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CHAPTER 1
INTRODUCTION

Phosphorus is found in the soil in different forms. Most of these
forms present in soils are unavailable to plants. Also, if a soluble
form of phosphorus is added to the soil in the form of fertilizer most
of it is usually "fixed" or rendered unavailable to plants. To be ab-
sorbed by plants, the precipitated phosphoric acid must be dissolved.

" This can be aehieved in the following way: A very small amount of phos-
phate is dissolved on coming in contact with the soil solution, it is

- absorbed by the plants, thus displacing the chemical equilibrium and
causing a fresh minute quantity .of phosphate to be.dissolved.

"available"

Soils differ widely regarding the properties of their
phosphate probably due to the following:

1) The speeific suriace of the phosphate and its distribution in
the soil (particle size; as the particle size gets smaller the specific
surface afid the solubility increase and vice versa) .

2} The content of the other ions (e.g., Ca, Al, Fe, etc.).

3) The pereentage of soil eolloids (2:1 clay particles may fix
phosphate, this can be achieved either by chemical precipitation, ad-
sorption by simple addition or by anion exchange).

Various chemical methods have been devised for determining the

available phosphorus present in the soil by using chemical extracting

reagents with the assumption that these methods are analogous to the



rpfocesseshWhichiafe believed to proceed near the roots of plants. . -

wffInsdevising¥an'analyticallmethodgfor,practicalfuse, one~shou1d\en— :

”1_aéébdrffc'imifatéthe'maﬁﬁef'in mhicthhedsubstance‘is‘made avaiIabie;
”;1and at. the same t1me interfete as’ llttle as p0551ble Wlth s01l cond1—
"tmons,vln-other words, the method should ‘be analogous to‘the processes
'dwhlch ptoceeddnear the roots of plants;’; s , |
| hased upon the pr1nc1ples and the assumptlons Whlch have been made
hhfor determlnlng avallable phosphate, dlfferent methods and technlques
3gj¢an\§e;§r9“P¢d 1nto four'broad categor1€s;};
”.:Hglji;Chemdcaleextraction:technidﬁ¢s1;iox

’1'Z)prioaSsayvtechniQues:m

' 3)v’Radioeisotope—phOSphorusﬂtechndQues“"xp
“s-ﬁjjdkeslns ot anion exchange techniques :

’The princ1pal obJectlve of this study is to compare the performance‘
hh{of the exchange res1n method of Amer et al (l)* Wlth that of Bray (7)
:A;ZO 1 (solutlon to s01l ratlo) method “to see’ whether the supposed ad- =
vantages of the ‘resin method Wlll be sustalned‘hy‘applylng 1t to d1s—‘

s1m:|.lar,so11_su

" *Numbers in parentheses refer to literature cited.



- CHAPTER II
"REVIEW OF LITERATURE
Chemical Extraction Techniques

Accordlng to Russell (49) and Dean (16) chemlcal technlques are
'based on the follow1ng assumptlons.‘ﬁ ‘ |
'15 Dilute acids dissolve allxcalcium phosphates'preSent except the
[gpafites;.v‘ o RN | |
"2) !Concentrated solutions of acids dissolue'the apatitesf
‘d-{3)f Fluorldes d1splace phosphate from the surface of hydrated
_ alumlnum ox1des and subsequent treatment w1th alkall d1splaces it from
~ the surface of‘hydrated ferric oxides. |
v4) bReducing solutionsacontaininé.anviron chelating'agent will~re~:’
move phosphate present heiom the surface‘of'iron.oxide films‘and,:in
ppartlcular, phosphate present in nodules of hydrated ox1deo
Keeplng these p01nts 1n‘m1nd researchers started to dev1se tech-
h~ nlques to extract phosphorus from 501155 The earllest attempt to h
'determlne the readlly available phosphorus in the s01l was made by
Troug'(57).m He'extracted'the_soil with avODOOZN solution of‘HzSO4
: .buffered mith ammonium;sulfate to pH 3,00 | S
| flsher and Thomas (24) also. made an early attempt to extract
avallable phosphoruse ‘Theyeused acetlc ac1d—sod1um acetate buffer’atv

pH‘5.6 and drlute H,_SO

H80, atLpH 2,Of4i



Harper (29) extracted non-calcareous soils with O.lNVacetic acid.
Harper obtained good correlation Between crop response to fertilizer
applied and the phosphorus extracted by the acetic acid method.

Extractiqn ofbthe soils with solutions with less solvent power,
such as one percent citric acid employed by Dyer (22), and 0.20N nitric
acid of Fraps (25), have been used and recommended by many workers as
good indications of the available phosphorus in the soil,

Morgan (41) developed the so-called universal soil extracting solu-
tion for the evaluation of available phosphorus as well as several other
nutrients within the soil. The universal soill extracting solution con-.
sists of 0.50N acetic acid solution, buffered at pH 4.8 with sodium
acetate,

_Daé (15) proposed a method for determining available phosphorus by
extracting the soil with a potassium carbonate solution and compared it
with a citric acid method. Das concluded_fhat the potassium carbonate
method is equally applicable to all types of soils, whereas, the citric
acid method breaks down as a discriminating agent for evaluating the
available phosphates of alkali and calcarecus soils.

Different quick tests haye been introduced by many workers for
phosphorus as well as other nutrients. Thesewmethods include: 0.7-0.8N
HCl of Bray et al (8), 0.135N HCl of Spufwa;v(54) and buffered per-
chloric acid extractant of Mile (38) and 0.3N HCl of Bauer (4).

Dickman and Turk (i8)vdescribed a method for determining the or-
ganic phosﬁhorus content of soils by decomposing the crganic matter with
hydrogen peroxidé and subsequently extracting phosphorus with(.2N H2804°

Bray and Kurtz (7j»made'the distinction between adsorbed and acid

soluble phosphorus; on these bases they divided their test into two



methods:

1) Extraction of the adsorbed phosphorus by using a mixture of
0.03N NH4F and 0,025N HCL.

2) Extraction of acid-soluble plus adsorbed phosphorus by using a
mixture of 0.03N NHAF and 0,1N HCIL.

Rubins and Dean (46) compared different chemical methods with the
Neubauer biological method on different soils from Maine. Rubins and
Dean reported that the acetic acid method and Truog method extracted a
greater fraction of the total phosphorus than the Morgan method. They
concluded that results with different chemical methods correlate with
each other to a certain extent, but no significant correlation was ob-
tained between results with the Neubauer biological method and the dif-
ferent chemical methods.

Distilled water saturated with,CO2 has been used on many calcareous
goils (35,10). Good correlations between phosphorus applications and
the amount of phosphorus extracted have also been obtained. McGeorge
and Breazeale (35) concluded that the solvent action of carbonic acid on
soil phosphorus in calcareous soils is mainly a function of soii reac-
tion.

Olsen et al {(45) proposed a new method for extracting soil phos-
phorus by using 0.5M solution of sodium bicarbonate adjusted to pH 8.5.
They claimed that their method gave better correlations with plant
response in both calcareous and acid soils than the Bray method.

Miller and Axley (39) attémpted to determine the soluble phosphorus
in soils by using a modification of the Bray, Kurtz, and Troug methods.
Their extractant was a mixture of 0.3N H_ SO, and 0.03N NH F.

2774 4

Breland and Sierra (10) compared the relative effects of eight



exfractants on the removal of phosphorus from seven major soil types of
Florida. Breland and Sierra concluded that HCl—NHaF and HCl—HZSO4

solutions extracted more phosphorus than the NaHCO NaOAc, NH,OAc, dis-

3’ 4

tilled water, or distilled water and CO2 methods.

Bioassay Techniques

»The relative availability of a nutrient in different soils can be
investigated by using bioassay techniques of which there are two types
using: |

1) Higher plants

2) Microorganisms.

Higher Plants

The use of this method is based on the principle that a biological
response may increase linearly with the dose of active ingredient.

The real development of this concept started when Liebig formulated
his law of the minimum which stated that the nutrient present in least
relative amount is the limiting nutrient. It implied that all the other
nutrients were present in excess until the deficient or limiting nu-
trient was made adequate, whereupon, the one present in the next least
relative amount became the deficient nutrient, and so on. This law
_ stimulated the interest of other workers in the field to evaluate the
availability of a given nutrient in the soil by determining plant re-
sponse and total nutrient uptake.

According to Black (5) and Bray (9) Mitscherlich and later Spillman
arrived independently at the following conclusion: A unit increase'in

supply of . a plant nutrient results in an increase in the yield. The
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increase in the yield is togﬁé&propdrtionalvto the decrement from the

maximum yield that can be produced as the supply of the nutrient is in-

creased indefinitely. Mitscherlich expressed this mathematically as:
log (A - y) = log A - C(x + b)

where:
y = the yield associated with the soil available phosphorus, with

or without added fertilizer

x = units of added fertilizer

b = available phosphorus present in the soil

A = maximum yield that can be éroduced as X increases indefinitely
C=a parémeter

The A and b variables and the '"C" parameter can be calculated and ob~-

tained in the simplest case by using the following formula:

y5 = (7,)(yy)

A% = 5
Y179 7Y
log(a - yo) - log(a - yl)
C* =
X; ~ X
log A - log(A - yo) - Cxo

C

where Yo» Yq1» ¥, are the yields corresponding to the added phosphorus
X s X5 Xg» respectively. Thus, it is apparent that the available soil

phosphorus can be calculated by knowing the other components of the

* -~ = -
These formula can be used only when X, = X X, Xq o



equation.

Bray (6) and Arnold and Schmidt (2) have used the Mitscherlich
equation with considerable success in fhe correlation of chemical soil
tests with results of field experiments with fertilizers.

Based upon the assumption that plants presented with two sources of
a nutrient, namely the soil and fertilizer, will absorb this nutrient in
proportion to the.amounts available, Dean (17) developed a curve to es-
timate the available soil phosphorus in terms of phosphorus applied as a
fertilizer. TIf the yleld of phosphorus curves are extrapolated to their
intersection with x-axis, this likewise should give a measure of the
amount of phosphorus in the soil as available as the source applied as
a fertilizer.

According to Stewart et al (55) and Bould (11) Neubauer proposed
his seedling techniques for evaluating phosphorus availability in the
soil, The Neubauer method is basea on the principle of intensive up-
take of plant nutrients by a large number of seedlings grown on a small

‘quantity of soil. Neubauer asserted that 95 to 100 rye seedlings will
extract in 14 days all of the available nutrient elements in 100 grams
of soilo. Neubauer found that the phosphorus and potassium taken up by
the seedlings is dependent oﬁ the soil and-appears to be a constant

value for each sample of the same soil under a standard technique.

Microorganism Techniques (Soil Plaque Method)

The microorganism techniques are based on the fact that micro-
organisms have some similarities in their requirements for certain
elements, such as K, P, N, etc., as plants do. Any deficiency in one

of the required nutrients, therefore, will retard and reduce their



'”growth*u

Accordrng to: N1cholas (435 Butkerlc and Korcelechll were pioneers
ln uslng mlcroblologlcal methods for the‘determlnatlon of mlneral '
f-rnutrlentsjln SQllSo; Butker;cvand Korceleckll used AsEerglllus for the
ﬁdstudwnofgawailahle'nhosphorus in - Russ1an s01ls,,hd
o Accordlng to Sackett and Stewart (50)\W1nogradsky and Zlennlekav”
demonstrated that spontaneous colonles;of;Azotobacterwgrow lu#urlantly,

u'on sorl plaques 1f su1table eneréy and‘nutrlent elements arebnrovlded
‘71-W1nogradsky and Zlennleka found that there was a close correlatlon |
.between the llmltlng factors forhasotobacter and those‘for growlng

j_plantsu;;f

Sackett and Stewart (50) mod1f1ed Wlnodradsky s method for the

. study of elemental def1c1enc1es 1n Colorado s01ls. They used Azoto-l'

‘-zbacter colonles as a nutrlent element 1nd1catoro Sackett and Stewart ”

concluded that the Azotobacter 501l-plaque method was -a satlsfactory

‘means'ofadeterminlng‘deflciencles,infphosphate,.calclum,,and probably ~}l:;

ﬁ‘potassiumf.
:détewart (55) comnaredttheusdil.nladue:technique forkphosphorusiand'f
potas51um def1c1ency determlnatlons w1th the Neubauer and Hoffer corn
istalk method The resultsbshowed that both tests are equally rellable,.
however,ithe s01l~plaque technlquebls faster and cheaper to run that
-the Neubauer testnw o - |
Accordlng to Smlth et al (53) lelas et al used the growth of

’-vAsperglllus nlger in culture solutlon to wh1ch 5011 had been added as

an: 1nd1cat10n of the- phosphorus needs of the s01l lelas et ale ob-
talned qulte satlsfactory results wh1ch were in close agreement w1th

the results secured by the Neubauer method
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Dalberg and Brown - (14) compared the s01l—plaque technlque w1th the
‘ lNeubauer method, on dlfferent Western 501ls°_ Dalberg‘and'Brown con—

' cluded that the s01l plaque method gave a satlsfactory comparlson w1th
Athe Neubauer method for phosphorus deflclent s01ls, but not for SOllS

'f:'w1th hlgher phosphorus contents.iz

Mehllch (37) modlfled Niklas method by uslng Cunnlngfhamella in—

\ stead of Asperglllus nlger, for quantltatlve determlnatlons of avallable

nphosphorus in. s01lsc He compared thls method (Cunnlng— hamella) w1th

,the Asperglllus nlger method a chem1cal method ~and fleld test. The

'v».results obtalned w1th a large number of s01ls from w1dely separated

hvareaS'showed good,agreement with-fieldhtest_results butlnot;with the
'fchemlcal method R N |

| Halversen and Hoge (28) modlfled Sackett and Stewart 's method (50)

' f;hy replaclng the Water by hot agar solutlon to glveba smooth surface for
:'gcolony growth and unlformftyﬁof appearance of the‘plaque,=€ .

Tchan (56) descrlbed a- new blologlcal SOll test in. Wthh a mlxed

3‘H}culture of algae is used Algae and hlgher plants show 51mllar growth

'u‘responseslingthe presence of dlfferent quantltles of nutrlentsr 'Théf
-eftest'invOlves adding 5410 grams ofia1r~dry s01l’to 50 mlfof completeh”
':'nutrlent solutlon (mlnus the nutrlent element underbtest,‘e gt,
'hphosphorus) The pH of the medlum is. adJusted to thaé of: the 5011 ”A B
'himlxed culture of algae is. then added and thekflasks are 1ncubated under
if?cOndltlons;of,cOnstant:llghtiand-temperature for[two tO'three-weeksa;
7f¥£lhe resultshof‘the test“are compared w1th a: standard serles, thus, a ;

1h_;pred1ctlon of the plant s response when fertlllzer 1s supplled to a

d[partlcular 5011 can be obtalned



Radio~Isotopes-Phosphorus Technique

Soil solution phosphbrus is in dynaﬁic equilibria'with the solid
phase phosphorus of soil. The equilibration takes place as a result of
dissociation of phosphate groups from the site of binding in the soil,
and their replaceﬁent for the solution phase by other phoéphate groups
(1). Thus isotopic tracers are of value in following the exchange reac—
tions which take place between surfaces and components of the contin-
guous solutions.

McAuliffe (34) applied this pfinciple to soil reactions involving
phosphate aﬁd hydrogen by using P32 ahd deuterium. McAuliffe found that
the inofganic phosphate ions in the soil solution exchaﬁge continuously
with the'inorganic phosphate ions held by the solid phase of the éoilo
After McAuliffe{s findings a fundameﬁtally,new approach to the problem
of estiﬁating soil phbsphorus availability Qastmade_possible using P32°'

‘Larsen (31) stated that iéotopic exchange between mono- and di-
calcium phosphates and soil phosphate was so extensive that fhe ex—
changeable phosphate content of the soil éould be determined by compar-

ing thg specific activity of labelled phosphate, subsequently absorbed
by plants. Larsen developed the following equation to calculate ex-
changeable phosphate:

- (Co - 1)

C X

where:
y = the amount of exchangeable phosphorus originally present in
the Soil‘

X = amount of phosphate added as fertilizer
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Co

[

the content of radio phosphorus in the fertilizer

C

radio-phosphorus isolated from the plant

Larsen concluded that '"this caléulated value of ekchangeable soil phos-—
phorus" is independent of the amount of phosphate added, provided that
a definite fraction of the soil phosphorus takes part in the isotope
dilution.,

Based on the same principle that Larsen used to caléulate the ex-
chahgeaBle phosphorus in the soil, Fried and Dean (26) proposed a
similér method for measuring the amount of available.phosphorus in
soils. This infolved the introduction of a known quantity of standard
source of nutrient under consideration into a soil, growing the desired
crop, deteémining the proportion of the total nutrient absorbed that was
derived'ff;ﬁlthe standérd source, and then calculating the amount of

available nutrient (phosphorus) in the soil by applying the following

formula:
A=‘B(1 - y)
» y

where:

A = the amount of available phosphorus in the soil

B = the amount of phosphorus supplied as fertilizer

v = the fraction of the phosphorus in plant derived from fertilizer
only

Thus, by knowing thaﬁ part of phosphorus which is taken by plants from
the fertilizer added (by aﬁplying radioactive tracer techniques) the A
value can be determined.

Russell et al (47)'argued that the simple isotopic exchange rela-

tion:
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(A) soil _ (A) plant
(B) soil  (B) plant

developed by Larsen, Dean, and others, is 6nly applicable under very
specific conditions; where soil phosphorus and added phosphérus ferti-
lizer have the same availability coefficiente Russell et al suggested
the‘modification of this simple relation by introducing the availability
coefficient into the equation, thus, ‘it will be applicable under all
conditions.  The equation will take the following form: .

(A) soil _ (A) plant
(B) soil (B) plant

where X is the availability coefficient.

Amer et al (1) comparéa P32 and the anion exchange resin method
for characterization of soil phosphorus. _Amer et al found bbth methods
gave satisfactory resulfs,.but, theyvcdncluded that the résin method
may be preferable because of the' time required for equilibration.

Russell et al (48) investigated the relationship between the ab-
sorption of phosphate by plants and labile soil phosphate in four dif-
ferent soils. Russell et ai concluded ﬁhatbtracef methods appear to be
subjected to limitations similar to those of the older extraction pro-
cedures, Russell et al attributed these limitations to the slow migra-
tion of the labile phosphate between sites with different characteris-
tics. This slow migration will cause the presence of different labile
fréctions with different activation energies. Also ﬁnder slow migra-
tion true equilibrium will never be attained.

Caldwell and Jones (12) compared the labile phosphate result with

the responses obtained in field experiments for peaty and>chalky boulder



’f«clayfsoils, Thelr results showed that the responslveness of the s01ls

1f>1n theﬂfleld to applled phosphate was not reflected 1n the labile values

"ffobtalned ‘on the peaty s01ls, but the lablle method was more successful S

afiiiln chalky boulder clays than the s01l analys1s method

,Anion?ﬁxéhénéé[Méthqd"(RESin5if["*ﬁfﬁ‘~f~-

Ion exchange can be deflned as?h revers1ble exchange of 1ons be—‘

'73tween SOlld and llquld phases 1n wh1ch there is no substantlal change in.

d‘fgthe structure of the solld (19)

lclp“by ‘an.. equlvalent number of oppos1tely charged 1ons whlch are moblle and/ff

Synthetlc 1on exchange re51ns are a speclal type of polyelectro-f
viflytes, 1, e., cross—llnked polyelectrolytes that can be v1suallzed as an
4afelast1c three d1mens1onal hydrocarbon network to, wh1ch are attached a :

'hlarge number of 1on actlve groups (19) The 1on active group 1s always E

7 f,flxed to?the h1gh molecular we1ght polymer and is immobllecs

The electrlcal charg the*lon actlve groups 1s always balanced Y

yﬂ}can be exchanged w1th other 1ons_of a 51m11ar chargeo; Th;’ion actlve

f7fgroups determlne the chemlcal behav1or of the 1on exchange re51ns (e g

";*catlon exchange or anlon exchange)

b;lTypesfandiChemicalfComposition;ofﬁResinéfiff

Res1ns are made by copolymerlzatlon of styrene and d1v1nyl ben— o

ﬂfi”zene.ti & general here are’ four maJor types of res1ns (19)




c) Weak base resins: tertlary amine res1n bullt on a condensed

'ep1 amlne backbone (e gn, Dowex 4)

d) :Weak'acld reslns conta1n1ng carboxyllc groups as the func—'
Q_tlonal s1tes:‘>Vl | e ciny

The method of usingvanlon exchange resins:as‘a neaﬁs4fo£’aé£érnin-<
‘*;iﬁg avallable s011 phosphorus 1s based on the follow1ng pr1nc1ples,prlf -
: the soll in aqueous suspen51on rs treated wlth a substance capablevof
oan donic exchangevsuch as organlc re51ns and 1norgan1c Na—zeolltes, and,~
w1th a reactlon‘(neutral or sllghtly‘bas1c) almost the same as that of
-s01l thlS substance‘can remove the phosphorus‘from the s01lsolut10na
.‘Its actlon mlll be more nearly analogous to that of the’plant root than.t

' any other method in. Whlch an equ111br1um 1s belng set up between phos—

’:,ﬂvphoruSrln the extraCtlngvsolutlonslandgphosphorMS’ln;the,solld phase;

qli;The res1n would remove phosphate from the solutlon 1n exchange for the-'

‘Un-anlons 1n1t1ally present on the res1n, e ga‘Cl 4, or CO3

In 1952 Moller and Mogensen (40) suggested the use of Na—zeollte as"w

;'_5lon1c exchange substance for determlnlng avallable phosphorus 1n 8011

'lhe Naezeollte used is- 1nsoluble and neutral or sllghtly alkaline in

'aqueous suspen51on and the‘process results in m1n1mum 1nterference Wlth:‘
ddthe c01101d—chem1cal condltlon in ‘the s01lA They proceeded w1th thelr
\yh;analy51s by shaklng lO grams of air drled s01l in 250 ml d1stllled
d:water w1th 5 lO, or 20 grams of Na—zeollte (Na—Z) for varlous’tlmes;<:l_d_?
héFlnally,_they determlned the phosphate concentratlon colorlmetrlcally

"d‘Taklng Ca (PO as an example of one of the s011 phosphorus fractlons

ﬂffpresent in. the 3011, the overall reactlon may be represented as follows‘

> 3Caz. + INa. PO, .

6NaZ + Ca (P04)2 1>“2 a‘['3‘¢4ijls”a
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>g>'MOller and Mogensen concluded that 1: l ratlo (soll Na—Z) andvshaklng
“f;for‘51x hours gave the best results,.;" |
Amer, Bould1n, Black and Duke (l) used Dowex~2;>the ClT-form'of.'
the strong base anion exchange resin, They shook one gram s01l (100
mesh) w1th one gram res1n (32 mesh) w1th lOO ml of watere‘-The suspenek
'slonrwas‘shaken-eontlnuously on_aiwrlst‘act;on,shaker;and;fafter'theg
fadsorption,period5;theTresinhwas‘separatedgfrombthe goll‘by washing thé,
' .suSPensionfthrough 82 meshfboltfngkcloth’mounted On\a Buchner funnel;
'Phosphorus adsorbed by the resln was exchanged by d1gest1ng the resin:
bg°on arsteamplate w1th 25 ml of lO/ solutlon of NaCl for 45 m1nutes,'
vifollowed by leachlng w1th addltlonal portlons of NaCl solutlon untll .
. 100 ml of flltrate ‘was collected From,thrs,experlmentiAmer et al con-
'ffcluded ‘the follow1ng o
o 'bl) Ll l ratlo between res1n and s01l 1s‘the best ratio for max1mum
'rate of phosphorus removal | | | | |
f>2)g The. rate of phosphorus adsorptlon by“res1n ag1tated in solu-'
t10n is: proportlonal to the P concentratlon in solutlon, and 1s 1ndepen—f
- dent of the rate of dlffus1on of adsorbed f in the reslnoj‘ :
| ‘3)i The rate'of phdsphorusiadsorptlon.by the res;n;ls controlled:r
by the rate of phosphorus released from the s01l | o
B :42' The quant1t1es of phosphorus adsorbed from the 5011 by.: the |
bres1n’after varylng 1ntervals of time were less than " those equlllbrated‘
w1th P32 durlng the same t1me 1ntervalf | T
fb:Nevertheless, Amer et al found wery close agreement (r‘- O 95) between'-
P adsorbed by the resin and phosphorus avallablllty ‘as measured by the
1sotop1c dllutlon method of Frled and Dean (26) ' L

Moser et_al,(42)'compared thetperformance_of.the ekchange resin
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flf"method of Amer w1th that of Bray and Kurtz (O lN HCl O 03N NH F),

L Olsen s method (0 5M NaHCO ), and the phosphate potentlal method of

Schofleld Aslyng u31ng sorghum s growth on cultures of 22 s011s in the .
'greenhouse.; Mbser et al based thelr comparlsons on. the prec1s10n of
Q‘predlctlng the yleld of phosphorus dn. whlch they arranged the results-‘
'.1n order of decreaslng prec1slon as follows‘b | -
‘1J7l) Anlon—exchange res1n method of Amer and'coworkers

1-2)[}0 5M Ncho3 method’ of Olsen | B }”l

&g3>3mPhosphate potentlal method of Schofleld and Aslyng L

'4)f;0 1N HCl O 3N NH4F method of Bray and Kurtz |
vzguVan‘Dlest Wh1te, and Black (58) used the Bray and Kurtz method

"l (O 03N NH F., O 025 NHCl) and the anlon—exchange re51n method of Amer ‘and

4
» frcoworkers as.- the bas1s for predlctlngthe y1elds of phosphorus in. plants
' p‘grown‘on the.s01ls 1n the greenhouse.. The re51n method gave more pre— f;
“g;c1se predlctlons of P yneld than the O 03N NH4F O 025N HCl method of
E::iBray and Kurtz, but the regress1on coeff1c1ent was smaller for alkallnev’
:fsolls than for'ac1d so1lsaw.Th1s d1fference may have been due to the
f'ﬂeffect of pH on. the relatlve amounts of H, POA‘and HPOZ'presentajxfff
l:b Lathwell Sanchez, R1sk, and Peech (32) used the strongly ba51c
-fanlon~exchange resin Amberllte to- 1nvest1gate the amounts of avallable f‘““”
tphosphorus in Zl New’York surfacevs01ls, and subsequently compared thlS
: Lfmethod w1th the-sodlum blcarbonate method Lathwell et al found. that
the amounts of phosphorus extracted by the res1n gave the hlghest
:tldegree of correlatlon w1th responsevmeasured in terms of yleld and
iﬂlvphosphorus uptake for all methods they used : These workers alsOafoundi
lihﬁa very. hlgh correlatlon between the Frled and: Dean Aﬁfy;ioélaﬁthhé'

liresults ofrthe;r‘resln’methode.vrf
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Sldorlna (52) used‘the weak basekanlon exchange re51n EDE—lOP to
determlne the avallable phosphate in some Rus51an 501lsu _Sldorlnaf
- rffound that the exchange mas,very’slow When the ratlo betmeen"soillto
:h‘:re51nvmas 10:2, however, by changlng'the.ratlo to l 1a rapld exchange
.Was,noteda 131dor1na concluded that plants make use’ of‘the res1n—phos—
’fphate Just as readlly as Water soluble phosphate;v |
";‘Williamsp(ﬁo) used Dowefo (X4)'resin to:give‘an indication of the
‘bresidual&availability of‘prevlous(applfcations of phosphorus‘in-the:
follow1ng forms°“ water soluble phOSphate (superphosphate), relatlvely
‘hlnsoluble form of phosphate (ground mlneral phosphate, G M P ), d1— .
”calcrum phosphate, and baslcjslag He compared the- avallablllty w1th‘f
'5'ﬁeaﬁ yieldskoffpotatoes overfaiperlod of s;x yearsg-:W1llrams found»that
fthereiwasia:falrly-good'linear relationship;betweenfthe’yleld of pota—v

© toes’ and re51n phosphorus values.v» g

Duple551s and Burger (20) compared the performance of elght Cheml_('“'d

1cal extractlon procedures with phosphorus experlmental data from 34 top
s01ls of the Orange Free State Reglon (South Afrlca) ' The s01ls varled h
.1n‘clay content from four to flve percent and in pH values from 5, 2 to
‘8;5. The e1ght chemlcal methods Whlch they used are'f |
| .l)»‘one_percent c;trlc:ac1d11“> | | |
2)‘ 0,5ﬁ sodium bicarbonateﬂat:prBQSH
| 3)»11"0 N HCl + 0. 03N NH ¥ (Bray and Kurtz)
f4).h2 5 percent acetlc ac1d
o 5)?(0,1chalCLum lactate>
f>r65;‘O‘thsodium:hydrorfde ( TR
7);10 002N sulfurlc ac1d |

,8);hanlon-exchange re51n (the chlorlde form of the strong base
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"'-anlonlc exchange resrn,’IRA—400)

bData of- Dupless1s and Burger revealed that all‘the methods, except NaOH :
}a,vwere almost equally effectlve for est1matlon of total phosphorus uptake ,b
v‘when:alllsoll classes wereccon51dered | However, 1f only heav1er SOllS
: mere considered the NaHCO3 and re51n methods were s1gn1f1cantly better—i

;‘correlated w1th total phosphorus uptake than results of ‘the other
Vh methodsai Duple851s and. Burger also found that the NaHC03‘and anlon-"
cexchange re51n methods gave the h1ghest correlatlon Wlth both percentage_

vyleld and total phosphorus uptake,_ ;-"‘ |
Duple551s and Burger (21) conducted another experlment to determlne
which phosphorus fraction 1n the 5011 Was malnly utlllzed by the plants
band to obta1n an‘extractant‘for avallable phosphate Whlch Wlll dlssolve

'?fall these fractlonso Many dlfferent extractants Were used for these
5l{rnvest1gatrons.: Included were one percent crtrlc ac1d 04 5M NaHCO3 r9~h"

r(Olsen method), O 1M calc1um lactate, O 5N NH F plus O 1N HCl (Bray and

4

'"tbKurtz), 2.5 percent acetlc acld (Wllllams and Stewart), 0 002N H SO

2 4

"‘(Troug), O lN NaOH (Saunders), and the anlon—exchange resin method
Tt(Amerietgal) All these methods correlated W1th total phosphorus‘up—
'd:take.by plants° ;The-flndlngs of these 1nvest1gatlons~revealed that the»
vAl-P and Fe—P compounds may be more avallable to: plants than Caefvcom—
o pounds 1n alkallne s01ls whlle 1n acld s01ls Ca—P may be h1ghly4ava11—3'
K able, -Therefore, 1ttcan'be assumed-that an extractant Whlch dlSSOlVeS
bm:Al—P and Fe-P compounds 1n alkallne.501ls and Ca—P compounds in acld‘
soils Would be .the: most sultable for the determlnatlon of avallablevihd
‘phosphorus;for,bothssoils,::Duplessis»and Burgerhconcludedythat,the;
| anion\ekchange;resinvextraction method for_thevdeterminatlon’of_ayailé:

able‘phosphorusvgaye the_best c0rrelation.with_plantouptake, The'method
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vmay be appllcable 1n ac1d as well as alkal1ne 501lsa
Each of the techn1ques mentloned has 1ts own advantages and llmlta—
'tlons, Which‘may”be briefly:summarized&as‘follows:

l) Chemical extraction techniQues;F Chamiéal.extractiontechniques

are fast and rather s1mple to. perform.but have the : following'lfmfta;v'
*bltions:.f:f.. S L . O : \
‘fa)“~lhe‘soil:isyextracted;withhorganfc orfan inorganic acid which
'f,faffectfandralter'the normal:soil;chemicalxcondltionsu |

o bj Solublllty 1sbreally 1nduced by using these chemfcals whlch
do .not normally ex1st under natural condltlons,, P i

"ci‘ZDifferent,results;can beiobtainedmfrom theisame'soil'by'using

'U'different.reagents; ‘ | |
‘d) _Most'of the>extraction,technfduesjdo nothcorrelate mell'with;

plant response.

'Qéjy Bloass_iﬁtechnlnue.ﬂ‘Although th1s method may give\better cor— ;;d?
}:_relatlon with: plant response, it has the follow1ng 11m1tatlons.f. .

a 5 It is tlme consumlng, allow1ng’f0r‘gromth of the organlsme‘

;‘bi lt requlres many repllcatlonsoiif | |

}E) In case. of the mlcroorganlsm adJustments.need to be made such
as pH and oréanlc matter tofpermlt rapld growth |

») When two d1fferent sources of nutrlent are’ used (s01lrand
'vfertlllzer) organfsm use is frequently‘fnfluenced ‘more by relatlve fs’

W,Favallablllty than total avallabllltyav

' ;'3)T Radlo—actlve method ' Thls method has many advantages, such as .
'fdmaking the measurements w1thout the addltlon of the ac1ds, bases, com— ‘
plex1ng or prec1p1tat1ng reagents whlch are. commonly employed 1n cheml—-

hpwcal extractlon procedures that alter the measurement of avallabllity
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' Its main-limitations are:

'a)K'Calculations.ofxthefquantity‘of‘soilbphosphorusvﬁithﬁwhichvthe e

“iadded phosphorus has equillbrated 1s strlctly valld only at equlllbrlumo,,,
.Slnce the process contlnues indeflnltely the requlred cond1t10n of !
'equ1llbr1um doeslnot prevall.“ i | .

b)‘ The extent of klnet1c exchange of phosphate for phosphate may
vnot be‘entlrely satlsfactory as’ an estlmate of so1l phosphorus ava1l—
» ablllty because of the tendency of l1m1tat10n to surfacev:exchanéeqb.

ce) Phosphorus released may well be replaced by S1O3 or3OH'_a

?d4)v-An10nvexchange resin: Although th1s method is. more laborlous o
» and t1meAconsum1ng than the chem1cal method,»on the average it glves

ybetter correlatlon‘w1th phosphorus‘uptake than most chemlcal extractantv:
tests. However; the res1n method is. stlll new, and additional work 1is

fneedédwto‘téSt,ltS use.'u.nderﬂgdlz_fferent;’“conditlonsu



~ CHAPTER III -
'MATERIALS AND METHODS -

Thlrty-31x s01l samples representlng central and western Oklahoma
) wheatland SOllS ‘were used for th1s 1nvest1gatlona- All~samples Were v
taken from_the top s1x.1nches of*the-profile, All_samplesttestediwere,

“air dried and passed throughda 2 mm. sieve.

Phosphorus’Anaiysis B

Anion Exchange Resin Method-(,-lff

‘Dowex 1 (X—8), strongly bas1o anion exchange‘res1n conta1n1ng elght
"fpercent of div1nyl benzene 1n Cl-form was‘used in this study. Threet"
:grams of 50 100 mesh dry resin, three grams of sorl and 100 ml of de--
1onlzed water were shaken contlnuously on a. wr1st—act10n shaker'for two
vrhours.v After thekadsorntlon perlod ‘the resin was separated from the
sofi;hthashlng the sorlfsuspenslon_through a:lQO meshv"sz‘.evve?° After the
.:;“reéih was-separated from the'soil“it'was'transferred'from the sleve 1nt9hivf
'h a42501mitheaker;d Phosphorus adsorhed by the res1nvwas removed by dl-

"2 4
'frfor 45 m1nutes, followed by leachlng with an addltlonal 12/ Na SO4 solu

‘f"gestlng the resin w1th 50 ml of 127 Na SO solutlon on a steam plate:

”tlon untll 100 ml of flltrate was. obtalned Phosphorus_extracted wast

’i‘determlned byvthe Watanabe.and?Olsen ascorbic~aEid:method.(59),;='



L (7) cons1st1ng of 0 025N HCL. in 0 O3N NH

o 'mg»nltrogenvas NH4NO

‘fBray-#liMethod -

s One gram of oven dry soll was shaken w1th 20 ml of Bray solutlon E
4F for five mlnutes° The SOll
.suspenslon was flltered w1th a Whatman #2 f11ter paper and the resultant

',solutlon collected in a test tube.; Color was deve10ped u51ng the as-

corblc ac1d method ‘of Watanabe and Olsen (59)

‘ﬁleDetermlnation g

e Soilﬁphfvalues wereldetermlned;uslng_l%lhsoilleQKClvandpsoi;;b
'_distllled.waterupastes witthorningkﬁgyﬁgtér?-Mpdel io,:?t 2500,

i¥ Number 10 polyethylene llned‘cans were‘used in the greenhouse as

: experlmental pots.; Two and one—half kllograms of SOll (oven dry) were

"placed in each can. On September 28, l969 twenty seeds of Plper sudan— a

grass (sorghum sudanese) were planted 1n each cane One hundred seventy

3

j“;all cans (108 cans) were: arranged in a completely randomlzed de51gn in

was applled to each can as starter fertlllzer, and.

the greenhouse;_ Each s01l was kept moist throughout the experlmento,
”r_Molsture addltlons were. based on. the,predetermlned approx1mate fleld
tcapac1ty,' - ‘ | ‘ ‘ | | o
| lTen days after plantlng,‘the plantsvwere thlnned to. ten plants‘per»d-
v potu A\further thlnnlng was made 20 days.after planting; leav1ng seven
'lplants per can;' On October 20 three hundred forty mg of nltrogen were.a

»applled to each can as NH4NO to make a total of 510 mg of nltrogen'

3
added per pOt- ,U;i""
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The plants were harvested on November 8, 1968, after a 42 day
growing period.‘ The plant samples were oven dried at 75-80°C in a

forced air oven for four days and thé oven-dry weight recorded.

Total Phosphorus Uptake Determination

Total phosphorus uptake by the plants was. determined colorimetri-
cally using the vanadomolybdophosphoric method described by Jackson (30)

after wet ashing by the method of Chapman (13).



CHAPTER IV
'RESULTS AND DISCUSSIONS

Anion’ExchangeEResinbMethod':‘

' Soil-Resin Ratio

‘Aspreiiminar§'experiment.was:designed‘to.determine'the’ratioiof’
s01l to resln requlred to produce optlmum phosphorus removal.from the
_soll.' fhree gramsbof s011 1n 100 ml of delonlzed water were shaken‘f rd”
‘g‘ Wlth two, three, four, flve, and six gramsvof resrn for two hour

:ﬁdperiods. Resin was separated from the’s01l and analyzed for phosphorus.a
Results of this investlgation (Table I) show that by decreasing the
s;soil:resin,ratlo-from 3:2 to.3:3vags;gn1£;cant increase»;n phosphorus
',:adsorﬁtion:nasiobtained; Houever,'aﬁfurther.decrease_in soilfresinsh'
‘ratlo resulted in very sllght but not s1gn1f1cant 1nprovement rn phos—:’:b
‘ phorus renoVal ‘Thus, 1t became apparent that a 1 1 ratlo of soll to -
f:res1n Supplled enough resin for eff1c1ent and reproduc1ble removal of
v'_'avallable phosphorus° Hence, the. quant1ty of phosphorus adsorbed by
b.:the.re81n and the rate of adsorptlon Was apparently dependent upon the

.'Hrelease of phosphorus from the s011 1n questlonawp'-f'

. Adsorption Period.

Another prellmlnary study was'. conducted to determlne the minimum

\'tlme requlred to remove most of the avallable phosphorus from the 5011

f255»
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; i Results in Table.IIFshow.that by 1ncreasing the t1me of adsorptlon be- - ":
'yond two hours,honly a sllght 1ncrease in the phosphorus adsorptlon oc— - v
rcurred.‘.The 1ncrease does not Justlfy the additlonal tlme 1nvolved

:fAlso, since . the resin rap1d1y adsorbs phosphorus present in solution

'I‘(42) most of the phosphorus adsorbed durlng any t1me 1ntervaI is re—

;.leased from the solld phase durlng that same tlme 1nterval Thus, 1t
- ean be:assumed that phosphorus;adsorbeddby'the;resln dur;ng a two hour:v

Vv'intervalgean Be'usedsto represent,the phosphoruslaVailable-to'plantsc.

TABLE I

PHOSPHORUS" ADSORBED BY RESIN FROM SOILS UNDER
DIFFERENT SOIL:RESIN RATIOS '
(2 HRS SHAKING)

Soil:Resin Ratiqg(in'grams),'T; _‘ , .._Mierogram ofvPhosphorus Adsorbed

36 a0




TABLE IT

ADSORPTION OF PHOSPHORUS BY RESIN FROM SOIL
AT DIFFERENT ADSORPTION PERIODS

Adsorption Period (hr) Micrograms of Phosphorus

2 | | 41
3 | » 44
4 , 45
6 | 46,5

Grouping of Soils

In any soil there may be 6ne or more forms of inorganic phosphorus
which may be‘regarded as aVailéble phosphorus.- .It has been found that
Al-P and Fe-P are the available forms in alkaline soils; Al-P and Ca-P
for acid soils, and all of these forms are supposed to be available in
neutral soils (21,33,515. For this reason the samples were separated
into acid soils (pH 4-6), slightly acid soils (pH 6-7) and slightly
alkaline soils (pH 7-8). Correlation studies weré carried out separate-
ly onvéach group in an attempt to investigate the behavior of the two

methods under different situations.

Correlation of Anion Exchange Resin—-P with P-Uptake

The data in Tables III, IV and V indicate the types of the thirty-

six soils, their available phosphorus content according to anion
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TABLE III .

AVAILABLE SOIL PHOSPHORUS ADSORBED BY RESIN,
- PHOSPHORUS UPTAKE AND AVERAGE DRY WEIGHT
PER POT FOR SLIGHTLY ACID SOILS

(pH 6-7)
pH P—-ppm P~Up- Average
Soil ' Water Adsorbed  take Dry Wt.
No. Soil.Type. Paste. KCl1 by Resin Per Pot Per Pot
' (mg) (g)
1 Kirkland silt loam 6,70  6.15 21 7.03 7.0166
3 Oswego silt loam 6.6 6.05 18.7 7,21 6.27
7 Carwile loam 6.8 6.15  18.67 8.11  6.76
12 Oswego silt loam : 6.15 5,43 7.20 3.57 3.720
13  Kay silt loam 6.10  5.65. 47,0 12,23 6,120
18 © Reinach silt loam 6.4 5.75 11.30- 4.69 5.21

27 St. Paul Clay loam © 6.7 6.1 27.7 10.79 = 7.71
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“TABLE IV
- AVAILABLE SOTL- PHOSPHORUS ADSORBED BY RESIN,

- PHOSPHORUS UPTAKE, AND AVERAGE DRY WEIGHT g,
‘PER’ POT FOR ACID SOILS (pH b4 6) ‘

R S0 . pH - .p-ppm. .. P Up-  Average
S 8011 . SR .. . Water -  Adsorbed . take - Dry Wt.
. No. 7. ,{'v ‘Soil Type:- - . Paste KCL by,Resln Per Pot ' Per Pot.

"2 Renfrow silt loam = . 'j5;28$f'6515';»‘,‘7;oi~'¥2;59‘ -2,73,.‘T

R Kirklahdfsilt;lda@ '}fi:‘i'4,75;? 4;3é,i” :l6°Q 202 139
- §: _iaslg;ksi1£ 1oam" ‘*?  ' Zb§gff*4Qiéf?»_._g,ssz 3.26  f3.$4i
‘5'6  ‘Poft;éilty é1éy;lbam‘; '€,5.501 :5;Q;ﬁi} ‘235002 '4§§9 :, 3}4058
"»1121;d;ﬁéga.§iit‘1oam’;'135§ ?ﬂi$;3p.ff4;80:.}:‘1357 }73;76 o ss1

i'l7vggRe1nach very - f1ne sandy yﬁi T AT S Rt S T T
EEEE loam R Qx. 7“, 05428 4,500 - 13.0 0 3.44 0 - 4072

19 iNash very- fine sandy el R S
e loam = - 5/55° 4,85 11,0 - 4.11 .  5.31

.20 3:Pond.Creekiéilt‘logm* ;l:;;S;Q;-; 435 22,7 899 am
21 Pond Creek silt loam 545 4.65  15.0  3.95 . 5,85
22 '?Snd’crggkfgiltjioém *{j'-14;96- f4.i5f‘f5f19{7;:‘f3ﬁosgi:fi?5;d9‘

23 Pond Creek Siit-léaﬁxﬁikv}‘5f15 :<4;62 a’fi1l;7"_V2;33:":i 2,91j;f_

30  Dalhart sandy loam. 5,95 5.68 ~ 26.7 = 8.22  5.22




TABLE v

: 'AVAILABLE SOIL PHOSPHORUS ADSORBED BY RESIN
" PHOSPHORUS UPTAKE AND AVERAGE DRY WEIGHT
. PER POT FOR SLIGHTLY ALKALINE SOILS

(pH 7- 8)

30

. Soil
- No,
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..o pH. p- ppm’”
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Pbﬂp-bf

take

Average.
Dry Wt.:

Per Pot Per Pot

()

o

16
‘3‘;24!wapur heavy loam.g: SR

2%

28

29 ¢

31

.321

.33

34

350

l,36f

Rlchfleld 51lt loam

'IKingflsher'sllt loam"'

Grant very flne sandy o
e loamff" ~ .

IVernonkclay'loam'y"
3Reﬁfrow.clayiloam

Derby fine sandy loam

.5Rlchf1eld 51lt loam

ICarw1le»heavy 51lt,loam;

Woodward loam '

; Cary 511t’loam :

‘Rlchfleld heavy 51lt f

loam

_'Richfield‘loam..‘
_Ulysses.saﬁdy.clayvloamvf
,Boiee eandysloam'

.1Woodward 51lty clay

loam

7.8 7100 9.83

- ?;2Q“f16;65'17l,éo;o.
_7;iofj7t1oiii ll,gqf

; j;ﬁﬁfeeﬁéﬁfa ﬁilrofi;
745 695 25.0
"v{zrés.}fjgjo-LIf 18.5
7}05;3.5650__'u‘17Q36-
.f-iiléo-fv7.30yfrl i7.7:;

| y“7°55l:}6ésgml‘¢ i0?3]I
'”7528;,6985"5I25,3H;
‘157.4offf7go3 Rt
"-_7;555';7;05, 38,0
7;8513;7,18'5 »fléQsja

7.95 7.5 12,3

7.4 6,90 25,0

(mg)

2,67

’_Z'ls,:"

1 6.63.

192
20.25.
5;45 )
78
sl
ifé;§4iuv
el
14:53‘.
?59 |

10.65 -

9,48

6¢34f,?fl

1.35

6.68 = -

4,21

. 6.65

4.01 B

.99

© 6.53

8.07.

s

6.0

6,37

7.36
5.95 v .
3,36

“069

7035




3L

'exchange resin method average dry Weight of plants and total phosphorus“':'

' uptake from s01ls Wthh received no phOSphate fertilizero‘.

B The correlation data in. Table VI and Figures 1 through 4 reveal a
"s1gn1ficant correlatlon at l/ level (r = 0 9375) between phosphorus
“taken up by plants and phosphorus adsorbed by anion exchange res1n from .

fi slightly ac1d SOllSo‘ Good correlation (51gn1f1cant at 5/ level) was
also obtained between an1on:exchange —P and P uptake for ac1d soils‘

v( ” 0 6817) however, 1t‘Was cons1derably lowerwthan'that of slightly’
.,ac1d 501ls°: A deterloratlon 1n the correlation was observed for sllght-tv
‘ly alkaline soils (r = 0 3801) Desplte thebdrop of . the correlation

o coefficient from 0 9375 to 0 3801 on - ac1d to sllghtly alkallne solls

bwhen the correlatlon coeff1c1ent is calculated over . all soils a’ 31gn1—'

ficant,correlation atxthe lA‘leveldwaS’obtained;. o
| iThefvariationvin "r" values at. different pH rangeskcan probably be:.iv
eattributed to the effectiof pH on the relative amounts of HZPO4 and -

"ﬂHPOZ presentof While re51n adsorbs all phosphorus spe01es unselectively .

‘and w1th no dlscriminatlon, in case of plants we are facing a much‘nore o

conpleXaabsorption system?: There'may~be-d1fferent b1nd1ng¢s1tes or‘;

'l‘pcarriers 1nvolved in ‘the absorption of H 4 and HPO4 (27) The'monoe-"'.

vvalent speciesi(H ) is absorbed through one site and the divalent :
vSpGCleS (HPO ) through anothera‘ The:presenceuof tw040r‘moredsites'for

- gthSphorus adsorptlon suggests that the dlvalent andfthefnonovalentf:
'vspec1es Will not be absorbed equally by plants,jfThisvhasbbeen»confirmedipi'

_by McGeorge (36) McGeorge studled the pH value of both the cell sap
'of plants and the feeding zone of the root tipos;The follow1ng conclu—

" siens were made.



CORRELATION COEFFICIENT (r), REGRESSION COEFFICIENT (b)

TABLE VI

AND REGRESSION EQUATIONS BETWEEN PHOSPHORUS
EXTRACTED BY ANION EXCHANGE RESIN METHOD
. AND P-UPTAKE BY PLANTS

Soil Group pH i:g b Regression Equations
Slightly acid soils 6-7 5 . 9375%% . .222; § =’2°8522 + ;2221xj
Acid soils 4-6 11 .06817*. -1809 § = ,9393 +..1809x
Slightly alkaline soils 7-8 14 . 3801 -1512 §.=-3.8368 + .1512x
All soils 34 .6268%% 22238 § = 1,7207 + .2238x

#Significant at 5% level,

*%Significant at 17 level.
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"iﬂﬁl) In acid SOllS available phosphate is present mainly as, the

"2

.l.\

L ”H PO4 ion while in alkaline SOils HPO is the important ion. -
”7_2) The monovalent species (H2P04) is the dominant ion in plant
"hfsap, thus plants may prefer the H2P04 ion for nutrition purposesc

3) Plants aSSimilate phosphate most readily at reactions close to'

‘.{Qneutrality (preferably slightly acid), less readily under acid condi-

vtions and least readily under alkaline conditions,~:/
o The findings of this study and the concludionsrof McGeorge may sug—i
'}.}fgest that the.use of anion exchange re51n for practical application may
"Treduire separate calibration for,soils differing in pH valueso ‘As an -

i alternative procedure correlations maykbebmade on the basis ofbrelative"'
l‘amounts of H2P04 and HPO4 present rather.than total phosphorus (3)
’lTThlS has been suggested by many workers, Moser et al (42) found that |
he preCiSion of prediction of the available s011 phosphorus was im-}f,%

ffﬁfproved by us1ng the H PO4 concentration instead of the total inorganic

2
“fjphosphorus.o Van Diest et al (58) reported that an improvement in re--

' vgreSSion fit was obtained by aubleldlng the phosphorus into two compo—'v
nents, H2P04 and HP04, but not by including pH as an independent

x‘fvariable,='Thus,.thevanionfexchange reSLn_method might be modifiedJand

.'befapplicabié;ovetqa muchéWider”soil}pH;rangeQV

‘:_CorrelationyofrAnion Exchange ResinFEfwith'Average.Dry Weight -

bcfiTable.Vll:andvFigures.S\through'svreveal'that the'ayerageldry

Hﬂ.iweight has a low degree of correlation Wlth the amount of available
fjphosphorusfdetermined by anion exchange resin method’over all pH ranges..

The rlvalues are not significant (for acid soils, r.— 3 553, slightly

: jacid_soils;,r % 4957, and slightly alkaline s011s, r'-,°3572)



TABLE VII

CORRELATION COEFFICIENT (r), REGRESSION COEFFICIENT (b)
AND REGRESSION EQUATIONS BETWEEN FHCOSPHORUS
EXTRACTED BY ANION EXCHANGE RESIN METHOD
AND AVERAGE DRY WEIGHT

Soil Groﬁﬁ : pH gigf T b Regression Equations
Slightly acid soils 6-7 5 4957 .0501 y = 5,031 + .0501x
Acid soils  4-6 o 11 43553 .0839 y = 3.1208 + .0839x%
Slightly alkaline soils ' 7-8 v 14 - .3572 .- L1118 ‘§ = 2,8398 + .1118x
All soils ' 3 .3965% ,0915 g = 3.3236 + .0915%

#Significant at 57 level.

- 8¢
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However, when all soils were pooled together "r" was significant at the
’ P g g

5% level (see Table VI and Figure 8). These poor correlations may be
attributed to the fact that thé yield bf'the plants is likely to be
affected by many variables in addition to phosphorus. Thus, as in any
system of several related variables, measurements of one variable are
inadequate to deécribe the behavior of the system without control or
correction for other variables. The significance at the 17 level in

the correlation when all soils were pooled is due to the increase in

the degrees of freedom. It is questioned that the "significance" under
these circumstances has any real meaning in regard to phosphate measure-
ment or managemeﬁto Based on these findings it was felt that phosphorus
upﬁake by plénts should provide the most reliable indication of the

phosphorus supplying power of the soils.

Correlation of Phosphorus Uptake by Plants with Average Dry Weight

It can be seen from Table VIII and Figures 9 through 12 that total
phosphorus uptake under slightly alkaline conditions gave the best
correlation with average dry weight (r = .9586). Good correlations
were also obtained for acid soils and for all soils when pH was dis-
regarded. The failure of the correlation for slightly acid soils to
ba significaut‘was unexpected. Although the wvalue of "r" was .7056,
which is much higher than that of acid soils (r = ,5673), it is still
not significant, undoubtedly a result of insufficient degrees of free-

dom.



TABLE VIII

CORRELATION COEFFICIENT (r), REGRESSION COEFFICIENT (b)
AND REGRESSION EQUATIONS BETIWEEN P-UPTAKE AND
AVERAGE DRY WEIGHT

Soil Group pH 02 T b Regression Equations

' Slightly acid soils 6-7 5- | 7056 . 3007 § = 3.8119 + .3007x
Acid soils | 46 11 . .5673% -5050 - y = 2.5274 + .5050x
Slightly alkaline soils 7-8 14 | a9585** .7538 § = -.0944 + .7538x
All soils | TR 8097%% | .523i § = 1.9487 + .5231x

*Significant at 5% level.
*%Significant at 1% level.
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Bray Method

Available phosphorus was determined by the commonly used chemical
extragtion technique of Brayk(7),. This procedufe employs the reagents
0.025N HC1 and 0.03N NH4Fo The Bray procedure was used to establish a
basis for evaluaﬁing the exchange resin method for determining phos-
phorus avgilabilityf Soil:extractant ratio of 1:20 was used; This
ratio has been shown to be suitable for Oklahoma soils (44). Use of the

1:20 ratio will supply sufficient H+ to neutralize the CaCO., expected in

3
most Oklahoma soils. Also, five minutes of shaking was employed to en-

sure a short extraction period and to prevent the possible secondary

precipitation reactions (45).

Correlation of Bray-P with Total Phosphorus Uptake by Plants

The data in Tabies IX, X and XI‘show soll types, available phos—‘
phoxus content of the soils according to Bray method, pH, average dry
' weight, and phosphorus uptake by plants.

Statistical analysis (Table XII and Figures 13 through 16) for this
investigation demonstrates excellent correlation between Bray-P and
total phosphorus uptake in slightly acid soils (r = .9094). Good cor-
relation was also obtained with slightly alkaline éoils, and when all
soils were considered. Poor correlation was shown for acid soils. The
low value of "r" for acid soils may be attributed to the forms of
available phosphofus which can be found for this pH range and the
chemical nature of the extracting solution. As was stated earlier,

Al-P and Fe-P are the main available forms of phosphorus under alkaline

conditions, Al-P and Ca~P are the main available forms for acid soils.
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TABLE  IX

AVAILABLE SOIL PHOSPHORUS EXTRACTED BY BRAY
METHOD, PHOSPHORUS UPTAKE AND AVERAGE
DRY WEIGHT PER POT FOR
SLIGHTLY ACID SOILS

. pH P-ppm P Up-  Average
Soil ‘ Water Extracted take Dry Wt.
No. Soil Type Paste " KCl Per Pot Per Pot
(mg) (g)

1  Kirkland silt loam 6.7  6.15  35.4  7.03  7.02

3  Oswego silt loam 6.6  6.05 29.0  7.21 6.27

7 Carwile loam 6.8 6.15 27.6  8.11 6.76
12 Oswego silt loam' 6,15 5,43~ 16.8  3.57 3.72
13 Kay silt loam P 6.10  5.65 78.8  12.23 6.12
18 Reinach silt loam v 6.4 5.75 26,4 4,69 5,21

27  St. Paul clay loam . 6.7 = 6.1 ~ 52,4 10.79 7.71




TABLE X

AVAILABLE SOIL PHOSPHORUS EXTRACTED BY BRAY
METHOD, PHOSPHORUS UPTAKE, AND AVERAGE
DRY WEIGHT PER POT FOR ACID SOILS

. pH P—ppm P Up~- Average
Soil Water Extracted take Dry Wt.
No. Soil Type : Paste KC1 " Per Pot Per Pot
- (mg) (g)

2  Renfrow silt loam 5.28  4.70. .. 15.6 2,59 2.73

4 Kirkland silt loam 4.75  4.38 52,8 . 2.02 1.39
5 Tabler silt loam 4.78 4.18  25.6  3.26 3.84
6 Port silt clay loam 5.60 5.0 49.6 4,69 4,58
10  Oswego silt loam 5.10 4,52 35.2 4.36 6.01
11  Oswego silt loam. 5.3 4,80 34.0 3.76 5,57

" 17 Reinach very fine sandy . Do
loam : " 5,28 4.50 33.8  3.44 4,72
19 Wash very fine sandy : ,

loam : 5.55 - 4.85 28.4  4.11 5,31

20 Pond Creek silt loam 5.0  4.35 52.4 - 3.99 4,77
21 Pond Creek silt loam  5.45 4,65 41.4  3.95 5.85
22 Pond Creek silt loam 4.90  4.15 49.4 3,05 5,09
23 Pond Creek silt loam - 5.15 4,62  33.8 2,33 2.91

30 Dpalhart sandy loam 5.95  5.68 53.2  8.22 . 5,22




TABLE XI

AVAILABLE SOIL PHOSPHORUS EXTRACTED BY BRAY
METHOD, PHOSPHORUS UPTAKE AND AVERAGE

DRY WEIGHT PER POT FOR SLIGHTLY
ALKALINE SOILS

52

pH p-ppm P -Up-  Average
Seil ‘ Water Extracted  take Dry Wt.
No. Soil Type Paste KC1 Per Pot Per Pot
(mg) (g)
8 Kingfisher silt loam 7.80 7.10 12.8  2.69 1.35
9  Grant very fine sandy
loam 7,20 6.65 34.0 7,18 6.68
i4 Vernon clay loam 7.70 7.10 ©22.4 6.63 4.21
15 Renfrow clay loam 7.55  6.85 18.0  9.48 6.65
16 = Derby fine sandy loam ‘ 7.45 6,95 - 38.4 6.34 4,01
24 Spur heavy loam 7.65  7.30 4.0 1.92 .99
25 Richfield silt loam 7.30  7.20  55.6 10.25 6.53
26 Carwile heavy silt loam  7.05 6,50 34,0 9.48 8.07
28  Woodward loam 7.80  7.30 29.4  5.45 4.45
29 Richfield silt loam 7.55 6,85 30.0 7.8 6.0
31 Cary silt loam 7.28 6.85 45,6 8,44 6.37
32 Richfield heavy silt
loam 7.40 7.03 44,0 . 8.94 7.36
33 Richfield loam 7855‘ 7.05 60.0 7,91 5.95
34  Ulysses sandy clay loam. 7.85 7.18 30,40 4.33 3.36
35 Boise sandy loam 7.95 7.5 20.0  0.69 0.69
36  Woodward silty clay »
loam 7.40 6.90 43,6 10.65

7.35




TABLE XII

CORRELATION COEFFICIENT (r), REGRESSION COEFFICIENT (b)
AND REGRESSION EQUATIONS BETWEEN P-EXTRACTED
BY BRAY METHOD® AND PHOSPHORUS
UPTAKE BY PLANTS

Soil Groupk pH gig T » b Regression Equations
Slightly acid soils 6~7 ' | 5» | 9094k % 01334 g = 2.5845 + ,1334x
Acid soils 4-6 11 ‘1q3716 I 0478 y = 1.9709 + .0478x»
Slightly alkaline soils 7-8 14 | .6804**v -1357 y =v2°33ll + ,13573
All soils ’ " : 34 .5056%% .0984 ¥y = 2.3223 + .0989x

#**Significant at 17 level.
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All of these forms are supposed to be availablé under near neutral con--.
ditions. The gaod correlation obtained for slightly acid soils‘can be
explained on the assumption that dilute acid—fluoriae mixture effective~-
ly extracted the available forms. With caléareous soils the Bray method
probably derived its good correlation because the fluoride anion had a
definité repressive effect on tﬁe solubility of_fluorapétite of rock
phosphate and tribasic phosphate which are considered to be unavailable
forms for alkaline soils. Thus, it can be seen that while the acid part
of the extrécting solution will dissolve the Fe-P and Al-P and possibly
the monobasic Ca-P the fluoride ion represses teh solubility of the un-
available compounds. In the case of acid soils the presence of fluo;ide
anions resulted in greater increase in solubility of phosphorus con-
tained in both Fe-P and Al—P. These two forms are not as available in
acid soilé as in alkaline soils, espécially Fe-P whieh is considered a

completely unavailable form for plants in acid soils (21).

Correlétion of Bray-P with Average Dry Weight

As stated earlier, it is almost impossible to correlafe a given
s0il tést for phosphorus with tﬁe average dry weight of the plaﬁts where
the latter is a function of many variables. vThe results with the Bray
method {Table XIII and figures 17 through 20) confirm the findings of
the anion exchange method in this study. The data of Table XIII also
reveal interesting results. A gobd correlation was obtained under
slightly alkaline conditions and with pooled soils. Improvement in cor-—
relation for slightly alkaline soils may result because these soils are
more uniform and similar in their chemical compositions thah the other

soils. This, also, has been confirmed when phosphorus uptake was



‘TABLE XIIi

fLG%nLATION COEFFICIENI‘ (r), REGRESSION COEFFICIENT (b)
‘ AND. REGRESSION EQUATIONS BETWEEN P-EXTRACTED .
o BY BRAY ME‘I‘HOD AND AVERAGE DRY WEIGH‘I‘

ro o b ’ Regression Equations

>

Slightly acid soils ~ -~ -~ = 6-7 LT W46k L0279y = 5.0539 +.0279x

< |
neo)

Aeid soils . 4=6 11,0949 . .0109 4.0372 + .0109x

"71;5342:+:;1047£_“

e |
m

| slightly alkaline soils  ~7-8 14 L6675%% L1047

>

Mllsoils . 0 34 .4362%% . .0552 -y =3.0393 + .0552x

':**Sigﬁificaht gt?lZAlevéla"*
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correlated'with”average dry Weight (see correlationIof'average'dry'
weight yersus'total uptake) “The- hlghest correlation (x =.°9586

Table VIII) was - obtalned for slightly alkaline s01ls : The-1mprovement

“ 1n the s1gn1f1cance of the correlatlon between dry welght and Bray—

(Table XIII) when all 301ls were con31dered 1s merely due to an 1ncrease
‘1n1theudegreeswof_freedom, “The "r"'value for- all s01ls is- Stlll small

C(r= .4362).

Comparison_Between Anion Exchange :

. Method and Bray‘Methodr

'"Ihebcorrelationrdata:for phosphorus.uptake_(TableyXIV) reveals that'
'hhoth'the"Brayfand'resin‘methods are'almost"equally effectiye.for estima4
tion of avallable phosphate under sllghtly ac1d cond:Ltions° -However, ‘I
when ac1d and slightly alkaline soils ‘were cons1dered a lowerlng of the .
‘—correlatlon coeff1c1ent occurred : In the case'of acid s01ls only the
lranion exchanée‘resln method‘correlated slgnlflcantly w1th phosphorus
uptake., The Bray method ylelded airather poor . correlatlon for ac1d
”sollsq Th1s may be . due: to the forms of phosphorus present under thls
/1‘condit1on, and‘theuchemlcalQnaturecof the_Bray extractants,‘aspwas ex—d
- plained earlier.%vIn.the casefofealkalineisoils; an opposite result:waszbtu
'rsyealedu_’Good-corrélationiwas?obtained wi;hfﬁfgy_(f;% q6804)‘”where .
poor.correlation was noticed withmanion:exchange'(r =p;3801) .The low .
"r" value for anlon exchange under slightly alkallne condltions, as was
dlscussed earller, may be due to the predomlnant phosphate specles
(HP04) present in the sllghtly alkallne s01ls wh1ch are not preferred

by plants. When the classlflcatlon of s01ls 1nto neutral, ac1d and al?‘

_”kaline 1s,ignored, anlon'exchange resln;method_shows a‘betterv .



correlation (r = .6268) than Bray method (r = .5056). The findings of
this study suggest that the two tests together may complement each
other. Anion exchange resin can be used for slightly acid and.acid

soils, while Bray method may be best used for slightly alkaline soils,

TABLE XIV

COMPARISON OF THE CORRELATION OF THE AVAILABLE
PHOSPHORUS DETERMINED BY THE BRAY AND THE
RESIN METHODS WITH PHOSPHORUS UPTAKE

Anion Exchange

Soil Groups pH Resin Bray
‘Slightly acid soils = 6-7 .9375%% .9094%%
Acid soils 46 | " . L6817* L3716
Siightly alkaline soils 7-8 . 3801 ‘ . 6804%*%
All Soils : . 6268%% .5056%%

#Significant at 5% level.
#%Zignificant at 1% level.

A

In spite of its present poor correlation under alkaline soils, on
the average the anion exchange resin method gave the best results over-

all. 1If the anion exchange resin method is modified where it can be
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suitably applied.for alkaline soils, and if this modification is veri-
fied by further trial, the anion-exchange resin method may,yiéld enough
better resultsbto justify its use for routine analysis.

The cqfrelation data between the two methods and the average dry
weight (Table XV) show similar results for both test methods. Both
methods show rather poor correlations with the average dry weight ex-
cept under alkaline conditions where Bfay gave good correlation., Signi-
ficant correlations Were‘obtained for both ﬁests when éll soils were
considered. These results were discussed earlier Where.the good cor-
relation under alkaline soils was attributed to the possibility of ﬁore
uniformity and similarity in the chemical composition among the soils
of this group, Thé signifiéance in the correlations obtained for both
tests when all soils were considered may be due to the increase in the

degrees of freedom. Good correlations with the average dry weight

should not be expected, since many other variables are involved.
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' TABLE XV
COMPARISON OF THE CORRELATION OF THE AVAILABLE -
.~ PHOSPHORUS DETERMINED BY THE BRAY AND THE

- RESIN METHODS WITH AVERAGE DRY WEIGHI

- CE_Anion EXchange:’b'

. Resin - Bray

. Soil'Gtoups o ’N.;’}'  pva

- 8lightly acid soils —  6=7 L4957 . L4464

Acid soilsf;ﬂ : “"-- : Lt f'*.‘=~f  >.53553’=;; R ‘v .409491

. Slightly alkaline soils 7-8- '~ .3572 . 6675%% .

Al soils (3965w L4362%k

" #*Sjgnificant at 1% level.




CHAPTER . V
SUMMARY AND CONCLUSIONS

This study was conducfed to compare the performance of the anion
exchange resin method of Amer et al with that of Bray 20:1 solution:soil
ratio method to see whether the supposed advantages of the resiﬁ method
will bevsustained by applying it to dissimilar soils,

Thirty-six soil samples representing central and western Oklahoma
wheatland soils were used for this investigation. The amount of avail-
able phosphorus iﬁ these soils was'determinéd_by the anion exchange
resin method and the Bray method. The results of the soil tests were
correlated with the phosphorus uptake‘by plants and average dry weight
obtained from plants grown in the greenhouse, Also, correlation
studies were made between phosphorus uptake by plants and average dry
weight,

Tests were also conducted to determine the best ratio between
resin end soil and the minimum time required to produce the eptimum
phosphorus vemoval from soil,

The findings of this study lead to the following conclusions:

1) Two hours of shaking and 1:1 ratio of resin to soil seem to
be éffi@ient and reproducible for removal of available phosphorus.

- 2)  Both methods are suited for determining the status of the
availéble phosphorus for slightly acid to neutral soils,

3) Anion exchange resin method is best suited for acid soils.

68
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Although thts method is not: sulted for alkallne 50115 under 1ts present,
.condltlon, hopefully some modlflcatlon mlght be tntreduced for 1mprove—
ment under alkallne cond1t10ns°” |
: 4): The Bray 20 1 method is best su1ted for alkallne s01lsa

.5) Ovet all~solls the an;oh exehange.res1n‘method Save~b¢tter.re—
"sults than the Bray method.’ Thisvﬁayhjustiff its5ﬁeeifer;fodtihe”wotke_

6)*vGood correlatlonsbwere obtalned betweeh pheephorue uptake and‘
.avetaéehdtvaelght overhﬁlde¥pH rehgee;i
| | 7). A.high.cottelatipﬁjhetweenfeeil,eheﬁicelvtest'datefand:eQetage't‘,
-;h:dry,weight5waslnothobtained~ane Eheﬁldtnot‘behegteetedisthce_mahy:othere

variables come into play;'b
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