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Phosphate Sorption Isotherims for Evaluating the Phosphate Requirenents of Soils' 

R. L. Fox AND E. J. KAMPRAT112 

ABSTRACT 

Phsphoruis sorption isotheris were constructed for soils 
which varied in mineralogy, texture, and past history of phos-
phate fertilization. Equilibrating conditions were: 25C, 0.01M 
(:acl.,, and 6 days. Effects of heavy phosphate fertilization of 
%,)ils with high phosphate sorpition ,apacities were evident in 
phosphate sorption isotherms 10 years later. The sorption 
curves were used as a basis for fertilizing soils in pots so that 
ihosphate in soil so!utions varied front atout 0.01 to 1.8 ppl,
1). millet wlennesitum tolphoides, va,. (;ahi-l), wits grownl for 

-t weeks. Yieldls appractel 95 maximumc when tphiostphiate it) 
%oilso litions was adjcisted to 0.2 pipn. The phosphate concen
trations at which near maximn, yielcls were attained were little 
intlhenced by soil texture or past fertilizer treatments, but abso-
lute .ields of millet growing in the sandy Norfolk soil (low 

phosphate buffering capacity) was greatest if the soil hld been 
previously phosphate fertilized, 

Additional Key Words for Indexing: P iXatioii, P solubility, 
.oil solution. 

W I son tests, calibrated,uLt" phosphate properly iay 
predict whelther or not fertilizer phosphorus is needed, 

it is frequently di!ficUt to relate test values to the quan-
tity of P reqtiired. I, highl,, weathered soils especially.extractable phosphael is usually low, but amots of fer-
lill,,er P whinch the soils iimoliie v'ar greatly (5). 

Several facolrs determine the Ilux of P to plant roots. 
\villial I I hd disc esd these a intensity, quantity, 

caliaci,. til mhilityv lactors. In its simplest form the 
utlensf\vtil actor canllbeCreplresented .i% concentration in 

dhe soil soli on. Plants \ar in the conentrati. n of P 
requiredl in solution. For some plant' 0.03 pr P continu-oush ,pplicl in n.trient soltions ill sstain niaxtilni 

ros tl or '.her plants, concentrations 25 timesw.I ( I 
. lir 

greater a,,%rc 

gromh Or lats, onc0.2 raionhs beenims 
,ithil st plants, attain near maximum 

nsd t me \ih aI mostiplants ttainof03pphasb nsedPear 
aiom tid. In.dol tr establishin0crtiierraes fonwheat 

12sa mLioerd\. it isr icoeihishing therl i esi voryc at r hea 

1t 2i soil oist rc. is 
 ,soilmoi,,ttre content influences 

PhIhateC diftursion roots11,.I( 0.11). 
It r, Iccoming icric.enigl, cleat that phosphate movesto the roor,, of plants, bs sliffuilnri 13, 9.I 17). [hits the 

to l r.,ls if pant" 1\ dcif ,,o(hl3io9. 10, 1 ita)T , sinhe 
conicentrIion Of phosplrite mi ,oil soluitions is vital, sincethe %Oil .,,iulot m i containtstifficie nt phosphorus to pro-
vide ihl ct oentratit griient sfcie%%ar for net movement 
to the to it. 

Joint Conltrilution from the Dept. of Agrorronly & Soil Sci., 
Univ. of I l,mwaii and )cpl. of Soil Sci.. North Carolina State 
Univ. Sulmitred witi the ippi onal (if the Directors as Journal 
Series no. 1107. Ilawaii Ai. I \p. Sta. and Paper no. 3113 of 
the Journal Series. North ('arolin i Agr. Fxp. Sta. Presented 
before Div. S-2 and S-4. Soil Sci. Soc. Amer., Nov. 13, 1969. at 
Detroit. Mich. Received I elb 20. 1970. Approved July 6, 1970. 

Professors of Soil Science at the Univ. of Hawaii, Honolulu 
and North Carolina State Univ.. Raleigh, respectively. 

One measure of the quantity factor is the amount of 

labile P in soils. The solid phase must have sufficient phos
phate to maintain concentration during depletion. A capac

ity factor, as it applies to P, is the quantity of P retained 
at specified conditions of intensity. It indicates the phos
phate buffering capacity of soils and the ability of soils to 
maintain intensity during P depletion. Mobility includes a 
number of rate factors involved in the dissolution of phos
phate associated with the solid phase. transport of P to 
roots, and uptake of P by plants. 

Two or more of these factors may be related but fre

quently they are not. which makes evaluation of the P 
statLus of an array of soils diffictlt. A system used for pre
dicting the amounts of phosphorus fertilizer to bring soils 
to various levels of adequlcy for crop production should 
consider capacity and intensity factors. 

An approach to this problem has been suggested by 
Beckwith (4) who measured sorbed phosphate at standard 
sulpernatant concentrations of P is an estimate of the phos

phate needs of soils. The standard value chosen %%as 0.2 

ppm based on the assumption that succcssful growth of 
plants in soils would require a P concentration of approxi
sa.ely this magnitude in the soil solution. Bcckwith recog
nized that the critical concentration w\old almost certainly 
vary somewhat among soils, as well as for different crops. 

Many factors of soil mineralogy, chemistry, and manage
nent are integrated in a measurement of the kind pro
posed by Beckwith. When values for phosphate sorbed are 

plotted against log P remaining in the equilibrium soil solulion. approximately straight-line curves are obtained. Theslontrtoni 

slope of these curves gi es information about the phosphate 
buffering capacity of the soil (12). The intercept at zero 
phosphate sorption is an estimate of phosphate in the soil 
solution, a value which se( nis to be better related to plant
growth than phosphate pot-nlial (14). Amounts of phos
phate required to attain desired levels of P in the equi
librium solution can be read directly from the graph. 

Ozanne and Shaw (12) ha\vc used phosphate sorption 
curves to estimate the amount of 1)required for \sheat. The 
relationship between predicted and actual values was close(r = 0.96) and linear. When buffering capacity was in-
Chided as a variable, the multiple coefficient of correlation 

her.was slrghtly bighr 
Phosphate sorption isothemus have been used by Fox el 

a.(6)toetmephshtrqueenofa .( to phosplhate requirem ent of awin) estim ate H aw aiian 
latosols. The values obtained \\crc consistent with observed 
needs. Kurtz arnd Quiik (8) arid Fox el al. (6) used P 
sorption isotherms to evaluate the residual effects of phos

phate fertilizers. Ktlz and Quirk found little or no reduc
tions in adsorption maxima as a result of past fertilization 
of a red-brown earth from South Australia, bit there were 

residual effects in a bnnizeni soil and a lateritic soil. Phos
phate which had been applied nine years earlier was still 
effectively decreasing the phosphate requirenient of a 

Humic Ferruginous I.atosol (Gibbsiliumox) in Hawaii. 
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When allowance was made for the removal of 1Pby crops, 
the measured residual efficiency of phosphate from the 

fertilizer was 64 to 80%. 
The objectives of this investigation were to study (i) the 

for deter-feasibility of using phosphate sorption isotherms 

mining P fertilizer needs of soils, and (i) the effects of 
soil texture and past P fertilization on P concentrations 

required for maximum growth. 

MATERIALS AND METHODS 

Soil 5,amples were collected from field plots being used to 
evaluate long term effects of P fertilization in Central and 
Eastern North Carolina. The soils represented a wide range of 
texture and past phosphate treatments. The soils were: 

Georgeville Clay Loam (Typic llapludit/t)-A Piedmont 
soil high in kaolin wi'i, moderate amounts of 2:1-2:2 lattice 
clay minerals and sr all amounts of gibbsite and goethite. It 
contains about '% free iron oxide (13). Plots from fertilizer 
treatments of 0, 175, 350, and 700 kg P/ha applied 10 years 
before were sampled. Some results from these plots have been 
published (7), 

Portsmouth Sandy Looiii (Typit Unmbraqnu/t)--This is i 

lower Coastal Plains soil. It is younger and, thus, has a lower P 

requirement than the more highly weathered soils of the tipper 
Ccastal Plain. The clay fraction is predominantly kaolin bil 
with considerable amounts of expanding lattice clays. One 
sample represented plots which have riot been P1-fertilized re-
cently and another sample represented small maintenance ap-
plications of P. 

Norfolk Sand (Tylypic Ih'dult)-Tlhree samples were col-
lected from plots which had been fertilized with 0, 50, or 100 
kg P/ha 2 years before. The clay fraction is of the kaolin and 
2:1 and 2:2 types. 

St. Johns Sajdl--A poor!y drained soil from the Coastal 
Plains area was sampled from a meCently cleared, unfertilized 
area in a commercial blueberry field. The soil contained 10 
organic matter and 90% quartz sand. 

Ilisto.iol-Three samples of peaty muck, representing three 

levels of P, were collected front a commercial farm. This soil 
contained almost no mineral colloids. 

Adsorption Isotheram-l)ata for plotting phosphate sorption 
isotherms were obtained by equilibrating 3-g samples of soil 
for 6 days at 25C in 30 nil of 0.011M CaCI 2 containing various 

GEORGEVILLE SOIL 

P ADDED- 5Opqq SOL 
.- O.I M NoQAc SYSTEM1' 

---- O.OIMCoC 2 S'STEM 

Z 
0 ~400. 

I 
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added peramounts of Ca(H 2PO4),,. Two drops toluene were 
sample. Equilibration was carried out in 50-nil plastic centri
fuge tubes. These were shaken longitudinally in a reciprocal 
shaker for a 30-minute period twice daily. After centrifugation 
in I supcr-speed centrifuge, 11 was determined in the super
natant. Phosphorus which disappeared fromt solution was con. 

sidered it) have been sorbed. Phosphoitus sorbed was plotted 
against P in the supernatant solution. 

Desorptiom Isotherm -- |'hosphoius was added to nferti
lized Georgeville soil it 250 and 5(10 ppm. After cquilibration 
for I I days tinder the conditions described abose. 28 nl of tihe 
supernatant solution wkas iep,i.cd with 0.01,11 Ca(l, and the 

soil again resuspended for 4 to 8 hoirs. The sample %sas again 

centrifuged, 28 nit of supernitlt ienloved for P analysis, and 
tie cycle repeated 33 tincs. In .lculaiing 11desorbed. allow
ante was made for the 2 nlt o .cinrittant carried over frot 
each cycle. 

I lie 12 'l nial , t crc limed 
with fine dolomile equis dlnt to I i es e\ .n*eaiblc I1' + 

Greenhoule I'rou dic-k-

' A1i . After 2 vceks equilibration, IL. Ic\l, of I %%iere estab
lished in the soil bh adding P a, ind,, .t',:d I, ippiopriate 

sorption curve to give soil solution ,o rti ,in. of 0.022, 
0.066, 1.2, 0.6, and 1.8 ppil 1'. Tcie cc..% I.C- ciw.k tre:it

inents for which no 1) ssas added. liholi J -lu!c it, a solh
lion of C iHH,2'( I '. as i i ixed withtle .,1 , hii soil%tN. 
water was adjutled to field capacit And cttlt .icI for 6 

days with occaisional mixing. [itnally, ICLI1 of N,1l'llrkclt.' ', 

K, S, and micronuilrients "etc mixed mill the ,,ll ,,d Ilth soil 
sas placed in I-gallon pots id plinled to p[il Idlct ( 
nesitu i 1Yphoidl,.%, var. (aahi-I ). 

Soil moisture %as maintained bl freqiticul) doting pots 
to field capacity by wveighing Pl,ints wcre litiic,,ed 4 wveeks 
after planting to minimize interception of roots by pit %salls. 

RESULTS %ND I)ISC'USSION 

Equilibrating conditions iillt cicC phosphate sorption bh 
soils. Beckwith (4) ssa,,hcd and equilibrated soils %kith 
p 

and Shaw (12) equilibirated in 0.1 Al (U(' I Oji tine. 

Shaw, and Beckwith equilibrated soils with ih phatdle for 
about 16 hours. but this 'is bcen found to be isifl iiciit 
time for equilibrating highly keatlhcred soils of IIiv-aii 16). 

the us ltlibratigeffect ofA preliminary inv,'estigation us'inlg the (icorgesillecondition,, on photsphsate sorpIton 

stable level-, of P itn soll.soil demonstrated that rcasonabl\ 
tion could not be expected dutrimig the first 6 days of cqui
libration (Fig. I) and that sorption isotherms soift rapidlN 

GEORGEVILLE SOIL 

NO ORIGINAL P o[ ,-

No 0 Ac SYSTEM,...;- 7 

atNRO - IDAil 
3500

0Co 

a, ,, -O 

a. 

P REMAINING 1tJ SOLUTION ipe~IEQUILIBRATION TIME (DAYS) 
Fig. 1-Phosphorus remaining In equilibrating solutions In rela. Fig. 2-Phosphate sorption isotherms contruntimd for various 

equilibration times.tion to time. 

http:iep,i.cd


904 SOIL SCI. SOC. AMER. PROC., VOL. 34, 1970 

during the first several days of equilibration (Fig. 2). Phos- tance of approximating field pH during equilibration, and 
phate remaining in solution was always greater in the the ease of obtaining clear extracts led us to equilibrate 
sodium acetate system of Beckwith than in 0.01M CaCI 2 soils in 0.01M CaCI2. 
(Fig. I ). This has sonic analytical advantages but the prey- Phosphate sorption isotherms constructed for four 
alence of calcium in most agricultural soils, the impor- diverse North Carolina soils are presented in Fig. 3 and 4. 

The slopes of the curves represent the buffering capacity 
SOO /with respect to P and reflect, in a general way, the clay 

content of the soil; although it can be seen from the clay 
contents given that phosphate adsorption per gram of clay 

GEORGEVILLE CLAY LOAM increases with decreasing clay content. For the Georgeville, 
40/ / Portsmouth, and Norfolk soil the calculated values are 

4C40% CLAY 700, 910, and 2,160 ttg/g clay, respectively. This suggests 
ORIGINAL P TREATMENT / easier access of phosphate to clay surfaces when the clay 

0- // is dispersed through media like sand. Probably much of 
1750- the clay in iron oxide-cemented peds is positionally inactive. 
300o Also colloidal material in sands may be very reactive as 

o0 / the result of intense weathering resulting from leaching. 

a3 
SX 

0o 200 
0
U) 

// 100 CL Y L A 
/# 

I I I I NO Po 

.022 .066 0.2 0.6 1. PORTSMOUTH 
P REMAINING IN SOLUTION tppm) SANDY LOAMj 

Fig. 3-Phosphate sorption by Ceorgeville clay loam which 2- +P 
had bten fertilized with different amounts ot P 10 years 
before. "0, 

w 

" .J20C / 200 

/W
PORTSMOUTH SANDY LOAM d 1O0 P 

3.
 
8 % CLAY-a.- 00/ /t' --'

' ot O060 P 0 
NO P PLOT .00 

"200 0 

)0 0 
NORFOLK SANr 

Liim x4 %CLAY ooNORFOLK NORFOLK SANDSAND 

100 P 
u NO P -/ 

0. S0
 

ST JOHNS SAND < 1% CLAY -s I__ _ _ _ _ _ I 

I.00, 0002. 01066 0f 06 0l 0.007 0.022 0.068 0.20 0.60 1.80 

P REMAINING iN SOLUTION (ppm) ADJUSTED P IN SOLUTION ppm) 

Fig, 4-Phosphate sorptioi
Johlis soils, 

by Portsmouth, Norfolk, and St. Fig. 5-Yield of millet in relation to adjusted levels of P in soil 
solutions for several soils and levels of prior P fertilization. 
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Table 1-The phosphorus percentage of millet grown in 

Georgeville soil in relation to adjusted levels of P 


and fertilizer P applied 10 years earlier 


Original No Adjusted P level, ppm 
p Ptreatment applied 0,.022 0. 066 0. 2 0. 6 1.8 

kg/ha 


0 0.17 0.3 6. 47 0.60 0.62 0.76 
175 0.33 0.36 0.47 0.50 0.67 0.72 
350 0.36 0.38 0.44 0.52 0.66 0.77 
700 0.29 0.36 0.44 0.56 0.68 0.71 

The residual effects of phosphate fertilizer treatments 
are clearly seen in the Georgeville soil by the spread among 
curves corresponding to four rates of P applied 10 years 
earlier. The effects of previous P treatments were not so 
obvious in the sandy Portsmouth and Norfolk soils. Verti-
cal bars in Fig. 3 represent selected P levels which were 
established for growing millet in pots. 

Yields of millet in relation to adjusted levels of P in soil 
solutions are presented in Fig. 5. Yields were 92 to 99% 
of maximum at 0.2 ppm P in the adjusted solution for all 
soils and all previous P treatments. This does not neces-
sarily indicate that 0.2 ppm in solution is the optimum con-
centration for plant nutritioir. This value has been sug-
gested by Beckwith (4) as a standard for comparative ptLr-
poses, since it seems to be a reasonable value for a number 
of plant species growing in solutions. 

The P content of millet within an adjusted level of the 
P in the Georgeville soil was remarkably uniform (Table 
I). Previous P fertilization had some effect on yields, par-
ticularly on the sandy Norfolk soil. The low P sorption 
capacity of the Norfolk soil indicates a limited capacity to 
continuously renew the soil solution with P. Woodruff and 
Kamprath (18) found that soils with a low adsorption 
capacity required a higher saturation of the adsorption 
capacity and a higher equilibrium solution concentration 
for maximum growth. Thus, the previous phosphorus treat
ments probably helped to maintain the soil solution con-
centration for a longer period of time. 

Although yields in all soils approached maxima as 
adjt..ted P levels were increased to 0.2 ppm, there were 
indications that soil texture was directly or indirectly influ
encing P supply patterns. A comparison of three soils in 
Table 2 demonstrates that P percentage of, and P uptake 
by millet decreased with decicasing clay content of the 
soils. This effect became less pronounced with increasing 
levels of adjusted P. Effects of this type can be explained 
as depletion of P from the immediate vicinity of roots, thus 
increased distance over which diffusion must move P to the 
root, thus a lower concentration gradient and lower P flux 
-this effect being accelerated as harvest approached so 

Table 2-The P percentage and yield of P in millet grown on 
three soils in relation to adjusted levels of P insolution. 

Values are means of the various original P treatments 
Adjusted I' level, ppm 

-NoP
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that yields were little affected even though plant P had 
fallen below the critical concentration (about 0.48% for 
95% yield). 

This train of events is favored in pot culture, especially 
with sandy soils, by the tendency of roots to "pile up"
against the walls and bottoms of pots. Essentially, this 

removes many roots from the soil environment. Diffusion 
of phosphatc to these roots becomes increasingly unlikely, 
as the outer layer of soil in the pots adjacent to these roots 

becomes depleted of P and water. The low phosphate sorp
tion capacity of sandy soils would hasten P1depletion in 
this situation and the effect will not be overcolne by simply 
using very large pots, as has been demonstrated by Baker 
and Woodruff (2). The exist,:nce and significance of this 
"barrier effect" in plant n.ltrition should merit further 
investigation, not only as it affects plant nutrition in pots, 
but also, plants tirowing on soils ,ith siones, pans, or other 
barriers to root penetration. 

Soils which have no capacity to sorb P require very high 
concentrations of P in solution to compensate for lack of 
total available P in the sstem. An example is Ohe muck soil 
presented in Fig. 6. 

The foregoing results reported here agree with data from 
Hawaii in which Kiku u grass (Pcmtesi, clandetitnui) 
was grown oilseveral volcanic ash soils (Fox. R. I.. Fer
tilization of volcanic ash soils of IHawaii. Panel on Soils 
Derived irom Volcanic Ash of Latin America. Turrialba, 
Costa Rica. 1969.). The Has'aiian soils' capacity to adsorb 
P at standard concentration (0.2 ppm ) during 6 days in 
a NaOAc system, varied fron 70 to 3,000 pgPig dry 
soil. Combined yields (two cuttings) of the Kikuyu grass 
was 95% maximun at 0.3 to 0.4 ppm P for soils which 
adsorbed 220-3.000 /,gP/g soil. but was greater than I ppm 
for the soil which sorbed only 70 Ig P. 

MUCK 
3 VALUES ARE MEANS 

FOR 3 LEVELS OF 

ORIGINAL P o 

2 

2 

.

0.2 0.6 1.8 54 167 48 6 

P IN SOIL SOLUTION-ADJUSTED (ppm) 

soll applied 0.022 0.066 0.2 0.6 1.8 Fig. 0-Yield of millet in relation to adtjusted hvels of ' in 
9; mg % mg 'X mg ( mg 'k mg % mg soil solutions of muck. P response was (lue to initial growth

mg %rug Og ug ~rugdifl'erences. The organic soilIs muineralized. 'opions amountsrug% ~ 
Georgeville ol 0.29 1,4 0,37 6.8 0.46 11.3 0,55 13.7 0.66 16.9 0.72 19.5 offershortlyTaftergplantinglsEven at the lowest leaeluofs 
Portamouthst 0.32 3.8 0,33 4.4 0.40 7,2 0,45 9.6 0.51 11.9 0.69 15. 7 of P shortly after planting, Even at the lowest level of P 
Norfolk a 0.30 0.5 0. 25 2.3 0.31 6.2 0.39 9.2 0. 51 14.2 0.61 17.0 applied, all plants were about 1% P wlen harvested. 
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Table 3-Residuil efficiency of P added to field plots of 
Georgeville soil 10 years before. The plots were 

• ux.ed nI phos;phtrusl removed hy corn during the 7th y'ear, 

ficiginal annually cropped to wheat
E cirteoped1'oorbedt 

or corn 

p frtilic, P at iesidual efficiency oft 
treatlent rcmn inlng{ 0t, 2 ppin

kg'S. _such 
fertilizer P 

,,
05 

u),
50 

. 
SO1 

.. 
48 

1l 20, 
V) 

S20 
49) 

10 
1FA) 

so 
28 

'di ,,1W- r n d(n ht. ,oi'1t,1ttlh 

le.....11h1n st. .. . -ehlual efficiency baosd on 6 days equilibration in a NaOAc 
:,ag.eWnttral r-ult,. Absolute 'aluts for residual efficiency (column 4) are 

,1,, rla Ili i,n-T,,ztte sorption (column 1) associated with Increasing ratesP..or- 0.a:lrslh applied (column 1) 

hdFrllt n,i#.1d-I[d~f hre of 1'ertlllzer 1) Iteshlupts m .fllclenev of Fertilizer'r I' 100. 

i ycrnro nt oued fcrtilzer I, rt..ling 

I'he residual effectiveness of old phosphate applications, 

as neasured by displIccment of adsorption isotherms was 
less to; the (icorgeville soil (Table 3) than has been 
reportc' for a hauxitic soil of Hawaii (64 to 80% ) (6). 
Nevertheless. i substantial residual effect is indicated 
Mich agrees s ith field data from these plots (7). 

An illportant difference bet\s.ecn the management of the 
North (arolina and llaoaii plots is this: the Nortb Caro-
lina site has cLrOasn annial crops (Mihcal or corn) for 10 

eassinceit was last phosphate fertilized, while the 
years ssoil 
Hassaii location had grown a grass-legume Illixture con-
tinuoush%for 9 Nears 119). 1hus. the Hawaii soil has not 
been nlixcd since it ssas lirst ferlilized, 

lbhe dat aipreCSCud it Fig 7 detonstrate that for a 
gisen level of P1in the (icorgeville soil. P solubility is 
greater when I' is hciitg alddCd to the systenl than when it 
is being oithlrimn. l 0 '-Olllt' soil' it may he necessary to 
construct separate deiiption isotherms in order to make 
predictiois !Th-out I' sol ihility after large amoints of P 
hle been extracted h%plants. 

It is not suirpriising that coicentration oft It in soil soILtI 
lions gies uscful infotnilion about P nutfrition. since con-
centration grilients pltrslidC the driving force for moving 
P to roots antd. in additin. since 11uptake by roos is con-
cetlraion dependent. ()hter variables infhlence the flux 
of P to roots also t I I ). but these data suggest that concen-
tration of P in solution is the overriding factor since, by 
adjusting soil solution concentration to a standard level. 

500 

400 
DESORTION - a 

3 oo-_OR,0O 
11DAYS EQUILIBRATION

W 
a) GEORGEVILLE SOIL 

§ 	 No Originol P 

r 	 500 ppm P added a 
250 ppm added a 

I I t I I I I I l n 
0. 	 1.0 

P IN SUPERNATANT (ppm) 

Fig, 7-1esorption of P during 33 extractions with O1M 
CaClut. 
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P nutrition of an indicator plant was reasonably constant. 
The same cannot be said for soils which have a very low 
capacity to sorb P, or perhaps for very intense P extraction 
from soils with high capacity, because hysteresis effects, 

as those illustrated in Fig. 7, become excessive. 
Predicting requirements for 13 fertilizers on highly 

ae s rto st e m 
weathered soils by use of phosphate sorption isotherms 
takes into account both intensity and capacity factors. This
approach provides a method for studying reactions of P 

fertilizers which is more closely related to plant needs than 
some of the classical siudies pl n ton 	 solubility of P reaction 

products. Once P sorption isotherms have been deter
mined. these could be correlated with some of the more 

traditional soil test methods now in use (I1). 
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