
Phosphorus requirements 
and management of oilseeds 

KL S w ~ n w ~ r  *ND M S l s w  

The recent Illeralure on Ihe P requlremenls and management of annual 
edible ollseeds groundnut Aracl~rs hypogaeo sunflower Hel~anlhus 
annuus sillflower C a n l ~ ~ n r u s  rttrcfortus rapesoad Brasslca can~pesrrrs 
~~tusl .wJ 6 lur~cea .rnd sesanlc Scsamurr, s~d tcwn 1s rcvlewed Tho 
~nlernal P roqutrcmenl l o  produce ag~ven  level of seed y~eldvar~csamong 
tlic o~lscuds but In general lhcy usc Ihc so11 and Ier l~ l~zer Pel l~nent ly  Tlio 
extcrnal P requlremcnl 8s also groally mod~fted by so11 lnolsture seoson 
supply 01 nulroenls oll,or I l lan P and P slatus o l  so11 Ellecls of P 
managclnenl practices especially llrose relal~ng to source method and 
llme of appl~callon on the ylcld response and ler l~ l~zer P requlrolnenl o l  
o~lserds are d~scussed Reco~nmcndal~ons are made lor future research 

Ollsc~ds lc1r111 a11 rtlll>ortllllt COI~~OIICIII 01 111c IIUIIIJII d ~ c t  111 Asla and t11c I'aclfic 
O~l\ced\ .lrc growl1 on d~vcr\c so~ l% lnoctly undcr u ~ l ~ r r ~ g e l c d  and Ic%s than ~dca l  
rond~lloll\ .III~ p la l~ t  ItutrIctIt\ .IIC OIIC 01 I l ic n1<1\1 IIII~D~I.IIII c v ~ t s I ~ a ~ ~ i t \  011 lhclr 
pow111 .111d vrcld (1)11ccturdtc O ~ O I I \ C C ~ S  Kcscarch 1984.1985 Keld 1981) I hc i' 
r r q u ~ r ~ r i i ~ ~ t l  01 IIII\LL~\ I* I~tpItcr llran IIrdI nTc~rc.rls hccau%c I' IS ~nvolvcd III tllc 
b)nllic\~* 111 Lrrcrgy rlcl i  UII\ ,III~ ~~OICIIIF I iuwcvcr \UCII rcqulrcnrcllt VJ~ICS IIOI 

MI) I lo ln Lrtrp 111 crop hu l  al\o .IIIIOII~ ~ u I t ~ v a r \  OT Ihc \~IIIC Lrop 
I Ill\ pllpLr rcvICw\ IIrc rccC!it l~ lcrd lurc 011 IIIC I' rcilulrctncnls and matlagcmctll 

d u l ~ ~ l c d  .tnnu.ll C J I ~ I L  IIII\CC~ crop% III A\la .rltd IIIC I'ac~fic regtoll Whcrc 
II 111 ~h lc  [~ILILILII~L I\ ~ I V C I I  10 d.11~ lr0111 WLII p l l ~ l ~ ~ t ~ d  l i ~ l d  \tudlcs itnd l o  rcpolt\ 
SIIII W I ~ L I  \cope .III~ hru.ldcr prr\pcctlvc 1 IIC o ~ l \ c ~ d \  covcrcd III 1111s rcvlcw arc 
~ O U I I ~ ~ I I I ~  lru[1111 III/II)KI~ u sut~flowcr IICIIUIIIII~IT UIIIIUUY, balnowcr CU~I~UIIIUI 
wl~ torrlr\ r .~p~ \ccd  1fru\\1( u (UIII~ICJ~~I~, lnubtald I f  l u ~ r ~ e a .  altd scsanlc J r i a n t u n ~  
d t ,  UIII I ' l ro \p l~o~  u\ rcqulrcnlcnth and t r ~ a n a g c ~ ~ ~ c n l  arc d~,cusscd scpardlcly Tor 
t ~ l l  O I ~ C L ~  L l  Up 

\cvcral ro l l  l c r l l l ~ ty  and a g r o c l ~ n ~ a l ~ c  I a ~ l o r ~  t11a1 dITcc1 growth a11d YILW also 
dlcct IIIL 1' IC(IUITCIIILIII\ 01 OII\CCJS 

.$of//t r~ t l t f !  /(I< for1 
Av.r~lablc I' status o f  so11 

- \upply oC ~ i i a r r o  and nilcronulrlctiu othcr than P 
Avdllrblc so11 mol.ilu1c 

- Importance oTvc\~cular arbuscular mycurrh~ral  lung1 
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A g r g ~  IIIIIIJII~ /'I< rctr, 
- fo1.1l rdlnl.lll .III~ $1, d l r l r ~ b u t ~ o n  t l u r ~ n g  the crt>pping \c.l\oli 

Avn l l ~h l l l l y  oI'trrip.lri~~n 
l c n i l r r d l ~ ~ r c  
\~I.II r.idl,tt!o~~ 

I n  .I~LIIII~II~ IIIC \IIIIILL .IIIII IIII~L ~I'ILIIIIIICI I' .I~F~IL.IIIOII. .I\  well .1\ ,1111 

grc.11ly . ~ l l c ~ c  111' I' rc\polirc 01 ~ ~ ~ l \ c c < l \  
I he Icr l l l  ,lrrr~nlu/ I'rc.r,~llr~'!trt.lr( (,I .!II o~I\ce<I ge11~1.1Ily ~LICI, 10 1I1c 1111111n111nil' 

c~~ncc i l t r , l l#o l l  111 Il\\tlc o r  I l ~ c  1' 11p1.ihc hy lop\  .ll III~IXII~IIIIII \ L ~ J  ybcI'I '11 d l  Ihc yl~ld 
corresponding 10 .I crlt~'.tl 1111111. c g .  ')OC,, 01 111.1a111111111 ~ I c I ~ I  IIIIWUYII, 111 I I I ~~  
p~ ipcr ,  1111crn.1l I' rcqutrcliicnl 11.1, I>WII ~I\L*cI r.11Iicr Ioo\cly 10 \1&!i1!1y I' 
c ~ ~ n c c n l r . ~ f ~ ~ ~ ~ ~ \  .III~ ~CIIII~II~. IIOI ~ ~ c c c \ \ . ~ r ~ l y  .tl 'HI''; '11 IIIIIXI~IILIIII )IcIJ 

I n te rna l  phospho rus  requirement 
b~1lydl1.1rrly.lll.1 .lild Krl'1l111.1 I<.Io (IOO?) lu1111d lI1,11 IIlc Icdv(.~ (11 llc.llllly g l~ l l l l t lnu~ 
pldnts .IL l l lc \l.trl c ~ l l l o w c r ~ i ~ g ~ ~ r ~ ~ ~ ~ ~ ~ n c d  O 22'%, ~til.rl 1'. W ~ I L ~ I  I* \111111.1r 10 IIIL'V~IIII~ 
reported hy Nc l \o l l  (19x0) I yplodl . ~ p p ~ o x ~ n ~ . ~ l c  I'  c c r n c c ~ i l r . ~ l ~ ~ ~ n \  o l  ~~(IIIII~IIII~ ill 

I~a rvc \ l  hdvc hccn rcp( i r lc~ l  .1\O 079;) III l l ~ c  I~,ni ln~r. 0 Olf%, ~n l l ic \hell\. .11iiI0 Ih(,  ~n 
l l lc Lcrncl* (Ncl\on 19XOl 

1 i\\lic ~ o n ~ c I I l r . ~ I I o n  111 IIIC 11ppcr111c1\1 l l l l ly cxp.~ndcd IC.IVC* d1i1111g VLFL~.IIII~ 

g rowl l i  W.I\ 0 V:,, ,lntl <lccl~nctl  I~nc.~r ly  during ~cpr< iduc l lvc  g1<1wtl1 IIIIIII 11 ?7',  JI 

(d)  d .tllcr cnxrgcnLc I I )I ) 10 0 120; .,I IINI l)l l t c g r c \ \ ~ o i ~  C~II,I~IOII\ ~.I I I~I.~LI~~III~ 
OLIL~IIX~I 111~. ~ ~ l . ~ l ~ ( > i ~ \ l t l p *  IICIW~LII v~c ld  .IIILI IIWIIC I' L < ~ n L c l i l ~ . ~ I ~ o ~ i  $11 ,111 \1,1pt+*1l 
pl.~nt g ~ t ~ w l l i  exLcpl ,I! d . ~ y  42. WIIILII L I I ~ I ~ \ ~ > L I I I ~ C ~  10 IIIC c.~rIy ILPIO~IILII!~ 

t lcvcltrpmci~l pc r~od  when I' .1~~11ni18ldlcd 111 lhc c lcve lop~~~l :  ~po<l\ V.III.I~IIII).(IIIIW 
. ~ l r t ~  11,tvc heell L.III\C~ hy I r . ~n \ l , ~ r . i l i ~ r~ i  01 1' Ir t t l i i  vcgcldl!vc I l r \uc\ III ~ I c v c l ~ ~ p ~ n ~  
I ru i l  p.brl\ (l)i111111ig .blal AII~~CI\OII IO(4)) 

.II\\II~ tcrt l t lg l o r  IIIV IIIICIII~II I' ICIIIIIICIIILI~I or ~IOIIIIOIIIII t l l ~ r l ~ l p  LJIII 
r~p!,xlra~l lve dcvclt>plnvnl 111.1)' 11<11 he V.IIILI 

Fertilizer phospho rus  requirements and m a n a g e m e n t  
Ati IdLIi  e l  .$I (I1)KS) ~L~LII~IIILCI l l ~ c  I' LOIIILII~ CII \cvcr,~l IIII\CLII LII)P\ I I I L ~ I I ~ I ~ ~  

g ~ ( ~ u ~ i d t t u l  Oy .III.II~III~~ \ C C ~  ,111d \It>vLr \.III~~Ic\ I IIC o~l\ecd\ WCIC XI C)WII $11 111111 

\ t l ~ \ o t i  IIW l ' t ~ ~ t ~ , t l ~  A g r ~ ~ ~ t l l t t r . t l  I I I I IVLI\~I~ 1.it11i III I ULIIII,III.I, l t ~ t l ~ . ~ ,  .III~ 111 I,IIIII&I> 
I~cld, Ylcld .lnil l'11p1.11~ 11.11,1( I dhlc I )\IIO\VIII,II 111c1~11.11 ,111lull111 (11 I'I.IILIIII~III 
p r g d t n ~  I I <!I \cud v,t,~cd l r o n ~  X I l o  200  Lg .11ii011g IIIL o~l \cc t l \  (I~OIII~~IIUI 

~ c r l u ~ r ~ d  .~h<rut 10 k g  11, p roc lu~c  .I 1-1 Lcrncl yxlcl I lie .III~OIIII~\ (11 1' 1.11111 t~phs 
d ~ l l c r c ~ i l  r,ilrccds t o  procI11~e I 101 rced w c ~ c  n111~li I11p11er 111~111 l l ~ ( ~ \ e  I o r c c ~ e . ~ I \ \ ~ ~ ~ h  
.I\ rlce .iiiJ \rirghuni. .I\ well .I\ pul\cs stich .I\ c l ~ ~ c L p c ; ~  .in11 p1gc1111pc.1 (l.tndam 
19x7) 



T.bk 1. SII yodd and P uplahe e l  rlrld otl...dsa l l m m  A u U h  n a1 19851 

Seal Tulol P P laLon uy (kg) 
CuI11vd1 yneld uplokc l o  ~ f o d u c c  1 

l lnl .~l  lLnn!inl t 01 s o r t 1  

Huva ( 8  rutnal I3L 18 2 0  18 
Groundnu1 lL\ hypog.eal M 145 1 9  10 
Satson 18 c,n#pcstr,rl BSti I 1 5  1 7  
Tnramtrr IE u t t m l  Srlccllon 1 1 5  17 
Snoma IS lndcurl l  Vb TIII NU 1 1 2 24 
Sunllorrsr IH .mu1 f(el?lrun nccorll 0 G 6 - -  -- - - - - - - -- -- 
' ~arson  m!rl tala!nua otr also krluwn .i !01rcroc81. 2nd ~ n v n  of ~nuslmtl  

111 .I ILLCI I~  \ tudy. 4.1lll.lw.ll e l  .II (1')XX) l u l l l l d  tll.11 15 I 1 g  01 I o l d l  I ' / l l d  Wd\ 
1.1ke11 u p  I)! ,I ~IC)U I I~ I )~ I I  c r o p  ( ~ u l l ~ v ~ l r  l<i)l)ul 31.1) p ~ c ~ d u e ~ r ~ g  3 I I pi)d\ A l l c ~  
iurrcct l l lp 1111 \ I~cl l ln l :  [ILILUIII.I~C. IIIC 1ul.11 1' LIIII.I~,C l u r  .I L r q I  I)~II~UCIII~ I I 
~IOIIII~IIIII LL~IICI\ u ~ t ~ l i l  I>c ,1ro1111d 7 2 kl: I'/II.I A1 II~I~vc\~. IIIU I' LOIILCIIII,IIIOII\ 
WLIL U 41'5 111 l l lc ~~IIILI\. 0 141'0 111 IIIC II.ILI~III\. .111d OW>':;, 1x1 IIIC I lu \k \  (\IICII\) 

I i c l l  I IYX5) 111ddc dct.!~lcd I I I V ~ ~ ~ I ~ . I ~ I ~ ~ I I \  i)l tl lc I' r c ~ l ~ l l l c t n c l i t  01 VI I~ I I I I~  IIUIICII 
g r o u ~ i d l i u l  ~ILIWII  ,111 \II~III L~ILL.II~)O \.III~ ( p l l  5 7. 2 0  111g 0 5  A1 N d l l C 0 1 -  
C~II,ICI,II~IL 1'1 Lg, TI C 2 0 IIIULI/ IOO g) III *I 1-yr \ Iudy  A 1.111gc 01 0 5 A1 N.1llC.0, 
C~I~.ILI.II)IC I' level\ III ,011 W.I\ CIC~ICCI l i y  III~~IIJ)~M,I~III~ 0-KO L.1: I'/Ii.l d\ I l l p l ~  
n ~ p c ~ ~ > l ~ , v r ( ~ l ~ . ~ l c  ( l \1') III h.111d 111 111c 111\1 ~c.11 .III~ ,I\ I)III.ICIL.I\I .I(~I?IIL.IIIOII 111 IIIC 
{LLL I I I~  \L.II 1 IIL \III/ I' ~LIII~CII~I.I~IOII* (0 5 h l  N I ~ I I ( ' O ~ - ~ ~ I ~ , ~ ~ t , ~ l ) l c )  I ~ C ( I I I I L L ~  l o r  
q r ,  01 III.I\IIIIIIIII 110~1 .III,I L~ I I IC I  \ILI,I W L I L  7 1 ,111~1  7 o I I I~/LF. ICIIILIIVLIY I IIC.\C 
V~IILI 111r.tl \.111lc\ h~ 0 5 hl N,II I< 0 1 - r  XII.IL~.IOLL I' IIIL \IIIII~.II 10 III,II 01 X 1 1 1 1 g / l g  
rol l  IIIIIII~ 11\ 4111g11 .III~ I<.III.I (1070) 101 \.&tidy * < ~ 1 \  III I'LIIIJ,L~I (11id1.1) 

l l c l l  (IX)XS) l u ~ l l ~ c r  \ I i o w ~ d  t l1~11 l l i c  ILI.IIIOII I~~~WLCII pt)d 0 1  kc r l l c l  y lc ld d11d 
LXIIIILI.IIIIL 1' ILVLI  I ~ C ~ ~ I I C  pl.1111111g III 111~ Io l )  I 0  LIII or \011 IIIIIOWC~ .I 
MII\LIILIIILII- I !~L  L ~ I I . I ~ I O I ~  .IIICI i < ~ t ~ l i l  h~ ~LI~IL\~II~LLI l)y 1I1c I o l I o w ~ ~ i g  C ~ I I S I ~ I O I ~ ~  



N e h n  (1980) onalyzd lerllltrntlon d.11~ from 722 Itustron-ycurs In the Unttd 
Stater and reporled that I kg or appllcd P t n c r c d  groundnut yrcld by 20 0 f 4 1 
kg/ha 7hc cxpmmcnu had I' rutc% r:&nglng lronl 10 to 41 kg/ ha (awragc, 221 S 
kg/ha) 

Laurence (19x2) m d c  r dernllrrl 2-yr cv.~lu.rl~on of I' rcsponr of g r ~ x ~ d n u l  
undcr ~rngulctl condrtlon\ on C ~ n k d t ~ n ~  Sands ln lhc Ord Ulver Vallcy of  Western 
Auslral~a l l w  solb (2 SI~CS) h d  p l i  6 5 and 6 I. cxtrnctnbk I' 1 and 10 mg/ kg. and 
CCC 3 3 and 1 4 mcq/ 100 g I ' c n l  ylcld !ncrcuscd l r o ~ n  1 15 l o  4 HI l ihu  w~ th  2U kg 
I'/hr. the h ~ g l m l  mern pod ylckl rcporlcd wus 4 68 1/ ha at 60 k~ la/ ha Slicll~ng 
perantas wnr ~ m p r o m l  iron1 66 X to 68 991,111 20 kg P/ha 

Tandon (1987) surnmurrml l lw dulo from nunlerou\ cxperlmcnls conductd 
durlng 19h9-84 In lnd~a undcr ralnfd und lrrrgsled condllrons ( rahlc 2) Al t l ro~~gl~ 
~ndrcatrng a m p n r  o l  gmundnut to I ' rpp l~~at~on.  the data an: hard lo  Itllerprct 
bccausc Ihc cxpcrlmenls wercconduetcd undcrd~vene so11 und cl~mdl~cccrnd~l~ons 
dcta~ls about $011 Pstrlus. other roll churuclcr~sl~c\. Yourcc or I', and supply orolhcr 
nutncnts arc not avallabk 

A gurdc to fcn~htcr I' nvommedul~ons lor orlrecds 111 Indls prcp.lred hy the 
I>~rcclorrtc of O ~ l r a l s  Rcxurch 1s summur17cd In I able 3 As expcrtcd, llrc rrlcs 
rccommcnded liir lrr~gatcd cond~l~onsarc hlghcr thun tliosc for ra~nlcd Iilrmlng k 
races or fc r t~ l~mr  P rcconrlncndcd for grourd~rrrt tlre s ~ m ~ l ~ r  1 0  IIIL lypr~ill 
mommcndrtrans fnr the Ilnllcd 4taln and othcr p.ln\ of llrc world WIIILII rdngc 
from I S  l o  50 kg P/ha. d c p c ~ r d ~ ~ ~ ~  on d v r ~ l r h l ~  so11 I' (NC~\IIII Ic)XO) 111 IIIL Il~lnjdb 
(Indrr), slngk superphosphulc (441') gave supcrlor yrcld rcspoliser III groundnut 
compared w ~ t h  TSP and dlanln~on~um pl~osphrtc(DAI')(I'usr~chuct .II 1987) I IIC 
rsponrc toSSPcould bcduc lo  S rdllrcr than lo  I'rn v~cw of the l11g11 S rcqutrcnlcnl 
of groundnul The N conlcl11 o l  DAI' muy have d c p r e ~ d  y~clds I vldcnlly. 1' 
content IngrounJnul kernels wiw ~ l r c r c a d  by illlsourcss. w l ~ ~ l c  5 conlent lncrei~ud 
only where S4P wus added The I' Lolrtcnl of groundnut kcrnclb wdb poorly 
carrclrtcd w ~ t h  pod ylcld ( r  = 0 21). bul $ conlclic was \r#n~ficunlly co~rcli~lcd w~tlr 
pod y r l d  (r=O 77") Thew rr$ullsconfirmthe Puprlorlty (1lS4l.t~ I>AIBilndTSI' 
hcbi~usc of 9 supply (I'usr~clln el r l  19117) 441' a ;I good source ol ucandrry 
nutrrntr such i~;. Mg, and S rnd of some moronuv~ents that could nrurkcdly 
aIlec1 thc y~cld.o~lconlcnl,and shcll~ngpcrcclrlagc orgroundnu1 (I'ur~ 1972) 1 arly 

T.bh I A r r . ~ .  vhM r-nrr of wroundnvl 10 app1I.d P In larmers' llald# 
u.lr rain1.d d Irr@md WndnioM In lndi.. t-lad from Tendon 1W7l -- 
Parunner Rainled Irrlgatod 

Trhl1 ( m  1 1307 ZW 
Suwn Rdny Postr.ony 

IJunSe~l Ion Jon) 
Anrage pod ylsld rvllhou~ applied P 0 BB t h o  1 62 1 h a  
P .ppll.d 26 k g h .  26 k g h e  
Av8r.p vleld c.u*)~Y 10 P 290 huh0 450 kgllta 
A u r r y .  ylulal ,urpoa?ao I 1  k(l/kg P I 1  k#/kp P 



Phaspl~oru~ and oilsoads 37s 

-- 

Grov8ldnul 1660 ZG 75  
tvnllomr 13 17 
S.111- 9-13 
R a p a n d  n d  mustard I540 

'3 
20 50 

Scrsnu 10-40 1040 - - -- - - - -- - - 
' P  rccomrnsndallonr ore ~nt lc ro l  and dmnd on soil P rlmlul and ymld 0u.1 Other 
nulllorlls erpvsmlly N K oml nlrronulr8enis are ~lwnti.l their roqulransnlr 
on0 r a l n  ra rv  wodsly b ~ a ~ ~  no1 wavlablo 

rwc gruwtll III gr~~undnu l  I\ prlnldr~ly by Ihe leproul Lmtcral r w t  growtll 
nllltrlhutcb I l l t l ~  to l'.lhrllrptloll ulit l l  lllccrcrp 1s 10-1 I wk old Tbrcfnrc. lcrllll/cr 1' 
plsrnlcnt hclt~w Ilr uwd row 19 IIIU\I r.lll\f.~clt~ry lor I' ~n.t~lagc~ncnt o l g r t ~ u ~ ~ d ~ ~ u l  
(i)~rwtor.~tc of O~lm%d\ l l c scd r~ l~  19M.lYX5, NCIWII IYXO. I'1~tr1clia ct dl 1987) 

Sunflower 

Sutfiowcr n a11 hlllpurldnt o~l\ccd clop 111 Arra and Ihc I'UCITIC Its 011 IS asumlng 
m1porl.lncc a* 4 I ~ ~ g l ~ q u . ~ l ~ l y  prcducl lor IIUIIIJII conhunlpllotl SUIIIIIIWC~ can be 
cuit~va~cd ycdr round. but hclng a ~~onlcgun~c. 11 rcqulrc\ Icrtlll/.cr N Sunflnwcr IS 

grown hull1 a\ nlonucrop d11J .I$ r n  lotcrcrop In d~ffcrcnl  comb~nat~ons,cspcc~ally 
In Indla ( l>~rcc t~~ra lc  II~ O~lsccdr Kcsearcli 1985) I t  L% b l t c r  adaptd to water slrcss 
a n d  \d l~nl ly Ihdn u l l~cr  ollrrndr Aflcr N. I' 1s thc nlobl ~mporlunl  nutrlcnl llmlllna 
rur~flc~wcr p r c d u ~ t ~ v ~ l y  (Ulan~cy ct a1 1917, K~~III\OII 1971) 

Internal phosphorus requlrernent 
In onc grccnlrowe and thrcc field cxpcrlmcnt\. Spcnur and Cl1a11(198I) found I l ~a t  
~k I~III I~~ or the younp5t lully cxpdmled I w f  m .I \u~ldhlc plant part lur dldgno\lr 
Crltlcdl I 'conu.~~lr .~l~o~i\  for tlllh t~~ucde~re .~ .wd lronl ahouIO 3Srr/O1n tlic4tl1 wcck 
l r~ r~n\owl t~g loO 2W1,111 Ihc IOlll week 1111. I ' co~~ l co lo l  tllc l i~rninaol lhc yuungc\l 
lully cxpdnd~vl Icaf rcnccted sh(u11 growl11 .I( 7 r d  IO wk, und Ecwl y~c ld  under hot11 
rdlnrcd d11d ~rrtgdlcd c o i d ~ l ~ o n r  ( I dhk 4) 

I ~ ~ u k r  did Hucndn ( l9Xl) dctcrn~~ncd I' L~ I I~ .~~~ . I~ I~ I I I \  III bul~nower lcrlvcs 811 
as-yr l l ~ l d  \ t d y  LAIW-IIII LU~~IV. I~  Korlru\ ~IILI III~II-LIII l~yhr ld  cult~vdr 5 0  120 wcrL 
gruwl~ In  .I I'-dcfic~cnt \oil w ~ l l ~  trcrlnunl romh111dt11111-. CIIO* W 120. or l W  kg N/hu 
a d  0.21). 40. or60 kg  l'/ h r  I he I'conlcnt of  tile youngcst k ~ l l y  cxpandd Icuf tls\uc 
was l ~ ~ g l ~ l y  corrcldtcd ~1111 %XI yx ld  I'ly cr~tlcul I' conceolru~~ot~ rcqulrcd l o  
x l ~ ~ c v c  P(m, o l  tnaxlrnutn ylcld varuvl anlong cu l t~van and yc.8rr III thc rrngc 
0 2 I4 119,, I' I Ir cn l~ ra l  I'LIIIICLII~~~~ILIII~ lor IIK IOW- and h1gh-011 ~ u l l ~ v u r s  wcrc 
U 27 alld 0 24Cr,. TO~C~IVCIY I IICV. re~ul lh .IgrLx WIIII 11111*~: 111 Spcnwr .III~ (.IIIIII 
(1981) alnl r e l n l c ~ ~ w  t l u  u t l l ~ l y  of IIWUC 1cst111g lor I' rcqulrctncnts Cur sunfluwcr 
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T I *  4. E1f.m af .WU.d P on .hml prorth. *.I P ranantration ud r-I. 
amd ou -mom of un(*rr Dun- ~ y u n  10 lfmm 6pm.z~ and ~ u ,  1-11 --- -- 

6 3 6  1 7 2  
8 4 206 

14 5 8  710 
30 7 0  258 

LSD 

- -- . -- .- . 
- LSD 1 1 1  - - -- - -- 
' ~ n p o n r  NIW r h w a d  the! 90% 01 merunurn nhool wwyhl occurred a t  21 kq 
P h .  .I 7 wk and .I 20 kg Pma at 10 rrk bP ~ W I ~ W I  n TSP wa.c drd1.d Mlnw ths 
s a d  All och- nutrbmnts IN K S 0 o w l  Mol * m a  mldtul tn nlalumc nlnoldntr 
=P a~pllwl 0% TSP was r l r ~ l l ~ l  lwlow r l w  st? (1 A l h $ s ~ $ l  JOI~I#ISC t l n q ~ t !  a1 ? I l ~ ~ ~ ~ m 8 n ~ ~ ~  1 
1,n il'lll 1b0 k1, Nn, 84,. NII4NO~ w I. IJ,Y$ 4, 

Aul.tkl~ el dl (19n5) rcport~d 01.1I IIIC I' Ci)nccntr.Itton\ In tlrc \ccd .111d Uovcr (I( 

sunflower cultlvllr KdnIn>n Rruerd .I( hilrvcu wcrc 0 57 unJ 0 05'#,, rerpe~t~vcly 
K i~mum .lnd Il lttngr.~( I'9XI) rcporlcd tI1i11 m.ixlmum I'uptakc rille* In cl~lt~vdrr 

TC68414 nnd I ntur cxcurrcd hctwcen 60and 12Od F~el i l  \tud~csnn the pattern ell' 
uptake und I(\ dntr~hutlon 111 \UIIII~WL~ FIIIIWC~ IIIUI 4 1-70(X1 nf the I' wit\ tdkcn up 
dur~ng t l x  gruln filhng sncl rlpenlng rl.lgC? I'llcnphoru* ucrumul.~tcd III the ki~m 
durlng vegctattvc growth. In lhc head durlng hotton lormiltlon und flowcrlng. .ld In 
thc rrmn durlnn erotn filllnn ilnd r~wnlni? (Mltrcvd und lllcv 19x4) Mux~n~um I' - - . - 
conccntrutlons In the tasua ofthe Zcult~virrr grown In un nlluv~itl F~III cxcurrcd a1 40 
or (10 d and wcrc 0 12 and 0 (Uit%, In the stcln. O I h dlld O I Z1%, In Ole ICIIVC~. 0 20 and 
O IWA, fin thc ~ n f l ~ ~ r o c n c c ,  and 0 16 .lnd O OX%, III lhc root, re~pc~t~vc ly  

Iilamcy ct u1 (19x7) fo~lnd that 5 1 kg I' ( I  9 kg hy the %cd ilnd I 2 kg hy tlr 
stover) was tnkcn up hy d sllnflowcr crop prcrluclng I 1 wcd/11,1 I'~IO\~~IIINS 
conccntrounn w;wO 19nA,1n Ihc xed .lndO OLL9fltn stover Ihc 5 1 kg total I'uptukc~\ 
lower than then 3 kg Prcported hy Aulakhcla1(1985)( I .ihle l ) ,pcrhi~p\hc~suw~J 
dlffcrcnccr In thc I~urvcst Index of the cult~v.irs u r d  (Iilamey el ul [ I9X7) ssumcd 8 

harvusl tndca of 40%) 

F m b z a  pholphonu requirements and management 
In  dnearly study.sunflower w a s ~ ~ m ~ l r r  to whcal In upt.~kc und uc~h/al~on ofro~lsnl 
fen~luer P but wns leu el l icmt than barley (Wardcr end V~juyubkuhml 1974) 

I n  a xrrrofcxpenrnenla, Spencer and Chan (1981) rcpancd Ihdl the P mponx 
of sunflower dcpended greatly on the nvu~labll~ty of  I r r lp l lon and thc y~cld kvels 



r h w d  ( T u M  4) I n  gcirrsl. the P fcrcilu.cr requircnlcnt of  sunnowcr, nr o f  &r 
ribccctr. e hrglrr  ulvlcr i r r ~ j y t d  conl i l~ons ( r ubk  3) Spcmcr uml C b n  (1981) 
lTaM 4) l o u n l  1hal undcr rdinfcd cotulicions. d y r k l  I I I C ~  from 0 31 (no P 
ppld) l o  0 48 I /hd  w ~ l l i  30 L;B Plhu a p p l d  as TXI', undcr l rngatd  wnJllions. 
d ylekl i n c r c d  from 2 74(no I ' app ld )  I n 4  02 l /ha  w1lh40 ky  P/huappl~cJ ar 
T5I'when olhcr nulrIcnt5 wcrc a d d d  In  adcqudtc urnounls Whik  I' ~ p p l o u l l o ~ i  
nJcr r r l l i l d  c o l d ~ t l o ~  ~ n c d  the sml o ~ l  exintent. 11 d a r e d  tllc 011 alnlcnt 
vrlcr lrr~patcd conrill~on\ ( m ~ ~ m i l y .  I D I c r t l l ~ r ~ t ~ ~ n  wiu mportnl l o  have tncrcwd 
k 1111 conlctlt of rulillowcr 4 s  ( I > ~ n ~ l o r s l c  o ~ O ~ l u d s  K n o r c l l  1VX5) 

Avrlldhk ~ l l \ I r d ~ l d l i  I l I~rutUm II~LJ~LT tb\ll I~IC f~T(lI1/.4!r k' ~~Ui lCI l ICI lL 10r 
rulrllowcr rnul l lng III Wh of t l r  mdxllnum ylchl Ir on thc order or 20 kg/hd 
i\pcncxr dud Clldn 1981) Studla in Indir  inJ1c.11~ .I rcquircmcnl ranging up to .W 
Lg1l1.1. depc~ id l l lg<~t~  thcurll .~v~i l ,~hlc I'\t.~!u\ .lnd ylckl p).ll (AIILIIICLXIUCI ill IYXI. 
I~IIIJOII 19x7) YICM n x p o l ~ ~  l o  dpplnd 1' hum c o l n ~ ~ ~ o n l y  o r ru r rd  up l o  21) kg  
l ' / l ~ . ~ ~ f l l ~ c  f c r l ~ l ~ f c r  was brndcd bclow rnd  to tlic sldc of  llicsenl. dboul4 limcs thib 
rrtc W.L. rcquircd wheil Ilic fcrl1I17cr WAS brnidcdsI dnd 11Icnrpnrald by plowing. 
npcxldlly III p l ~ t ~ \ p l ~ . ~ l r - f i x ~ ~ ~ g  \elk (c g . 4pcneer .lnd CIIJII IVXl) Cicncrdlly. dccp 
bald p1.1cx111cnt of  I' Iua h x n  fou ld  111irv1 c ~ c c t ~ v c  undcr rulnfcd cond~t~on\  
(A11i111ccdu el .&I IVX1. Idlidon 19x7) 

Saf f lower  

Internal phosphorus r e q u l r e m t  
I~.IL.I on t l ~ r  lnlcrndl I' rcqulrcmcnl o f  rufllowcr ure lrcklng A rcccnl study dl llic 
Inlcrndtlol~rl Crop\ R c u ~ r c l i  Inslilutc k ~ r  the Sclt~l-Arld Tropics(lCKISAT)(T J 
Kcgo, lCK14A I. unpuhl ddld) showcd lhdl4 1-6 O kg I' W.IS lakc11 up hy \rmowcr 
(cultlv.~r Mdnjlrd) grown on Vcrtlsol witll dppltolioa 0f21 kg 1'1Ii.1 (.LS SSl') .~nd 
'Y I  hg N/hd (A, ~ ~ r e d )  l o  plcducc I l or wed ( I .ahk 5) 

- - - --- - 
* ~ n w l r l t % l ~ ~ l  dam lrom T J Hqlo ICHISAT Poiat~cheru AndhraProdesh 502 
324 Iarlsn The crop w a  prown on the postroonv sooron lOst &nI xlrcsuovml 
120 k8 N h  as "re., .ad 21 kg P / R ~  nr SSP 
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Faci*rar r e q u l n n u n h  m d  nurugemsnt  
Gaur and Tonlur( I9WI rtudml t l r  rchnonx olsamowr N 1' 10nruw11 ttn II wnJ~ 
Iuan~ ( p l l  X 0 )  todppl&uon o l  N und 'fcrt~llmn,ut M kg N/Ild;'kI I2 kg K/hd 6 
uppl~ur l~on nt 9 kg/hu s~gn~rcnnlly tncrcnsd scad ylcld lronx 0 78 11) O X7 t/ha 
Further tncrcasc In Ihc I' rille to 17 or 26 kg/ ha d J  not sflea =XI ylcld In  r.1111lnl 
truls d11rln.g 1974-76. samomr ytcld 1ncrc.14 WIIII up to 60 kg N l h ; ~  ~II I~ 17 k6 
Plhn (Sh.lrnla nnd Vern~u 1982) 

Ihc Itnltled duva on I' mponw 01 rullluwcr l nd~u t c  1t1.11 up to X )  kg 1'1 h.1 nray 
he enough lor m a t ~ n g  the fcrltlt/cr I' rcqulrellrenl under r.tinf~4 cond~l~utr\ und 
ubnuf Ul kg Plhn may hc n ~ d u l  k)r ~rrlgatnl ra lnowr  ~u luvnt l t~n  I n  ;I rerxnl 
sludy. npplnnlron of 13 nnd 26 kg 1'111.1 to balllower 111 12- or 24cnl sot1 dcplh 
1ncrc;lred thegrowth dnd I ' i~plakcol  krtl l lrcr I'compnred w11h hro.~d~;~\l IB(\lnha 
el al 1915) 

Rapeseed and mustard 

kvera l  ollu-cd\ hclnngtng 111 I l ~ c  C'rur~leruc .IrL IIILIII~L~ 11ndt.r r i l p~ \e~ t l  .ind 
mu\trrd I l m c  can bc d~v~dct l  111lo lour groop\ 

Ilrown n~u\lard (r;~y.~ or 1.111.t) I lro\\t(u IIIIII( (1 ( I  ) Crern & CO\\ 
l \anon = Yellow sar\on N irr~tt/n*\lrr\ I v.lr sirr\orr I'raln, .lnd Ilrown 

\.Inon <un~/w\rrtr I v.tr tlrc l t~rron~u WIIII 
I orL,b (1.1111) I t  <~IIII,#, s l r n  I v.11 I,#~I#I l h t l l ~  

I .firatlttr.l 1.r:i~o \,IIIWI MIII 
CO~IIIIL~LI.IIIY SIIT*(>II tort.1 .III~I t.Iralulri1 .srL know11 .I\ I.I~LULJ .III~I I;I~,I ,I\ 

mu\l.~rd 
It.tpcu%d .IIILI 1111t\I.#rd IIIC tlllportitlll OII\CLJ LIL I~ \  III 111% III(~I.III \IIIKOIIIIIILIII 

(I>I~LCI<I~.I~L LII OII\LLII\ I<LIL.IIL~I IOU4 K.~itl .lnd 1),1\ I'JKh) I IILII LIIIII\.IIIIIII I\ 

L~~II~IIIL~ n113rtly 11, IIIL ILIII~I.I~L .IIIJ WIIIIII I L I I I I ~ ~ I I ~ L  rLgltw\ 01 C 11111.1 l'l~A~\l.~n 
Il. lngl.d~\I~ . I I~ 11ld1.1 W~ILIL hc)111 wniIIILr ,III~ w l l l t ~ r  VIIIILIILI .IIL LOIIIIII(III (K.III~ 
,III~ I>.I\ l')K(>) I IIL\L crop\ .IIL grown I>II .I \III.III u.11~ 811 AII\I~.III~I ( l<t#t l  IOXII 

lntemal phosphorus requtrernent 
Artl.~Al~ LI .tI (IOX5) Ia~un'l tli.tc l ' ~~111111111 .111011~  111 IIIII\I.II~ (I1 (ot)r/#( ,1111 LII~II\ II 

11\11 1 1 \LLLI ,111'1 *I<IVLI ,11 I~.IIvL\~ \v111 0 77 .111tl I1  OH1, I' I&\~IIIIVII~ \\IIIIL III(*u 
Ia~r III~SI (11 ,1e1#trr LIIIIIV.~~ 1<1 IX) ULIL 005 I I I~ I11lO1, 1' IL\I%LII\LI\ 1l1$ 
.IIIIIIIIIII*~~I I' 1ilk~11 LIP hy 1111r\t.11~1 .III(I I.I\.ILI(I(I* (IIIICIIICIII~ I I \ < c t I  SVLII I I 1.1111 
'J O kg I' I ' \~~LI IvL I~  (1.1hle I )  ( .IILIII.IIIOII\ II~.ILIL Irt)t11 1111 cl.11.1 01 4111gl1 LI 11 
(IVIIX). WIICI \111dlcd 1' II~III/.IIIOI~ hy 11 /I~II<<,I 1811 2 yr 111 <I \.IIILIV I~I.IIII \IUI (pI I  X !  
11 2-14 4 kg .~v.ttl.thle I'/IIII) \II~IW 1I1.11 .I~SIIII 'J Lg I' W,I\ I,I~LII 1111 hy ~IIL LIUP 

prtnluclng I 1 oluccd I or lilr.lnur.! culuv.lr ~ L I L C ~ I ~ I ~  I I I 1 Ag I' W,I\ 1.1A~ti up 10 

prinlacc I 1 of a d  (Aul.~kh ct .II 11)K5 I dhle I ) 

Fertdlzer phosphorus requtrernents and management 
(hbnrnc and Il;~llcn ( l97X) ~nvcrlrgal~d I l ~ c  LIILL~\ 01 \LIII *IIILI IL~UIIII~ N ,11111 1'(!11 

the ytcld and on011 nnd prolcfinLonlellt\ ol r.lpc (LLIIII\.I~ / ~ p l ~ y r ) g r o u , ~ ~  ,I! IWO\IIL~ 

In W.I~~.I W;I&!&I. NLW \t)t11I1 W,IIL\, hu\fr,~I~.! II.IYIII~ .I I.III~L 0 1  6~\.~~1.~h1t 1' 



nm~nlr.tllun\ AI ~IIII \IICS. dl  IIW lhl' C.IIIU%J \I~IIII-~UIII II%KA~\ 111 d ~ y  tiidltcr 
prdur11~11 .II~ In .uuJ. ,111. dnd I~I~II~III yald* I ' l i c ~ * p l ~ i ~ r ~ ~ \  rc\pon\c w&\ g1c.11Iy 
r l l n c d  hy l lw \c11I N \spply 011 vlchh wvcrc 237-1.273 Lgll1.1 .I( t l ~ c  IilgB-N \Ite a114 
LP)J)16 hgllw dl l lw Inw-N \11c 

I hc r ~ ~ u l t r  Irom l.OI4c.rpcr1111cnlr III 1977-78 .III~ IYXl-82 I,II I l ~ v  I' n'\pua\c LII 
r+xwvtl ~II~I\IJI~I 111 I.IIIIILI\'IILI<I\ II~I~~II~II~uI 111do.t \IIOWL~ .I I.II~C ILIPOIIU I t 1  I' 
II'III.II el .ti I')X4) 'I In d\rl.tp vlcld II.~IIII ~ ~ ~ ~ l o r l ~ l v u r l  (> la t I *  w.tr O 5fj 1/11.1 (I JII~L 

U24-I 2)). dvcr.lp n.\l~ol~u:\ l u  I' dpl>Ladl~o~~ CII Y dad 17 kg 1'111~ were IY I (1.111gc 
51 267) .III~ 324, (rallgc I llb-451) Lg/li.l. ICIIXLIIVC~~ (LJIII~~IIIvLI) plol\ dld 11\11 
mx~vc .~II> N l'+ III h ILIII~I/CI. WIIIIL ILI~IIIIL~ ~IIII\ I~L~IVLXI (IIJ Lg N1ll.1 
u~l t lur l~~lv ) I lieu: r n \ u l I r . ~ ~ ~ ~ d u r I ~ d  LIII~L'~ ~IVCI\C.I~~IK~IIII~~IL 11114 5011 CIIIIJIIIIIII\, 
U~L.IIC t l ~ c r t~ l c  IIII'ICIIIII/JII~II 111 IIILIL.I*III~(~I~ y ~ ~ l d  OILIIL ~ICIUII OI~III\CCJI I IIC 
dat.~ Iro111 IIIC~: I I J ~ I ~ I I ~ ~ ~ ~ C I I I ~ I I I \ ~ ~ . I ~ I C I I I \  IUIIIILI III~IL.I~~ tIi.11 11 15 ~ i i ~ % \ ~ l ~ l c  III t1bl.1111 
rill ylcld\ c,I 1 5-20 1111.1 w ~ l h  h.~ld~ircd l c r l ~ l ~ / . ~ l ~ u ~ ~  .III~ gutd culturdl I>I.I~~ILY\ 

(1'111.11 LI .,I lYX4) A r.tlc 01 I7 4 Lg I'/IIJ WJ, IOUII~ 1'1 hc , I~c~~~JIc WIICII ~>lIlcr 
nullx~II\ SIILII N .III~ K WCIL \II~~IILJ 161 LI~~IIIILIIII .IIII~IUII~\ 

5111g11 CI .I) ( IYXX) \IIUWC~ 11 0111 .t2-yr rludy 111 I' re\I)o#iw (11 IIIU*~.I~~ grown ~>II 11 

wldy I< t . t~ l~(p l l  X 2.0 5 A l  N.~lICOtcxl~.~cI.~hlc 1' 11 2-14 4 Lgl l~o) ll1o1 heed ylcld 
U.L\ \I~IIIIIL~IIII~ II IL~C.L .~  hy .~)FIILJIIOII 01 I I Lg 1'111.1 .I\ SSI' I i11 IIwr tnnrc.I\ItIg 
I' 1.11~ to 26 I C J  Lg1I1.t ~ l l d  IIOL \I~IIIIIL.IIIIIY IIIC~L.I\C uxd ylcld SIII~IC' 
~I I~xI~~II~~~~~II . I~L h l c ~ ~ d ~ d  \VIIII h10g.1, 111.t1iI ~ U I I  y w.1, .I \upcrtul h t ~ u ~ r c  CII I' III hut11 
yr.,r\ f'u IIICIL.IX~ ylcld .III~ I' UPI.ILC 

I 1  lllllr VLIII, 111~11 .$In>ul 20 Lg 1'1 11.1 11>.1y hL \IIIIICILIII Itir IIIO~LI.I~C YICICI\ 01 OIC 
~ ~ ~ ~ u L ~ - I I I ~ I \ ( . I I ~  ri1I11vdr8, dcpc l l d~~~g  011 ~IIC 5t11l I' Icvcl. IIVBI~U~IIII~ 01 or1 1git11011, 
md y~cld I.brgc1 H ~ y l ~ c r  I' rdlm arc rccc~mll~~lidcd lor 1rl-lg.11cd rrup\ I l ohlc 3)  

Sesame 

Internal phosphorus requirement 
Aul.1hI1 LI .lI (1985) rcporlcd LIldl \CI.IIIIL LIIIIIVJ~ I'b I 111 NU I dl li.~rvc\l bud I' 
caii~clilr.lllolir 010 XO';,, 111 lllc \ccd JII~ 0 1IJ';,, III lllc \lover Iiy 111c1r d.11~. .I~OUI 20 
Lg I' would hc 1.1kc11 i ~ p  by .I \C~.III~C crop prc~durll~g I 1 ~IC\CFJ ( I .~hlc I )  I III* VIIIUC 
a Ihc Ilyllc\l lor lllc <~ll\ccd\ d i u t ~ \ u d  111 1111\ ~.I&I II t iwrvc~. AII~IIICC~U el .&I 
IIYX1) r ~ p < ~ ~ t c d  111.11 J \C~JIIIC clup p~odu r~ng  2 2 t u : cd / l l ~  rc l~~ovcd ~ b u u l  32 kg 
I1/Ila. whlch works [rut l o  bc 14 5 kg I'upldkc lo  [~rt~ducc I I ofwcd ucon\~dcrably 
l ow r  I' rcqulrcn~cnl llldn 1l1.11 rcpc,rlcd by Auldkl~ el dl (19x5) 

Fenlllrer phosphorus requirements and management 
1 IIC fcrtllt/cr I' rcqutrcIIIcIiI ~II~\.III~C 11.1. ~ C I I  IIIVC\II~J~C~ IIIUC~I ICW tb.111 l l l c l r  01 
IIIL I~IIIc~ ~ ~ t l u v d *  d~u: t l \ rd  111 1111, ~.IIRI. I IL l11111lvd d d l ~  .IV.IIIJI~IC II~JIC.IIC 111.11, 
JC[L.II~III~ 1111 11% JV.III.I~IL. I' \I.IIU\ etf IIIC \'III. .I~OUI 15-20 kg I'jlld would be 
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sufficient to mccl n crop\ n d  k r  I' for ni~nlcrulc \nd ylclds (K.~ul ilnd Dar 19% 
Slnslr and Knushal 1975) In  a 2-yr study In Pcshawar. I'ak~stn~i. Zn ld~ mnd Kim 
(1&1) found thnl cull6var S 17 pi= n h i l l e r  rml y~c ld  than CnI~dn. P 37-4. or ~ l w  
locul blauk ucd vnrlcllca Anlrl~cul~un oln1tronhos(2(YRo N. 8 7% I1)ut 165 kall~nlo 
supply 33 kg N/hn and 14 3 k g  P/ha gave a l;~ghe; ytcld lixtn thosc ohtatnrd 
w ~ t h  SSI 'uppld at 14 3 kg P/hd or urcu nt31 L f  N/Iia,clcri~ly ru~~gcst~ng thc n d  
Tor applyng N a d  I' togcthcr lor k r t  rcsultr 

Pluccmcnt of P at 2 or 4 cm bclow thc d In n snll low In availsblc I '(nll4 5) -. . 
~ncrrprod thc he~ght and I' uplakc of rcsarnc I'lucemenl of  P w ~ l h  or trnrncdlnlcly 
below rhc recd 1ncroa.4 d w  ~naltcr nrinlucllon lIlun11rc7 ct al 1975) Phornliorur . . 
placcmcnl near tlle snvl was round 111 promote in i l~n l  dcwloprnc~it o l  the rcwnx 
plant 

Suggest~ons for research 

Thc foregoing dlsc~isslon on the P rcqulrcnlcnts and mmdgcmcnt ofrc lc~tcd cdthlc 
o ~ l x n l s  br lnp  out tlic role of  I' nutrtllon In lncrcnaing OIIECYXI ylclds undcr hlth 
ra ln ld  and ~rrigatcd condlt~ons The yields oloilscds and lhclr I' rcqulrcmentr n n  
clcurly modili id hy Ihc nvd~ luh~ l~ ly  of  other nutrient\ Avu~lahlc I' slutus .lnd l l l c  
lxhdvior of  lertll17cr P, c\pcc~.illy pho\ph.~tc sdrorpl~on-dc*orpt~on. arc gotd 
lndt~ws of lhc .llnotlnt o l  I' l~kelv to hc .iv.~~l.ihlc ti) ~ l d n l s  Ui~lost~~nutclv.  ZI Iarcr - .  - 
lwxly olcI.11.1 on the I'rc\pnnu: or  cul~.ctI\ tr dtl'Iie11I1 111 Itilcrpn.1 hc~.tuw 131 I.lck al 
IIIIIII~I~UIII dill* -11 011 . ~ v . ~ l d h l ~  I' .III~ olltcr ~011 ~ l i i ~ r ~ ~ ~ l c r ~ \ t ~ b \  Ilia1 L(III~III~ I' 
nv .~~ l i~h~I i ty  I t  I S  dlho 1101 clcdr 110111 lhc I i Icr .~t~~rc w l ~ i t l ~ c r  the expcrimcnt? wcrc 
irr~g.~tcd or not. dnd lor .I nun~herolbtudie\ thcdalaon rnln1.1ll dur~ngthc growlsg 
s a w n  arc 111,l .iva~l.~hIc Tlicrc 1% llttlc ~ ~ i f r ~ r m . ~ t ~ o t i  uva~liihlc i~h t ) i~ t  tlie P 
rcqttlrcnicntr o l  o l l rcdr undcr r.~~nfcd LOII~~I~IOII\. IUIII~C rc~ci trc l~ \IIo~IIcI ilcv~~tc 
ntlLntson ti1 tl1.11 Inlnortiint .ired I>illcrcnl wutir'r ol I' have hccn i~rcd, lrul lhcrc a 
no rncnllon o l  h.lldnclng llic wconddry nutncnts huppl~cd hy somc I' \i>urccs 
ni.sk~ng Lompiirl\on w ~ l h  other roklrcc\ IIIV.IIIJ A 1 ~ ~ ~ .  tlicrc Ir l~t t lc mention ol Ihr 
dv.~~l.~h~l~ty of the ~>ll icr nulr~cnl\ (in roll or Ilirougli .added f ~ r t ~ l ~ r n r \ )  t l ~ i ~ t  greatly 
aflc~t P rc~ponw .11~I  ycld 

For I' rcspon*, very ILW rate\ Ii i~vc gcnerdlly hLTn cniployed. gtvrng dald thrt 
cannot he ured lor prcctu: dctcrni~n.~l~~rn of 21 crop', P rcqtllictncnt 13xpcrlrncntr 
w ~ l l i  .1t Ic.lrl live or \tx I' r.tte\ itre I)LI.L~C~ ~I)COIII~LI~C OIL. I' reqlilrclllcnt l r o ~ ~ i  d rdnp 
o l  ytcld lcvcls Dr ld  arc lacking on tlic ~n tc rn~ l l  I' requlrcmenlh of  oll$ccdb, cxc~pl 
pcrliilpr for groundnt~l 1 lie ddls frc~ln Lxpcrinlentr d c * c r ~ k d  hy I.aurcncc: (1982) 
dnd Ibll (l'IX5) on groundnut .lnd hy Sfcnccr .lnd CIi.in ( IBKl) m i  >unfli~wcr l?r<iv~di 
cxccllcnt cx.tmplc\ of Itow pl.1111 IIII.IIYIF* c i~ i l  hc u\Cd 111 dctcrtir~nc the 11ilcrn.11 . 1 3  

fert111,cr I' rcqunronienlh of  crop\ l).11.1 on I' uptitkc at inilxl#litlni ylcld tpr .II ylcld, 
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