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I MO0, Justus Voo Lichig dexmstratod thet tresting andmel bones
wWih sulfudo scld inevessed thelr fertiliser value, Shortly thereaftor,
Sir Johm B, Lowes sterted to menufacture swparphosphate, This was the bow
glwing of the marmlaoture of commeroisl fertiliser, an induetry which b

gped that 44 now supplied the farwers of the Malted States with apw
pracdately tro and a quarter willion tons of phosphoric acid and one and
nth miilion tons of potast: In Whe form of sosmarelal fertilizers,

years by seny investizators, Little work on the influwnoe of

5 Gvaliadility o the influense of phosphorus on ths aeailability
of potassium hae boon publiahed, Homwver, in A9L0 Irdkeson in Sweden (25)
studied the influsnoe of potessiwa on phompbate treatment in reletion to
e yield of puin, e repurted that thers wue often & reduction in the




REVIZE OF LITRRATUE

Bmerous soll phosphorne stadies have been conduoted since Lawes!
orizinal experiment &t Dothamosted in 1842, As & result the litorature
on this subjoot o quite voluminous so cnly some of the work pertinont
o this popor will e reviewed in the following sectioney namely, rotention
of phosphorr by fron ond aluainemy exchangeebls phosphorusy retentian
of phosphorus by oaleduwy L wo of pil on phosphorus retention, influonce
of orgendo mabter and silies on phosphoras avallability, influence of liming
and fertilisor mstorials on phomphoeus avedlablilifyy ponotystian of phoge
in polle, ol the influemwe of phoophorus on exphanges!

SRENTION OF PHOSPHORUS BY INOH AND ALOWTMM

It has been widely soceptod that iron, and alumiram either in solution
or as pirated oxides, are considered to o one of the principel sponte
responzible for retention of phosphate in acid sofls (k, 1k, 21, 25, 28,
27, 33, by 12y 58, 65, 72)., Meximm phoepbate fization is known to coour
in wory aold soile where iron and sluminmg are nogt aotive, morecver the
dsgklectrie point Jor the precipitation of lron by phosphorus ocows: ab

rocimately P of 3 and that for olumimm at pH L (18, 705 71)e Eelly
and Midzely (37) reparted that the fiwmation of m:able phosphate in most
solle is due waammammmammmmmmwaam Mia
over intividunl aoil particlos wmcmns* Pthe lateritic and pedwolic
soils (Beherisens)¥s Studdes of Allison mid Somrseth (2), Chandler (10),
Toth (73), and Netager (U6) have shosn that the trestmants of collolds or
soile to remove the frecdrin ociides pubstantially recuces phosphorus row
tention, This has been supported by Chani and Jolam (26) in 1946, who
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out that 1t Lo dAfloult $o ddstinguish betwosn Sization by adsorphion and
chemical precipitatien, il reported thet ths crystal structare of laclinite
shanged to ¢ now cryotel structure after SLdin: phesphate, This belief o
mpparted indirectly Yy Low end Mack (L1), and Toth (72) who give evidence
of silice relesss from clays acoampanyin: phosphorus retentions,

RETENTION OF PBOSPEATLO 2¥ CALCTWM

e of the major forme 40 whioh phosphosus ey be retained by soils is
caledws phoophate according to Allison (1) Barbier ot al (3) and Davis 39).
Hogk (31) explained this phencmena in the Sollowing statosent, "The pre~
domdnation fopm in swihich soluble phosphate le fiwed dn the soil depends much
upon the relative abundance in the soll of dllerent metorials capableo of
If the retio of ective calolum to aotive iron and
aluatmss is bighy the flaation will be largely in the caledum fom, and the
faxed phospherus WAl be readily evailable, I¢ the reverse in true, the
fixation will bo laygely se thw fron and slupinum cogpounis of phosphorusy
which are A0Moulty availsble,” However, in gcoe instances where calelun
salts are abundant and sodl pH ic high sane gpatito~like sinorals may ccour.
MoGeorge ot al (LL) roport the formatimm of carbonsto-apatite |3 Cag =
(PO} )24 08003 | and Hydroxyl-apatite {3 O3 (POL)p.Ca(0)g | a8 @ contribvuting
factor to low phosphate avallability in caloarevous glkaline soils,

TIPLUSHCE CF plf OF PICEPHCRUS RETNTION

Bradlield of &)l (6) postulated that the ability of soils to rotain
phosphate long over a wide range of reactions and cmocentrations ia dus to
st lemst e diotinot although overlapping mechanimms, At pH 2 to 5 the
retontion is dun chlafly %o the pradoal dlaaciution of iron and alumdrmm




and their reprocipitation ge phosphates, A% pll Lo to 7.5, phosphates
axe fixed b tho surface of clay particles, and ab pil 6 to 10 phosphate
is preoipitated by divalent cations il mm% Hibbard (34) eoncluded
that pli L5 the mest impovtant factor for phosphorus solubility, ainoce phose
gium booomes obslly acluble below pil 7, wetoas,
hogphates are not much digsolvod above pH 3, Troug (75) stated
that "at pil 6,5, lime is sufficiently sbanxiant and availabls to keop a
hle portion of phosphorus in the fozm of ealofum phosphate which
10 soluble in carbonie meid, and hence readily available to orops. s
holde for both the phosphorue maturally prosont in eoils and that applied
in the fora of memures and fertilisers, Yhen lime is present or added in
smounte go as % ralse pil beyond 7,5, then the influence on phosphato aveilm
iy gradunlly bucomos less favorable, slthough this is usuelly not
sarious witdl tho pll goes bayond § and there is present 2 to 37 and more
of freo calolwn cirbontte,® Then he added, "Az the pH goes up to 0.5 and
Mpher & tendanyy shonld develap for the furmtion of sodlum phosphat
which bolng solublo, would be readily svailable for plant use,”

TMPLUSHCE QF ORCANIC MATTR AMD OILIOA G PHCSPICRUS AVATLABILITY

2w presecs of emiadn opganie snlone mrodusod in the soll reduced
greatly the amomt of phosphate fixed by lron and aludmus (67, 70) and 4t
has been found that organie metler smde phosphates sove svailable for plant
use (11, L6, ).

611s and Smith (28), Plerre and Browxing (52) and Chepmen (1)) have
sencluded that oflise gel produced an increanss in weter saluble phosphats,
Somrasth (G1) inilonted that sflicate ion replaced adsarbed phosplate M
s0ils and thus made 1t svailable,




% OF LININ AN PERTILIZER MATITIALS ON PHUSPHORUS AVAILABILITY
Lim spplied to acid soile seems to hwolp incrense the avallsbility of
native sofl phospbarus (48, 68), MeoIntire and Hatcher (L2) and others (20)
Tound {hat phogphorus uptale Oron applied eoncrphosphate by plants wog ine
oreased by liming, ‘avie (15) reported that the mmymmxnmmpmm
liming, Trous (75) conclndes that Jor jenmal faredng, soid soile should be
imed to pi 6,5 vhere phospharus 18 nost avallable for plant wse and he
stated: "In facl, 17 lime producod no othor bonelit than its favoredle
influence on phosphate avatlability, it would usually pay to use it," On
the other hand, cxoesaive liming caused a decrease of phosphorus aveilability
(52), Thiz may bo explained by the formation of tricaleium and flucrow
phosphates according to MacIntire and Matoher (13). ble caleius,
as inMented by Allison (1) end Davia (19}, 42 an important factor in re
taining epprociabls amounta of phosphate in scid soil probably in the form

a& ‘- F g

form to plants (1), Heok (31) explains the practical impartance of these
views with the following excerptt "Dhe Uiamd oilt losn apparently cuntoing

relatively Litle sotive lrom or aluninm and not meee than & traoe of 0gle
chizs cesboneio, T4h these laotors balaneod In this way, this goll is almost
ideal for tho active use of soluble phocphutos, There 4o very 1ittle dife
Siculty avalleble phosphate fomed and there 1o sufficient exchangeeblo
enlolm to provwnt axcess loaching, and at the same {dme, not enowsh calofun
carbonate to hold the phospbate in the Lxdiate smoface soll. As 6 rosult,
& pood ;;uai*zimml' fimation ip obtained,.”

Periting (Sl)yotudying the affect of warious sixtures of catiuns with
phosphate on phosphate retention, found with inoreasing cationic conosntratione




were used, Hook (32) stated that "a dow dogree of base saturation tands
to rive a soll a sveater cepacity for fixdn: phospharus in & AAffeully
available form then 1 the sell Lo more fully satwrated with baseg,"”
Ravikoviteh (57), wwking on the influenve of oxchangeable cations on the
avallablility of phosphate in solls, found that the degree of O avall~
abllity s Infloonwed greatly by the kind of cations present in the soll,
Hig results inticated that the elfectivenoss of the varicus exchangeshle
cations in tho Liberation of the adsarbed M), could be arvanged by the
following ordert SaD KOMHL) B DMz 0s, whoroas thess cations oculd
erranged in thoe roverse order in their offoctivencss of PO) adsorption iy
Lehoo and Bubmlz (40) have studied the influense of different fortie
phozus solubdlity and noted that in every caoe dlomicium phosphate in soll
aloium phosphate when an asid solution of Dot
saslum acld eulfate wes used as the extractant, W, Mibberd (31) showed
by using Trouglo extract, that dlealeiwm horshate wus frequently fiswd
omre mmmmw thait: Ww phosphate, and he wwlm t%xat ﬂt}m
relative m: poar of éiffmﬁ mi!.a m mfmwt % dWlferent. mw,
thue indicating that the moet effective sslt for une soil may not ba the
best for o difforent sofl®, Ocllings (15) and Jenss (36) polnted out that
gt shlis and miriate of ;m%wh inoreased the avallability of rock
phosphate, Bauer (5) dn 1920 reportod that sodlum nitrate had no appreciable
inflnence on the evedlability of rock phosphate, whils lLisbig in 1365 (39)
ahowed that sodium niteato intreused tho 20lubility of celeium phouphate,
Greaver and Crater (29) in 1919, atated that sodium, sagnosium end potassium




eidorides have 1itile, if any, direct effect on the phosphate solubility.
Wheoting €?5) s - 1?25: rocopdoed that monowond
fluvenced Ly sy tivateent, Howevor, Lrflmoon (2h) in 1940, in Sweden, stadicd

odum phogphate was not in-

Swedish sclle, 0o concluded from the resulte of his pot wperlmnts G
potesaium fortilisers applicatione caused a docrosee in the avallatle phooe
phorus in soils relatively rich in sesquon Thie was so merked that
wpmwmwmmwmwmm of phouphorus
dalicdency whilch could be overcome through irxwessed applicstion of phoom
gzm I also studled thess sodls ‘lv ohajin: then with phosphorus solutions
mmwmmwwmmmm mﬁfimmmwmt
the solubdlity of phoephate decreased as tho addition of potassium chloride
inorossed, T asmwd w 100 and alusings conpounds
e addition of potassiim chlerdide and mmw mare photpho;
detormine whother thiv wae an important factor in field produstion, he
analysed L50 orein experdsents and found whon potassium was added with phoe
phorus, potacsims csused 2 reduction in orop yiodd in 457 of the ckeus aw
compared %o phosphiorus fertilisers applicoticn alone, Mesemen ot &, (30)
reported that phosphate might be fised in acdd poils that contained potassium,
sxponium or godiun as minerals similar to palmerits, varisclite or strenzite.
He stated that "the repid fixetion is beliewed 0 rosult from a combination
of phosphate iong with suporficial fons of Al, Fo that are held in the oxe
tred tlos of the lattice or by exchangeablo aitachments on both the olaye snd
hydrous oxldes of Te and Al, The product of this veaction initially is
1e and prosumably is readily availabls to plants, but its
oo sreduslly, probably as a result of crystallimation and

relatively sol




ar ptran;ite.”

ar to palmerite, vardecite,

HETTATION OF PROCPHONTS IN 6018

orvo in soll has been used ap an
index of fixatdan, Mdpdey (L7), Stephe L (67) found & varying
rus end the memmwsr of ite spplicotdan, Thoelr {leld chrervad
indicated that 1ittle or no pastretion took place with heavy solls, but
Heok (31) stated that “either active calolugy iron or almsdiowm inhibite
the dowmard novarpnt of phosphorus in solls in proportion to the amomt

T T 3“1;& LRI

with limostone wop found to imrease the ponetration of avallable phosphorus,

Patten (49) in 1911, pointed out that more phosphorus cen be loachad frem
the sodd when weak solutions of salter KOL, XgS0p, XNO3, or ¥pCOy arv passod
through the sofl, thin can be obtained with dlstilled water, Zromn (8) found
it whan rook phouphate wee spplied with somonlum eulfate or sodlum nitrete,
on W; Mdgely (L7), worlkdn: on

ment of phosphate, whills sodium nitrate greatly incroased it, He reasonsd the
aotion of these selbe ls coused by potaselum and smmontus being more uctive
thean sodion in replacing mmmmmmmmeﬁm@w
calohan forwed more Wﬁw&% soluble trdeatodum phosphato,
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The total catlion exghange capacity waz fomd Lo be increaged b tho
aditdon of phesphatos to the seils {10, Li, S, 72). This amomt of incroase
in total base ewhane e indicated by oviec (12) and Prince and Toth {03)
was depondent upon Ve amount of phosphete added, This mizht be explained
o e baclc Lol e added phogphate incrensed the ecldold - basold retio

of e poll o-llolde {83, 22

Yool vl o Turk (T7) amd Heover (3T ashowed that both the exchanceable
potasdun and the Dlasd potagciun were proator i sofls that had beom Lreatod
with potacelum ;hoophals than in thooe roated wlth potassiua chleride, This
Ineresse in replacouble potesshus might Lo eplained by the POy~
gs pointed oul Ly Te Turk et al, (23).
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tlils treaionnt, tiw soil nsa placed In a clowd Jar Tor tselw hours to permit

jTuaftihrtVir

"Shroe £jxm mro xtnd %o build a oaten m ohmu in fig* 1*

thmm mm rtt&ad «itfr « fritted gtee dite at th© bottom
and w iasm) 1 J/o incStCNi in &AiIM$i8r ®3w 1 i/o Mmm$ sa m is
the sscer.tlcR of tin tep ftmaeX which had the disaster tut MIS five inches
long.

To IMS* tfoo soil &Uta$p In ocaob fy n ttilf n«fii\ posrtScr#t of tho IS 1
plaood IndM dsilXr aroffli th® old® and in tfeb xsdddOa of fuswl-mtll a



thirty on pordlon of the nearly doy soll ron the closed [lasc Jorg had
beon added. & wnllorn welzhd wes uwsed o poch e soll in the funnols and
then the soll mirdace wag oovored by Jloos woods T otem of cach Swwnol
wae Cltbed with o rabber stopper amd comoolod to the Sumel below, Thon 4
1000 ml. flsek was conneoted to the bottom of cach colump Yo reovive ihe
leachate, The coll we pleesd in this type of & colugm %o facilitate porco-
lation, and Yo pornlt acourats sampling of the soil ot various denths,

Daoh: soll wor treated by adding to te aoll in e Wp of the cclum,
salle deoolwsd in 20 ml. of Astilled welor, The saltc used in thoso {roate
wembs are slven In Table 2. The asount of salts applisd to sach colusm wag
two millicgutvalonts of emch ecation added and 61.90 milligrame of phosphorus

Table 2
Trovtronde Applisd Yo Soll Colimmw of lach Uodl erisa

Vg0l THRO Ca(righo), Ja.1ig0
Yadk)y Ca(HpP0),)2.1020
ma Ca{HaPOl, )220

1

3 X1 & Ca(lipPOy Jpetigh Hone

L KO Ca{iigi0y )2 10
"5 Galt09 )pehitip0 Ca(HaP0), )o 10

6

7

8

In onch case, Aitor adding the selt solutions, the columis were pormdited
to stan? ovornicht, Ty wore thon leachod with twenty inches of distilled

watores In the case of two trostoontsy the procoss vas repeatod, Alter the



1nst addition of wminr, thoy were permiticd o drain for twentye-lour houTo.

Then the columne were placed in an oven al S0V ¢ untdl the modl wee drv,

A p phccphorns was dodecmdned Ly Wougts methed, Four Jrane
wexe astractod with L0 mle of 0,002 ¥ oulfudc acld, The extracted phosphorus
wag dotermined colerdmetdeally by the method of Zinsade (70) as mooilied Wy
Poech ob ole (50) Yy use of Buckman's spoothoolotantor.

Totel phosphorue wes deterntned sccoriin; o Jrayts method {7) as nodle
fied by Iuving (59). (ne gram of 60 meat ovon dry wedl cwple we dgeoted
with wenty oilllwters of T2 por cent parchiorie acid in & 70 wl, florence
flask until oolorless. Then the resulting solution wes made up to 250 ml, and
8 10 =i, aldquot wez tranaferred to a 50 nl. wvolumetric Mask until colorlsss,
™6 resction was adjusted with T per cont solluwm carbunate and 1 ¥ sulfuric
acid to colecdons with quinsldine rod indlcator, Then the molybderim b
coloy wos dovelopod Wy the mothod of Zinsado /70) as modified by fozeh ob al,
(50)s  Tho trengrdttancy was moamwed vain: 8 650 mu filter with the Lecknan
speotrophotanclior,

Tmetuncoable cotassiug wio detormdned by loaching ten oyans of ool
saples with 150 nl, of 3 I ssondun scotate solutlon according to Scholletie
bergerts rethad {G3). These lenchates wero then talwen $0 drymess on the hot
plate and tho rosiducs were toeated with 9 ., of concemtrated mitric seda
and heatod for Cive mimutes, Then 3 ml. of 72 por cent pepeh
added ami heated wniil dorwe white Omes Slrot sppeared, Afcr cooling, Uwy
wero tvansferved to 200 ml, wolumetsric flasis and 20 gl, of 1000 peapene oF
Jithion sulfate wos added, They were ihen trowht to wolume with distilled
maium wao determined by “lame photometry with a Porldin Elmar

17 8.

wator and tho pols

Instuont,
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Table L (Contimmed)

Polassian and lodiug

[ ¥ * Bl ¥ I P v,
Arlications Pricr to MonowColclme [T
TV B VO WO SRS 2 ELTNPN T

- il Clogshooms o Hine Tddls,

ET VO § y7s S

aomphato®

5041

Dapth
in
Taches

thosphores per I
Tapla: of ntreslad
Joils

RS s

%= S wOtaL

i,‘;
ahls - by

avle 7
;%”’ -

2nd Ca(iaPOr )b
X ™ P & wyi"

¥

e
p

g..?’ «.ﬂ }

persville  SJ5 0.1 L 23875 T2 %a32 %0.75 e -
2=3 3.8 51.30 - -
| | 0=-1 S5 .05 £a39 3915
Jeltoville LI 0.3 12.53 1-2 Lei7 2055 3.56 27.54
d w3 215 22 20 22.95
; T wl w32 33.75 - -
Boersions 5el Dol Tial? TR Sacl 2105 - -
- - = eyt
o -~ o “oe'da - e
Jwl 2.085 10.30 :.;g? 105
Sassalras L0 0 715 L2 10 D Jedh 13.50
2 w3 s v 15.20 313 13,50

% 61,96 mze of phoschorus were applied.
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...:: CALCIUM KITRATE # THEN MONO-CALCIUM PHOSPHATE *
- MONO-CALCIUM PHOSPHATE *

{
|
| V02 POTASSIUM CHLORIDE » THEN MONO-CALCION PHOSPHATE *
1 s
! %
. Y/}, POTASSIUK CHLORIDE PLUS MONO-CALCIUM PHOSPHATE *
]
94 FE rorassTM ACTD PHOSPRATE »

MG, OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL

%Bach asterisk indicates that the soil was leached with 20 inches of
distilled water 15 hours after the salt application.

txy
pte
:
G
™
.

Available Phosphorus as Influenced by Calcium
and Potassium in Chester Silt Loam when 51,96 mgz.
of Phosphorus were Applied,

s2a% CALCIUM NITRATE * THEN MONO-CALCIUN PHOSPHATE *

] Movo-cALCIUM PHOSPRATE *

% POTASSIUM CHLORIDE # THEN MONO-CALCIUM PHOSPHATE *

5= POTASSIUM ACID PHOSPHATE *

x el

2 T

(L) -l'
W w

-

MG. OF AVAILABLE PHOSPHORUS IN 27 €. OF SOIL
w

DEPTH (INCHES)

*Each asterisk indicates that the soil was leached with 20 inches of
distilled water 15 hours after the salt application,.

Figure 3. Available Phosphorus as Influenced by Calcium
and Potassiun in Collingbton fine sandy loam when
51,96 mz, of Phosphorus were Arplied.
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::::'. CALCIUM NITRATE * THEN MONO-CALCIUN PHOSPHATE #
- MONO~CALCIUK PHOSPHATE *

'/z POTASSIUM CHLORIDE * THEN MONO-CALCIUM PHOSPHATE #
POTASSIUM CHLORIDE PLUS MONO-CALCIUN PHOSPHATE #
POTASSIUM ACID PHOSPHATE *

MG. OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL

DEPTH (INCHES)

*Each asterisk indicates that the soil was leached with 20 inches of
distilled water 15 hours after the salt application.

Ploure L, avallsble Phosphorus as Influenced by Calolum
and Potaseiun in Mm 2114 loaz when 0155 oo
of Phosphoraa ware Applicd,

::::: CALCIUM NITRATE * THEN MONO-CALCIUM PHOSPHATE *
- MONO-CALCIUM PHOSPHATE *
V2 POTASSIUM CHLORIDE # THEN MONO-CALCIUM PHOSPHATE #

!
i

POTASSIUM ACID PHOSPHATE *

R o

MG. OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL
n
sdsEENisEREEanan

0-1 1-2 2-3

DEPTH (INCHES)

*Each asterisk indicates that the soil was leached with 20 inches of
distilled water 15 hours after the salt application.

Flgure 5, Awallsble Phosphopus as Inlluonoed by Calciun and
%mwim in Fenn 8ilt loom vhon 61,96 mo, of
ephorus were Applied,




utell CALCIUM KITRATE * THEN MONO-CALCTUM PHOSPHATE »
[ HONO-CALCIUM PHOSPHATE *
¥ POTASSTUM CHLORTDE * THEN MONO-CALCIUM PHOSPHATE *

0
T

t T v
R an e e R

MG. OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL
w

*Bach asterisk indicates that the soil was leached with 20 inehes of
distillec water 15 hours after the salt application.

More 6, Avedilsbls Fhosphorus se Influsnsed by Uslolum
an Poteseium in Nontelto olay loam when 61,9C nie
of Phosphorus were Applleds

::::: CALCIOM NITRATE # THEN MONO-CALCIUM PHOSPRATE #

- MONO-CALCIUM PHOSPEATE *
% POTASSIUM CHLORIDE * THEN MONO-CALCIUM PHOSPHATE #
=]
5 E== POTASSIUM ACID PHOSPRATE *
a9 F:i =
o I (]
ne
§ 8t m
o LR
sor B
2 W
L -
z o~
g’ -
< AR S :: )
8,0 =
- r u
& »
: 2 :: g
o :. {;
M L)
L L)
g 1 :: ﬁ
0 : /A
0-1 1-2 2-3
DEPTH (INCHES)

*Esch asterisk indicates that the soil was leached with 20 inches of
distilled water 15 hours after the salt application.

Piowe 7, Avallable Phosphorue pa Indlucnced Uy Calcium and
PeAgpsium dn Byrorsville silt losi when 03,96 ng.
of hosphosms were Appliod,



*us CALCIUM NITRATE * THEN MONO-CALCIUM PHOSPHATE %
L

- MONO-CALCIUM PHOSPHATE #

¥ POTASSTUM CHLORIDE * THEN MONO-CALCTUN PHOSPHATE *

: POTASSIUM CHLORIDE PLUS MONO-CALCIUM PHOSPHATE *

POTASSIUM ACID PHOSPHATE *

MG. OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL

0-1 1-2 2-3
DEPTH (INCHES)

#gach as-erisk indicates that the soil was leached with 20 inches of
distillsd water 15 hours after the salt application.

available Phosphorus ss Inlluenosd Ly Calalun
anl Yotazelun in Seltsville wlit losw when
5%aS6 mge of Phosphorus were Applied,

a%sli CALCIUM NITRATE # THEN MONO-CALCIUM PHOSPHATE #
- MONO-CALCIUM PHOSPHATE *

L/

{2 POTASSIUM CHLORIDE * THEN MONO-CALCIUM PHOSPHATE »
57 POTASSIUM CHLORIDE PLUS MONO—CALCTUM PHOSPEATE *
= POTASSIIM ACTD PHOSPHATE #

MG. OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL

*Each asterisk indicates that the soil was lsached with 20 inches of
distilled water 15 hours after the salt application,

svalleble Phosphorus as Influsnosd by Calolum
arel Potarsium In Hogerntows lld loon when
5leG% mye 0F Phosphorus wars Applied,



vsirl CALCIUM NITRATE # THEN MONO-CALCTUN PROSPRATE *
- MONC-CALCIUM PHOSPHATE *

V2 POTASSTUM CHLORIDE » THEN MONO-CALCTUM PHOSPEATS *
{8 POTASSIUN CHLORIDE PLUS MONO-CALCIIM PHOSPEATE *

S5 POTASSIOM ACID PHOSPRATE *

MG, OF AVAILABLE PHOSPHORUS IN 27 GM. OF SOIL

DEPTH (INCHES)

*Each asterisi indicates {hat the soil was leachc? with 20 inches of
distilled water 15 hours after the salt application.

Pioure 10, Awailable Phosphorus 823 Influenced by Calshum
and Potassivm in Saseslras sendy loan when 61,96 wy. of
Fhoaphorus were Applicd,



gx&gmﬁg%&gﬁagagﬁ%‘%?
phicrus was Jroster in this layer than that found with Ca{HgPOp,)g.%0,
trontomt in olx cut of nine soils,

It Lo notoworthy that in moat chooc the svaileble phosphe

I8 the tuvo b lsyers of sodl B considered s o eingls
Jgrary At L ovtdant fpom the dota An Tubls 7 that the stadlding dif-
farenpe found in the Siret inch o a # =dls are no lenger present,
Howowver, in mat casse whore the potas:igegls 3 treatoents ave
%&ggggggg

%%,wgggggg

Al oy g%ﬁ%%ﬂﬁggﬁvéﬁg
roact sdnilsxly,
gagﬁagg_gﬁ%ag%gga

potbasims chloride was kapt ggn for al) rates)s O
gven In Moo 1l end, tn Table Oy are comvorted to pOWs PO BTG,
D Flowe shoop et the applleation of potassium to this soll always



CalH,POg), - H,0

o +2m.e OF KCL

—_— x:m_uo»

-]

MG. OF AVAILABLE P. PER 27 GRAMS OF SoIL
w ) ~

510 20 30 40 50 60 70 80 90 100

MG. OF PHOSPHORUS ADDED TO ONE INCH DEPTH OF SOIL

Plgure 11, Availebls Fhosphorus as Infiuenced by Cslcium
and Potassium in the Mrst Inch of Collington
fino sandy loam when Increasing Applications
of Phogphates wore made,
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Table O

m m Pvut, Ingh oF aam.mm fine w \ons
Inerensing Wcam ol mwzmm wore nade,

# JHo roltoocium addod,

yesultod in & reduction in the amount of awailable phoaporas, It oloo
appesire that the calolum of the monewcalclma phoophate alds in leepin: the
awilable shompoous hizh In the sofl, Thiv 18 cugzusted by the thuwe
following pointo: first, the soll treatsd with oono-calelum phosphats
always containod more avallable phosphorusy sscond, when large anoants of
potassiun sre prosent in relation to mono-0gicium phosplte such as inld-
cated in the ini¢dal addition on the mono-calofum phogphate plus two
mililogd vaienty of potassiug chloride ocurve {Piowre 11), the amallest
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oavie (19) pelnted oub thmt phosphats mizht coow in the form of
POy, - 0o = mioelle and that this form of phosphabe
avallabls for plant wee (1) If this o tram, ¢
adding: caledmm to zeld solls would seom to o mot only edvisable fwr the
Ang Uw soll acidity, but aleo for the purposs of Lnw
pus rotention and avellability,

ar in the case of the treatments Mmﬁ v pl'{w M(W'g,m s
wa indicated by roduosd svailable phusphervs
pephiorus 1n the loschate, Therefors, whare p%m@uam is needed at
lower depthe in e bolls, mmﬁumwmmmm with monoe
caloinm wmmm mioht be recormendod,

cphiorus 1o thut pm retatnd w soils in an undveilable
or relatively uwnavellalle fons bo plants ponkly, e study of the
relative ability of the <lfferant kinds of solls, as influenced by ¢ife
ferent Jerdilisue olemonds, s an lmportent faotor In aseoscdng the Japw
ity swtus of the solle Phwephorue Mamtion ty solls hoo beon dotore
aloed by & vardety of methods, Cow of thoss wethods is measuring

mwmwmammwumamwmﬁw



takon wp from sedution will be aveilabls in the soll. Otlwe workers
hosus Iimstion without

mimm,mmmwmw&ﬁm the meature of the comblnation
betwson soll and soluble phosphate, and Lt has beon arued that euch
methods of studying shosphorus fimtion do not pive adequate inforsmilon,
In €45 Lrestlmtiong both avallable phosphorus and phosphor
the leschate are considerod slmltansourlye

To dotermdine the amount of phogphorus Clxad due to the elfect of
treataend, the Jallowing method has been ucedy first, the wsount of

crus prosant in the treated soll, Thiz ddfference iz added to

the phosphorae in the leachate, and the s 1z tho total amownt of the
applied phombhores Yhat has not Doy 1%t in MW soll, Cubbsecting this
figuwe from the mliad pogphorus cdven Ve phosphoeuz Dixed by the soll.
JAVEdAn thls U the alownd appliod; tines 200 pives ths pevesntase of
fixation, Tilo method L5 shomn io the folloing amueples

(1 16.:2 me of available [ in trosted colle

IR o ovatlatde - due 5o Lrestoenb
(2) 3»3.34 e 0f aveilable P duo to troatmwnt,

-

By cosparing the reeulte from different troatments in Tuble 10, 1%
can be avccrtained to what degros the fizatian ooowrved, These date chow
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that tho greatost Jluation cocurred in aix of nine NMaryland soils, when
thay were treated with potassium chlorids bufore the moto-calelun phot-

nemner ey ceuce inoreased fixation of the applied phosphorus,
formation of vardscite type mineyals as pointed out Yy Hnsone

(30)s However, when potassius was added with monoecalolun phosphate or as
potasaimm aoid phosphate Mttle o no inoresss in fixation coourpedy in
pared to nonowonlodun phosphate,

nitrate, cdused o phosphorus fisation in Conowingo, Myeroville, Deltse
ville and Montalto soils, but in Penn end Jassaftas soile this troatment
reduoed the Sizabion,

Pros £ rosulte, oo omn &Pvenge se Maryland voilo 8coorde
ing to thelr Cining power for any one trealmont. For monowcslcium phoge
phate, the ander sould be Oonowlngo > Mourtalto j Belteville > Mperoville'

Xnmmmr m&mﬁ, the UfLwnoe of wrying smounts of potasw
sium (KCL) mamﬂtmﬁﬁmwzmmm {50 mge a5 Calligw
P0),)24520) to one inch depth of Collingben fine sandy loan soil wae studied,

It would appear Cros the fpwre there are two major levels of

pus ixatlon in this sodls & hizh lovel which cocurs botweoh Spw-
rorimataly 30 to 100 ag. of added potasaium and & second lowsr level of




heallabley Plued and Lesched P » 10 the g t&w of Collingbon
Sine sandy lodm ac Hgi xﬁ vﬁ%& nereserts of otapsium

g&kﬁﬁ. %iﬁé%

Flours 12, Avellablo, Mixed and Looched ! 10
in tho Piret lah of u&.ﬁ%ﬁg
sdy loasy as w?gggzgﬁﬁ
Inoremonts of Cotessiue when 50 mg. of
Phosphorus were Applisd,




%,
*

of fizgtion coowrring betwoen 150 to 20 It is chvious that the amount
wmmumw'mmmWW&
L Mmmmmﬁmmﬁm,mwxmm

x%mmmmm mmm{@&d@mmmm
s dom phonphute usually vosults in the highest ancunt of
hompdwaus in the {dwet inoh of the sells, I the soll is
o0y THeO drwtead of Ca(iy)24fi0, oo shomn in Table 5,
phorus i uewslly slichtly less, Howover, when fadl 1s -

mmwwm{&;)zw,wmmwwmwm
1s reduoed BUAX) frther aod when L is subetitated for QA(HDy)2.li%0,
the avallabls phosphorus in the firet fmoh of soll may be ofther increaped
or decvoasod when copared to HaCl, but whon compared 4o Ca(M03)2.L40,
1% 1s alwys less (Mbles L and §),

o fimtion of of the phosphorus of mond-caleins phoospheto as inTluenced
wmsm@.mwmmm,mmmmmm Dus fstion
wiz ugoally fioospod by dhe sdditdon of Mrdechleric asid, Howsvor,
W@M@W%WM&%&BWW@W, Ponn







Aftar the previous series of tovts wore capleted, 1% o Doovs-
sary to determine the wariationo betwson sotl sardes and different treate
ments, Por thiz ressony aix semples of eavh suil sordss were trested
with 6149 mge of phosphorus in ane of the three forms: Ca(faP0y,)z.1%0,
MpFOy, and KO pdno 2 mees of KX, To reducs the mmber of analysis enly
a ont ineh layer of soll was Wreated aporiln; %o the genrel procadurs,
mmmmmwmgﬁm&zmmmmmw

wmmmmmwmtwwmmmwammm
phouphate. ﬁﬁamﬁmﬁmmwﬂrﬂmm&mmﬁm
10} ths whin thom Wroated Wiiix NRALIUR0 & 2 mude of X0,

The diffwonce due to troatuents wes found to be sighdficent ab
1S lowel, Tho gummry of the statistdcnl snalysis (Toble 1b) shows thet
the differant soil earies mey respond Wifferently to sfmdlar trestaente
and this difference in rosponse ws found o bo highly significant as
wll as the intessotion betwesn treatments snt scil seriea,
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Table 1k

Available Phsophorus in the First Inch of Six Soils
As Influenced by Treatments.

Average
Treatments Available P
8o0il & ( HoPl for Soil
Series Series
mg./inch soil
' in.soil
Collington 179 6.29 3.88 6.05
Wa!rﬂvillu Mgél 7078" h093 177
Beltsville 5.92 Sohh 30!113 hogj
o@m@ﬁ hu29 BQM 1.80 3.18
Chester 9.65 8 063 5.’19 ?-92
Penn 8,17 £.13 3.3 .90
Average Avail-
able F for
Treatments 7 .M& 6 012 3 . 83 Sw———

LeS.D. 25% pomt«g-, between treatments w O.45
between soil series z 1.94
(5% point) for treatments X soil series interactions = 1.10,

&.5.9.
L.,5.D.

5% point



RO LS Wwww m&wwp&o@mm, i%

wis necossary to stusy the resction botwson ticse two eluments in the

sofl, In this sockion of the study the influanse of 61496 g phos-

phowas on the exchengesbls and leached mm»m wms lnvestimtod, These

resilis are given in Tables 15 and 16,

| fhe data abow thab applicaticns wzmiwmw resultact
pchangeable potascius dn the solls than simllar snents of potene

stum either sc ROL ar XG0 plue On(HpMy,)2.500.

mmwm(@)mmzmwm xchanges

potansimm becsuso of the PO~ linkege, Then XCL was added with monow
wephate simltaneously, the ble potassium 4n the first

ingh of ¥ 30iln me seldom incressnd ap ruch s that in the segond and

third fmh, Lomehate resdts (Table 18) b

suallost anounds were derived from colls trested with KHpPOL.

To further stody this potessium renction, wne inoh laysrs of Cole
lingten fine mandy loam weye trested with different retes of Ca{HpFOy)p.Hgod
& 2 ne, of B3 (RO wus kept constant for sll retes), The epplioation
of mono-csloius phosphats always resulted in 8 reducticn of exchangesd
potussiva in the soll as shown in Tadle 17 and Mgure 13, As the MO
calotum phosphate applicstions ware incressed, the exchangsable potage

duoudy sz would be expected in cation ewchengze,
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wrids was added to & soll,
X 0f potesaium i not moarly ac great as when 1t was added with
toe The date given m Sable 10 and 19 show Qmt &
slxilar bebaviow ovowrs with calcium nitwrate, This capbasises that the
inorease in leachin: of potamsium chloride when oombined with monowonloivm
phosphnte is primeily o base oxchange reacticn,

Table MW

Iuense of Cnlofum 4n Pordilisers Upon
gm mn.mm Potaoalivm,

Sotl
Collington
Pann L 23483 9 7.08 20,98
12 20.25 13. Pt 1858
rins -1 2 T 6.75 22,27
Gonoringe 223 BE 9’5 10.12 17.55
Wntalte Ol L9 2342 8ol 2430
1wl hE D8 S 25231

mw twt o soil was wumwmmmmmw
afwmtwm



Caominge 30,15 5355 6940 3404

03&%«&“%%%“%*&%%%@:&%&&
after salt application,
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B
. phosphoras was redused to 171 pouvla of Pgly whan potessium
shloride equivalent %o 142 pounds of NgO por aore was applied with the
phosphate, hon potassium eold phosphete condiaing 1738 pounds of
POy per sove e used in place of monoecoleium pbosphate the aveiladle
phosphorus wag Teduoed to 99 pounds in the top inch, Purthermore, whon
the pame mmeant of aoplisd potdesdus (Y10 pounds of ¥gd per scre) had
{Table 8). Dvon when swmllor smounts suoh s ML pounds of KO por acve
had besn spplicd to the Collingten sodl with 200 pounds of PgOy per acre
phosphosus was still reducod from 67 to bl pounde of Ppoe
par sore in the top dnchy or in olher wods the reduction wap almost 39%,
This cheerwation might be explained as followsy The Lloco [WJw the
mwﬂy%ﬁaﬁz 1teelf to the W Lodd '
potassium ae it L2 & monovalent cation, Additdans of potacsium to solls
usuelly result in the reduction of emphanoonble calolum and an incrobse

85 indicated by Dean and Bubdns (22) or by & rosciien between hydreted P,






condugted In Uw labmutory, The wime sollc chosen for this exporiment
sodl oonditions,

e W&mmmmifwﬁw& dle studisd in this fne
watimtion can be brdelly ststed w Sallowmsy

()

(2)

&)

(L)

(5

(&)

13abls phosphorus in & throe inch layer of soils
m ”m;xmw mm when W*WW an Mﬁw

4 | » ¢ monowoalaiun phoaphate w.ith
amwr m&mﬁm mmaa pm mmm&w
pphoeus in 8 oo wm lsyer of m eoiln m mthm
T Mw WG m&ﬁd These results wore f‘mz:ai
&l ﬁmawmm betwesn poll wa:*ew w& Wmam.

Potesoiun cilordde plus mond-cnlniun fﬁwmw o potasciom
mmmwmmwgmamm 2 phoopboras froa
ﬁ;@ﬁ* %mwmmwww@mmm
Fhogphnte,

"’tmpkm% fization was inaressed to 4 maiem in m atmv

in adx out of nlne wolls mmﬁmm the exchange complex

mfmmmwmmﬁmmwmvmwm
£ phoaphate troatast,

mmmmxmmuwmwwwaommmxm
sandy loamyoould be sepavated into Siwee phasos, PFlrstly,
ammmmfmtmmamuwmwm
wwmmfammmg, ¢ potaesiue (893 pounds of
ﬂaﬁ spoonydly, maxtrer Mlisstion over wide range
Mm,wéwwm ineoroace leaching of
wmﬁm and redustion of the Tixzed phesphorus by applyin:
Mﬁmmﬁw%%mﬁs@ 1g0 per acre,
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