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INTRODUCTION

Use of commercial fertilizers has become increasingly important in Kansas

agriculture. Both commercial and farmer interests have su£ jested the necessity

of evaluating the comparative availability to plants of phosphate contained

in various fertilizers, iin attempt to compare these availabilities unr"

unfavorable conditions as brought about by presence of exc< s CeCC^ was made.

Unfavorable soil conditions as caused by marked acidity also was investi-

gated.

Various workers have reported findings deeliBf with comparative availa-

bility to plants of phosphorus in different sources. Salter mes (7)

reported that raw rock phosphate wis about 40 percent rs efficient as super-

phosphate for supplying phosphorus to common train and hay crops upon the

unlimed ..oost^r end Canf ield soils of Ohio, rhe reaction of t:.ese soils

ranLed from about pli 5 to 3»5» Llatag the soil to the ren^e of ph 7.0 to 7»5

reduced the efficiency of rock phosphate to about zero for these ere .

Salter and Barnes also reported efficiency ratings for monoentnoniun phos-

phate as co: pared to superphosphate. This material t.as oi crcent as

efficient at pli 5»5» 73 percent as efficient at pH 6.0, end 11C percent s

efficient at pi: 7.0.

Bennett, et. al., (1) compared the efficienc;, of various phosohetic

fertilizers on alkaline (pH - 8.3) Houston Flack clay. It m s found that

only phosphate materials with a hi^h percentage of water soluble p' osphorus

were of r:uch rvalue in increasing crop yields* ^odiurr pyre

raonoi mmoniun phosphate were the two most outstanding sources of :.rus.

These sources were not si; ificantl;, superior to super,.. , onev r.

^uch materials as colloid; 1 phos hate, defluorinated rock phosphate and tri-

calcium phosphate were of little or no value i; incre; sin^ yields on this
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soil type.

j-naniiix^er (3) concluded that both ium end dlanmonii te

were tbout as effective for cotton cb \. e provided colorrite

was used to neutralize acidity and ammonium sulfate ws e used to supply needed

sulfur,

Rogers, et* el, (6) concluded that ammonium phosphates are well adrpted

to alkaline soils and are ^ood sources of phosphorus or. fcid soils when their

residual acidity is neutralized v ith limestone. Upon the f results

obtained with tracer techniques they rated s verrl cf t" as

follows: Superphosphate - ammonium phosph?te:>calci ..i:. netap! cs: > i-

cclcium phosphate => tricalcium phosphate, fcarked differences in the availa-

bility of superphosphate and dicalciim phosphate in pcrcenttv e of fertilizer

phosphorus absorbed by plants have net been reflected in crop yi, Ids. They

also saoWvd that limint decreased th. veriest of rew phosphates, es-

pecially for crops that are not strong feeders on rock
|

only enough lime should be used to . iv^ opli un „ i. 1 . 1 ea ere of

little or no value when applied to ct lcareous soils.

Hinkle (4) compered various phosphatic materials as sourc- s of phosphorus

for alfalfa and also as sources of phosphorus for annual How sweetel ver,

lie reported somewhat better results for monoammonium phosphate (ll-i
:
c-0)

than for calcium metaphosphate with rlfalfa. Two sources of triple 1

phosphate rnd one source of ordinary superp' osphate were not inferior to

roonoanrnonium phosphate. No nitrogen was rdd d to tba Si atcs to offset

that included in monoammonium phosphate, Witfc asnual rail t clover,

triple superphosphate (0-<4-0) which •*• reinforced with a:n sulfr -e to

supply the seme amount of nitrogen as contained in r ono> inronium phosphate

actually yielded more than the latter material.
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tleen, ot. el, (3) found that el. lie tricalciun phosphate consistently

furnished less phosphorus to plants £rown in c; lcarecus soils th«n did such

sources aa superphosphate (0-Z0-0;, concent: i ted superphosphate (0-4-0),

aiamrtliim phosphate (11-43*0)* oaloiusi raetephoe, hate, die. leiuro phosphate and

liquid phoaphoric acid, superphosphate and arsoniur; phoaphate supplied a'

equal accounts of phospharua to ell crops teated, except alfalfa in Arizona*

In the case of alfalfe in Arizona, auperphoaphete *es superior to ananoniu*

phosphaU.

feaieer (8) showed thrt Mm efficiency of m noaisrnoniun! phoaphate we in-

creased aarkedly by liming of the so'l.

The objectives of this study *©»» (1) to evtluate by means af plant

growth response the coraparetive ev< i5e! ility of phosphorus su in the

form of superphosphate, monocBnoniiaB ate*phet*« end roc te to soils

of veryin^; CaCC-; content » (?) to evaluate by sseana of I 1 extraction

the ccsnperctive availability of phosphorus supplied in the fore of superph -

phate, wonoeianonium phosphate » and rock phosphate to soils of v ryin^ CeCC-3

content.



ODS GF oTUDY

Description of soils

Four soil materials were used for this study* Reactions of the soils

rented fra>. .- cid to alkeline. flM two naturally alkaline soil sai ,1 t were

obtained from near warden City, Kansas on the t.illi i le

was from the surfece layer and one wt-s from the subsoil, fl . s are

identified by the farmer's name in this tlesis.

One sample of soil materiel was obtained fror the XMU e College

Agronomy Farm near Manhattan, itensrs. This srmple of Terry silt loll

was neutral in reaction.

The fourth soil sample wps obtpined fron southeastern Kanr Cclurbus*

This sample of Cherokee subsoil wes very /cid and reouir c ",000 pounds per

acre of limeston- for neutralization.

One series each of the Geary silt loam and the Cher lit loam s -

soil received an application of CaCOo equivalent to an excess of 3«0 percent.

Thus a total of six series of cultures w; s included in the use study

with phosphatic fertilizers.

Greenhouse ieci.nis.ues

The greenhouse study wt s conducted to measure response in yield of whe*

t

to application of various phosphatic fertilizers. Fertilizer vis mixed with

the soil on February 27, 1954# whert WI planted on I'arc , id it wes

harvested on June 3, 1954* Phosphate wr s applied at rates indie ted in table

1.



Table 1. Phosphate treatments employed in reenhouse experiment with wheat.

Trtat. no. icrtilizar Bteterlal
,

unt of P furnished

isml
1 No treatment
2 Triple superphosphate (0-2}2-O) 2|0

3 iriple superphosphate (0-41-0) l6o

2; tonoammonium phosph; ,e (11-2,3-0) 40

5 oammonium phosphate (ll-2j£-0) 160

6 Itock phosphate {32% tot; 1 PgOc) 320

Each culture received the equivalent of 0.17 gram of nitrogen eit: er in

the form of emnonium nitrate, es a constituent of 11-2*8-0, or rs a combination

of these two forms depending upon the treatment concerr.ee1
. Aa atViticn of

0,5 £Tem KC1 was made to erch culture involvin; Cherokee s '
. .An addition-

al 0.1? gran of nitro; en wfs added on April 11, 1954 *c **> culture involving

#ai surfed; soil, fai subsoil, Cherokee subsoil* 1 nd Cherokee subsoil plus

3.0 percent excess CaCc .

Conventional f reenhouse procedures utin,; crthenwfre pots containing

2300 trams of soil eeafe *~re employed. Four replications of esch culture

were used. Avrauganaat of pots waa changed in random f ry three days

until after heeding so is to avoid any differe/.ces due to loct tion in the

greenhouse.

Laboratory -Analyses

laboratory determinations of pH, lime requirement and cveileble phos-

phorus were made on each soil material before application of fertilizers.

The pH wes determined by the standard fleas electrode . Lime

requirement was determined by the standard procedure of the state soil test-

ing laboratory.

Available phosphorus wts determined by the coloriir.etric method of 1'ray

and Kurtz (£).



Table 2, Chemical properties of untreeted soil.- used in greenhouse experiment

at renhettan, Krnsas, 1954*

Soil 'aterial » Soil pH : iivaila 1 le P1 i Ike Statu
: lil 1)50 : (lbs. /A) : CaC0

3
CaCOo

j i t ... Jiv.( ) c .fr. ./A)

1. 53 ourfcce 8.0 S.ii 29
: .0 none

2. I-ai subsoil 7.7 -.1 4 "0.7 none

3. Geary Silt Loam 7.0 - 2$< none none

L. Cherokee Subsoil l].i 2 .

n^^ "' '000

^XteinL 0.03 S ^tyr*" in 0.025 N HC1 at a soilisolution ratio of 1«50

;«V harvest cultures of the soil a^ain were •< od analysed for

trailtble phos^.orus. A solution of 0.0^, H RB^I in 0*92.5 8 BC1 was used for

extraction, A soilisolution ratio of li^O was employed. Soil end solution

ware shaken for one minute and then filter i . 'he filtrate wrs rd justed to

neutrality, made to volume and ammonium molybdate (IB) end organic reducing

agent (PC) were added, mixed and allowed to stand fifteen minutes, Trans-

mittance was determined in an velyn p: otoelectric colorimeter at wave length

of 660 mu*

Phosphorus content of strew and jrrrin also w; i ..

'

. A weifbed

sample wes transferred to a porcelin crucible. Po this a solution of slcohcl

and magnesium nitrate ^(NG-.^^I^O 1<raa added. PI e crucibles w re plated on

the hot ^lete, ignited and allowed to oxidize to dryness. The crucibles then

were transferred to the muffle furnace and brou
t
:.t to a temperature of 350° C

for two hours. T.e ash M cooled and dissolved in HC1. II is solution then

wes treated with PB and PC solutions. Miosphorus deter: inabion m s accomplished

on these as it was on the soil materiel.

iNx tAinm ot i

Upon the basis of determination of available phosphorus (Table ?), it

appeared that growth response to added phosphate could be expected on each



soil. Two soils, the Kai surface and the Geary soil, were or.ly radium in

avail; ble phosphorus content, 'Hie other two were cuite lor; in le

phosphorus content.

Yieia Results

(rain Yields, As seen in Appendix table :, re otic fertili a?

treatment pN outstanding groia yi,.ld Increases with . i eurfsee soil.

Statistical analyses Si owed no eifcificent effects of the treatments.

• ith the iai subsoil, statistical analyses rev. <- led a highly igaifle

cant increase for treatment 3 over check. Treatments 2 and 5 produced

significant increases over check. Compart lie r&t^s of application of phos-

phorus from triple superphosphate were sr :.ificantly better then applications

of phosphorus from monoemtaonium phosphate et both I h and low rates of

application. High rates of either triple super. ate or nimiiai (mii

phosphate gave significant incres.es in yield over the lotrer ratal of

application. Rock phosphate mi s ineffective when compared to either of the

other forms of phosphate,

ft the unlimed Geary soil significant increases in train yield verm

obtained from both rates of application of superphosphate and

phosphate. The hlga rata of application of ton ium phosphate was si .

nificantly poorer than either the low rrte of this fertilizer or co, prretle

rate of aftpXl* tion of triple superphosphate. Rock phosphate treatment was

sifcnificantly inferior to some of the other phos,:.a e treatment: .

Geary soil .it. an excess of 3 p. re at 6 CC^ produced significant increases

in yield of ^ain for each phosphate treatment, includin
t rock phosphate.

Here comparable auditions of monoammonium phosphate and triple superphosphate

gave somewhat higher yields than the lower rates of application, tut the
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added effects were not statistically sicnif ic; nt.

I ith unlimed Cherokee subsoil si^ifictnt increases in yield were obtained

with eech treatment. The high rates of application of triple superphosphate

and monoammonium phosphate were significantly butter thsn the lower rt tc of

application. Rock phosphate wea significantly superior to the lor, r- tes of

application of either triple superphosphete or monccrcroniuir: phosphate.

On Cherokee subsoil with 3 percent excess CeCO-,, all phosphate treat-

ments except that involving rock phosphate t?ve slf nif icr r.tl. r yiel( .

A£ain the higher rates of application of the more soluble carriers of phos-

phorus were significantly better then the low rate* of application,

^>traw Yield a r As seen in Appendix fable 4» sit if ici nt increases in

yield of straw occurred where either triple superphosphate or monoemnonium

phosphate was added to the tiai surface soil. Differences between the high

and low rates of application of the more soluble forms of phosphetic ferti-

lizers were not significant. Rock phosphate was ineffective in increasing

straw yield on this soil,

With the Kai subsoil significant increases in straw yield were ob-

tained where triple superphosphate and monoernnonium phosphate were employed.

Here the high rates were significantly better then the low rates of appli-

cation, t this low rate of application superphosphete was significrntly

better than monoannonium -jhesphate. Rock phosphate was ineffective in in-

creasing the straw yield.

Yields of straw on the unlimed Geary soil were increased significantly

over the check for every phosuhatic lapse tps.»l« Comparable rates of appli-

cation of triple super, ate and monoana:.'onium phosphate were about equal.

Treatment with rock phosphate wt s significant 1/ better then the check, but

significantly lower then either rate of application of superphosphate* . ith
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limed C=e; ry soil highly al£nifleast inc , ield of strew were obtained

with every phoepbatic treatment*

. ij. rates of applies, tion of either tr rphoepbste or monoammordum

phosphete were superior to rock phosphate applies tio- . iov,ewr, use cf rock

phosphate on this limed soil wi s just as effective as the use of the other

carriers at low rates of epplicttion.

Also with the unlimed Cherokee subsoil highly si f- rificent incr< eses

were obtained with every applicetion of phosphatic fertilizers. The hifh

rates of applicetion of triple superphosphate was s3<•: ificanfcly better than

a comparable rate of monoammonium phosphate. Hock Phosphate treatment wee

corparable to treatment with either the lew rate of triple superphosphate

or the hi of monor :;ncnium phosphate*

tils si. .dfleast incre; ses in w ield of straw resulted on the limed

Cherokee subsoil where triple superphosphate end sonoa; monium phosphite

treatments were employed. Yield from monoa:xiO:dum phosphite treatment wee

soBiewLet lewer than j ield from triple ai -sphete tr r, , lut not

si^nificently so. Sock phosphate treatment wrs si t rdf icj ntl v loMT than

other phosphate treatments and comparable to tie ehe< .

Total iield of Grain and Str .

.

ficent lneraeeee in total

yield of plait material were obtained v/ith t 1-'. r M of appl 'cation of

triple superphosphate end mor.oaramonium phosphate on the I.fei surface soil.

The hi{h rates of applicetion of these carriers gi ve lower yields than the

low rates of explication but these were not eignifieentl 1 . ock phos-

phate produced no response in totrl yield of whe del.

On the Mel subsoil highly si c idfictut incr.as^s la total yield of plant

material resulted from treatment with either triple superphosphate or mono-

amaonium phosphate. Triple superphosphate wts better than monoej .a-
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phete at comperetie rates of application, High rates of application of either

of those carriers were significantly better than low ratos. Rock phosphate

was ineffective on this soil.

Treatments involvinf either triple superphosphate or monoM.-monium phos-

phate care highly significant increases in totel yields cf plant material

on unlimed Ceary soil. Triple superphosphate hi significantly better than

the co:..p<.rable rate of applicetion of monoai.T-orium phosphate on this soil.

Triple superphosphate at the low rate of application produced more yield than

at the I i h rate. Rock phosphate was ineffective on unlimed Caary soil.

oi^nifiean S increases in total yield of plant material occurred with

every treatment on limed Geary soil, fields £rou. triple superphosphate and

monoammonium phosphate were comparable. Rock phosphate treatment was slgnlfi*

cantly better than no treatment, but si^rificantly lower than either hifh or

low rett,s of application of the more soluble phosphatic fertilizers.

Phosphate treatment on unlimed Cherokee subsoil ;eve highly rajnifleant

increases in total yield in every case. Low rates of application of either

triple superphosphete or monoarrmoniutn phosphate cave comparable results,

rates of application of these same carriers fave greater total yields. Triple

superphosphate was better than monoammonium phosphate at the high rates of

application. Rock phosphate produced results comparable to the high rate of

application of monoammor:ium phosphate.

On limed Cherokee subsoil highly significant increases were obtained

from use of the more soluble phosphate fertilizers, but no increase resulted

from the use of rock phosphate. Similar rates of triple superphosphate and

monoanimonium phosphate &ave comparable results. J i, ;. rates of application

of these soluble fertilizers were better then low rates of applicati .

Treatment with rock phosphate did not affect total yield of plant material.
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Analyses of Plant faterial

Percenta e of
,

Phosphorus in Grain. The percentage of phosphorus in

grain varied little as a result of phosphate treatments which were applied

to the soil. Rates of application of phosphorus had little effect on per-

centage of phosphorus in frain. In some instances the percenta, e of phos-

phorus Mf actually lower for the hifh rates of application of phosphorus

than it was for the low rrtes of application. P<.rcentt e of phosphorus in

£rair, fror. treatments where rock phosphate was e red very favor-

ably with percentage of phosphorus in {.rain from those treatments where

more soluble phosphatic carriers were used.

Perc ..; _ v of Pho- ;.>horu~ in otraŵ . The percenta | a of phosphorus in

the straw behaved somev.hat like that in the [rain. I rot ally there was a

greater increase in percentage of phosphorus in the straw as a result of

hi£h rates of application of phosphate (Appendix Sable 7) than there ma in

the case of grain (Appendix Table 6)» In many instances the percentage of

phosphorus in the straw was lower as a result of low rate of phosphate

application than for no treatment with phosphate. V.here the hi;h rates were

employed the percent? ^e of phosphorus in Mat cases compered favors! le rith

no treatment. Rock phosphate seemed somewhat variable in its al ility either

to raise or to lower the percenters of phosphorus in the f-rrin :r in the

straw..

Phosphorus Uptake in (rein. Phosphorus upti-ke in in in from the H*i

surface soil (Appendix Table 8) shov.ed no significant increase or decrease as

a result of treatment of the soil with phosphatic fertilizers.

In the aei subsoil a highly significant Increase in phosphorus uptake in

train resulted where either triple superphosphate or the hi^h rate of mono-

ammonium phosphate was employed. Use of monoammoniuio phosphate resulted in
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significantly lover phosphorus uptake then did comparable amounts of triple

superphosphate. Both the lo of application of moBoanaoniua phosphate

and rock phosphate compared closely with no treatment.

The unlimed C'eary soil reflected significant increases from the use of

triple superphosphate end from the use of the lov; rate of monosr ionium phos-

phate, low l-at^s of the core soluble forms cf phosphate
t eve sli£fttlj higher

phosphorus uptake than the high rates. Hock phosphate wee not effective in

increasing phosphorus uptake and v.es ignlfleastiv lower than either treatment

with triple superphosphate or treatment with low rates of monoemr onium phos-

phate.

With the limed Ceery soil, sifnific nt increases in phosphorus uptake

of grain were obtained with either monoammonium phosphrte treatment cr

treatment with the hifh rate of triple superphosphate. Phosphorus uptake

from triple superphosphate treatment at the low r te was significantly lower

than for treatment with a comparable rate of mor atei ]

rate of application of triple superphosphate ws "'icentl. effective

than the high rate. Rock phosphate treatment wes significantly better than

no treatment, but significantly lover than the high rate of triple super-

phosphate in this regard.

Phosphorus uptake in the train from unlimed Cherokee subsoil was

significantly increased only where Biffc rates of triple su. ete and

monoamaoniian phosphate were employed. Low rates of application of triple

superphosphate and monoammonium phosphate were somewhat less effective than

high rates of application of these materials. Rock phosphate treatment com-

pared closely to no treatment in this rerard.

Phosphorus uptake in the t.rain from the limed Cherokee subsoil reflected

highly sipnlficant increases in phosphorus untake fr I cher triple super-
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phosphate or monoammonium phosphate treptment*. Phosphorus uptake in the rrein

was increased significantly more by treatment with triple superphosphate

than it was Vy treatment with comparable low n tea of applies ticn of mono-

aamonium phosphate.

However, the reverse Ml true for hi<;' • of application of these

materials, Treatment with rock phosphate produced a highly significant de-

crease in phosphorus uptake. Actually no train ve3 produced by this treat-

ment*

i,hos^;orua Uptake in »^ruw. Phosphorus uptake in the strew produced on

the fcei surface soil, (Appendix fable 9) was increased by ell treatments

except ti.at involving; rock phosphate, Triple au^erpi.osphate and monoarxonium

phoopliute ^eve comparable results at lo* level of application.
•
ratea

of application of the more soluble phosphatic fertilisers were significantly

superior to low rates of application in this respect. The hifh rste of

application of triple superphosphate was significantly Vum

the comparable rote of monoamroniura phosphate* Hock phosphate was ineffective

in increasing phosphorus uptake in the straw*. Phosphorus uptrke in straw

produced in the f'ai subsoil ins net greatly affected by pj treatment*

Only treatment with the hifh rate of monoam: onium phosphate significantly

increased the phosphorus uptake*

Phosphorus uptake in the straw produced on the unlimed (eery soil showed

significant increases only v/here hi^h rates of triple superphosphate and

manoanmonium phosphate were applied* Ho tret tirent , Ion rates of application

of either triple superphosphate or monoam;: onium pi.osphete, ai.<. ic tion

of rock phosphate all t ave about the same results.

Phosphorus uptake on the limed Ge; ry soil tjs si t nificartly /roster

only where the high rate of triple superphosphate *ts employed* low rate of
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application of monoemrnonium phosphate wes somewhat less effective than low

rate of epplicetion of tr:' perphosphete. Treati ant with re sphate

waa much less effective then no treatt^nt at ell.

ocohorus uptake in the strtw fror the unlir.ed Cherokee; subsoil was

increased by til rates of applicetior. of triple super

p

o-

a:anoniura phosphate ead ty tr« . pi-cs-

phate and monoammwoium phosphate ^ave •ompareble res .1 . . pti ._ .1 phos-

phorus in the straw waa greater for tl of application of either

triple superphosphate or monoamr . aaa for the low rates of

applic: tior. of the same fertilizers. Rock phosphate traetaaftt v ::ifi-

cantly more effective than either of the low rptes ore

soluble pi o.

On the limed Cherokee sulsoil highly sigaifiei es-

?rus uptake were obtained from both rates of i upcr-

phoc nd frc 1. r?te of applic,

Triple gu ra effecti-, aaooiUB phosp^a^e* Treat-

ment with rock phosphate ^eve results tf I . icantly inferior to

all ot2ier treatments end comparable to no treatment,

-^'Qtal Ui„
\ j jg - ..oschorus j& ;.hec

\ gj jfe . i.orus

(Appendix Table 10} for the £«i sul\. icent

increase from the use of monoazumoniuin ate ant o o_ triple

superphosphate. Low rate of application of triple sup. treat-

ment cosi^parsble to nc .u.>ent i. ea *otal

phoaphorus uptake wts concerned. rates of applicetion of triple super-

phosphate was
. better thai, low tl te ... .-eta

of application of nonoer;jaOr,iuin phosphate t.. uifict. . k ;ive

n a comparable rate of application



Total uptake of phosphorus from the Bfei subsoil w.-s si;r.ificrntly in-

creased by every phosphate treatment except that involvir
t
- rex ..'e#

Treatments involving triple superphosphate vcrc •ifnlfleentl; ere effective

than comparable treatments' of mo '

.

somewhat lsss effective than no treatment.

Total phosphorus upta produced or. t' 11

was sirnificar.tlv greater for every phosphate tr, :cept where rock

phosphate was employed. Triple superphosphate g: ve results eomparabla to

more. ite» Rock phosphate, of course, v.-s ineffective in

incre; airr orus uptake.

Total phosphorus uptake in plants produced on the limed C. .1 vls

Significantly increased only by treatment wit! I b rate of monoammor.ium

phosphate. Triple superphosphate and monoammoni Arable

in effectiveness, ^ock phosphate treatment e I favorable with both

triple superphosphate treatments and with the low rate of ation of

monoammonium phosphate.

Total phosphorus uptake in plants produced on unlimed Cherokee subsoil

was significantly increased only by the hi ' n of triple

superphosphate and monoammorium phosphate, effects of triple s sphate

and of mono: m.- on i urn phosphate were coaparrlle in this - . ffeetl of

low rates of application of triple superphosphate and none;, m phosphate

were not pronounced. ...ffect of rock phosphate treatment wi s significantly

greater than the low rate of application of triple superphosphate.

Highly significant differences la phosphorus uptake were obtained on

limed Cherokee subsoil from treatment with either triple 01 ate or

with monoammonium phosphate. Low rate of ap^lic: trip] osphatc

w«s significantly more effective in tills re^crd than *as cc ie rate of

application of monoemmonium phosphate, -lock phospht te acta; 1 less
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effective then no treatment.

Chemically .Avail tie -'hocphcrus in '-oils after Farvest

-.11 treatments involv: ".
i Ml .. : i produced increases in

the exeunt of chemically a- It phosphorus remaining in the Mai surface

soil after plcnts had been harvested. increases in cvrli-

able phosphorus content of soil was produced aa e result tA .cation of

high and lor retes of triple supc.:. ihftte and monoaianonimc phosphate*

Creator la ;; in an phorue content of soil r.cre ottained where

triple suporp) e was employed than were obtained for comparable r

of application of menoiramoniun p] . ' ,:phate treatment result.

d

in : Ica:;tly lower available phosphorus e I in the s 1 n did

oti..

Jicant increases in av&ilaM.. ores sc off the

soil were obtained from all phosphate trestontata applJ subsoil

except for the low rate of application or monoai.: . ,'rlple

jhate treatment resulted in significantly
. of evail-

able phosphorus in the soil than did comparable monoammonium phc

ments, Hock phosphate was significantly more effective lb) B Im Mil of

application of monoammonium phosphate and no treatment, ficently

less effective than other phosphate trontments.

Triple superphosphate and mono: mnonium phospha; -tive

in increasing available phosphorua content of unlimed, ._&t-

ments with triple superphosphate was sigalf nsre effective then treat-

ment with comper; tie amounts of monoammonium phoaph; ks« pasta vas

ineffective in this regard. Increases in avail .on cent were

hi^- -icant on the limed luary ..oil a suit of tree teen ts Kith •
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either triple superphosphate of monoamraonium phosphate. At the high level

of application triple suporphosphate was sicnificently "fective than

a c Me amount of monoammonlum phosphate, ^ock phosphate was signifi-

cantly less effective than other phosphate treatments,

On the unliraed Cherokee subsoil highly signifleast
'

ics in avail-

able phosphorus content were obtained with ov .sphete treatment* C

parable rates of monoammorrium phosphate T.ere significantly more effective

than triple superphosphate treatments. Rock ohosphate treatment wc |ga

nificently more effective than the low rates of the more soluble phosphatic

carriers, but significantly lets effective than high rates of application

of the same materials.

Treatments involving ay .-licetion of either triple super bate or

Bjonoamr:. hosphate on the limed Cherokee suhsoil were BignifteantSj

effective in increasing available phosphorus content. Triple superphos»

•e and monoera.ionium phosphate were conperr ' lc in this r i
'. "ock phos-

phate was Ineffective insofar as incre lahle phosphorus con-

tent of the Cherokee subsoil wps concerned.
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The effects of the different carriers of phosphorus may he aummrrizod

as follows;

friple superphosphate Increased the yield of £rein on ell soils exc

toi surface soil, ; onoeiij;:.Oiiiun phoaphate increased the yield of ^rain on

all soils except at the hi^h rate of application on the lai surface soil.

Grain yield on the limed Geary soil wes greatar frorr. treatments involving

monoammonium phosphate than a comparable application of superphosphate.

Rock phosphate wis ineffective except on the limed Geery soil and on the ecid

Cherokee subsoil.

Triple superphosphate generally w; s superior to monca ro-iian phosphate

in Increasing yield of straw except on the limed Ceary soil where tre? tr ent

with monoamtionium phosphate wrs somewhat wore eff c ;5ve though net i-

cantly so. "ocl phosphate incronred strew ielfl appreciably tt ly on limed

Geary soil and on acid Cherokee subsoil

Triple superphosphate wis ecjual to monor<mmonium phosphate insofar aa

yields of total plant material were concerned. Hock phosphate significantly

increased total yield of plant material only on limed Ceary soil end on ecid

Cherokee subsoil*

Percentet e of phosphorus in train varied little ; s a result of appli-

cation of any phosphatic fertilizers.

hiih rates of application of either triple superphosphate or monof rmonium

phosphate increased the percentage of phosphorus in the strsr. in most cases.

Low rates of applications of these materials on the Ceary soils actually

reduced the percentage of phosphorus in the strew. The effect of rock phos-

phate was somewhat veriable.



IS

±riple auparphoapht phosphate insofar

aa uptake of j orus was c -n the ...
soils triple superphosphate v. >aanoait sphate* Rock

^uuo^ia.^ caused no increase in rain,

.triple su.jtii'phosphate was equal to, if not superior t. , .'.um

phoapUite insofar as causing an . I ..phorus a in the atraw.

hock phosphata waa ineffective in iaovaaaiaj phosphorus uptake la the; straw.

triple superphosphate wcs superior to nonoainr la in-

croa osphorus uptake b; ua*>

linec Ceery soil. It also v.as superior
'

hifh rata of

application on uniir... t soil and in ' the 1 I of

application on lined Cherokee 3oil. Koaoaiunt phata .ul to or

superior to triple superphosphate en I'ai surface soil, li: . Ui in

the ces^, of lov, rate of application on unliir.od G oil) and at the

aigj jf ap^ . o subs... .

Pal i i.; .... M% total phosphorus . at-

roent with rock phoap&atc kually decrot tad total a. -us on

lijiied Cherokee subsoil

In teuerel a larger quantity of chemically avail is re-

gained in the various soils after harvest of the wheat where triple super-

phosphate Ks uoed tlian where inonosramoiiium phosphate was used. phos-

phate v.os offactive in increasing the amount of e lly availeMe phos-

phorus only on unlived Cherokee subsoil.
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EXPLANATION OF Pi- ... 1

Fig« 1. The influence of various phosphatic fertilizer treatments
on growth of wheat, lai surftee soil, (fay 5, 1954)

J?ifc> 2. The influence of lime and various pho«phati« fertilizer
treatiijents on growth of wheat, lai subsoil. (Lay J3, 1, )

Phosphate treatments as follows:
1-No treatment
£-40ppm P-triple superphosphate
3-l6o ppm P-triple superphosplu te

4-40 ppm P-monoammonium phosphate
5-160 ppm P-monoamrnonium phosphate
6-320 ppm P-rock phosphate
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PLATE I

.
' 1 3. MAI SURFACE i

Fig. 1

t

3 fJ 4 [X 5 6

MAI SUB f fc;
^ ^J

Fig. 2



EXPLANATION OF PL/ PL II

Fig, 1, The influence of various phosphatic fertilizer tr-6 t> entson frowth of wheat, Geary soil, (lfey 5, l;

Fit. 2> The influence of lime and v rious phosphetic fertilizers
on growth of vheat, (ef ry soil. (lay 5, lj

Phosphate treatments as follows:
l-ivo treatment
2-40 ppm P-triple superphosphate
3-160 ppm P-triple superphoaphete
A-40 ppm P-monoammonium phoophfttt
3-160 p^m P-niono< mmonium phosohete
6-J20 ppm P-rock phosphate
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p 3

GEARY Ul s

•"v

i

*"

Fig. 1

Fig. 2



EXPLANATION III

Pic. 1. The influence of various phospfastic fertilizer t -,ts
on cvox.tL of v.heet, Cherokee subsoil. (My 5, 1951)

Fi£. 2. The influence of lime and various phosphatic fertiliz r
tre taints on growth of wheat, Cherokee subsoil,
(toy 3, 1954)

Phosphate treatments aa follows

1

l^fto treatment
2-40 ppm P-triple superphosphate
3-l6o ppm P-triple superphosphate
b-kO ppm P-njonoemraonium phosphete
5-l6o ppm P-monoaiiiraonium phosphate
6-320 ppm P-rock phosphate
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PLATE III

t CHEROKEE NO LIME

Fig. 1

2 3

P CHEROKEE

Fig. 2



EXPLANATION OF IV

Tig. 1. The influence of phosphektlc fertilizer treatment on growth of
wheat, Lai surface soil, lmi subsoil. (Lay 10, 1954)

1-Ko treatment
£-40 ppm P-triple supbrphouphate

Fig. 2. The influence of phosphatic fertilizer treat: exit on growth of
wheat, Lei surface soil, &ai subsoil, (lay 10, 1934)

1- No treatment
3-l6o ppm P-triple superphosphate



30

PLATE IV

Fig. 1

1 3

SURFACE

1 3

SUB

MAI
-.--,

Fig. 2



LANATlCtt OF PLAT*. V

Fig. 1. The influence of phosphatic furtilizer treatment on growth
of whett. Lei surface soil, Mai subsoil. (Lay 10, 1954)

l-IIo treatment
4-40 ppm P-monoenmonium phosphate

Fig. 2. The influence of phocphctic fertilizer tre.'-teent on growth
of wheat, Ifei surface soil, Lai subsoil, (ray 10, I954)

1-No treatment
5-lo0 ppm P-monoeramonium phosphate



PLATE V

Fig. 1

Fig. 2



fcXPLAMATIGN OF P1AT*. VI

The influence of phosphatic fertilizer treatment on ^rot.th
of wheet, Vrl surface soil, I/ai subsoil. (fcay 10, 19.54)

l-I;o treatment
6-320 ppm P-rock phosphate
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PLATE VI

I i

1 I 6

SURFACE SUB

MAI

'



LUNATION OF PLAT* VII

F±B
'
U

on* ^th
e
ofV

f
«J

iD
?

and »h°^faetic fertilizer treatmenton L ro*th of wheat, Goary surface soil, (toy lo. l^k)
1-Ko treatment JH '

2-bO ppm P-triple superphosphate

tie. 2. The influence of line end phosplutic fertilizer treatmenton growth of wheat, Geary surface soil, (toy lo. ICjKU)
1-No treatment
3-160 ppm P-triple superphosphate
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\

\

I

U

( s 1
>M

\

x

LIME

GEARY

Fig. 1

Fig. 2.



EXPLANATION Off PUH VIII

*ig. 1, The influence of lime end phosphetic fertilizer troetment on
growth of wheat, Geary surface soil. (ifey 10, 1954)

1-Ko treatment
4-40 ppm P-monoammonium phosphate

Fig. 2. The influence of lime and phosphatic fertilizer treatment on
growth of wheat, Geary surfsee soil. (!,ay 10, l cr~4)

1-No treatment
5-160 ppm P-monoarnmonium phosphate
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PLATE VIII

14 II
NO LIME I LIME

GEARY

Fig. 1

i n s

NO LIME

Fig. 2



UNATICB OF PLtfS EC

ihe influence of lime and phosphatic fertilizer treatment
on oTowth of wheat, Geary aurface soil. (toy io t 1^)

1-Ko treatment
6-320 ppm P-rock phosphate
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EXPLANATION CF PLAT..

Fig, 1. The influence of lime and phosphttic fertilizer tret tnent
on growth of wheat, Cherokee subsoil. (Fay 10, l$5k)

1-No treatment
2-40 ppm P-triple auperphosphate

Fig, ta The influence of lime and phosphetic fertilizer treatment
on growth of whett, Cherokee subsoil, (Kay lo, 1934)

l-*lo treatment
3-l6o ppm P-triple superphosphate



42

PLATE X

1 i 2

NO LIME
g* -

CHEROKEE
• —

Fig. 1

if i >i\13 1 I

NO LIME J LIME

CHEROKEE

Fig. 2



EXPLANATION OF PLATE XI

Fig,. 1, The influence of lime and phosphetic fertilizer treatment
on growth of wheat, Cherokee subsoil. (Pay 10, 1?54)

l-I-Io treatment
4-40 ppm P-raonoammoniura phosphate

Fig. 2.. The influence of lime and phosphPtic fertilizer treatment
on growth of whert, Cherokee subsoil, (tfay 10, 1954)

1-No treatment
5-l6o ppm P-monoemmonium phosphate
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PDLTE XI

CHEROKEE

Fig. 1

Fig. 2



EXPLANATION CF PLATE XII

The influence of lime nnd phosplu-tic fertilizer treatment on
growth of wheat, Cherokee subsoil. (Fay 1C, 1954)

1-IJo treatment
6-320 ppxa P-rock phosphate
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PLATE XII
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Tiffi CQKPAR/.TIVh AVAILABILITY etf PHOSPHATE

IK TRIEU SUj - , IUK
., AND

Both coi.Ciercial and farmer interest have suLt ested the necessity of

evalua tin^ the availability of phosphorus contained in certain fertilizers.

A greenhouse eveluetion of the efficiency of triple superphosphate,

monoamr.jonium phosphate and rock phosphate wj s made. The comparative avail-

abilities of phosphorus in these fertilizers in the BSWMBtt of excess CaCO-j

was studied. Unfavorable soil conditions U caused by marked acidity also

were invastif cted.

The four soil materials used ran; ed in p
r values fror acic" to alkaline.

In addition at the bei.innir.f of the experiment culture-;" of B WW

acid soils were treated with excess CaC . aesured amounts of eac v fert-

ilizer were added to each soil alont with uniform applications of ni trot en

on alJ soils end applications of potassium on the Cherokee subsoil. »heat

was planted, allowed to {.row to maturity, harvested and weighed. The soils

then were analyzed for available phosphorus content. Plant material was

analyzed for its content of phosphorus.

implication of the n.ore soluble forms of phosphate produced so:, e

incret.se in yields of plant material in I 11 cases. Jn general, triple

superphosphate was slightly more effective in this regard than was mor.o-

emmonium phosphate. Triple superphosphate produced substanti. 11 reeter

yields of wheat plants of the ?/si subsoil which had a treat excess of CaCO^.

Jtonoammonium phosphate feve greater yields of wheat plants then did triple

superphosphate in only one instance, that beinf with the hifh rate of

application of phosphorus on the limed 'eery soil. Pock phosphate was

completely ineffective on naturally calcareous soils. It also was not



effective on naturally acid Cherokee subsoil eftar {.edition of 3 percent

excess of CaCG-j. It was most effective on ti.e very ecid Cl.trokee subsoil.

Phosphorus content of the strew was increased by hi£h rates of

application of either triple superphosphate or monoernmonium phesphf te»

Low rates of application of either of these materials - enerelly were not

effective in increasing phosphorus content of strew. The effect of rock

phosphate was somewhat vcritble. The percenta e of phosphorus contained

in train vt ried little as a result of application of any phos -;hrtic fert-

ilizer.

Triple superphosphate wis superior to ronoarmoniur phcr in in-

creasing total phosphorus uptake by wheat plants on the highly calo reous

subsoil. It also was superior in the c M of the bigfe rate of application

on unliiaed Cherokee subsoil end the case of the lov, rete of explication on

limed Cherokee subsoil. L.onoem:..onium phosphate was equal to or superior to

triple superphosphate on Mil surface soil, limed Cear^ soil, in the c; ses of

low rate of application on unlimed Cherokee soil, end at t h rate of

application on tae limed Cherokee subsoil. Rock phosphate wes ineffective

in causing an increase in total phosphorus uptrke by wheat plants. This

treatment actually decreased total uptake of phosphorus on limed Cherokee

subsoil.

In /eneral, a larger quantity of chemically availa 1

le phosphorus

remained in the various soils after harvest of the wheat where triple

superphosphate was used than where ronoam onium phosphate was used. Rock

phosphate wt.s effective in increasing the ar.cunt of chervict-lly rvr liable

phosphorus only on unlimed Cherokee sulsoil.

It may be concluded that under the conditions of this ex t the

use of triple superphosphate was always fully as effective as the use of



monoammoiiuin phosphtte. Cn the other hand, there were seme instances

where u^e of monoamnioniui.. phosphate ^ave poorer results than did use of

triple supurphoaphata. Rock phosphate wet i uc. 1 a •ffattiYa than either

of the other fertilizer materials.


