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STUDIES ON WATER-SOLUBLE PHOSPHORUS 
IN FIELD SOILS 

13y C. H. SPUR\!\! A Y 

Introduction 

Th e s tudies desc rih ed in this bull et in w er e condncled fu r th e purpose 
o f g atherin g inform a tion on th e so lubility of the phosphorus conta ined 
in som e comm cr cia l fe r t ilize r s w hcn appli ed in diffe r ent a m o unts t o 
various soil s und er no rmal fi eld conditio ns. In addition t o the d egr ee 
of so lubility of ph osph oru s in so il s. dat a are presented showin g h ow 
\V a t er -soluble phosphoru s is distribut ed in certain su il s fe rtilized w it h 
phosphorus fe rtili ze rs , a nd showing also th e cffects o f diffe r ent m eth ods 
of apply ing fertili ze r s on the di strihution of water- soluble phospho ru s 
\Vi thin the soil. 

By determinin g wa t e r -so luhl e phosph o ru s in sCJil s g ro \Vin g' po t a t oes, 
\V h ich we r e fertil izcd w ith diffe r cnt lllll o un t s 0 f ph ospho ru s, a r eb­
ti o ll ship has been di scover ed betw een y ield of potatoes and amount of 
water- soluhle phosphoru s fo unel in th e so il s. 

A ll o f th e da ta prese nt ed in thi s puhli catio n w er e obta in ed hy m ean s 
o f a rapid t es t fo r w a t er- so luhle phosph oru s in so il s. Thi s t es t is de­
scrib ed a s a separate part o f th e bull etin in order to pr ese nt a ll ()f th e 
data on th ese so il-phospho rus s tudies in on e publication. 

A TEST FOR WATER-SOLUBLE PHOSPHORUS 

The de t ermin ati on s of water-solubl e ph osphoru s in so il s presen ted 
in thi s bulle tin \ve r e m ade by m eans of a mi cro -ch emi cal phospho ru s 
t es t develop ed by th e a utho r a nd based on th e r eaction of D enigc :5. 
D eniges (1) sh ow ed that th e che nlical r eaction b etw een phospho rn:-: 
in the form o f orthophosphate and a solution of ammonium m olybdat e 
in th e presen ce of nitric acid is extrem ely sen sitive ; and tha t th e ch em­
iCed r eduction of th e m o ly bd enum in the a mmonium phosph o-molybdate 
compound thu s form ed, by m ean s of st a nnOllS chlorid e, g ives a blue 
color. 

S ili con. acts s imila rly t o phosphorus in thi s r eaction , and as th e t est­
in g fo r phosph o ru s in so il extracts mu st be done in the prese nce o f 
water- soluble s ili ca . if rapid t es tin g is acco mpli shed, th e effect s o f 
sili ca on th e r cact ion had t o he <: lilllinatcc1. Thi s is acco mpli sh ed by 
carry in g out th e r educti () n process in a stro ng nit r ic acid solution a ncl 
th e a mmonium m uly bd a t e r eagent is prcpared with nitri c acid o j slIf -

1. A n Ex t rc lll e ly Sc n ~ iti vc 1~cac ti () 11 of P hosp hatc a ne! Arse na t cs a nd I t s App lica ­
t io n. G. D cnigcs. Co m pt . r cnd. 171 , 802-4 (1920). 
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ficient strength so tllat -when diluted w ith equal parts of so il extract. 
th e resulting mixture co nta in s the proper co nc en t rati on of ac id. 

The technic of Deniges is also rurlh er 111 0d ifi ed hy st irring th e nitric 
acid s'olution of a mmonium ph os pho -llI olyhdate with a pi ece of tin m etal 
in orde r to reduce th e m olybd enum ancl produce th e hlu e color ill 
making the test. T he pi ece of tin al so takes the place o f a solution o f 
stClnnous chloride a nd thu s simpli:h es the eCj uipment . 

T hi s t es t for water-soluhle ph osphorus is relatively accurate. anel 
eas ily and rapidl y appli ed ill the field. :;";0 glasswar e is r equir ed for 
the t es t s o th er th a n the reagent co ntain er s fitted -with droppers ; h ence. 
the n ecess ity o f washing dishe s in the fie ld. and th e c1anger of CUll ­

tal1linating tests a r e entirely elim in ated. In pure sol uti on s of socliul1l 
pho sphate , th e t est is sens itiv e to one-fourth part o f phospllOrus in one 
million parts of wate r. The test is a lso sen sitive to arsenic ill th e fOl"1ll 
o[ ;usenat e. whi ch lllay in terfe re -with its u se on so il s -where arsenical 
sprays have hee n u sed in the control of crop in sects. 

Materials Required for the Test 

1. vVaxecl pape r s- These pape r s a r c st r ips of -wh ile. paraffinecl paper 
ahout thr ee- rourth s of an inch \\·jde and thr ee a nd one-half in ch es 
lo ng. T he y lllay b e cut from a m ecliulll 'weight paraffln ecl paper or -frOlTl 

shee t s of paper co mmonly knc)\\ 'n to the paper trade as bread 'wrapper 
stock. 

2. vVa t er- Tap or well 'wat er is p r efe rable to di st ill ed wat er be­
cause the slight fl occula t in g effect of well \\'ater aids in obtaining clear 
wat er ext ract s or th e so ils to be te~t c d. The \Yater u sed for extract­
ing the so il sampl es in lllak:ing the phosphorus test lllu st he free fr om 
phosphorus a nd in order t o he surc of th is point. t h e ope rator should 
mak e a blank test on it as outlin cd in this bulIctin un der the hearli nr,. 
blank tests. A lSO cc. bottle :htted with a rubh er stoppcr and pip~tt ~ 
dropper is suitable for handling t h e wat cr in making the phosphorus 
tests. 

3. IVlo lybdate reagent- This reagent is made by dissolving five grams 
o [ ammonium m olybdate, ch emically pure and fre e from phosphorus 
and a r senic. in 50 cc. o f di still ed water, heating gentl y if: n ecessary. 
Th en, pour this so luti on slow ly w ith st irring. in to 50 cc. of pure, con­
centrated nitric ac id which mu st also b e free from phosphorus and 
ar senic . Finally. dilute the mixture \\·ith 100 cc . of di stilled wat er. It 
is also necessary to run a blank t es t on this r eagent at regular inter­
vals of time. Should a blu e color be obt ained in a blank t es t , J.dr.l 
3-5 cc. more of th e nitric acid to the total quantity of r eagent and in 
case th e blue color is still appar ent in a bhnk test, it is hest to discard 
the w h ole quantity of reagent and mak e up a fre sh supply. Th is molyb­
date reagent is a high ly corrosive solution and must not come in con ­
tact v,r ith a ny substance liable to contain phosphorus . A suitable con­
tainer for the m olybdate reagent is a glass dropping bottle of abou t 
30 cc. capacity fitted with a ground-in glass pipette. 

4. Tin pencil-The tin pencil is a r od of pure tin about three-six­
teenths inch in diameter and three or four inch es long pointed on one 
end like a slate pe ncil. To make the tin pencil select a piece of glass 
tubing of suitable bore about six inches long and draw one end out to 
a capillary and turn th e capillary sharply upward. Turn the other end 
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of the tube upward a lso and flare the opening outward to facilitate 
pouring. Fasten the tube in a metal support with the bent ends up­
ward, melt the tin in a suitable dish, heat the glass tube quite hot and 
then pour in the molten tin . After cooling break the glass away from 
the tin and file the metal to the desired shape. 

S. Color chart- The color chart used by the author was made by 
comparing the colors obtained by testing phosphorus solutions of known 
concentrations as outlined under the heading calibrating the test , with 
the color blocks found in Ridgway' s book (2) . The following colors 
were selected as r epresenting as nearly as possible those obtained by 
the actual test. 

I'hosphorus concentration 

0 .5 partR per million . . . 
1 .0 parts per million . 
2 .0 parts per mil li on . 
3 .0 par ts per million. 
4 .0 parts per million .. . 
7.0 parts per mi llion .. . 

10 .0 parts per million .. 
15 .0 parts per million . 

Color name 

Etai n blue . . . . 
Beryl blue .... . 
Lllmin ere blue . . 
Cn.lamine blue .. 
Celldre blue . . . 
Mot.mot blu e .. . 
Italian blue . . 
Oxide blue . . 

Book plate 
No. 

Plate XX 
Plate VIII 
Plate XX 
Plate VIn 
Plate VIII 
Plate XX 
Plate VIII 
Plate VIII 

The above named color blocks were obtained from the publishers 
of Ridgway's book and p()rtions of them were mounted 011 a piece 0 [ 

cardboard which was carried in an envelope to protect the colors from 
light. 

1£ the soil extract is not clear and colorless, the color developed ill 
making the phosphorus t es t may have a slight greenish tint, hence, 
clear soil extracts should be obtained whenever possible. 

Method of Making Blank Tests 

Blank test on molybdate reagent- P lace a drop of the molybdate re­
agent on a piece of the v:axed paper. Add to thi s drop of reagent an 
equal sized drop of distilled water. Mix the two drops by stirring with 
the corner of another piece of the waxed paper and then stir the mix­
ture with the sharp end of the tin pencil for about 10 seconds. If no 
blue color is observed the reagent is suitable for use. In case a faint 
blue color develops , proceed as directed under molybdate reagent. 
After making a test, always wipe the tin pencil on a cloth and scrape 
the point bright by means of a knife blade or spatula in preparation 
for the next test . 

Blank test on water- Proceed as outlined for hlank test on the 
molybdate reagent except use the well or tap water in place of the 
distilled water. Should a blue color develop in this blank test, the 
water is not suitable for making water extracts of soils for the phos­
phorus test. 

2. Color Standards and Nomenclature. Ridgway, R. A. Hoen & Company. 
Baltimore, Maryland. 
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Method of Performing the Test 
Fold a piece of the waxed paper once lengtlnvise and open' to form a 

trough. Hold the folded paper bet\;veen the thumb and forefinger of 
the left hand. With a knife blade, or small spatula, place some of the 
soil to be tested in the end of the paper trough close to the hand and 
then push the soil slightly away from the hand with the point of the 
knife blade, or the tin pencil, in order to make a cavity behind the 
soil sample to receive the water used for extracting the soil. The soil 
sample should fill the paper trough to the top edges and extend about 
three-quarters of an inch lengthwise on the paper. The soil should 
be mellow and friable and placed on the paper in a loose condition. 
During the testing operation, care must be taken not to mix or puddle 
the soil in any way with the Via ter. 

Drop the water into the paper trough back of the soil sample, slowly 
and carefully, allowing the soil to take up the water drop by drop, and 
controlling the movement of the water through the soil sample by 
tipping the open end of the paper slightly downward. The water mu st 
move slowly through the soil, not over or around it, otherwise clear 
extracts may not be obtained. vVhen the clear soil extract appears 
at the outer or lml\' er end of the soil sample, it is separated from the 
soil mass by touching the edge of the drop with the tip of the tin 
pencil and drawing a portion a 'way to the outer end of the paper. Sev­
eral of these drawing-out operations may he necessary in order to 
obtain a sufficient amount of the clear extract for making the test. 
When about a drop of the soil extract has he en ohtained and is held 
on the outer end of the paper, draw the drop off again onto a flat piece 
of the waxed paper. This ' second drawing operation aids in ohtain.ing­
clearer soil extracts, Add to the drop of s'oil extract on the flat pleC(~ 
of paper an equal quantity of the molybdate reagent, these quantities 
can be estimated in drops vvith a little practice, and mix by stirring with 
the corner of a piece of the waxed paper, and then stir with the tip 
of the tin pencil for about 10 seconds. If phosphorus is present ill 
the soil extract. within the accuracy of the test, a blue color develops 
and the intensity of this blue color is a measure of the quantity of 
phosphorus present in the soil extract up to the maximum color oh­
tainable from the reaction. 

The maximum intensity of this blue color develops in a short time. 
and then the color gradually fades out. If a comparison of two or 
several soil samples is desired, the extracts may all be obtained at first, 
and the molybdate reagent added and the blue color developed in all 
of the extracts at nearly the same time. In making comparative tE'sts, 
approximately the same quantity of each soil sample should be taken. 
A slight turbidity of the soil extract does not seriously affect the test; 
but the strongly acid molybdate reagent must not come in contact 
with the soil sample or small detached particles of the soil. The de­
scribed technic works well on all soils except plastic clays, and some­
times great care is necessary in order to obtain clear extracts from 
highly defloccuIa ted muck soils. " . 

In the case of dry muck soils not easIly wet \\11th water, the elry 
muck is stirred hack into the water "vith the point of the tin pencil 
in the extracting operation until the soil is wet, ending this operatiO!l 
with the least possible quantity of water. Then push the wet soIl 
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for ward on th e paper , acid a drop or t \v o m ore o f \Vat er hack o f th e 
so il and compl ete th e extrac ti on . 

Calibrating the Test 

In order t o place the phosphoru s t es t on a quantitative basis, it was 
calibrated by t esting solutions of knOV/11 phosphorus content. A stand ­
ard solution conta ining 100 part s pe r mill ion of phosphorus was fir st 
made up by dissolving 0.4577 g rams of pure di -sodiu m phospha t e in 
di still ed w at er and then diluting t o one liter. From thi s s t andard solu­
ti on, other solutions we r e pr epa r ed conta ining one-half , one, t wo, three, 
four, or m or e parts pe r m illion, r espectively, of phosphorus by care­
ful dilutions of a liquot portions. T hese so lutions we r e then t es t ed fo r 
phosphoru s according t o the prescribed t echnic fo r performing the te st . 
Th e color s produced wer e co mpar ed w ith th e color b lock s in Ridg­
w ay 's book in o rde r t o select the proper shades of color to represent , 
quantitat ively , the a m ount of phosphoru s t o be fo und in unknown solu ­
ti ons or so il extract s. 

Practical Application of the Test 

When an inves tigat or a ttempt s t o adapt a new t es t fo r the purpose 
of gathering info rm a tion about soil s, he is confronted w ith the dif ­
ficulty of m aking suitable correlat ions bet ween t es t r esult s and the 
other factor s susceptible t o control m easures. Due t o the complex 
nature of so ils, and to the prese nt lack of knowledge concerning the 
chemi cal const itution of them , t es t r es ult s a r e som etimes obta ined 
wh ich can not be explained on the ba sis o f the da ta a t hand, and thi s 
situati on d emand s a certa in knowledge of the so il and cropping con­
diti ons under which th e t es t has bee n appli ed. E xperience ga ined 
from using thi s phosphoru s t es t under fi eld condit ions has brought t o 
li g ht som e of t he diffi culti es conn ected w ith it s use and some pre­
caut ions mu st be obse rved if the tes t fulfill s the expect a tions w hich 
m ay be placed upon it. 

D uring the pas t t hree crop seasons, many hundreds of t es t s have 
been mad e on fi eld so il s w ith thi s phosphorus t es t , m or e particularly 
w ith the idea of developin g a suitable t echnic for it and of det ermining 
it s application and limita tion s. T est s h ave b een made on severa l so il 
t ypes and on fe rtilized and unfertili zed fe rtility t es t pla t s both on 
m inera l and org anic so ils. T he r esult s obtained t o da t e indicate that 
th e t es t can be used success fully in several lines of r esearch pertain ­
in g t o soil phosphorus and that u seful information can b e obtained 
w ith it re la tive t o the appli cation of phosphorus fe rtilizer s t o so ils. 

A low phosphoru s t es t may be obtained unde r a luxuri antly g rowing 
crop w hich cove r s t he g round , and t he t es t can not be taken as proo f 
tha t th e crop is not ge tting a supply of phosphorus. A crop exerts a 
certain dem and on a so il fo r it s nutri ent elements and thi s draft on t he 
so il m ay exhaust the ava ilab le supply of nutr ients or t ake them up as 
fa st as th ey becom e soluble . From thi s st andpoint , it is probably not 
illogical t o assum e that a crop can obta in a suffi cient supply of nutrient 
elem ents from a so il in w hi ch only sm all quantiti es a r e ava ilable. In ca ses 
of thi s kind , th e pow er of the so il t o supply phosphoru s t o the crop is an 
important so il fertility ques ti on, an d it is a lso sig nificant t o thi s pur-
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pose to know if the soil g ives a relatively high t es t for phosphonis 
before the crop is es tablished, and if the soil recuperates rapidly from 
the phosphorus exhaustion after harvest. For this r eason, it is be­
lieved that a test for plant nutrients should be applied periodically 
throug hout the w hole crop season. These statements apply, however, 
more particularly to field crops than t o intensive cropping systems 
where large quantities of fertilizers are used. 

Tests obtained from the u se of a micro-chemical t es t of this kind 
can not be correlated dir ectly with crop r esponse to fertilizers except 
over the range in which the ele ment in question is limiting. If some 
other element, or factor, is the limiting one, then a t es t for one nu­
trient element can not be used as an indicator of crop r esponse. On 
the other hand, if relatively hig h phosphorus t ests are obtained on a 
soil, and the crop yield is low, these r esults may be taken as an indi ­
cation that some factor other than phosphorus is limiting crop g rowth. 

An important -matter in studies of this kind is the time and place 
of taking the soil sample for t es ting. Soils may vary considerably 
within short distances in th eir content of ·water-soluble phosphorus, 
and a knowledge of the possibilities for variation in this r espect is r eq­
uisite for good result s. It w as found that so me soils gave higher 
phosphorus t es t s when dry than w hen wet. The drying of the soil , in 
thes e cases, caused phosphorus to become more soluble, w hich is thought 
to be due t o changes in the soil sys t em induced by the evaporation of 
water. It was found, a lso, that during periods of drying weather 
more soluble phosphoru s could be obtained at the soil surface than in 
the soil imm ediately beneath the surface, a nd that the sa lt incrusta­
ti ons commonly fOl_lnd on so il surfaces always gave t es t s for soluble 
phosphorus. Eviden tly, so me of the soluble soil phosphorus is brought 
to the surface and deposited there during periods of drying weather, 
ai-ld is dissolved and washed into the soil again by rains. The watel:­
soluble phosphorus content of soils is influenced by decaying plants, 
droppings from animals, manure piles, burning of brush heaps, forest 
fires, and, as before m entioned, factors which change soil structure. 
If the testing is t o be done after fertilizer applications, the method of 
applying the fertili ze r is important t o the manner of taking so il sample:s 
fo r the te st. The operator should knO\v, or a tt empt t o discover if the 
fertilizer has been broadcasted, drilled in t he row or beside the row, 
placed above or below th e seed, o r check ed in hill s. Thorough exam ­
ination of any situa ti on ;s necessa ry ill order to ohta in data that may 
he int t' rpret ed to practical advantage. 

TE~T FU R \VA 

SOLUBLE PHOSPHORU~ 
BY PHOSP! 

Miscell 
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rather than to study a few 
of the phosphorus tests we r 
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A TEST 1'0 1\ VVATER-SOLUBLE PHOSPHORUS 

SOLUBLE PHOSPHORUS IN FIELD SOILS AS INFLUENCED 
BY PHOSPHORUS FERTILIZERS 

Miscellaneous Field Tests 

Method 

9 

In carrying out this phase of the work, it was thought best to fol­
low the policy of testing soil from numerous situations in the field 
rather than to study a few soils intensively. Accordingly, nearly all 
of the phosphorus tests were made on station fertility plats and on 
cooperative experiment fields located in different parts of the State. 
By following this plan, the investigation covered a number of im­
portant lVlichigan soil types. The phosphorus tests were all made in 
the field on samples taken from dry, surface soils during a period of 
drying weather. Care was taken to select comparable situations for 
making the phosphorus test in order to exclude the possibility of the 
test results being influenced by the accidental factors discussed in the 
first part of this bulletin. In selecting these situations and in taking 
samples for the tests, attention was paid to the method of fertilizer 
application. \i\There broadcast applications of fertilizers were made, the 
samples were taken mid\vay between crop rows, but in the case of 
drilled or row applications of fertilizers, the samples were selected 
from positions directly over the fertilizers. 

Phosphorus tests were made on the water extracts of the soil samples 
according to the method previously outlined and the tests on the acid 
extracts were made in the same manner except that a di lute nitric acid 
solution containing four cc. of nitric acid per liter of water was used 
in place of water for extracting the soils. 

In all the tables of this bulletin, a negative (- ) sign indicates a 
blank test, or that no phosphorus was found in the soil extract, and a 
positive (+) sign denotes a positive test for phosphorus but a quan­
tity less than 0.5 part per million. 

Discussion of Table I 

The results of the phosphorus test on \vater and acid extracts com­
pare favorably with respect to order of quantity of phosphorus found. 
but the results obtained on the acid extracts are higher in magnitude 
than those of the water extracts. Before the investigation was com­
pleted, however, it yvas concluded that the phosphorus test results on 
water extracts corresponded more closely to the soil phosphorus avail­
able to crops than did those on the acid extracts, hence, the use of the 
dilute acid for making soil extracts was discontinued. 

On soils having a low power to revert soluble phosphorus of the 
fertilizers to insoluble forms, differences were obtained in the soluble 
phosphorus content of soils between check plats and fertilized plats. 
and also hetween plots to which different amounts of fertilizers had 
heen applied. In the case of soils having a high reverting power for 
phosphorus, llowever, a certain amount of fertilizer was required he­
fore definite phosphorus test results were obtained. 

It is evident from these results that at least a part of the soil revert-
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Table I.-Phosphorus tests on fertilized and unfertilized soils. Test results in parts 
per million in soil extracts. All tests were made on the dry surface soil. 

Soil No. , type and fertilizer 

1. Hillsdale sandy loam . 
0-20- 0 ..... . . . . . . . . . 
0-20- 0 . 

2- 12- 5 . . 

2- 12-6 . . . 

2-15-2 . . . . 
2-16-2 .. 

2. Coloma sand. 
0- 20- 0 . . . . . . . 
0-20- 0 . . ... . . . . . 

3. K ewanee sandy loam .. . 
2- 16- 5. 
2-16-6. 
2-16-6 . . 

4. Muck ... .. .. . 
0- 16- 0 . .. . 
0-16- 0 . ...... .. .. . . 
0-16-0 . ..... . . . . 
0- 16- 0 .. 

5. Kewanee sandy loam .. 
2-16- 6 .. ... . 
2-16- 1) ... . 
2-16-6 . ...... . 
2-16-6 . . 

6. Muck .. .. .. . . . . 
0- 16- 0 . 

7. Onaway sandy loam . 
2-16- 6 .. 
2-16- 6 . . . 
2-16-6 . .... . 

8. Onaway sandy loam . 
0-16- 0 . . . .. . 

9. Muck 
4- 4- 16 . ... .. .. ..... . 
4-8-16. 

10. Roselawn sandy loam . 
2-16-6 . ... ... . . . 
2- 16- 6 .. .. .. . . . 
2-16-6 . .. . 

11. Roselawn sandy loam. 
0-16-0 . 

12. Muck .. 
0-8-0 .. . . .. .. ... . . . . 

13. Miami loam . ..... . .. . 
2-16-0 .. .. . .... . .. . . 
2-16-0 ... . . . 
2-16-0 .... .. .. 
2-16-6 .... . . 
2-16-6 .. . . . 
2- 16-6 .. .. . 

14. Coloma sand . . . . . 
0-20-0 . .... . 
0- 20-0. 

J5 . Hillsdale sanely loam . 
0- 20- 0 . . 

0- 20- 0 

0- 20- 0 

0- 20- 0 . 

Anaconda . . . 

Rate 
per A. 

Ck. 
2501bs. 
2501bs. 

Ck. 
5001bs. 

Ck. 
2501bs. 

Ck. 
2001bs. 
2001bs. 

Ck . 
2501bs. 
5001bs. 

Ck. 
2501bs. 
5001bs. 

10001bs. 

Ck. 
2501bs. 
5001hs. 
7501bs. 
750 Ibs. 

Ck. 
200lbs. 
'.i00 Ibs. 
500lbs. 
8001bs. 

Ck. 
5001bs. 

Ck. 
250lbs. 
5001hs. 

1000lbs. 

Ck. 
800lbs. 

Ck. 
12001bs. 
12001bs. 

Ck . 
3751bs. 
7501bs. 

1500lbs. 

Ck. 
800 lbs. 

Ck. 
6001bs. 

Ck. 
2501bs. 
5001bs. 

10001bs. 
250 1bs. 
5001bs. 

10001bs. 

Ck. 
250 Ibs. 
500 lhs. 

Ck. 
250 Ihs. 

Ck. 
250 Ihs. 

Ck. 
2.50 Ibs. 

Ck. 
250 1bs. 

Ck. 
87Yz Ihs. 

Crop 

Corn . ... . . 
Corn .. . . . . 
Corn ..... . 
Potatoes . . . . . 
Potatoes . . . . . 
Oats . . . 
Oats . . . 
Barley .. 
Barley . . 
Oats . 

Corn .. . . 
Corn . ... . 
Corn . .. . 

Potatoes .. .. . . 
Potatoes ... . . . 
Potatoes .... . 
Potatoes . . . 

Onions . . 
Onions .. 
Onions 
Onions ... 
Onions .. 

Potatoes . 
Potatoes. 
Potatoes. 
Potatoes . 
Potatoes . 

Onions ... . . . . 
Onions. 

Potatoes . 
Potatoes. 
Potatoes. 
Potatoes . 

Potatoes. 
Potatoes. 

Onions . . . 
Onions . . . . .. . 
Onions .. . . . 

Potatoe~. 
Potatoes . 
Potatoes 
Potatoes . 

Potatoes 
Potatoes .. . . 

Potatoes. 
Potatoes. 

Potatoes .. . . . 
Potatoes .. . . . 
Potatoes . . . . . 
Potatoes . . . . . 
Potatoes . 
Potatoes 
Potatoes . 

Corn . .. . 
Corn .. . . 
Corn .. 

Corn .. .. . 
Corn .. . . 
Corn . 
Corn ... 
Alfalfa . 
Alfalfa. 
Oats .. . . 
Oats .. . . 
Wh eat .. . 
Wheat . . 

Phos­
phorus 
water 

extract 

+ 
0.5 
05 

+ + + 
+ 
+ 

0 .5 

0. 5 
1.0 
2.0 

1.0 
1.0 
1.0 
2 .0 

+ 
0.5 
1.0 
2 .0 

1.0 
1.0 
20 
2 .0 
2 .0 

2 0 
3. 0 

+ 
0 .5 
1.0 
2.0 

+ 
0 .5 

0 .5 
2. 0 
4.0 

+ 
0 .5 
1.0 
2.0 • 

+ 
0.5 

1.0 
20 

+ 
0.5 
1.0 
+ 

0 .5 
1.0 

+ 
0 .5 
1.0 

+ 
+ 
+ 

0 .5 

+ 

Phos­
phorus 

acid 
extract 

2.0 
4.0 
4.0 
0.5 
1.0 
0. 5 
1.0 
0.5 
o .~ 
2.0 

2. 0 
10 .0 
15 .0 

3.0 
4 .0 
4 .0 
7 .0 

0.5 
0.5 
1.0 
2 .0 
3.0 

3.0 
4 .0 
7.0 

10 .0 
10 .0 

4.0 
7.0 

2.0 
3 .0 
3.0 
5.0 

2.0 
3 .0 

2.0 
7.0 
7.0 

2 .0 
3 .0 

10 .0 
7.0 

2. 0 
3 .0 

2 .0 
3 .0 

0 .5 
1.0 
2. 0 
3. 0 
0 .5 
1.0 
2.0 

0 .5 
1. 0 
2.0 

+ 
2 .0 
+ 

LO 
+ 

0 .5 

20 
+ 

1.0 

Remarke 

Previously fertilized . 
Broadcast. . 
Broadcast . 

Broadcast. 

Drilled, previously fertilized and limed . 

Drilled, previously fertilized and limed. 
Drilled, previously fertilized and limed . 

Broadcast. 
Broadcast. 

Broadcast. 
Broadcast. 
Broadcast. 

Broadcast. 
Broadcast. 
Broadcast. 
Broadcast. 750 lbs. KC!. 

Broadcast. 
Broadcast. 
Broadcast. 
Broadcast. 

Previously fertiliz ed. 
Broadcast. 

Broadcast. 
Broadcast. 
Broadcast. 

Broadcast. 

Broadcast. 
Broadcast. 

Broadcast. 
Broadcast. 
Broadcast. 

Broadcast. 

Broadcast. 

Broadcast. 
Broadcast. 
Broadcast. 
Broadcast. 
Broadcast. 
Broadcast. 

Broadcast. 
Broadcast. 

Broadeast. 

Broadcast. 

Broadcast. 

Dnllcd . 

Drilled . 

A TEST FOR 'vVA' 

Soil No ., type alld fertiliz er 
Hate 

per A. 

16. Kewanee sandy loam . . . 
0- 15-0 . .. . . 

Ck. 
2501bs. 
5001bs. 
7.')0Ibs. 

0- 15- 0 . . 
0- 16- 0 . 

17. Muck . 
0- 8- 24 .. 
0-8- 24 . 
0- 8- 24 . 
0-8- 24 . 

18. Muck . . 
0- 8- 21 . 

19. Muck .. 
0- 8- 24 . 

20. Muck .. 
4- 4- 16 . 
4- 8- 16. 
4-8- 16 . 
4- 8- 16 . 
4- 8- 16 . 
4- 8- Hi .. 

21. Muck .. 
0- 0-24 . 
0- 8- 0 . . . 
0- 8-24 . 

22. Muck ... 
0- 0- 24 . 
0- 8-0 . 

23. Vaukcsha silt loam. 
O- ((j- O. 
Anaconda ..... . 
Hock phosphate 
Rock phosphate .. 
Rock phosphate . . 

24. Fox sandy loam . 
0-16-0 
Hock phosph ate . . 
0- 16- 0 ..... . . 
Anaconda . . . . 
Anaconda . 

Rock phosphate .. 
Rock phosphate .. 
Rock phosphate .. 

25. Fox sandy loam .. 
AJlaconda . . . 

Ck. 
2001bs. 
2001bs. 
200 Ibs. 

10001bs. 

Ck. 
600 Ibs. 

Ck. 
8001bs. 

Ck. 
1200 Ibs. 
12001bs. 
1200 Ibs. 
1200 Ibs. 
12001bs. 
12001bs. 

Ck. 
8001bs. 
8001bs. 
800 1hs. 

Ck. 
.')OOlbs. 
500 Ibs. 

Ck. 
200 Ibs. 

80 1bs. 
10001bs. 

... 16001bs. 
2000 Ibs. 

Ck . 
2001bs. 

10001bs. 
4001bs. 
371bs. 
741bs. 

Ck . 
700 Ius. 

1.500Ibs. 
2000lbs. 

Ck. 

0- 16- 0 .. .. . .. . .. .. . . 
841bs. 

2001bs. 
200lbs. 
200lbs. 

0- 16- 0 . 
0- 16- 0 . 

0- 16- 0 . 
0- Hl- O .. .. . 
0- 16- 0 . 
0- 16- 0 . . 
0- 16- 0 
Rock phosphate .. 

26. Muck . . 
0-8- 24. 
0 -8-24. 

27. Brookston silt loam .. . 
0- 16- 0 . 
0- 16- 0. 
0- 16- 0 . 
0- 16- 0 . 
0-16- 0. 

200lbs. 
220 1bs. 
330lbs. 
400 lbs. 
660 1bs. 

1500 Ibs. 

Ck. 
15001bs. 
1500 Ibs. 

Ck. 
250 Ibs. 
5001hs. 
.'i00 lbs. 
250lbs. 
8001bs. 

28. Muck . .. . .. .. . .. . . .. . Ck. 
4- 4-16 .. .. .. .. .. . . .. . 1200 lhs. 
4-8-16 ...... .... ..... 12001bs. 
4- 10-16. . . . ... . ...... 12001bs. 
4-8-16 .. ..... . 560lbs . 

Tal 

Crop 

Corn 
Corn . 
Corn . .. . 
Corn .. 

Carrots. 
Carrots . 
Carrots .. 
Carrots ... 
Carrots . . 

Onio!1s . . 
Ouions. 

Potatoes .. 
Potatoes . 

Onions .. 
Onions . 
Onions .. 
Onions .. 
Onions . 
On ions 
Onions 

Peppermin 
Peppermin 
Peppermin 
Peppcrmil 

Peppermi l 
Peppel'01i l 
Peppermil 

Alblfa. 
Alfalfa . . 
Alfalfa . . 
Alfalfa . 
Alfalfa .. . 
Alfalfa .. 

Potat.oes. 
Potatoes . 
Potatoes. 
Potatoes. 
Potatoes. 
Potat.oes . 
Oats .. 
Oats . . . . 
Oats. 
Oats 

Alfalfa ... 
Alfalfa . . 
Alfalfa ... 
Alfalfa .. 
Alfalfa . 

Alfalfa . . 
Alfalfa .. 
Alfalfa ... 
Alfalfa .. 
Alfalfa .. . 
Alfalfa .. 

Celery . . . 
Celery .. . 
Celery .. . 

Bugar bee 
Sugar bee 
Sugar bee 
Sugar bee 
Sugar bee 
Sugar bee 

Onions .. . 
Onions .. 
Onions . . 
Onions . . 
Onions .. 
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Soil No. , type alld fert ilizer Haie 
per A. 

Table I.- Continued 

Crop 

Phos­
phOrtiB 
water 

extract 

l)hoB­
ph orus 

ae id 
extract 

------------ - --- ------1-·--- ---.-

16. Kewan ee sandy loam . . . Ck. Corn . 
0- 16-0 . 250 Ibs. Corn . + 
0- 16- 0 . 500 1bs. Corn . 0 . 5 0 . 5 
0- 16- 0 . 7.50 Ibs. Corn . 0 . 5 10 

17. Muck .. Ck. Carrots. + 
0- 8- 24 .. 200 1bs. Carrots. 0 . 5 
0- 8- 24 . 200 1bs. Carrotti .. 3 .0 
0- !l- 24 . 200 Ibs. Ca rro ts . . 3 .0 
0- 8- 24 . 10001bs. Carrots . 3 .0 

18. Muck .. Ck. Onions . 0 .5 
0- 8· 21 . 600 Ibs. Onions .. 2. 0 

19. Mu ck . Ck. Potatoes. 0 . 5 
0- 8- 24 . 8001 bs. Potatoes. 2 .0 

20. Muck . Ck. Onions. 2 . 0 
4- 4- 16 . . 1200 Ibs. Onions . 2 .0 
4- 8- 16. J 200 Ibs . On ions .. 3 .0 
4-8- ]6 1200 Ibs. Onions .. 3 .0 
4'-8- 1(; 12001bs. Onions. 2 .0 
4- 8- ]6 . 1200 Ibs. Onions . 3 . 0 
4- 8- ](; .. 1200 Ibs . Onions .. 3 . 0 

21. Mu ck .. Ck . PCPPcl'min t ... 20 
0- 0- 24 . 8001b8. Pcpperm in i .. 2 .0 
0- 8- 0 . 800 Ibs. Peppermint. .. 3 .0 
0- 8-24 . !l00 Ills. Pcppcrm in t . 3 .0 

22 . Mu ck . . . Ck. Peppermint . . 2 .0 
0- 0- 24 .. !i00 Ibs. Peppermin i .. . 3 .U 
0- 8- 0 . SUO Ibs. ]>eppermint :1. 0 

23. Vaukcsha Bilt loam . Ck. Alfa lfa . + 
O- IG-·O. 200 Ibs . Alfa lfa .. + 
Anaconda .. ...... 801bs. Alfa lfa ... + 
Hock phosphate .. 10001bs. Alfa lfa .. + 
Rock phosphate .. .. 16001bs. Alfa lb . .. 0 .5 
Hock phosphatc . . 2000 Ibs. Alfalfa . . 0.5 

24 . Fox sandy loam .. Ck . Potatoes. + 
0- 16- 0 . .. ..... . . 200 1bs. Pota toes . 0 . 5 
Hock phosphate .. 10001bs. Potatoes. 1.0 
O- ](j- O .. . . 4001bs. Potatoes. 0 .5 
Anaconda . ... 37 1bs. Potatoes. + 
Anaconda . . 74 1bs. Potatoes. + 

Ck. Oais . + 
Rock phosphatc .. 700 1bs. Oats ... 0 . . 5 
Rock pbosphate . ... ViOO Ibs. Oats ... 1.0 
Rock phosphate .. 20001bs. Oats 1.0 

25. Fox sandy loam . . Ck. Alfalfa . . 
Anaconda . .. 84 1bs. Alfa lfa . + 
0- 16- 0 . 2001bs. Alfalfa .. + 
0- 16- 0 .. .. 2001bs. Alfalfa ... + 
0- 16- 0. 2001bs. Alfalfa . . + 
0- 16- 0 . . .... .. ... . .. 200 1bs. Alfalfa .. + 
O- W- O. 220 1b8. Alfalfa. + 
0- 16- 0 . .... . . . . . . . . . 330 1bs. Alfalfa . . + 
0- 16- 0 . 400 Ibs. Alfalfa. 0 .5 
0- 16- 0 . (;60Ibs. Alfalfa . 2 .0 
Rock phosi)h~tc . . 15001bs. Alfalfa. 0 . 5 

26. Muck . . Ck. Celery. + 
0- 8- 24 . 1500 Ibs. Celery . .. . . 1.0 
0- 8- 24 . 15001bs. Celery . . .. 0 .5 

27. Brookston silt loam .. Ck . Sugar beets . . . + 
0- 16- 0 . 250 1bs. Sugar beets . . 0 .5 
0- 16- 0 . 500 1hs. Sugar beets .. . 1.0 
0- 16- 0 . .~OO Ibs . Sugar beets . . 2 .0 
0- 16- 0 . 250 1bs. Su!?;ar beets ... 10 
0- 16- 0 . 8001bs. Sugar beets ... 2 .0 

28. Muck . ..... .. .. . . . . .. Ck. Onions ... . . .. 0 . 5 
4-4-16 . .... . . .. .. . .. . 12001hs. Onions ...... . 1.0 
4- 8-16 .... . . . .... .... 12001bs. Onions . ...... 1.0 
4- 10- 16 .. . ... .. ...... 12001bs. Onions ..... . . 2.0 
4-8-16 . .... ... ...... . 5601bs. Onions .. . 3 . 0 

Hem:lrks 

Broadcast . 
Broadcast. 
Broadcast. 
Broadcas t. 

Midway betwce.Jl rows. 
Broadcast . 
Row applicat ion. 
Applied lInder seed . 
Broadcast. 

Previou sly feriili zed . 
App lied under ro w. 

Broadcast. 

Previously ferii li 7.Cd. 
Broadcast. 
Broadcast. 
Broadcast, P in Basic Slar:: . 
Broadcast, P in Bone Meal. 
Broadcast. P in Ca (I-hPO, h, 
Broadcast , Pin Ca HPO, ). 

Broadcast. 
Broadcast . 
Broadcas t. 

Broad cast . 
Broadcast . 

Broadcast. 
Broadcast . 
Broadcast. 
Broadcast. 
Broadcast. 

Broadcas t, 6 app licat.ions. 
Broadcast. 
Broadcast . 
Broadcast. 
Broadcast. 

Broadcast , 4 applications . 
Broadcast, 4 applications . 
Broadcast. 4 app li cations . 

Broadcast, + 100 Ibs. KCI, 2 applications. 
Broadcast, + 50 Ib8. KCI, 2 applications. 
Broadcast, 2 applications. 
Broadcast, + 100 Ibs. KCI + 50 Ibs., Na 

N03, 2 applications. 
Broadcast, + 100 Ibs. KCI. 2 applications. 
Broadcast, + 110 Ibs. K C !. 
Broadcast, + 165 Ibs. KC!. 
Broadcast, 2 applications. 
Broadcast, + 330 Ibs. KC!. 
Broadcast. 

Broadcast. 
Broadcast, P in Basic Slag. 

Broadcast. 
Broadcast. 
Broadcast, + 200 Ibs. KC!. 
Broadcast, + 200 Ibs. KC!. 
Broadcast. 

Broadcast. 
Broadcast, P in Basic Slag. 
Broadcast. 
Row application. 
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Soil No., type and fertilizer Rate 
per A. 

29. Brookston silt loam ... . Ck. 
0- 16- 0 .......... 2501bs. 
0- 16- 0 ... .... . . . 2501bs. 
Anaconda . . . . . . . .. 841bs. 
Rock phosphate ... . 10001bs. 

30. Kewanee sandy loam . .. Ck . 
Anaconda ..... 841bs. 

31. Coloma sand Ck. 
Anaconda .. .. 841bs. 
Anaconda . .. . 841bs. 

32. N apanee silt loam .. Ck . 
0- 16- 0 ...... . 200 Ibs. 
Anaconda .. . . 1001bs. 

33. Miami loam . Ck. 
0- 16- 0 .. 250 Ibs. 

34. Muck .. Ck . 
0- 8- 16 . 5001bs. 

35. Newton saIld . Ck . 
0- 8-16 12001bs. 

36. Muck ... Ck. 
0- 0- 10 . 1200 lbs. 
2- 4- 16 . . 12001bs. 
2- 6- 16 . 12001bs. 
2- 8- 16 1200 lbs. 
2- 8- 16 . . 600 lbs. 

37. Newton sand . Ck. 
0- 8-16 .. 1200 lbs. 

38. Muck Ck . 
0 -8- ](j . 500 lbs. 

39. Muck Ck. 
0- 16- 0 1001bs. 
0- 16 -0 .. 200 lbs. 
O- ](j- O 300 IbA. 
0- 16- 0 300 lbs. 

40. Muck . .. Ck. 
0-8- 16 1200 lbs. 
0-8- 0 . 12001bs. 
0- 8-0 1200 lbs. 
0- 8- 0 ... 1200 Ibs. 
Ashes . 1000 lbs. 

41. Muck .. . Ck. 
O-S-O . . . . . . . . . . . . 5001bs. 
2- 8- 16 . . 5001bs . 

42. Muck . Ck. 
2- 8- 16 .. 5001bs. 

43. Coloma sand . Ck. 
Anaconda. 841bs. 

44. Kewanee sandy loam . Ck. 
Anaconda . 841bs. 

45 . Miami loam . . .... .. .. Ck. 
0- 16- 0 . 2501bs. 

46. Brookston si lt loam .... Ck. 
Anaconda . .. 841bs. 

45 . Miami loam .. . . . .. . .. Ck. 
0- 16-0 . .. 2501bs. 

46 . Brookston silt loam .... Ck. 
0- 16- 0 . 2501bs. 

47. Brookston silt loam . Ck. 
0- 16- 0 .... ... .. . . . ... 250 Ibs. 
0- 16- 0 ... ... .... ..... 5001bs. 

Table I.-Continued 

Crop 

Corn . ..... . . 
Corn . . .. 
Corn ... . 
Corn ..... 
Corn .... 

Potatoes . 
Potatoes . 

Potatoes. 
Potatoes .. 
Potatoes . . 

Sugar beets . . . 
Sugar beets ... 
Sugar beets .. 

Potatoes . . . 
Potatoes .. 

Peppermint ... 
Peppermint . . 

Onions . 
Onions . 

Onions .. 
Onions .. 
Onions 
Onions .. 
Onions . 
Onions 

Onions .. 
Onions . 

Sugar beets ... 
Sugar beets ... 

Corn .. . . 
Corn . 
Corn . 
COi·fl .... 
Corn . . 

Celery . .. 
Celery .. . 
Celery .. .. . . . 
Celery ..... . . 
Celery .. . . . . 
Celery .... 

Peppermint .. . 
Peppermint . .. 
Peppermint . . 

Peppermint ... 
Peppermint .. . 

Corn ... 
Corn . .. . . ... 

Corn .. .. .. 
Corn . ..... 

Sugar beets ... 
Sugar beets .. 

Sugar beets . .. 
Corn . 

Sugar beets .. 
Sugar beet.s .. 

Su ~ar beets .. . 
Sugar beets .. 

Sugar beets . . 
Sugar heets ... 
Sugar beets .. . 

Phos­
phorus 
water 

extract 

+ 
1.0 
2 .0 
1.0 
1.0 

0 .5 

+ 
1.0 
1.0 

+ 
1.0 
1.0 

+ 
1.0 

0 .5 
1.0 

+ 
1.0 

0 .5 
0 .5 
1.0 
1.0 
1.0 
3 .0 

0.5 
1.0 

O. ,) 
1.0 

1.0 
2 .0 

0 .5 
l .u 
1.0 
2 .0 
0 .. 1 
0 .5 

+ 
O . .'i 
0 .5 

0 .5 

+ 

+ 
0 .5 
1.0 

0 .5 
+ 

0 .5 
1.0 

0 .5 
1.0 

0 .5 

Phos­
pborus 

acid 
extract 

Remarks 

----- -------------

Broadcast. 
Broadcast , + 100 Ibs. NaNO a, + 50 Ibs. KCI 
Broadcast. 
Broadcast. 

Broadcast. 

Broadcast. 
Broadcast, + 100 IbR. NaN03 + 50 lbs . KCI 

Broadcast. 
Broadcast. 

Broadcast.. 

Broadcast . 

Broadcast . 

Broadcast. 
Broadcast. 
Broadcast. 
Broadcast. 
Row application . 

Bro:ldcast. 

Broadcast. 

Broadcast . 
Broadcast. 
Broadcast. 
Broadcast, + 1000 Ibs. Sa lt. 

Broadeast. 
Broadcast. 
Broadcast, + 1000 Ibs . Salt. 
Broadcast, P i'l Basic Slag. 
Broadcast. 

Bro:lclcast.. 
Broadca8t.. 

Broadcast. 

Broadcast. 

Broadca~t. 

Broadcast, + 100 IhR. NaN03, + 50 Ius. KCl 

Broadcast. 

Broadcsat, + 100 Ibs. NaNO. , + 50 lbs . KCI 

Broadcast, + 100 Ibs. NaNOa, + 50 lbs. KCI 

Broadcast . 
Broadcast . 
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fertilizer required to meet th 
the so il in thi s respect. 

It is apparent from the res 
,,:: U, N aNO:~, and N aCl ill cre 
with th ese fertili ze r s, and it i~ 
on so il s which have a low Vh( 

The so lubility of pho sphor 
different kinds o£ phosphoru s 
pre sent ed h er e are considered 

Hi g h er te st r esult s were 01 
CTS than from broac1cast appl 
fertiliz er w er e appl ied on a 1 
soil contained comparat ive ly 
fro1ll heav y applicati ons of fe1 

DEPTH-DISTRIBU~ 

PHOSPHORUS 

1. FERTILIZERS APF 

Me 

For this investigation, fo ur 
suffI cientl y close together to 
c1itiollS woulcl b e nearl v th e 
within an area of one sClua rc 1 

lish ecl by m easuring off a smal 
ui sit e aliquot part of fertilize 
20 per cent superpho sphate. 
fertilizer, the surface so il wa~ 
tili ze r applied, and t he so il reI 
position. All of the plats '\\'er 
the soil and plant cove r '\\'as 
la t er in the season. 

Samples wer e taken fr om · 
with one perpendicular sic1 e in 
m encing at the bottom of thi 
by m ean s of a spatula r epres( 
and the surface, o r O-depth sal 
of the so il. As these so il sam1 
they w er e placed in small pal 
t o the laboratory where they 
for phosphorus. The r es ults 

Discu 

The res ult s show that tb e v, 
phor ll s is the g r eatest in tIle C 



in g pm\'l'r mu s L be sati sfl ed h efo r e phospho rus ca n ex ist 111 the so il 
s() lu t ion in apprec ia ble a lll () Unt s, and th e (Jua ntity of a phospho ru s 
fe r t ili %e r r ecjuir ed t o m ee t t hi s co ndi t iu ll dep ends upon th e nature o t 
th e soil in thi s r esp ect. 

It is a ppar ent h om the r es ult s in T a ble I that large application s of 
I( U , N aNO ::, a nd N aCl in cr ea se t h e solubility o f phosphoru s applied 
\\ 'it h t hese fertil i%e r s, and it is th u ug ht t hat t hi s eHect is m o r e mark ed 
on soils wh ich ha ve a low ph osphoru s r eve rting po wer. 

The so lubility of ph ospho ru s in so il s undoubted ly varies with t h e 
d iff er ent l>:: inds of ph osphoru s fertilize r s applied t o th em , but the dat a 
pre sent ed her e are co nsi der ed in suffi cient t o prove thi s point full y. 

Hi g h er t es t r es ul ts w er e ob t a ined fr om row applicat ion s o f fe rtil iz­
er s t han from broad cast appli catioll s, cvcn 'wb er e sma ll e r am oun t s of 
fer ti li ze r w er e a ppli ed on a per a cr e bas is . C'xce pt in ca ses wh e r e th e 
soil contained compa r a ti ve ly large Cjuantiti es o f s()luhle plw sph !) ru s 
frolll heav y app lica tion s ()f fe rtili %er s. 

DEPTH- DISTRIBUTION OF WATER SOLUBLE 
PHOSPHORUS IN FERTILIZED SOILS 

1. FERTILIZERS APPL IED AT DIFFERENT DEPTHS 

Method of Study 

F or thi s inves tigati on. four differ ent so il s wer e selec t ed in locati on s 
suffi cient ly close toge th er t o in sure t ha t rain fall and so il dry in g C0 11 -

c1it io ll s wo uld h e n ea rl y tll e sam e. A ll o [ th ese so ils were located 
within an area o f on e sCluare mi le. T h e experimenta l pla t s we r e estalJ­
lishecl by m ea surin g off a small fra ct ion o f an acr e and app ly ing t h e r eq ­
ui sit e ali cluot pa r t o f ferti lize r a t th e ra t e of 1,000 pounds per acre 0\ 
20 per ce nt superph osph a t e. In the cases o f depth application s o f th e 
fertili zer , the surfcl ce so il was r em ov ed t o the des ired depth, the fe r­
tilize r applied, a nd t he so il r ep laced as n ea rly as poss ible in it s o ri g inal 
positi on . All of the plat s 'we r e th en left in a n atural conditi on , that is, 
t.h e so il and plant cove r was undisturb ed un til t h e plats w er e sampled 
la t er in the season. 

Samples w er e t ak en fr om the seve r al location s by digg ing a hole 
with on e perpendicular sic1 e into the so il to t he des ir ed dep t h and, com­
m encing a t the bottom o f thi s p erpendicular s ide, sample s wer e t aken 
by m ean s of a spa t ula r epresentin g inch depths up t o t h e so il surface, 
and th e surface, o r O-depth sample, wa s t a k en dir ectly fr om the surface 
o f the so il. As these so il samples conta in ed d iff er ent amo unts o f wat er , 
they w er e placed in sm a ll pap er sack s in the fi eld and finally brought 
t o th e labor a to ry w h er e t hey \ve r e dri ed in the air befo r e t es ting them 
for phosphoru s. T h e r es ult s of thi s exp er im ent a r e shown in Tabi e 2. 

Discussion of Table 2 

l 'h e r es ult s sh ow that th e ver t ical di strihut ion of water soluble phos­
ph oru s is t.h e g r ea t est. in th e Colom a sand so il. T hi s so il has th e g reat-
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Table 2.-Depth-Distribution of water soluble phosphorus in four soil types. 
Phosphorus results in parts per million on soil extracts. Rate of fertilizer applica­
tion, 1,(}00 lbs. per acre of 20 per cent superphosphate. 

o 
I 
2 
:3 
4 
!) , 
() 

7 
X 
!J 

10 
II 
I ~ . 
1:3 
14 
15 

f-:n il depth in indi es 

0 
I . o • • • • • • • • • • 

2 
3. 
4 . 
5 , . . 
() 

7 . . 
S . 
9 .. 

10 . .. 
II . . . . . ... . . . . . 
12 . 
13 . 
14 . ... . . .. . . .. . . 

--~~---=-~=====---==~================ 

l' k. 

J. Colnlll :1 s ~\fId­
Es!ahlishf' r1 M:1Y 5, 1!l28. 
S:lInpl cd Ju :\( ' :lX, HJ28. 

I' cjlth of fcrt iliw r appli cat ion 

o in . 4 iii . 8 in. 

O. :i 3 .0 2 .0 1.0 
4 .0 :l. 0 1.0 
4 .0 ;3 .0 2 0 
4 .0 ·to 2 .0 

I.() 3 .0 12 .0 :2 0 
2 .0 10 .0 :\.0 
20 B.O 4 .0 
1.0 .'; . 0 4 .0 

1.0 J .0 4 .0 10 .0 
1.0 2 .0 7 .0 
1.0 10 .') 0 
1.0 1.0 4 () 
0 .5 1.0 ;, .0 
o 5 () .5 :Z .O 
O. fi () fi :! . O 

05 0 .5 0 .5 10 

------

Table 2.-Continu c cl 

3. Brookla nd silt IO:l lll --

g~ ta lJ li s" cd May to, 1928. 
S:lInpl ed July I ;~, 19:1X. 

Dl'plh of fe rlili zer applicati on 

o in . 4 in. 7 in . 

+ 3 .0 + + 
1.0 + + o 5 0 .5 + 

+ + 0 .5 + 
+ 2 .0 + 
+ 0 .5 0 .5 

+ + + o .OJ 

+ :3 0 
+ 1.0 

+ Iii + -I- 0;; 
0 .') 

+ 
+ + + + 

Ck. 

Ck . 

2. l1ill ~d:l l c sandy loam-
1·:sLabl ishcu May I , 1!l3R . 

i):lInpled .Jul y 12, 1()28 . 

L"!p t.h of fertili zer appl ic:,tioll 

Oil! . 4 in. 7 in . 

.';0 0 .5 
+ O. ii 

0 5 
1.0 

+ 
+ 
+ 
+ 

+ 3 .0 + 

+ 

+ 

+ 

+ 

1.0 
O. :, 

+ 

4. Mu ck -
EsL:lhlishcrl lIb y 12, 1 !l2S . 
f-::1 lllpl cd .Jul y 1:2 , 1!l28. 

O.:i 
O . .) 
7.0 
1.0 

L' epLh of fcrt ili zcr app lic:lt ion 

o in. 3 in . Gin . 

1.'i .0 0 .5 + 
;~ 0 O. :i + 
1. 0 o 5 0 .5 
1. 0 4 .0 o ;; 
O fi 3 0 0 .5 
+ 0 Ii 1 .0 
+ + 10 .0 
+ + 3 0 
+ + 1 0 

o . ,j 
+ + + 
+ + + 
+ + + 

es t degr ee o f fre edo m of water m ovem ent and the lowest phosphorll :; 
r everting pow er of the four so il s under investigation, and these fact s 
undoubtedly explain vvh y m or e of th e applied pho sphorus remain s 
soluble and m oves m or e fr eely in it than in the other so il s. Solubl e 
phosphorus placed o n th e surface of soil s moves downward. But when 
it is placed a t various depths in so il s both an upward and downward 
m ovement may b e indicated hy the pho sphorus t est r esult s. The 

1\ 

1i 
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g r ca t er th e depth 0 f f crtili z 
ability o f th e soluhlc ph os 
season , esp ecia ll y if th e 1'C'\ 

high. In fact , it is beli eve 
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on th e B ill sda le sandy loal 
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injury t o crop roo t s grow in 
by SU1llm er cultivation ,V O l! 
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Upward and downwardlr 

cl o sely r elated tu soil watt 
phofu s 1ll 0 Venl ent in th eSE 
1 t is apparent that soluble 
th ey arc drying and that t 
clue chi e ny to percolating '\ 
1l1 e nt o f pho sphoru s gradu8 
and th e ultimat e so il depth 
()r dry in g " 'cath er and the 
111 <:' nt s. 1 n ca se ph ()sph o rl1 ~ 
depth. no 11larked upward 
plac e. So far a s present, 
upward lllov em ent of so il p 
t ion of min e ral so ils, ane! i 
fac e of th e H soil horiz on. 
11l ent of solubl e pho sphoru s 
or do wnward l1l()v em ent of 
()f th e upw a rd m ovem ent, ~ 
thi s point in so ils o [ low r 
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~: ()luhl e matcrials o f soil s 11 

H hori zo n in min cral so ils. 

2. ROW APPLICATIO 

Metho( 

In studying th e eli stribllt i 
applicati ons of phosphorus 
was s imilar t o that already 
J\. hol e w ith a wiel e perpen( 
r ow. Separate so il sample 
r epresentin g different soi l 
tances on each sid e of the 
Samples were also taken 
samples w er e taken t owarc 
fertilizers had been in the 
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g reate r the dep t h 0 f f crtilizer placem ent, ho wever , th e less is the prob­
ability of th e soluble phosph orn s coming t o th e so il surface in one 
seaso n, especia ll y if the r eve rtin g power o f the soi l for phosphorus is 
hi g h. In fact, it is believed possible to place a ph ospho rus fert ili zcl' 
in a soi l at a depth ~\Vhere practically 110 upward m o ve m ent of so luhle 
phosphorus can be indi cated in th e sam e season. 

The r esult s obta in ed from the surface app li cation of superphosphat e 
on t h e Hi ll sdale sand y loam so il show that the dow nward m ovem ent 
of so lubl e phosphorus frolll tb e surface may b e negli g ible in S0111e so il s. 
In these so il s th e distribution of appli ed fer tiliz er w ould be limited t o 
tbe m echa ni cal mixing brought about by tillage impl em ents, and the 
injury to crop roots growing in the surface zone o f so il s o f thi s nat ur r: 
by summer cultivation wo uld lower the cfficie ncy of broadcast applica­
t ions of ferti li zer s. 

Upward and downward mOVClllcnts of so luble phosphorus in so il s are 
closely related tu so il water movements , as the magnitude of phos­
phorus m OVC lll cnt in these so il s can be explain ed in no otber way . 
1 t is appa r cn t that soluble phu spbor us m oves upward in so il s when 
th ey are drying and that t h e duwnward m ove m ent o f tbis e l em e l~t is 
due chi en y to percolating water. j \ s so il s dry out , the upward m ove·· 
llI ent of phosphoru s grad ually exten ds cl eeper and deeper into the soil 
alld the ultimate so il depth affected depends on th e length of th e period 
of drying ~\Veather a nd the so il factors influ encing so il water m ove­
m ent s. 111 case phosphorus fertilizer is p.1aced h elo w thi s limiting soi l 
depth , no lll ar l.;:ed up\Vard movem ent o [ so luble ph os ph oru s can take 
pl ace. So far as p r csent obse rvat io ll s extend. thi s limitin g depth o i 
upward nlOVC 1l1 ent of so il phospho ru s li es deeper than the plowed por­
t io n of min era l so il s, a nd is th ought to coincid e cl ose ly ~w i th the sur­
face of the B s()il horizon. On the o ther hand, th e do wnward m ove­
m ent of so lub le phosphorus in so il s is r elatively rapid , and, if th e depth 
()f dow nw a rd mov em ent of the phosphoru s exceeds th e limiting depth 
of the upward m oveme nt , a concentrat ion of phosphorus may result a t 
thi s point in so il s of low r evert in g power o r whe r e large a mounts of 
I'c rtili zer ha ve he en appli ed . Thi s concentra tin g process affecting th e 
~; () lllhl e m ater ia ls of so il s m ay pa r tly account for the fo rmation of th e 
I~ ho ri zon in min eral soils. 

2. ROW APPLICATIONS OF PHOSPHORUS FERTILIZERS 

Method of Sampling the Soils 

J n studying the distrib u tion of soluble phospho ru s in soil s fr om ro\v 
app li cat ions 0 f phosphoru s ferti li zers , the method of samplin g the so il s 
\Vas sim ilar t o that a lready g iven under subdivi sion one of this subj ect. 
i\ hole w ith a wide perpendicul ar sid e was dug into the so il across the 
r ow. Separate so il samples were taken out of thi s perpendicular side 
representing different soil depth s und er the row, and at certain di s­
tances on each side of the row as indicated in the h eadings of Table 3. 
Samples were also taken from ch eck plats in each case. T h ese soil 
samples were taken toward the end of th e g rowing season, h ence, the 
fertilizers had been in the so il from t wo and one-ha lf t o three month s. 
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Discussion of Table 3 

The results presented in this tabl e w e re selected chiefly to show 
certain points of practical interest. Soil s No.1, 2, and 5 give r es utts 
obtaine.d from row application s of phosphorus fe rtili ze r s on so il s hav­
ing a high r eve rting p ower for so luble phosphorus; so il No.5 rece ived 
the largest application o f fe rtilizer. So il s No.3 and +, h owever, have 
r eceived heavy app lications of fertili ze r s for a numbe r of year s, and 
their phospho rus r everting p owe r ha s been sa tisfied , at least to a con­
s id erabl e extent, a s comparatively large quantiti es of so luble pho s­
phorus were found in them . A lthough soil No. 1 is a sandy so il , it can 
be seen from the r esult s that the solubl e phosphorus of the f ertilizer 
appli ed to it moved very little in o ne seaso n. Thi s effect is co n sid ered 
due to the high revert ing power of thi s so il for phosphoru s. The Cf()P 

y ie ld from thi s row application, howev e r, markedly exceed ed the yie ld 
from an adjacent so il plat which r eceived a broadcast appl ication of the 
sam e amount a nd k ind o f ferti li ze r. S w ee t cl ove r was plowed uncl er 

Table 3.-Phosphorus test results from row applications of fertilizers. Phosphorus 
results in parts per million on the soil extract. 

Soil depth 

o. 
1. 
2. 
:3 
4 . 
5 . 
G. 
7. 
8 . 
9 . . 

10 

~oil depth 

O. 
I. 

" 3 . 
4. . . . . . . . . . . . 
.1 . 
fl . 
7. 
8 . o • • • • • • • • • • • 

9" 
10 .. 
11 . 
12 .. 
13 . 
14 . 

4-16-8 fprtilizer, iiOO Ibs. per A. 
1. Fox salldy 10an1- I 

Placed 3 in . decp. () in. wi :k - Cabbage 

Ck. () ill . 3 ill. How 3 in. Gin. 

+ 

+ 

O. S 

+ + + 
+ + + 
+ O.Ii + 
-I- :\0 5 0 
-i- -I- + 

~-
+ + + + 

0.5 
0 .5 () [j + 

-/-

3. Mu ck -
0-8-24 fertilizer J :200 Ibs. pcr A. 

-Pl aced 2 ill. decp- Cele r·y. 

+ 
+ 
-+-
+ 
+ 
-I-

C' k. Gin. 3 ill . How 3 in . Gin. 

1.0 1.0 O . • 5 2.0 1.0 1.0 
~ 0 

1.0 0 .5 3.0 3.0 0 .. 1 
2.0 

1.0 1.0 0 .5 2.0 2.0 1.0 
2.0 

1.0 2.0 2. 0 + -I-

0 .5 2.0 

-1-
. . . . . . . . . . . 

2. Brookstun sil t loam -
4-1 G-4 fer tili"cr. 400 Ibs. per ,',. . 
Drilled with ~ e('d-Sll gar bcct~ . 

Ck. () ill. 3 ill. How 3 ill . Gin . 

+ + + + 0.5 o 5 

+ + + + + + 
+ + + () .) + + 
-I- + + + + + 
-I-

+ + 

4. MlIc\; - -
0-8-2 ~ ft'rtilizer 1800 Ills. prr A. 

PI:tl'ed 2 ill . d('ep- Celery . 

Ck. Q in. 3 ill . Row 

J .O 4 .0 3.0 4 .0 ~ . O 3.0 

7.0 .'i .0 4 .0 15.0 4 .0 4 .0 

3.0 4.0 5 .0 7.0 .5 0 3 .0 

3.0 2.0 2.0 3.0 3.0 3. 0 

3.0 1.0 0.5 O.'i 1.0 1.0 

1.0 + -I- 0.5 

O .. 5 + 
+ + . . . . . . ... . . 

(a) Ollions: 
o .. 
1.. . ... . 
2 .. 
3 .. 
4 . . . 
!) . . 
() . 
7 .. .. 

(b) CauliH owcr : 
o . . 
1. 
.) 

:) 

4 . 
Ii 
(j . 
7. 
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so il s 3 and 4 were 11 0t as 
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o f phosphorus p r esent from 
point s regard in g th ese so il s 3 

found on one s id e of the ro\\ 
of a m o r e imperviou s so il s1 
r ow; evid ently, the phospho 
was carried around it by til 
Another important point ir 
soil s have received lar o'e 3] 

years, the soluble phosphor 
the plowed portion. vVhile 
soils, it does not apply to r 
ward movement of water 1: 

tban in mucks. 
Soil No.5 represent s a ca 

f ertiliz er was applied to a s 
phorus . (Same soil as No. : 
ward , in all cases, t o the c1 
jured wbere the fert ili ze r \Va 
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Soil depth 

-------_._-------------

(a) Oll ioll ~ : 
o .. 
1 
2 . . 
3 .. 
4 . . 
.'i .. 
G . . . 
7 . .. . 

(b) Cau liHower: 
o .. 
1. . 
2 
:3.. 
4 . . ... . .. .. .. 
5 .. 
6 .. 
7 

Ck. 

+ 
+ 
+ 

+ 
+ 
+ 

5. Muck- 4-S-16 fert ilizer 800 lhs. per A. 

Above 
oeed 

5.0 
2 .0 
1.0 
10 
1.0 
1.0 
0 .5 

2 .0 
2.0 
1.0 
2.0 
2 .0 
10 
0.5 

With 
seed 

1.0 
4 .0 
2.0 
1.0 
1.0 
1.0 
0 .5 

2.0 
1.0 
2 .0 
1.0 
1.0 
2.0 
1.0 

In row 
1 in. 

0.5 
2.0 
2 .0 
1.0 
O. ;j 
1.0 
0 .5 

1.0 
2.0 
2. 0 
10 
1.0 
1.0 
1 0 

Under 
2 in. 

1.0 
5.0 
.5 .0 
2 .0 
1.0 
1.0 
0 .5 

1.0 
1.0 
3 .0 
2 .0 
2.0 
2 .0 
1.0 

Seed 
3 in . 

17 

1.0 
1.0 
2.0 
2 .0 
1.0 
10 
0 . .') 
0 .5 

1.0 
1.0 
1.0 
2.0 
1.0 
1. 0 
1.0 
0 .5 

on this so il in the spri ng, which undoubtedly accounts for the hi g her 
phosphorus test r esult s at the seven and eig ht inch depths. 

In the case of soi l No . 2, th e phosphorus t est results show that the 
appl ied phosphorus was not very soluble in it. The surface t es t s three 
a nd six inches on one s ide of the row are ass umed to be due to the 
drawing of the ferti li ze r to this side in thinning the beets, and the test 
r es ult at th e fOllr inch depth is thought to be accidental. 

Measured by the crop yield s, th e row applications of fertilizers on 
so il s 3 and 4 were not as effective a s was observed in some other 
cases of row applications, probably due t o the r ela tively hig h content 
of phosphorus present from prior applications of fertilizers. Two oth er 
points regard in g these so il s a re worthy of m enti on. The low t est res ul ts 
found on one sid e of t he row in soil No.3 are the result of the presence 
of a more imperv iou s soil str uctur e than occnred on the other side of 
row; ev id ently, the phosphorus did not move into this soil region but 
was carried around it by the downward movement of th e soil water. 
Another important point in this connection is, that although these 
soil s have r eceived large applications of fertilizers for a number of 
years, the soluble phosphorus in them is confined almost entirely t o 
the plowed portion. W hile this fact was es tabli sh ed for several mnck 
so il s, it does not app ly to mineral so ils. This shows that the down­
ward movement of water is much more pronounced 111 mineral soi ls 
than in mucks. 

Soil No. 5 represents a case where a large quantity of a phosphorus 
fertilizer was applied to a soil w ith a high reverting power for phos­
phorus. (Same so il a s No.5, Table 4.) The phosphorus moved down­
ward, in all cases, to the depth of sampling, l)ut the crops were in­
jnred ,,,h er e the ferti li ze r was placed too close to the seed . 
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MISCELLANEOUS DETERMINATIONS-AMOUNT AND 
MOVEMENT OF SOLUBLE PHOSPHORUS 

IN FERTILIZED SOILS 

Method 

T he m eth od fo ll c)\\'ecl in takin g th e so il samples for th is part of th e 
wo rk was s imi la r t o that alr eady o utlin ~d in th e precedin g part ot 
thi s bull e tin. F ertility t es t plat s and cooperative exper im ent s furni shed 
th e so il samp les and th ese samp les w er e all dri ed in th e laboratory to 
a ui1ifo rnl moi st u re content be fo r e t es t ill g . Th e resu lts a r e g ive n in 
Tabl e -to 

Discussion of Table 4 

Th e fi g ures pr ese nted in th is tab le shm\', in general , th e so il co ntent 
and th e distribut io ll in depth , of wat er solubl e phosphoru s in severa l 
so ils a s a r esul t o f th e appli cati on o [ differ ent kind s and amounts of 
phosphat ic fertili ze r s. j\n in cr ease in the quantity o f so luble phos­
ph or us in so il s is u sually obtained by fe rtilizer add iti on s. The m ag­
n itude o f thi s increa se and the depth of pen etrat ion o f t he so luble phos ·· 
ph o rus, how ever , depend on several fact or s. In thi s co nn ecti on, th e 
fa ctor s o f chi ef importance ar c con sider ed t o be : ( 1) th e am ount of 
fert ilize r appli ed, (2) the r evertin g pow er o f the so il , and (3) t h e fr ee­
dom of \vater movem ents. 

Soils No.2, 3, 9, a nd 10 a r e example s o f miner a l soil s in w hi ch th e 
soluble phosph orus due t o fertj li zation is co ntained wi t hi n the plowed 
depth; whil e, in the ca se of so il s No. 7 a ncl 8, the solubl e phosphoru s 
has m oved to lcn ve r levels. Soil No.7 show s evid enc e of ph osphoru s 
concentratio n a t the eig ht and 10 inch dept h . All the mu ck so i'l s, ex­
cept N o. lId , w hi ch h as had h eavy appli cation s of fertili ze r s fo r sev' 
er a l years, r etain their so luble ph osph o ru s w ithi n the plowed laye r. 

Soil No. 1 has r ece ived three broadcast application s of fe rtilize r in 
fi ve ye ars, each appli cation at th e ra te g ive n a s co lumn h eadin gs in 
th e t a ble. In the year 1928, the pl a t s of thi s exper im ent we r e g rowing 
alfalfa, and the SOO pound plat showed by fa r the bes t g rowth of thi s 
crop. Th e phosphorus t es t s on thi s plat ave raged 1.0 pa rt p er million 
for the surface s ix inches o f so il , but a t ot a l fertili ze r applica tion of 
1,500 pound s per acr e of 16 p er cent superphosphat e w as r equ ired t o 
bring the soil t o this po int. 

In th e case of soil No.2, th e broadcast applica tion of 400 pounds p er 
acr e of 20 p er cent superph osphate showed n o more soluble ph osphoru s 
than the ch eck pla t and th e soluble phosphoru s li es deeply in the soil 
on the plat w h er e thi s fe rtili zer was plowed under. T he so luble phos­
phorus in thi s pla t may be t oo deep t o ben efit youn g plants g rowing 
on it. 

A n inter es tin g situatio n w a s fo und in connection w ith soil No. 3. 
Th e appli ed phosph oru s w a s som ewh at so luble in the surface laye r s of 
thi s soil but , at the soil depth in each pla t w h er e th e fir st low phos­
phorus t es t is shown, ther e exist s a b r ovn1 laye r of soil con sisting 
chi efl y, of so il g rains partly cover ed w ith a n iron-aluminum-or g anic 
coating and thi s brow n layer of soil effectively st opped th e downw ard 

1\ TEST FO l\. . 

Table 4. Amount and Dt 
Janeous Fertilized Soils. Phos 
Soil depth in inches. 

Fertili zcr-

Soi l depth 

Ck, 

1Q( 

·-----1---- - --

0 ........... . .. . 
1. . . . 
2 .. . 
3 . . 
4 .. . 
5 .... . 
6 . 
7 ... 
8 . . 
9 . . . 

10 .. . 

Soil depth 

+ 

05 

+ 

Fe 

Ck. 1 P·2t 
K·H 

-----_._--_. 

o. 
1.. . 
2 . 
3 .. . 
4 .. . ............ .. . .. .. . 
5 .. .. . 
6 . 
7 ... 
8 . 
9 .. .. ........ . ....... ... . ... . 

10 . . ... . .... . . .. . .. . 
11 ..... . ..... . ..... . 
12 .. .. , .. .. .. .. .. ... . .. .. . 

o ..... .. .. .... .. . . 
I. 
2 .. 
:.1. 
4 . 
5 . 
6 . 
7 . . 

Soil depth 

0.5 
05 
0 .5 

+ 

+ 

+ 

8 . .. ......... .. ............ . . . .. . . 
9 .. 

10 .. 
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Table 4. Amount and Depth-Distribution of Soluble Phosphorus in Miscel­
laneous Fertilized Soils. Phosphorus results in parts per million on soil extracts. 
Soil depth in inches. 

O. 
1. 
2 
3. 
4. 
5 ..... 
6. 
7 . 
S . 
9. 

10 . 

O. 
1. 
2 
3 . 
4 
5. 
6 
7 . 
S . 
9 

lO . 
11 . 

Soil depLh 

Soil depth 

1. Fox sandy loam­
FerLilizer- 16% superphosphate - 3 broadcast 

applications. 

Ck. 

-----

+ 

0 .5 

+ 

Ck. l 

0 .5 
0 .5 
0 .5 

+ 

+ 

Rate per A. 

1001bs. 2001bs. 300 Ibs. 5001bs. 
--------------

0 .5 0.5 0 .5 1.0 
+ 0 .5 0 .5 1.0 
+ 0 .5 0 .5 1.0 
+ 0 .5 0.5 1.0 

0 .5 o 5 0.5 1.0 
+ + 05 1.0 
+ + 0.5 1.0 

1.0 

+ + + + 

3. Mancelona sandy loam­
FerLilizer- 20% superphosphate + KCI + 

Na N03- Broadcast application . 

P-250 Ibs. P-600 Ibs. P-600 Ibs. 
K-lOO Ibs. K-400 Ibs. Ck.2 

-------------

3 .0 3.0 3.0 + 
10 2.0 2.0 
1.0 1.0 2 .0 + 
0 .5 05 1.0 
05 + 1.0 + 
+ + 1.0 

+ + + + 
+ + + 

2. Brookston silt loam­
Fertilizer- 20% superphosphate, 

400 Ibs. per A. 

Ck. 

----

+ 
+ 
+ 
+ 
+ 
+ 

P-200 Ibs. 
K-150 Ibs. 
N-lOO Ibs. 

---

+ 
0 .5 
0 .5 
0 .5 
0 .5 

+ 
+ 
+ 

Plowed 
under 

- ---

+ 
+ 

0.5 

+ 
1.0 

1.0 

Broadcast 

-----

+ 
+ 
+ 
+ 
+ 
+ 

4. Fox sandy loam­
Fertilizer- Rock 

phosphate 3000 Ibs. 
per A.-Plowed 

four times. 

Ck. Phosphate 

- --- ---

+ 1.0 
1.0 
1.0 

+ 1.0 
1.0 
1.0 
1.0 
0 .5 

0 .5 05 

+ 
12 . . .... .. . .. . .... + + + + + + + + 

Soil depth 

Ck. 

5. Muck­
Fertilizer- 16% superphosphate. 

Broadcast- 7 applications. 
Rate per A. 

250 lbs. 500 Ibs. 7501bs. 

6. Muek­
Fertilizer-0-S-24. 

Broadcast application 
1200 Ibs. per A. 

Ck. FerLilizer 

-------------------------------- -------

O. . .. . .. ..... + 1.0 1.0 3 .0 1.0 20 
1. 
2. + + 05 10 2 .0 
:5. 
4. '. . .... + 0 .5 1.0 2 .0 1.0 2 0 
!l . . .. .... . . . .... 
6 . ... . . . . .. 2 0 
7 . 
S. .. ... . ..... 2 .0 
fl . ... .. . . .. . . .. . ... . .. . . 

lO . + + 
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Soil depth 

--- ---
0 .. . . ... .. .. . . 
I ............. 
2 ............. 
3 .. .. . .. ... . . . 

4 ............. 
5 ........... . 
6 ....... .. .. . 
7 .. .. .. ...... 
S .. .. ....... . 
g .. ... . ...... 

10 . . ......... . 
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7. Isabella sandy loam­
Fedilizer- 2-12-6- Broadeast application. 

Rate per A.+ 5 loads manure. 
Rate per A.-No manure. 

Ck. 250 lbs. 500 lhs. 1000 lbs. 1500 los. 250 lbs. 500 lbs. 1000 lbs. 1500 lbs. 

-------

0 .5 1.0 
0 .5 

+ 0 .5 
.. ... 0 .5 

+ 0 .5 
05 

+ 0 .5 

+ 1.0 

+ 0.5 

--------- ---

2 .0 3. 0 4. 0 
1.0 2 .0 3. 0 
1.0 1.0 2. 0 
1.0 2.0 20 
1.0 2. 0 2. 0 
0 .5 1.0 1.0 
1.0 1.0 10 

10 20 2. 0 

20 2 .0 2 0 

S. Berrien sand­
Fertilizer- 4-16-S on tomatoes. 

1.0 
0 .5 
0 .5 
0 .5 
0 .5 
0 .5 
05 

1.0 

1.0 

- ----------

2 .0 2 .0 3 0 
1.0 1.0 3 .0 
1.0 1.0 20 
1.0 2 .0 2 .0 
OS 1.0 1.0 
1.0 05 05 
1.0 1.0 10 

20 2 .0 10 

1.0 2. 0 1.0 

Rate per A.- Broadcast. 

Soil depth 
Rate per A.-Around hills. 

Ck. 400 lbs. SOO lbs. 1200 lbs. 400 lbs. SOD lbs. 1200 Ibs. 

--------------1--------------- ----------

O. 0 .5 0 .5 10 30 0 .5 1.0 30 
1.. .. 0 .5 2 .0 20 0 .5 05 2 .0 
2 ... 0 .5 0 .5 2. 0 5 .0 0 .5 0 .5 10 
3 ... . . . 0,) 1.0 3. 0 0 . 5 1.0 1.0 
4 ... . . 05 1.0 1.0 2 .0 0 .5 1.0 1.0 
5 . .. 1.0 1.0 1.0 0 .5 1.0 1.0 
0 .... 0 .5 0 .5 0 .5 0.5 o 5 0 .5 1.0 
7 . 05 0 .5 0 .5 0 .5 o 5 1.0 
8. .. .. 0 .5 0 .5 0 .5 05 0 .5 0.5 0 .5 
9 . .. 

10 .. 05 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 
11 . .. 
12 .. 0 .5 0 .5 0 .5 05 0 .5 0 .5 0. 5 

9. Miami loam-
Fert ilizer 20 % superphosphate + 100 lbs. KCI + 100 Ibs. Na N03. 

Soil sampled t wo years after fertIlization . 

Soil dep th 
Rate of phosph ate application . 

Ck. 200 Ibs. 400 Ibs. 600 lbs. SOD lbs. N + K 

O. + 05 05 0 .5 I 0 0 5 
l. + 0 .5 0 .5 0 .5 05 0 . .5 
2 . 
3 . -I- O . ."i O."i O!'i 05 -I-

" .5 
6 . + + -I- 05 0 .5 -I-
7. 
8 
g . -I- -I- -I- -I- -I- -I-

o .. 
1 .. . 
2 ... 
3 .. . 
4 .. . 
5. 
0 . 
7 ... 
S . . 
g 

10 . 
11 . 
12 . 
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Soil cl ef/tit 

.. ::::::::: :: .. ··: ·1 

10. Hills, 
Fert 

Broadcast ap] 

Ck. 400 J1 

+ 
0 .5 

+ 

+ 
+ 

+ 
+ 

movement of phosphorus. 
layer of soil material \vitl 
which may prevent the d 
irrespective of the soil \vat , 
applied. 

A large amount of rock 1= 
phosphorus tests on soils 1-
that water extracts of soils 
in content of soluble phospl 
t ions of superphosphates. 

Soil No. 5 is an examplE 
power for applied phosphor 
ceived seven applications 0 
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sistent with other plats givin 
may not be sufficient for t 
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above and below them; the 
and downward from this 2-i 
No.6, which has re~eived le ~ 
so ils with a high reverting I 
as economically as those soi 
phorus. 

Soil No. 7 is low in wate 
plied phosphorus remains 
in it, at least to the depth 0 

1,500 pound applications of 1 

what higher phosphorus tes 
I-Iigher phosphorus tests v 

8 than on soil No.7, but 80( 
markedly increase the cont 
soil with the increase in fav( 

The results shown in the t 

crops had been grown with, 
strikingly show th e residual 
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Suil depth 
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10. Hillsd:tle sandy loam­
Fertilizer- 4-iG-s. 

Broadcast application- Rate per A. 

Ck. 400 lbs. SOO Ibs. 12001bs. 

11. Miscellaneous mucks­
Fertilized ~everal times with different 

amounts and kinds of fertilizers. 

Ca) (b) (e) (d) 

21 

------------ ------------- -------------

0 -\- 0 .5 1.0 2.0 3 .0 4 .0 2 .0 5 .0 
1. 0 .5 0 .5 2 .0 4 .0 3 .0 1.0 5 .0 
2 .. 0 .5 0.5 0 .5 0 .5 2 .0 4.0 2.0 5 .0 
3 .. . 0.5 0 .5 05 1.0 :LO 2 .0 5 .0 
4 .. . -\- 0 .5 05 0 .5 0 .5 2.0 2 .0 5 .0 
5 .. 0.5 0 .5 o 5 0 .5 05 2.0 5 .0 
0 . .. -\- 0 .5 0 .5 O .• ) -\- 1.0 7 .0 
7 .. -\- + -\- . .. . . . ... .. . .. 
S ... -I- -\- -\- -\- -\- 4 (ashes) 1.0 
9 ... 

10 -\- -\- -\- -\- 0.5 0 .5 
II . 

I 
. .. . . . .. . . . .. . ... . . . . .. 

12 . -\- -\- -\- -\- -\- 0 .5 

movement of phosphorus. Therefore, certain soils may contain a . 
layer of soil material with a high reverting power for phosphorus 
which may prevent the distribution of phosphorus within the soil 
irrespective of the soil water movements and the amount of fertilizer 
applied. 

A large amount of rock phosphate was applied to soil No.4, but the 
phosphorus tests on soils Nos. 23, 24, 25, and 29, Table 1, also show 
that water extracts of soils receiving rock phosphate may be as high 
in content of soluble phosphorus as extracts of soils receiving applica­
tions of superphosphates. 

Soil No. 5 is an example of a muck soil having a high reverting 
power for applied phosphorus. ]'he 500 pound plat, after having re­
ceived seven applications or a total of 3,500 pounds of 16 per cent 
superphosphate, shows a content of water soluble phosphorus con­
sistent with other plats giving good crop yields, although these amoun~s 
may not be sufficient for truck crops. In the case of this soil, the 
phosphorus is not moving to lower depths. As the 2-inch depth, 
samples of this soil tested lower than the other samples immediately 
above and below them; the phosphorus may have moved both upward 
and downward from this 2-inch depth. Contrasting this soil with soil 
No.6, which has re!2eivecl les s phosphorus, will emphasize the fact that 
soils with a high reverting power for phosphorus can not be fertilized 
as economically as those soils having a low reverting power for phos ­
phorus. 

Soil No.7 is low in water soluble phosphorus, but some of the ap ·­
plied phosphorus remains in a soluble condition and moves freely 
in it, at least to the depth of ten inches. In the case of the 1,000 and 
1,500 pound applications of fertilizer , the manured plats showed some­
what higher phosphorus tests than the unmanured plats . 

Higher phosphorus tests were obtained on the check plat of soil No. 
8 than on soil No.7, but 800 pounds of the fertilizer were required to 
markedly increase the content of water soluble phosphorus on this 
soil with the increase in favor of the hill applications. 

The results shown in the case of soil No.9 were obtained after two 
crops had been grown without additional fertilization. These figur es 
strikingly show the r esidual effects of phosphorus fertilization. 
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SOIL CONTENT OF WATER SOLUBLE PHOSPHORUS IN 
FERTILITY EXPERIMENTS ON POTATOES 

Method and Object of Study 

The m ethod of samplin g the soils and o f t es t ing the so il samples 
for water so lubl e phosphor us w as no t changed fo r t hi s part of th e 
work. Cooperative fe rt il ity exper im ents on pota toes with va r iou :-i 
amount s o f phosphorus fer ti lizer s are in progress in the St ate and 
t hese experiments provided the so il location s fo r carry ing on the soil 
phosphoru s st ud ies . The pr incipal obj ect of thi s study was t o deter­
m in e, if possible, h O \"T much water so luble phosphoru s a soil sh ould 
conta in in order t o p r oduce a g ood pot a t o crop. The fertil ize r formu lae 
used are given a s column h eadings in Table No. 5 a nd these formulae 
we r e mad e up from the fe rt ili ze r mater ial s g iven under the r espect ive 
so il t ype names. Som e of the so ils r eceived manure in addit io n to th e 
fert ilize r a s indicated in the table. 

Discussion of Table 5 

All of the fertili ze r appl ic.ation s, including the 4-0-8 m ixture, which 
contain ed n o phosphorus, increased the so il content of water soluble 
phospho r us over that o f t h e check p lat s and t h e large st application s 
o f phosph or us gav e the most wate r soluble pho sphorus and a som e · 
w hat g r ea t er quantity di str ibution within the soil s. It may b e obse rv ed 
from the data presented in Table 5 and al so throug h out this bullet lll , 
t ha t appli cati ons of manur e t o so ils increases the amount of wa ter 
soluble phosphorus, in some cases qui te m arkedly. As m anure con ­
ta in s only a sma ll per ce nt of phosph oru s, in orde r t o produce the r e ­
sult s obtain ed, either tb e phosph orus o f manur e mll st be mor e soluhi e 
in so il s than t he phospho r us of the o th er fert il izer s ll sed or th e manure 
has produced a di ssolvi ng eff ect on th e ph osph o r us in th e so il s studi ed 

Table 5.-Depth-Distribution and soil content of solub-Ie phosphorus in fer ­
tilized soils growing potatoes . Rate of application of fertilizer, 500 pounds per A., 
broadcast. 

Depth 

C'k . 

o . + 
1 
2 . . + 
3 .. 
4 . + 
.'i 
0 + 
7. 
8 . o • • • • • • • • • • • • • • • + 
fl 

10 .. + 
11. 
12 . . + 

No .1 . Onaway loam­
Rulfate of am:n{)l ~ i fl 
20% supem hosphatr. 
MllI'i atc of po tash . 

4- 0- 8 4- 1 G- 8 4- 32- 8 

0.:> 1.0 1. 0 
1. 0 1. 0 I 0 
O . .'i o .'i 1. 0 
+ + 1.0 
+ + 10 
+ + 1.0 
+ + 1.0 
+ + I 0 
+ + 1. 0 

+ + 0 .5 

+ + + 

Ck. 

No. 2. Mancelo11 a s:l l1llv 101111 -

RlIlfat,! of uJ1lJ1l o'n ia 
20% superphosphate. 
Muri a te of potash . 

4- 0- 8 4- 10- 8 4- 32- 8 

+ 1.0 20 2 .0 
0 .5 2 .0 2. 0 

+ 1. 0 10 1.0 
0 5 0 .5 1.0 

+ + O . .'i 0 .5 
+ O :i 0 .5 

+ 0 . 1i 0 .5 1.0 
0 5 05 1.0 

+ + + 1.0 

+ + + 0 .5 

+ + + 0 .5 

0 .. . 
1. 
2 . 
3 
4 .. 
5 .. 
I.i. 
7 .. . 
s .. . 
a 

10 . 
I I 
12 .. 

O .. 
1. 
2 .. 
3 .. 
4 . 
5 . . 
6 . . 
7 ... 
8. 
a 

to 
11. 
12 ... 

0 
I . 
2 
:L 
4 ... 
5 
li .. 
7 
H 
a . 

10 . 

Depth 

Depth 

Depth 
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No.3. Rl 
Sull 
200/ 
Mu 

Ck. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

4- 0 

No.5. 
f:he' 
f; lI lf 
20S, 
MUI 

Ck . 4- 0 

o 5 

0 .5 

0 .5 

1.0 

0 .5 
. .•. .• I • • • 

. ~ ~ I· 

No.7. 
Sulf 
200/. 
MUJ 

Ck. 1-0-

1 0 

0 .5 

+ 
+ 
+ 
-I-



D epth 

0 
1 
2 
3 . 
1 
5 
6 
7 
S 
9 

10 
11 
12 

Depth . 

0 
I . 
2 
3 
4 
,5 
6. 
7. 
8. 
fl . 

LO . 
11 
12 . 

Depth 

O. 
1. 
2 . 
3 .. 
4 . 
5 
G . ... .. .. . . . . 

7 . . 
8 
!l 

10 
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No. 3. Rubican loamy sand­
Sulfa te of ammoni a. 
20% superphofi phate. 
Murbte of potash. 

No.4 . Onaway loam­
Sulfate of ammonia. 
20% superphosphate. 
Muriate of potash . 

------------------------1 ---------------------

Ck. 

+ 
+ 
-\-

+ 
-t 

+ 
-\-

Ck 

0 .5 

0.5 

0 .5 

1.0 

0 .5 

]0 

0 .5 

Ck. 

1. 0 

0 .5 

+ 
-\-

-\-

-I-

4- 0- 8 4- 16-8 4-32- 8 

1.0 2. 0 
1.0 1.0 
1.0 2 .0 
]0 1.0 
I 0 CUi 
1.0 0 .5 
1.0 O S 
1.0 O!i 
o 5 -\-

0 .5 -\-

0 .5 -\-

No.5. On away loam ...:. 
Sheep manure on a ll p l at~ . 
Sulfa te of amrnoni ~. 
30'lb superohosphate. 
l\1lJl"i ate of potash . 

2 .0 
2 .0 
2. 0 
1.0 
o .5 
o .5 
o 5 
1.0 
O :j 

-\-

0 .5 

4- 0-8 -[ - I (i-S 4- :32- 8 

0 .5 1.0 
0 .5 1.0 
0 .5 1 0 
0 .5 1.0 
0 .5 0 .5 
O S 0 .5 
0 .'i o .1 
0 .5 0 .5 
0 .5 0 .5 

I· 

I 
0 .5 o 5 

0 . 1) O . .5 

No.7. I sahella S:lndv loam­
Sulfate of ammorii a. 
20% supernhosphat e. 
Muria te of pobl sh. 

2. 0 
2 0 
1.0 
1.0 
0 .5 
O .• 5 
1.0 
o .1 
o 5 

0 .5 

0 .5 

4- 0-8 4- 16- 8 4- 32-8 

o .1 1. 0 1.0 
-\- 2 .0 1.0 
-\- 1.0 3. 0 
-\- 1.0 2. 0 
-\- ( 1) 1.0 
-\- (1) tUi 

0 .5 01) 01) 

1.0 (1) 1.0 

0 .5 o 5 0 .5 

Ck. 

0 .5 

-\-

+ 
-\-

+ 
+ 
-\-

Ck. 

0 .5 

1.0 

0 .5 

0 .5 

'1- 0- 8 '1- 1 (i-8 

0 .5 1.0 
0 .5 1.0 
0 .5 0.5 
0,5 1.0 
0 .5 0,5 
0 .5 0 .5 
0 .5 0 .5 
o .1 OS 
0 .5 O . .5 

-\- + 
-\- + 

No. (i . IS'lbell a loam ­
Sulfate of ammonia. 
20% supernh08phaLc. 
1\1 uri ate of potash, 

4- 0-8 4- 16- 8 

1.0 2 .0 
1.0 2 .0 
o .5 1.0 
O.R 0 .5 
O .• 5 1.0 
o .5 0 .5 
0.5 1 0 

0 .5 1.0 

0 .5 2 .0 

4-3~-8 

2 .0 
2. 0 
2 .0 
1.0 
1.0 
1.0 
o 5 
0 .5 
0 5 

-\-

+ 

1- 32-8 

2 .0 
3 .0 
2 .0 
1.0 
30 
]0 
]0 

1.0 

2 0 

No. 8. Same as No.7. except all p lats 
received 5 loads of manure per A. 

Ck. 4- 0- 8 4- 16- 8 4-32- 8 

0 .5 1.0 1.0 2 .0 
0 .5 1.0 2 .0 

-\- 0 .5 1.0 3 .0 
05 1.0 2 .0 

+ + 0 .5 2 .0 
-\- O:j 2. 0 

-\- 0 .5 (1) 2 .0 

-I- -I- + 2 . 0 

-I- 0 .5 o 5 3 .0 
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Dcpth 

Ck. 

No. D. Mancelona sandy loam­
Sulfatc of ammonia. 
Anaconda phosphate. 
Muriate of potash. 

4- 0-8 4- 16- 8 4- 32- 8 Ck. 

No. 10. Roselawn loamy s<tnd­
Sulfatc of ammonia. 
20% superphosphate. 
Muriate of potash . 

4- 0-8 4- 16-8 4- 32-8 

- ----_._--- ------------- ----- ----------
o . . ..... .. ... . . . . 0 .5 1.0 1.0 3 .0 10 2 . 0 2 .0 3 0 
1. a 5 1.0 3 .0 1.0 3 .0 3 .0 
" 0.5 0 .5 1 0 3 0 05 2 .0 2 0 3 .0 
3 . .. 05 0 .5 3. 0 O!j 3. 0 2 . a 
4 .. . + 0 .5 0 .5 2 .0 0 .5 o 5 10 3. 0 
5 . . . 0 . 5 0 .5 2 .0 0 .5 0 .5 1.0 
6 + 05 0 .5 1 .0 0 .5 0 .5 0 .5 0 .5 
7 ... + 0 .5 10 0 .5 0 .5 0 .5 
8 .. . + + + o !) 0 .5 l.0 0.5 0 .5 
9 . 

10 . . + + + 0 .5 + 30 10 10 
11 
12 .. . + + + 0 .5 + 20 1.0 0 .5 

111 thi s inves tigation. Of spec ial interes t is the effec t of the 4-0-8 fer­
ti li ze r mix ture on the so lubility of so il phosphorus . The sulfate of am­
monia and muriate of potash used t o make up t h is 4-0-8 mixture \vere 
te sted for so luble phosphorus by m eans o f the phosphorus t es t and no 
phosphorus was found in them, therefore , the increase in quantity of 
soluble phosphoru s in the plat s r ece iv ing this fert il izer over the check 
plats must be due to the di ssolving effect of the 4-0-8 mixture on the 
phosphoru s already in the soil. 

Discussion of Table 6 

'I n order t o arrive at a general conclusion as t o the allloun t 0 [ waler 
so luble phosphorus a so il should contain for the potato crop, the aver­
age per acre yield s were taken for the check plats and the various 
fertilizer treatments of the 10 separate expe rim ent s r eport ed in Table 
5; and the phosphorus test r es ult s \\' e r e averaged for a depth of seven 
inches in each plat leaving th e negativ e (- ) te s t s out of consideration. 
These data are pre sent ed in Table 6 where it can b e seen that the high­
est average potato yield coin cides w ith an average phosphorus t es t 
result of approximately 1.0 part per million. 

Table 6.-A v e r age potato yields and the seven-inch average phosphorus t e st r esults 
of t he t en potato e x periment s. 

Phi. trc:tllllcnts Ck. 4- 0- 8 4- 16- 8 ·1- 32- 8 

----------------------------1------- ---- -----

A veragc potato yields - hu . 
Avcragc phosphorus tes ls ....... . .... . 

lr;:u 
0 . 1.5 

1R3 . 
a 59 

21!U 
o 06 

21.1 
1.7 
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2. So l uhlc phosphorus 
and these move ments a re c 
applied, the phosphorus rc 
of water m ovements. 
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SUMMARY 

The data presented in this hulletin v"ere obtained by means of a 
micro-chemical test for \vater soluhl e phosphorus in soils. This phos­
phorus test is described in the first part of the bulletin and some sug­
gestions are given concern ing it s use. Studies Vlere made on 47 soil 
locations in order to determine the effects of various kinds and amount:; 
of fertilizers on the \vater soluble phosphorus of the soils examined. 
The depth-distribution of soluble phosphorus resulting from depth­
placements, hroadca st, drilled. and row applications of fertilizers was 
studied and some of the soil factors influencing this depth-distribution 
are discussed. Data are presented, also, from 10 soil fertility experi­
ments on potatoes to determine the soil cont ent of water soluble phos­
phorus necessary for tbe highest average yield under the conditions of 
the experiments. 

1. Applications of phosphorus fertilizers produced crop increases on 
all of the soils under observation that showed a content of water 
soluhle phosphorus of 0.5 part per million or less in the soil extract s. 

2. Soluble phosphorus moves hoth llinvard and downward in soils 
and these movements are conditioned chiefly by the amount of fertilizer 
applied . the phosphorus revertillg power of the soil , and the freedom 
of water movements. 

3. In the case of soils having a bigh phosphorus reverting power, 
hroadcastec1 phosphates may remain where they are mixed with the 
soi l hy tillage operations. 

4. Row applications of fertilizers gave higher phosphorus tests di ­
rectly under the row than did broadcast applicat ions . 

5. Very large amounts of fertilizers may be required on some soiL; 
having a high phosphorus reverting po\Ver in order to give an optimum 
content of water soluble phosphorus for crops. 

6. The muck soils \vhich Vlere studied retained nearly all of their 
soluble phosphorus in the plowed portion, but, in case of the mineral 
soi ls, the phosphorus moved to lower depths. 

7. Sulfate of ammonia and muriate of potash increase the solubility 
of soil phosphorus. 

8. Either the phosphorus of manure is quite soluhle in soils or else 
manure exerts a solvent action on soil phosphorus. 

9. The highest average yield of potatoes from 10 phosphorus ex­
periments correlated with a 7-inch average content of soluble soil 
phosphorus of approximately 1.0 part per million. 

Acknowledgment is due to the several memhers of the Soils Depart­
ment staff wbo laid out the fertility plats, furnished transportation, 
and gave valuable suggestions for the conductance of these studies. 


