
PB-225 .64 

u ,.ITY, UPTAKE ANI) I-ACIPING OFPLANJ NUTRIENT%): PHOSPItATE -LL-FAIE ANDC A 1. C I U .T 

Robert L. Fox 

fiauaii Univer_-jjy 

Prepared tor: 

Agency for Incernational Development 

May 14. 2 

DISTRIBUTED BY: 

U.S.DEPARTUMET f COMMERCE
SMPu R:,#ad R3. Svo Vj 22151 



631i40724P793 	 PB 225 7641
 

-- Iz--43-jL awV7 	 I 

4J~ *A.C 

'xtrimt, wal1~.-aty endt wb*itV (InebdIiaS "ez" :g) is 	 rela~to a ou~b6. 
s tbt:wt n Zobrtion#4tec -Jtzl~a~ez are adsorbel by bigzly waU-red sail 

c-~>~ ~t~ qracoi4z 
!t~c~hiiM in iHai sailz c3woL be a riairlc~zt factor In wm reasomiblaeramr 

Le Syz Sulfate leacdtdi Cm be a1etase 01 1biim anti jtos-tste rert~lzation. 

a~i ~2~ 	 ~~r~Fta riobei. Except for sol uo!adczw 

ftmi= -v d can be dt .ztratvl In tygdcal zgri lturv sitatlow in a~ *b-U 714z­

- -oed ~ *u4 r( .e.G ~ ~...~ 21.- fa4a-a.. the use of anll = .o 

V*U- ~ A~~~ee~p stc3.ica1 pa~ of lisa. 

to Cive thmae i%-qqir%4 orceentraticwh. 
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U
S 3IL9fl, UP= M LEAOWI OF R IL'PJIIS: 

Pobert L. IFb 
of Ag utmyimd SoU Sciece, UniwvsiY Of 1Wai 

uptrientizake by olmts and ntrimt leaching in soils is a ftctii of 
nutrimat sobbility. bat nutrient solubility can be cmsided"fim at least 3 wry 
diffevnt points of view. 

First is the scqlvi~ity of imtrimits in a ext"aCting "oItim. Nmy kidnds of 
sonl exta rtaotr be"611 the purposes of the investisu deiqed dopeaiag an eetaul~and the Chadstry otithia sonl. namre ha cm a takdenc to cahafw 

taintnutrimts with "available" nutrients. The to are04 t 1e0r the s -a 
di sprinpUMiiczaum wise agonaist baps ftunly In *nd. Theris the hope-

etenul--that 'tactiale" is in sm rmmie related to avfilable", 'fich is, in 

related to 'tqWtaWe. -That this Nope ft ptly does rsat disappoint ts has beow 
*tural, 

wTk--w netedsinah better than others.Aimu1muly doatL Sail testing does 
ibver, to 5aold 4at sail testing alwys Was is as h s gvino cn at- _ 
all. them ae these of ,jkuh thin that tire my be more ratiOua tI
thee am in Paral ume. 

Mw soma view c=ting solubility is that of fetilizer sOlubilitY. Iis is 
to auitake me- leachingl especially during thean Iiormmt uic since it is zelated 

created entirely owinterval of tim before reactions iaith Soil havebm 
ciomids mad compbes having solilities tmelated to the original fertilizer 
nHT. U this tim interVa is rather short but freumtly it is l00 

m M a big differenc for rqMP y om~idg crops. 

,ale aspect of salskility Whic perhaPS is MOrN fuaiitli &slblty of 
umtrients, in Soil solutims. it is rmfairly well estlild that plants, if they 

A"e a~qImtely uinwhd, derive most of thetir nutrients fram,the soil solutim. 
(We me eliniinating frw, discssimi liar eed -.) That is to say.- nutrient a­

the Toot btal nu rients directly ftmthe solidtabe by comtact etmie dAereby 
iti, u aly does not mMtbase without fta axient ewr really bei \U 

to muh if ____atiswrinsan a~ rmi tem. 

rime nomallyIt is also Well established that, within the cmtratc 
- dependint.aommtered in soil solutims, nutrimt uiYtae by plants is 

lbramately, the telatiuashis adido hold for well desigued and well emted solA­
alt=r xeint (of Wiuch ther aMrewy few)L generally hold for olanatstfm 

grotifg is, soils as well. 

* - I~~Nt Only is uwztit Axsarptiui by plan"s csctratiadepndet,, but the fitz 
to Toots is also. be quanity o a mtriment being carried to a rootof nutrients 

system by ss fIm is the product of the nmut of vater ied and te ccen­

tratinLof that nutuimt in the sou solution uhicnQ oe. -4LeLummise, lng d 
a soU sectim is the p hxluct of aoucntratim ad wlim of solutim moving ftougi 

that sectim 

*jss presa0d at t -Sth lamii Fertilizer (ofea , :by S 1972, Itnlulu, 
Hawaii. 



Mitriai it to, or awy fromn, roots Ihy\diffuslon depeuids upon conentratim 
gradiets. ConcenTatin gradints in the soil solution deed aqim the solubility 
of Matients at oe id of the su ply trail and the level of mtrient deoletim by 
plant roots at the other end. It helps, of aurse, if the q"trall is as short amd 
wide and direct as possible; bt the prime r is the cnetration gradiint. 
Vithout it there is no net at by diffusiom . 

So, imsint solubility is parut in assessing themtrimt status of soils 
became it cantrols the flw of utrients from soil to ,roots by both mass flow and 
diffusion and it controls uptake by roots. 

lbe relationsip beteen nutrient oucentrtimone)in solution and 
phosphate ua by plants is ilS utrated in Figue l. 

J 1 S UBILHTY IN FIATIC 10 RIFZRWE AWJFM A64D OlP FAMIE)S 

'hosprate cmcentratim in soil solutims is related to several factors. A.nts 
of laile phosphate (phosphate atida equllibruates) in relatom to the soilsca it 
of bold laile phosphiate Is of priamry irpiortance. Thea noe M&~iy saturated the soil 
is the greater P solubility uill be. The c city of soils toald lailephoate, 
is a fnctin of soil nineralo and texture priwily. These are not easly uai­
pulated but the amount of labile posloate cam be cotrolled by fertilization aid 
mnarvet practices. 

Fhosphate fertilizer solubility, associated elemts in the fertilizer, ferti­
lizer plemet and certain factors in soil chedstyy such as IH aid eckmgedble 
cations are usually of secomdary iquportme. 

Fip.rs 2 aid 3 illustrate the iqportasce of soil oinmrofy and au of.. 
pixaslhiat adsorbed by soils a phosphate solubility. Soils Wudah cointain us&. SalI­
wi-poor, amjp*hwsu -nterial(ang these are daep m .. 
vlcaic ash) ubsorb tmen s m ts of uOispiafte before -im"phatesolubility 
bew appreciale. lbheHlrandept of Figure 2 whiich had not beeun rxasidate ferti-. 
lized, bad, a phosphate fertilizer reuiieryst of azmut 3 tons treble sueixshte 
per acre ,z adjust. the soil solution to aot 0. 2 pp P, wdch is approimtely t!e 
ricaitm/'tion of pia~te required in. solutki for 951 tto yieds. Mm~ adoout 6 

toas of ,treble s-qperjslbae had been applied previ msly to S successive tomto 
crops, lelsOsuimVre grty pved but wre still below adeqay. 
A wry 4ifferept soil, a 1lalustoll (Figue 3), uhich is uah less weathered, is all 
supli~id with #wmphate for ams cippic. Toe asmt of p~agxno this soil Will 
adsorb a sif o the adsorptio a to the r. t ( phospar- ;R 
sotutim) is ma order of Lnaepitnde less thai u d he required for a sinilar shift 
for the Hydrandept. 

TMhre is a pedar Wiscuaceptio abroad that limdug acid soils greatly incre'ses 

C E d,s concept is probably valid only ovr t*'- PH, range 
~~ ~is dereasngradl with increas*Jagp (below pI rS.2). a*rh 

.t -e.-e 7£ crops are om lining has little effect an pzsohaten .gricultul 
So. d.L: JLi f calci,+a is held constant. ote in Figre 4 Mat one describes 
PsMPwate solubility at 3 pp. levels. 
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There is dxuanat evidence that pI6yvalcnt ionS. inclialing calclam, dese 
jiisphtesolubility WM thai equivaleat P.ritratWfls of moavalent catinS. hi 

pabe Ora -so W feilUizers containing amuaing bode with fe 
enances Ohosjtmte qtals by Pmts. A grphs ing the =04 i~ 
phos e solubility and calci mnd sodim In Solution Is .
In A 4. M feet that phosphe so lis so snsitive to cation 
tretion is reann oie to moid limin rmx tm is required to ipitate alimiin 
and provide enmog calcium for mTritim. This point usuly Occurs I an the St.A 
Side of jpH 6. 

lime practical- implications of the SeWTlizatIo w bm just discussed is 
illstatdIn Figue 1 tidaic shmis tiwL hisgmt fereiUeT utilized by a cp 
s losely related to tim amt of ertlizer s ubid renane i 

tion tmo days after It s applied. 

lIme data of Figure aobtained 95ing seal soils and lining rates. 
for severalRecently w? have be engaged in detennu pls te response curves 

crops pgra on plots uichd are Idifferentisy fetlzdso Otutjmias in 
solution rmps frmu a level the unfertiiM soil wini supiport to 1.6 HmU P. Eighat 
to ten p~oslhorus levels are mintalned at each of S locatios. Flgn'S is Wk 
xlOfoDC such respinse cm. we have fAMd that the external ph*Islate 

retnav t (the comcentratim of jsin solution Teuied for 9S% mximm 
yields) of corn is about 0.0 to 0.07 Wn and that this ram seem to apply to a 
wide range of solU and clitic onmdition. 

Cus vary in their external poshate requiremt. The requiremnut of lettuce, 
for exzxde, is 0.3 pu."iout 


FROMMIE LEM3HNG IN F5AI(? 70 S=LIIJ1 

rom what has ban said about Iou pcspIhorus solubility in Hama i li soils3 it 
is obvious that -e e ing es at sao a eneralprble. Sipple arith­
meic will illustrate tde point. TAe aimP soil o? Figure 3 has highe te 

roluduiity by lisiaii standards. Ax 0.1 WeP in solution. a t 4 acre feet of 
water wold be required (as ea 'rte) to m wme pound of p ulsiubinto the 
first incrmet of subsoil. For most soils phoisphate leaching wouald be nxh~ less. 

This does not imply that pbosphate leaching is never aproble Wle have 
rece tly reported o aii Fain Sciwce 20:(4):1-4, 1971) on the hazards of over
 
fertilization of mcadamia cn a rockland. The colloidal fraction of these soils
 
(what little there is of it) is irstly organc ttair. Ir-ese mterials a ebs 
relatively little te unless aluminum saturatiom is w y high. An examle 

mof phosphate leacdng a SOil cnt n 1o o a er anmm0 qUar sand 
luiuni(a slis dLMXpresented in fi e6. The uteated soil contained sw ,t01sol cdby leaddns 

Sam leach the soil ws auw saturated (As ll 
with imiu duloride solution ther UM o MeaPMe PiuiSpbte leaching. 

... . ­



SLFATE SOUSIL17Y 42X AVAILABILITY 

In sav- recrs sulf.ate-s react vrit soils Jac. pezvs'tts. For examle acid

soils uhic zzctii . 4.nzs~iliccr. ofe:da-rrl-cus naterials him in
 

irm m alur.:-tr a,.isrT- sulfaiL. 
 iSrzwai :-.s 1.. soils %,!Ac2h reet rtheSe
sre'zficatimrs sulfate iscrpticr, 15 3 factcr in ltxvnzin sulfate schb-ility ai rost
soils of t ,e state. T.xre 2re n~:r
au-Lle~ -:iiier-c-.:e5tet'-tte a. sulfate
adsorpt icn. 

I. Suwiate is ; l- -uc-% less t, -i.Sltv :-s'.te tlr-z.3 155 Soitilityv
is s-a reazil,-- cr~c sulfate. 

fOILbi it, .t - sulfate so~~c1i~~I ~c1syz Izu: Y 
are Lrallve,r n ;-t. littl suifatc.r.-urra aiszrt n-xe cl rea.--4!v Ie-se 
sulfatc ie-ere~ ~if is ~ifi -:~r irr1,atizn. 

Ficurt - -rcscnts s-culftc ~ic~z~ fir -,w ~iis. 1,f3c~a~ .krexz.s
Siu-frte vi szluticr- v :ero sulfate aine wi'1:nr is usuai v~i.- t;,-- 1 t&,

l T~r alt~iu6" Z7 sifur !.-fizient s-3ils c;,-.tain letss- 1 -.i-m 5ulft zr i. 

Fr .:ly. -ci-rs or suifate v- szluicxc. are cio1y a srall fracticri of t .at 
sulfur i;. t-:t Lkik szil ofi Fizure 7 = z-ra s sails d!evelopcd irm~ basalz rith 

Ccq~aisznof -jas-.ate ctrz.zztz- 1e sulfate sulfur 

zt-5.S4_ --_Sextraztv.. (-eT1~
zli Y.3nla jiaa-.aWia 

C tl! 135 

12 - is 3,291 74 116 
is - 2i 4,173 114 176

15- 36 317 13? 
52 * 4S 4,74: 426 23-) 

1.13ta re-,ortei ior L-Wi~aa 5s-jil are for : rescate4
extracticn. PTh2 extraztinz solton uzt 3-INfI P aLs 
ca-2. )-)z usL-i a 1.- saluticn:scjl ratio 
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The cwtometratimx of sulfur requiired in soiuticru for ade..%ate plant mi~trlticm 

gras-, g~wing in mcts -~rs; to Ln.reasing sulfite avplic.ti.:. until sulfate in 
solutieE, is .ady4 zste-.! to at least 5 rr. Yoxrg su.ar c~re3 tefore s~~rcr rcots develon, 
respxol t.D sulfate appiztiri-s v, tc &-<xiz IS ---n S in solutiic-.i. 71ese exzer~al 
sulfur req.ii rement xarerntly !ecrcases to abaut 5 ;--r after shoot rrwots &rvelm. An 
exmle Ct;tLe rvsraxst ct )vn sJg-dr c~r.* to ir-asinz ccr trat!Cr, of W1C. 
is preseritt%! telow. 

T3Lle2 

Yield of sugar cxv graim n vot-s (-;oil) in. relaticn to 
cun~wAtrati.r. of sulf3te and nitrate in irriaviir. %'2ter 

Si- S L:­
soIutic-r 

4Oirr 13 2; 

0.6 30 47 $249 
1.7 At 3 E 
5.0 2S 51 111 110 

IzS. a 27 44 _ _112 
45.0 23 45 120, 

Dt cv eu~ta are fcr su7-3r cane gTtr'in-. i:i, -ots in a soil imI little capacity 
to adisort sulfite. 7.e extc ra1 s fur wt'.ure--vrt is, -,r-tkav lcr.er tzrder field 
cciditions, estpecially for scils5 ufuc. : Mpie re-serve5 of adsorted sulfate to 

cw.ti:uAx.xs1 r-=--% sulfur in, s.,i1 s-alttZCor5. !rttZ:blv tl,-e exter.al SUlfUr re'uire­

rent vill cea as ' fcc-t rccts ' Ths results -re ,-. reiscakle a-ree­
rent v.iu-. cor-. !3ta .frcrn :-C,_ra~.3 (.aif,,er 3ri Fcx, Agrcrx.-zr- 21-urnal 63:7Z3-7PV, 1.?7l) 

Sdeficie. 

Thc se .ata su;Nst t.:.at V,±-solkilitv of as~.soeed S nay '! a I.ritLz factor 

in sulfur ut3a-d il emt-oz total qumtities -f s-oi: sulfate M re Te3t. 

To correct sul.ir ieficiencies Cf e,:;Uava!3J t i.ntenSitieS, W'exrt'ezt t.:t initial 
rates of sulfate fertilizatxzr. s.Ldd te greater for %.eat:red volcaiic as-I soils 
t!-.an fror t.Tic-al soils of th~e tererate :ore. ~Isorewr, beciwe cf t-C Itufferinz 

effects of idwoi,'edl sulfate in hi,.;ly 1.catL cred soils. 1eac!iiir of sulfate fron OUT 
soils W~ be less severe tma is ftequextly o-served else'-rc. 

http:exter.al
http:avplic.ti
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fttlixtuWiiWilll 113 MhOAP Stolfad iwumse 

U. of Ie t fac soi Of sulfat. 

SMO5MMl, WiND UVO F OAMMIOF3W 

1bM dwmistw of cakbn In solls is vey diffemt frm oIma or sulfat. 
Calciu. Is iaclaad mpte to u*ied out the disc ssn.
 

s,soil calcium is pusat in t5. imic &= adsog 
 y the coldal w .If clW Colids we of the smotz, 2;1 ty", calcims haeld with apest deal of
eftave Thi is related "to the VWin bijti oppaive cl6arg oninwcolds. These
MWups arise fhm vjilhin the crpwa suintmr Of thecas i r st e~aexte nal circit . Tey Me p t dmame the is little orso posmitivedsF the clsae anISaid. to os a h111tirest wMg. Inmithas seac lays ol this t~pe; tim LUaluiel soLii"7e y teW w s' a di nmqu.a pod 

TO wntst are thme clay colloids of tim 1:1 type and those uMd rm little*U.ltter ar ety _MrlycrystaiiwI or wre al the
 
W tae bth soan m i


ti~vzatie W ".G ofoesative md jmuitiw*cw _doedsorml, m mads,,,1 $;oa~y ec.an "the p"Itive tend u~)i~tCORl soPtiVe(V)charg otthese uiloidslVHI is decreesed 1wu OWU24 a 'zoPoint oS cIr~
nae1Repavie diyeadmaci

that then is Isrmclm. hi does not iqwlyno d p ku ramer timt positive and M ve balance md et chargeis zero. I& cmidtims are extrmiily-acid, the collod my,cany set positive 

S liM LcharMe repul it IS easy to seM *f wilods W"d cary a 
t rsitive sot :1 tcalcim is (also psitivlyi wable =mn of har ndicarged) v st gy. 

me highly Watre soils of Ibiii esecially tesedel ,fra Volmicash areni IMD1MP)U3U5 t fpoiiv harin Wterials uduldSNhvealare&qm 

ath jltl s nmly a aterein t efil. tIm cui chmpm Camcity Of
these "Uis Is hiLa Wt theaw~ of catiso adosrtm is, 1w. Calcim andpoasu


lam-g isa dSoi eSetiw, ite o TIabs97S). Soil Seifwe
,l 


Fofey, bca i active in soils,ese a atye calcim s VOWe thtdaws to be m=*gratr hm for sol cataW 2:1 type clays uhldmare si2ja 

I~have obser#W that calcium deficiwncy in cm.n en t±sesils, cm becorrectd With a =ina qiplICata Of teble suarlnlta Qdic is no cmL cam;t-1.*re (Ru mmd TOWu, Illustrated Caucpts An Tropical Agriatwin,, IqwLMt0& -;-z-r ad Soil Scine thiwsity of Hmaia, 1971). m&i is m indicto
Of NGW realy Calcium is available in teeSOilS. 
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7'w iolloviing !ta taw fm-r tice report .jv :aiilur, Fox aid Silva dermtrate 
Lh~at Calcudt e.l (a5 iru-icated -y certract~ible Ca xW soil pli vxedification) is 
ani IvOtat consider-aticr iL. 7;jaii soils. 

Tz-6e 3 

Infimnce of lirt: =,1ied i- 11-S; on .3m 

-7- -i (i F,)
(Ic~)Li.-re r-ied! MmsTAr' [Ie vief2 TEF7/Acre 

17 

852 ~ .4 5.; 5.5 C. . .5 
3O-). 63. 7A~3 .5 

(.3 1.2 

Calciun lei&inz is not altoetC-r to 11-c avi;e .* huv eviderce (Creen, Fmx
mid hfilirs., iwait Far,- Scicene ' B63~ vtint "roliferticm i.- tsoils&5) root 

is iZ,-te,! i'.1 cilci v i7- lc*. ap,.1 al iur.iz is : Liea.z.hiv-- rrovi~as z:-.e zemns
 
for favorzk1e rix-ifyirg cur s&soils t.'/-,texxense of d!ee- olazeren t cf 1lime.
 

~2t~ -~:aiila!itv zrL -zblt (i chulin; 1eac-ig) is related to solt~ilitv 
P',szatei mad sulfates airr a~sortcx -e~Iv'atl -,-txi soiis s.: t~at v-rxnts in 
saluziora areas-~1 in c-Tariscr. '.iui ammuts a.!,crle,. Excent foz sciis sn't 

or~~i loio~s, ~5 teleiczuvn in *-..waii z.oils c-.uot e a significant factcr 
iivreascc-.able rr-7VnUZ sys re-. Sulfate lcac~ing can te accelerated F IAmring 

Cacium leahinr ,xi te i-nftrated i L tv.- ical agricultural in5ituaticns 

Hiwzii. This result5 frcr, t-e- ne-ar zr-nle~e lacl- o.; t-r,"ent :-g-itive c.hurge in 
ziar-x 4Cils, eipez-allv Ct --c ewlcvcre.2 irmr volcm-Ac as-- This fzct rruts te use 
of sm~all awktS of 1Li-' or cai,:i~zt fertih.,ers to correct calcimz ralm~triticn and 
it rternits Ii~urq --zxcis %it-zut rcc:amizal Tlarc'-ent of!-e 

It -.cw pe~sr~cti-al mo desz-ri -zil ferti'ity ter Ms of citrationi= cm 
~.f r tes t.. Sc)l scluim =,l fertiler mre~irents im tcrr.s of awxunts 

o! n ztrient-,s soil v.!5oT) to give vts2~tu ccncentratior-s. 
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3O00 HYDRANDEPT
 

P2000 
N, 

aNO m 	 PHOSPHATE 

0 
Cl)0. 

- 6 TONS 
SUPERPHOSPHATE 

5 CROPS TOMATOES 
I0 "11I 

0.01 	 0.1 

P REMAINING IN SOLUTION (ppm) 

relatica to a t of phosphaterigur 2. 	 Phosphate =- solutica ir. 
adsorbed ty a Hydr dept frou Namtain View, Hawaii. Andepts 

ae soils formed frou volcanic ash. 
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aloeo 

P IN SOLUTION (PPIM) 

Fimv 3. 	 Popbate in solutica in relat m to amcmts of phosphate 
adsorbed by a aplstoll, a Vial;a soil. from aiinamalo, 
Oahu. 
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