Phosphorus requirements
and management of oilseeds

KL SaHRAWAT AND M S Istam

The recent literature on the P requirements and management of annual
edible uilseeds groundnut Araclus hypogaea sunflower Helianthus
annuus safflower Carthamus unclmlus rapesoed Brassica carnpesms
mustard 8 juncea ond ndi ST The
internal P requirement to produce a given level of seed yield varies among
the ollseeds butin general they use the soil and fertihizer P efficiently The
exiernal P requirement 1s also greatly modified by soil moisture season
supply of nutnents other than P and P status of soil Effects of P
manag praclices esp lly those relating to source method and
tume of application on the yield response and fertilizer P requirement of
ollseeds are discussed Recommendations are made for fulure research

Oilseeds lorm an important component of the human diet in Asia and the Pacific
Oilsceds arc grown on diverse soils mostly under unirrigated and less than ideal
wonditions and plant nutricnts ate onc of the most important constiaints on their
powth and vicld (Directorate of Oilsceds Rescarch 1984,1985 Reid 1981) The P
requircment of oilsceds s higher than that of cereals because PP 1s involved in the
ynthesis of energy rich oils and proteins However such requirement varics not
wnly ltom crop to crop but also among cultivars of the same crop

This paper reviews the recent biterature on the P requircments and management
of slected annual cdible oilseed crops i Asia and the Pacific region Where
auhible prederence ss given to data from well planncd ficld studies and to reports
uth widet scope and broader perspective The oilsceds covered in this review arc
poundnut trachns Iy pogaca sunflower Helantlues annuus, safllower Cartharmus
wictornes rapusced Brassica campestris, mustard B juncea, and sesame Sesamumnm
wdicurn Phosphoius requirements and management arc discussed scparatcely for
tach oilseed crop

Several sonl fertility and agrochimatic factors that affect growth and yicld also
alfect the P 1equirements of olseeds

® Soul fcruhiny factory

Available P status of soil
- Supply of macro and micronutrients other than P
Available soil moisture
— Importance of vesicular arbuscular mycorrhizal fungs
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Agrochmanic factors
- Total ramfall and sts distribution duning the cropping season
Avadabiity of wngation
Temperature
Solar radiation
In addition, the soutce and time of tatiizer P oapphication, as well as soul type
greatly aftect the P response of otlseeds
Ihe termuniernal P requarement ol an orlseed gencrally refers to the mimmum P
concentration in tissue or the P upl.lkc by tops at maximum sced yield o at the yied
corresponding to a crincal it ¢ g, 90% ol maximum yiekd  However, i ths
paper, anternal Porequirement h.n\ been used rather loosely o sigmfy P
concentrations and content, not necessarily at 9007 of maxunum yield

Groundnut

Groundnut s a legume otlseed, and most of its Nrequirement is met by biological b
fixation Groundnut s monocropped or intercropped with vatious crops indillaent
cropping sequences (Directorate of Oilseeds Research 1985)

Internal phosphorus requirement

Satyanarayana and Krishna Rao (1962) tound that the leaves ot healthy groundout
plants at the start of llowering contained 0 22% total PP, which s similar 1o the valies
reported by Nelson (1980) Typical approximate I* concentrations of groundnutat
harvest have been reported as 0 07% in the haulms, 0 03% 10 the shells, and 0 6 i
the hernels (Nelson 1980)

Tassue concentration in the uppermost fully expanded leaves duting vegetane
growth was 0 3%, and dechined hnearly dunng ieproductive growth lrom 027
o) d atter emergence (D) 1o 0 129 at 100 DE Regression equations satisfactonh
deseribed the tcdationshups between yield and tissue I concentration at all stages of
plant growth except at day 42, which conesponded to the carly reproductine
development period when 1 accumulated in the developing pods Varability could
also have been caused by transtocation ol P from vegetative tissues to developing
frint parts (Bunting and Anderson 1960)

Twsue tesung for the mtanal P orequiement of groundnut during carh
reproductive development may not be vahd

Fertihzer phosphorus requi and

Aulakb et al (1985) detcrnmined the P contemt ol sc.vu.ll otlseed crops iclnding
groundnut by analyzing sced and stover samples  Fhe orlseeds weie grown at fow
sites on the Pungab Agricultural Umversity tacmoim U udbuana, Indua, and i fare
ficlds Yicld and P uptake data (Lable D) show that the total amount of PP taken upto
produce |t of seed varied from 8 3 to 200 kg among the oibseeds Groundau
required about 10 kg to produce o 1-Ckernel yield  The amounts ol PP takcnuphy
dilferent orlseeds to praduce | tol seed were much lugher than those tor cercals swh
as rice and sorghum, as well as pulses such as chichpea and pigeonpea (Tandon
(987)
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Table 1. Seed yield and P uptake of selected oilseeds” (from Aulskh et al 1985)

Secd  Totol P P 1aken up (kg)
Crop Cultivar vield  uptoke to produce 1
ma)  (kpMa) tol seed

Raya (8 qucee) RL 18 20 18 90
Groundnut (A hypogsca) M 145 19 19 Wwo
Sarson (B campestris) BSH 1 15 17 113
Toramira (€ sative) Sclection 1 15 17 13
Sesome (S inchcum) Pb Tl No 1 12 24 200
Suntiower (H amuws) Hamson Record 06 5 83

'S.nson and taramna d1e also known as 1apeseed, and raya as mustard

I a reeent study, Sahrawat et al (1988) tound that 15 1 kg ol total P/ha was
taken up by o groundnut crop (cuttivar Robut 33-1) producing 3 1t pods After
correcting for shelling puicentage, the total Pouptake for a crop producing 1t
groundnut harnels would be around 7 2 kg I'/ha ACharvest, the I concentiations
were 0419 i the kaincds, 0 149 0 the haulms, and 0 09% i the husks (shells)

Bell (1985) made detailed ivestigations of the P requirement of Vicginia Bunch
groundnut grown on vugin cochatoo sand (plt 57, 20 mg 05 A NaHCOy-
exttactable P/kg, CLC 20 meg/ 100 g) i a d-yr study A range of 05 M NallCO,
catractable P levels o sotl was cieated by incorporating 0-80 kg P/ha as tiple
superphosphate (1SPP) i band i the fust year and as broadeast apphcation i the
sceond yaar The soul 1P coneentiations (05 A NalICOyextiactable) equned for
W ¢ o manunum pod and hanel vickd wore 7 3 and 79 g/ kg respeetively  Hhese
sobentical vatues o1 O S A NaHTC O exttactable BParesinnlar to that ol 8 Yimg/ kg
soil lound by Singh and Rana (1979) {or sandy sails in Pungab (tndw)

Bdl (1985) Turther showed that the icdation between pod o1 kernel yield and
oxtractable sl P odeved before planting i the top 10 cm of sail followed a
Mitscharhich- type cquation aind could be repiesented by the lollowing equations

Pod vicld (/g 47 64" Wbk

)
Kol vihd (/b 31 00 bk
0KV

Fertlizer P oresponses vaty with the soil’s avatlable I status, s phosphate
adsorpion-desorption charactenstics, and the supply of other nutnients (Nebson
1980, Tandon 1987) Unfortunatcly, a large number of experiments gave only
nunn data on the status o available soil nutnents, making their interpretation
dilticult

Hall (1975) exanuned the eliccts of P K, and Ca on Virgiia Runnoer groundnut
grown in Nuata clay loam (New Zealand), P and Ca together gave large yicld
mcreases, but 1P or Ca applicd separately was relatively ineflective  Potassium
depressad yield when applicd together with P oand Ca - Tlus shows the nter-
dependence of P response on Ca supply
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Nelson (1980) analyzed fertilization data from 722 location-ycars in the United
States and reported that | kg of apphed P d gr dnut yicld by 200 £ 41
kg/ha The expeniments had P rates ranging from 10 (o 41 kg/ha (average, 218
kg/ha)

Laurence (1982) made a detaled 2-yr evaluation of P response of groundnut
under irngated conditions on Cockatoo Sands in the Ord River Valley of Western
Australia The souls (2 sites) had pH 6 5 and 6 |, extractable P 3 and 10 mg/ kg, and
CEC33and | 4 meyq/100g Pod yicld increased from 33510 4 6 t/ha with 20 kg
P/ha, the highest mean pod yiekd reported was 4 68 t/ha ut 60 kg I’/ha Sheling
percentage was improved from 66 8 to 68 9% at 20 kg P/ha

Tandon (1987) summanzed the data from numcrous expeniments conducted
during 1969-84 in India under rainfed and ierigated d (Table 2) Although

d 13 a resyt of gr dnut to P appl the data arc hard to interpret
because the expeniments were conducted under divense soil and chimatic conditions
details about soil P status, other soil characteristics, source of I, and supply of other
nutnents arc not avalabic

A guide to fertilizer I° recommendations {or olleeds in India prepared by the
Directorate of Ovisceds Rescarch 1s summanized in Table 3 As expected, the rates
recommended (or irrigated conditions arc higher than thosc for rainfed furming The
rates of fertulizer P ded for gr J are similar to the typical
recommendations for the United States and other parts of the world which range
from 15 to 50 kg P/ha, depending on available soil 1P (Nelson 1980) 1nthe Punjab
(India), single superphosphate (SSP) gave superior yield responses in groundnut
compared with TSP and diammonium phosphate (DAP) (Pasrichact al 1987) The
responsc to SSP could be ducto S rather than to P in view of the high & requirement
of g | The N of DAP may have depressed yiclds | vidently, PP
content in groundnut kerncls was increased by all sources, while S content increased
only where SSP was added The P content of groundnut kerncls was poorly
corrclated with pod yicld (r = 0 23), but S content was significantly correlated with
pod yicld (7= 0 77°°) These results confirm the superiority of SSPP to DAP and TSP
because of S supply (Pasricha et al 1987) SSP s a good source of secondary
nutrients such as Ca, Mg, and S and of some micronutricnts that could markedly
aflect the yield, onl and shelling p agcof g dnut (Puri 1972) 1 arly

Table 2 Average yieid responses of wouu:zml to applied P in farmers’ fields
ind !

under rainfed snd nd from Tandon 1987)
Parameter Rainfod Irrigated
Trials (no ) 1307 266
Season Rsiny Postrainy
(JunSep) (Oct Jan)
Average pod yield without applied P 086 t/ha 1621t/ha
P spplied 26  kg/ha 28 kg/ha
Avarage yield responss o P 2900  kg/ha 450  kg/im
Awvurage yiold response 11 ko/kg P 17 ky/kg P

“Trisls made during 1969-84 using different P fertilizers
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Table 3 F 3 for in Indie® ( from Diree-

Recommended lertilizer P (kg/Ma)

Ouisecd

Rainfed lrrigated
Groundnut 1660 26 75
Sunfiower 1317 17 iﬁ
Salltower 9-13 -
Ropeseed and mustard 1540 20 50
Sesame 10-40 1040

“P recommendations are generpl and depend on soil P status and yield goal Other
nutients especially N K and micronutrients are essential their roquirements
and rates vary widely 9Data not avalable

ot growth an groundnut s prmarily by the taproot Latcral root growth
contnibutes hittle to P absorption until the cropas 10-11 wk old Therefore, fertihzer P
placcment below the seed row 1s most satisfactory for of gr J
(Dircctorate of Oulsecds Rescarch 1984,1985, Nelson 1980, l'usm.lm ct al 1987)

Sunflower

Sunflower 1s an important oilseed ctop in Asia and the Pacific Its oil 1s assuming
mportance as o igh-quality product for human consumption Sunflower can be
cultivated ycar round, but being a nonlcgume, it requires fertihzer N Sunflower s
grown both as a monocrop and as an wtcrerop in different combinations, especially
m India (Dircctorate of Onlsceds Rescarch 1985) 1t s better adapted to watcr stress
and salinity that other oilseeds After N, I®1s the most important nutrient imiting
sunfllower productivity (Blamey ct al 1987, Robinson 1978)

Iinternal phosphorus requirement

In onc grecnhouse and threc ficld experiments, Spencer and Chan (1981) found that
the lanuna of the youngest fully cxpanded leaf s a suitable plant part for diagnosss
Critical I concentrations for this tissuc decrcased from about 0 35% in the 4th week
from sowing to 0 20% m the 10th week  The I content of the lamina of the youngest
fully expanded lcal reflected shoot growth at 7 and 10 wk, and sced yicld under both
ranfed and irnigated conditions ( §abic 4)

Loubser and Human (1983) deternuncd 1° concentrations in sunflower leaves in
a5-yrficid study Low-oil cultivar Kortrus and high-oil hybrid cultivar SO 320 were
grown in a P-dceficient soal with treatment combinations of 0, 60, 120, or 180 kg N/ha
and 0,20,40, 0r 0 kg 1’/ ha The P of the youngest fully expanded icaf tissuc
was lighly carrclated with sced yicld  he enitical I concentration required to
achieve 909 of maxunum yicld varcd among cultivars and years in the range
021-0 31% PP Lhe cntical I concentrations for the low- and high-oil cultivars were
027 and 0 247, respectively  These results agree with those of Spencer and Chan
(1981) and runfoice tiw utility of tssuc testing for P requirements for sunflower
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Table 4. Effect of applied P on shoot growth, leal P concentration seed weight,
and oil coment of suntiower cultivar Hysun 10 {from Spencer and Chan 1881)

op weght P content of lamina
P applied” tg/plant¥ at of youngest luily s'":‘ Seed ol
s A e
Twk 10wk 216 wk (%) ®
Ranfed®
o 23 1My - o3 389
25 32 162 - 034 395
5 36 172 - 038 402
8 44 206 - o4 40 2
14 58 220 - 043 a1 6
30 70 258 - 048 413
LSO 006
Irrigated®
0 = 024 274 489
20 - - 031 352 a6 s
40 - - 035 402 454
LSO A\lv3)

“Retponse curve showed thst 90% of maxumum shoot weoight occurred at 21 kg
P/ha 81 7 wk and at 20 kg P/ha at 10 wk 2P appliod at TSP was drilted below the
5ood All other nutnients (N K S B and Mo) were addod in alequate mmounts

P applird as TSP wos drdied bolow the secd A hasal applic sion al 2t linustom /
Ha uned 160 kg N/M 1 NHANO g w i give i

Aulakh ¢t al (1985) reported that the PP concentrations in the seed and stover of
sunflower cultivar Ramson Record at harvest were 0 57 and 0 05%), respectively

Ramam and Dhingra (198 1) reported that maximum " uptake rates in cultivan
I'C68414 and | atur occurred between 60 and 120d Ficld studies on the pattern of P
uptake and its distnbution in sunflower showed that 41-70% of the 1* was taken up
duning the grann filling and npening stages Phospharus accumulated in the leaves
duning vegetative growth, in the head duning button formation and lowering, and in
the grain duning grain filhing and nipening (Mitreva and lhev 1984) Maximum P
concentrations in the tissues of the 2 cultivars grown in an alluvial soil occurred at 40
or 60 d and were 0 12 and 0 0895 in the stem, 0 16 and 0 12%1n the leaves, 0 20 and
0 16% n the inflorescence, and 0 16 and 0 08%, i the root, respectively

Blamcey ct al (1987) found that 5 1 kg P (39 kg by the seed and | 2 kg by the
stover) was taken up by a sunflower crop producing | t sced/ha I®hosphorus
concentration was 0 199, 1n the seed and 0 089, instover The 5 | kg total Puptaken
lower than the 8 3 kg P reported by Aulakh et al (1985) (1 able 1), perhaps because of
differences in the harvestindex of the cultivars used (Blamey et ul [ 1987] assumeda
harvest ndex of 40%..)

Fertilhizer phosph oq and 1
In an carly study, sunflower was similar to wheat 1n uptake and utilization of soil and
fertiizer P but was less efficient than baricy (Warder and Viayalakshmi 1974)

1n a senes of expenments, Spencer and Chan (1981) reported that the P response
of sunflower depended greatly on the availability of irrigation and the yicld levels
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sbtancd ( Fabic 4) In genceral, the P fertihizer requirement of sunflower, as of other
silsceds, 1s higher under irngated conditions ( Table 3) Spencer and Chan (1981)
(Tablc 4) found that under rainfed conditions, seed yickl increased from 0 31 (no P
apphcd) (0 0 48 t/ha with 30 kg PP/ ha apphed as TSP, under irngated conditions,
seed yickd increased (rom 2 74 (no P applicd) 1o 4 02 t/ha with 40 kg P/ ha apphicd as
TSP when other nutricnts were added in adequate While P application
wder raanfed conditions increased the seed oul " d § the oil
wader irngated conditions Generally, P fertihization was reported to have increased
the oil content of sunflower seeds (Directorate of Orlseeds Rescarch 1985)
Available Australian litcrature indicates that the lertibizer P oregquireiaent jor
wnflower resulting in 90% of the maximum yicld 1s on the order of 20 kg/ha
Spencer and Chan 1981) Studies in India indicate a requircinent ranging up to 30
g/ ha, depending on the soil available P status and yickd goal (Ankincedu et al 1983,
Tandon 1987) Yickd responses o applicd I have ly occurred up to 20 kg
P/haif the fertilizer was banded below and to the side of the seed, about 4 tumes this
rate was required when the fertibizer was broadeast and incorporated by plowing,
epecially i phosphate-fixing soils (¢ g , Spencer and Chan 1981) Generally, decp
band placement of I has been found most cffective under ranfed conditions
(Ankincedu ct al 1983, Tandon 1987)

Safflower

Like sunflower, safflower requires tertilizer N and other mucro- and nucronutricits,
which affcet its PP requirements and seed yicld

Internal phosphorus requirement

Data on the imnternal P requirement of saflflower arc lucking A recent study at the
International Crops Rescarch Institute for the Senu-And Fropies (ICRISAT)(T J

Rego, ICRISA T, unpubl data) showed that 4 1-6 0 kg I* was taken up by safflower
(cultivar Mangira) grown on a Vertisol with application of 21 kg P/ ha (as SSP) and
%0 kg N/ha (as urca) to produce |t of seed (1ablke 5)

Table 5 Concentration of P in seed snd stover and tot1sl P uptake at hervest in
relation to seed yield of safflower (cultivar Manjira) grown under rainfed condi
tons on a Vertisol ¥

P concentration (%) Yield (t/ha) Total P uptoke (ky)

Yo ——— - to produce
Seed Stovun Svad Stovur 1 tsoad
1984 030 005 093 195 41
1985 047 005 026 064 59
1987 035 008 097 307 60
Muan 037 006 072 189 53

'Unpul-hshed data from T J Rogo ICRISAT Patancheru Andhra Pradesh 502
324 Iidia The crop wos grown in the postrainy seoson (Oct Jan) and receved
120 kg N/ha as ures and 21 kg P/ha as SSP
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Fertilizer phosph q and 0
Gaur and Tomar (1980) studicd the response of safflower N P30 grown on  sandy
loam (pH & 0) to apphication of N and P fertilizers, at 60 kg N/haand 12 kg K/ha P
application at 9 kg/ha significantly increased sced yicld from 0 78 10 0 87 t/ha
Further increasc in the P rate to 17 or 26 kg/ ha did not affect seed yield In ramnfed
tnals duning 1974-76, safflower yicld increased with up to 60 kg N/ha und 17 kg
P/ha (Sharma and Verma 1982) '
The himited data on 1 response of safllower indicate that up 10 20 kg P/ ha may
be enough for mecting the fertibizer P requirement under rainfed conditions and
about 30 kg P/ha may be needed for wnigated safflower cultivation In a recent
study, apphcation of 13 and 26 kg PP/ha to safMlower at 12- or 24-cm soil depth
increased the growth and PP uptake of fertiizer 1* compared with broadeast P (Sinha
ct al 1985)

Rapeseed and mustard

Several arlseeds belonging to the Crualerac are incdluded under rapesecd and
mustard  These can be diided into four groups

©® Brown mustard (raya or laha) Brassca pncea (U ) Crern: & Coss

® Sarson = Ycellow sarson B campestrin U var sarson Prain, and Brown

sanon B campestrn 1 var dichotoma Watt

® Jora (lalw) B campesien U v tona Duth

® larsnura Lruca sanva Mill

Commraally saron tona and taranira are known as rapeseed  and 1iya a
mustard

Rapesetd and mustard e important oalsecd coops in the Indhan subcontinent
(Dircctorate of Onlseeds Rescarch 1984 Kaul and Das 1986)  heu cultivation s
confined mostly to the temperate and warm tamperate regions of Chima Pakistan
Bangladush and India where both summer and winter vinictics are common (Kaul
and Das 1986) These crops ate grown on o small seale i Australia (Rewd 1981)

Internal phosphorus requirement

Aulakh et al (1985) lound that 1P concentiations in mustaed (B campastrn calt
RS seedd and stover at hatvest ward 0. 77 and 0 OB 1P acspectively winde thow
for vaya (B pencea culivar RECTR) were 065 imd 0000, 1 respectinedy The
amounts of P takenup by mustard and vava crops producing L tsced wore 1 dand
90 kg I* respectively (Fable 1) Calantations made from the data of Singh ol
(1988), who studied PP utibzation by B guncca tor 2 yr m a sandy loam sol (pH 82
132-14 4 kg available IP/ha) show that about 9 kg 1 was taken up by the cop
producing | tofseed |or taranura culivar Sclection |1 Y hg P was tabhen upto
produce [ t of scud (Aulakh ct al 1985 Table ()

Fertiizer phosphorus req: and manag

Osborne and Batten (1978) investigated the chiects of sl and fertihzer Noand Pon
the yicld and on oil and protem contents of rape (Cultivar Zophyr) grown at two site
in Wagga Wagga, Now South Wales, Australin having a tange of avalable I
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wacentrations At both sites, dialicd TSP caused sigmilicant incrcases in dry matter
production amnd in seed, ol and protem yiclds  PPhosphorus response was gieatly
affected by the soil N supply Onl vaclds were 237-1,273 hg/ ha at the ngh=-N ste and
29916 hg/ha at the low-N wte

The results from 1014 experumncnts in 1977-78 and 1981-82 on the P response ol
rapesced mustand i farmas® hiddds throughout Tndia showad alarge iespons to 1°
(Pillar et ab 1984) ‘T average vickd trom unlertiized plots was 0 50 1/ ha (range
024-1 20), average responses to PP apphication ol 9 and 17 kg 1*/ha were 191 Qange
51 2607) and 329 (range 116-45%) kg/ha, 1espectively  (Unlertithized plots dd not
recuve any N PJ o Ko laubza, whide lathzed plots ceaived 60 kg N/ha
umforntly ) Fhese results, conducted under diverse agrochmatic and soil condstions,
wdicate the role of P ertibzation maincicasing the yield of this gioup of oillseeds  The
data from these national demonstrations furthes indicate that it is possible to obtaim
sced yiclds of 15-20 t/ha with balanced fertilization and good cultural practices
(Pillar ¢t al 1984) A rate of 174 kg PP/ha was tound to be adequate when other
auttients such as N and K weire supphicd in optimum amounts

Singh et al (1988) showed fiom a 2-yr study of P response of mustard grown ona
sandy loam (pll 8 2,0 5 A/ NallCOv-catiactable P 13 2-14 4 g/ ha) that sced yicld
was sigihicantly incrcased by apphication of 131 kg P/ha as SSP 1 uither increasing
Poaate 10 26 and 19 hg/ha did not sigmbicantly ancrease seed yickd  Smgle
supurphosphate blended with brogas plant sluiry was a superion source of P both
years {for mcrcased yield and P uptake

11 thus scems that about 20 kg 1P/ ha may b sutlicient for modaate yickds ot the
rapesced-mustard cultivars, depending on the soil I? level, avarlability ol iwngation,
and yicld target Higher P rates are recommended forirngated crops (able 3)

Sesame

Sesame s anamportant oilseed crop n Indig, Pakistan, Buima, Indochina, lapan,
and Cluna (Kaul and Das 1980) 10s grown as a sanled crop m the taimy scason and
alvo as anirnigated crop after the ramy scason i the ndian subcontinent Sesame s
very responsive to N, and P iesponse s greatly dependent on the N supply

I 1 vl "

phosphorus req ent

Aulakh ¢t al (1985) reported that sesame cultivar I'b Till No | at harvest had I*
concentrations of 0 80%q 1n the sced and 0 30% i the stover By their data, about 20
Ag I would be taken up by a sesame crop producing | tof seed (Table 1) Thas value
w the mghest {or the ollsceds discussed i this paper However, Ankinecdu et al
(1983) reported that a sesamie crop producing 2 2 t seed/ ha removed about 32 kg
P/ ha, which works out to be 14 5 kg I’ uptake to produce | tof seed  a conuderably
lower P requirement than that reported by Aulakh ct al (1985)

Fertllizer phosphorus req 1ts and 9
The fertihizer P requirement of sesame has been investigated much less than those of
the other vilseeds discussed i tus paper Hhie imited data available indicate that,

depending on the avaidable P status of the soil, about 15-20 kg P/ha would be
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sufficient to meet a crop need for I for moderate seed yiclds (Kaul and Das 1986
Singh and Kaushal 1975) In a 2-yr study 1n Peshawar, Pakistan, Zawd and Khan
(1981) found that cultivar S 17 gave a higher sced yicld than Calida, P 374, or the
local black secd vanictics Apphication of nitrophos (20% N, 8 7% P) at 165 kg/hato
supply 33 kg N/ha and 14 3 kg P/ha gave a higher sced yield than those obtained
with SSI” applicd at 14 3 kg P/ ha or urca at 33 hg N/ ha, clent ly suggesting the need
for applying N and I® together for best results

Placcment of PP at 2 or 4 cm below the seed 1n a soil low in available P (pti 4 5)
ncreased the height and P uptake of Pl of P with or immediately
below the sced dry matter prod (Ranmurez ct al 1975) Phosphorus
placcment near the sced was found to promote initial development of the sesame

plant

Suggestions for research

The foregoing di on the P reg and man of sclected edible
otlseceds brings out the role of PP nutrition i1n increasing oilseed yields under both
ranfed and irngated conditions The yickds of oilsceds and their P requirements are
clearly modificd by the availability of other nutricnts  Available P status and the
behavior of fertihizer P, especially phosphate adsorption-desorption, are good
ndices of the amount of P Likely to be avatlable to plants  Unlortunately, a large
body of data on the PP response of atllvecds is difficult to interpret because of lack of
muumum data sets on available 1P and other sl charactenstics that contiol P
availabihity 1t s also not clear fiom the hiterature whether the experiments were
irnigated or not, and for a number of studies the data on raunfall during the growing
scason arc not available There s httle information available about the P
reguirements of oilsecds under rainfed conditions, future rescarch should devote
attention to that important arca Diflerent sources of 1® have been used, but there s
no mention of balancing the secondary nutrients supplicd by some I? sources
making comparison with other sources invahid  Also, there s hittle mention of the
avatlabihity of the other nutrients (in soil or through added furtihizers) that greatly
affect P response and yield

For I® response, very few rates have generally been employed, giving data that
cannot be used for precise deternunation of a crop’s P requuement Experniments
with at least five or six P rates are fed 1o comy the PP rey from a range
of yicld levels Data arc lacking on the internal P requirements of oilsceds, except
perhaps for groundnut The data from cxperniments described by Laurcnce (1982)
and Bell (1985) on groundnut and by Spencer and Chan (1981) on sunflower provide
excelient examples of how plant analyses cian be used to deterimine the internal and
fertthizer P requiremients of crops Data on I” uptake at maxunum yicld or st yields
corresponding to a critical imat, ¢ g, 90% of maximum sced yicld, would be true
ndicators of the internpl I” requirement of an oillsced  In most cases, however, the
data on P uptake are avartable without relerence to maximum yicld, which could b
at best treated as a gross requirement | ewer but well-planned experiments would
furmsh highly desirable and useful information in developing sustable I> manage-
ment strategies for increasing the productivity of oilsceds
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