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IWI'RODDCTION 

F'inely 6round rock phosphate has been applied to low 

phospt:ate soils for many yea.rs to increase the production of 

soil building c.rops, such as svireet clover and alfalfa. 'l'his 

material is less oxpenslve than superpl1osphate per pound of' 

phosphorus applied. However., lare.:er quantities per acre arc 

usually reciuired and tho applications are made at less fre-

c:uent intervals than is normally practiced when superphosphate 

is used to increase crop yields on low phosphate soils. 

Rock phosphate for direct application to the soil has 

been ground so that most of the material will pass a 200 mesh 

sieve. Sorae rnater:tal is f;round so that a. high percentage 

passes through a 300 nie sieve. During World World II sorne 

i-·ock phosphate v1as used for direct appl:lcation tha.t was g:r>ound 

for lrno tbe manufacturer of superphosphate. Only 50 to 60 

percent of this materiel passed a 200 meah sieve. Since it is 

less ex.pensive to produce a coarser product sorc,e companies 

have inquired whether rock phosphate for direct application 

which contains a high.er percentage of coarser raaterial might 

be just as effective for soil improvement as rock phosphate 

containing a higher percentage of fine 

This study was conducted to obtain information on the 

growth of seven le .. s when fertilized at different rates 

per acre and usi sand, silt, and clay fractions of rock 

1'.)hosphate as compared wi tb superphospb.ate. 
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REVIEW OF LITERATURE 

Wills (18) in his review of literature, states that the 

earliest work done on the degree of f:i.neness of rock phosph

ate was that of Lupton in Alabama. In this work, consistently 

higher yields of seed cotton were secured fro:m floats used in 

con,juc tion with cottonseed meal as compared with acid 

phosphate. 

McCool (12) states that, when a value of 100 was used 

for the feeding power of plants on superphosphate, Bauer 

found that some crops showed relativel~: low feeding power on 

raw roc1r phosphate, notably red clover, wheat, oats, corn, 

ti.moth:, and .so;/t>eans. 1nose showing relatively high feeding 

power were rape, alfalfa, r:;e, buckwheat, redtop, red sorrel, 

and sweet clover. He further states that raw rock phosphate 

is Nost effective when u.sed on soils which are low in 1:tille. 

In support of this statement, he ref'ers to Uooers statement 

that the Tennessee Agricultural Experin1ent station has re

peatedl;y found the rock pl:1ospha.te could be used with profit 

in vaI'ious parts of tl1e state especially where no liming was 

done. 

Conner and Adams {5) studied the availability of rock 

phosphate, usinc four particle slze groups equivalent to sand, 

very fine sand, silt and clay in pot tests with radishes, 

ba.r·le:,, corn, and wb.ea t.. A commercial c;rind containing 26.8 

percent cla;:;- and a rec;round sai.';1ple contalnlng 75 .. 5 percent 

cla:r were also co!:1parcd. 'E::ey found t}1at the clay separate 
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had a s o:mewha. t r.J. 0her avai la bi li ty than the ree;round phosphate 

and that the three coarser separates were of lower value in 

pro:motlng increased growth of the crops studied than the com

mercial product. From this stud,· they concluded that 1 t would 

not pay to iJrlnd phospl";.a.te rock fl ner than the cornrnercial 

grades used as a f'ertillzer. On the basis of monocalcium 

phosphate havinc a relative effectiveness of 100 percent, they 

found conll'.lercial rock phosphate to be 45.1 per•cent effective 

wl'1.i le the re ground product had a. n e f i'e ct i vene s s of 52. 8 percent 

on the crops tested. 

Thor (17) cond.uctecl a study o.f the availability and down-· 

ward movement of p:iosphorus in soils of three Illinois corn 

belt farms to which liberal amounts of rock phosphate had 

been applied durinG the past .25-30 years. The downward movement 

of' phosphoru.s was ev1den t on all threEi farms but more so on 

the open texturod. sol ls where there was appreciable r.1ovement 

into tho 8 to 16 and 16 to 24 inch depths. In the t1ore com

pact soils there was a def'lnite movement in.to the 7 to 14 

inch depth, however, he feels t'hat much of the phosphorus may 

bave been carried downward mechanically by gravitational water. 

In a. series of sreenhouse tests McCool (12) used a 

Gloucester loam, p:I 5.20, r:Jerrimac loam, pH 5.1'7 and Illinois 

black cla.J loam, pH 5 .• 34. Corn, tomatoes, tobacco, rye grass, 

Japanese millet, white clover, and bucbiheat were used in 

erowth studies with these soils. Colloidal phosphate and 

Tennessee brov,m rock pl'losphate v;ere imployed as sources phosphate. 

Colloidal pi:1osphates are lovl !n sand and silt and carry 
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high percentages of' colloids. The Tennessee · rock phosphate 

is h13l1.er ln sand and silt and much lower in the finer frac

tions. He concluded that in .;reenhouse or field tests 

colloidal phosphate and Tennessee brown rock phosphate did 

not differ as a source of P2o5 • 

Wills { 18) used a. Za.nels sandy loarn ha.vinr; a pH 6.1, in 

a. r;recmhouso tost in an offox•t to determine the response of 

svveet clover, alfalfa.., crimson clover, big hop clover, La.di no 

clover and Korean lespedeza to various amounts of coarse and 

flnel;y- ground rock phosphate. He found, in this e>.:periment 

tr1at alfalfa was able to feed on rock phosphate which was 

held on a 200 t!lesh sieve as efficiently as it did on the com

mei·clal product and tb.a t orie material was as effective as 

another in increasing total nitrogen and phosphorus. There 

was little difference :l.n the effectiveness of the coarse a.nd 

finely ground rock phosphate in promoting increased crowth 

of bir.; hop clover.. Both were less off'icient tr1a.n superphosph

ate in promotin.B increased Growth and phosphorus content of 

the latter crop. Th.e fine rock phosphate was more efficient 

in increasing the Jrield and total phosphorus content of crlm-

son clover e.nd tho yield oi' Ladino clover, but both coarse 

and fine rock phosphate were equally efi'ecti ve in pror-:ioting 

the growth of' Korean lespedeza .. Hir;her yields of sweet clover 

were obtained from the coarse rock phosphate. r.rhe total 

phosphorus content of the sweet clover plants was similar for 

each of these materials. 

Bartholomew (3) grew eleven crops common to the southern 

states in quartz cultures with various phosphate treatments 



ln an effort to dt~terr:li.ne t~_1elr ability to use rock phosphate 

f.U1 a sou.rce of ph.ospho:eus for pla.nt g:r•ovlth. Annl:rnes were 

Viade on the pl1-1nts to determine if tl:0re was any relationship 

between the calciu.--n and phosphorus content and thc11· feeding 

power i"'or rock phosphate as a sour•ce of phosphorus. His re

sults show tbut cotton, cowpea.s, soybeans, seradelln, beg,garweed, 

lespecezo., bur clover, rice and velvet beans :ma.de ver:\·- little 

grov1th when p'l1.osphorus 1r:as supplied as rock phos:phato. On the 

ot:he.r hand, vetch L:!ade $.rJou t one-thJ.rd and sweet clover about 

tliree ... f'ourtl'ls as :r:1uch crowth fi-•or1 rock phospl1ate as co1;1pared 

with superp1:1osphs. tc. Be found no relationship between the 

calciurr~-phosphoru.s ratio of tho plant and 1 ts ab1li ty to f'eed 

u;,on l"oclr phosphate. The authol" concluded that other factors 

than calcium content seem to play an ir.1portant part tn determin

ing the abilit~, of a plant to utilize rock phosphate as a source 

of' phosphorus. 

Jon.es {11) in a sto.dJ to deter•mino to ,1.hat oxt0nt KCl., 

{NII4 ) 2 so4 und CaC03 influence the availability of phosphorus 

in rock phosphate, variousl:r fertilized a Cros1);y silt loam 

with a. pE G .o and see<lcd it to rJre. Ho found that the pH or 

11:ue content of the soil lnflu0nced the availabll:tty- of 

pb.osphoru.s r::.ore than did any otl-ior single factor studied. 

At a pE 5.0, 2 35 percent an ttil:ch p.hosphoPus was taken u.p by 

rye plants as rtt a pH 6.5. W:'nen an.:n::10nium sulfate and potas

sium chloride ·were r:1ixed wt th rock phosphate and added to the 

ooil, the uptake of phosphorus by i'ye was increased 285 per

cent over tbe upta:re of phosphorus when r·ock phosphate alone 

,vas added. It was concluded tr tho author tbat the addition 

of KCl and (NH4)2 S0-4 alonG with rock phosphate 
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to a s•)il of pU 5 rnay be a r:1.ethod o:' obtainln.s a better use 

of pl1ospt.orus in this fon.1. 

;!:cGeorc;e and '.Hreazeale (13) report that is has boen 

s:wwn rcpeatec:Lly that p}:1.0.sphn.te roc:-c :is of little or no value 

as ia p:'::wsphate fer,tlllze-1' cm e11lce.reou.s soils, wh:1.le on non

co.lcR:r·0ouB types it Jlas oft0n 6 1 von retui·ns almost eqn0.l to 

-su:;iox•p;i .. :,s:pha tc. 'J11ts la ttE,r is cspeclally tru_e .for hi::;~1 or-

2;&nic soil.:1, whers carbon diozide pr::>duction is at a. maxir:m~n~ 

~:'n,:er sue:) eoncU t !.ons the authors offer the f'ollowin;; 

On the othc1' hand, thi:\'{ report t11a t 1 t :J.n:::1 been foimd th.at if 

in .&.e2.d so:i. ls is ~::;r•0a tly reduced as 1.11easur0d by crop renpons0. 

a~Jl ll. t~, of" supe:rphospha t0 varl0s w1. tb. the capacity of soils 

tc> fLx p}:ios;'.')JJates tn relattvel:;r insoluble a.nd unavailable 

f::ir1,1r. On th:i. s 'iJ~~s is, t::ie au t1'wr d:l vlded t:·1e sot ls s tudled 

5,n.to two [:,roupo. Tl1e first 3roup ·al th a low capac1 t:y to fix 

osphortls inch:ded tlw Del\etlb, Decatur, and Femphts silt 

loa::2s. the second .sroup w1. th fi hlz;h capacity- to fix phospl1-

oru.s in tbls r·espGct tncluded the 'l'ilsi t silt loam am1 two 

ot11er s:tlt loa:?JS 0;_1c o:~ vl',r1.cl1 vt'lS derl"',.'€:d frJm Waverly s~1ale 

and 0,1::i fro:n Es:tstcrr, C,:>al I>asin sr~ale. lle s.lsc found t1:at 

t~:e v,sc of li.,10 r0duced t:-:B rate of' sol1:,tion of rock phosphate 

ln all of tl,e soil.s. 'l'his reduction was found to be sreater 

1.n the firnt cl"'OU) of s)ils v,tth a low capacity t-o fix p~::os-



of soils wi a capacity in this J'.'(',spect. reports 

that the use of lir1e did not seom to increase the ava.i lab1 li ty 

of the native phospL.ates in six Kentucky soils. concluded 

that tI1e fixation of phosp~:1a tes in soils occurs largely in the 

fine clay fraction, al no. that appreciable a.mounts 

,;yero also fixed iE coarse cl.u~y and st l t fra.c tions .. 

in soils anc1 found that different soils will have a different 

pbospl1ate in concentration dependi " in each instance on tho 

on the concent1~a tion of their solutes ari.d tt,c reactions of 

their solutions, that d10 phospbate concentration of the 

solution in a given soil will fTuctuate in accord with tl1.e 

concentration of other solutes and changes in reaction. i:l'hey 

t any diminutlon of' concentration of solutes 

in t:i:-1e soil solution whicb. will reduce the active rnass of 

cations tending to forrn relatively 1.nsoluble phosp}1at0s, or 

which diminish tho buffer effect of the solutlon, should tena. 

to increase the phosphate concec.trat.ion. 

Woliroff' { 19) carried out a laboratory invest ts.on of 

many differ·ent soil t;y-pes in an effort to determine the rela-

ti ve availabi lit:,, of the phosphoru.s r·ock phospb.a te and acid 

pLospJ-:iate in soils.. 'l'l:reo cUi'ferent rock phosphates, five 

slnc;s, oand apatite, iron p:wsphate, alu.:nirmm p·oosphate, 

s tem:;ed ·bone neal and acid and double acid p'rwsphates were 

used as sources of phosp110rus. Samples of a mineral or peat 

soil were treated with each of the phosphorus fertil:tzers i1nd 

allowed to s tiand. for one we0k at room tempere. ture. Each m1x-

ture i.•vas extracted with 0.2w nitri.c acid and a phosphorus 



determination made on the extract. Fro~ this s the 

au.thor round that phosphorus added in the form of phos ic 

fer til 'L zcrs rcc1c ts wl th some subs tanc€" in thE, soil ver:,r 

reaction l)c:i. practically eouploted the f:i.rst 

ds.;:r in these e:xper~.Len • Peu t was an exception to this in 

t lt dtd not es.s 

sarc:c cond:l tions. 

,Jones ( 11) secured in.creased ;,:-ields of rye fror:; at but ') . 

be found t::1a t 1 t did not Ea.teria llJ iLfluence the uptake of 

potassium or phosphorus v.;hen rock phosphate was t.he source 

of osphorus. 

Wolkoff' ( 19) found in his ez.per nts that after phosph-

atic fertilizers are applied to tbn soil, tbe recovery of 

osphorus .from soll tret::ited v.ri th double nc:td phosphate is no 

grea tcr tl'.:an the recov6ry from soil trea tad ·with ground roc1r 

pl1ospl1a t·e, 11s 5. 0.2 N nitric acid for solvent in eacb. 

case. ther s ta tcs t tho moisture content of the soil 

fertilizer is not a factor in modif;r-

phos9horu_s recover;T 0.2 ¥ nitric ncid extraction and 
/ 

t}:1a t I1i temper a ture ( ,100 G. In comparison with 20° C. ) ma;y-

de crease the ava:t lab:. l:i 

treated soil, but tbat it has no influ.ence on l''Ock phosphate 

treated soil. Phosphorus recover~" was practically the same 

Cook (6) investigated the influence of hydroz;en and cal-

clum-sa turn ted cxcbanc;e mate:r~lal separated f'1•0:m bentoni te, 

peat and mineral soils on the avt'.tilabili tr of rock phosphate 

to oats, corn, millet, and buckwheat g1"own in quartz cultures. 



In addition, the influE-.i1ce of deeree of base ( calcium) satura-

tion on the ave.llat:il:lty of native and applied solu.ble pbosph ... 

ates in thirteen !;ichlc:e.n soil::\ were also studied. The author 

concluded from this study that; (a) the addition of h~:dr>c[;en-

saturated exchan["e material from bentonite and oraa.nic and ,,., '-' 

inorganic soils greatly increased the evailability of rock 

phosp!1ate to c1•ops lilce, oats, millet, and corn which other-

wise do not feed well on it, as evidenced by increased yields 

ar..d a. hic:t:er phosphorus and lower calcium content of the plants, 

but calcim'.1 saturated exchnnce ma.terial f'rorn bentoni te ·was not 

beneficial in this wa;-,,-; (b) hydrogen-saturated l:laterial from. 

'ber..tonite d1d not noc.rl;,r so markedly effect the availablllty 

of roe): phosphate to buckwheat whlch normally feeds well on 

rook ::;>b.c>sphate; (c) in accordance with the law of 121ass action, 

hydror;en saturated exchanse material e:ree.tl:7· increased the 

availability of phospbate rock to crops low in calcium such as 

oats., corn and r::illet, b 1..1.t not 30:norally, to crops high in cal-

eium such as buck:v;}:::,.eat; (a) increase in base saturation through 

the application of lime to sevon ::mils resulted in significant 

increases in amounts of' readily aVflile1Jle soil phosphates and 

slight increases in two soils, and that, liDe helped to preserve 

t:be aval labilit;,.- of added soluble phosphate; ( e) incl"'ee.sing 

additions of lL,1e to five s.c:ld soils cons:Lstently lowered tl~e 

power of those soils to fix added. soluble phosphate in a. diffl-

culty soluble for:2; ar1d {f') an increase in base saturation of 

soils lowers t'.:1e irnrc1ediat0 availability of rock phosphate to crops 

lPte corn and oats, but on the ot'.her hand, tends to l-::eep native soi 
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as soluble aaltz 

ca.le 

tron 

LcGeor and Breaze&le (12) conte t}1a t the in.flr1.ence 

soil reaction whicD is tntimatel;;r associated wl pl1osphate 

solubilit:v. Pepo:rt that their observations on calcare,-

then to belie,ve thnt tbo r·ange of lmvcst. 

osp:tw. te solubil1 t;r ls 1:;.etvKEH1 .o and 3. E,. 

Feck the :cola tion of tbe base s a b.J.ra t :l. on of 

ar,1:t s 11 t loan and of Waipio soi 1 ( la tori to) to tho capaci-

ties of se s ls to applied p:h.osphorl.lS in a dif'fic"t1lty 

concluded that a low degree of base 

saturation tonds to ivo Rs la ter capacity for fixi 

..s. 11i1rn.,,1_r-: l)1:1os-

fixation at from GO to 80 percent base saturation .. 

var·Ia t:1. on :i.n p'::,os_phoz'us f'i.xa ti on tlrn. t ua;t be brontht about 

by a chanc;e in. Lase sa tu:ra ti.on of a soil docs not ust'.:.ally 

exceed 20 to 30 percent. 

,., a1, e~~ ( 1 ) s 1"0··10'' ~-1-- at .i__;; ~~ J. ~ ,.I.. . l.- ,!,.t. · 'lie " ...._J... Cu .. ). · i lea the soil i.ncPeased 

the exeess 

soluble calciun ca.rbonate an.cl other soluble calcimn salts .. 

tbe lav.Js of' mass 

action a cal equilibri.urn.. also .found that a;01r,10n:.u1;1 

nitrate a sarked influence on the sol 111 of rock 

phospbJ;1 tc to corn:, dne to its favorable ct on the solutl'Ll-

.i tJ, of calcil:tm bicarbona tc,, Hnd bJ pr inc ar;. ao 
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'l'he £.u.thor reports ths.t sodlwn nitrate had no appreciable 

influ.ence on the ava.i.lability of rock phosphate and that .2 ... 9 

tl::;es as much soluble calcium was leached from the pots treated 

with rock phospha. te and m~monitun nl tra te as compared wi tb the 

sodluD nltrato tr•eatecl pots. The growth ratio of' corn under 

the same conditions as 1:2.25, sl1ov1ing a rather definite rela

tion between calciur1 leached out. in solution and in plant 

c;rowtl:... Leachinp: decreased the calcium and increased the 

nitroe;en content of the plants. 

Bauer (2) has concluded that the laws of mass action and 

chemical equilibrium offer a satisfactory basis for explaining 

the foraging power of plants for rock phosphate. According to 

these la.vIS, the reaction making the phosphorus of rock phosphate 

availa1)lo may be repr•esented as follows: 

Cn3(P04)2 t 2H2C03 =-=•cs CazR2(P04)2 / CaH2(C03)2 

Two soluble products are formed and the reaction can 

proceed only when both the soluble products are remov·ed. If 

tbe soluble plwsphate is removed more rapidly than the soluble 

calcium bicarbonate, an equilibrium will .finally be established 

in which little or no phosphorus will be brought into solution. 

Bau.er reasons t':.1at plants having a need for both the soluble 

products of tl'1e :reaction should be good feeders, and the 

feeo.lnc pm~,er of plan.ts lovt in calciu.,r, should be increased 

·when 5rown on acid soils because of' the soil capacity to take 

up basic nateria.ls. The u.se of increasing amounts of lb::estone 

reduces the availability of rock phosphate to plants low :tn 

ce.lcium,. and to those hir,h in calcium when excessive ar:10unts 

are used. He calls attention to the fact that on the basis 

of' the reaction presented above, Truog has 
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proposed u theory thut plants containing a relo.tivel:ir hie_;h 

calcimn oxide content should have a hi;)1 feeding power and 

plants relativel;y- lmv in calcium oxide content should have a 

rola.tlvely low feeding power for the phosphorus in rock 

phosphate. 

:,:·attson, according to Scarseth and 71drnore ( 15), has shown 

that the phosphate ion was a.bso:t•bed to a considerable extent 

by a nur.1ber of' soil colloids. He noted that the most absorp

tion occurred whore the silica-sesquio:x.ide ratio was the 

smallest. Scarsetb and Tidmore (15) report that the acidity 

of the soil, particularly the degree of calcium saturation, 

ts of great significance in the fixation of phosphates. Wl:dle 

the nature and extent of fixation is not well understood, 

tl,ey state that it is ,:;;onerally accepted that the colloidal 

fraction is t'.be principal seat of fixation. These authors 

also found tbat the amount of available ph.osphate in soil 

colloids varied directly with the s:tlica-sesquioxide ratio of 

the colloid and that the phosphate fixing capacity of the 

colloid v.ax,ied inverslr w1 th the silica-sesquioxide ratio. 

1n,ey a. lso found that rock phosphate was 2qt less available in 

the presence of gray colloids and was slightly r.-:ore available 

than monocalclum phosphate in the presence of red colloids. 

:Ja.rper and Dan.el (9) conducted a stud:, of the chemical 

composition of' 66 sa.mple.s of Andropogon fv.rcatus and aconari

ous fror1 typical native pastures, hay meadows, and virgin 

soils and 62 soils fro:m 37 counties in Oklahoma. 1n"ley found 

a s lir:ht pos 1 ti ve corr0la. t:l.on between total ca.lei um in the 

plants and the e,:chanc:eable calcium in high calcium soils .. 
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r o data were o1J ta1ned to l 1. ca te w1'1c ther plan ts growing in 

soil low in exchanseable calc would also be low in this 

o le:r,Em t. They also found a s l positive correlation 

between the total phosphoru.s in the e;rass ., t· i ~ ana · t,o eas,. J.J solu-

bl0 phospb.01?us in sol ls, w}rnn the grasses were srown on soils 

in eas:i.ly soluble p}:1osph,orus. A s1 t negative cor:rela-

t:1.on occurred ·wl:,en nlents were collected soils 

ccmtalni less t.tuan 10 :::i.p.rn .. of' available :::;hosphorus.. 'l':.ie 

authors concluded tr1at there vms no simple relation between 

total quantit;:r of' ~my· one ol0r:1ent and avai labi 11 ty of 

that elE:ment in the soil. 

Daniel ('7) in a rev:lew oJ' literature on the chemical 

composition of' a larc;e nuniLEn~ of grasses and legur:.ies, found 

that Greenhill and Page had studied the nitrogen and phospborus 

content of pastures and found that phosphorus cor.1.slstently 

showed a hi[~ly positive correlation with the nitrogen content 

of pla s. 

Daniel (7) found that legumes have a 10\v nitrogen-

ca.lei un; and a h calcl u111-p1losphorus ra tlo while tl:ie grasses 

have a hi ni tr n-phosphorus, a low calcdum- phosplwrus and 

a low ni tro 0:on-calcinn re. tlo. 
C; A very poor correlation ,vas 

be n tl:e ca lei uti and phosphorus con tent of' c;r·a.ss. 

'111ese clements showed a rH-).gative corx·elation in r:iature legumes. 
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EXPERIMENTAL PROCEDURE 

This study was undertaken ln an effort to determine to 

what extent different legumes could utilize rock phosphate 

particles of varyin% slzea v.rhich ha.d been separated from a 

corn:mercial sample of rock phosphate .. 

In this experiment a Fi tz1:rur:;.h ftne sandy loam wi tb. a pE 

of 5.7, was placed in clazed porcelain pots and the following 

treatments were ma.de. A basic treatment of' one ton of lime

stone conta.lnin:;I a rnixtu.i-·e of 1000 2;rams of 60 mesh lime-

s tone, 50 2.:ra:ms of potassium sulfate,. 50 grams of magnesium 

carbonate and 1 gram of borax was prepar·ed. ff1he above r1ixture 

was a..dded at the ratio of 10.5 grams to one quart of air dry 

so:tl and the mass shaken thoroughly 1n a gallon ,jar. The re

tmining soil required to fill the pot was spread out on a. 

largo ca.rd board and the soil containing the fertilizer was 

thoroughly mixed with it and returned. to the pot. 

The phosphate treatments and crops planted were as 

follows: rock phosphate from Wales, i:rennessee was separated 

into three fractions; sand, sllt, and clay, by dispersin;z; a 900 

gram samplo of the rock phosphate in a mechanical dispersing 

ma.cb.ine us cd for p!1:;tsics.l s o!.l ana l~,sts. After dispElrs ing the 

sample, the .suspension was passed through a 300 mesh sieve 

which retained the sand fi-•action. 1:t.'he suspension which passed 

through the sieve was transferred to large glass bottles and 

dlluted with water. The silt was removed- f'roru the clay by 

allowing it to settle, v;hicl:i. was calculated as 77 minutes fox• 



10 cw. of hel t in the contaJ. nor ( 14). Tl:1e clay ln the sur-

face la~00r was then siphoned into a cl:::tss 1ootth) and flocculated 

.ndd ealeimn chloriclo to i:na1;;:o 

salt in tho s~bltion 250 p&rts per millio~. t c,f' t 

i6C. si ('J.ff a tbe clay su3penGion was 

transf<:n·red to s. twc-11 ter :Crlenmycr :flasl::. When the flask 

le:: c las sur.pef,.1s ion was drawri out 

and {)laced in ecn oven dr;y, wel porcelain 

culculat '.Ihi s procectt:I'8 Vias continued un tl l 100 ,5rar:;.s of 

each separate was obtained. 

Analysis of the sand, silt, and clay shov.red that they con-

lvalent to arnourit of per 

acre was caloula • The clays were added !n sus nsion and 

raaterial calculated in terms of :mill:i.li. ters 

ec-1;.ivalcnt to each ar:.rplic:ntion 

'I'vio s 1 zc s of' po VJCr'O nt anu all 

troa ts n0rEe dU}Jli.catcd. Alfalfa 

plant6cl in Ladino clover, 

11'Ifto:1 swoet clover v,e,isc planted in the 

larg0:r pots. Tt:ie pho:sptatc t:Pea 

tv10 !.ncl":0s of soll in tl:e pots plant to alfalfa, sweet clover, 

Lad:tno and. bie hop clover, and. ·with the top four inches of 

soil in tho pots ser:::ded to Hubar;1, swce t clover, 'l'ifton sweet 

clover, and llairy vetch. 
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Super;j:1osp:..ate was also t\P?lied to each crop so t::iat 

tield data and plant co:":1posi tiori. could bo compared with simi

lar d~1.ta o1:;tair:.ed fror,; t1:w varl ous roe:: phospba to treatments. 

no pl10!:rp~-:.atc was a~)plicd .. 

'l~:·~e vs..rim.:.s rater of p::.os1)~:at0 fe1•t!.lizat!.on tind the 

eq'..11 v2.lcn1t a.r:::1oun.ts in crat:s for• E)ach crop are zhown ln table l. 



-17 

Table 1. Aonlicatlon Rates- of Sand, Silt, and Clay· Fractions or"' Rock Phosphate 'With the Equivalent 't.Amount in 
Grams of Each Separate for Eech Crop • .,, 

Pc1,1.nds Per 
.A,Jre 

500 
1000 

500 

500 
1000 
1500 

500 
1000 
lfiOO 

500 

500 

500 
1000 

Alfalfa 

Gr·ams Rock Pl-:.osphate Per 
Pot and Fraction 

Sa.ncl Silt Clay 

3.04 2.64 2.,G3 
6.08 5 .. 28 !:1.66 

3.04 2.64 2.33 

Ladino Clover 

3.011 2.64 2.83 
6*08 5 •. 23 5.6Z1 
9.12 7.92 8.49 

B.i~·; r;· r ,.,.0,) Clover 

3.04 2.64 2.;33 
0.on [i.28 5.66 
s.12 '7 .. 92 8.~9 

Eu.barn Sweet Clover 

3.04 2.64: 2.83 

Tl.fton Sweet Clover 

3.0'-1 2.6 11 2.23 

EairJ Vetch 

3.04 2.64 2.83 
6.08 5w,22, t.CG 

Super
Phosphate 

1 .. 56 

1.56 

1.56 

1 .• 56 

1.5'6 

1.56 

1.56 

two chec:,~ pots wl1ich r0cieved no 



EXPERII::1ENTAL RESULTS 

Data on th.e effect of' rock phosphate of var;ying particle 

size on the erowth, total nitrogen and phosphorus content of 

alfalfa are presented in table 2. The rates of application 

for t:he triree particle sizes were 500 and 1000 pounds per 

acre. Both rates gave larc;e increases in yield over the 

control pots.. Eowevcr, both rates for sand, silt, and clay 

applications were less effective in increasi yields than 

superphospha te. Both rates of all three f'l"ac tions were about 

equal to superpb.ospha te in increasing the total nitrogen con

tent of alfalfa. Rock phosphate was slightly 1:1ore effective 

in increa.stng the total phosphorus content of the plants than. 

superphosphate. It will be observed from the data in table 2 

that the silt size fraction of rock phosphate applied at 1000 

pounds per acre was most effe c ti v,2; in promo ti growth. How-

ever, t:he method of applyinr; the clay fraction ma.J have been 

responsible for the relatively 10,JV utilization of the phosph-

orus in this material. 



Dis tilled water ,·vas used to keep tl·Hs soi 1 in each pot 

at optimum r:1oisture content througb.out the experiment. 
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Tho plants were harvested during the blooming stage by 

cuttlnc about or1e-fourth inch above the soil line. The 

plant r;;aterial nas placod in an oven and dried at 105° C. 

and then v,reic;hel1 to obtain an oven dry forage weight. The 

plant r,ate:cial was ground in a small Wlley mill and analyzed 

for total nitrogen and total phosphorus. The Kjeldahl method 

was used in determlning the nl tro0en content of ti1.e fors.ze 

and total phosphorus was determined as recommended by Shelton 

and Pa1•per ( 17) .. 



Table 2. Yield and Percent of Nitrogen and Phosphorus of 
Alfalfa From Duplicate Treatments of Sand, Silt, 
and Clay Fractions of Rock Phos.phate a.s Compared 
With Superphosphate. 

Pot 
1-ro. (Fraction 

l ,, 
,! 

9 \; ,,. 
,/ : 

! 
I 

2, Sand 

1¢ ' 
I 

/ rz. 
f IV' ii 

i) 
., : 

Sand 

Silt 

!l i Silt • r ,': 

I:\ 
4/ Clay 

:e Sand 

14 Sand _., ,,_ ,:, r 
, 1 · r 

, 7 Si.lt 

. 15 Silt 

' 8 Clay 

· ,16 Clay 

· • 5 Super
phosphate 

... 

·t3 Super--
phosphate 

11 I 

I 

Founds 
Per Acre 

None 

None 

500 

500 

500 

500 

500 

500 

1000 

1000 

1000 

1000 

1000 

1000 

300 

300 

Yields 
(Gms} 

.58 

.75 

6.72 

5.73 

9.85 

9.50 

2.19 

3.11 

ll.93 

13.91 

17.95 

5.52 

7.40 

14.51 

24.85 

Mitrogen 
fa 

3.59 

2.62 

2.08 

1.88 

2.09 

1.63 

2.18 

1.92 

2 .. 02 

2.02 

2.14 

2 .. 06 

1.36 

2 .. 08 

Phosphorus 
'at 
JO 

.068 

.109 

.086 

.080 

.118 

.099 

.082 

.071 

.102 

.099 

.133 

.181 

.077 

.077 

.089 

.103 

20 
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Data on the effect of rock phosphate of various particle 

sizes on the grov1th of I::Ver;z:reen Sweet clover are presented 

in table 3. Only one rate of application was :made ~ince 

previous s tudics 11ave shown that sweet clover can uti 11 ze 

rock phospnnte effect1veljr when applied at the rate of 500 

pounds per acre .. It will be observed that very little differ

ence in yield VJ&S obtained from the coarse medh:rm and f'ine 

rock phosphate. 'lhe ylel.d of sweet clover from an a.pplicat:lon 

of superphosphate vdu.c11 would cost about ~~5.10 per acre weF-e v-,-6 . ..L,, 

less than f'rom the rock phosphate application which would 

cost about t6.00 per a.ere. 1he rock phosphate treatments 

increased the phosphorus content of sweet clover about 46 

percent. 'Ihe sweet clover produced on so11 fertilized with 

superphospr:i.ate contained less total nitrogen than sweet clove:r• 

grovm on. unfertilized sotl. 
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Table 3. Yield and Percent of Hi trogen and Phospl'lorus i!'l 
Everr;roen Sweet Clover Fr·om DuplLcate Treatments o:f 
Sand, Silt and Clay Fractions of Rock Phosphate as 
Compared With Superphosphate. 

Pot Pounds Yields Nit~ogen Phosphorus 
!:o .• Fraction Per Acre (Gms) r\) . ~~ 

I 

17 None 0.93 2.08 .090 

22 none 0.97 2.49 .059 

13 Sand 500 36.00 2.04 .102 

23 Sand 500 33.69 2.04 .116 

19 Silt 500 40 .. 46 1.91 .124 

24 Silt 500 32.82 2.12 .. 122 

20 Clay 500 33.67 1.50 .080 

25 Cla;y· 500 43.43 2.12 .112 

21 Super-
phosphate 300 29.64 1.46 .075 

26 Super-
phosphate 300 31.74 1.88 .076 



Data. on thtS comparative ~iields and percent of total 

nitrogen and phosphorus in Ladlno clover grovm ii.1 zfoil 
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fer ti li zed \d th three rates of rock phosphate applied as 

sand., silt and cla.~.,. fractions a.re presented in table 4. In 

the 500 pound applicatl.on., the silt and clay fra,cti.on.s were 

similar in promoting increased e;rowth and tl1e total nitrogen 

and phosphorus content o.f the fertilized Ladino clo,r0r plants 

were also similar. Tr.1e ~r1elds frorj both of these fractions 

were cor.,siderably larger than those produced f'l'om the sand 

fraction" however, the nitrogen a.nd phosphorus content of the 

plants from the sand applications compared favorably with the 

si.lt and clay fractions. All of tl:i.e fractions 1n the 5,00 

pound· per acre applications produced a rnuc:1 lower yield of 

La.di.no clover than that obto.ined fron superphospl1ate. 

Large incr~a.scs .!.n ylelcl wore obta:l.r.od fror.11 all fractions 

of rock phosphate wl":ren the appl:tca tion rate was increased to 

1000 pounds per acre. The total nitror.;en content of the 

plants and total phosphorus recovery were also increased. 

The clay fraction seemed to be as effective or slightly more 

effecttve than sand and silt in increasing the yield of 

Ladino clover, whereas, the silt fraction was sli0htly more 

effective in lncreDsing the total phosphorus content of the 

forage. The incr0ase in total phosphorus from the silt 

fraction was 83.l percent greater than the amount recovered 

by- Ladino clover from the superphospha.tc application. 

YJ1':1en the rate oi' fertilization wa.s increased to 1500 

·pounds per acre considerably larger yields were obtained 

from the silt and cla;y fractions while little or no increase 
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in yield was obta:tncd frot1 the sand fraction over the 1000 

pound per acre application. r.I.1l1e de.ta show t~::i.at the clay 

fraction in this case was very definitely rnuch more effective 

in increasin0 yields than either of the, two other fractions .. 

It vms also m1--:.ch :more effective 'ln th!s respect than i-:ra.s 

superphospha.te. T2.1t1 silt fracti.on was slip:J::tl;;r more oi'fec

t1ve in increasinfi the total phosphorus content of t.!:le plants 

than the clay f'rac tion. '.11he total phosphorus in the plants 

fertilized with the silt fraction was 71 .. 5 percent ;:n"eater 

than the.plants fertilized with superphosphate. 
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Table 4. Yield and Percent of Nitrogen and Phosphorus· in 
Ladino Clover Fr01:1 ·varied Atuounts of Sand, ~ilt 
and Clay !i'ractions of Rock Phosphate as Compared 
With Superphosphate. 

Pot 
!Jo. 

27 

38 

28 

39 

29 

40 

30 

41 

32 

43 

33 

44 

34 

45 

3.5 

46 

36 

47 

37 

48 

31 

42 

Fraction 

Sand 

Sand 

Silt 

Silt 

Clay 

Clay 

.Sand 

Sand 

Silt 

Silt 

Cla;r 

Clay 

Sand 

Sand 

Silt 

Silt 

Clay 

Super
phosphate 

Super
phosphate 

Pounds 
Per .Acre 

it one 

None 

500 

500 

500 

500 

500 

500 

1000 

1000 

1000 

1000 

1000 

1000 

1500 

1500 

1500 

1500 

1500 

1500 

300 

300 

Yields 
(Gms) 

1.08 

1.53 

2.26 

1..36 

4.74 

4.20 

4.05 

14.34 

5.85 

21.37 

20.87 

18.72 

22.18 

16.12 

9.49 

24.29 

22 .. 94 

25.57 

20.37 

11 i trogen 
7~ 

4.20 

3.03 

2.10 

1.45 

2.05 

1.98 

1 •. 86 

2 .. 70 

2.60 

2.34 

2.16 

2.36 

2 .. 30 

2.66 

2.43 

2.34 

2.41 

2.42 

2.35 

2.19 

' ' 

Phospb;~ru.s · 
% : ' 

I 

I 
' 
/, 

.105 
' 

.08~ 

.125 

.096, 

.109 

.124 

.082 

.mo 

.167 

.1215 

.l~i7 

• l.'71 

.i).44 

/~ 16;3 

.• 168 
J ! •. 

/ .. 

i-174 
I 

.l:73 

... '185 

.170 

i 1'!162 
', ' 

\ 

.130 

/, .125 
: j 

! 

' 
I I 
' I 
! ! 
'' '! 

.,., 
'·, 
,' .·. 

{t-Tl:l.e low yield of this pot was probably a:d)e to failure to 
mix the clay suspension thor'oughly with the soi.'J.. 
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'I'he comparative yields and the results of total phosph-

orus and nitrogen deterninations on g hop clover are given 

in table 5. 

Moderate increases were obtained frmJ the 500 pound per 

acre applications of sand, silt, and clay f'ractions of the 

rock phospl1ate. 'l'he lar st increase in yield in this series 

was obtained in soil fertilized wi the clay f1'.'e.ction.. 1l'he 

la.r st increase in total phosphorus ln the plant was olltatned 

frm11 U1e sand applications, however, the clay fraction cor1-

pa.red very closely to the sand in this respect. The total 

growth produced was very 101,v consoqu.ently, the differences in 

chemical con~osition arc relatively unimportant. 

In the 1000 pound per acre application, slight increases 

in yield were ol.itained with the sand and silt fractions. 'J:hc 

clay fractions produced very largo increases in ;yields over 

tho 500 pound applications. The clays were also more effec

tive in increasing the total pb.osphorus conte:int of bi0 hop 

clover. 'l'he total amou.nt of phospl,orus 5.n the plants i'ertiliz-

ed wi the clay· was larger than the amount in plants fertilized 

with superphosphate. The yields fro:m the application of clay 

also compared well with that from the superphosphated pots. 

In the 1500 pound per acre.applications, only slight increases 

were obtained over the unphospha tecI soi 1. 'I'he problem of 

mixing, the retardation of early growtI1 by dampi off fungi, 

and spraying with parathion to control insects may have 

affected the grovvth. 'tr.re total phosphorus content of these 

plants were as great or greater than that obtained in plants 



:r·ol ::)ots 

atcd .s • 
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'l1able 5. ld a1:1.d Po1~cont of E i PhoS}':lhorus in 

Pot 

Rtg r:op Clover F'ror:1 Appl:i.cution of Vari Amounts 
of Sand, Silt, and Clay Fraction@ of Rock Phosphate 
HS Cor.·.pa11ed Wi tb Superphospha te ..... 

Yields Phosphorus 
o. fi'ract:lon 

Pounds 
Per Acre ( G'.,Y·s.) ... d~ 

Nitro.a:en d ··~ 
/0 

()"} 

/D 

49' None • 1.04 .085 

60 None .'78 2.11 .095 

50 Sand 500 1.57 2.rn; • 156 

61 Sand 500 nc, •. u'-' 2.08 .133 

51 Silt 500 LT? 2. 17 • Qt5L]; 

62 Silt 500 1 .. 36 1.95 .102 

C: () o,J Clay f100 1.45 2."4/1 .13·6 

63 Cls.y 500 2 .. 39 1 .. 64: .095 

54 Sand 1000 2.36 1 r·"' .. t:v .08? 

C5 Sand 1000 2.09 1.80 .078 

5r:c, Silt 1000 3.Gl (') 13 .092 ~- t:.,. 

Silt 1000 4 .. 11 l ."2.·f".f . .:,.::, .084 

56 Cla;r 1000 9.GO 1.9B .130 

6? Clay 1000 11 .. 42 2 .. 39 .140 

57 Sand 1500 2 .. 20 2.21 .102 

68 Sand 1500 2.18 1.83 .. 091 

58 Silt 1500 6.64 2.24 .. 1::50 

69 Silt 1500 3 .. 85 LB1 ,. 122 

59· Clay 1500 2.75 2·.08 .. 084 

'70 Clay 1500 3,.7B 1.92 .096 

53 Super .. 
phosphate 300 11.65 2.01 .093 

64 Super-
phosphate 300 12 .. 29 2.15 QOC! 

• v'<..t 

':ifThe f:T'OVvth of these plants was retarded by dampl oi'f 
in the early s tnges of tJ:ieil0 growth .• 
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:.Pho data on yield and total ni trop;on and phosphorus in 

Eubam sweet clover· when fertilized with sand, silt, and clay 

fractions of commercial rock phosphate a.re e;iven in table 6. 

Only one rate of application study was me.de. It will be noted 

that very little or no difference in yield wa.s obtained. from 

either the sand or silt applications, although the increases 

obtained from. these fractions were large when compared with 

the yields from the unfertilized pots .. A very significant 

inerease, comparable to that obtained from the superphospha.te 

application, was obtained from the clay application. The 

increase in total phosphorus was larger than for the sand and 

silt f1"actious and was only slightly lower than the increase 

obtalned from plants fertilized with superphosphate. The 

increase in total nitrogen was higher than that obtained from 

superphosphate applications or from the control pots. It is 

quite evident that fineness of grinding is not a.n important 

fa.ctor in the utilization of rock phosphate by annual sweet 

clover. 
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Table 6. Yield fanl: Percent of 'f i t:eor;cn and PhNmhorus in 
I'.uban S1.reet Clover Fr01:1 Sa;d, Sllt, and Clay Frac
tions of Rod: Phosphate as Compared. with Su.:per
phosphate. 

Pot Pound Yields Nitrogen Phosphorus 
11~ o. Fractlon Per Aero (Gms) c,f crl 

/fl /l> 

71 None 1.34 2.18 .103 

76 1·one 1.26 2.46 .. 097 

72 Sand 500 9.85 2.78 .150 

?7 Sand 500 8.24 2.40 .116 

73 Silt 500 
.J!:,.. 

o.95" 1.79 .111 

78 Silt 500 8.08 2.44 .115 

74 Olay 500 10.13 2.63 ~166 

79 Cla~r 500 12.08 2.41 .lu9 

75 Super-
phosphate 500 9 .. 65 1.92 .164. 

80 Super·-
phosphate 500 13.24 2.96 .. 163 

..u1Jo explanation can be e;iven for the low yield of' this 
pot. 
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Tifton annu..a.l sweet clover ls a selection of this crop 

1~mde by staff r:10r,1bera of the .Agricultural Ex.pe:riment Station 

at Tifton, Georgia. .. Data on tho effect of sand, sllt, and 

clay fractions of rock phosphate, as compared with supe:r·

phosphate, on this crop are presented in table 7. 

It will be observed from these data that the silt gave 

lare;est increase in yield and that yields from the clay f'ra.c

tion were only slightly lower than those obtained from the 

silt fraction. The ,1elds from these two fractions were both 

larger than that obtained .from superphosphate., The clay frac

tion vms most effective in increasing the total phosphorus of 

the plants vvhilo the superphos:phate tres-,te)d plants were a.bout 

equal to the unfertil1.zed pots in total phosphorus content. 

All of the rock phosphate fractions and the su.perphosphate 

trea. tmont were about ec3ual in increasing the total nitrogen 

content of the plants. 



32 

Table '7. "Yield and. Percent of Eitr and Phosphorus in 

Pot 

81 

86 

82 

87 

83 

88 

841 

89 

85 

90 

Tifton Sweet Glover From Sand, Silt and Clay Frac
tions of Roc1r: Phosphate as Compared W1 th Super
phosphato. 

Pound ·Yields :Nitrogen Phosnhorus 
fi'ractj.on Per Acre ( ) r.f ;fl 

/0 /fJ 

}:~ Ot1e 1.10 2 .. 14 .156 

Nono 1.03 2.28 .092 

Sand 500 10.43 2.39 .109 

Sand 500 B.85 2.56 .130 

Silt 500 13.34 2 ... 40 .142 

Silt 500 21.24 1 .. 96 .106 

Clay 500 14.53 2.36 .148 

Clay 500 15.11 2.36 .136 

Super-
phosphate 300 14.26 2.52 .141 

Super-
phosp11ate 300 11.72 2.19 .098 
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Data on tbe y-ield and results of total nitrogen. and 

phosphorus determinations on Hairy vetch are given in table 

8. As indicated in the footnote at the end of t~e table, the 

growth of these plants was considerably retarded by two 

parathion sprays to control aphids. 

In t:he 500 pound per acre applicf-tti on, tho clay appl1ca-

tion was most effective in incrcasi yields of vetch, while 

the sllt fraction was most effective in increasi the totn.l 

phosphorus content of the plants. 

In the 1000 pound per acre application, the clay f:r'action 

again was most effective ln increasi the yields and in in-

creasi the total phosphorus content of the plants. 'fhe 

largest yields were obtalned fror:1 the superphospha. te applica

tions, hov;ever, tbe total ph.ospb.orus content of these plants 

were lower than that olltalned in any of the rock phosphate 

applications. 



Table 8. Yield and Percont of Ei tro3en r,md Phosphorus in 
Tia.iry Vetch Fron 11\vo Different Amounts of Sand, 
Silt, and Clay Fractions of Rgck Phosphate as 
Compared W1 th Superphospha te. · 
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Pot Pound Yields Ii trogen Phosphorus 
% ,,.f 

1~ o. Fraction Per Acre (Gms) 1{) 

91 None L.80 1.63 .110 

99 None 1.73 1.58 .. 080 

92 Sand 500 1.09 1 .. 42 .118 

100 Sand 500 1.03 1.62 .021 

93 Silt 500 l.24 1.67 .124 

101 Silt 500 1.18 2.16 .105 

94 Clay 500 3.17 1.54" .106 

102 Clay 500 2.66 1.58 .102 

96 Sand 1000 1 .. 43 L.46 .099 

104 Sand 1000 1.47 1.26 .110 

97 Silt 1000 1.69 1.54 .113 

105 Silt 1000 1.15 1.34 .102 

98 Clay 1000 4.56 1.47 .. 137 

106 Clay 1000 2.02 1.28 .128 

95 Super-
phosphate 300 6 .. 5'7 1.50 .097 

103 Super-
phosphate 300 6.56 1.51 .030 

*Low yields were obtained due to injury from two parath
ion sprays applied to control aphids. 
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Very little difference in the yi Ever 

tai who n i'crt i 1 izecl the t:·:..:rec :frac t:i.ons 

of rock phosphate .. Those elds were 25.61 percent 

than tlwse p:coduced on 

total nit~oGen content of t~e plants tilized with rock 

was that oi' the plants fortlU.zed vii.th 

sv.pc,rphospha.te. 

Shd lar yields of Lad:lno clover' "\,\Jere oJy tained. i":r·orn the 

t~ree fractions of rock te appll0d at 500 pounds rate 

per acne. 1:Towever, vvhen the rate of application v11a.s tncraased 

1000 pounds per acre, tho clay gave lar0cs t y:teld. T11ese 

yields v.1er0 about equal to t obtai f'rorn superphosphate 

fertilization. 'H1e total phosphorus content O'f roclc sphate 

f~rtllized plants was also tban those fertilized with 

l:lcation was increased 

to 1500 pou.nds per acre, the clay frac ti.on ga,,re the larcest 

:yle las of fractions. total :ohos orvs eontent 

of these plants were than those obtained from super-

p}rnsphate. The yielO.s from the application of clay- frac-

tion woi-·e 31. 0 percent greater than ~rie lds from ar)plicat ion 

of superphospha.te .. 

Although the crowth of' 1:.iig hop clover was retardBd by 

dampl of'f '\iVhcn tho plants were s:n:all, the c la:,, frac-

ly larser increases in eld was obtained 

the sand or silt fraction 

total p}1osphorus content 1vas also hi st 

in the plants i'ertili zed ,vi th clay fraction of rock p~os-

te.. At 1000 !'8. t() 0 lds f'rom the 
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equi valfJr,.t to tl'.10 y:i.elds produced b 2: superphosphate. Tho 

total phosphorus content of the plants fertilized with silt 

f'racti.cn vms f.lso :;::irscticall;i· ec:n1iv::;;.lent to tht: total phos-

2.crc o.p!)llc2tion .• TLe total phosp~orus plants 

e~o r()ck pl:..oo;ihorr:s appllca tions .lar""'er l '-...,I 

Tbe clay applications of rock phosi;:;hatc ~t the 500 pound 
,' 

rate per acre producsd lar2er ylolds of Tiubam! sweet clover 
,, 
li 

tl'1an sand or s:~lt f'ractlo,;10. Sli2;:1tly lar·(i;er; ,y1.eld'3 were-

'.):>tn:l.~1.ccl f;r·orn pots 'trr:rn.tc;-d with superphosphate. Eowever, 
! 

t:i:1j.s crop _.c'.ln cffect:..vel:r utilize roi:}k pl10Bp:1late regardless 
i\ 
:1 

of p.arttc1.e alze. 1:2.ia :.ncr·euso l:1 total p::::io$phorus of plants 
I / \ 

fcrtili7,ec1 vd.tl1 the ola)/ fraction vm.o slight.'.l;i h.tr,her than 

of pl~nts fartiltzcd 

clover .. 
• I, 
I ,\ 

It is evlr:"i.f,nt trom tl:c data obtal~HDd that -oar·ti~le size of 
- ( '1 ' 

' .: ·, 
roc1: phosp:1~:tc-; :ts not fl f'aetor in t::-.. o utillzat1.:in of thls. 

""''"'tcr' al ·, . ..,-r \Ti ::,i.,...,, .. .,,,·.rc-,~t· c"' O"',."'·r ;.:!~ ·' J L ... ,y \. · ..,.....L t.,,.IJl.:. ~ ~~1...,....__.,.; .!.., v 'Q •· 

T1~f; i.r1 1:"Jei:re !tvEH\'.f low. 
\' 

., 
J!owcvc:r, tx..c la;1.0 c;es t increase 

\ 

in yield was obtailioci froD 
; \ 

the Cl ·- -"ractio'"" ~n 1)0th L,,,e 500 f_c,nd. the 1000 '"'01°-A~.id a~: J. ~ ~,' . .J. .. , ,.~ u._,, -· "' ~ ::-' . '\ rates 
; I 

\ \ 
acre. In th~ GOO pound treatment, silt save t1~e per larc;est 

\ 

i I\ 
.i \ 

increase in total\phosphorus in the plants. Pla~!ts \fertilized 
; 

w:i. th 1000 pounds per aero of the clay fraction ,vere highest 1n 
f \ 

' 
total phosp:i.1orus ,content. 
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