S

C. F. FRYE

SPHATES

BILITY OF P

TAILA

AXT
V

0 £
| ) &
zr i
304
P |




Library

of the

Wniversity of Wisconsin







AVAILABILITY or PHOSEHA!B

8
of fhane
AND THE FEEDING POWER QF PL@KT& =

CHARLES FRANCIS FRYE

to
and & aa.%e
ARTHUR NORMAN JOHNSON ere B

o
»

A thesis Submitted for the.nuérec‘bf'g

LSBT e
BACHELOR OF SCIENCE IN lQRICULTUBE

H JUER
o A e
AN = W A
pomEs Bl
: x Grous
. %
.

UNIVERSITY OF WISCONSIN
1915




Introduction

The use of commerciel phosphate fertilizers began
in Furope about the middle of the nineteenth century.

From that time to the present the use of these fertilizers
has s0 increesed throughout the world that their economie
use is & problem of vast importence. The relative velues
of the many different phosphates, the effect of liming

on their evailability to plents &nd the profits to be
gained from their use on different soil types ere all
questions of the greatest interest to the farmer and also
cuestions which from the present conflicting deta are often
extremely difficult of enswer.

The extensive growth of legumes has done muech to
avert the necessity for the purchase of commercial nitrogen,
but the supply of soil phosphorous, once depleted, cen be
renewed in no such simple manner. There is but one wey
to increase the amount of phosphorous in a soil and that
is by the spplicetion of & fertilizer. When it is remem-
bered that the supply of phosphorous in most soils is extreme-
ly low, ranging from & few hundred to three thousand pounds
per acre eight inches, and thet the demends of crops upon
this element are by no mesns small, it becomes evident that
after yeasrs of continuous cropping the phosphorous content
mey be so lowered es to become the limiting factor in crop

production.
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Only & small amount of any element of the soil is
made available to the plent et any one time. This is &
wise provision of nature for were large amounts of soluble
sglts formed in the soil &t sny time, leaching would soon
cause the loss of such quantities of these essentisl plant
foods as to be ruinous to agriculture. Fertility has been
defined as the rate &t which plant food is being made svail-
eable. It is necessary in spplying phosphates as well &s
any other fertilizers to & soil to consider not only the
amount of potentiel plant food in the fertilizer but also
the factors which will directly or indirectly affect its
aveilability to the plant. The nature of the soil, whether
light or heavy, its reaction,end the cerops to be grown upon
it are primary considerations. Maximum crop production
may cease while chemicel enalysis still shows & considerable
eamount of the element to be present in the soil. We are,
in fact, immediately much more concerned with the availability
of the soil phosphorous than with the totsl amount present
and it is with this guestion thet the present investigstion
deals.

The experimentation hes been slong two lines; first,
an attempt to sscertain by means of sand cultures the effect
of soluble calcium in the nutrient solution upon the aveil-
ability of raw rock phosphate to severel different plants
and to reach a solution as to the causes of this effect;
second, to dtermine the effect of leaching upon the avail-
ability to different plants of iron, aluminum and calcium

phosphates. The latter work is largely & continuation of
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work done in this laboratory by Buser, Noer and Tang.
Historicel Leview

Research as to the effeet of the addition of lime
upon the availebility of raw rock phosphate has been largely
confined to field experiments on soils of widely verying
types and as might be expected there is & marked lack of
agreement in results end conclusions,

Prianishnikov,(l)working with sand cultures, found
that the addition of celcium cearbonate decreased the aveil-
ebility of insoluble phosphetes. Vith both bone meal and
raw rock phosphate the effect was very detrimental. The
addition of ammonium salts, however, increased the avail-
ability of these substances. At the conclusion of extended
research, he emphesizes that the &bility of different plants
to essimilate phosphorous varies more widely then the prop-
erties of the phosphates. He also concludes the character
of the soil &s & medium and the interaction of accompanying
fertilizers to be of prime importence.

Field investigations as to the influence of liming
on the availability of phosphates, carried on at the Rhode
Island Experiment Station,(z)show widely varying results
with different plents. On the plots fertilized with raw

rock phosphate,lime was found to heve a depressing effect

on corn, millet and potatoes, and & beneficial effect on

. Landw. Versuch. Sta. vol. 65 pp. 23
(2) . Rhode Island Exp. Sta. Bul. 58, II4, I1I8, I5I.



ada

mixed hey, turnips, squash, cabbage, clover, beets, barley,
mangelwurzel, tomato and lettuce. Oats and peas seemed to
be very slightly affected. Floats were not found to be as
efficient as the other phosphates used, and slso decreased
the beneficial effect of liming so marked with the other
phosphates. They conclude that the points to be observed

in phosphate fertilizstion sre the kind of soil, the kind of
crop, the possibility of adding flosts to menure, the source
of the phosphate end its solubility as well as its other
cheracteristics.

M. Maercher(S)found that the applicetion of lime with
superphosphate was valuable in ferruginous soils in prevent-
ing the soluble phosphates from being converted into the
more insoluble iron phosphates.

P, P05 Chirikov(4)concluded as & result of experiments
carried out with berley end buckwheat in nutritive media
that the excretion of scids by roots is inadequate to explain
a number of facts in connection with the nutrition of higher
green plents. Roots of different plants disturb the equil-
ibrium in the medium in very unlike ways, ebsorbing predom-
inastely Ca0 or P05 as the case may be, and the relation of
these plants to P205 must differ considerably. Barley does
not teke up PO from phosphorite in the presence of caleium

nitrate or any other celecium salt, but from phosphorite alone

(3). Zeitch., d. Landw., Central-Vereins d. prov. sachsen
(I891I) pp. 105-114.

(4). Zhur. Opytn. Agron. (Russ. Jour. Exp. Tandw) I5 (I9I4)
H.O. I pp. 54"650



-fe

it mey utilize Py0g to & considerable degree. Buckwheat
behaves differently taking up P505 in either the presence
or absence of calcium nitrate. He explains this difference
upon the supposition that buckwheat takes up from the nut-
rient solution Ca0 more energetically than PpOg while in
the case of the barley Pp0g is more energetically taken up
than CeOl.

D As Gilchrist(5)summarizes results at Cockle Park
and seys that while thewe are somewhet contradictory, a
high lime content in slags seems to be advantageous and e
high iron content not disadvantageous.

A large emount of investigation as to the effect of
liming upon soil fertility has been cerried on, but, little
of this has had special reference to the aveilability of
the soil phosphorous.

Extensive investigations have been mede to determine
the effect of lesching on insoluble phosphates by the U. S.
Buregu of Soilsie) They found it impossible to prepare
iron, eluminum and celcium phosphetes to correspond exsctly
to their respective formulae. After leaching prepared
phosphates of the metals mentioned with weter, they found
them to contain more base than the original sslts. Neutrel
salts in solution were found to increase the amount of Cal

and P205 going into solution but had little effect on the

(5). County Northumb. Ed. Com., Bul. 2I (I91I4) pp. 35-43.
(6}, U. 8. Bu., Soils Bul, 41,
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iron and aluminum phosphetes. Acid salts increased the
amount of Ca0 going into solution while calcium salts
decreased it. Carbonated water hed little effect on the
solubility of iron and aluminum phosphates but incressed
the solubility of calcium phosphate materially above that
in pure water. They state that the soil contains an excess
of bese over that which is required to unite with the phos-
rhoric scid, end that therefore the leesst soluble phosphates
ere the ones that will be formed and control the soil con-
centration,

Baugley{vgf the University of North Wales, working
with freshly prepared iron, aluminum and calcium phosphates
found that ignition and subsequent extrection with boiling
. water has a very detrimental effect on the availability
of the phosphates. When these salts were leached with
boiling water and not previously ignited, peas used them
as efficiently as superphosphate. In most cases the action
of calecium phosphate wes inferior to that of aluminum and
iron phosphetes.

Prianishnikov(B)found thet heeting aluminum and irom
phosphates decreased their availability. Bone meal also
lost some of its availebility, which fact he ascribes to

the formation of calcium carbonete in the process of heating.

Witk I
L. H. Merrill, étudying the aveilability of celecium

phosphate and redonde to different plents, found thet in

17}, dJour, Agr. S0il. Vol. 1VY.
(8). Landw. Versuch. Sta. Vol. 65 pp. 23.
(90, Meine Exp. Ste. Rept. (I1898)
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most ceses calcium phosphate gave better results than redonda,
and that berley, corn and oats mede no satisfactory growth

on either. Turnips, rutabagas and kohlrabi were found to

be very strong feeders on calcium phosphate. Redonda was
found to be readily available to the Graminae.

In investigations &t the Rhode Island Experiment
Station(IO)it was found that raw redondite was of little
velue as & fertilizer, giving poorer results than raw rock
phosphate with ell crops except the turnips. Roasted
redondite when applied with lime proved to be & much more
efficient fertilizer than rsw rock phosphate.

Buser, Noer and TangSII)working at this lsboratory
with several freshly precipiteted phosphates in sand cultures
found that there was much variation in plants with regard
to their feeding power on iron, #luminum and celcium phos-
phates. The iron and eluminum phosphates were more avail-
able to most plants than the tri-calecium phosphate. There
was some coordination between plents of the same families
as to their behavior toward these phosphates; in general,
the Graminae favored sluminum and iron phosphates while
the Cruciferae and Leguminosae were indifferent or preferred

the calcium phosphate.

. Rhode Island Exp. Ste. Bul. I14.
(II). Bachelor's thesis- U, of W. Buser and Noer (I9I2)
" B P Teng (I913)
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Experimentel-Part T,
Plan of Investigetion.
The object of this investigation was to determine
the effect of soluble calcium selts in the nutrient solu-
tion upon the evailebility of raw rock phosphate. The
following species of plants were used: buckwheat, oats, corn,
millet, barley, rape, alfalfa, tobacco, sunflower and turnip.
Two successive crops were grown in send cultures. A series
of seven jars was used for each species of plant, each jar
containing twelve kg. of phosphorous free sand.
Two nutrient solutions were made up, one containing
soluble celcium end the other containing no soluble calcium.

Nutrient Solutions.

No. I (sol. Ca) No. 2 (no Ce)

EKNOgz 200 gms. KNO3 I20 gms.
NaNOS 206 " NaNOs 80 &
CaCl2 96. 7 Mglly e
MgSO4 48 ." Mgs0y4 Box?
Water 5 liters Tater S liters

Table I Nutrient Solution, Kind end Amount of Phosphate

Added to each Jar in & single Plant Series.

Jar No. : Kind of Phosphate : Amount of Phosphete: Nutrient
. ? SOlo .
3 llone ; : - ; No. I
2:& 3 Acid phosphate 5.9 gms. 3 No. I
4 & 5 ‘Raw roeck " 3 B0 o : No. I

6 & 7 R, et : 5.0

g s No. 2

The phosphates were thoroughly mixed with the sand by
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means of & rubber cloth and mixing pan.

All plants except the tobacco were started from seeds
and,immedietely after planting,each jar was watered with
distilled water to I3% of the weight of the sand, this
moisture content being maintained throughout the growth
of the plants. More seeds were planted than the number
of plants desired, the plants being thinned soon after they
were up. In the case of the tobacco very small plants
were transplanted from a hot bed. The following number
of plants were left in the various jars: buckwheat 7, oats
I6, barley 16, millet 20, rape 5, alfalfa 20, corn 2, tobacco
2, sunflower 2, turnip 5.

The nutrient solutions, previously described, were
added to the jars soon after the plants were up. Each jar
received 25 cc. of nutrient solution in & 500 ce. dilution
with weter and elso a few drops of FeClS.

Small amounts of nutrient solution were added to the
larger plants leter as required. As the second erop was
grown in the same jars &s the first, I0 ce. of nutrient
gsolution wes added to each jar before the second planting.
Ho addition of phosphate was made but the sand was well
mixed and the crops grown in the same order as before.
Uniformly favorable conditions were meintained in the green-
house throughout the growing period. ‘The seasonal condi-
tions being more favorable for the second crop, as might be

expected, it grew more reapidly than did the first.



=30«
Table II1 Date of Planting, Date of Harvesting,and Length

of Growing Period for each Crop.
? First Crop : Second Cr%p:
Plant : Date of :Date of :Days of::Date of :Date. o Tays
: Planting :Harvest : Growth::Planting:Harvest :Growth

Buckwheat: Oot. I4 : Decs IB:. . . 68. &:i..Mar -4 Apr.253' 50

Oats : ;s 3 . : 68 1 T 50
Millet 3 " : - Dege 223 é9. 3 " .3+ May 18 75
Barley ; ” : Deas 15: 62 1 " oty APE.RS: B
Repe 4 g :  Dec,. 22; 69 .3 " hodey.d8: 10
AlTalife . : Yeb, 22;: 180 13 "' ¢+ "May 18: %8
Corn : 1 : Deo, IB: 68 1t "o ey 1D 29
Tobacco : g : Feb, 28: 180 1: "o May I8: %8
Sunflower: ¢ 3 D005 2884 S R % eol % k& I8
Turnip s 5 s * : 69 ¢ " s Nay I8: W

Notes on Growth of Plants.

Buckwheat did very poorly on &ll jars supplied with
raw rock phosphate, the leaves curling end dying &t the mar-
gin early in the growth of both crops. Although all plants
blossomed, the growth even on acid phosphate was unsatis-
factory. This may heve been due to some unfevorable action
of the send used.

Osts made poor growth on e&ll raw rock phosphate jars,
exceeding but slightly the growth on the blank. Acid
phosphate gave fair results.

Millet seemed unable to utilize raw rock phosphate
but made a good growth on acid phosphete.

Barley gave evidence of a depressing effect of sol-
uble calcium in the nutrient solution. Crowth with scid
phosphate was only fair.

The presence or absence of soluble calcium did not effect

the growth of rape, results being practicelly the same in
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all Jjars containing rew rock phosphate. Lape proved to
be a strong feeder on insoluble phosphate making & growth
almost equal to that made with acid phosphate. The growth
in the blenk jar was negligible.

Alfalfa on raw rock phosphate seemed to be slightly
favored by the presence of & soluble cslcium salt. All
alfalfa plants did well on raw rock phosphate, more par-
ticularly the second crop.

Tobacco at first grew very slowly and seemed to be
unable to utilize raw rock phosphate. Later, however, it
mede a very satisfactory growth. The presence of a soluble
calcium salt had & depressing effect in all cases, the dif-
ference in favor of its absence being especially apperent
in the second crop. The blank made little growth.

Corn mede & poor growth on raw rock phosphate, both
with end without soluble cslcium.

Sunflower, where soluble celcium was present, util-
ized raw rock phosphate to quite en extent, but did poorly
where soluble calcium was omitted. The plants of the second
crop blossomed in &1l jars except the blank.

Turnips grew well on rew rock phosphate, tﬁe presence
or absence of soluble cslcium making little difference in
the amount of growth.

The plents were harvested by cutting them off at the
surface of the sand except in the cese of the turnips which
were made to include roots and tops. The harvested plants

were placed in paper sacks, dried at 116" &, and weighed.
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Table III Dry Weight of Different Crops in Grams.
Plant :Crop: ' Blank : Acid : Rew Rock :Raw Rock
FeNt :Phosphate: Phosphate:Phosphate
§ - With Ca :Without Ca
a: .90 4.45 I1.00 - .80
 § b: 2.580 .80 : 2379
Oets ettt e Bt et L L brmmesatan b RL S - v o i B A TN
g 150 G Rl 3500 : Qe
B B BLOOV e 2280 2380
a: .10 200 & .04 .08
2 W 2.80 .04 .09
Millet e et o ————— bmmm - e e
\ 3 st - .20 THeaa~ " .80 Iy
-8 F B I6:00% T3R8 I:40
L Al .40 20D} 50 : +BB
$ At 2480 2 55 : 45,
Buckwheats---=t-ctmmmmmna- e Lt o bn - Prom~didEas
2 TR 20 §:80~"% 2.40 : 3.00
4 B1R 8490 2,70 2.60
Lt & 98 s .05 I+B§ : I.80
L 2 4,00 T 80 : 130
Berley e et b prmm—mdbene tommcdera -
A ¢ oxTar™ 7.00 4.60 X 4.70
b: 7.00 4,50 g 4.80
i a: 08 5.45 1.I0 - 1.30
b .40 -2 2.5 : 2410
Rape e e e o ———— fommm R B
2 a: 10 6480 3 3 .40 *50 . 8.80
P B.60 % 2580 2 s
S a: - 1400 » I.26 .50
s s 1 s O~y 1.00 Fe IO
Llfelfe tecmepmmtrcmccceaa ————————— fm b ————————
SR .- - 835 %4 5.00 85.20
8.20 6.20 5.40
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Teble III Continued

Plant ;Crop; ; Blenk ; Aeid ; Raw Fock.?aw Rock
: No.: $ :Phosphate:Phosphate:Phosphate
3 3 3 3 : With Ca :Without Ca

I a 2.kb I4.00 4,00 4,80
: ¢ B ARl 2.60°" - 4.40
Corn R et b ————— e ————— b ———————
ok 4,00 I6.00 4.70 5.%0
b I18.20 4,90 4,80
I a 6 12,580 =.80 4,90
¢ I+ B 3 e - A 0BG L0 2.40
- Tobacco #--==tometmcmccmeaa e ————— e ————— e —————
Bt e v b EE AL 6,90 -3 7.60
2D I1.50 1.90 7 .20
Lt B e o B0 # 3 DGO . 2 D0 - 3 « 66
? b : 830 "¢ L e «5b
Sunflower4-===d4=cegocmeca—us G ——————— A —————— tm e, ———
e I e N MR 0 5.25 2,00
b 14,50 B.. BO 2,60
I a .05 5.30 20 G
g e : B.0B. . s uit 45
Turnip el e, ————— o ——————— o —————— A —————
PN SN g S S D.50o & G880 ;4 4,40
o s 7.00 i3 - s 4,60

Fr&m the foregoing teble it will be seen that in
every cese acid phosphate was superior to rsw rock phosphate.
The difference, however, wes not great with alfalfe, rape
turnip and tobacco, these plents being very good feeders on
raw rock phosphate. Of the other plants grown, buckwheat
and sunflower seeemed to utilize raw rock phosphate to &
considerable extent, while osts,barley, corn and millet were

rather weak feeders on the insoluble phosphate.
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Mr. E. Truog{lz)of this station, after compiling
much data from this stetion and others on the ability of
different plants to utilize raw rock phosphate, found that
there was & direct relation between the plents feeding
power on this phosphate and its lime content. He found
that in general, plants of high lime content are strong
feeders on rsw rock phosphate and plants of low lime content
are weak feeders on the same phosphate. He expleins this
es follows. Plant roots excrete large amounts of carbon
dioxide which acts upon the raw rock phosphete as indicated
by the following resaction:

CaB(PO4)2 * 2 HyCO0y5 = CagHg(POy) s ¥ CaHg(CO3)p

This reection will of course be largely locelized,
going on only in close proximity to the plant root heairs.
Plants high in lime will not only remove from the zone of
action the Capis(POy)g, but also the CaHg(CO03)g, thus per-
mitting the continuance of the reaction. Plents low in |
lime will remove such smell emounts of the Ca 12(005)2 that
the solution will soon become satursted with this salt, and
according to the law of mess action the reaction will stop.
Precipitation of the Ca Hz(Coz)z would have to take place
in order for more phosrheste to go into solution, but the
carbon dioxide would then regct with the precipitated car-
bonate rather than with the calcium phosphete.

If this theory is velid, it would be expected that

the presence of & soluble calcium salt in the nutrient

solution of plants low in lime would decresse the emount
(I2) Science April 23, 1915.
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of phosphorous mede svailable :nd hence the amount of
growth, for if their calcium requirements are thus easily
filled, the conecentration of the calcium bicarbonate in

the previously mentioned resction will increese still fast-
er and the reaction cease still esarlier. Plants high in
lime, however, might be expected to show but small differ-
ences in growth due to the presence or absence of & soluble
selt as they would in either case be able to absorb sufficient
amounts of the cealcium bicerbonate to allow the continuence
of the reaction. Indeed, plants extremely high in lime
might even meke & better growth in the presence of & soluble
calcium salt.

These suppositions are well born out by the results.
0f all the plents grown, &lfalfe, rape and sunflower made
better growth with the soluble calcium then without it.
These: are plants high in lime. 0f these three plants, the
sunflower alone showed a merked difference in favor of the
presence of soluble calcium. The rape and alfalfe seemed
to be but slightly influenced by it. Tobacco, a plant
rether high in lime, however, showed & decided preference
for the absence of soluble calcium. Turnips and buckwheet
also showed & slight preference for the absence of soluble
calcium. Millet, which is very low in lime, made consider-
ably better growth where the soluble calcium wes omitted.
The remesiningz plents; corn,berley and oats, plants not high
in 1lime content, although they proved to be weak feeders

on rawv rock phosphate, showed fairly well merked differences
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in favor of the ebsence of soluble calecium.
Lime Content of Plants.

It has been well esteblished thet the comnposition
of plants is influenced somewhat by the content of their
nutritive media. In general, plents having access to learge
amounts of soluble celcium salts will be higher in lime
content than plants whose feeding solution is low in this
element. It was thought, however, that plents depending
upon raw rock phosph&ete for their supply of phosphorous
might, in order to secure sufficient phosphorous, absord
lerger smount of calcium than they would were soluble phos=
phates supplied. The tobacco, corn, barley and sunflower
were anelyzed to see if this was true.

Analysis for the lime content of the plants was
made in the following menner: the &ir dried plants were
ground to & fine powder in & steel mill and samples taken
for moisture determinations. Duplicate samples of from'
.5 gm. to 2 gms., depending on the amount of materiel avail-
eble, were ignited in porcelain crucibles until &ll organic
matter was completely oxidized. After teking up with 5 cec
dilute HC1l, the ash was transferred to & 500 cc beaker and
diluted with 300 cc of water. Five cc FeClz was added and
the solution neutralized with NH4OH until one drop would
form & precipitate. Two basgic acetete separetions were

then made, the calcium precipiteted es the oxelate, filtered,

washed, dissolved in HpSO, and titreted with standerd KMnO,,
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Teble IV TFer cent Cal in Plents on Bessis Dry Weight

Treatment ; Corn ; Barley ;Sunflower; Tobacco
Blank ¢ T 200Y. . 3.3k . BN
—————————————————— ’---—-———-‘I-———-—---—}—-———--—-*——--—----
Acid Phosphate RaES o< C 2,79 :° "B.52 ":"""s,02
Rew Rook. (With Celi.. . I.I5 : I1.99 : 5.06 : 5.4
------------------ et et Attt T T TR
Raw Rock (No Ca) : LIRS D3 s Bt o

Results of analyses show that only in the case of
the tobacco were plants grown on raw rock phosphate higher
in 1ime than those growan on acid phosphste. Also, in
all cases it was found that . plants grown on rew rock phos-
phate having soluble ce&lcium in their nutrient solution
were higher in lime than those grown without soluble calcium.
This increased absorption of calecium when it is present’
in & soluble condition may help explein why plants low in
lime grow better on reaw rock phosphate in the absence of

soluble cslcium salts.

Experimental Part II.
Plen of Investigation

It hes been held by some investigators(IO)

thet while
the freshly precipitated normal phosphates of iron eand alum-
inum are quite reedily available to most plants, that the

phosphates of these metals occuring in the soil have hecome,
(13) U. S. Bureau of Soils Bul. 41.
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through leaching and removal of phosphoric acid by plents,
basic phosphates of reletively much less solubility than
normel phosphates. In this investigation en attempt has
been mede to imitate the weathering processes taking place
in the so0il by treeting freshly precipitated phosphates
with carbonated water, filtering off the residue and in
sand cultures observing its availebility as compered to
the original phosphate.

For this purpose the phosphates of iron, aluminum,
and calcium were freshly precipiteted in this laboratory.
Le & source of the basic radicals, CaCly.6Hg0, £1,5(S04)3.
I8HRO and Fe(lz.6Hp0 were used. In each case NazPO, con-
tributed the phosphoric scid radicel. These salts were
weighed out in molecular proportions so as to yield theoret-
ically IOO gms. of each phosphate.

Teble V Amount &nd Dilution of Selts in Phosphate Preparation

Selt used  : Wt. gms:Dilution:Precipit: Wt. gms:Dilution
: ge 4 ant. : ce.
A1p(50,)5.I8E50 271 ; 500 : NegP0, : 309 : B09
GRCYasBHal .., BIP - 1ol uatt wolihe: e SR 1 NN
FeCly.6Hg0 aF oo EES L . 254 : 254

The N83P04 was diluted before precipitation 5 to I
with water andvthe salts contributing the beses were each
diluted to one liter. For the precipitation of the iron

and eluminum phosphstes, the portions of Na3PO4 were mede
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scid with acetic scid, boiled, and the hot solutions 6f
sluminum sulfate and ferric chloride &dded slowly with
constant stirring. The precipitates were then filtered
on a Blichner funnel, weshed free of sulfates and chlorides
respeétively, end dried st I110°C. Celcium phosphate was
precipiteted in a cold neutrel solution and washed free of
chlorides. The dry salts were ground to & fine powder
and anelyzed for moisture, phosphoric &cid and base &s fol-
lows:

Weter was determinead by the loss on ignitition of
2} é gm. sample in & platinum crucible over a Meker burner.

Phosphorous was determined froﬁ & +2 gm. sample
dissolved in nitric &cid, diluted to 200 ccﬁn%he phosphorous
precipitated with (NH4)2M004 at 65°C from & solution slight-
ly acid with INC; and containing 3 % NH4N05. The precipitate
after being filtered and washed was dissolved on the filter
with 2.5 % NH,O0H, diluted to IO0 cc and made slightly acid
with HC1. Ten cc each of NE401 and maegnesia mixture were
then edded, the solution heated to boiling and MgNH4PO4 pre-
cipiteted by edding slowly 2.5 % NH,OH to the hot solution.
The precipitate was ignited and weighed as MgePolne

Aluminum was determined in the filtrate from the
phosphorous determination by precipi?ating Al(OH)5 with
NH4OH in & boiling solution. The precipitate was dried,
ignited and weighed as Alps0z.
Iron wee determined from & .3 gm semple dissolved in 2.5 %

HESO4, reduced in & hot solution with HoS for 20 minutes,
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boiled and the excess st nashed out by pessing in CQCg.
The solution was cooled and titrated with stendard KinO4.

The calcium was deterﬁined by precipitating in @
boiling hot acetic ecid solution with (NH4)20204 and after
the precipitate was dried and ignited it was weighed e&s Cal.
Results of analyses are reported in table VI.

Method of Extraction.

Twenty five grams of esch phosphate were treated
for seven days with ten liters of distilled water, sesturated
with COz. The bottles used &s containers were shaken twice
e& day end kept et room temperetures. The salts were then
filtered washed and dried at II0°C and then ground and ane-
lyzed as before.

Table VI Composition of Extrected eand Unextracted Phosphates

on Moisture Free Basis.

Phosphate 3 .Theoretical. Prepared 3 Prepared
3 g .Unextracted. Extrected

Cay(PO,), i ce0% { 54,19 | 55.09 . 56.99

" P,05 % 45 .80 44.82 42.87
A1P0, i A1g05 % § 41,86 1 ¢0.81 . 4T
" i Po0g 4., BB.IB 57 .70 56.69
FePO, i FegOz % i 52.98 52.74 54,71
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Corn and oats were used in determining the avail-
eability of these phosphates. Since six phosphates , (three
extacted and three unextractéd), in duplicate were used,
twenty four jers were required. The jaré were of the same
size and contained the same amount of sand a&as those for the
first experiment. The phosphetes were thoroughly mixed
with the sand and such amonts of eech were used &s to give
approximately the same amount of phosphorous per jar, a&s
follows: A1PO4, 3.3 gms., Cag(PO4)2, 5.9 gms., FePO,, 4.1 gms.
Planting, thinning end watering was done as described in
the previous work. Twenty five cc of nutrient solution
No. I, previously deséribed, were added after the plants
were up and further applications were made from time to
time as needed.

The plants in both series made a very good growth
and showed only slight varistions due to the treatment of
‘the phosphates. In the case of the corn, gluminum phos-
phate gave the most rapid growth from the start, and at
first the aveilsbility of the phosphorous seemed to be con-
siderably decreased by treating with csrboneted water, but
the difference became less and lees &nd less apperent as
growth continued.

The iron phosphete geve almost &s rapid a growth es
the aluminum phosphate and the plents seemed to show & slight
preference for the treated phosphate.

In the jars supplied with calcium phosphate the plants

made & slower growth than in those supplied with the other
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phosphates eand also lacked the healthy esppearance exhibited
by the latter. This was also true in the case of the oats.
Both oats and corn'were planted on February 22nd and
harvested on April 29th, giving the plants & growing period
of 66 days.

Table VII. Dry Weight of Crops in Grams

Crop ; ; Ca Phosphate ; Fe Phosphate ; Al Phosphate
;No. ; Unex- ; Bx- ; Unex- : Ex- ; Unex- ; Ex-

:tracted:tracted:tracted:trected:tracted:tracted

: 12,80 : I7.300: 20.70 ; 20.00
s 10,50 ; I5.,40 ; I7.50 : 2I.80 : II.50

v & : 10,00 & I9.80
Corn b 3 F0O006

tAve.: 10.25 : I4.05 : I4.I0 : I7.40 : 2I.I5 : I5.75

T B : H ‘ . p b :
Oats + b : I1.80 : II.50 : IB.20 : T4.80 : 16,80 : 15,08
tAve.: I2.I2 : I2.50 : I4.45 : I3.75 : I5.00 : I4.45

The yields of the crops show conflicting results
as to the effect of treating @luminum, iron and calcium phos-
phates with carbonated water on their subsequent aveilability,
but on the whole the effect was not greaf. It is notice-
able, however, that the aluminum phosphete,which gave the
best results with both crops, slso gave an increassed growth
with the unextracted saluminum phosphate. As far e&s the
aveilability of the untrested phosphates to corn end osts
is concerned, the results bear out previous work at this

station.
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Conclusions.

I. Plants vary greatly in their ability to utilize
raw rock phosphate. The plants of the leguminosse &nd cruc-
iferse families grown, that is, alfalfa, rape and turnip ere
relatively strong feeders on raw rock phosphate. These are
plants high in lime.

2. The gramineae, represented by oets, millet, barley
and corn, are poor feeders on raw rock phosphate.

3. Buckwheat, tobscco and sunflower are able to use
considerable amounts of raw rock phosphate.

4, Alfelfa, rape and sunflower made better growth
on raw rock phosphate when soluble calcium was present in
the nutrient solution then when it was withheld. This dif-
ference was slight with alfalfa and repe but marked with the
sunflower.

5. A11 of the remegining plants grew better in the
absence of soluble calcium, the difference being slight for
turnip, tobacco e&nd oats, but greater in the case of millet,
corn, barley and buckwheat.

6. Plants which are strong feeders on raw rock phos-
phate are little affected by the 2bsence ar presence of
soluble calcium in the nutrient solution.

7. Of the plants enelyzed, corn,barley, sunflower
and tobecco, there was a direct relation between their lime
content and their ability to utilize raw rock phosphete.
Arraenging these plents in order as to their ability to use
raw rock phosphate &lso puts them in order as to their per-

centage content of lime. The order is; tobacco, sunflower,
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berley and corn, the first using raw rock phosphste to the
gretest degree and also being the highest in lime.

8. Of the plants anelyzed, those on gcid phospheate
had & higher lime content then those on raw rock phosphate,
with the exception of tobacco.

9. Plants grown on rew rock phosphate having soluble
calcium in the nutrient solution were in &ll cases found
to be higher in lime then those grown on the same
phosph&te but having no soluble celcium in the nutrient
solution.

I0. Extrection of aluminum, iron &nd celcium phos-
phates with cerbonated water ceuses the to hecome more basiec
and reduces the emount of phosphorous in the extracted mest-
erial. The basicity obteined by the method used was not
great, the sdded base being in each case about two percent.

II. The effect of leaching calcium phosphate was to
increase the yield of both oats and corn.

12, Leached aluminum phosphate in all cases gave @
poorer yield then the unleached phosphete.

I3. Leached iron phosphate served the corn better
then did the unleached but the osts mede better growth on
the unleached phosphete.

I4, The amount of basicity obtained by the method of
extraction used affected but little the availability of the
phosphetes.

I5., With both plants eluminum phosphate gave the best

results, iron phosphete being second.
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Tobacco.,
No. I. Blank.
No. 2, Kaw rock phosphate (with Ca),
No. B350 L 8 (without Ca).
No. 4. Acid phosphate.

Sunflower.

Ng, 1. Blank.
No., 2. Raw rock phosphate (with Ca).
o, &, " 1 s (without Ca).

No. 4. Acid phosphete.
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Alfalfa.

No. I. Blank.
No. 2. Raw rock phosphate (with Ca).
No. 4. Acid phosphate.

Corn.

Bo. LEs-BL
No." ' 2s Ean
No. & "
No. 4

ank.
w rock phosphate (with Ca).
n L (without Ca).

. Acid phosphate.



No.
No.
No.
No.

-

3] " "

»

4, Acid phosphate.

-27-

Rape.

(with Ca).
(without Ca).

No.
No.
No.
No.

T

Blank.
Raw rock phosphate

" n "

> IO H
.

Acid phosphate.

obacco.

(with Ca).
(without Ca).
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Turnlp.
No. I. Blank.
No. 2. Raw rock phosphate (with Ca),
Nas @c. K i Y (without Ca).
No. 4. Acid phosphate.

Alfalfa.

Ne, Eq« Blank.

No. 2. Raw rock phosphate (with Ca).
Neo, &: " " i (without Ca).
No. 4. Acid phosphate.
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