 

(1966) reported that '■oyboan plants performed w ell under 
c lo s o r  spneingc in tho dry sonson and undor widor opaclngs 
in  tho wot soason. Crop growth in tho dry season rocordod 

a highor Good weight o f  12.8 gran'- compared to  9 .1  grams 
in tbo wot soason. Guput rjl (1967) ob orvod that in 

soyboan tho higho-t population gavo tbo hlghost avorago



socd  y lo ld ,  o s p o c la l ly  w ith  e a r ly  v a r io t lo s .  Gray (1067) 

rocordod h igher y lo ld  o f  Goods when soyboans Gown In rows 

12 apart w ith  1 o r  2 soorts por h i l l  spacod 6 o r  4 inch 

op a rt "’endor crop  snap boans (Phn^oolua v u lg a r is  1, )  woxo 

soodod 2 .5 , 5 .1 ,  7 .6  and 1 0 ,2  cm. apart In row*, spacod 76 cm. 

apart In throo con socu tlvo  yoars. Tho 2 .5  cm. spacing 

co n s is te n t ly  gsvo tho h lch o st  y lo ld  ( C u l t c l l f f o , 1967). in  

anotbor t r i a l  conducted f o r  throo yoars In poao Shokhownt 

Cl. a l  (1967) roportod th at h lghoot avorago pod y lo ld  o f  

13216 kg. por h ectare v.an obtainod w ith  an lntra-row  spacing 

o f  45 72 cm ., v h llo  30 .48  cm. and 60 95 cm. spacing^ gavo 

on ly  11941 kg. and 10993 leg. r o s p o c t lv o ly  Gnutam and 

Tonka <19o8) n oticed  ta a t c lo s o r  row spacing and h ighor 

sood rato  nsado tho p lant t a l l ,  reduced bran ch lrg , and 

decreased y lo ld  bocauso o f  incroasod ln to r  and ln tra  plant 

com p otltlon . Thoy obtainod n ogativo c o r re la t io n  f o r  por 

p lan t and p or  boetaro y lo ld  undor Incroasod sood rn tos. 

Irr ig a ted  groundnut responded t o  broader cpaeings as 

ovldoncod by tho rosu lt  obtainod by  Govlndadas f l l  (1988), 

which showed that 18”  x 3 "  and 15" x  4" spnelngs resu lted  

in  Eoro numbor o f  kornnlc per u n it wolglit than tho o th or  

troatm onts.

Howovor, Son and Jana (1960) o b ta licd  ro su lts  

which showed that d l f fo r o n t  cpaoinro had vory  l i t t l e  o f f o c t  

on tho holght o f  p la n ts . Out number o f  branchoG, pods,
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eocds, dry uolghb nnd ylold por plant increased with 
wldor Qpacings. Goldin (1966) and Singh and Singh (19SS) 
woro o f tho opinion that spacing dooc not lnflnonco tho 
ylold a o f pods and bhusa or pro to In contont 01 grain

Interaction o ffoctc

Offutt o t q!  (1566) concluded that phosphorus 
nnd potash increased hay ylold wlron uood together or in 
conjunction with llmo, but not whon oltlior wan used nloro 
o r  wltlsout llmo. Sood yields were not Increased unloss 
phosphorus nnd potash wore uood In conjunction 
Goorlng (1936) reported that a combination o f ISO kg P20g 

plu** 250 kg. KgO por hectare gnvo optimum ylold whoro s o il  

phosphorus and potnJi wore vory low. Khilo study’ ng tho 
of''net of nitrogon, potash nnd phosphorus on bonne,
Bains (1967) roportod that nitrogen app1lention shovod 
significant a soclatlon with boan ylolds, whoroas 
phosphorus nnd potash offoct.. wore nonsignificant.
Singh and Singh (1568) concluded that Into met ion o f 80 kg. 
P 0 por hectare and SS cn. spacing has considerably 
Increased tho straw ylold .



M A T E R I A L  A N D  METHODS



MATERIALS AND METHODS

Tho prooont Investigation vac undortaken to 
assoss 1 10 pko phorun, potash and spaclrg roqulroironts of 
C o.l lnb-lab (Ottunochal) undor Vollayanl conditions.

Fxnorinontai slto

Tho oxoorlnont was laid out In tlo  rod loan soils 
o f  tho fana attaol ad to tho Agricultural Collogo and research 
Inotltuto, Vollnyanl. "ho analytical data on chomlcal 
compo ltlon  o f tho so11 aro furnished In Appordlx I.

Soason

Tho oxporloont was conducted during tlo  porlod 
from Coptombor, 1068 to January, 10G9. Tho notoorologlcal 
ob-orvntlona rocoidod during tho nbovo porlod aro given 
in Appendix II.

Sood notorial

Tho variety u"od i»as Co.l lnb-lnb (Ottumochal)
Tho scodo uoro obtninod from tho Pulsos Brooding Station, 
Agricjltural Collogo nnd Fcoarch Instltuto, Colmbatoro.

Co 1 lab-lab Is a high ylolding Improved strain 
roloasod by tho Pulsos Brooding Station, Agricultural
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C ollage and Roconrch in s t i tu te , Coimbatore. I t  Is  a 

non-ooason-bound dual purposo v a r ie ty  o f  116-lfiO days 

duration  and i s  reported to  bo suxtablo f o r  growing 

round tbo yonr under Irriga ted  and rniufod conditions*

Tbo p lants arc sh ort, busby and oroct*  Tbo 

InflorosconeoQ  are bom  on sta lks o f  sodium longtb with 

w hito f la v o r s . F lavoring s ta rts  from 45th day a ft o r  

sowing and continues f o r  about 90 t o  100 days, "ho avorago 

numbor o f  flow ers In oacb ln floroscon co  ranges botwoon 

55 to  60 and about 60% o f  tho flow ers c o t  pods. Tbo green 

pods f i t  f o r  uco as vogotablo  can bo haxvostod 10 to  12 

days a ft o r  flow ering . Pods aro lig h t  croon , 6 .5  to  7 cm. 

long and 1 .5  to  2 cm. broad with protoIn  and fa t  contents 

o f  29,7# and 3.93# ro sp o c tlv o ly .

Manures and f o r t l l l s o r s

A uniform basa l dressing o f  c a t t lo  manure, llmo 

and ammonium sulpbato was given to  a l l  p lo t s . Nitrogen 

as ammonium su lpaato, phosphorus as suporpbospbato and 

potassium as muriate ox potash were app lied . Llmo was 

g iven  in  tbo form o f  calcium  hydroxide.
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F o r t il la o r "  anl c a t t le  nwnuro used woro 

nnolysod no fo l lo w s «

Amonlum -u lp te to  

Suporplioophato 

ifiirlnto o f  potash

tilKB
C attlo manuso

to y  out o f  tho oxaorltront

(a ) "rontaontc

2 0 .6 » If

16. 0^ PgOg

SO. 0/1 KgO 
SS.O* CaO 

0.64J& K 

0.315! P206 

0.48,1 Kp0

Tho t ro a tca r t -  cons^atod o f  4 lcw ols  o f  

phocphoius nnd throo lo v o ls  onch o*" potash nnd spacing 

ard th o ir  comb ir  at lon e . Tho fo llow in g  woro t lo  lo v o ls

Lovols o f  oho al onto

To phosphorus 

25 kg PgOg/hn 

SO kg PgOg/ha 

76 kg PgOg/ha

Lovols o f  potash

*0

*2

:

8

1

Jo potash 

15 kg V̂ O/hn 
30 kg KgOAm
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tovolo o f  soaclim

S„

S2

40 CD X 15 cm

40 cm X 25 cm
40 cm X 35 CD

Tho d iffe ren t trcatnont combinations numbering 

36 wore as follow s i

P K S  0 0 0 Pl V o W o W o
W i W l W l W i
W ‘2 P1K0S2 P2K0S2 W 2
W o W o W o W o
W i W i W l P3^18l
W b P1K1S2 W 2 P3K1S2
W o W o P2K9S0 W o
W i W l P2K2S1 W l
P0K2S2 P1K2S2 P3^2®2

(b ) Poolm

-2
Tho design adoptod f o r  tho oxporiEont was a 

4x3“  partially confounded fa c to r ia l oxporimort with two
g

rop llcatlona  Tho interactions KS and KS woro p a rtia lly  
confourdod In rep lica tion s I and II rospoctlvoly .

rumbor o f  trontmonta t
funbor o f  b locks i

36
6 blocks o f  12 p lots 
oaeh

Plot also 4 m x 5 25

1



p k 2 s0 PoK Sfi ^ K S j P K 03 FJjKgS PgKQS I^KgS P  K S2 ^jKj Sq pa Ka so p3k s 4

PqK S P  K S P0K0S0 P P3 K2S2 p2 k s PoK^Sj, p3k 0s 0 P2K0S0 P K 0S0 p3 k  s

Pv<0s2 P„K Sjj ps Ka* Pj KqSjj P K  S0 P K jjS paK S0 p3 k  s0 f3K0S2 Pa* a s PqK  So

R jK  Sa PaKSjt P2K2S P K 0So P K  S£ PgKgS p2k o60 f3 K0s0 p3k 2s P K aS PflK S 2 PqKqSq

p3k  s 0 P0* SD P0t<0S Pa K0S P K S j P K 0s PaK2Sa P3K2S2 PaK S0 F^K0 s P K a S£

p 0k 0s2 P K a S0 F^K S P K  S P3 K □ Sj p3 k 2s 0 p3 k  s Pa Ks S0 P0K S Kg 3q P2 K0S2 P K 0Sa

L A Y  O U T

F A C T O R  A, E X P E R M E N T  N R A N D O M  SED  D E S  ©N

n u m b e r  o f R E A  M E N  £ 3 G

n u m b e r  o f R E P  A O S 2

N U M B E R  OF B  O  K S 6

N u m b e r  o f P O  S  N E AC H  B O K 1 2

P  O  S  I E . 4  M  K  5  2 5  M (?)
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F lo ld  cu lture

(1) Preparatory cu lt iv a tio n

Tho experim ental p lo t  rocoivod ono ploughing with 

garden t ra c to r  ono month b o foro  p lanting. Tho f i e ld  vac dug 

tv ic o  and stu bb los , grasses nnd oth or woods woro removed. 

Tho blodks and p lo t »  woro thon la id  out ac por tho doolgn.

(11) Manuring

Tlio limo requirement o f  tho o o i l  was found and 

calcium  hydroxldo as por tho I I eo requirement wao applied 

broadonat and incorporatod ID days b o fo ro  startin g  tho 

oxporimont. C attlo manure at tho rato o f  S600 kg por 

hoctnro was a l - o  applied  and Incorporatod.

Tho f e r t i l i s e r s  woro applied as basal d ress in g , 

a day p r io r  to  sowing. Ammonium sulphato and murlato o f  

potash wore appllod broadcast, w hile cuporphosnhato was 

placed In bands 10 cm doop and 30 cm apart Ammonium 

sulphato was applied to supply a uniform doso o f  10 kg H 

p or  hectare.

( i l l )  Sowing

Tho soods woro dibblod  in  l in o s  a t tho rato o f  

ono Good por liolo on 25-C-10S8
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( iv )  Oenornl condition  o f  tho crop

Sprouts started appearing ovor tbo curfaco fro a  

4til day onwards. Gem ination continued t i l l  G-10-1968.

Tho gonoral condition  tbo crop was no ran 1.

(v ) A ftor cu lt iv a tio n  and slant protection

Wooding and ln terou ltlv a tlon  woro systc& atlca lly  

carried  ou t whonovor noccssary. A ltogether two hand 

woodingc woro glvon to  hoop tho p lo ts  fr o o  o f  weeds.

Systematic p rophylactic sprayings woro given to  

co n tro l posts.

(v i )  Rarvost

Tbo en tire  pods were harvested groan f o r  vegetable 

pnrposo. Tho f i r s t  harvest started on 19-11-1938. Eight 

h irvosts  woro dono to c o l l e c t  tho o c t lx o  green pods and 

tho la s t  harvost was conduetod on 11-1-1939. Tho fou r  

plants so lcctcd  from oaeh p lo t  f o r  biom etric obsorvations 

woro harvested separately . Haulms woro pulled out and 

d ried  under tho sun f o r  throe days and weight recorded.

Character-- studied

Four plants woro so lectcd  fr o a  oaeh p lo t  by 

randoa aotLod f o r  d o ta llcd  observations.
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A. fllom otrlo obeoTvntlons 

(1) Height nInnto

Tlio height o °  oncii o o loctod  plnnt was Bonsurod 

in d iv id u a lly  on 50th day n ft o r  cowing. Tho holght vac 

monsurod fron  coty lodon ary  nodo to  tho term inal nodo.

( l i )  P nrllnoao in  flownrlntr

Tlio nunbor o f  days takon f o r  tlio f i r s t  flow or  

opening wa" rocordod nnd fro n  th is  flow oring duration 

vnn ca lcu la ted .

( i l l )  Fuabcir 01 nods c o r  plant

Tho nunbor o f  po ls  on aolootod  planto In onch 

hnrvoot was noted and avom go worked ou t.

( i v )  Length o f  code

The Ecdlnn longth  o f groon pods c o llo c to d  fron  

tho observation  plnnt was measured In co n tlso tro c  Tho 

Qvorage longth was a lso  worked ou t.

(v ) Ylold o f  green pods

Tho weight o f  groon pods obtained in  o lgh t 

haxvosto was rocordod «op a ra to ly . From th is  t o t a l  y lo ld  

o f  groon pods in  a l l  tho hnrvosto wa- al-.o ca lcu ln tod
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(V l) V o leh t o f  dried  hanlm

On completion o f  harvest o f  pods, t l o  plants 

woro pulled  ou t , d r ’ od uniform ly "nd t i o i r  weight recorded.

D 01 om lcal finnlvclG

(1 ) T o ta l-n itro con  contont o f  t . o s o i l

T ota l n itrocon  cor tout o f  tho s o i l  taken on tho 

50th d^y and a t tho tin® o f  f in a l  harvest was estimated 

F jo ia n h l'o  method was uood f o r  estim ation o f  t o t a l  n itroeon .

< il )  ftvnllablo pi osnhorus

Tho avn llnblo pJosphoruc contont o f  tho s o i l  

taken on tl® 50th day nnd at t.io fcino o f  f in a l  ha ivost o f  

crop  was datormlnod B ray's method B o.I «n uood to 

o s t im t o  a va ilab le  phosphorus (Bray and Kurtz, 1945).

( I l l )  ftvn^lablo potash

Tho ava ilab la  potash contont o f  tho c o l l  takon 

on tho 50th day ard at tho tlmo o f  f in a l  harvost was 

o s t lm to d . T urbid lnotrie  Eathod (Datta o t  a l ,  1963) was u-od .

( l v )  iiltronon contont o f  pods

Foprocoi ta t lv o  samplos o f  groon pods havo boon 

draJn from oaeh hnivo t  and pooled and n itrocon  content was 

cotinntod  a ft e r  d ig estion  o f  tho dry poudorod m aterial by 

E lcro-rjoldalil-G unnlng matnod.
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(v) Hltrogon contont nf haulm

Samploo of bhusa woro drawn fron onch plot and 
annlyood fo r  tiio nltrogon content uolrg nicro-JCJoldnhl-
i.unnicp Eotliod.

(v l) Phosphorus contont of nods

Phosphorus contont o f pods (samples drawn fron 
onch harvest and pooled) was dotornlnod colorlrotrlca lly  
(Jackson,19SS).

(v l l)  Pho-n! nrus contont o f haulm

Samples o f haulm drawn fron oaeh plot woro 
analysed for tho phosphorus contont colorinotrlcally ao 
In Clio enso o f pods.



RESULTS



issuers

A. B loiaotrlc ob '-orvotlono

Tbo data re la tin g  to  various b lo a o tr le  obser­

vations taken voro  s t a t i s t i c a l ly  analysed. Tbo resu lts  

arc  fuxnlshod bolov i

1- Holplit o f  plants

Tho data on tho holght o f  plants taken on tho 

50th day worn analysed nnd tho analysis o f  vnrianeo tab lo  

l o  given in Appendix I I I .  Tbo moan liolghts o f  plants 

undor various treatments aro prosontod in  Tablo 1.

Tho resu lts  havo indicator! that thoro la  no 

s ig n if ic a n t  lncroaso In holght o f  p lants duo t o  d lffo x o n t 

lo v o lo  o f  phosphorus, Tho d lf fo r o n t  lo v o ls  o f  potash 

and spacing a lso  havo not s ig n if ic a n t ly  lnfluoncod tho 

holght o f  p lan ts ,

Tbo in tern et'’ on o f  fo o ts  woro a lso  not s ig n if ic a n t .

2 . Fnrllnoao in  flow oring

Tbo analysis o f  variance ta b lo  on tho number o f  

days xoqulrod f o r  the f i r s t  flow er oponing In d lf fo ro n t  

treatments lo  glvon In Appondix IV. Tho moan valuoc aro 

prosontod in  Tablo 2.
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Tmts 1

man  hoigtit o f  plunta on 50th day in  ea .

*0 P i P2 P3 Keon

Sq 106.25 115.96 112.25 111.75 111.55

81 106.87 116.83 110.87 U 6 .4 6 U 4 .2 6

S2 103.96 109.61 123.64 113.62 114.01

*0 102.60 H 4 .8 7 111.67 114.00 U O . 76

K1 113. 46 113.08 116.68 113.62 114.94

*2 106.12 117.75 116.42 U 7 .2 1 U 4 .1 3

Moan 107.36 115.23 U S . 65 114.94 —

*0 *1 *2 Mg an

So 107.56 112 .41 114 .60 111. 55

81 109.25 116.31 117.22 114.26

% 116.47 116.06 110.47 114.01

Moan 110.76 114.94 114.13 - -

G.K. for lovolc of P «* 2.86
8.B. for levels of S or 8 a  2.48
S.B. for eoahimticno of ? ond K or

combinations of P and S “ 4.06
S.B. for coniblnationo of K and S * 4.2B
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TA3I2 E
Koan nunbor o f  days f o r  f i r s t  flcw or opening

Po P1 P2 P3 Moon

Bo 36.83 37.33 36.83 36.67 36.91

«1 37.50 36.63 37.00 36.50 36.96

e2 37.67 36.60 36.17 36.33 36.66

*0 37.67 37.33 37.00 36.67 37.16

*1 37.67 36.67 36.17 36.67 36.79

*2 36.67 36.67 36.83 36.17 36.58

Moan 37.33 36.89 36.67 36.50 —

k0 H *2 Koan

*0 37.37 36.62 36.75 36.91

S1 37.50 36.62 36.75 36.96

®2 36.62 37.12 36.25 36.66

Koan 37.16 36.79 35.58 —

3.K. f o r  lov o ls  o f  P *  0.EC1
3.18. f o r  lo v o ls  o f  K o r  G ■ 0.228
8 .8 . f o r  combinations o f  P and ic or

combinations o f  P and 8 *  0.4S5
8 .8 . f o r  coablnatlons o f  K and 8 * 0.894
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Xt la  soon that tbo M s t o s t  lo v o l  o f  phosphorus 

cou ld  lnduco cu rlin ess  on ly  by 0 .83  day whiel vas not 

o ls n lf le a n t .

Tho o f f o c t  o f  potash was a lso  not s in g Iflea n t 

in  th is  roopoot. V aria tion  In spacing a ls o  d id  not 

a f f o c t  fla v o r in g .

3» HuBbor o f  nod3 nor nlnnt

Tho number o f  pods producad por plant was 

analysed and tbo an a lysis  o f  variance tab le  i s  givan In 

Appendix V. Tbo soon number o f  pods por plant undor 

d lf fo r o n t  treatments Is  given  In Table 3 .

Xt Is  soon that phosphorus and potash a i t t o r  

alone o r  In combinations huvo not s ig n if ic a n t ly  lncroasod 

tho moan nuEbor o f  pods p or p lan t. Hovovor, p^y pg and 

Pq bava roooidod 14 .44 , B2.48 nnd 14.65 por cont lncxenso 

ov or  pQ lo v o l  and and kg  havo rocordod IS .29 and 11.66 

p o r  cont Incrsaco ovor kQ lo v o l  ro sp octlv o ly .

Unllko phosphorus and potash spacing to o  recorded 

s lg n lile a n t  lncroaso In tbo nunbor o f  pods p o r  p la n t, tho 

incronuo boing p o s it lv o  w ith  incroaco In spacing. Tho 

d lffo ro n co  brought about by Eg spacing alono has boon 
s ig n if ic a n t  ovor sQ and a^.
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? i!BIS 3

Moan nunbor o f  pods par plant

po P1 P2 P3 Moan

SO 16.67 22.37 18.42 20.87 19.53

S1 21.37 24.46 25.54 27 .79 24 .79

a2 28.00 28 .75 36 .92 27.17 30 .21

k0 20.53 22.67 24.67 24.17 23.02

* 1 22.92 23 .79 31.54 25.17 25.85

t 2 22.54 29 .12 24.67 26 .50 25.71

Moan 22.01 25 .19  26.96 25.28

^  Ifcrm

s 0 17.12 20.87 20 .75 19.58

*1 22 .41 27.37 24 .59 24.79

*2 29.53 29.31 31.78 3 0 . PI

Moan 23.02 25.85 25 .71 —

C.D. (0 .0 5 ) f o r  lo v e lo  o f  P = G.1149
C.D. (0 .0 5 ) fo p  lo v o ls  o f  K o r  S = 5.2938
C.D. (0 .0 5 ) f o r  com binations o f  P and K

o r  com binations o f  P nns 3 = 10.5876
C.D. (0 .0 5 ) f o r  com binations o i  E and 3 = 9.1693
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Tbo in te ra c t io n s  botwoon, pk, pa nnd lea woro 

not s ig n if ic a n t

4 . length  o f  nods

Tbo data regarding length  o f  podo undor variou s 

treatm ents woro analysed and tho an a lysis o f  varinnco ta b lo  

I d g ivon  in  Appendix V I. Moan longth  o f  podo corresponding 

to  d i f io r o n t  treatments i  g iven  in  Tablo 4 .

I t  i s  ooon th at higher lo v o lo  o f  pko phorus havo 

s ig n i f ic a n t ly  increased tho length  o f  pods Among tho 

d i f fo r o n t  lo v o la , pp and pg havo rocordod s ig n if ic a n t  

ln croa so  ov or  pQ, ovor t.iough the d i f fo r o i  co botwoon p^ and 

p3  van not s ig n i f ic a n t . Increase in  length  or pods rocordod 

b y  ovor pQ was al^o n ot s ig n i f ic a n t . Tho data a ls o  showed 

a s l ig h t  ln croaso in  tho length  o f  pod at tho h igher lo v o l  

o f  potash (k g ).

VJlth regard t o  spacin g , s ig n if ic a n t  ln croaso in  

tho longth  o f  podo was n oticed  f o r  tbo w idost cpacing v i z . ,  

c 2 ovor sQ Tho d if fo ro n co s  botwoon cQ and as w e ll as 

s^ and Sg woro not s ig n i f ic a n t .

Among tho In te ra ctio n 0 ,  pk in te ra ction  vac s ig n i­

f i c a n t  Tho maximum lon gth  o f  pod o f  5 .02  cm ha- boon 

rocordod by tiro com bination pgkp
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TA3IE 4 

Moon len gth  o f  pods In cn .

P0 P1 P3 P3 Moan

s0 4 .5 9 4 .63 4 .77 4 .6 4 4.66

S1 4.58 4 .61 4 .88 4.80 4 .72

a2 4.73 4 .78 4 .83 4 .87 4 .80

k0 4 .51 4 .58 5 .03 4.67 4 .70

kl 4 .68 4 .71 4 .78 4 .67 4 .7 1

k2 4 .71 4 .7 3 4 .68 4 .97 4.77

Moan 4.63 4.67 4 . S3 4.77 —

*0 *1 **2 Mean

s o 4 .6 2 4 .6 0 4 .7 5 4.66

S1 4.76 4 .68 4 .70 4 .72

s2 4 .71 4 .8 4 4 .85 4.80

Moan 4 .70 4 .7 1 4.77 —

C.D. (0 .0 5 ) f o r  lo v o ls  o f  P a 0.1046
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S °  0.0905
C.D. (0 .0 5 ) f o r  con b in 'jtlons o f  P and K

o r  cenM nntions o f  P and S = 0 .1815
C.D. (0 .0 5 ) f o r  com binations o f  K and S = 0.1570
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5 . Ylold o f  ciwoa nods

Tho data on tbo  y lold  o f  preen pods obtained In 

a l l  tlin eight harvests vsoro analysod soparatoly nnd tho 

analysis o f  variance tab los are given In Aopondicos VII 

t o  XIV. "ho pooled data vac a lso  analysed ard tho analysis 

o f  variance tablo Is prosontod In Appendix XV. Tho coon 

y ie ld s  o f  pooled data ca lcu lated  por hectare haslc are 

glvon In Table S.

Tho analysis o f  varloneo tables havo shown that 

nono o f  tho treatments oxeopt the e f f e c t  o f  spacing In tho 

f i r s t  harvoati was s ig n ifica n t In tb o lr  o f fo o t s . Tho data 

on peolod analysis havo a lso  shown that tho o f f o c t  o f  

noIther phosphorus nor potash was s ig n ifica n t In increasing 

tbo y lo ld  o f  giroon podo, Tho d if fe r e n t  spacings a lso  did 

not s ig n ifica n tly  in flu orco  tho y lo ld  but tho hlghost y iold  

was rocordod by eloooot spacing (cQ) .

Tho in teraction  o f fo c t s  wore a lso  not s ig n ifica n t .

6 , Ylold o f  hnuln

Tho analysis o^ varloneo tablo on tho y ie ld  o f  

hauln per p lo t  is  prosontod In Appondlx XVI. Tho noan y lo ld  

o f  haulm por p lo t  caloulntod on a por hectare basis Is 
glvon  In Tablo G.



tabie s

Moan y lo ld  o f  croon  pods In  kg/ha ( t o t a l  o f  o lg h t  h arvests )

p0 P1 P2 P3 Moan

c 0 2343.012 2617 .3 "8 2354.679 2626.745 2485.454

®1 2364.840 2461.426 2431.583 2448.092 2 426 .4S5

s2 2038.723 2090.079 2501.269 2163.888 2203.490

^0 2185.474 2233.174 2205.079 2313.174 2234.225

*1 2286.269 2463.412 2818.649 2355.050 2483.570

**3 2294.840 2472.297 2263.807 2569.602 2397.636

Hoan 2255.527 2389.62? 2429.177 2412.902

kQ k^ ]cg  Hoan

SQ 2084.284 2671 .664  2700.411 24SS.454

&1 2162.793 2636.007 2480 650 2426.485

Sg 2455.593 2143.031 2011 841 2203.490

Hoan 2234.225 2483.570 2397.636 —

8 .E . f o r  lovolD  o f  P *  139.009
S .E . f o r  lo v o ls  o f  K o r  S = 120.385
S .B . f o r  com binations o f  P and K o r

com binations o f  P nnd S a  240.776
S .B . f o r  com binations o f  K and S 3 208.514
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TAB IE 6 

Hoan y io ld  o f  hanlsn In kg/ha

P0 P1 P2 P3
Hood

°0 763.094 1121. 8E6 1058.332 1084.918 1007 042

E1 6S9.D99 890.475 926.985 957.142 868.637

s 2 522.776 587.299 849.999 757.142 686.304

kQ 637.299 809.523 845.237 304.761 799.204

kl 644.047 903.570 1119.842 891.270 889.670

k2 734.523 686.509 870.237 1003.175 873.609

Monn 671.956 666.532 345.104 $33,056

*0 Hoan

S0 888.389 1122.318 1010.413 1007.042

720.237 905.618 980.056 863.637

Sg 78S.98S 641.071 630.356 686.804

Mean 799.204 889.670 573.609 - -

C.D. (0 .0 5 ) f o r  lo v o lo  o f  P = 200.716
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S = 173.S19
C D. (0 .0 5 ) f o r  eo.r.bin-itionc o f  P and K

o r  oonblnatlons o f  P and B = 347.647
C.D. (0 .0 5 ) f o r  eosb in a t 'on c  o f  K ard S *  301.069

k
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It ic  Goon that tho offoct of pbosphoius on 
tLo ylold o f  haulm wan not significant. Tho offoct o f 
potash was also not found to ho significant. Howovor, 
spacing has contributed to significant lncroaso In tlio 
ylold of haulm. It Is soon that Sq and Lavo brought 
havo brought about significant lncroaso In tlio ylold of 
haulm ovor o2 ovonthough sQ and s1 woro on par. Tho 
Interaction offocts woro also not found to bo significant.

B. rhomlcal analysis

71 o data relating to chomlenl analysis o f c o ll ,  
pods and luiulra w o t o  sta tistica lly  analysed. Tlio results 
aro furnished bo low*

1. nitrogen contont o f s o il

7ho data on tlio nltrogon contont o f s o il tniton 
on tho SOth day and at tho tlco o f fina l harvoct woro 
analysed and tho analysis o f var’ nnco tabloo aro glvon 
in Appondlcos XVII nnd XVIII rospoctlvoly. Koan valuos 
o f  nltrogon In porcontago aro glvon In 7abloa 7 and 8 
rospoctlvoly.

It Is soon that tho o ffoct o f phosphorus was 
significant In tho samples colloctod on tho SOth day.
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SiBIE 7

U itrogon  con ton t o f  c o i l  (In  p orcon tago) on 50th day

po P1 P2 P3 Mean

°0 0 .0689 0 .0 7 2 0 0 .0724 0 .0722 0 .0714

° 1 0.0683 0 .0717 0.0722 0 .0722 0 .0711

S2 0.0682 0.0716 0 .0722 0 .0722 0 .0710

k0 0.0674 0 .0715 0 .0722 0.0721 0.0708

kl 0.0686 0 .0719 0.0723 0.0724 0.0713

k2 0 .0095 0 .0720 0.0723 0.0724 0 .0715

Moan O.OS85 0 .0718  0 .0723 0.0723

Koan

80 0 .0710 0 .0 7 1 5 0 .0718 0 .0714

0.0707 0.0712 0 .0714 0 .0711

S2 0.0706 0 .0 7 U 0.0714 0 .0710

Moon 0.0708 0 .0713 0 .0715 0.0000

C.D. (0 .0 5 ) f o r  lo v o ls  o f  P = 0.000938
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  3 = 0.000816
C.D. (0 .0 5 ) f o r  com binations o f  P and K

o r  com binations o f  P and 3 = 0.00163
C.D. (0 .0 5 ) f o r  com binations o f  K and 3 = 0 .00141
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TAB IE 8

n ltrogon  contont o f  s o i l  (In  porcontago) 
a t  th o  fciEO 0 1 f i n a l  harvest

po P1 P2 P3 K»an

°0 0.0719 0.0720 0.0720 0.0721 0.0720

S1 0.0720 0 .0719 0.0719 0.0720 0.0719

Sg 0.0718 0 .0719 0.0719 0.0719 0.0719

t o 0.0718 0 .0720 0.0720 0.0720 0.0719

k l 0.0720 0.0720 0.0719 0.0720 0.0719

^3 0.0719 0 .0720 0.0719 0.0720 0.0719

Koan 0.0719 0 .0720  0.0719 0.0720

kg Moan

°0 0 .0720 0 .0720 0 .0720 0.0720

S1 0.0720 0.0719 0.0719 0.0719

®2 0.0718 0 .0719 0.0719 0.0719

J'oan 0.0719 0.0719 0.0719 —

C.D. (0 .0 S ) f o r  lo v o ls  o f  P = 0.0000999
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S = 0.00003S6
C.D. (0 .0 5 ) f o r  com binations o f  P and K

o r  com binations o f  P and S ~ 0.0001733
C.D. (0 .0 5 ) f o r  combinations o f  x  and S *  0.0001509
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S ign ifican t lncroaso in  tho nltrogon contont o f  c o i l  was 

brought about by trcatnontc p-^, pg and Pg over no phosphorus 

troatE ont, ovontLough tho d lffo ron co  botwoon tho lov o ls  

was not s ig n ifica n t. Tho d lffo ron t lo v o ls  o f  potash nnd 

spacingc woro not o ffo e t lv e  in Baking any s ig n ifica n t chango 

in  th is  rcspoet. Howovor, a s lig h t lncroaso In nltrogon 
corton t t as boon rocordod by Oq spacing.

Itogarding tl.o data a t tho t i r o  o f  f in a l  hnrvoot,

I t  Is  soon that n olth or phosphorus nor potash has e ffe cted  

any s ig n ifica n t change In the nltrogon contort o f  s o i l .

Acong cpaeings, s0 nlono has shown s ig n ifica n t 

lncroaso over 0j_ nnd Sg, whilo and sg  aro on par.

Kcno o f  tho Interactions was found to  be 

s ig n if ica n t .

2 , Avallablo phosphorus contont o f  s o i l

Analysis o f  varlnnco tab los on tho avallab lo  

phosphorus contont o f  s o i l  takon on 50th day and at tho 

timo o f  f in a l  harvest aro glvon In Appondlcos XIX and XX 

rosp octlv o ly . Moan valuos aro glvon In Tablos 9 and 10.

I t  Is  soon that o ffo c ts  duo to  P, K, s  and 

ln toractlon s woro found to  bo s ig n if ica n t . Tho data on
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50th day Indicate that Incrcnontal dosos o f  phosphorus 

havo shown highly s ig n ifica n t progroselvo increase in  

a va ilab le  phosphorus contont o f  s o il*  hoan values f o r  

d iffe re n t  le v e ls  o f  phosphorus are 66 .33 , £0.00, 110.67 

nnd 118.67 lb  resp ective ly  f o r  pQ, Pj_, pg  and pg .

Tho o f f o c t  o f  potash was a lso  s ig n ifica n t a t 

a l l  lo v o lo . Moan valuos f o r  d if fe re n t  lovo lo  axe 74 .83 , 

101.33 and 104.83 lb  sosp ectlvo ly  f o r  kg, and Ug.

With regard to  spacing, 8g , the widest spaoing 

has s ig n ifica n tly  increased tho availab le  phosphorus 

contont o f  s o i l  ovor tho othor two epacingo. Thora lias 

boon a S ig n ifica n tly  progrosoivo lncroaso fron  eQ to  Qg.

Tho d lffo ro n t cosbinationc and in teractions wore 

a ls o  found to  bo s ig n ifica n t .

Eogardirg tho ava ilab le  phosphorus contont o f  

s o i l  at tho t ie s  o f  f in a l  harvoot, i t  is  soon that d lf fo ro n t  

lo v o lo  o f  phosphorus havo o ffo ctod  s ig n ifica n t lncroaso in 

th is  roopoct oxcopt p3 , which haG rocordod a o ig n ifico n t  

roductlon in  tho ava ilab le  phosphorus contont ovor pg .

In roopoct o f  potash, k^ has given s ig n ifica n t 

lncroaso ovor k0 ,  v h ilo  kg has shown s ig n ifica n t reduction 

from kj_.
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TffitS 9

A vailab le  phosphorus contont o f  t o l l  (P lb /aero) on 50th day

po P1 P2 P3 Koan

s 0 64.67 87.33 84.00 92.67 82.17

H 51.33 83.33 138.67 136.00 97.33

*2 80.00 Gg.33 109.33 147.33 101.50

*0 71.33 73.33 102.67 62.00 74.83

kl 44.00 91.33 131.33 138.67 101.33

k2 80.67 75.33 98.00 165.33 104.83

Hoan 65.33 80 .00 110.67 118.67 —

kO ki  %  Kaan

*0 44.00 92.50 110.00 82.17

S1 103.50 124.00 64 .50 97.33

c 2 77.00 87.50 140.00 101.50

ftom 74.83 101.33 104.83

C.D. <0.05) f o r  lo v o ls  o f  P = 3.447
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S -  2.978
C.D. (0 .0 5 ) f o r  CGsablnat^on- o f  P nnd K

o r  combinations o f  P and S = 5.977
C.D. (0 .05 ) f o r  combinations o f  K and S 5.161
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?mm 10

A vailable phosphorus content o f  s o i l  ( ?  lb /a e ro ) 
at tho fcitao o f  f in a l  harvest

P0 P1 P2 P3 Kean

s 0 84.00 106.67 81.33 153.00 110.04

3 1 82.67 79.33 134.00 78.00 93.50

s 2 77.33 108.67 183.33 112.67 180.50

*0 88.67 115.33 168.00 84 67 112.67

fcl 76.00 118.67 182.67 195.33 123.17

k2 76.33 60.67 184.00 68.67 83.17

Moan 81.33 63 .82  136.28 116.88

Kean

eo 78.00 179.00 73.00 110.00

S1 135 00 75.50 70.00 63.50

s 2 125.00 130.00 106.50 120.50

Moan 112.67 128.17 83.17 —

C.D. (0 .05 ) f o r  lo v o ls  o f  P = 7.483
C D. (O OS) f o r  lo v e In  o f  K o r  S ■ 6 .4 46
C.D. (0 .0 5 ) f o r  combinations o f  P and K

o r  co b ln stion s  o f  P and S -  12.868
C.D. (0 .0 5 ) f o r  eonbinatlono o f  K and B °  11.153

k0
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Tho o f f o c t  o f  spacing has boon s ig n if ic a n t  In 

th is  ro^poct. Howovor* s^ ha- rocordod c lgn  f lc n n t  reduction  

In tho a v a lla b lo  pho°phorus contont o f  c o i l  ovor SQ and Sg ,

3 . Avallnl)lo potash content o f  Oo l l

Tho data on tho a v a lla b lo  potash c -n too t o f  s o i l  

taken on tho 50th day wore analysed and tho nnnlysi'’ o f  

varlanco ta b lo  i s  prosontod In Appondix XXI. Tho moan 

valuo** o f  a v a ila b le  potash  contont aro glvon  in  Tablo 11.

Tho data on tho a v a lla b lo  potash contont o f  - o i l  taken 

a t  tho t in e  o f  f in a l  harvest woro not analysed as i t  was 

found to  bo tra ces  in  a l l  troatnonto.

I t  1s notod that p1 , pg and j^havo s ig n i f ic a n t ly  

roducod tlio a v a lla b lo  potash content ovor pQ» vhorcas pg 

and p3 woro on par

Contrary to  tho nbovo, h ighost lo v o l o f  potash, 

v i z  , h ,  has ireroasod  tho a v a lla b lo  potash content o f  

s o i l  - l g n i f ic a n t ly  ovor kQ and k^, w h llo  kQ and woro 

on par.

Regarding spaclnge, c 2 has o ffo e to d  ig n if ica n t  

ln croa so  In a v a lla b lo  potash contont ovor  oQ and S j.

Tho d lf fo r o n t  eonbination '’  and In tera ction s  woro 

a "’ so s ig n i f ic a n t .



TAB IS 11

Available* potash con tent o f  c o i l  (K lb /aero ) on 50th day

PG P1 P2 P3 E,aan

s 0 23.17 28.17 16 33 12.33 21 .25

°1 33.67 8 .3 3 8 .38 7 00 15.53
q

2 25.33 24.00 28.00 33.33 27.66

*0 44.00 12.17 8 .33 17,50 20.50

*1 20.17 13.50 20.17 26.83 20.16

Ha 28 00 34.83 24.17 8 .3 3 23.83

Moan 30.72 20.17 17.55 17.55 —

k0 Hi *2 Moan

S0 12.37 22.12 29 .25 21.25

S1 22. 12 12.37 12.25 IS S8

S2 27. 00 23.00 30.00 27.66

Hoan £0.50 20.16 23.83

C D. (0 .0 5 ) f o r  lo v e ls  ot P -  1.656

C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  5 = 1.434
CD (0  05) f o r  combinations o f  P and K

o r  com binations o f  P and S -  8.870
C.D. (0 06) f o r  com binations o f  EC and S “  2 484
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4. nitrogen content o f  node

Tbo data on tho nitrogen contont o<* grcon pods 

havo boon analysed and tho analysis 01 varloneo tablo is  

given in Appondix XXII. Tablo 12 sumttnrtooo tho porcontago 

nitrogen contont o f  pods under oaeh troatnont.

Penults snowed that tLo hlghor lovols  o f  phosphorus 

woro s ign ifica n t ovor no phosphorus troateont in inoroaslng 

tbo nltrogon contont o f  pods. But tho d lfforon cos botwoon 
tnaso lo v o lo , v i s . ,  botwoon and p2 , nnd pg nnd p3 woro 

not s ta t is t ic a l ly  s ig n ifica n t.

It  Is  soon that k^ has s ig n ifica n tly  incroa''od tho 

nltrogon contont o f  pods ovor k3 . At bS lo v o l , thoro has 
boon a reduction in nltrogon contont which Is a lso  
s ig n ifica n t.

Spaclngs did not e f f e c t  any chnngo In th is rospoot.

Aeong in teraction s, pk interaction  was s ta t is t ic a lly  

s ig n ifica n t, pjk^ combination has rocordod 4.690^ o f  

n ltrogon , whioh was tho hlghost value nnong the d lffo ron t 
combinations o f  p nnd k.

6 . Kitroaon contont o f  houlm

Analysis o f  vnrianco la  glvon in  Appondix XXIII 
and moan values aro prosontod In Table 13.



TABLE 12 

Porcontago o f  n ltro g o n  In pods

P0 P1 P2 P3
Mo on

Bo 4 .458 4 .4 9 ? 4 .4 7 9 4 .555 4.497

°1
4.423 4 .5 2 5 4 . 52S 4.S3S 4.303

82 4.419 ° 4 .493 4 .682 4 . 527 4 .505

*0 4.423 4.478 4 .549 4.493 4 .487

kl 4.410 4.590 4 .535 4 .572 4.527

*2 4 .452 4.446 4.503 4.551 4 .491

Koan 4.434 4 .6 0 5 4.529 4.540 —

kO *2 Koan

s0 4 .418 4 .511 4 .562 4 .497

81 4 .493 4 .605 4 .4 1 1 4.503

s 2 4.550 4.466 4 .499 4 .505

Kean 4.487 4.527 4 .491 —

C.D. (0 .0 5 ) f o r  lo v o ls  o f  P => 0 .0406
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S = 0 .0353
C.D. (0 .0 5 ) f o r  com binations o f  P and K

o r  com binations o f  P and G = 0 .0603
C.D. (0 .0 5 ) f o r  com bination” o f  K find S -  0 .0612



do

m i s  13 

Porcontago o f  n ltrogon  In  haoln

P0 P1 P2 P3
Koan

*0 2.369 2 .417 2.473 2.513 2.443

2.363 2.474 2.497 2.469 2.451

S2 2.393 2.443 2.488 2.523 2.462

k0 2.353 2 .441 2.600 2.485 2.445

kl 2.342 2.482 2.487 2.523 2.459

**2 2.430 2.411 2.471 2.497 2.452

Koan 2 .375 2 .445  2.486 2.502

*3 Koan

s 0 2.413 2.438 2 .479 2.443

°1 2.464 2.494 2.394 2.451

a2 2.457 2.444 2.484 2.462

Koan 2 .445 2.459 2.452

C.D. (0 .05 ) f o r  lo v o ls  o f  P -  0.0116
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S = 0.0102
C.D. (0 .0 5 ) f o r  combinations o f  P and K

o r  conblnatlono o f  P and S = 0.0490
C.D. (0 .0 5 ) f o r  coob inatlons o f  K and S *  0.0175
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I t  i c  coon t b i t  tho o f f o c t ' ’ duo t o  p j k t s  and 

in te r a c t io n -  woro s ig n i f ic a n t

Phosphorus l c v o l s  havo c cn tr llu to d  progro  s iv o ly  

s ig n i f ic a n t  in crea se  In tho n ltrogon  content o f  haulm

k^ has boon iound to bo s ig n i f ie i r  t l y  ou p orio r  

t o  ICq ,  w h llo  kg ha rocordod a B ligh t docroaso In n ltrogon  

con ten t ov or  k^

liagard ng sp n e irg , o2 ln c  boon s ig n i f i c a r t ly  

"u p o i lo r  to  Sq and C- ,̂ wl l i e  Sq and woro on par

The d l f fo r o n t  in te ra c t io n s  woro a l - o  found t o  bo 

G lg n iflea n t

6 Phosphorus contont o f  pods

The data on tho phosphora- o n t o n t  o f  pods woro 

analysed nnd tho an alyoin  o f  varian co  ta b lo  i s  g iven  in  

Appondix XXIV. Tho average va lu oc o f  n ltrogon  In percen­

ta ge  aro glvon  In Table 14.

I t  i s  ov ld on t from tho ana1y s is  o f  varian co  ta b lo  

th a t a l l  tho treatm ents and In te ra ctio n s  woro h igh ly  

s i c s  i f  le a n t .

S ig n if ic a n t  In crease  In Lhe phosphorus contont 

was n o tice d  w ith  increm ental dosoo o f  phosphorus a p p lica t io n



Percentage o f  phosphorus in  pods

p0 P1 P2 P3 Mean

“ 0 0.537 0 .553 0.517 0.583 0.547

°1 0.496 0 .566 0.590 0.583 0 .559

Ss 0.496 0.556 0.S89 0 .549 0.547

*0 0.503 0 .640 0.542 0 .5o3 0.537

*1 0 .470 0 .606 0.563 0.563 0 .550

*s 0.556 0 .5 2 9 0 .590 0 .590 0.566

Moon 0.510 0.558 0.565 0.572 m to

k0 *1 *2 Koan

*0 0 .4 7 6 0.532 0.633 0.547

B1 0.678 0.615 0 .483 0 .559

*2 0.558 0.503 0.583 0 .547

Koan 0.537 0.650 0.566 —

C.D. (0 .0 5 ) f o r  lo v o ls  o f  P »  O.001S9
C.D. (0 .0 5 ) f o r  lo v o ls  o f  K o r  S 3 0.00139
C.D. (0 .0 5 ) f o r  coB blnatloas o f  P nnd K

o r  coab in ations o f  P and 3 -  0.00277
C.D. (0 .0 5 ) f o r  coab in ations o f  K and S 3 0.00241



Rogarding potash , k-̂  and kg havo s ig n i f ic a n t ly  

in creased  tho phosphorus contont o f  pods ov er  kQ lo v o l  

Tho ln croa so  noted a t kg o v o r  k^ was a ls o  s ig n i f ic a n t .

I t  i s  soon th a t on y tho m iddle lo v o l  o f  spacing 

v i s  j s^ has o f fo c t o d  ln croa so  In phosphorus contont o f  

pods " ig n i f le a n t ly ,  v h i lo  th o  o0 and s 2 woro on par.

A ll d l f fo r o n t  in to ra c t  ons woro a ls o  fou n l to  bo 

s ig n i f i c a n t .

7 . Phosphorus contont o f  haulm

Tho data on th o  phosphorus content o f  tinulm woro 

analysed and tho a n a ly s is  o f  varian co  ta b lo  i s  g lvon  in  

Appondlx XXV Moon va ’ uoc aro g iven  in  Table IS .

I t  i s  obsoxved that s ig n i f ic a n t  ln croa so  in  

phosphorus contont o f  haulm ha~ boon brought about by 

in crem ontal doses o f  phosphorus. t>3 1 as Incroncod tho 

phosphorus con tont o f  haulm to  0 .286# from  0.202$ undor no 

phosphorus treatm ent.

P ro g re ss iv e ly  s ig n i f ic a n t  ln croaso  in  pho^pl orus 

con ton t o f  haulm was brought about by  tLo gradod doses o f  

potash  n l ’-o . Tho h igh est lo v o l  o f  potash  ha" rocordod 

0 .2 9 3 f phcrphoruo, wh l o  I t  i s  o n ly  0 .251$ undor no potash  

treatm ent.

bS



TAB IE IS

Porcontago o f  phosphorus in  hauls

P0 P1 P2 P3 Koan

Bo 0.248 0 .272 0 .261 0 .251 0 .260

S1 0 .274 0.286 0 .275 0 .284 0.280

°2 0.262 0 .26S 0.303 0.313 0.286

*0 0.217 0.246 0 .280 0 .281 0 .251

0.276 0 .2 9 2 0.268 0 .291 0.282

k2 0.291 0 .285 0 .311 0.286 0.293

Koan 0.261 0 .274 0.280 0.286 —

k0 kl *2 Koan

ao 0 .239 0.270 0 .272 0.260

81 0.257 0 .288 0.2S4 0.280

S2 0.256 0.237 0.313 0.2S6

Koan 0.251 0 .282 0.293 —

C.D. (0 .0 5 ) f o r  lo v o ls  o f  P a 0.00116
C.D. (0 .0 5 ) f o r  lo v o ls  o f  E o r  S = 0.00102
C.D. (0 .0 5 ) f o r  com binations o f  P and K

o r  com binations o f  P and S 3 0.00204
C.D. (0 .0 5 ) f o r  com binations o f  K and S -  0.00175
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S ig n ifica n t ln croaso In pbasphowc contont o f  

hau ls has boon rocordod by w ldor spacln gc, v i z . ,  and 

Sq  ovor  Oq. Tho d lffo ro n o o  botvoon s0  and and and 

s g  has a ls o  boon found to  bo s ig n i f ic a n t .

A ll  In teraction s havo boon found t o  bo 

s ig n if ic a n t  In t b o l r  e f f o c t s .



DISCUSSION



Discussion

An cxporlnent to study tho porfonsanco o f  C o.l 
lab-lnb (ottucochni) undor graded dooos o f  phosphorus 
and potash at d lfforont spacings vas conducted In tho 
fara  attachsd to  tho Agricultural College and Dosoarch 
Institu te , Volloyanl.

Tho e ffo cts  on tho various biosnotric characters 
as w ell aa ylold  vote studlod to  aasoss haw host each 
attribute has boon lnfluoncod by tho treatments. Tho roles 
o f  applied phosphorus and potash on thoso characters varo 
a lso ascossod.

Tho results obtalnod fron tho prosont study on 
tho above faetors arc dlccussod horoundor.

A. Uloaetrlc observations

1. Height o f  plants

AO ovidoneod fron  Tablo 1, phosphorus did not 
s ign ifican tly  Incroaso tho holght o f  plants, though higher 
levels  o f  phosphorus sbovad a tondoney to Increase tho 
holght ovor no phosphorus. Tho lack o f  response fo r  graded 
lovols  o f  phosphorus was not duo to tho unavailability o f  
phosphorus as indicated by tho data on s o i l  analysis 
(Tnblo 9 ). Black (1957) baa roportod that tho rolo o f
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 -< *
phosphorus lo  aoro towards tbo dovolopsmt o f  productive"' 
attributes rather than tbo vogotatlve characteristics o f  
tbo crop. HOnco, any vldo variation cannot be expected In 
tho observation on holght v lth  Increase in phosphorus 
application. S o il analysis data o f  tt.o control plot havo 
shovn that ovon without phosphorus application, plants 
wore ablo to dorlvo their roqulroBcnts from tho natlvo 
phosphorus. It  has boon roportod by Fnhoja (1966) that 
logualsons crops llko  gross and plgoon pea aro ablo to tap 
the subsoil phosphorus protty o ffoctlv o ly  v lth  tfioir deop 
root system

Tho bbsorvatlons on holght In tho present study 
are In conformity vlth  tho insult obtained by Shukla (1964). 
Hair (1966) has also obtainod d o l la r  results In cowpoa.

Ho significant lncroaso In tho holght o f  plants 
was obtainod by d lfforont lovols o f  potash also. Experiments 
conducted by Feng (1964) showed that potash did not lncroaso 
tho height o f  plants sign ificantly . Potash as an olonent 
that hastone the aotabolic process In plant should havo 
responded v e i l  to lncroaso tbo holght o f plants. Howovor, 
the data (Tablo 11) on s o l i  analysis havo Indicated that 
thoro was no substantial dlfforonco In tho avallablo potash 
content o f  c o l l  between tho d lfforont lovols o f  potash 
oxcopt at tho highest lov o l o f application. Tho 345 sa. o f



ra in fa ll rocolvod during tbo f ir s t  wock qf application 
Bight havo rosultod in tho loachlng o f a Eood proportion 
o f  applied potash. Thus,tho applied potash sight not havo 
boon availablo fo r  crop growth fu lly  and honco tho lack o f 
rosponso fo r  potash. Buckaan nnd Bmdy (19no) havo observed 
that unllko nltrogon nnd phosphorus much potassium is  loot 
by loachlng.

It is also soon that spacing' did not havo any 
'ign ifleant o ffoct on holght Tho variation in opac ng by 
Its iniiuonco on changing tLo nutriont availability afroet 
plant charactoriotic Tho reasons glvon fo r  tho lack of 
rosponso fo r  holght by tho application o f phosphorus and 
potash hold good also fo r  tho absonco o f rosporso noticed 
to spacing.

2. Enrllnoss In flpjorlna

Phosphorus and potash did not havo any significant 
o ffoct in induclrg oarilnos in flowering, vs an boon 
discus od earlier, tho lack o f rosponso for appl od ptiospho- 
rus on this character can bo attributed to tho Inherent 
capacity o f  leguminous plant to u tlllso  subsoil phs phorus 
to satisfy tho requirements in fu ll .

Tho loachlng loss that might havo occurred duo to 
tho heavy precipitation (Appondlx II) rocolvod during tho 
f ir s t  wook of application might havo contributed to lack
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o f  response f o r  potash. fu rth er, potash lo  not reported 
t o  oso rt such lnfluonco in  Inducing earlln css .

The absonco o f  s ign ifica n t rocponco fo r  spacing 

on th is  eham otor can bo attributed to  tho a v a ila b ility  o f  

s u ffle lo n t  native phosphorus (fa b le  9) which Is  tho sain 
fa c to r  that Influences en rllnoss,

3 . I uabor o f  nods, p o t  plant

I t  i s  evident f  rcu Table 3 that graded dosos o f  

phosphorus did not s ig n ifica n tly  lncroaso tho nusbor o f  pods 

p er  p lant. Howovor, tho higher lov o ls  havo e ffected  a 

s lig h t  lncroaso In tho nnebor o f  pods por plant ovor no 
phosphorus troatsont.

Tho data on tho phosphorus uptake havo ^hovn 

s ig n ifica n t lncroaso In phosphorus contont o f  tbo plant 
w ith graded doses o f  tlio nutrient (Tables id  and 16). 
Howovor, a corresponding lncroaso In tho y lold  was not 
noticed . Tims I t  con bo scon that tho lack o f  s ign ifican t 

lncroaso In tlio nunbor o f  pods por plant was not duo to  

nonavailab ility  and uptako, but phosphorus beyond a corta ln  
lo v o l  in  plant does co t  in fluence in it ia t io n  o f  flow er buds. 

I t  eon, th ere fore , bo prosuaod that lncroaso In tho uptake 
o f  phosphorus boyond a corta ln  lo v o l on ly  lncxoasos tbo 
phosphorus contont in  p lants. However, the addition o f  

phosphorus t o  lncroaso tho nucbor o f  pods por plant cannot
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bo coap lotoly  ruled ou t , since a trend to  Increase tho 

y lo ld  with Increased phosphorus lov o ls  hoc boon n oticed .

Xt would, the re f o re , seen tin t  tbo op tim a  roqulrcaont o f  

phosphorus w i l l  bo sozo whore s lig h t ly  above that is  noticed 

In the con trol p lo t , but lower than that o f  tbo other 
trea tscn ts .

Potash a lso  follow ed tbo oaco trend an shown by 

phosphorus. Sim ilar la ck  o f  rosponso lo r  potash has boon 
reported by Vijaynkuiasr (13o?) undor tho saso agro-cllm atio 

con d itions. Tbo lack o f  rosponso f o r  potash night bo duo 
to  tho loachlng lo ss  o f  a good proportion o f  applied potash 

duo t o  tho heavy p recip ita tion  occurred during tho f i r s t  
week o f  app lica tion .

Frea tho aeon tables i t  can bo w en  that 40x35 cm. 

spacing was s ig n ifica n tly  superior to  other two spacings.
This i s  In con fora lty  w ith tbo resu lts obtained by Son and 

Jana (I960). As evidenced froa  tho d if fe re n t ia l response 
( ‘Tables IS and 14) noticed In tho uptake o f  nutrients i t  

may bo assutsod that I t  Is  not tho absorption o f  nutrients 

that has brought about s ign ifican t e f f e c t  o f  spacing In 
Increasing tho nuhbar o f  pods por p lant, but tho more 

o f f l c i c n t  u t il is a t io n  o f  absorbed nutrients undor wldor 

spacing. Increase In tho density o f  population leads to  
overcrowding and R itual shading and tiioroby functional 
lo a f  area gets reduced. In wldor spacing, chances f o r  mutual
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shading Is  tsuoli lo s s . More fu n ction a l lo a f  area lod to  

tho more o i f le lo n t  as Im llntion o f  tho absorbod nutrlonta 

resu lting  In tho higher nunbor o f  pods por plant undor 

widor spacing.

4. longth o f  pods

An examination o f  Tablo 4 revels that only 

phosphorus nnd cpnclngs havo shown s ig n ifica n t lncroaso in 
longth o f  pods.

I t  Is  soon that app lication  o f  phosphorus nt 

SO kg. PgOg por hoetaro s ig n ifica n tly  Incroasod tho longth 

o f  pods, when compared to  no phosphorus treatment. Put tho 

d lffo ron co  botwoon 50 nnd 75 kg. por hectare was not s ig n i­

f ic a n t . Koroovor tho lncroaso In longth o f  pod attributed 

by 25 kg. PgOg por hectare ovor no phosphorus treatment wan 

a lso  not s ig n ifica n t.

Phosphorus is  on essen tia l part o f  tho nucloo- 

pretain  which hastens mitotic c o l l  d iv is ion  (Black 1957).

"ho lncroaso in  longth or pods noticed In tho present study 

by higher lov o ls  o f  pho phorus can bo attributed to i t s  ro le  

In c o l l  d iv is io n . Tho resu lts aro In conform ity with tlrat 

o f  k a ir  (19S6)

Potassium lias not o ffo c te d  any '•igniflcant change

in  pod longth. Vijaynkunar (1967) a lso  has roportod sim ilar
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re su lts  undor tbo satao agrocliraatie con d ition s.

teong tbo d lf fo r o n t  spacings, 40 x 35 eta. has 

boon found to  bo s ig n i f ic a n t ly  su porlor in  th is  rospoct 

ovor  tho c lo  oo t spacing o f  40 x  15 cn IV baa boon 

d lscussod  o n r lio r , tho increased fu n ction a l lo a f  nroa o f  

w ldoly  opacod plants might liavo onbancod tbo noclm llatlon  

nnd u t i l is a t io n  o f  abooibod n utrien t'- and bonco tho s ig n i­

f ic a n t  o f f o c t .

S. Ylold o f  groon nods

Tho data havo sliovn that phosphate a p p lica tion  

d id  not havo any s ig n ifica n t  o f f o c t  In increasing tho y lo ld  

o f  pods No s ig n ifica n t  o f f o c t  o f  phosphorus v a . obtained 

In any o f  tho e igh t harvosts o r  by poolod analysis o f  tho 

data . Tho resu lts o f  th is  oxporlncnt agreo with tho resu lt 

obtalnod by Agarwal and Vonsa (1051) In cannbomp. Docal 

o t  n l (1957) QTrlvod at tho conclusion  that phosphate 

a p p lica tion  t o  groon manure crops In sandy loans with on 

a v a ila b lo  phosphorur contont o f  SO lb . o r  abovo had no 

b o n o fic la l  o f f o c t s  In increasing tho production o f  greon 

m attor. "ho la ck  o f  response In tho y lo ld  o f  groon nods 

In tho present in v estig a tion  con bo a ttr ilu te d  to  tho high 

status o f  ava ila b lo  phosphorus In tho c o i l  wl ich  Is  found 

to  bo OS lb .  por a cre .
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Tho lack  o f  rosponso f o r  phosphorus In tho pooled 

analysis i s  to  bo oxpoctod, olnco phosphorus did not havo 

any s ig n ifica n t o f f o c t  on tho Rustier o f  pods por plant 

(Tablo 3 ) .  I t  nay a lso  bo no tod that thorn was s ign ifica n t 

d lffo ron co  In to ta l phosphorus absorption by tho crop. As 
has boon discussed e a r l ie r ,  tho Increased phosphorus contact 

o f  plant abovo a corta ln  le v e l vac not b e n e fic ia l In 
Increasing tho y lo ld . I t  sigh t havo boon u t ilis e d  on ly 

t o  lncroaso tho phosphorus contont o f  pods.

An observation on tho data o f  Individual harvests 

Indicated that phosphorus did not havo any s ig n ifica n t 
o f f o c t  a t any o f  tho harvoot, which again shews that tho 

ava llab lo  phosphorus in  tbo s o i l  Is  su ffic ie n t  t o  Boot tho 

roqulreconts o f  p lants. Tho fa c t  that avallablo phosphorus 

has not shown substantial reduction oven a fte r  a loguua crop 

o f  fou r nonths duration Indicates tuo capacity o f  loguno 

to  cako available tho natlvo phosphorus and thereby meet 

i t s  require neatc. Tho observations o f  tho present study 

aro in  conformity with that o f  Faliojn (1966), who reported 

tho capacity  o f  logunoa f o r  Increasing tho a v a ila b ility  o f  

s o i l  phosphorus.

I t  lo  evident fnoa tho data that gradc-d dosos o f 
potash havo no s ig n ifica n t o f fo c t  on increasing tbo y lold  
o f  pods. Son and Kavltkar (1960) while studying tho
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o ffoct o f potash on crops in Puss, porsanont *anurial 
experlaont (E'ow series) havo conaondod "the rosponso o f 
potash as judged froii tho yields o f calzo, oats, pons, 
vhoat and gran was nonsignificant ovor control". Tbo reason 
fo r  lade o f rosponso to potash according to Son fit fil (1949) 
van that crops night havo obtained tholr potasslua 
xaqplroaonts fro* tbo non-exchangoablo portion. Tho lack of 
rosponso for applied potash in tho present Investigation 
Bay bo duo to the faet that crop night havo obtained its  
requirements fro* tbo non-exchangcable portion o f tho so ils . 
Anothor reason that could bo attributed to the lack o f 
response Is tbo loachlng loss o f  a good proportion o f  potash 
laacdlatoly aftor application as evidenced fro* tho 
notcorologlcnl observation (Appendix x i) .

Variation In spacing did not have any significant 
influence on tho yield o f groon pods os evidenced fro* tho 
data on pooled analysis. Variation in spacing by its 
influence on changing tho nutrient uptake por plant affect 
tbo plant characteristics. The observation that the native 
phosphorus and potash could supply tho rcquironants o f 
plants explains in part the reason for lack o f rosponso to 
spacing. Tbs superiority o f vldcr spacing In producing 
significantly blghor nunbor o f pods por plant, and 
Increased pod length Eight have boon offaot by a largo 
nucbor o f plants por unit area In closoly spaced plots. 
Isportanco o f high plant population fo r  hlghor yield ovor
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low er den sity  has boon stressed  In eroi c llk o  paddy by 

worttor" llk o  Tanaka o t  ^  (1056) and Nair (1068)

Sujut o t  a l  (1967) In soybeans and C u lt c l l f fo  (19S7) in  

snapbeans obtainod resu lts  In lavour o f  c lo s e r  cpnclngc.

6 . Y lold o f  inu la

Ac evidenced fr e e  tho data , phosphorus was i o t 

found to  o f f o c t  any s ig n if ic a n t  chango in tho y lo ld  o f  

haulm sim ilar  resu lts  woro obtained by Agngwnl and Vorma 

(1951 ), Dosal o t (1957), Kolwncy and Ganguly (1959) and 

hao o t  fjJ (19o2) in  oco groon manure and foddor crops.

Tho fa c t  that n o lth cr  haulm, nor pod has been increased 

w ith  add ition  o f  phosphorus fu rth er confirm s that undor 

normal cond itions o f  o o l1s s u f f i c ie n t ly  r ich  in  phosphorus, 

p lants can do w o ll on tho n ative phosphorus.

Tho e f f e c t  o f  potash was a lso  not '• ign ifleant, 

which might have boon as discus'"od o a r l io r ,  duo to  leaching 

lo o  os as w o ll as the cap acity  o f  tho plant to  u t i l i s e  the 

nonoxchangoabl© potash o*' tho " o i l  as stated by Son and 

Kavitkar (19 0)

I t  i s  soon that tbo o f f o c t  o f  spacing has boon 

s ig n ific a n t  in increasing tho haulm y lo ld  Tlio c lo s e r

opacli g v i s . , 40 x 15 cm. ha-j rocordod maximum y lo ld  o f/
haulm As soon from the resu lt , number o i plants por 

u n it area was the c r lt o r lo n  In decid ing  tho y lo ld  o f  haulm
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Tbo numbor o f  plants in  cacb p lo t  was 350, 310 and 150 

undor 40 x  IS cm , 40 x 35 cm nnd 40 x 35 on spacings 

ro sp o c tlv o ly  "bus i t  may bo Boon that tho c lo s o " t  spacing 

has accommodated more than double numbor o f  plants por 

u n it nron as compared to  tbo wido t spacing. This Increased 

population  por u n it area has resulted  in increased haulm 

y lo ld

B Chomlonl analysis

1 rcitronon contont o f  s o i l

Bata on o i l  analysis has shown t in t  phosphorus 

had s ig n ifica n t  o f f o c t  In  Increasing tho tot->l n ltrogon  

contont o f  s o i l  on 50th day.

I t  is  soon that s o i l  n ltrogon  has boon incroused 

from tbo o r ig in a l status (0.071$) In a l l  treatments excopt 

In tho co n tro l, woro a reduction has boon noticod  

Phosphorus exerts stim ulatory o f f o c t  on sym biotic microorga­

nisms in  tho " o i l ,  which In a ssoc ia tion  with loguminous 

crops f i x  atmospheric n ltrogon  and thus on rich  tho s o i l  

A lloc  (1958), Sikka and Jain (1958), Izavn nnd Okomoto 

(1959), Lin (1959) nrd Kudallar (1960) obtainod resu lts 

in  favour o f  phosphorus ap p lica tion  f o r  Increasing nltrogon  

contont o f  tho s o i l  In tho con tro l p lo t  ti Is  extra 

stim ulatory o f f o c t  I y tho addod phosphorus was lacking 

rosu ltln g  In cove re com petition  botwoon the microboo and
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graving plants f o r  tho ava llab lo  quantity o f  nltrogon In 

tho s o i l .  This nay probably bo tho roaoon f o r  recording 

a reduction In tho nitrogen  contont o f  tho c o l l  In tho 
con tro l treatments.

Though tho o f f o c t  o f  spacing vac not s ig n ifica n t) 

increased nltrogon contont vac noticed  In p lo ts  whoro 

c lo c o r  spacing was adopted. Tho Incroasod f a c i l i t i e s  f o r  

symbiosis provided by la rg er  numbor o f  plants por u n it area 

n ight havo rooultod In grontor fix a tio n  o f  nltrogon In tho 
s o i l .

Data regarding tho nltrogon contont o f  s o i l  at 

tho tlmo o f  f in a l  hnrvost (Tablo 8) showed that spacing 

alono produced s ig n ifica n t  o f f o c t  In th is  rospoct and that 

to o  on ly  nt S3 lo v o l . Iiitrogon contont o f  n i l  the troatnontc 

has boon Incroasod from tho o r ig in a l sta tus, although at 

varying degrees, as tho growth o f  plants advanced, soiso 

o f  tho unavailable ou b so ll phosphorus has boon nado avallab lo  

by tho a c t iv ity  o f  doop root syotom In tho logumo crop.

Data on tho avallab lo  phosphorus contont o f  s o i l  takon at 

tho tlEo o f  f in a l  harvest rovoalod that come su bsoil 

phosphorus has boon nado avallab lo  (Tablo 10). Thus ao tbo 

growth advanced, s u ff ic ie n t  quantity o f  phosphorus was made 
ava llab lo  which In turn holpcd to  enrich  tho c o l l  w ith 

n ltrogon , as has boon discus od previously .



This Increased a v a ila b ility  o f  phosphorus by 

tno a c t iv ity  o f  legume crop , irrespective  o f  tbo lo v o l o f  

added pbosphato nay bo ono o f  the reasons fo r  not obtaining 
s ig n ifica n t lncroaso in  y lold  duo to  incremental doses o f  

phosphorus.

When conditions relating to  nntrlont a v a ila b ility  

i s  a ln o -t id e n tica l, d ifforon co  in nltrogon contont o f  c o l l  

can bo brought about on ly  by the in ten sity  o f  symbiotic 

m icrobial population which is  d ire c t ly  controlled  by tho 

plant population per u n it area. Consequently, vboro more 
numbor o f  plants h"Vo boon accommodated the s o i l  bus 

recorded s ig n ifica n tly  higher content o f  nltrogon. The 
c lo s e s t  spacing, v i z . ,  40x15 cm. in tbo present investigation  

accommodated noto than double tl o number o f  plants as that 

o f  widest spacing (40x35 cm.) and bonce tbo higher 

percentage o f  nitrogen in  tho c lo ses t spacing.

2. -fivaliable phosphorus .content o f  s o i l

Tho resu lts on tho availablo phosphorus contont 

o f  s o i l  taken on 50th day showed that tho d iifex ert leve ls  

o f  phosphorus woro not on ly  s ig n ifica n tly  suporlor ovor 
no paosphozuu treatment, bnt s ign ifica n t botveon thcssolvos 
a ls o . This is  in agreement with tho results obtained by 
Sains (1967). Valera (1BS2) •'bowed increased ptio-phorus 

contont by tho application  o f  superphosphate to  s o ils

7*
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normally high In available phosphorus I t  Is soon that 

oxeapt In control and tho lowost lo v o l o f  appliod phospho­

rus, a l l  tho other lov o ls  incroasod tho avallablo phosphoric 

contont o f  s o i l  from tho orig in a l status o f  96 lb  por aero 
Tho depression In tho avallablo phosphorus contont In tho 

con tro l and lovost lo v o l o f  added phosphors may bo duo to 

incroasod uptako bjr tho plant In tho early  porlod o f  growth 

couplod with high b a cter ia l u t il is a t io n .

Avallablo phosphorus contont o f  s o i l  was Increased 

in  p lots  receiving higher 1ovols o f  potnsu a lso . But at bo 

lo v o l  a c llg h t docronso from tho or ig in a l status ha  ̂ boon 

noticed . Potash la" boon reported to Increase tho bioche­

m ical reaction" o f  tho plants (Blade 1957) '■'hough a good 
proportion o f potash had boon washed o f f ,  tho roEnln,'ng 
quantity o f  potash might liavo incroasod tho a b il ity  o f 

plants as w oll ao s o i l  baetorla to  lncroaso pha"phato 
a v a ila b ility

Regarding sp a c lig , tho widest spacing lias rocordod 

highOot contont o f  avallablo phosphorus which lo  highly 

'■ignifleant ovor tho other two spaclngs. Tho middle 

spacing (40x25 cm.) was also s ig n ifica n tly  -uporior to 
lowest spacing (40x15 cn ) Tho o f f o c t  oi spacing on tho 
avallab lo  pho phorus content is  in agroomont with tho 
general bohavlour o f  plant When plants por .inifc area lo
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lo s s , loss  o f  nutrients on account o f uptake w ill bo loss 
ana consequently nutrient status o f tbo s o i l  w ill bo high.

Bata on tbo phosphorus contont o f c o l l  at tbo 
tine o f f in a l harvest substantiates that deep noted legumes 
a n  capablo o f  convortlng tbo unavailable subsoil phosphorus 
Into an available foxs. It lo  soon that tbo available 
phosphorus contont o f  s o i l  has boon Incroasod ovon a fter tho 
e n p  has boon barvostcd and roEcvod. Even tho control plot 
bos totalised alsoct tho original statue in respect o f  
avallablo phosphorus. According to  Bahama ( 1906) subsoil 
contains adequate quantities o f phosphorus which tho deep 
rooted enps a n  ablo to tap and nato uso o f in growth o f 
crops. Tho result o f  pro sent Investigation substantiate) 
th is unique character o f  deep notod loguEOS. At 95 kg 
PgOg por hectare lov o l a significant depression in  the 

avallablo phosphorus contont o f  the s o il  vac recorded. On 
a porusal o f  data on phosphorus absorption presented in 
Tablos 14 and 15, i t  w i l l  bo apparent that grantor amounts 
o f  phosphorus was absorbed fron the treatment ncolv lng tho 
highest lov o l o f  phosphorus. Thonforo, th is reduction In 
tho phosphorus availab ility  can bo taken only as a 
re flection  o f  comparatively hlghor uptako by tho en p .

Potash at IS kg por koctaro has sign ificantly  
lncnasod tbo phosphorus content o f  s o il .  But at hlghor
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lovol o f  potash application, significant reduction in 
phosphorus content has also boon noticed. This reduction 
may bo attributed to higher rato o f absorption o f phosphorus 
at hlghost lovol o f potash. This Is In agrooEont with tho 
observation o f Bahama (1066).

Significant reduction In phosphorus contont o f 
s o il  rocordod by s^ spacing (40x26 cm.) night havo boon 
duo to tho higher rato o f  absorption o f phosphorus as aeon 
In tho data regarding phosphorus contont o f pod (Tablo 14).

3. .ffimllahlO-Dotnoh. content o f so il

Tho data on s o il  analysis on 60th day rovoalod 
that Incremental dosos o f phosphorus docroaood hha 
availability o f potash significantly. The higher lovols 
o f  phosphorus viz , 60 kg. and 76 kg. por hoctaro havo 
rocordod oqual availability o f potash. It is  found that 
absorption of any particular nutrient Is largoly controlled 
by tho dofieloncy or toxicity  o f cortaln other nutrients 
In tho s o li . Thus tho availability o f largo quantities of 
a Mod phosphorus might havo resulted in Increased absorp­
tion o f proportionate amounts oi potasslun also. Tho 
significant lncroaso o f availablo potash notlcod in tho 
control plot may bo attributed to tho abovo reason
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Higher lo v o l o f  added potash has rocordod 

s ig n ifica n tly  higher contont o f  availablo potash in  tho 
s o i l .  This in in  agroonont with tho resu lt obtained by 
Daino (1967).

teong spacings, tho widest spacing (Gg) has 

recorded s ig n ifica n tly  highor contont o f  availablo potash 

in  the s o i l .  This can bo attributed to  tho reduction in  

tho plant population por unit area undor wider spacing 
which night havo reduced tho uptake o f  potash.

Tho fa c t  that on ly  tracos o f  available potash has 

boon found In tho c o l l  a t  tho tine o f  f in a l harvost ledleaton 
further that a very good proportion o f  the applied potash 

has boon loachod out from tho s o i l  due to  heavy rains and tho 

availab lo  potash l o f t  behind has boon u t ilis e d  by tho plant 

fu l ly .

4 . Hitnoiron contont o f  node

Tho data havo indiestod that phosphorus has 

lneroasod tho nltrogon contont o f  pods with increasing 

lo v o ls  o f  I ts  app lication . But s ign ifican t lncroaso has 
boon noticed only between 0 anti higher lo v o lo . This eight 

have resulted in  tho increased uptako o f  nltrogon in  the 
presence o f  phosphorus. This i s  in  conformity with tho 
find ings o f  Aeharya s i  (1953), Vyao and Desal (1953) 
nnd Sbontlo and Son (1953). lneroasod protoin  content on
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account o f phosphorus application has boon obtainod by 
Parr and Bono (1944, 1945), Parr nnd Eon (1948), Klaro 
(1950) and Panooo (1959).

Significant lncmnno in tho nitrogen contont of 
pod has boon offoetod by potash application at tho rato of 
15 kg. KgO por hootaro. But tLo highest lovol o f potash, 

v i z . ,  30 kg. por hoctnro has doproseod tho nltrogon contont 
o f pod significantly.

Tlio favourable o ffoct o f  potash In Increasing 
tho nltrogon and protoln contents o f plants has boon reported 
by Albrecht a£ a l  (1948) and SobQffor a t  a l  (1961). Tho 
depressing offoct o f potash at hlghor lovols o f application 
has nl-o boon roportod by Raboja (19S6) Ho found that 
application o f largo amounts o f  muriato of potash to tho 
s o i l  reduced tho absorption o f nltrogon, sulphur nnd 
phosphorus and thereby protoln synthosis la also reduced.

Tho dlfforont spaclngo did not nffoct nltrogon 
contont o f pods It can,therefore,bo a'-urncd that spacing 
o ffo c t  Is not co pronouncod so ao to exhibit Its o ffoct on 
nltrogon contont. Goldin (1966) and Slngh and Singh (1968) 
found that spacing doos not lnfluonco protoln contont o f
C mill.
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6 . M tregon  contont o f  bin In

S ig n ifica n t ln croaso In tho n ltrogon  content o f  

hauls vao noted w ith  increasing lo v o lo  o f  phosphorus.

Acharya (1*353) oboorvod that a p p lica tion  o f  phosphatic 

fo r t i l lQ o r s  to  logumoo lneroasod th e ir  n ltrogon  contont.

In tho phosphatic manured oorioo  Parr and Boso (1044, 1945) 

observed increased n itrogen  content o f  wheat straw.

Highest lo v o l  o f  potash has s l ig h t ly  reduced tho 

n ltrogon  contont o f  haulm. S in ila r  doprecaing o f f o c t  o f  

potash  a t highor lo v o lo  has boon roportod by W allace (1951) 

in  borsoom whoroin n itrogen  content o f  hay docroacod from 

3 .1 8  to  2.74$ no top dressing ratoo o f  KgO increased fro n  

0 to  180 lb .  por a cre .

Hltrogon contont o f  hauls lneroasod as tbo spacing 

botwoon p lants in creased , tho hlghost bolrg a t 40x35 cm. 

spacing. Tho c lo s o s t  spacing Ins rocordod lawost nltrogon 

contont. Donovan a l  (1963) roportod that protoin  contont 

tondod to  bo low er w ith c lo s o r  spaclngs.

Tho in te ra ction  o f f o c t  o f  phosphorus and potash 

was s ig n ifica n t in roopoct o f  n itrogen  content o f  pods as 

w o ll as hauls. Tho Incroeno in  n itrogen  contont o f  pod 
and hauls may bo a f o f lo c t io n  o f  lneroasod sym biotic f ix a ­

t io n  o f  n itrogen  in  tho s o i l  inducod by phosphatic f o r t i l i -
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sn tion . But tho lo v o l  o f  phosphorus at which tho s ig n i f i ­

cant o f i o c t  lo  soon lo  d if fe r e n t . Whllo pjkj^ chowod 

s ig n if ic a n t  lncroaso In n itrogen  contont In pods, gave

lncroaso In n ltrogon  content o f  haulm This d i f f o r e r t in l  

o f f o c t  o f  pLosphoru or tho n ltrogon  content o f  pod nnd 

haulm may probably be n r e fle c t io n  o f  d i f fe r e n t ia l  p r io r i ty  

w ith  which tho absorbed n ltrogon  lo  u t il is e d  f o r  tho protoln  

synthoslo o f  pods and haulm. I t  lo  qu ite  probable that 

tho requirements o f  n ltrogon  f o r  tho proto ln  synthesis o f  

pods I s  s a t is f ie d  w ith tho treatment combination o f  

and a l l  tho oxcoss n ltrogon  nado ava llab lo  w ith hlghor lo v o ls  

o f  phosphorus has bcon u t i l ls o d  f o r  tho protoln  cy n tlos io  

o f  haulm.

S. Phosphorus content o f  nods

Incremental dosos o f  pLosphoru- havo rocordod 

incroasod phosphorus content In pods Tho fnvourablo 

in flu en ce  o f  addod phosphorus In in crea-ing  tlio phorphoiU3 

content in  plant has boon rocognisod by Parr and Son (1948) 

Koehler nnd Moore (IDS'?), T 'irindi rt& 111 (1963), Hamdi o t  a l  

(1965 ), D aniol (1966) and Bains (19S7).

S ign ifican t Increase in phosphorus contont o f  pod 

has boon recorded by t lo h ighest lo v o l  o f  potash v i z . ,

30 kg por hoctaro. Tho uptako o f  pi oophoiu- 1s vory  la rg e ly
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nscoclatod with tbo potash contont o f  co ll . According to 
Fnbola (1986) absorption o f pbocpboros lneroasod with 
Increasing potash content In tho co ll .

It Is soon that c pacing has lneroasod tho
phosphorus contont o f pods significantly. This Increased 
uptake o f phosphorus by plants spacod at 4QrSS cm. distance 
night havo contributed to significant reduction In availablo 
phosphorus In s o li as soon In Tablo 10.

Tho maxima phosphorus contont o f 0.633S has boon 
rocordod by tho combination kgS0. This can bo attributed 

to tbo lncroaso In tho absorption o f phosphorus duo to 
Increasing lovolo of potash. This Is In ogrooaont with tho 
findings o f Bahoja (1986). Furfcbor, closor spacing sight 
havo helped to increase tho availability o f phosphorus, 
resulting in tho o ffic ian t uptake by higher levels o f  potash.

7. flwfiBhoBW -contont-.of hnulB

Significant lncroaso In tbo phosphorus contont 
o f  hauls has boon offoctod by graded doses o f phosphorus.
Tho addition o f  phosphatic fertilisers  had lneroasod tho 
availablo phosphorus contont o f  tho s o il ,  vhlch In turn 
resulted in lneroasod uptake o f  this nutriont. This is  
In agreoBcnt with tbo findings o f  Parr and Boso (1944, 194S), 
Haadl a t  a l  (1965), Blgindi fit s i  (1963) and Danlol (1966).
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Unsi Erlahnnn (1661) obsorvcd th.it addition o f phosphorus 
has rofloctod In tho phosphorus contont o f grain and straw

Tho offoct o f potash on tho phosphorus contont 
o f  hauls is  sla ilar to that o f pods, which is  in agroctscnt 
vlth  tho observations o f  Bahojn (1966).

Plants spaced at 40x35 oca distance rocordod 
highest contont o f phosphorus in has1b which was 
significant. As the nucbor o f plants por unit area la 
considerably loss under vldor spacing, tbo s o il  as woll 
as cnvlrosKontal conditions w ill bo bottor fo r  individual 
plants. This .sight havo resulted in Increased uptako o f 
nutrients including phosphorus.



S U M M A R Y  
A N D  CO NC LUS IO NS



shhhahy ahd coucrasiotrs

An oxporioont vnc laid ont In tho faro attaol od 
to tho Agricultural Collogo and HoGoarch Inotituto, 
Vollaynni during 1968-lSoO to study tho porforoanco o f 
C o.l lab-lab (Ottumochni) undor graded dosos o f phosphorus 
and potash at d lfforont spaclngs. Tho treatments comprised 
four lovols o f  phosphorus (0, 25, 60 and 75 kg PgOg por 
hootaro), throo lovols o f potash (0 , IS and 30 kg EgO por 
boctaro) nnd t! rco spaclngs (40x15 as, 40x25 cm nnd 
40x35 or) .

Tho observations o f tlio prosont study aro 
summarised ao follows i

1. Tho treatment o ffocto  woro not significant on holght 
o f  plants.

2 . Enrlinoso in flavoring was also not affoctod by tho 
d lfforont lovols o f phosphorus, potash ard spaclngs.

3 . Significant lncroaso in tbo numbor o f pods por plant 
was rocordod at 40x35 cm spacing.

4. Effoct o f phosphorus on tho length o f  pod was s ig n ifi­
cant.

6. Tkoro was significant lncroaso in tho longth o f pods 
fo r  tho vidor spacing o f  40x35 cm, compared to 40x15 cm 
Spacing.
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s .  Tk» Interaction o ffo c t  botwoon phosphorus and potash 
was also sign ificant. Tho maximum pod length o f  S.OS cm 
was rocordod by the combination P^Kq.

7. TLo yield o f groon pods was not influenced by any o f  
tho treatments. "Treatment combination PjKgSg has 
rocordod tho highest ylold o f  3269.761 Kg o f  groon 
pods por hoctnro.

8 . Spacing aloco had significant o ffo c t  on tho ylold o f  
hauls. 40x15 ca and 40x25 cm spacings woro s ig n ifi­
cantly superior to 40x35 cm spacing.

9. Application o f  phosphorus had significantly  increased 
tho nitrogen content o f  s o i l  on 50th day ovor no 
phosphorus treatment, although tho differences botwoon 
various levels o f phosphorus wore not Significant.

10. Spacing o f 40x15 cm had sign ificantly  Increased nltrogon 
content o f S oil over othar levels at tho timo o f  fin a l 
harvest.

11. Significant lncroaso in tho availab ility  o f phosphorus 
in s o i l  on 50th day was observed with increasing lovolo 
o f  phosphorus and potash application.

12. Tho availab ility  o f phosphorus in <.ho s o il  was 
sign ificantly  higher undor wider spacing on 50th day.

13. Potash at 30 Kg KgO and phosphonjs at 75 kg PgOg per 
hectare sign ificantly  reduced tho available phosphorus 
content o f s o il  at tho time o f fin a l harvest.



14. Shore was significant ineroaoo in tho available 
potash contont 01 n oil at 30 kg KgO por hectare on 
SOth day

15. Uitrogon contont o f podo lneroanod with increasing 
lovolo o f phosphorus.

1G, Potash application roduccd tho nltrogon content o f 
podo significantly boyonrt IS kg KgO por hoctaro.

17. Tho o fio ct  o f  spacing on nltrogon contont o f podo was 

not significant.

18. in e r o a o o  i n  th o  l o v o l o  o f  p h o s p h o ru s  a p p l i c a t i o n  

s i g n i f i c a n t l y  in c r o a G o d  th o  n i t r o g e n  c o n t o n t  o f  haulm.

19 Potash at 15 kg Ka0 por hectare has significantly 
lneroasod tho nitrogen contont o f linulm ovor no 
potash treatment

80. 40x35 cm spnclrg was sign ificantly  snporlor to othor 
two ^.pacings in ineroacing tho nltrogon contont of 
haulm.

21. Gradod dosos o f phosphorus and potash o-’ gnlflcontly 
lneroasod phosphorus contont o f pods nnd haulm.

22. lncroaso in spacing olgnlfioantly incroaood tho 
phosphorus contont o f  haulm.
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Tho present study has Indicated that add ition  

o f  phosphorus in c o i l s  r ich  in  ava ila b le  phorphorus on ly 

holpc to  maintain tho phosphorus s ta t ic  o f  s o i l  rathor 

than increasing tho y ie ld . I t  would bo worthwhile to  

havo fu rth or in vestiga tion s  on th is  acpoet to  coco  to 

d o f in lto  conclusions Tho nbsonco o f  rosponso f o r  potash 

in  tho precont study cuggosts tho n cco^ city  f o r  fu rth er 

in vestiga tion s  on th is  lin o  a lso .
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APPENDIX I
Chomloal analysis o f  tho s o i l  from tho experimental flo ld

Total nltrogon 
Total PE06 

Total KgO
Avallablo phosphorus (P) 
Avalalblo Potash (K)

PH

0.071 por cant 
0.041 “

0.081 
0.0048 "
0.0042 "
8.8



M eteorological data recorded a t tho A gricultural Collogo 
Fam during tho crop period

APPENDIX II

Month Wook Tonporaturo°C 
HaxlEiiB Mlnlnua

Eolativo
hunldltyS

Ea In fa ll  
(In  b b )

soptOBbor
1938 24-30 29.0 23.7 92.0 345.0

Octohor
1938 1-7 29.1 23.6 89.0 33.8

fl 8-14 30.1 23.2 87.0 —
* 15-21 -0 .3 23.7 91.0 266.0
n 22-28 30.7 24.1 86.0 75.0
« 29-4 Hov. 29.5 23.4 92.0 377.0

Hovoabor
19G3 5-11 29.3 22.8 90.0 173.0

n 12-16 30.5 25.0 88.0 29.0
n 19-25 30.7 23.0 92*0 117.2
a 26-2 Doc. 31 .2 22.8 91.0 —

Doconbor
1968 3—9 31.4 23.4 91.2 79.0

n 10-16 31 .1 21.1 90.3
a 17-23 30.5 22.2 88.4 114*0
a 24-31 30.1 22.9 91.1 —

January
1969 1-7 31 .9 22.6 80.1

n 8-14 31.0 22.0 91.1 —
n 15-21 30.7 22.1 88.0 —
« 22-28 30.8 21.7 88.4



APPBKDIX I I I

Height ox plants on 50th day 
(Analysis o f  variance)

Source SS DF Variance F

Total 145584.82 73.

Bloch 10258.73 5 2051.74 ^ 1

P 13480.70 3 4403.56 1 .9
3 1720.44 2 860.22 ^  1
P.8 15838.68 6 2G39.78 1.11
K 3766.86 2 1883.48 <  1

P.3C 7036.26 6 3518.03 X  1 .4

KB 4187.72 2 2023.86 ^ -1
K3Z 3173.72 2 1586,86 ^ 1
B.K.S. 12887.7* 12 1073.97 e x

Error 73232.47 31 2362.33



Sarlinooa In flow oring 
(A nalysis o f  variance)

APPEIUII IV

Source GS DF Varlanco P

Total 77.320 71

Bloch 6.400 S 1.28000 1.02795
P 7.040 3 2.34670 1.68461

S 1.190 2 0.59500 0.47783
P.S 5.920 6 0.98670 0.70240

K 4.190 2 2.09500 1.68247

P.K 4.920 6 0.82000 0.65853

KS 0.393 2 0.19650 0.15780

BS2 5.166 2 2.58300 2.07438

P.K.S 3.600 12 0.29166 0.23422

E rror 33.601 31 1.24519



APPENDIX V

Runbor o f  pods par plant 
(Analysis o f  vorlonco)

Source SS DP Variance F

Total 102261.78 71
Block 3039.64 5 787.98 ^ 1
P 3683.44 3 1227.81 1
S 21677.78 2 10338.89 8.37**
P.S 6102.22 6 1017.03 < 1
K 1954.78 2 977.39 4. 1

P.K 3920.22 6 653.37 < X
KS 96.06 2 48.03 <  1
XS2 294.60 2 147.25 < 1
P.X.8 20477.12 12 1706.42 1.3

Error 40115.72 31 1294.05

** S ign ificant at 1% lo v o l



APPENDIX VI

Length o f  pods
(A nalysis o f  varianco)

Soureo ss DP Varianco F

T ota l 3.3160 71

Bloch 0*2666 S 0.05332 2 .24

P 0.417S 3 0.13916 5.85**

S 0.2492 2 0.12460 5.23*
P.S 0.1416 6 0.023G0 0 .99
K 0.0712 2 0.03560 1.49

P.K 0.8486 6 0.14143 5.04**
KS 0.1138 2 0.05690 2 .39
XS2 0.0222 2 0 .01U 0 0.46

P.K. 8 0.4465 IB 0.03720 1.56

E rror 0.7378 31 0.02380

*• S ig n ifica n t a t 1$ lo v o l  
* S ig n ifica n t a t S$ lo v o l



appshdix VII

Ylold o f  grocn pods In tho f i r s t  harvest
(Analysis o f  variance)

Source ss DP Variance P

Total 2907915.00 71

Block C092u6.00 5 1218o3.00 3.18*
P 52554.00 3 17518.00 4  1

S 2c8198.00 2 134099.00 3 SO*
P.S 155677.00 6 26113.00 4  1

X 36808.00 2 18404.00 4 . 1

P.K 206550.00 6 34425.00 1

ES 31934.00 2 15967.00 1

KS2 12309.00 2 6155.00 1

P K.S 344317.00 12 28693.00 -4.1

E rror 1189302.00 31 38365.00

• S ign ifican t at Z>% lo v o l



APPENDIX V III

Y ie ld  o f  greon pods In tho second harvest
(A n alysis o f  varian co )

Soureo S3 DP Varianco P

T ota l 5064092.88 71

B lock 350653.13 5 70130.63 <1
P 128189.49 3 42729.83 ^ 1
s 21408.08 g 10704.04 ex
P.S 292021.14 6 48670.19 <  l
K 199026.34 2 99513.17 1 .15

P.K 142754.22 6 23792.37

KS 134262.72 2 67131.36 ex
KB2 45440.72 2 22720.36 e i
P.K. 3 1073432.78 12 89462.73 1.03

E rror 2676904.26 31 86351.75



tpvzmu  ix  

Y lold  o f  croon  pods In tho th ird  harvest 
(A nalysis o f  vorlan co)

Sourco SS DP Variance ?

T ota l 6831897.65 71

B lock 1129374.18 5 225874.82 2.30

P 35096.50 3 11698.83 4 1
S 214477.78 2 107238.89 1 .09

P.S 492218.67 6 82036.44 4 1

X 203157.03 2 101578.51 1.03

P.K. 340703.09 6 56783.64 <  1

XS 4027.17 2 2013.58 4  1

KB2 465615.72 2 232857.86 2.37

P.K.S 913448.24 12 76120.68 < 1

E rror 3033779.63 31 97863.85



Ylold o f  groon pods In tho fou rth  harvest 
(A nalysis o f  varianco)

APPENDIX X

Sourco SS DP Varianco F

T ota l 9877537.33 71

Block 1977166.16 5 395453.23 3.6162

P 146644.33 3 48881.44

s 714767.41 2 357383.70 3 .2671

P.S 507301.92 6 84550.32 Z.X

E 90399.93 2 45199.96 4. 1

P.K 641626.07 6 106937.64 4  1

KS 135813.17 2 67906.58 <. 1
KS2 835588.22 2 417794.11 3.8194

P.K.S 1437258.96 12 119771.58 1.0949

E rror 3390971.16 31 109386.10



4PFEHEIX XI 

Y lold o f  groen pods In tho f i f t h  harvest 
(A nalysis o f  vorla n co )

Source ss JJF Varlanco F

T ota l 1300388.00 71

Bloch 196204.00 5 39242.80 2.2976

P 52563.00 3 17521.00 1.0259

S 48378.00 2 24189.00 1.4162

P.S 36773.00 6 6 1 ^ .8 0 < 1

X 27123.00 2 13561.50 4 1

P.X 192515.00 6 32086.00 1.8786

F3 24039.00 2 12019.50 4 1

KS2 50738.00 2 25369.00 1.4853

P.K.S 142596.00 12 11883.00 4 1

E rror 529459.00 31 17079.30



APPENDIX X II

Y lold  o f  groon pods In tho s ix th  harvest
(A nalysis o f  varian co)

Saurco ss DF Varianco F

T ota l 2302073.32 71

Slack 230636.90 5 47927.38 1.4413

P 246378.71 3 82126.24 2.4897

8 59472.03 2 29736.01 <1

P.S 232926.41 6 38821.07 1.1674

K 19398.36 2 9699.18 < 1

P.K 129382.75 6 21647.12 ^ 1

KS 59397.14 2 29608.57 4.1

KS2 80353.39 2 40176.69 1.2082

P.K. 5 203802.76 12 16983.56 <X

E rror 1030824.87 31 33252*41



APPENDIX X III

Ylold o f  groon pods In tho covonth harvest
(Analysis o f  varianco)

Source SS DP Varianco P

T otal 5203079.88 71

Block 1193788.46 5 238757.69 14.89

P 196216.71 3 66405.57 4 1

S 30101.88 2 15050.94 < 1
P.S 145856.79 6 24309.46 < 1

K 101628.88 2 50814.44 < 1

P.K 163741.12 6 27290.18 ^ 1

KS 206713.60 2 103356.80 1.24
2KS 31192.20 2 15596.10 ^ 1

P.K.S 554312.08 12 46192.67 4 1

E rror 2579S28.16 31 83210.58



APPENDIX XIV

Yield o f  groon pods in tho o lgh th  harvest
(A nalysis o f  variance)

Source SS DP Variance P

T ota l 605487.99 71

B lock 104464.41 5 20892.88 2 23

P 17492.38 3 5830.79 4- 1

S 12392.20 2 6136.10 4  1

P.S 22226.91 6 3704.49 4 1

K 40382.11 2 20191.06 2 .16

P.K 46486.67 6 7747.78 1

KS 5207 17 2 2603.59 4 1

KS2 188.23 2 94.12 4  1
P K.S 66541.66 12 5545.14 < 1
E rror 290106.25 31 9358.27



APPENDIX XV

T ota l y lo ld  o f  groon pods (8 harvests ecnbinqd) 
(A nalysis o f  varianco)

Source SS Dr Varianco P

T ota l 105330521.28 71

Block 13977575.28 5 2795515.05 1.822

P 1493876.80 3 497958.83 < 1

S 4681950,37 2 2340975.18 1.52o

P.S 3912707.41 6 652117.90 -<1 1
K 3396093.68 2 169S040 84 1.106

P.K 4729287.10 6 788214.51 ^  1

KS 916702.39 2 458351.19 1
KS2 6069504.66 2 3034752.33 1.978

P.K S 19099500.74 12 1591625.06 1.037

E rror 47553323.15 31 1633978 16



APPFiiDIX XVI

Y lo ld  o f  hauln
(A n alysis o f  variances)

Souroo SS DF Vnrlonco F

T ota l 30538437.50 71

Block 4470995.83 5 895399.16 2.33

P 3708218.00 3 1266072.66 3 .20

S 5460381.25 2 2730190.62 7.10**

P.S 990471. 5S 6 165078.59 ^ 1

K 403225.00 2 246612.00 < 1

P.S 1213177.83 6 202196.30 <ri

KS 76129.16 2 38064.58 •Cl
KS2 695329.16 2 347o64.S3 ^-1
P.K.S 1419238.87 12 118269.90 i- 1

E rror 11912270.85 31 3842G6.80

•S ign ifleant a t 1$ low ol



APPENDIX XVII 

Hltrogon content o f  s o i l  on 60th day 

(A nalysis o f  varianco)

Sourco BS DP Varianco

T ota l 0.00026050 71

B lock 0.00000027 5 0.00000005 ^1

P 0.00018304 3 0.00006101 31.77**

8 0.00000210 2 0.00000105 /  1

P.S 0.00000046 6 0.00000007 < 1

K 0.00000711 2 0.00000355 1 .84

P.K. 0.00000735 6 0.00000122 < 1

KS 0.00000007 2 0.00000003 X 1

KS8 0.00000016 2 0.00000008 < 1

P.K.S 0.00000056 12 0.000000046 < 1

E rror 0.00008944 31 0.00000192

••Significant at 1# lo v o l



APPBKDEC XVIII 

n itrogen  contont o f  s o i l  a t tho t^no o f  f in a l  harvest 
(A nalysis o f  varionoo)

Bourco 63 DP Varionoo P

T ota l 0.00000170 71

Block 0.00000006 5 0.000000012 ^ 1

P 0.00000014 3 0.000000018 ^-1

S 0.00000036 2 0.000000080 3.63*

P.S 0.00000002 6 0.000000003

E 0.00000003 2 0.000000016 I 1

P.K 0.00000015 6 0.000000025 1.13

KS 0.00000002 2 0,000000010 / I
KS2 0.00000005 2 0.000000025 1.13

P.K.S 0.00000037 12 0.000000030 1.36

E rror 0.00000070 31 0.000000022

•S ign ifican t at 6$  lo v o l



APPENDIX XXX

A vailable phosphorao content o f  so1!  on 50th day
(Analyaio o f  varian co)

Sourco SS DP Varianco P

T ota l 105460.00 71

B lock 19230.16 5 3846.03 149.128**

P 34264.00 3 11421 33 442.858**

3 4369.33 2 2484.66 96.341**

P.S 8636.00 6 1439.33 55 809**

K 12916.00 8 6458.00 850.407**
P.E 38652.00 6 6442.00 249.786**

KS 14*60.66 2 7230.33 280.354**

KS2 5076.16 2 2538.08 98.413**

P.K. 8 67456.00 18 4788.00 185.653**

E rror 799,69 31 25.79

••Significant at Iff lo v o l



A vailab le  p h o sp h o ru s  c o n t e n t  o f  s o i l  a t  th o  t lE O  o f  f in a l
harvoot

(A nalyslo o f  varion oo)

APPENDIX XX

Sourco GS DP Variance P

S ota l £40858.00 71

B lock £3459.67 5 5691.93 47.6000**

P 30074.67 3 10084.89 91.6174**

3 8892.00 2 4446.00 37.1029**

P.S 30830.66 6 6938.44 54.5648**

K £5034.00 3 12648.00 104.6649**

P.K 51241.33 6 8540.22 71.8694**

KS 16084.40 2 8342.80 69.6169**

KBS 10889.05 2 5444.58 64.5646**

P.K.S £6589.34 18 2816.44 18.4881**

E rror 3714.68 31 119.83

••Sign ificant at 1® lo v a l



appendix XXI

Availablo potasli contont o f  s o i l  on 50th day

(A nalysis o f  varianco)

Sourco ES DF Varianco P

T otal 21234.00 71

Block 760.16 5 152.03 25.694**

P 2123.00 3 707.66 119.134**

5 1754.33 2 877.16 147.670**

P s 3649.67 6 608 27 102.402**

K 197.33 2 98.66 16.609**

P.K 535S.OO 6 892.50 150.252**

KS 408.66 2 204.33 34.398**

KS8 380.66 2 190.33 32 042**

P.K. 5 6420.83 12 535.06 90.077**

E rror 184.36 31 5 94

••Significant at 1$ lo v o l



APPENDIX XXII

Percentage o f  n ltrogon  In po<3s

(A n alysis o f  variance)

Source SS DF Variance F

T ota l 0.663 71

Block 0.123 5 0.0246 6.8333**

P 0.124 3 0.0413 11.4722**

S 0.001 2 0.0005 0.13E8

P.S 0 .042 6 0.0070 1.9444

K 0.025 2 0.0125 3.4722*

P.K 0.075 6 0.0125 3.4722**

KS 0.117 2 0.0585 16.2500**

KS2 0.002 2 0.0010 0.2777

E rror 0.154 43 0.0036

•♦Significant at 13 le v e l  
• S ign ificant at S% l e v e l



APPENDIX XXIII

Porcontago o f  n itrogen  in  hauln

(A nalysis o f  varianco)

Source SS DP Varianco F

T ota l 0.443 71

Block 0.035 5 0.007 23.333**

P 0.173 3 0.0576 192.000**

S 0.004 2 0.002 6.666**

P.S 0.020 6 0.0033 11.000**

K 0.003 2 0.0015 5.000*

P.K 0.047 6 0.0078 26.000**

KS O.OSO 2 0.010 33.333**

KS2 0.010 2 0.005 16.666**

P.X.S 0.121 12 0.010 33.333**

E rror 0.010 31 0.0003

•♦Significant at Iff le v e l  
♦ S ignificant at 5% le v e l



Porcontneo o f  pho3pboiuc in  pods 

( " jn ly a is  o f  v a r ia n co )

appendix XXIV

Source SS DF V arianco F

T ota l 0.476301 71

B lock 0.097658 5 0.0195316 3487.78**

P 0.043080 3 0.0143600 2564.28**

S 0.00S0S5 2 0.0010225 1 8 2 .a * *

P.S 0 .0 3 0 7 ^ 6 0.0051213 914.52**

K 0.010143 2 0.0050715 905.62**

P.K 0.042989 6 0.0071648 1279.43**

KS 0.080257 2 0.0401285 7165.80**

I®2 0.014176 2 0.00708S0 12o.S7**

P.K.S 0.155042 12 0.0129201 2307.16**

E rror 0 .000173 31 0.0000056

• • S ign ifican t a t  15? lo v o l



APPBKDIX XXV 

Percentage o f  phoapUorun in bsulo 
(in slycio  o f  variance}

Soar* 88 DP Variance P

Soto 0.0799 71

Bio* 0.0003 S 0.000160 S3 33**

P 0.0060 3 0.002000 666.66**

8 0.0083 2 0.004160 1350.00**

P.S 0.0086 6 0.001430 476.66**

E 0.0231 2 o .o n s s o 3860.00**

P. 0.0124 6 9.002070 690.00**

E3 0.0006 2 0.000300 100.00**

W 0.0004 2 0.000200 66.66**

P1C.8 0.0176 12 0.001470 490.00**

Error 0.0001 31 0.000003

♦•Significant at lov e !



APPBliDIX XXV

Percentage o f  phosphorus In hauls

(A nalysis o f  varianco)

3our> SB BP Variance P

Totn 0 .0770 71

Blo( 0.0003 S 0.000160 53 33**

P 0.0060 3 0.002000 666.66**

8 0.0033 2 0.004150 1350.00**

P.fl 0.0038 6 0.001430 476.66**

E 0.0231 2 0.011550 3850.00**

P. 0.0124 6 0.002070 090.00**

KS 0.0006 2 0.000300 100.00**

or 0.0004 2 0.000200 66.66**

PK.8 0.0176 12 0.001470 490.00**

Error 0.0001 31 0.000003

♦’ S ign ificant nt if l o r d


