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Sfethods for Determining Availability of Phosphorus

On# ja«ana of determining the aval lability of toil phot-* 
•phorus Is the measurement of the reaporm& of plants grown 
under conditions where phosphorus Is the limiting factor. In 
addition to ttee-honored plot and field testa, elaborate 
greenhouse and laboratory methods have been devised with this 
purpose in mind, Among these are the pot technique of 
Mitscberllch (41), the rye seedling method of Keubauer (45), 
and various miorobiolo&lcal procedures (30,46)• Such methods 
are often expensive and tim©-consuming, although the Heubauer 
and microbiological tests are leas so and, in addition, pro
vide considerable control of environmental eonditlona* There 
are numerous references to these methods in the literature, 
The work of Thornton (62) with the Keubauer and that of 
Mchlteh (3B) with the microbiological procedures have been 
outstanding In this country*

A direct chemical estimation offers still greater sim
plicity and economy, There have been several such approaches 
made, although they have to be standardised by plant tests, 
this type of chemical method has evolved from the attempt to 
duplicate the solvent effects surrounding living plant roots 
in the soil. In 1840 Daubeny (14) suggested carbonic acid am 
a reagent to distinguish between more and less soluble
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nutrients# Djmr (21) Introduced the terns "available* and
"unavailable" to distinguish between these groups# Ha used 
on© per cent citric acid as a solvent and found that the 
quantities of phosphate it dissolved wars in the sam# order 
ea the crop producing power of various soils#

The theoretical basis for the use of one per cent 
citric a cl cl was that it approached in degree of acidity 
that of the cell sap and therefor# it exerted a solvent 
action of the same order as root secretions in rendering 
phosphate soluble for assimilation# It la uncertain that 
the root possesses special excreting and dissolving prop
erties other than that exerted by carbonic acid produced in 
respiration. Bussell and Prescott (36) say not but other, 
more recent workers {8), have regarded it as a possibility# 
Hhether empirical or not, on© per cent citric acid found 
wide currency• This reagent has been joined by many others 
of the same type. These include solutions of Inorganic or 
organic acids* salt solutions, or mixtures of these buffered, 
to definite pH values. Th© phosphorus dissolved by such pro** 
eedures is often called "readily available", "easily acid- 
soluble", "readily soluble", etc.

Similar results with respect to total phosphorus 
extracted are not obtained with any two of these reagents or 
with the same reagent under different conditions (28,29,57)• 
But on m relative basis there la frequently good correlation 
awong the results of different extraction methods themselves 
(54,69,73) and also between these results and the results of
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biological measurementa (54,58,59) * This is especially true 
on related, soils receiving similar fertiliser treatments.

The limitations of such methods when applied to soils 
not meeting the requirements of close relationship or similar 
fertilization has received considerable attention* Thornton 
(80) states "that no extracting agent has been found which 
will give a true Indication of availability to plants under 
all conditions**1 Hibbard (34) and Fraps and Fudge (25) have 
investigated the limitations of chemical methods for estimat
ing phosphorus availability* Burd and sSiarphy (8) have dis
cussed the problem* They hold that lack of correlation 
between plant growth and acid-extraetable phosphate might be 
caused by plants possessing the property of absorption of 
ions such as phosphate without causing a shift in pH value 
of the soil solution such as would 'be caused by acid extrac
tion* The mechanism postulated is that of a contact anIon 
exchange without the intermediary of the soil solution between 
an!ons on the root surfaces for phosphate anions on mineral 
surfaces• Dean and Bubins (17), Overstreet (48), and Volk 
(66) have shown that such s mechanism is unlikely for anions* 
Another reason advanced by Burd and ifurphy for the lack of 
correlation is the fact that extracting solutions produce 
greater shifts in pH values than occur naturally in soils and 
dissolve greater amounts of -phosphate than would dissolve 
under field conditions* A third reason is held to be the 
presence of secondary react!ons in which Iona such as calcium 
dissolved by the extractant in turn precipitate phosphate.
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The absorption of phosphate by plant roots prevents the occur- 
rence of such secondary reactions*

Another way of viewing the picture Is to presume that 
there are different ©helical forms of phosphorus In soils* 
Their avaliability to the plant may fall in one order and 
their solubility in various extractants may fall In an entire** 
ly different order• For instance* it would be hazardous to 
eostpsre the phosphorus availability of a calcareous aoil with 
that of an acid soil by means of a single extracting solution*. 
Entirely different types of extractants have been proposed for 
calcareous soils (13*35}« A. further instance occurs with 
soils fertilised with different phosphate carriers* '/aluas 
for readily- soluble phosphorus obtained on a soil fertilised 
with rock phosphate may be entirely out of lino with those 
obtained on the sane soil fertilised with superphosphate or 
other phosphorus carriers when the two are judged on the 
basis of crop response (35*59)*

Another type of chemical approach fi&M as its object the 
quantitative measurement of a definite soil phosphorus frac
tion or fractions* The hydroxyl ion has found application 
in many such methods* Several schemes have been proposed 
(15,16,26*27,71)• They are based on the observation that 
organic phosphorus compounds, non-apatitle calcium phos
phates* and inorganic phosphates associated with .iron and 
aluminum are soluble in solutions of sodium hydroxide,
Apatites are Insoluble in this reagent but dissolve In 
sulfuric aeld solution following alkali extract! ;>n, In



addition* all soils contain considerable quantities of phos
phorus of unknown ecmblnetions which are insoluble in the 
a bo ire reagents*

In these fractionation methods* the total phosphorus and 
the Inorganic phosphorus In the alkali extract may be deter
mined separately thus giving organic phosphorus by difference# 
In the method of Chani (26*3?) non-apatitle calcium phosphates 
are separated from phosphates associated with iron and alum
inum by dissolving the former by means of extraction with 
dilute acetic acid prior to alkali extraction* The method of 
Bray and J>ick^an (3 # 20) employs fluoride solutions for frac
tionation* That of Fisher and Thomas (22) utilises varying 
solubility rates of phosphorus compounds In buffered acid 
solutions at different pH ranges to effect a separation* The 
latter method dissolves fractionally ferns of soil phosphorus* 

In conjunction with soil phosphorus fraetLocation* methods 
have been devised to measure quantitatively a single phosphorus 
fraction— the portion that Is I yblllsed or fixed i:a large 
quantities in acid soils* The meohanlme of this retention has 
been the subject of considerable controversy* One group 
maintains that phosphorus undergoes chemical precipitation 
with Iron and alvtmi mun. or the hydrous oxides of these a lenient s 
(23*31*39)• The opposing view is that such phosphates are held 
or adsorbed by means of an exchange reaction with hydroxyl ions 
on the surface of alnmino-silieat© ©lay particles (43*60*61)• 
The subject has been reviewed by Midgeley (40)* In any event* 
the quantitative measurement of this insoluble phosphorus#
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whether precipitated or adsorbed, has been considered to have 
agronomic implications (3,18,70)• This phosphorus has also 
been termed *exe2i&nge*blew. It has been established that such 
phosphorus is available for plant growta (12,37,43,70)* The 
use of various reagents has been proposed for the displace* 
ment of this adsorbed or exchangeable phosphate# The 
hydroxyl, citrate, fluoride, and arsenate anions have been 
employed by Piper (52), Steele (60), Bray (3), and 'Dean (18), 
respectively#

Tlx© measurement of the capacity of the noil t -> fix 
phosphorus ?-nd the proportion of that capacity occupied by 
phosphorus (known as degree of saturation) have also been 
held to be important consider*? tlona when measuring the avail-* 
ability of soil phosphate (8,19,65,64). There Is too# 
analogy here to cation exchange* Burd and atrphy (8) hold 
that the adsorption capacity and the degree of saturation 
of the adsorbing complex (for phosphate) determines the 
phosphate.accessible to plants by hydrolysis or anion 
exchange# Such .phosphate, extractable by alkali, is held 
to bo sharply distinct from the other source of phosphate 
for the plant, namely that soluble in acid (readily 
soluble pfcosphorus)« For technical reasons they believe 
it Is impossible to determine exactly the amount of the 
latter fraction but claim its value can be inferred from 
acid extractions plus a knowledge of the buffer capacity 
of the soil# According to Burd and Murphy (8) and to Bray 
and Kurt a (4), acid extraction procedures (for readily soluble



or readily- available phosphorus) are relatively ineffective
in removing adsorbed or exchangeable phosphorus unless this 
fraction is present in large amounts* Dean and Bubins <19} 
also stress anion exchange capacity and degree of phosphorus 
saturation as factors to bo consider act, along with others,
In determining phosphorus fertility of soils# they not© that 
in acid soils phosphorus tends to accumulate In exchangeable 
form upon heavy fertilisation. Thia la attended by a rise 
in readily soluble phosphorus. However, this could not. be 
expected to hold for all types of soil.

The Accumulation of Phosphorus In Heavily Fertilized Soils

Some evidence has been published relative to the seew- 
nuXatlmn of phosphorus In soils receiving heavy and long- 
continued fertilizer applications (1,2,7,9*53,49,50). This 
«ccumulation has been appreciable with special crops such 
as tobacco, potatoes, and truck* Field experiments have 
been conducted relative to the value of this accumulated 
phosphorus to the plant <1,5,9,50,35,42,44,47,67,68}» The 
concensus is that there Is a decided carry-over in effect 
on new crops from previous heavy phosphate applications. 
Morgan and Jacobson (42) showed that whit© potatoes grown 
on old tobacco land in the Connecticut Valley did not 
respond to phosphate additions. Ware ©b# *1. (60), found 
that high applications of phosphorus to white potatoes In 
South Alabama were of value to succeeding crops* Volk (67) 
f und for cotton that "high rates of phosphorus application
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followed by low rates did not result in a distinct decrease 
In yield11* Hawkins {50} reports the results of a coopera
tive study on white potatoes in which it was found that 
phoaohate applications old not signlficantly Increase yields 
In sons soils where heavy applications had betn made pre
viously. This did not apply to all eases but the increase 
in yield of potatoes per pound of PgOg applied was usually 
lower at locations where there were high amounts of residual 
phosphate In the soils* In a later report, HeIson and 
Hawkins (44) found that response to phosphate Is related to 
the amount of readily soluble phosphorus In the soil and that 
the yield of potatoes from the first 80 pounds of phosphoric 
acid applied decreased as the amount of readily soluble phos
phorus in the soil increased.

Application to the Present Study

The soils used In this study were surface soils from 
the Eastern Seaboard. They represented several soil types 
and are described in more detail in the section on results* 
They were, with minor except! mn $ quite act-; soils which had 
received heavy fertilisation with commercial fertilisers and 
were presumed to have accumulated considerable quantities of 
residual phosphorus* On several of the sites from which these 
soils were fcalen, the results of field studies of the response 
of white potatoes to phosphate applications war© available 
when the sampling locations were chosen (11,30)* Data for 
response to various phosphate applications are given in 
table 2 .  These show that on many of the s a m p l in g  sites little
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or no response m s  obtained to phosphate applications, in*
41 eating a high evailabiIIty of residual phosphorus*

Several crops and cropping systems worm used mo that 
variations in residual phosphate utilisation Inherent in 
various plant apeelea might be estimated* The crops were 
grown in the greenhouse under conditions which made it 
possible to account for all the phosphorus in the soil and 
in the plant*

The chemical procedures used to complement the crop 
growth s t u d ie s  In estl-atln& phosphate availability were 
chosen to represent the two types of chemical approach 
already discussed* The method employed for readily soluble 
phosphorus was that of Truog (65), modified slightly to be 
better adapted for the use of the photoelectric colorimeter 
(51)* this method involved the extraction of the soil with 
dilute (0*002!?) sulfuric acid buffered at pE 3*0 with 
ammonium sulfate* Sodium hydroxide was used to determine 
exchangeable or adsorbed phosphorus• This reagent has been 
used by several workers for this purpose (8,52,55), It was 
extended to give values for organic phosphorus and apatltie 
phosphorus, the latter being the phosphorus soluble in acid 
following the alkali extraction* Some determinations of 
exchangeable or adsorbed phosphorus were made using the 
fl no ride and the arsenate ions* The action of the f3.uo7ridef 
arsenate, and hydroxyl ions is believed to be alike In that 
an anion exchange is effected between them and adsorbed 
phosphorus*
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An experiment with radioactive phosphorus was included
so that an estimate of the efficiency of utilisation of 
superphosphate could be made on soils whose fertility status 
had been established by the other methods described in this 
work, The technique used with the radioactive material is 
briefly described in the last part of the experimental 
section. The methods used for measuring phosphorus uptake 
from the applied fertiliser with radioactive phosphorus were 
those developed at the Bureau of Plant Industry, Boils, and 
Agricultural Engineering, United States Department of Agri
culture, Beltsville, Maryland,
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Plant Growth Techniques

Crop®* Several crop® were grown on llfferent toil® to 
the greenhouse to provide information on variation among so 
different type® of plant® with regard to utilisation of re-* 
sidual phosphorus and to make possible comparison® between 
plant growth and chemical tests of phosphorus availability* 
fHii® was carried out In tore© different parts*f the first 
part was concerned with evaluating the ability of some 
le U'ts and vegetables to remove residual phosphorus from 
soils which represented a variety of textural typos*

A-l heaped®sa series® followed in some 
case® by hairy vetch 

A-2 beet® followed by hairy vetch 
4*3 C.rp t a 1 aria retuaa 
A*4 Slobolt lettuce*

A second part consisted of the meosurement of residual phos 
phorus removed from heavily fertilized commercial potato 
soils by three different types of rotations*

B~1 legume rotation* hairy ve tch*c owpe a s- 
hairy vetch

B~2 vegetable rotation* bsebs-Slobolt lettuce* 
beets-Slobolt lettuce 

B-3 grass rotation* rye grass-Sudan grass- 
rye grass*
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In the third part, radioactive sniper phosphate was used to 
measure the titillsatlon of phosphorus from soils* Slobolt 
lettuce was used as a test crop*

Containers♦ Skrall glased pots were used in experiments 
il-1 end A-2. For the other work, number ten enamel-lined 
tin cans were employed* These were cut down to a height of 
four inches and then crimped to lend riglilty*

Soils * Two groups of soils were used in experiment A*
The first group consisted of five soils, described in table 1. 
These were used in experiments A-l and A-2. Six heavily 
fertilized soils fro© commercial white potato-producing areas, 
described in table 2, were used in experiments A-5 and A-4*
The latter soils were the only ones used in the remainder 
of the experiments.

Preparation of Soil* For experiments A-l and A-2t air- 
dry soil which had passed a 2-mm• sieve was used for crop 
growth. For the other experiments, the air-dry soils were 
passed thro h a screen bavins a quarter-inch mesh. In ex
periment B, the soils of replicate pots were composited and 
air-dried following each, crop* After a weighed sample was 
removed for laboratory work the soil was redistributed for 
the following crap* In the experiment with radioactive 
superphosphate the six a oila wnlcfc had been cropped in ex
periment B-2 wore compared with the corresponding six
nncroppe d soils*

Pertili&atlon* kith the exception of phosphorus and
liming, an attempt was made to maintain levels of all
nutrients at a point optimum for crop growth at all tlm.es*
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Chalk and magnesium carbonate tmr& added to soils before goad
ing each crop at a rat© estimated to give the soil a reaction 
approaching but not exceeding pH 5.5* Consideration was 
given to reaction, texture, exchangeable hydrogen, and cation 
exchange capacity in obtaining this estimate* The other 
nutrients were added, as a rule, in solution at intervals 
during the growth of the crops.

Radioactive S-\perphosphBto♦ This material was prepared 
by fh jr. Pox of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering, United states Department of Agri
culture, Peltsvilie, Maryland* The technique involved mix
ing 5*54 g®. of primary potassium phosphate containing 40 
mi111curiea of radioactive phosphate with 49*11 |pa. of 
Curacao phosphate rock end 62.9 of 50.6 per cent sul
furic acid. The dried product weighed 90 gm* and contained 
22.31 per cent phosphoric acid (?ao5 ). Hie quantity 
applied to the soil was equivalent to 200 poun-s PgOg per 
acre. This amounted to 0*2 gm. PgOg per can with an 
activity of 0*4 laiXXi curies . The phospnate, along with 
lime and other nutrients, was mixed with the soils before 
apportioning to replicate pots.

Exper Imeuta1 Design. Four replications wore used with 
the five soils employed in experiments A-l and A-2. Experi
ments A-5 and A-4 were run in duplicate* Four replications 
were used for each of the 12 soils in thm work with radio
active superphosphate#



In experiment B each of the six sells was represented by 
six replications for each of the three cropping ays tons 
(B-X, B~2f B~8) making s* total of 108 cans. The 58 cans for 
each crop {six soils by six replications) were randomised In 
the farm of a 6 x 8 latln square. Six blacks were then read© 
up consisting of corresponding columns from the three latln 
squares• The arrangement of aub^oloeka was at randoc, A 
sample block is illustrated In figure 1.

Seeding* The seeding procedure followed in this work 
was to -add the required amount of water to the pots or cans 
after first removing a sma 11 portion (about 200 gin.) of dry 
soil. The water required to bring the soil to the proper 
level for crop growth was determined by trial and error on an 
extra lot of each soil. After the water had soaked in# port 
of the dry soil was spread evenly over the surface to provide 
a good seed bed* After placing the seeds, the remainder of 
the dry soil was used to cover the seeds and then the pot or 
can was covered until emergence of the plant. The seeding 
plan for various crops is illustrated in figure 2* For the 
experiment with radioactive superphosphate, lettuce seeds were 
placed upon moist filter paper at 60° F* in diffuse light the 
afternoon prior to planting. Seeds showing hypocotyls the 
following afternoon were seeded eight per pot as illustrated 
(figure 2). The excess seeds were placed in vermXculit© and 
used for the small amount of replanting that was required.

Culture of the Crops. In experiment A, no attempt was 
mad© to regulate the numbers of leaped©za or Crotellsrla



Crops (randomized)
Beets Veteh

Soils 
(random!zed)

Greenhouse
Bench

V"Block alTT

FIGURE 1. ARRANGEMENT OP CROPS AND SOILS FOR 
GREENHOUSE EXPERIMENT WITH HEAVILY 
FERTILIZED COMMERCIAL POTATO SOILS*
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Vetch Cowpeaa
(thinned to 8) (thinned to 3)

Beeta
(thinned to 4) Lettuee 

(thinned to 5)

50

Rye Oraaa
(thinned to 12)

Sudan Oraaa 
(thinned to 6)

Lettuee*

FIGURE 2. SEEDING PLAN FOR VARIOUS CROPS IN GREENHOUSE 
EXPERIMENTS*
♦Experiment with radioactive auperphoaphate*



plants per pot. The regaining crops of experiment A tis those 
of experiment B were thinned according to the data of figure 
2. Two harvests were made of the lettuce which received 
radioactive superphosphate« Four plants were taken for the 
first harvest and the remaining four at the final harvest.

Aa previously stated, various nutrients were added In 
solution to the soils when deemed necessary during growth of 
the crops. All legumes were inoculated. Vetch, and cowpeaa 
were given support by moans of stringsattached to glass rods 
set Is the soil of the pots or cans. Aphids and thrlp wore 
controlled by nicotine fumigation. Red spider was controlled 
by spraying with at frequent intervals.

Harvest of Crops. Several cuttings were obtained from 
each seeding of leapedessa, vetch, rye grass and. Sudan grass* 
For the other crops, one harvest was secured for ©aeh seed
ing. Dates of seeding, cuttings, and harvests are illustrated 
in figure 5.

hoots were harvested by removing the soil from a can 
and allowing it to dr;, for m few hours* The bulk of the soli 
was then worked away from the root mass which was then allowed 
to dry again for a few hours. Most of the remaining soil 
could then be removed. Hoots were washed by placing on a 
sieve and rinsing with a stream of water*



V,

Experiment
1-1

Leaped©za
Eetqh

A-2
Beets

> -  —  <

Vetch

B-l Vetch Covpeas Vetch

B-2

B—3

,Beets Lettuce, geets* fLettuce* t

Sudan
Rye Grass Graaa Rye Grass*

a-Second crop
b-Experlment with radloactlTe phosphorus Lqttuoe

1945j «- » i _ j__i i i Jl. * i
1946 | 1947
-4.-. *. . 4  * —  X- -4 1 1 | 4-...4 I j i

FIGURE 3. SEEDING AND HARVEST SCHEDULE OF GREENHOUSE CROPS. H
tO
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Chemical Methods

Preparation of Soil Samples for the laboratory* R©pre« 
sentative samples ware taken of all soils before fertilisation 
and seeding* In experiment B, soil samples were taken follow* 
in,g the harvest of each crop* tie air-dry soil of replicate 
esrna was mixed together and the sample taken with a sampling 
tube• fhese samples were weighed, passed through a 2-huh* 
sieve, and the quantity that passed was reweighed*

Moisture heterminal!ona♦ A 25 or 50~geu portion of 2~* *
air-dry soil was placed on a t&red evaporating dish and dried 
to constant weight at 105° C*

Reaction* fhm pH of a Ijl soil-water suspension which 
had been allowed to stand for one hour with occasional stir
ring was measured with a Beckman pH meter and glass electrode* 

Exchangeable Hydrogen, Exchangeable Bases, and Cation 
Exchange Capacity* The rapid method of Brown (8) was used* 

Mechanical .Analysis* Determinations were performed by 
the pipette method through the courtesy of the mechanical 
analysis section of the Division of Soils, Fertilisers, and 
Irrigation, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, United States t>e parts* ent of Agriculture, Belts- 
vtlle, Mmryland*

Conductivity* Fifty fyn# of soil were shaken with 250-ml* 
of we.ter and allowed to stand overnight* The conductivity 
of the supernatant liquid was measured with a conductivity 
bridge*
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Total Phogphorua In Soil* A 1-gas* sasaple of 60-meah 
oven-dry soli was digested with 20 nil* of 72 p-r cent per
chloric acid in a 70-ssl# K'jelcl&hl flask until colorless or 
nearly go* The contents were transferred to a 250-ml*
•folunetrlc flask, .made to volume, mixed, and allowed to 
settle* 4n aliquot (containing loss than 0.05 ragm* phos
phorus) was transferred to a SO-ml. volunotrie flask and the 
reaction adjusted with five per cent sodium carbonute and 
1 H sulfuric acid to colorless with quinaXdlne red Indicator* 
The volume waa then made to 35 ml• and the molybdenum blue 
color I eve loped by the /.ethod of .Pee eh ct* al* (51). T?ie 
transitttency was ?paaaur©d using a 660 m/* filter with an 
Bvelyn photoelectric colorimeter*

Bead!.Xj Soluble Phosphorus (ModiTied Truog Method) *
Pour gm* of 2-tms.* -soil were shal ©n for 50 minutes with 400 
ml. of 0*002 K sulfuric a elk containing three gm* of ammonium 
mi Ifate per liter. The suspension was filtered through ll-em* 
nxmbmr 42 Whatman filter pap-,r discarding the first portion 
of filtrate. Phosphorus was determined in a port!on of the 
clear .filtrate by the inolybe&enuEi blue method described above* 

A X k a 1.1 -#x tract a b 1 e Phosphorus » A 5-gm* portion of soil 
was placed in a 100—si# centrifuge tube* A 50-ml# portion of 
0.5 M sodium, acetate (adjusted to pH 5*7) was added and stir
red with the soil* The tub© was centrifuged and the solution 
discarded. This procedure was repeated three times# A 50-ml* 
port!on of 0*1 1 sodium hydroxide was added and the tube 
immersed In a boiling water bath with occasional stirring for
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50 minutes. At the end of this pcrioi* a g-ml. portion of 1 Sf 
sodium chlorlde laa added and the tub© centrifugal, the clear 
extract was poured into a. 250-ml. volumetric flask. Thia 

process wai repeated once 'with heating and than twice more* 
omitting the heating* T he  combined extracts I n  the f laak 
war© mad© to volume and mixed. A 10-ml♦ aliquot of this ex
tract was evaporated to dryness with dilute sulfuric acid 
containing magmesiust nitrate (3.75 go. IgllOg.6!TgO per 100 
ml* 1M TI2 SO4 ) • *Vhen dry, the residue was gently Ignited, 
cooled, digested with 1 If sulfuric acid, aed® to uolme in
a 50-mi* volumetric flask, nixed, and allowed to settle
overnight. Faoaphorua was determined in an aliquot of this 
solution by the molybedeiauR blue lAethol*

Exchamgeable Phosphorus. A 7S~ml. aliquot of the 
alkali extract was pipetted Into a XOO-xl. volumetric flask 
and made to volume with 1.2 If sulfuric acid* This mixture 
was treated with a small amount of decolorising carbon 
(Darco {IQO) and filtered through 11 cm. Whatman number 42 
filter paper, discarding the first portion of the filtrate*. 
Phosphorus in the clear extract was determined after evapora
tion and ignition as for total alkall-exbractable phosphorus*

Apatltic Phosphorus• The soil remaining after theI I III I mm I. u 1.111.1.1...-—.. . iBm  .

sodium hydroxide treatment was transferred to an Erlennieyer
flask with a 8&0*mX* portion of 0*5 H sulfuric acid and 
shaken for one hour. Phosphorus was determined in an 
aliquot of the filtered extract.
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Exchangeable Phosphorus by the Arsenate Method* The 
procedure of Ihibins and Dean (55) was followed*

Exchangeable Phosphorus by the kmnmlxx® Fln-o ride 
ethod» The procedure of Rubins and Dean (55) wag follow

ed *
Anion Tnxehftn&e Gapaeity» A 5*ngru portion of soil wag 

■pre-treated with 0*5 M sodium acetate sa glwen in the 
method for alkali-extractable phosphorus * The soil was 
saturated with phoschorus by treating with four 50-mi* 
portions of 0*5 U sodium phosphate adjusted to pH 5*7, the 
soil being heated at 100° G with the first two portions 
for 30-minute periods* The excess saturating solution was 
washed out a® follows: the soil was stirred with 25 ml* of
water end then £S ml* of 95 per cent ethyl alcohol was added* 
A f t & r centrifuging and discarding this wash mixture,, the 
process was repeated three timea with 50 ml. portions of 
95 per cent alcohol* The adsorbed phosphorus was then dis
placed with 0*1 M sodium hydroxide as for exchangeable 

osphcMPUS* .Phosphorus was determined In the extract by 
the procedure given for exchangeable phosphorus*

t>ry Weight of Plant Tissue* Plant harvests were placed
In beaker a and dried to constant weight at 6 0-70° 0#

Phosphorus In Plant Tissue * In experleitinte A and a
the dried plant material was ground, using a Alley mill with 
a 20-^esh screen or a hammer mill* An oven-dry ground sample 
of 0*1 to 0*5 gm. was moistened with, a E-ml* portion of 
alcoholic magaeslum nitrate (40 gm* of salt to 100 ml* of
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96 per cent ethyl alcohol)• This was placed on a triangle 
and ignited with a taper* The burning was a sal a ted with a 
very low Bunsen flam© which, was gradually Increased until 
ignition was complete* A platinum wire was used to break 
up I m p s  of partially burned sample* After cooling, 10 ml* 
of 1 H sulfuric neld was added and the covered crucible 
digested on a hot plate* The contents were then transferred 
to a volumetric flits! using a stream of distilled water .from 
m wash bottle and a policeman. The contents wore made to 
the marl, mixed and allowed to stand overnight* Phosphorus 
was determined in a clear aliquot of the supernatant liquid 
by either the wolybdenum-blue method or the vanado-molybdate 
method (36), using an Evelyn photoelectric color^ oter*

Radioactivity of riant tissue* Total phosphorus and 
in tii® dried material was determined by the method of 

Slacken ale and Bean3*. In brief, this method involved the 
digestion with nitric and perchloric acids of a temple of 
plant material containing from five to 35 milligrams of 
phosphorus* After filtering off the silica, the phosphate 
was precipitated as the molybdet* and reprecipitated as 
a icsdum. ammonium phosphate. This was collected on a bared 

filter disk consisting of filter paper fastened by trte 
cement to an aluminum ring, the filter disk with precipi
tate was dried to constant weight at a relative humidity of 
50 per cent, the net weight being recorded as magnesium, 
ammonium phosphate hexahydr&te* Total phosphorus having

*\u* A. Dean, private eoMssunlcat!on*



thus been determined, the radioactivity (P^®) of the pro- 
clpitat# wag measured with a Geiger-Sldllsr counter# For 
compari eon standards, a weighed sample of the original fer
tilizer was dissolved in dilute nitric acid and made to 
volts?!*• Suitable aliquots were carried through the analysis 
for total phosphorus and radioactivity#

Bsdloaetlvity for this work was expressed as the number 
of disintegrations per second per mips* of total phosphorus 
(at an arbitrarily chosen reference time)* fhis. is known as 
♦specific activity1• The ratio of the specific activity of 
•the phosphorus in a given plant sample to the specific 
activity of the phosphorus In the radioactive superphosphate 
which was applied Is the proportion of phosphorus In the 
plant sample derived from, the fertilizer* For convenience 
this ratio is converted to per cent*



RESULTS

Sampling and Chamleal Information Obtained on the Soils 
Used in the Various Experiments

Tli© soil type and phosphorus a an tent of the five sells 
used for experiment A~1 In which lespedese and vet eh were 
grown and for experiment A-2 In which beets and vetch were 
grown are given in table 1* The soils were surfaa© soils 
and represented a variety of textures# The havidson clay 
loam contained very little readily soluble phosphorus and was 
at a very low degree of saturation with respect to phoaphorue• 
The other soils contained more phosphorus in the readily 
soluble and exchangeable forms and were at a higher degree 
of phosphorus saturation* One of the Sassafras loamy sands 
(22X171) gave the highest value for readily soluble phosphorus 
and also was highest with respect to phosphate saturation*
The other Sassafras loamy sand possessed a considerably 
lower phosphate level. This is indicated by lower values 
for exchangeable phosphorus, degree of phosphorus satura
tion and readily soluble phosphorus* The Caribou loam con
tained the greatest quantity of exchangeable phosphorus but 
feed a lower value for pho spftorus saturation and readily 
soluble phosphorus than bomb of the sandier soils*

The six soils used for the remainder of the experiments 
were acid surface soils from sites in the Eastern seaboard 
states that had been used for commercial white potato
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TA35f X, The total phosphorus, exchangeable phosphorus# 
d© ~ree of phosphorus saturation, -and readily soluble 
.h.-spoorua in soils used for greenhouae experiments with 
lea'edesa, beets, and vetch.

11 ne hundred grams of atr«*dry 2**r soil per replicate*

Soli type * 
on 1 ?

' *u bar j
* 

$

fotal s 
5hos phorua:

per i 
Replicate2 :

JsM jl i

#: «t
Exchangeable »9e;ree of tReadily
riiosphorut s *hus .horus I Soluble

per iSaturation t.Phosphorus
aopllcate t t per

s :Replicate
pjii *s per cent

s
Pavi :son s
clay loam s 

1757 s 
I

Caribou : 
loam s
E1124 3

l
Sassafras t 
loam t

3X141" I 
t

aassafres t
loamy sands 

31171 i 
3

Sassafras t
loamy sand: 

B1175 t

696

1015

60S

lob

550

475

591

182

5

,o

41

110

50

56

113

14D

47

»!)ete mined by the arsenate me thoo.

production for a number of years and had received large 
applications of commercial fertilisers* Sampling lata and 
results of chemical and mechanical analyses for these soils 
are given in tables 2 and 5* As mentioned earlier# field 
tests with white potatoes had shown asny of these soils to 
be giving little or no reap..use to phosphate fertilisation 
(table 2, columns 5 and 6 ),



TMiCB 2m The number, type, location, .. .os.terras treatment, *tm field esuerinent yield of 
potatoes of soils fro::: commercial potato-or->h\cInnreag used in greenhouse testa*

i
Soil du oer:Descrlptlon of 
and J

— ~'T
Sassafras 
sandy loam 
(451585)#

uSkjT5u aeTcT" 
pod solic

:aoil doveloped on uncan- 
ssol iff mitwsah fro.-" the

• ‘C’>-
1 Carles 5 *r *nlc 

s * doa t  t o n

jCroopin-:-' History 
% and
i uereno®

:' ■ ̂eTI^aralneaT"
sCoastal Plain

TTT* ,, vs. s Co * v i olua1 w
:{7a.truck ipotato expari- 
:2xp. Cub- men t; I of lbs.
:station) sPgOg r > ere 
i: :for *

rt»

2
Pfoyock 
loamy fine 
sand 
(451586)#

* W  ̂ V *
t * r to^well aralne<i 
:v,oa s tal Plain sol I; poorly 
tdeveloped 'roille;derived

“S
Caribou
loam
(45158?)#

:fron beds of 
sandy clays.

fine sands,

----
Caribou 
loam 
(451488)# 5

.jDriver,fa. $ 
5Form of t 
: M. r. Harrell:
i :
: i

WeTl -drained pudsol dev*
sloped, ort glacial till 
derived from calcareous 
a ■ a 1 o e s n 4 1 Im e a t m  e •

See above

 -- 5---
Cartbou
loam
(451589)#

See above

:Aroostoo!E
* t y * , ;uC •
S {Far;;- of 
s A•scpenny)
TArooa^olc 
:Co., he.,
s (Pam of
:F. ;-c Fenny)e*
llF*.-oiTibok
i t vJ *, «.e«,
j Aroostook 
sfam, Ae. *Exp. Sta.

™,,r”mr,r"rg"*r,r™ “~'“Y ^  e ■c'7":iedXi35*̂  cl P
Collington jCnast&i Plain, podsolic 
loam saoil, developed from

ui- sgreensfinci marl.

8Freehold,
i P. (•' i-ro 
:F. Story) 
:

F r !s  an rroun d!ng 
II 'e site of 
; aa chorus field 
:c ~-.no.3 (1345)
1 .. (50)
5Ares surrounding 
Jibe site of 
s ‘i jbphorus field 
« « > » iKi . 4(1 d4b )
y  (80)
s A i • ca aurrcmna In,; 
:iag. the site of
* on o«;;}■ ioru& field 
2exp.no. 5(1345)
2 (30)

dT ‘Mini’'1 In 'nstry im5Ser7

: ro .•>! nos-
: 3 orus response 
2 s tuc-y (1346)
2 (1 0)

f205 
Tre-iv ,fc 
lb./a ere

: Yield 
sbu./aere

#0
160
240

On
105
120

7)
40
50

12 J 
160 IT'

o
120
160
200

0
80

160
240

366 
373 
« >)

663
372
576
367

s 1!oT
; 316
: 324
2 ^22
8 322— J7r
£ 354
: 306
: 342
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TAB!/-: 5# fii© phosphorus eon tent, pH value, exchangeable 
Iona, iec:-&nioal analysis, and organic content of soils 
from co-^erclal potato-producing areas used in greehheuse 
testa•

tosphorus content 
Total &

Soil Kunber
5 * 6iMi UMum mmi«ciim ... wjhomi ran wu

-,04450.122 s
: s :
2 j j

*§ S0.198*0.134*0.109
Readily soluble p.p.m. S 86  
,vxc'“nngeable {by W&OH) i

r*ol« per 100 gnns* ;1 1 *&
1 a exchange cap *
acity mmol.per 100 *gm. *5.42

Saturation of anion I
exchange capacity % t

%
S3

pH Value
*
:5ft

jftft 4 O
Exeiitn nafel® bases

ft
s

ni«q, p e r 10 0 ga. :2 .2
Kxeb.ar'-eable hydrogen :
meq# pi.r 100 pa* *1 .4
Exchange capacity ♦•
neq. per 100 @m# *5* 0
Mechanica1 analysis

***
Gravel, fine ^ to. 3
Send, coarse 0 a
Sand, medium. ^ • oA 9*5
Sand, fine % *2 6 *8
Sand, ¥ ry fine $ SO*9
Slit J 20 m 9
City IBe .2

Organic matter ;•{ ! 0 
S

*7

I 256 * xsx S 178 s 71 * 139•A * ♦* •* S
*2 . 35 |4*57 14.45 *2.83 *3.25
* *# «a * s* ■;; 7 '■* W # tw* *20*00*30*4$**32.1 0 ■*19.26
S « #i* «• *
i 35 s 15 * 15 S 9 i 17*# . ** *« 44 e4* 5 • m x *5* XX *5.34 * S.04 *4.40
t I #* * ft*
s *• *ft * t
*3,9 s7.2 * n *7* w • f *7.0 * 5*0* ♦ 94 4 S* A• 5 J * V s 8 * % ? 6*4 *7.5 *5.5•* *4 * :* 0 ''’.I«■ >irf . i,*' 813 * o 3 1 *̂ * 1 * 1 o » 4 *1 0 .5
: * s * I** ** *« *• *$
*0 .1 *8.7 *6 .2 *5.9 *0.7
t 'sj . 4 *7.2 S o . 9 S 6.7 *4*7
s»i. e *4.5 *4.9 *4.1 *1 0 .2
8 64 * 8 19.8 2 1 1 , 3 *1 0 .0 *11.4
« b * 9 *0.7 SB* 9 *9.7 ♦ c » 7
S10 *0 *49.4 *47.8 * 4 'i>: . o I oO. 3
s 6 .2 113*7 *14.0 *14.1 *17.09• » 1 * **# X 0 C' *4.0 *4.2 *4.7 * o p «& * &*
I * 1 ** %
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The data. of table 5 tor phosphorus content Iff graphed 
in figures 4, 8 , and 8 * In table 5 the data is expressed 
in units in common us© for the detenu!netion of the parti
cular phosphorus fraction* In figures 4, 5, ami 8 , however, 
all 'quantitative data are expressed in units common to all 
for compar®tlve purposes*

It may be seen from figure 4 that all these soils con
tained considerable but -varying quantities of phosphorus in 
exchangeable form* One millimol of phosphorus per 100 gm* 
is equal to 1420 pounds ?g05 per sere* Soil 1 contained 
the least amount of exchangeable phosphorus while soils 5 
and 4 contained almost four times as much# A high propor
tion of the total phosphorus of all of these acid soils was 
exchangeable, however* Readily soluble phosphorus was con
siderably lower in amount than exchangeable phosphorus in 
all cases* The greatest amount of readily soluble phosphorus 
was found In soil B, while the least wag found in soils 1 

and 5*
The data of table 3 for exchangeable phosphorus, anion 

exchange capacity, saturation of anion exchange capacity, 
ancl readily soluble phosphorus is graphed for the various 
soils in figure 5* Ani :m exchange capacity varied greatly, 
being high on the fine-texfcured Caribou soils (3,4, and S) 
and low on the sanely soils 1 and 2 * The degree of saturation 
with phosphorus varied from 33 and 58 per cent in til# sandy 
soils to nine per cent in soil 5* This indicates that all 
soils were potentially capable of absorbing .much more
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FIGURE 4. TOTAL, EXCHANGEABLE, AND READILY SOLUBLE 

PHOSPHORUS OF HEAVILY FERTILIZED COWER-.* 
CIAL POTATO SOILS.
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phosphorus• Hot© that readily soluble phosphorus of soil 2 
with high percentage saturation la greater than that of 
similarly saturated soil apparently because of the differ
ence in absolute amount of exchangeable phosphorus• Soil 5 
* 1th a relatively large amount of exchangeable phosphorus 
has a low readily .soluble value apparently 'because of a low 
percentage saturation*

Ikie data of figure 6 siiow that most of the alkali- 
extra©table phosphorus was made up of exchangeable phosphorus 
wails considerably leaser amounts were found as organic 
ohosphorus• Apatitle (alkali-insoluble and acid-soluble) 
phosphorus and phosphorus of unknown composition (by differ
ence ) also mad© up a. minor sortion of the total phosphorus*

Phosphorus Removed and .Dry height Produced by Cropping 

.m-ent As Tn© Bern oval of Residual Phosphorus from
Soils by Different Crops* In this experiment the ability of 
certain crops to grow on soils of different textures and their 
ability to remove residual phoa..-horus from these soils was 
studied* The phosphorus removed by the leapedessa and veton 
used in experiment A-l Is safarized in table 4# he a pod© sa did 
not become well established on the Sassafras loam and the 
-Sassafras loamy send® in this experiment* It grew well on 
such fIn©-taxlured soils as Davidson cloy loam and Caribou 
loam, however* and removed considerable phosphorus from these 
soils* fetch was substituted for leaped©ca on the three 
aassafras soils following the second cutting of lespedesa*
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't’' *e*~ . '% oa ̂ horu s rem 0 ve0 by 1 e s pe 1 e j;* ?md vet oh tn
greenii „* -a. a © experiment.

Besuits expressed as milligrams1 per replic'■■ c e.

* M>avid~ t 8 'E’OOC- sS'asia- sBassafraaiCrop tilarvestt son 8 Car I 001; s fraa s fra s 8 Lommy
Grown s tClay 5 Loan : Loam : Loamy zBrmd•# i Lotei * 8 8 band 8* ♦• •» 8 *« 1

Lespetieaa s 1st 1 4.S3 8 11* 63 8 8*64 1 o.Ol I 2.07
ee Srid $ 2. at I 14.87 8 4.77 * ^ QQft V • V *<- s 5.82
a« 3rd 8 2,76 i 12.13 8 1 8« 4 th 8 3.65 8 15.06 4ft- 8 0
t 5th 8 4*15 8 1 '8 * 04 8 1 I
1 6th 8 d * 2 5 8 15*19 « •4 a*
s 7th 8 8.98 8 33.35 ftft •• 1T*es?b<Sessi toiirr~~ * l%W' *%»•*<&» « ♦ ^ H ^• dL*-~ m ft £-r&> . • 0 • 0 J
: 8 •4 8 ftft tVetch : ist •• ft 812.37 823.80 8 6.31
t 2nd. I 8 818 * 04 825.48 S 7.86* 3rd •ft ♦« J10.01 t 0*02 * r? 00ft /ft *5

¥5¥c!TTo?aI 8 8 sfea.Sa «s>$.So T"S5773~ ---e
Experiment total

8
832*37

•
8.121*22 152.73 175.30

ft
1 2 o*i>fci

4 l ft* ft1 ft« *

Xn experiment the cropping plan was beets followed
by vetch on all soils* The pirnsphoms removed by tmis crops 
did not app ear to be 'influenced by texture (table S), being 
relatively hig*\ on o m  of the Sassafras loamy sends, the 
Caribou loam, and the Sassafras loan -and low on the other 
Sassafras loamy sand and the Davi da on clay loan* Although 
the total amount of phosphorus removed by leaped®&a on the
Dsvi-ison clay loam was relatively low, the ratio of such
r oval to the removal by beets and vetch on t‘:is soil was 
relatively great as compared with tn-1 on the other* soils.

Experiments A«*5 and A-4 were carried out in an artificial
light chamber* the adaptability of Or?ta l aria retuaa and



?h3LL 5* rhoaphorua removed by beets $nd vetch In yreonhvuae 
experiment•

Results expressed as milligrams per replicate.

t ? ; 2 I
Crop sHarvest:son :Caribou 26>&ssafraas3assafras2 Sassafras** iClay 1 Loam * Loan 1 Loamy % Loamy

1 5 Loam 2 s S Sancl t Sand-* : 2 1 ! i
Beats s s 2.26 ** 20.19 •* *50. 48 I 54.31 1 10. 93

*
Vetch2 1st S 2,54

*
2 11,48 s 1 0 ,8 6 2 14.18

*
2 7.15

1 2nd i 2,93 to* ry f'i'rrf « 40 d » 1 C5 O **.<1. £6 # w Ji* *♦ 13.01 * s. la
$Trrsm:r~“ 3rd T-rm-- : 3,81 -- ** 16,07 •• 10.73 : 12.17 ’“TSTT'Tn?-- 5 6,19

foT5‘-' total n w r i o n  m '.'sq 5 46.%?$ j sttfe
2 * * i * J

1-xpt* total til, 54 : 65.01 1 64,08 : 94.57 3 32.43
s 1_______i _______s : s   ^

Llobolt let truce Tor m m o vino residual puosphorus fra.a heavily 
ferfclXiuel commercial pots.to-pi-cducin..: soils of varied tex
tures was studied. r t may be seen fr-.-m the data In table 8 
tv a t £• retuaa grew poorly on the sandy soils 1 on: 2 and on 
soil 6 mud wag therefore unsutted f o r  this work, The lettuce 
appeared to bo sore adaptable to various textural conditions 
end node* good growth on the hirst four soils but felled on 
soil G.

hxpcriment B: The Her.oval of Leg I5ua 1 Phosphorus from 
Heavily Pertillzed Cornnerclol Iotafo-prodnclng 5oils by 
Different Cropping dp a ten: 5*. In this experiment the ability 
of crops to utilise res'dual phashcrus was studied by means 
of rotations of different hpes of crops. Changes in level 
a t various phosphorus fractions were measured during the 
course of these rotations. Lime and ferfclliser, with the 
exception of phosphorue9 were added as needed and the amounts
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TAnld 6 * The dry weight and phosphorus content of Ciro talari; 
mai lettuce grown in artificial light chamber on soils from 
c<ffi»ero.tal potato-producing areas*

Soil
No*

1
2
3
4
5

1
2
54
W
o

s
i Soil per 
tReplicate 
3  .

IP

2000
2000

»

1930
1900
1900
2 0 0 0

2000
2000
19S0
1900
1900
2000

*
dry oeight I
of Top® per t C 
Heplicate s

IP

Phosphorus 
ontent of Tops 
per Hi

Cro t alaria
0 .
0 .1 1
2*52
3.71
2.71 
0.2?

I
Iretro a & 
3

Slobolt lettuce
7.24
3.50
4.91
7.08
1.45

Failed

0
0
6

15
6
0

34
IS22

.6 6  
• SI
.19
. O0 
#16
.83

.48

.56

.14

.49

.47

eAIr~dry quarternesh soil.

used are given in tables 7 through 12 along with pH value 
and other data* The quantity of soil used {tables 7, 9, 
and 1 1 ) was adjusted to approximate equal volumes, be iu^ 
greatest for the sandy soils.

The legume rotation {experiment B~l) consisted of two 
crops of hairy vetch with. an intermediate crop of eowpeas* 
Two cuttings were secured with the first vetch crop and 
thru# with the second. : - ure 7 is a photograph of the 
second vetch crop just prior to the first cutting. The 
data for dry weight and phosphorus content of the plant 
material are given in table 13 for the various crops. The
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TABLE 7* 7h© pH value and am-.mnt 1 ®&b than 2-jspi. particle
aiae of soils used in greenhouse tests with vetch and cow- 
peas; tho nitrogen and potassium added In nutrients, and 
the pho*phorua added In- seeds to the soils.

•$ i «Oven-dry 2 2 i
* s 3Boil leas S'? ial Nutrienta Si>horu aSoil s Crop s pH tthan 2-WEa. 2  ̂ ed to So IX® tAdded

Mo. i Grown $ VaIn© j hart1cl© ft*T  vrb'm 4* Potas- si.a Seeds5s t 8SiE0a I__£©h. t slum 8
s 2 kgrn. I ; giti. 3 sugsn.
1 t ' ~  I S 2 ftft

1 sVetch. I 5.482 11.858 t S 4.81 8 10.98
sCowpeas *ft 4.30s >3» 1*. 1# ‘i'f 44 0 .1 8 t 1 .0 0 ftft 46.75
S Vetch?5 t o.48s 11.192 ** ftft 1.98 2 Q  .1 2s {Filial soil) m* 4.54s 1 s ft
4 t *ft 3 s S

2 IVetch 2 5. Oil 11.616 •ft ** 4 * til ftft- 10.61
tCowpeaa 2 4.70s 11.261 2 0 .18 ftft 1 .0 0 8 43* 50s Vcteh^ S 5.22* 10.920 I ftft 1.98 S 8.41
2{Pinal soil)* 4.30s%

•4
4

ftft S
3 sVetch

«
3 5.Ill 3.415

$
I

5
s 3.0€

sftft 1 1 .1 1
tCowpeaa 3 4.35s 9.046 t 0.18 % 1 .0 0 2 46.41
s Votch^ ft* 5.14 s 8.739 S ftft 1.38 2 3.49
2(Final soil}: 4 . 36 s S : 8
2 1 2 2 •ft ftft4 *Vetch 2 5.54s 9.650 S 2 3.06 S 1 1 .0 0
iCowpeas 2 4.95s 9.305 s 0.18 s 1 .0 0 2 48.60
s V© tchto ftft 5.20s 0.950 t S 1* 98 3 Qm 50
2 C Fi nB1 soil) #

ft•* 5.01 sft t
4 2ft 3fttr**)

1
;Vetch

ft
5

i
5.04 s 9 . o 2 6

4
i

ft
2 4. 56

1
2 1 0 . 66

iCowpefts 3 4.77s 9.178 : 0.18 3 1 .0 0 3 49.13
2 lrm teh^ S 5.10s 8 . 0 6 8- 3 S 1.08 S 3.78
s(Final soil)i 4.981 3 8 2
2 3 % «* 1 I

6 iVetch 3 4.40s 11.376 •« £ 5,31 t 9 . <i4
tCowpeas 2 4.502 11 * u34 4ft 0 * 18 ♦• 1 .0 0 s 47.53
2Vetch^ 2 4*962 10.717 ** * 1.98 * 9.07
i(Final sol1)i 4.63s 3 •« ft
1 & 1 : : :

repXIcatea,
h - Second crop*



fABIM 8* Detailed statement of nutrients added to ^row veteh and ccwpeaa.
Amotmts are expressed as g*a a per total of six replicates*

* «ft 'Wutrlerits <I w a *•
Soil : Crop s Before Seeding ft iutrisnts id med 11:IP I TJt \ Orowfch {>eriod
Mo, ** Brmn n$OaCOs

* t ft •*« £ ̂vO'̂rÔLft'
ft« -d'd,)gjJ «^mo4

* i
ft KgOQS tft JL# fiftl •*# %30g

1
$•* fetch

*ftft 1.50
ftftft 0,25 I 3.33

*a•
#
♦ 6*82

*«ft 0.44 «ft 0 .1 2
*
a 0 ,0u

1
l 0 .12'•♦ Cowpeas ftft 3.00 ft* 0.50 *ft ♦ft 1.29 #• 1 .1 0 «ft »4 «ft *ft

s fetch# ftftft *ft tft It if 4,42 ftftt tft 0 .1 2 *aft
ftft.4

2
ft
: Vetch

ftftft 5.00
#«• 0.50 ; 3.33

I««
•
i 6.82

ft«ft 0.44
*«ft 0 .1 2

ft*ft 0.06
*•« 0 .1 2*■* Cowpeas ftft 4.50 #♦ 3.76 #% t 1.29 ? 1 .1 0 mft ftft #•ft 1

i Vetch# ftft 3.00 ■»* 0.50 ♦• «* *a 4.42 #• *t 0 .1 2 «ft •ft•« ftft ♦ 2 • *ft i« I #4 #ft
5 : fetch ftft 6 ,0 0 i 1 .0 0 I « #ft 6.82 i ft* 0 .1 2 ftft ■ "K -f?''u . J O ft« 0 ,1 2

*• Cowpeas ftft 6 .0 0 #♦ 1 ,0 0 I « 1.29 I 1 10 «a ft» ftft ft•
: fetch# ftft 6 ,0 0 x • oo «ftft tft i 4,42 »ft«

»•• 0 .1 2 ftftft
ft*•ft

4
:•• fetch

ftft# 6 .0 0
s
** 1 .0 0

ft*ft
•«*

•t *#ft
.ftftft 0 .1 2

ftftft 0,06
ftftft 0 .1 2

s Cowpeas ftft 6 .0 0 ## 1 .0 0 ftft aft 1,29 *ft 1 .1 0 ftft * ft.« ft4♦* Vetch# ftft 6 ,0 0 ta 1 .0 0 ftft • s 4,42 ♦♦ ftft 0 .1 2 ftit «4
i ftft # ft* •# ## a 5 «ft ftft

5 : fetch. 1 6*0 0 s 1 .0 0 t 3.33- « ft# 6*82 #ft i 0 .1 2 i 0,06 ftft 0 ,1 2
♦e Cowpeas ftft 9,00 2 1.50 ft* ft 1.29 »a 1 * 10 ftft #* #4 ftft
: fetch# ft# 6 .0 0 ftft 1 .0 0 *a I f• 4.42 aft j 0 .1 2 «• •ftft
? I ftft ft• ft♦ •ft «♦ * m

4 ft•
5 ; fetch 1 4.50 ft 0.75 eft ftft ** f-,W *  ,  h J  fcrf %* 0,44 ** 0 .1 2 *ft 0.06 4ft 0 *1 2

• Cowpeas ftft 9.00 I 1.50 I ftft 1.29 •• 1 ,1 0 ft t«> •ft ft#
* fetch# ftft 6 ,0 0 % 1 .0 0 ftft ftft 2 4.42 ♦• «* 0 .1 2 1 1
s t « «.* ftft ? #a • ft• •

*&eeond crop



9* The pH ir&Xue and ameunt lea a than 2<~mn* particle 
sis© of soils tised In greenhouse teat® with beets and lettuce; 
the nitrogen and potassium added In nuferiexits, and the plioa* 
phorus added in seeds to the soils*

vSSi
I

-alii 
do* % 

t

3

5

o

Crop 
Or own

en-ory 
s? » « & . © £ !  ®
3 pH I than 2-sin
i Ha lu© i Piirti ole 
I i Si

sTotal Nutrients 
sAdded to soil*
Itro- t

8 hen 8 si Urn
Nr -ite

Beet a 
Lettuce 
Beet a*3 
Lettuce 3̂
(Pinal soil)
,fieets 
Let f; u _ce 
Ota 4*3 

Le'ctuee 3̂
CFinal soil)
Beets 
Lett tie© Beetsh
Lettuce**(Final soil)
! ‘©ets- 
Lcttuce
Boetsgb
Lettuce*3
(Final soil)
Beets
Lettuce
Beets'0
Lettuce*9
\ I’ XIi>bS 1» 3Q*X )
B e e t s
Lettuce
Beets0
Lettuce*3
(Final soil)

s ̂ ios- 
s m s  
^Added in 
': Seeds*
8

ft * — T r r —-...... I 3 -v.r ‘ * 4* "L, *
: S l f it4ft* 5*468 11.850 i 1 .2 0 *ft 1.50 8 5.70* 0.805 11.658 ** 1 , '6*2 *• 1*37 3 0.94i a.09? 1 1 .EOS <** 1.80 3 1 .0 0 S 6.36
8 8.63s 10.989 5 1.50 3 0.75 8 0.94
8 4*583 ,• S 3
1 «* •*■ ftft ft4* 5*013 11.516 ** 1 .2 0 3 1*50 ** 5  *78
8 4.98s 11.400 *» 1 . 62 S 1.37 I 0.94
I 4 * 88 * 11 . / I 1 . o n■nn e *'•■* %<*>!> *

* 1.00 3 0*16
3 5.48 s 10.006 8 1.G0 8 1.00 3 0.94
s 5.351 «* %♦ t
ft •ft ; *ft ft
*e 5.11S 9.405 s X, 20 3 •* 5.72
I 5.34s 0 220 8 1.62 S 1.37 i 0 • 94
8 r*,9 # t—: ' ‘ .fti # E 8 1.20 ftft 1.00 t 6.21*• 5. SOI C-' * f t»?4 $ l.ao 8 1.00 ** 0,94
t 5.17s *• tft %
I 9% 3 *ft t
1 5.34s '3 .  544 3 1.20 f s G.04
a
% 5.50 s 9.334 s 1,62 4« 1.37 * O.04
i 5 • 16 s :.f *0v)4 I 1 .  2k) ftft 1.00 s 5.95
i 6.40s S. 022 3 1. so ft« 1.00 s 0*94
ft*
£
8.34s

qi
5 *« ftft

<r
8

4
5.04 s ’& . U*ii 5

e
*ft y'H. ■—O  * w W

*
ftft 1. 50

*
*ft <»'■,

8 4.905 9.3-4 t 1.68 ** 1.57 s 0.94
8 5.07s 9.110 I 1.20 •* 1.00 3 5 . 98
1 8.301 8. 904 8 1 *  SO •♦ 1.00 t 0.94
#* fcl O  dh # W  ft

if
S* s 3ft#

I
ft

4*40 s 11.376
fe
1 0.60

ift«
ft*« £ .129* 4.27s 11.Pi4 3 0,90 s A  *?r- KJ .  f  v# ftft 0.94

ft 4,90s 1 %j . ■--. "$ 2 ** 1.20 3 i.oo ftft 5.93
t 5.00 8 10. -0 «* 1.80 5 1 . 0 0 3 0,94
8 5.18 s •• 4* ft«
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TABLt 11* Tim pH value and amount less than 2-mm. particle 
sis© of soils ubb& in jraenbouae tests with rje p& b &b and 
Sudan grass? the nl tro ;en and potassium add«d* ln~~nutrt*nta
and the phosphorus added In seeds to the soils*

iOwn^Wry 
shoil less

Soilt
n vl« } 

t

Crop
frown

}
:
s pH 9 than
j Value i8artJLel#

3Total 
jAdded 
sKitro*i Sis©®'- z$mn

Hutrient* to. Sollfti^iFoElgir"
isius

7 m s * r ~ ~
tpfcoru*jrAdded
Iin Seeds®
ift i ftft K£2?5\ « S .gau i ft

5 : 1 1 ## ftft1 j Pme gra s s : 5*48 2 X X * 0 *5 5 2 3.45 * 4 • o o ftft 0.57sSudan graaa s 5.02} 11.442 t 1.80 5 1.00 ftft 1*51? ; o grasak 2 4*552 11.099 t 3.00 ftft 1.76 *4 0,37s(Final soil)s 5* 4* 88 sft %ft
ft*ft #ft

2 :Sye grass
Q
i 5* Oil XX* 616

ft
: 3.45

ft
S 4.S3

!
8 0,57i hi-Ian grass *« 5.55 s 11*236 : X . 00 s 1.50 Z 1* 65Si ye grasa*3 t 4.581 10.904 s 3.00 S 1.76 I 0,57:{final soil) «© 4.85: i I s

} s • s : 1
Z shy© gras# : 5.11: 3.451 t 3*45 s £* . o w : 0.37

iSudan grass 5 5.461 8.951 i 1.80 s 1.50 j 1.65m go U'''SS>a t 4*88 I 8.591 <»# 3,00 s 1.7G : 0*37s ("hnal soil) S 5.12: t s ««
s i } i I t

4 3 Bye grass ft« 5.34s 9.383 t 3.45 s 2.35 s 0.37
}Sudan grasp »* 8* 631 9*030 % 1.80 s 1*50 s 1,58
3 By© grasu^ I 5.07s 8.727 t 3. 00 s 1.76 i 0.37
s(Pln^l soil) ** 5 • 50 S s : 2
9 2 ftft s s s5 -’a -rass t 5.04s 9.422 s 3*4 5 ftft 4.55 s 0.57
t ’ii'in graea I 5.27 s 8.942 s 1. SO S 1.50 s l.m.
r “ i tr&ss^ % 5.00 s G.559 I 3,00 ftft 1.76 1 0,37
:' P 4 oal soil) ©

ftft• 5.15S sft s% 3ft
6

■#
3 Rye grass

*tft 4.40 s 11.376
J
* 2.IS ft

I 2.00 ft: 0.57
:Sudan grass *ft 4 * o 4 3 19.303 *ft x.ao I 1.50 ft» 1 , O0
5Bye grass*3 *• 4.71s 10 . 0 \ 3J I 3.00 ftft 1,76 s 0.37
s(Final soil) } 4.8SS 1 ft'ft t
* S s : ft ft

.l,.l,l,jaM Mill,, I ■..■■u-i-.. ....p.,...,.- Total Tor six
- Second crop*

nf51TS'rfeiT



TABLE IS* Detailed statement of nutrients added to grow rye grass and Sudan grass.
Amounts are expressed as graxs per total o t fix replicates*

v».Poil

a

Crop
(IroTO

3 3 ft ye grass

3Rye grass 
sSudftn grass
:Ry©I   immrng«twmn'<mmk<»r,^Second crop

till >«• WI.>g wi....r.fi«.1»<'.»MiW«nutrients adaed
Before Seeding loafer lent u red iW

*By© grass 
tSudan grass
sRye grass#
:Rye grass 
3Sudan grass 
jBye grass*

iCftCOs..
*

l 1.50
*
* 3.00 
*

: 3*00
3.00

:Sudan grass
3Bye grass#
•♦
iRye grass 
3Sudan grass 
:Hye grass#
2
3Rye grass 
sSudan grass 
tRye griss^

00
0*00

• &.00**
3 6*00
* 5.00
1 S*00*♦
2 4*50 
t 6*00

i.00

«•&> ir.nvtd Period

0*25 ?' 3.33 
%

0.50 :

0.50
1.00
1.00
1.00
1 * vdj
1*00
*50

1  *  i ) 0

A *0H:, V * » *>■*
1. uv 
1.00

3.'"**J*W

0.50 J 3.35 ;

6*00

6.00

6.00

6*0€

6.00

.4*'?Jk5* 3. ll* --laif >3 «ft '\0% 1 rt'r » Hn » _*JU. _* . *»*.-**ft t *ft ftft J $
ft« 5.66 I 2.74 ftft 7.32 *♦ y. 24 lO. «*» ftft ft* ’% ' r?%y 9 >■-.■* f «ft * * • •* 5 • 48 I 2*72 «©■ 4 « i>4 ftft 0.12* «
I : t «4 * * * *#* 5.66 ftft 2.74 »ft 7.52 I 0 * 24 *0.06 *** ftft *ft 5.87 t s 3♦* 3 . 4-8 ft 2.72 ♦ftft 4 * 84 ftft 0.12s ; % %»
2 8*

ftft-ft 2.74
*ft« 7*38

*ft#
* ♦ 

O.24s u. «
i ftft ft• 3.67 ftft : s•« 5.48 ftftft 8.72 * 4.64 *ft4 0.18s s * #?** 3 * y y

ftftft £.74
ft** 7.52

ftftft
% ft

0.24*0.06:
3 *« ft* 3*07 « * ft ft ft
3 6.48 ft o no£«■ * f & •ft 4 • 54 ftft 0*12: s
t ft* ft« ftft m ft« ft
«» 5 ♦ Py ftft 2.74 ftft 7*32 ftft 0 .2 4 :0 .0 6 :ftft 2 ftft 5.87 1 s :♦* 0 ft % V> •ft 2.72 #ft 4.54 ftft 0*12: s sft* ftft «ft ftft # ft w ft
0 e do $• 2 .7 4 .*ft« 5.16

%
1ft 0.24;0.068* ft#

1 iS • 4 _<
ftftft 2.72

ft
*«

V ft 65 f
4 .84

ft
:

ft ft
0.121 I

2&2L
0.12

1.12

0.12

0.12

0*12

0.12
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FiaTJBP. 7. SSCO»» VETO a CHOP® GROWS as HJSAVILY FERTILISED 
0 < m  SRO I At POTATO SOILS.

A ** Friar to Firat cutting*

FiatlHB 3. 3KC3HD HYP ORA.HS CR:>?'~ GKQV;N 01! HEAVILY FBTiT.fLrZSD 
COMHEHCIAL POTATO H0IL3*

b - Prior to second cutting*
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13* Pry weight and phosphorus content, of vetoh and 
c >\* caa grown on six soils from commercial potato**pro meln.| 
areas*

-oil t
*#
s
:
*
i

Crop
Grown

4

5

a

1
s Vetch*
s Cowpeaa
s Vetch^5 
#
s Vetch* 
s Cowpeaa
2 Vetch**
5
s Vetch*
2 0 owpean
t Vetch12 
2
« Vetch* 
s Cowpeaa 
s Vefcehb
j
2 Votch*
; cowpeae 
s V© fechk 
2
s Vetch*
1 Cowpeas
2 Vctehk

pressed as total of six replicates
2 3 1
3»«

lops 3
#

T-:oots 5
1
Total

• 4* 2 «$ *• -P 3 m
*♦ 812 j3 2 SS s ,d *« 3 *e S3• ••» • u 4& • to ** U ̂ fct 4>* ««-} « o d O *3 * 0 a» © « ,8 m * © t ,d © • ,3 ©* T-P • V* £5* ft* <t f%4£2 ** fa jf3 • t 60 d •# m s* a a n 3 >* % 0 > O 0* U 3 w g* 0 »I 3 S t 1

• .... il11 •. •« £&£$&* 2..iZrxL* *.nr... .t.. ^ *. 1 * r 'V’Rj ■ - *.s «• : «* «42 96.45 3 290*8 t 12 . 69 s 30.8 2 321.6: 51.34 5 1 o 1.4 t 12.77 1 . 25.6 £ 137.0
21X0*70 •* coo . o t 47.44 1 105.7 +# "4 *0 *“‘•9 . V*#*« 2 $ ftft **
2111* 54 2 4X0.S t 19.01 ©# 65* 6 t 476.4
: 79.78 2 2 o l.o % 17.62 I 55.1 ©* 356.6
?114* 92 S 64& * 6 % AO %,% % 141.0 *« 68 5$ . 0
1 2 t t :
2176*30 ** 666.6 *« 39.28 % 134.8 t 301.4
:179.70 •* 651. 5 2 23.42 I 61*3 #e 612*3
*101*53 2 402.0 t* 4 0 . 0 ‘i- I' 111*9 i 513.9*» 2 S 3 **2012.15 S 807.4 2 34.17 I 114.1 1 92X.5
•1 ..46 •* 673.5 #* 25.71 3 * »*4 £ 642.9
2 1 vj 1. 91 
2

2
2
724.3 3

ft
85 . 52 3

3
1 U.7 **

ft
923.0

2164.95 S 'S; " *X•j WS * . v* 3 51.33 I 195.7 S ■*<5 j 0 . 0
2 loO . %>7 a* 4*-1 i8' . 9 2 27*02 ft 58. 5 £ 4 0 . 4. i ft,c oo4 <1- ■W O e 1.9 i*** 2 433.0 3 65.62 ft* 206.7 S 65-i, 7
* 2 3 ** a
s 71.44 £ 267.3 3 12.54 I 3o . 3 *♦ 273.6
* 1 w # S v- 2 488.5 2 I0 « 60 3 49.7 »• 530 .2
sl;?2*39 ! 737.1 t 60 * 62 * 165.1 * Ck:'-0 0■-i' '-.J SW . fe*# 2 ft a 1

a * Two cuttings 
fe * Second crop, three cuttings*
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data for bh© various cuttings of the two vetch crops ar® 
broken down in table 14*

In figure 9 the total dry weight of tops for the various
crops is expressed graphically* The greatest quantity of 
dry matter was produced on soil 4 for the first vetch crop* 
The next highest amounts were produced on soils 3 and 5*
In that order* A considerably smaller quantity of dry 
matter was produced on the remaining soils, the order being 
2, then 1 with 6 the least* With, the following crop of 
cow'©as, the greatest quantity of dry matter was obtained 
on the three Caribou loams {sails 3, 4, and 5), there 
being little difference among them• Soil 6 was inter
mediate in rank with soils 2 and 1 the lowest* On the 
final vetch crop, the greatest amount of dry matter was
produced by the Collington loam, soil 6* Soil 4 was next
followed by soil 5, while the least amounts were produced
on soils 2, 1, and 3, in that order*

The phosphorus content of tops and roots for the
various crops In the legume rotation is expressed graphi
cally in figure 10. The rank- of the soils was the same as 
for the product!on of dry matter (figure 9) for the first 
vetch crop* -The relative amounts of dry matter production 
and phosphorus content were quite similar except for soil 5, 
where the phosphorus content was nuch lower with respect to 
the other soils than was the dry matter, indicating a lower 
percentage of phosphorus for the crop on this soil. With 
the oowpea crop, moat phosphorus was removed on the Caribou
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T ' ?' 14* Brp weight arid phosphorus content of tops from. 
?f ? r*?te cuttings of tw o vetch crops grown on six soils 
rroen commercial pot a to~produeing areas.

Results expressed as total of six repliestea

1 •# ; 1J ĝ 1st Cutting 3 2nd CuM I sil.j.. 3rd !2u'feting1 i i 3 : $ 43 s43 R ©3 * mt 3 ,8 t £S43^ a«H * 0 @
3 &  s £S 43 s jcs s S3

I Crop ft I 2  * r* s: #O 03 * 3-J* ■ Jt# 3 fi* -0 O S3■Soil i 4a♦ © j gf 43h ix n 5 © * rt **ri e* * © ftft ©a.**t m* 3 m o 3 * w o  : s w n
t ft# £* » J ° ** £  * 1 °  :

r* #* o o4*.*̂-f 'W1 m# J..̂ ft * . 4 ** i.p * * « j.-.-i s
1 Ufa# 3 ssgm* T ,m*'T mgS. : . . SP» JL p * N “m m
s * 3 i z #* i

1 t First #a 39.801136* 9 3 55.653 ri nr o * j* j # * »#
I Second 3 34*97il4a*3 •* S0.S2: 95.5: 45.11 s 112. S

3 1 3 3 ** 1
2 1 First 3 39.571169.2 3 72.273 241.6« s#• Second ** 40*613207.2 3 58 * 77 f 192.3s 55. 54 ftft 149.X

t 3 •■ft 3 ** 3 s
3 i First *• 54*051225* 3 !122*25s 440.7* *

m* Sec o:n-.i *ft 48*31g220*7 * 13.74* 52*2: 57.18 * 129.1
i « 3 : : * I4 ae First #« 62*433231.5 3149.72: 575.9: 1
s Second «♦ 54.761251*5 3 41.24: 198*4: 55. 91 «ft 274.4
3 3 *• % i ** *6 3 First *ft 41.78!133.6 ?128.17I 249.7s 1fta Second *a 48.301151.7 * 31.701 154.5s 52.82 I 146.0
1 3 «ft 3 I f 1

6 *# First 3 30* 53 s104*5 S 4O.01t 132*6: ftft** Second 3 61.743243.6 ; 53.741 225.4s 76*01 ftft 868.1
S S s : s I ftft
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soils, e 1 though ®m these the phosphorus removei on soil 5
wag re1stiv«ly low* Soli <3 advanced to an Intermediate 
position In this regard, while phosphorus removal on soil 1 
was lowest and on soil B next lowest# The greatest phos
phorus rmnawB. 1 occurred on soil 4 with the second vetch 
crop* although it ranked second in dry matter production* 
Soil 6 advanced greatly in relation to all soils hut soil 
4 and ranked second in phosphorus removal followed by soils 
S, 2, 3, and 1, in that order#

Values for cumulative phosphorus removal are expressed 
graphically in figure 11* The greatest eu&ulatlv# phos
phorus removal was on soil 4 throughout, with soils 3 and 
U ranking second and third, respectively. The cumulative 
phosphorus removal on soil 6 increased from the lowest rank
ing with, the first vetch crop to fourth position at the end 
of the second vetch crop. Soil 2 ranked fifth, while the 
least phosphorus was removed on soil 1*

The vegetable rotation (experiment B-2) consisted of 
two crops of beets, each of which was followed by a crop of 
lettuce. The summary of data for dry weight and t>h o or us 
content of the plant material is given in table 15* Figures 
12 and. 15 are photographs of the first and second lettuce 
crops*

The dry weights of tops in the vegetable rotation are 
shown graphically in figure 14* The dry weights obtained on 
the first four soils with the first beet crop were almost 
identical in amount, while a considerably smaller quantity
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TKB7& IS* ‘Dry weight and phosphorus content of be eta and 
lettuce isrwm on six soils fror coiinereisl pot a to«»produein$
are a s *

Resulta expressed as total of six replicates

fops Roots 'otal

;oil Crop
Qr a

4?
t'l

•HI©

J?0

m s 43 1 m 1 »
p
U  4»
O  S5

«;*
*•

4 i

Cj

4#

s
fe  45
o  a

:
* g

o
45
.M

C> m * » /««*
* n

o . *§-3 a ft 4-3 * •■>, 4Jt
a
O

K
O

* *ft 61 C  
o  o

*♦ m
o

•a*
a? *

*<*
u
IP

ft

1

g o I
*ft

.. Su, 
.. o

>n*tjii«.MHrii muiiK iww•* #■.* .SSLf.. •a a * gcs. : Vi - ?>*« .. r*”li3T **«* ** *a 1 4>« sft
1 § Beets * 23*81 % 182*2 m 25.77 ft 140*6 ftft 3 0 *s * 6* ,ettuee 5 70*01 »a # -a ft-* ft ftft 140 • 6#» m# 16* SO i 73 * 3 fk 17.00 ftft 56* 4 t

I Lettuce* ft* 4*56 * 6*4 %ft ftft ftft ■H . 4
1 t 5 J : ftft

2 +ft Beets ** 22.21 I 166 * 9 ft* 28*38 5 136.2 •ft 503*1
5 Lettuce I 2 * oo *« 330.4 #♦ ftft l 350.4•#■ Beets* «ft 1B#68 •* 240*9 1 26.04 1 105.2 % 346*1
S 'Lettuce* 5 76*16 «ftft 255.7 1ft 15.08 ftft 37.0 % 270.7

3
ft•ft Beets

5
* 26*48

ft
1 144.6

#ft♦ 81.68
ft•ft 1 <a r? . 1+$& ev » ’ft il*.

«
t 201.7

1 Lettuce s 71*14 I 241 * 2 *ft 2 t 241.2ft# Beets* : 23*09 % 157*1 #* 82.92 i 104.9 t 262.0
t Lettuce* $ 62 * 04 t 176*0 S 18.67 ft• 06*8 t 203.6
: •ft « s s 1

4 * Beets s 20*04 i 185.7 ft• 2%j .99 • 163. 4 : 369.1## Lettuce «*1X4*80 % 304*1 *ft s ft *>■ w'4 »1** Poets** £ 24*47 *♦ X CiO * D **- 22.04 ftft 107.3 s r •« < . >
s Pe ttuce** ft• 03*11 ft* 2S6 • S? ft 21. 0G I 47*1 ft« i/* c * 0
l 4ft * ft* IIft s

5 * Beets •ft 9*00 1 2c * 2 ft 8.08 t 12.1 ftft -*« * O
s Lettuce • 62# 84 I 1.0*4 t i 5 1 o.4
f Beets* S 24# ol ** 7..6 ftft 24.17 *ft o3. 8 S 165.2
1 Lettuce* I 59.83 •♦ 147.5 J 7. 87 *ft 1 / o«&. ft L-' ftft l62 • 84* •♦ { s s :

c t Beets S 10*95 $ 37*2 «ft 2*60 ftft 10 * 8 j 47*4*ft i.. t t\i o e ft* 83.08 1 854*9 ftft ft« t 854*9
I Beets* •* 16.34 *a 01.1 ; 2.89 s 83.1 5 104.2
t lettuce* *»114.99 : 404.2 *« 16.74 ftft 36.2 ft# 440.4
: ftft : 1 s

**3eeond crop*
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FIOURS 12. FIRST CROP OF LS'fTOCS OROWS OR H?AVTLY FERTILISED 
COMMERCIAL POTATO SOILS.

FIGRHrT 13. SXCCHO CKO? OF feiTTUCR {JHTs/R O'rf JKAVILY FERTILIZED 
COM 7-iiC IAL. POTATO 30103.
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was obtained on soils S and 6*. With the second beet crop
the greatest dry weight was obtained on the Caribou soils 
with somewhat less on soils U, 1, arid 6* in that order# 
Ihtch more dry weight of tops was obtained with the alter
nate lettuce crops• with the first lettuce crop* the 
greatest dry weight was obtained on soil 4, followed in 
order by soils 2, 6* 5, 1* and 5* In the case of the 
second lettuce crop, soil 4 ranked second with soil 0 
first. Lesser amounts were obtained on soils 2, 3* and 5, 
in that order* while the crop on soil 1 virtually failed* 
Figures IE and 15 illustrate this*

The data for phosphorus removed are expressed graphi
cally' in Figure 15. It Is noted that there is much lest 
difference between lettuce and beets with respect to phos
phorus removed than Is the ease with similar comparison* 
involving dry weights# The p h o s p h o ru s content of the beet 
roots constituted a considerable portion of the total 
phosphorus* since the fleshy axis was included with the 
roots, lie roots were harvested In the case of the first 
lettuce crop and it will toe seen from the graph for the 
second crop that the portion of the total phosphorus con
tributed by the harvested roots was rather small#

Figure 15 slxow* that the most phosphorus was removed 
by m e  first beet crop on soil 4* with soils 3, 2, and 1 
following, in that order# Very little phosphorus was re
moved on soil 5 and 6# Tb© second beet crop also had the 
highest phosphorus removed on toil 4* followed closely by
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Boils 2 and 3* Bftaeh less phosphorus was removed on soil 1
to an was the ease for the first 'bast crop* Much more phos
phorus wag removed by soils 5 and 0 than in the ease of the 
first boat crop* Soli 6 still ranked last, however, with 
the former soil ranking fourth*

In the case of the first lettuce crop, the most phos
phorus was removed on soil 4 with soils 2 and 3 ranking 
second and third respectively* Relatively uch more phos
phorus was removed on soils 5 and 6 by the lettuce than by 
the first beet crop* 2he least phosphorus was removed on 
soil 1* hith trie second lettuce crop, soil 6 ranked first 
In removal of phosphorus, followed closely by soil 4* 0cm-
siderably less phosphorus was removed on soil® 2, 5, and 3, 
while there was almost no removal or* soil 1*

The cumulative removal of phoaphoru* {figure 16) shows 
that, as with the legume aeries, the greatest .removal was 
on soil 4* Soil 2 ranked second just ahead of soil 3*
Soil 6, with the vegetables as with the legissaa, improved 
its position with cropping to rank fourth at the conclusion 
of the eeeond lettuce crop* Soil 1 again was last and -soil 
5 m s  next to last.

The fact that lettuce failed to grow on toll 6 In. ex
periment A-4, yet made satisfactory growth on this toll 
following the beet crop In experiment B-2, indies.ted that 
some factor other than phosphorus was Involved and was In
hibiting growth* The opinion that some inhibiting factor 
was present and was being removed by cropping, was confirmed
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by the observation that ensuing crops of vetch and lettuce
on this soil made better growth than preceding ones* Con
ductivity measurements were mad® on soil extracts from, the 
six original soils* The data are given In table 16* These

TABLE 16* Conductivity of soils used 
In greenhouse experiments*

5ol1 Conduetivlty
Mumbar (r©latIve units}

m
37
66 
88 
68 
222

show that soil 6 contained a 'much higher concentration of 
soluble salts than the other soils and that this probably 
was Inhibiting growth until the high concentration was re
duced by cropping*

The grass rotation (experiment 5-3} consisted of two 
crops of rye grass with an intermediate crop of Sudan grass. 
Several cuttings were obtained with each of these crops• 
Figure 8 is a photograph of the second rye grass crop tab©n 
between the first and second cuttings* Data au * rising dry 
weight and phosphorus content of the plant material nr# 
given In table 17 for the various crops. The data for the 
various cuttings of the Individual crops are broken do»n In 
table 18*

The total dry weight of tops for the various crops is 
expressed graphically in figure 17* The data for both the 
first imd second rye grass crops show relatively small

1
2
3
4
5
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TAB'LL X7. Dry weight and phosphorus content of rye grass 
and Sudan gras®, grown on six soils from commercial■ potato- 
producing areas*

Tie suits expressed a® total of six replicates
**1in>w»ni»-?rrnWr,»in ̂uwwinwiM'UBfciraiii.nHiiB^uu^iwwwlflMiiitiwiriiWtr 1 w* « WliHr n.ulm—111

Soil

1*4
1
5*«
1 Crop
1 Grown
*§
444a

*1
5
I

To|:m 1$
2

Hoot®
«#$
44
Total

«•
49
8
3
3
39•
2

3*& **G *lO *
« %

4 •4
br.3 :

.3?u. 1

mPK *P
0 r* c ©hi. 4» ss' ,c 0 0h 0

W- •"*<!*

2
$
Z**
2
I
I*«

«tp
3  :O j

I
&  *P *

.. ill*..

mp -pa fi..d © o*p
0 0

yp, ^

*
$*ft
$#e
S
2
2

n
PU p 0 «x$ #D P  S3 C 0“ 3 ' 3
-s  ̂®

: S I •i* #© ’ 2
1 :Kye grass® 3 107*113 444.5 ** 07.78$ 153.7 t ,*yuuv m \J

$Sudan grass^ s 130*401 203 « 4 J 44*31$ 55.7 t 2b'Kl
5Eye grasac 3 100.703 879.3 a 154 • 64 s 184.8 1 404.1
<4 3 3 $ $ $O•st* :T?ye grass® 44 117*35 3 SoO * 1 $ 72.03$ 147.5 ♦# 677.4
$3u tan grass’0*4 115.11$ P .0 A $ 56.78$ 101.7 $ 333.7
sKgo grass® 3 104 * 66$ 43?-. 9 #• 147.17$ 210.5 ; 072.8
1 * 3 1 $ $

5 sKye grass® 3 114.07s 4U0.7 « 127.32$ £47.3 $ t'ftfy ■:"■) ft\ i & V.i * 8
$Sudan grassh *• 205*67$ 489 * 3 ? 72*80$ 120.6 ©• «~l t C'j *1 %?? \* ’■>* # *&*
sKye grass® 44 05*44$ 529*0 $ 9o * So $ 181*8 $ 510.8
s 3 44 *# *« $

4 tftye grass® 4 X 8 o * 08 3 532*8 2 98.381 185.5 $ 716.1
5Sudan grass*33 204*66$ 459.7 *♦ 77.95$ 157.4 $ g t> “| %J <? i • X
5Rye grass® 3 108*65$ 419 * 9 4♦ 110.16$ 185.0 $ 605*7**■ 3 3 S 2 $

5 lEye grass® ♦* 110* 201 380*5 e« 34*30$ 127.4 *♦ 447.9
2Sudan gras*t> 4• 170.45s 235.1 t 63*11$ 76.7 3 313.8$Ry© grass®6/ ■w •»

«
w >v? « 4̂ 5 3 215*0 tft 109* 67 $ © 142.5 $ 357* 6

6 I Rye grass®
#3 2135* S3s 566.5

*$ 55*57$ 114*7
$$ 661*2

1 Sudan gras®*33 182*64$ 470.9 $ 53*54$ 101.5 $ 572.4
1Rye grass® 44 113.07s 4a 4 *  8 2 113.92$ 808. S *« 652.7
l #4 $ i $ t

a r Five cuttings*
b - Two outtings* 
c - Second crop, five cuttings*



TABLE 18* fry weight and phosphorus content of tops fro:.; separate cuttings of rye 
grass and Sudan gras a grown on six soils fra-: eaonerclal pots fco-pra- racing areas*

hesuits expressed as, total of six replicates.
3T T r € nlTi ng~ 11 n ■ f

Crop
Grown

1 09 ; . m S?3 1 ? * 9 1 03ft b s 3 : S3 : 5 SI t 59•V o -0 *ft H043 * fcO 43 : * £** O 43 «ft - O JL>43 tftft
x. ft 43 ,Q Q ? 4* ,.dc : 43 J .0 £ ft 43 ; P S3

ft m b*ft ftft n CUm o4> : "3 83©43 • . a g>♦ 'a *3 ** eg «, f-N* tSQ{T*•■A ft ■jU ft o c • 0 q , O £ . O £Ma
*
: & (,Jo ft

: A ®* g.T> go o * u * e*MM 0
a

*
* fc #C) * f e ; 0

*
S u © : g% - -1'n0

Bye grass
Sudan grass 
Bye grass*
dye gross 
Sedan ,r:ss 
Eye grass*
Eye grass 
Sudan grase 

grass*

f i f tbb
76.14
15.01

:

Rye prosa 
Sudan grass 
Bye grass*

: 15*05 
2 53.65
• 3.,v j * o o 
I
; 16.63 
:120.70
* 16*o6
#•

: 17*53 
:116.56
5 2 0 . 5 B

5 By© prsss : 12.57 44. u 1
Sudan graes ; 92.75 115.7:
Bye grass* ; t> * 4 26.4:

;
03.016 Rye grass t 22.Id

Sudan grDss ; dig.37 240.4;
Rye grass** 5 19.25 96.4:

non • :
X t t 57
114.3?
'? J * C- * 

•
33.3;

126.6;
ob.l:

:
93.5;

235*7
6 6 . 3

96.4 
220.2?
37.6;

if.: . wo
54.34
15*65

*-T~p
33*1 
D * 3

12.03: 71.I 
55.40:165*4  
13.75; 04.3

ft*
12.13; 52.5 
34*97:202.6 
13.32; 7o-*0
12.w . w w? • O U . V'o  ̂u ♦ oo.; n•-■ v* .  ’-if' •• * ■■■ m w

Id* 4^ % c?9.3
11*37; 39.4  
77*70;113.4  
12.10; 42*9  

?
16.34; 59.2  
34*27:226 .5  
14.32: 33.6

T t7 %
15.33

17.33  

13.3"

17.46  

13 . 31

Id . ■ 0 
15.43  

10.42  

17.64  

£0.10 
15. 06

^ L l l .nXTT
3

■51.3:
**

96.2;
;

W • iJ *
;

S9*l;
;

46.9:

04*9;*%
50 * 0:

:
01.5:

* o *y * *%&+ * »
:

100.1:
ft

58.6:

i f f i
15.24
12.67
10.: 6 
13.69  

14.73  

13.65 
15.79  

12*04 

14.71  

14.43 

16.01:

* » SiU •

I
42 .0 ; 41.52

65.75
:

72.9: 48*42
«»

54.16  

30.82 
63.33  

41.01

( "S * Cj- « 
:

45.6:
:

■08.G:
57*1; 

:: ft•n * >• - ft
ft•R’ '4 fttg ̂ .• • - »
:

0 6 e 8;
:

62.4:

56.59

37.04
62.56  

4 g>. 38 •

T E X T
86* 9 

108.0  

144*1. 

166*8 

07.7  

202.3 
126*1 

123.6  

60.9  

227.1  

135.0
^Second crop.
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FIGURE 17. GRASS ROTATIONI DRY WEIGHT OF TOPS.
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differences between soils* The greatest growth occurred on 

soil 6 In both cases, with soil 4 ranking second and soil 2 
ranking third* In the case of the intermediate Sudan grass, 
the greatest dry -setter production was on soil S, with soil 
4 m close second• Soil 6 was third and soil 5 was fourth.
The sandy soils 1 and 2 produced such less dry matter, soil 
2 ving the least asiount*

In the case of phosphorus removal {figure 18) the 
greatest amount occurred m i soil 3 with soli 4 next with 
the first rye grass crop. Considerably less was obtained 
on soil 6, the third ranking soil# Soils 2, 1, and 5 ranked 
fourth, fifth, and sixth, respect!vely, In the case of the 
Sudan grass the greatest removal took place on soil 4 follow
ed closely by soil 3. A somewhat smaller amount was removed 
on soil 6 while much less was removed on soils 2, 5, and 1* 
Pith the second rye grass crop, removal on soil 4 was great
est, with somewhat leas removed on soils 2, 5, and 6. The 
removal of phosphorus on soils 1 and S was jsuch lower*

The cumulative phosphorus removal fata (figure 19) show 
that the greatest phosphorus uptake occurred on soil 4 and 
the least on soil 1, as with the other two cropping systems * 
Between these extremes, the solla ranked 5, 6, 2, and 5, in 
descendIng order. The improvement of soil 6 with respect to 
the other soils noted in the case of the legume and vegetable 
rotations with succeeding crops was not noted in the grass 
aeries. Tula is attributed to the fact that the grass crops 
were relatively salt tolerant, and the high soluble salt
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level on soil 6 did not Inhibit growth of the grasses as it 
did that of the legumes and vegetables* In all rotations, 
the earlier crop reduced the Initial high soluble salt con
centration in this soli to a point where its inhibiting 
effect was no longer felt.

Changes in Level of Soil Phosphorus Fractions 
Associated with Cropping

In experiment B, in which rotations of various types 
of crops were grown, representative soil samples were taken 
following each, crop and various phoaphorus fractions in 
these samples quantitatively determined. These results are 
presented in tables 19, 20, and 21 for the legume, vegetable, 
and grass rotations, respectively* The values Include d®ter
minations of alkall-extractable, exchangeable, organic, 
apatitic, and readily soluble phosphorus• Some cetermina
tions of exchangeable phosphorus by the ammoniuis flouride 
method are Included*

AIka1i-extractable Phosphorus* The relative change 
in level of alkalf-extr&ctable phosphorus with cropping Is 
plotted for the various Factions in figures 20, 21, ana 22. 
Tiie quantity of this fraction In each of the original 3oils 
is arbitrarily set at 100 per cent. These figures illus
trate th© decline in alkali-extractable phosphorus with 
cropping. In all rotations th© greatest decline occurred 
in soil 1, the Sassafras sandy loam, followed by soil 2, 
the MoyocU loamy fin© sand• The 1*iner-textured Caribou 
and Collinston soils all showed a lower relative decline



7SBL7: 13* The alkali-extraetable, exchangeable, organic, 
apatitle, and readily soluble phosphorus of i?oils before 
and after growing vetch and cowpesa*

results in .nilXIgrar..a per 100 gn. oven-dry 2-mn• soil#

S o i l
'So*

o r i g i n a l
S o i l  and
Preceding
Prop

: Phosphorus F r a c t io n
s
t ©
5 3
: « s* #H o* H 0

’ 3 !i <  ©

©
r-i,o
c$0

0••‘'0
d
a

Q
qssto
H

t
s

l  3  

• S: <p
: g. 
:

8* © |C| iH
«s-t ,•©r s 3
m r~40 e:r: ?J%

5 ©
* r~t* jnI cd ^, © -5* U: ^
S g h

© pi* g 3̂

1 { O r ig in a l )
:
* 35 *65 3 6 .1 0 0 .5 5

8
5 2 .7 2 8 .5 9

;
* 4 2 .3

•Vetch l 53*76 3 2 .3 0 1 .  6 C* S 5 3 .2 0 S.: f j  %t , w f * 3 5 .0
Cow;;eaa ; 30*85 2 9 .0 7 0 .8 8 8 2 .4 3 4 .7 6 1
Retell# ; 2 7 .1 3  

*
3 4 .0 3 (-7 .45 ) 8 2 .5 8  * 4 .4 1 *

2 ( original)
*
i 10 0 .01 91 . 57 9 .44  .

«
:1 3 .6 a 2 3 .5 5

i
s 9 o . 1

Yet oh : 9 7 .9 0 0 5 .4 2 1 4 .4 8 :1 1 .0 5 1 7 .1 3 • o© . 4
Cowpeas ? 32 .21 79 .10 1 3 .1 1 *12.13 18 .90 S
We tchs? 5 SO.77 72 .2 1 o. 66 :1 1 .3 1 1 7 .11 1

3 {O r ig in a l ) *157.37 13 5 .47 2 2 .4 0 s lo .9 5 IB .  14
«
* 8 1 .7

Vetch 8150*70 126 .74 23* 06 :1 6 .3 4 1 2 .8 9 * 7 0 .1
Cowpea3 8143.44 12 2 .20 2 1 .2 4 *14.75 9 .9 3 i
Vetch# 5X34.08 11 0 .75 2 5 .3 3 *1 3 .1 8 1 0 .9 9 t

4 ( O r ig in a l ) 8156•47 137.00 18 .57 *16.20 1 7 ,55
i
l  i j £h « 1

Ve te h 8145.95 126.92 1 9 .0 3 *16.77 1 2 .8 9 5 7 3 .9
Cow peas 5X41.17 122 .06 1 0 .1 1 116.46 9 .8 4 *
V e tch * 8 13 0 .57 114 .97 1 5 .6 0 8 1 6 .8 1 1 0 .2 1 $

& ( O r i g i n a l ) 8104.59 8 7 .6 5 16 .94 1 9 .6 0 7 .1 0
*
* 4 5 .0

Vetch s 99* >32 01 .82 I B . 00 8 8 .3 0 4 .9 9 I 5 9 .9
Cowpeaa t 92 « 64 77 .24 1 5 .4 0 • i ,•> .44 8 .5 9 *
Vetch# i 0 6 .9 9 7 1 .0 1 15 .3 6 * 8 . 8 4 3 .1 4 t

6 (Original)
•
8115.64 10 0 .86 1 4 .9 0 S2 2 .0 2 13 .94

1
2 6 9 . 5

Vet eli 8113.04 9 8 .46 15 .38 *23.87 1 5 .1 5 S 7 ©  « Q
C owpea a 81 1 0 .0 8 94 .50 1 5 .49 *2 4 .9 0 11.77 I
Vetch# 8100.77 8 7 .0 3 1 3 .7 4 *2 6 .0 2 1 2 .0 4 «0

5 : 1
-wSeeond crop*
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TABLE 20. 
43 pa title, 
and after

The alkali-extreetable* exchangeable * organic*
and readily soluble phosphorus of soils before 
rowing beets and lettuce.

:esults in milligrams per 100 oven-er;? 2 -s a oil*

Is
1

Soils
H ,.*x *M '■«* * *

*
2

%osplxorus Fraction
Original 
Soil and 
Free e dim-Crop

*

r * i |*° tz$ S S 4* **H O *
H I $$ *m U *& 4̂ iH K .

® *H * M «m I ® :
s 5

5 *o :

o
S3m
h

O r*.

8 m, .,ir»* 3 S «« JSaw-* 1
__gy>,4. V «f. — 

1
1 s{Original) 3 35.658 35.103 0*55* 2.72 s 8,59*

*Lettuce I 30,12s 3 s 2 , *. 6.06s
sBeeta# 3 29* 013 20,08s 1 ALt *3* « * 2.37: 4.76s
S Lettuce** * OQ. . A A « 9 *.* w e v-s.- « 33.77s (-5.17)3 2.44s 4.98s
8 * 4 4 * •* <** : s

2 3(Original) 3100*cl 3 *3E>7* t.# r • j « 44 * 13.68S 23.55:
s. Lettuce 3 92*70-1 SO • 700 3 11* 92: 11.771 19,12s
;Beets# 3 88,86* . Hff* -.4- If ■io .26; 18.4o s 14•10s
5 La btuee# I c>6 # 3o 3 ’ / c> * 17 S O . 1 £i s 12.22: 1U « 8 1

5
«
: (9ri ginal) 3157.67; 135.47s

3
22 • #0«

s
10 * 9 £5 * 18 * 141

3Lettuce 3150.04312 .g 95 3 21.01* 15.25; 12.831
8Beets# 314 6 . \j 2 •125,70s 20.32: 16 * ol. S 10.83s
:Lettuce# 1152,19 3131*00* 21,19: .15.75: 11 * i}51
i 3 3 *• s * s

4 $ (Orl gi na 1) 3156,47 s137 * 00: 18.57s 18 . 2 -j s 17,558
sLettuce 1149,90 3150.56s 19.54: 18.17s 13*00*
sBeete# 1143.00; 125.00* 13.00 s XU * 401 10,S7*
sLettuce# 1146,16 3126.271 19.09 s 17.52: 11.57s*a S 3 * % s s

5 I(Original) 3104*593 87* 65 $ 15,843 Q fcr\ • e • 7.10s
s ~ ettuoe I 97*64; 84*12 s 13.52s 9.72s %j • 5 0 s
:3t eta # 3 96*40* Sa> 1, 5 O * 14> • Ob # 10.51: 4.04:
Sbettuce# 3 do • O ■■■'• t 50 # <s*0 5 18.56s 10,11: 4.54 s
* I 3 «* 8 s *

6 3(Original) s115,04; l. ’ 3 "| A ■ HO *►1* v*. e w* # 22.02; 18,04s
3Lettuce S110# 07 3 96,09 3 14.78s .*•- «*> . tiO S' 15,85*
tBeets# *111.55; 95 , 56 S 15.99: 25,47s IS.52:
she t fcuce*" * 1 a ̂ k' . '.j * on 0*95»v/ e ̂  %>* * 14.97; 23.66: 13.75s

42,5
31.1

, if
37.5

51,7
72,0

8 4  , 1

75.9

48.C
40* £

80. 0 
75.0

#SiooW3^crop *
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TABLE 21* The &lkall«ex tree table, exchangeable, organic, 
®patitle, and read!ly soluble phoaphorua of soils before 
and after growing rye grass and Sudan grass*

Results In oil11grama per 100 ga» ov©n-dry 2-*rain* soil*
—,— —*r'.**. '*■ '< "Trr'rT i:' TTiiinmi*aefelon

s i 2 e * I I s
t original a<1 3  1 rH #JO *38 I

s % I t**4
3 0 1X : Soil and s in,0 2 : t %

JZh @ ̂
33>. s Preceding s « - * 4* * ?» s o $ o , 0 * ' > ^t -Crop t •*f<! 0 »«H 05 § ! «r4 ♦c a 1 s*4 r4 **r4 .0 *s »ft 0 2 ft• 0 ; -ip I ’>*- r~' *

t •>»rl H 2 P 60 m , €3 r*4 , Ci r̂4a H x» * 5 "1: * 0 O 2*a i 0 g * 6 .•' ft ft < * ( p* se g ; ;X
s «# 2 ftft •• ftft s

1 i {original) i 35.65: 35*10 s 0.50s 2.72: 0 , 0  •$ * 42.3iBy© grass ? 2 0,8 1 j 58,36 s(-2.5?)! 2.44l 6.65s O fj '̂7<:4 * fiSudan grass •* 28.305 . 2c j s 0 .0 2 1 2.71s 4.22:
idge grass* i 2 4 * -j 3 * 29,27i(-4.S4) s 2.47s 5.55s
s i : «ft • 1 :

2 t ( '-rlglnal) 9ft1 0 0 * 61$ 91,37: 9.44-1 1 o * wu: 23.5S: 99*1
iBy@ grass »ft 90* 55: 81,201 3 • 25: 12.51s 13.571 87,5iSudan grass ftft c- 9 . 501 31.10: '<5 « 40 s 1 1 ,44 s 14.13!
IRye grassy ftft 85*88: 77*461 6*40: 11.45s 16.26!i 1 3 ftft s •# «ft5 s(Original} :157.87: 135.47: 22,40: 16,38s 13.14s 81.7il ye ;rasn 114*? * 00 *128.19: 16 * 011 15,47s 16.OS: 71.2
sSudan ^rass • X 41 * oo *121.08s 2 *0 . v̂'O 2 16.62 s 10.41:
i-ye ,rasa^ •ft158,322116.30: 81. ci 2 2 15,56s 10,63s5 2 ft* I I «-«4 I{orl inal) •156.47 2157. 16.57: 16,20 % 1 7.on s 34.1
iRy© .rasa 2143*915 183*09: 16*22 s 17,79s 14.33: 74.4
ISudan grass 5141*112 125.74i 17.57: 17.14: 10.93s
*Rye grass** 2134*74: 116.43 s 18.51} 17.56s 10.301
l 2 ftft : ft«- s 1

5- i (Original) 2104* 59: 0 1mo5: Is * 94« 9.80s 7.10 s 4 o * 0
sRye grass 3 98.73s 35•331 14.30s 6.32: S. 27: 39,4
*Sudan grass ft# 0 0*2 2 : 75.42s 14*60: 0*89? 3.97s
iRye grass^ ftft 90*42: 75 ,8 8  s 14.54: l>. 08« 5.37?
j fta 2 s «ft <»ft %

6 i(Original) *115*84 slOO* 6 6 1 14.00 t 2 2 .0 2 ? Id*94 S o3*5
sRye rasa 1108,83: 93* Is 15.0?: 24.10s 13.12 s 73.9
iSudat rasa ftft102*40: 8 8 ,99 s 13.41s 22.25s 11,85?
:Rye .-p̂ air* 3 on 11 *7̂ ■*!■«*• e ww* • *3 u  .  w  1 • T  /•! C  . . . ij ,J « 25.34: 11,53 s
*
* I-..ft*** i s s j I

eSeeond crop*
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In alkaXI-extractable phosphorus* The least decline was 
shown by soil 6, followed by soils 3, 4, and 5 in tb®
1sgrne rotation and by soil 3 followed by soils 5, 4, and 
6 on both the vegetable and grass rotation.

Exchangeable Phosphorus and Organic Phosphorus# The
  f iW fm w n fWM— ii— ih»i    m.i.iwi iw ii win .*»*****•  iW ii i,» ,....................................................................  .m w r . u f e i n K . n . ^ w . i * ^ . . ,

exchangeable phosphorus, determined by the hydroxyl method 
and by the aimxoni urn flourld© method, declined with cropping 
In all rotations. Th® magnitude of the decrease In ex
changeable phosphorus determined by the hydroxyl method 
agreed closely with that found for the alkali-extra©table 
phosphorus. The difference between these two quantities, 
termed th® organic phosphorus, made up & relatively small 
portion of the alkall-extractable phosphorus. It did not 
appear to vary In any consistent or regular way with 
cropping.

Aoatitic Phosphorus. Th© phosphorus extracted bv 0.5 If
Tf ~~m~u— — '— '----------------- ------  n i mmn T im ii ii  \nmmimmm *

sulfuric acid following th© aIPali-extraction, termed spa- 
title phosphorus» was of the sane order of magnitude as 
the organic phosphorus for the various soils* It was very- 
low on soil 1, considerably higher on soils 2 mid 6, still
M ’gher on soil 3 and 4, and highest on soil S. It did not
apoear to- vary with cropping*

Rea Illy Soluble Phosphorus. Changes in amounts of
soluble phosphorus with cropping for the various rotations 
In experiment 3 are given in tables 13, 20, end 21. Par 
cage In comparison with data for th© other phosphorus 
fractions, these values are expressed as milligrams phos



phorus per 100 gjn* of ovan-dry* 2-mm* soil* However* it la 
customary to expresa the readily soluble phosphorus as parts 
per million or as pounds per acre* The variation In abso
lute amounts of readily soluble phosphorus '.-.re expressed 
graphically in figures 23* 24* and 25 for the three rota
tions of ex,‘®rls:ent B* In all rotations a sharp decline 
In this fraction mitb cropping occurred until the final 
crops*

Th® relative change in the readily soluble phosphorus 
fraction with cropping Is shown In figures 26, 27, and 28 
for the three rotations* The least relative decline was 
shown with soil 2 In both the legume and grass rotations 
and with soils 2 and 6 in fee vegetable rotations* In 
all these rotations the greatest relative declines were 
shown on soils 1 and 5. The rata of decline of readily 
s o l u b l e  phosphorus with cropping levelled off at the final 
cropping in all rotations* In many cases there was an 
actual increase in readily soluble phosphorus between the 
next to last and final harvests*

Comparison between Crop Henoval of Phosphorus 
and Changes in Soil Phosphorus Fractions

One of the important parts of experiment B, In which 
various rotations were used* was the <?tudy of the effect
the removal of realdual phosphorus by the crop had upon 
the value of different soil phosphorus fractions* Toe 
change In alkali~©xtractable, exchangeable, and readily



Soil
FIGURE

Legends

o v c r* o ▼ c r 1 o ▼ c ▼ f o v c v 1 o ▼ c ▼ * o ▼ c ▼ f 1 2  3 4 5 6
23. LEGUME ROTATIONS CHANGE IN VALUE OF READILY 

SOLUBLE PHOSPHORUS WITH CROPPING.
o--uncropped soil; ▼-•following let retch; 
©••following cowpeaa; v f— following 2nd retch.



Mi
ll
ig
ra
m#
 

P 
par

 
100

 
gm«

 
So
il

76

15

10

01 L-L L i  — — L— 1— L.. J L L L  L  1-1 L . I   1,1 1-1 JL.L.1— Lo 1 b 1 ' o 1 b 1* o 1 b 1 > o 1 bl' o l b l f o 1 b 1' 
1 2  5 4 5 6

FIGURE 24. VEGETABLE ROTATION: CHANGE IN VALUE OF READILY
SOLUBLE PHOSPHORUS WITH CROPPING.

Legend: o— uncropped coll; 1— following let lettuce;
b— following 2nd beeta; 1*— following 2nd lettuce.



77

25 —

oCO20 —

oo
5; 15 a

B«
S)H

Soil
FIGURE 25.

o r a r*
1

o p a r 
3

o r a r 
4

o r a r
5

o r a r * 
6

GRASS ROTATION! CHANGE IN VALUE OF READILY 
SOLUBLE PHOSPHORUS WITH CROPPING.

Legend! o--uncropped aoll; r— following lat rye graaa;
a— following Sudan graaa; r*— following 2nd 
rye graaa*



Par
 

Ce
nt

78

100

90

80

70

60

50

40

1.81 Vetch 2nd Vetch
FIGURE 26* LEGUME ROTATION: RELATIVE CHANGE IN

VALUE OF READILY SOLUBLE PHOSPHORUS
WITH CROPPING.

Soi
l 

Nu
mb

er



Per
 

Ce
nt

79

100

90

80

70

60

50

40

\at Beet a and £n<5 fteets 
let Lettuce

FIGURE 27. VEGETABLE ROTATION: RELATIVE CHANGE IN
VALUE OP READILY SOLUBLE PHOSPHORUS WITH
CROPPING.

Soi
l 

Nu
mb

er



Per
 

Ce
nt

80

100

90

60

70

60

50

40

1st Rye Graaa Sudan Graaa 2nd Rye Graaa
FIGURE 28. GRASS ROTATION: RELATIVE CHANGE IN

VALUE OF READILY SOLUBLE PHOSPHORUS
WITH CROPPING.

01 
M

0>
*

Soi
l 

Hu
mb

tr



61

soluble ohospftorua at various stages of cropping is ccam- 
oared* in tables 82, 25, and 24, with the amount of phos
phorus removed from th© soil by the various crops* 411 
data In these tables are exproseed in terras of mips** of 
phosphorus per 10 0 gm* of oven-dry 2 «*mm• soil In order 
to facilitate direct comparison of crop and soil data*
It will be scon that changes in alkali-e.-.tractable phos
phorus and the exchangeable ■•■.hasphorus (by the hydroxyl 
method) often agreed closely in magnitude with the phos
phorus removed from the toil by cropping* Changes in the
exchangeable phosphorus by the ammonium fluoride method 
did not agree well with that removed by the crop, being 
much too great In most cages.

Th© comparison between crop removed phosphorus and 
the decline In alkali-extractable and exchangeable phos
phorus (KsOH method) Is expressed graphically for the 
various rotations In figures 29, 50 and 51* In the 
legume rotation (figure 29) trier© is close agreement be
tween th© phosphorus removed In the crop and the decline 
In alkali-extra©table phosphorus except In the ease of 
soil 2 * Trm agreement is close in the comparigon with 
exchangeable phoaphorus except on soil 2 and the final 
cropping on soil 1* In th© ease of the vegetable rotation 
(figure 30) th© agreement between crop removed phosphorus 
©rid ehang© in alkali-extraetabl© and exchangeable phosphorus 
ia not as close as with the legume rotation* The agreement 
between changes In these chemical fractions with the crop



TABLE 22. A co. 
extractable plios: 
soils which grew

>arisen between crop removal of phosphorus and reduction 
Oiorus, exchangeable phosphorus, and readily soluble phos 
vetch and cowpeas.
Results in milligrams per 100 mu. oven-dry 2-sum. soil.

In alkali-
chorus in

Soil Crop
Grown

>horus
Removed in Crops

Tops : Roots : Cron’"
Total

Lxnt.
Total

eduction In 3.-11 Phosphorus* 
: All:SH- ,'Sxch^lllllby' T^hxcET 
sextraetable: MaOH sby IIH4F
{•drop 
:Total

jlhcot.: 
:Total:

Crop :hxpt. 
Total:Total

drop
Total

TFacWoni
h¥adTly
soluble

uxoinr
Total

:Crop 
;Total

:

:
V e tc h 2.45 10.26 2.71 2.71 S 1*39 : l.u9s 2. 72 s 0 £** •72 7.3 2.72 2.72
Cowpeas 1.40 20.22 1.62 4.33 : 2 • 31 1.60: 2.41: 0.13 1.11 5.83
Vetch# 3.14 :G* 34 4. Oh 6.41 ; 3.72 £' F» O •-4. 61: 0.52 0.35 4.18

Vetch. 3.54 0.57 4.11 4.11 S 2.91
:

2.91: 7.95: 7. 5
• #

10.7 : 6.42: G.42
C aw -peas 2.00 0.40 2.99 7.10 : 5.8 3 3.60: 4.32: 12.27 3.15 9.57
Vetch# 5.03 1.29 : 6*32 13.42 ill.44 80.04: 6.89:19. 16 -3.13; 6.44
'/etch 7.0S 1.43

A
ftft 6.51 6.61 : 7.17 7.17: 0 .73: 0  .73 11.6 5.25 5.25

Cowpeas 6.10 0.60 *• 6.78 15.23 ; 7.26 14.43: 4. 54: 13.27 2.96 3.21
Vetch# 4.61 1.20 I 5.33 21.18 ; 9.38 of 7 0 »a**.* t*/ # » §11. 45: 24.72 -1.06 7.15
Vetch 8.37 1.18

ft
ftft 9.55 .3.55 slO.52 10.52: 1 0.On:10. 98 10.2 4 . 66 4. 86

Cowpeaa 6.16 SO.75 i 6.91 10 . O: 4.73 15.30s 4.36; 16. 84 11 3.05 7.71
Vetch# 6.10 0  92 ft-*10.32 0 6? *7 O'<0* W ft i i10.60 

«
25.90:ft 7.03: 82. 93 -0.37 7.34

Vetch
’

4.00 1. 00
•
s 5.08 5 .0a : 4.77 4.77: 5.83 : 5.03 5.1 2.11 2.11

Cowpeaa 4.73 0.64 «• 5.43 1U . u 1: 7.13 11.95: 4. 50: 1 0 .41 1.60 3.71
V e ten# 4.89 : 2 .33 •• 7.22 17.73 ; 5.68 17.60: 6.23:

«
1 u.64 0.25 3.96

Vetch 2.09
•
0.32

I•• 2.41 2.41
*
i 2.00 2 .0 0 : 2 .

«
40: 2 .40 10.6 3.81 3.81

Cowpeas 4.41 :0.40 « 4 .36 7.27 ; 3.76 5.76: 3.87: fVVi .87 3.36; 7.17
Vet elm 6.87 1.34 •c d . 4 1 ID . 00 : 9.31 15.07: 7.56: 13.33 -0.27s 6.90

-^Second crop.
a>
to



TABLE 23* k  eacp-srl sun be wean cx*j ? aval of Pxygphorua end reduction  
ex tractable phosphorus, exchangeable ' r, 3 .r. ?rua* nnh re a d i ly  soluble ohos 
so ils  which grew beets are:! le t tu c e *

B©suits in nllli rrdng per 100 p-.-. ovoti-drp n-ru soil*

In alkali-
.■horua In

:
Soil?

Phoa^Worm 
:6>t:oved In Crops

i rElnn in n o n  ,nrr- 'Oorua
s ST !17- 5 hxch. by i ' xen •
:extraetaole; UaOli

on 1; Ti
'rop

0 xu c t
o*

sol

„ o m  
Tly
otr

; Beeta&
: Lettuce

;
5

Grown s*«
fo es:

5
hoots?

:
Crop:6xpfc.: 

O ota i:Tnta l;
Cron:

T o ta l:
TTnptT:
In t e l ;

Crop:Lxpt.s Crop s C r o ^ i  
Tote 1 M e t a l ; T o ta l ? O ota l:

'G.
:: m l
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TABLE 24. A car?"-ariaon between crop removal of phosphorus and reduction In slbalx-
extracts ,le pixoscnorus, excha c 
soils .11 .rew rve grass ai

teauIt - in •■41X1 cranr

3 pro;? v>>*U3, and read.il2; soluble phosoharus In 
:x press*

Soil Crop
Grown

rye gras a 
Sudan orass 
bye grass#

Bye
Sudan pross 
Rye era §3 *••
Rye erasa 
Sub a 11 grass 
Hye nr-sas-t'
dye crass 
Sudan grass 
bye grass-*
Rye ^r&as
Sudan .-rase 
Rye grass*-
bye grass 
Sudan grass 
Rye grass-*

.' has pliorus * 
Removed, In drops

lib) p-, ovcn-dry S-nx » soil*

e ̂ c tion T5n^iT""ii. os r. o riJF 7raeETon

Topsr :Hoots sCrop 5)>,: ■ t. 
; 2 Total:Total

5*75: 1 .1 7 : 4.92 
1 .7o ; 0 .4 1 ;  2.27 
2.51s 1 .12 : 3.63  

:
4.07; 1.17

0 . :)i
1. 5

b.u,;: 
9 9 ' '  *1 r <t

9-?
5. id:

5.94
5.51
5*1 G

.52: 7.70 
4 .n u * 1. do: o. 00 

2.11: 5.04'7: . *2w- 9 - -v..'

4.92 
7.1)

10 .OR

5.04
-7 . *$ O 

id«*;>1
7.70

Id . dd
19.00

7.4 7 
14.03
25.37

4.75 
o . 2 o

2 . ».">us: 1« 0 o • n- * 113»1 <.j, 44 
: : :

4.9b: 1.01: u.'tu 0.9- 
4.32: 0.03: 5.25:11*24 
4.23: 1.93s 0.21:17.45

:
o  *  o o *
i-b ' - *«  ̂ *

7.47
6.06

1.01 
1.61

4.9,1* 2.13: 6*94 
: :

S.40: 1.35: 4.75 
2.63: 0.33: 5.51

“ Tr*7Tri^T
extractable %

OkO i : , xe
3 a On

Crop :b;xot* jCrap :b.-.pt. 
Total;rotfel;Total:Total
r 5 *  «J . -̂ ‘.r» U1A- . tv- ,J.
5,07

19. bn 
1.03
O  m ok* 

10. j7
d • 1 f»*

;
5.34: 2.72; 3.72 
?. * n. 1, v ; u .

19.72;-0.93; 5,d3 
: :

lo*00*10*03; 
■9.1c; 10.57: 
♦5»o2 # id,.nb» 

; :
7.23: 7.2.,: 
7.11:14.39 
4 , - d o r  7

11.31
I 16. id 
it,
i.b * d d

• kv'C1 5 i d ♦ ■- «J
12. ,,0:12.56: 3.23 j 3• 2.1 
2. n -j v X n * 3 n: 3 . — c 
6.57:21.73: 7,51

9 4
* *

d . C-W • d . ow • t,? # 7l
8.51:14.07:

-0 .2 0 ;  14 .17 ; -  - .46 
:

d . C « V . 9c» « / . dv
c.310.4,4; 4.52 
4.23:17.73; b.3r

14 • Id 
21.47

3.72
12.25
11.77

:
7. )0: 

11,57l 
In.251

I'ieTHTy 
aoluble 

Crop :t?.p ibxptT 
Total ;Total;T->ts.l

Mi

12.6

11.6

10.5

3.7

1 .9 4 ; 1.94 
H.43S 4.37
d . d V t D • ;i4
U * •> O« d . -dd
d  * o * o 5

-2.07; 7.29
<4•

4.1o: 4.16 
3.197: 7.73 
-0.5 ; 7.45

3 .2 2 : 3 .22 
5 3 .5 5 ;  6 .57
l J • 0*2 S d*b3 
; :
: 1 .5 5 : 1 .53 
: 1 .3 0 ; 3 .13  

0.30s 3 .43

d . *• 1'
; 5,27

„ .-j1 ! . Um

7.09
: 0 .5 8 :  7 .61
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removedI phosphorus in the solla us@8 for th© graaa rotation 
(figure 51) Is quite close et the final harvest hut some- 
what less so at th© in terra© diet© harvests*

At the beginning of th© legume and the vegetable 
rotations there was frequently rather good agreement in 
magnitude of decline in readily soluble phosphorus and 
crop removal of phosphorus (tables 22 and 23) * As the 
rotations continued* however, the change shown In readily 
soluble phosphorus lagged far behind the phosphorus 
actually removed by the crop* In the case of th© grass 
rotation (table 24) the change in readily soluble phos
phorus was less than the phosphorus removed In the crop 
at all stages of th© rotation*

£* e Measurement of Crop Utilizetlon of Applied 
hosphate Using Radioactive Superphosphate

According to the work of th© Hothaasted .Experimental 
Station, reviewed by liussell (57), the proportion of 
phosphorus which a crop takes up frees an application of 
phosphate to soil or sand culture amounts to only about 
20 to 50 per cent of the amount supplied. It would be 
expected that the proportion of applied phosphate taken 
up by the crop would -depend, in part at least, upon the 
quantity and avallability of residual phosphorus already 
present In th© soil* The us© of radioactive phosphorus 
simplifies the measurement of the proportion of crop 
uptake of this element derived from a given material*
Ta order to study the utilisation of applied phosphorus



an soils that contained different amounts of residual phos
phorus , a test, using radioactive superphosphate, wag per
formed on soils frcn which sone of the residual phosphorus 
had ’been cropped in the vegetable rotation (experiment B-2) 
These soils -were treated with radioactive superphosphate 
and a crop of lettuce (aiobolfc) was grown on them* The 
oorroaponding heavily-fortillzed original soils, from 
which none of the residual phosphorus had been cropped, 
were treated and cropped In a like manner* ’Hie proportion 
of added -eioaphote utilised bp the crops wag determined by 
tho method described in the experimental section*

It was found In experiment 1-4 that lettuce did not 
grow on the uncropped Collington loan (soil 6 ). As con
ductivity teats she we.- that this soil contained a high 
quantity of soluble salts (table 18), 25 pounds of it was 
leached with 11 liters of deionised water. 0onductivity 
measurements Indicated the soluble-salt concentration was 
greatly reduced by this treatment* Ho change occurred In 
the aIka1 1-extractable oi4 ex changeable phosphorus in the 
leached aoil over th© unleached soil by virtu© of this 
treetuent, these values being 114.4 a n :d 100 • 4 r" gm * 
phoa-•horus per 100 grans air-dry soil, respectively, for 
the leached soil and 114.0 and 99*3 ngm* for the original 
soil *

The quantity of soil used, lining, and fertilisation 
are recorded, in tables 25 and 26* 13*© weights of air-dry 
quart©r-5Sash soil varied from 22 00 .gn* per can In the ease
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TABLE 2 $* The reaction, am nun t of soil used, and ferti
lisation at seed tt of cropped and' uneropped soils 
treated with rad1 o^Gblve superphospha te for gro w th  o f  
lettuce*

i s «Amount % l^rtiTI £itiptpSSoil 8 s pH 4 o f *• •# t 3 m•1 o* I Treatment ♦*Value 3So i!a *.-g05c i C aC 3%3 „c s s ■3s I * Oft•a «4 44 a ..«ilB*4 Oi&m* t .u •3 * 5  ̂C * *•e : ? I t #* t 31 iGroupad s 4 * 32 2 2200 I 200 3 750 *» 1 * n % ou 1 54? Ofeeropped i 5 • 30: 2200 «« £00 S 500 3 OC *« 100 *4 108
4 4 *# •4 4 #4 44 3

2 4Cropped 4 5.35 s 2O0O ** n On S 250 s 42 3 loo 4 108
2 TTmeroppcd 4 4.89s 2000 t 200 31000 3 166 4* 100 3 108
f i «« 44 *.-4 S * ♦43 4Cropped s 5*17: 1800 s 200 31000 3 168 3 100 4 108
sUncropped t 4.* 90 5 1800 4 200 gldOD 3 252 3 100 3 1084 s * 44 *4 #4 44 *•*4 tCropped J 5*344 1800 I 200 I 750 3 126 1 loo S 108
s IJncropped 1 5*164 3m 1 20 w * 1000 3 108 3 100 3 XD8
i 4 ♦4 4ft* i ♦• S 3

JK i Cropped 3 5*20 4 X80G • 200 11000 3 168 I X  0 0/ «
• 108* TTneropped 3 4 * 94 3 1800 *tf 200 31500 3 250 3 100 ? 108

4 3 4 #* I 44 S «4
e 4Cropped I 5* 181 1900 s 200 :10 DO 4

♦ 168 3 1 0 0 3 108
itjucropped 5 5*15 4 1000 4• 20O 31000 4* 100 e ■t

j lO % J 3 108
** 4 4 s 3 •* 3 *«

a-Air-dry quarter-mesh soil per replicate* 
b-Fer replicate*
c-Mded as superphosphate containing 22*3 per oent HgOg*



IPUPLf;; 26* Fertilisation during growth of Xettue#o» 
cropped and uncrapped soils treated with radioactive sti perph© a ph a to«

Data in milligrams per replicate*

.on

1

2

3

6

.s Treatments i.5rii "i.. 1 April I S. S 10*7' 1 . ** j *. jc4'0 Q” “'̂.W
1 I Mi'Sli>5■ ai * Km^t "md?,£ ft ? * -J|5t oai • **5-'- g •*■' *5.* ** *
sCropped 1

*
9
•
4

«9a*
•«**

Vft
4ft SO

*
t 54

ft
t

sttaoroppodf 50 t 54 «* nO * 54 ; 100 11 0© % 10
i a i *4 ** $ *ft ItCropped s 50 ft* 54 I 50 s 54 • lOO 2108 8
s'Drs cropped: 50 t 54 t 50 t 64 2 100 sioa 8 10
# -5 8 *ft s ft« S 2
.8 Cropped 5 50 «* 54 8 50 £ 54 ft# 1 0 0 8108 !
8 tin cropped s 60 4ft 54 *' ; p! fW ft ft 10 0 sloe 2 10
8 2 s *ft a* ft * 8
:Cropped : 50 2 54 t 50 ? 54 ftft. 10 0 *108 ssUneroppa&s 50 2 54 t 50 ? 64 1 100 5l 08 8 10i $ ? 1 »# 2 2 1
JCropped 8 50 ♦ft 54 1 I ftft 50 : 54 I
%TTn cropped 8 50 a« 54 t • ftft 50 i 54 1 10
2 8 8 •ft ft* S ft* 8
stropped t 50 f o4 s 50 8 54 1ft 100 ft 8
sUnoroppe&s SO ♦tf 54 s 50 8 54 1 10 0 8108 8 10
8 S 5 JL * JL 8 JL
sded March 25 , 1947 •
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of soil X to 1800 gffi* per can for the Caribou soils* il is or® 
nearly, equal volume of soil was maintained per pot than had 
boon the ease In experiment B*

Two harvest* of the lettuce were made* In the first, 
one month from plant! 113, four of the eight plants in each 
can were removed* Excepti an* occurred on the cropped 
coil 1 where no harvest was mad© because of the poor growth 
of lettuce* Also, in the few cases where less than right 
plants survived, fewer than four were removed in order 
that four plants would remain for the final harvest* The 
final harvest waa made three weals a after the first harvest* 
Four plants were taken from all cans except on cropped soil 
1 , where six plants ware removed from each of two cans and 
four and three plants, respectively, from the other two* 
tn  table 07 the data for dry weight, phosphorus content, 
and percentage phosphorus in the lettuce tops for the 
first and final harvests are presented* The percentage 
phosphorus in the crop derived from the radioactive 
superphosphate applied to the various soils is also given 
in this table*

Values for dry weight of lettuce tops are illustrated 
graphically in figure 32* Greater dry weights were obtained 
on both, the cropped and uncropped soil 5 than on any other 
soil* t?n cropped soil 6 , uner-opped 'soil 2, cropped soil 4, 
and uncropped soil 1 , followed in that order but there 
was little difference among them* The uncropped soil 1 

produced a great deal more dry weight than its cropped
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'TABLC 27. Dry weighty phosphorus content, and phosphorus 
derived frost the fertiliser In lettuce harvested from crop 
ped and u b cropped soils fertilised with radioactive super** 
phosphate*

Results ms average of four repliestea*

nr*PXrsF. Harvest 
Am*II 21

3ecSHTTWrve
13

1 1 1 s S3 u «* 2 Vft m
d o l l i T r e a t m e n t I s 43 s rU

mn f*« 43
•# *3?

3
Uho. J J -p X S3 & ** f> *0 ..4 .fM•**-4 • m a ro

* ft* * p f o ft* 1 & €>, S3 SU 4^5
h © 
V3, > r*4*- % P> ?«0 m ̂-4

1 S'5 S OS U .*• -aT'. >
m # • o  o rra ® *r-« $543 ft a  © 0 O B3 ^I * m * ,d  x t  a » o  u © u a y"< f"-* -jP-4 •ft a u 0
: s *■>■ 1 .»*m } cf J> Jfc © ♦* ♦ a* r:«* ! d* x i  © &. n , t. ,
4 ♦ * • ... « jh O h * .... e* '......h h .r. £ ....m * 8 I .........I 8. 8 i *« s I

1 s C r o p p e d  8 «* «« 2 2.74 8 8.16 i 28.9
tUheropped* 0.58 4• 2.48 2 25.3 1 8.11 t SO * 33 « 23.1
: s •* •* *41 2 j

2 8Cropped I 0*4? 8 1 * 0 2 2 2 0 . 8 S 7.25 :£4.S2 t 15.3
jUncroppod* 0 . 95 8 4.61 2 13*6 s S. 44 250.89 ft* 12.5
s s S 2 •* *e ©«

o sCropped s 0*74 * 2*40 *<* 16.1 8 9.38 :26.90 : 13.0
sUneroppeds 0 *8? *# o * 16 2 12.5 *10.25 *38.23 I 'f 0
s s «« e» 8 e*. 5

4 i Cropped s 0.70 * 2.51 •♦ 15.1 s w * 2o 126.48 i 12.5
si Tneropped* 1.54 2 6 * 2 1 % 1 1 .1 3 6 * 89 2 26.53 .* 9*4
S 8 5 % 5 «» :

5 tCropped t 0 .2? s 0.81 2 26.6 5 6*30 S14*04 5 23*6
sUncropped* 0*23 2 0.56 2 So .  4 %m 2*50 $ C? © Cî 3 ! 1 0 * 0
s s •• 5 * #• #*

?3 sCropped * 0.65 2 5.71 2 14.2 5 7.53 *22*27 s 13.0
: iTnoropped s 0.59 *e <~i . ? 1 % 12.9 « a . a? 521.46 I 1 1 .0
: t 2 I 8 *• S

Fe
rt

il
is
er



Key

12

10

■pmo
a.<D
*«
0.

fao

8

6

2

n

— Cropped 
— Uncropped

x x

r -t

JZL
r  *■»

m
Harvest
Soil

1 2  
1

1 2  2
1 2  
4

1 2  
5

1 2  
6

FIGURE 32. DRY WEIGHT OF LETTUCE FROM CROPPED AND 
UNCROPPED SOILS FERTILIZED WITH RADIO
ACTIVE SUPERPHOSPHATE.



counterpart. There was also distinctly more dry weight 
produced on the original soils than on the cropped soils 
in the case of soils 2 and 6 . tine situation was reversed
in the ease of soils 4 and 5, the difference in dry weight
in favor of the cropped over original soil being especial iy 
marled in the case of soil 5*

Data for total phosphorus removed ©re expressed 
graphically In figure 33* The greatest removal occurred 
In the case of uncropped soils 3* 2 , and 1 in that order. 
There were groat differences In phosphorus r« oval In 
favor of uncropped sell 1 over Its cropped counterpart *
The reverse of this situation occurred with soil 5. The 
difference between cropped and uncropped soils was alight
in the case of soils 4 and 8 in this regard. There were
considerable differences in favor of the uncropped soils 
over cropped soils in the ease of soils 2 and 3*

The data for phosphorus in the crop derived from the 
added fertiliser is graphed in figure 34. h higher per
centage of phosphorus was derived from the added fertiliser 
at the first harvest than at the final harvest with ell 
soils. Comparing cropped with uncropped soils* a proster 
proportion of phosphorus was derived from the fertiliser 
on cropped soils than on uncropped soils with one exception* 
the first harvest on soil 5. The greatest proportion of 
ohoaohorua derived from the added phosphate occurred on 
soils 1 and 5. Considerably less came from the fertiliser 
on soils 2 * 3* 4* and 8 .
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DISCUSSION

Crop Orowth

Cropping served two function* in this study. In the 
first place it enabled comparisons to be mad© between the 
abilities of different crops to make us© of residual phoa~ 
ph.orua under grecmhouae conditions. In the second place, 
soil material ■ ivested of 3 ® e  of its original phosphorus 
was thereby prepared for laboratory tests*

Dry weight and phosphorus content were the criteria used 
for the measurement of crop ability to utilise residual poos* 
pkorus. However, the relation of such growth data to phos
phorus fertility la frequently not simple nor direct* 
Complicating soil factors enter other than phosphorus level* 
Among these are differences in texture end. moistur©-hoiding 
capacity as well as excess or deficiency of elements other 
than phosphorus* The presence of any factor other than 
phosphorus which limits growth or retards maturity of a crop 
on on© soil over that on another soil will seriously impair 
or completely rule out any comparisons drawn regarding aoil 
phoschorus conditions* However, It is not always within the 
skill of the experimenter to recognise such a situation whan 
it arises*

Legpedeaa gerioea and Cro .ta l ̂ rla retuas seam to be un-
auited to growth on sandy soils - at least under greenhouse 
conditions in small containers* Hairy vetch, beets, and



lettuce are apparently muon lees affected by textural differ
ences. From the results of experiment B It would appear that 
cowpeas and Sudan grass were also adversely affected on sandy 
soils. The dry weight and quantity of phosphorus removed by 
these crops on the sandy soils 1 and 2 were lower In relation 
to that of the other soils than was the case with the preced
ing and following crops in the rotation. However, the growth 
of the eowpeas and the Sudan grass took place in the su-.uaer 
when greenhouse temperatures were very high. Kith the small 
containers used there was difficulty in maintaining auitable 
moisture levels In soils 1 and 2 with their low we t e r-halding 
capacity.

hirning the soils to a reaction not above pH 5.5 in the 
experiments with commercial potato soils was intended to 
maintain phosphorus in the forms found in the original acid 
soils used and avoid reverting it into forma which might he 
found at higher pH values. A pH of 5.5 or below- may be less 
than the optimum pH for some ©f the crops used.

Supplementary fertilisation was employed in this work to 
promote favorable conditions for growth and to prevent the 
development of deficiencies other than that of phosphorus. 
However, there la no certainty that optimum nutrient condi
tions far all elements save phosphorus were maintained 
except Insofar as visual deficiency symptoms were absent.

There are factors other than those of soil conditions 
Which must be considered when selecting greenhouse crops*.
One of these is that of the time of year at which the crops
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mrm grown. S m m  mmkm bet tar vegetative growth under long**
day conditions, others under ahorfc-day conditions, while 
still others are Indeterminant* jkeape.de&e aericea and Sudan 
grass flower under short-day conditions while vetch and rye 
.grass flower under long-d&y con&ltions. Therefore, the 
former crops are adapted for spring and sus^er us® and the 
latter for fall and winter growth, since vegetative growth 
rather than maturity is desirable In this type of work.

The results of experiment S indicate that U g m e a  ana 
grasses (figures 11 and 19} are more effective than vega** 
tables, such, as beets and lettuce, (figure 16) In removing 
residual phosphorus from soils. The most marked differences 
between th© legumes and grasses on the one hand and the 
vegetables on the other appear on the soils of low phosphorus 
level. In experiment A it was found that the legume, 
lespedesa, is markedly efficient In removing residual phos
phorus frees the fine-textured soils to which it is adapted 
(table 4),

Matted, dense root systems were produced by rye grass 
and Sudan grass in experiment B. The ability of the grasses 
to utilise residual phosphorus shown in this study may find 
the explanation, in part at least, In the large root surface 
produced by this type of plant. The root system of both beets 
and lettuce, while more extensive 'than Is often realised, wag 
found to be less conspicuous and durable than those of the 
legumes, and especially the grass©a, when the roots were 
harvested* To legumes has been attributed the ability to
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nt111zm phosphorus in forma relatively unavailable to so&e 

other type a of plants (37) * 5£he ratio of phosphorus removed 
In roots to that in the tops la unusually great for beets 
(ftgore IS) because the ,former includes the fleshy axis*
When beets are growing poorly, the root to top ratio lessens 
because the fleshy axis does not form well*

Relations of Crop Clrowth and Chemical Measures 
of Phosphorus Content

ft has been pointed out that reduction in alkali- 
extractable and exchangeable phosphorus fractions agreed 
closely with, crop removed phosphorus when both were expressed 
for the same unit of soil* Discrepancies to this may be noted 
in the data presented* Some of these nay reflect sampling and 
analytical errors• Ta.m properbion of alkali-extrastable (or 
exchangeable) phosphorus present in th© soil which is removed 
by a single crop is relatively small* A small absolute error 
becomes relatively large when, as In this case, small differ
ences are compared*

Ho significant trends or changes could be detected in 
the organic phosphorus or in the phosphorus soluble in 0*3 fif 
sulfuric acid following alkali extract! :m (apatitlo phos
phorus ) by the methods used in this work (tables 19, 20, and 
21). However, it should be realised that the soils used were 
all acid, cropped soils* Changes in organic and apatitle 
phoschorus may or may not be of significance in other types 
of soils* with the acid, he a vi ly-f erti U s e d  soils the ex-
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changeable phosphorus as measured by the hydroxyl method, 
would appear to constitute the bulk of the residual phos
phorus available for crop growth* Change® In this fraction 
apparently measure the crop removal of residual phosphorus*
The exchangeable phosphorus determined by the fluoride method 
gives results seriously at variance with the crop removed 
phosphorus# being muca too great especially on the sandy soils• 
Figures 20, 21, and 20 show that the greatest relative decline 
in aIkali-extra©table phosphorus occurred in the sandy soils 
with their lower anion exchange capacities*

Bwlationa between exchangeable phosphorus, anion ex
change capacity, and saturation of the anion exchange complex 
suggest that both the amount of exchangeable phosphorus and 
the degree of saturation of the anion exchange complex with 
phosphorus must be considered when determining phosphorus 
availability In acid soils (figure 5)* For instance, among 
the three Caribou soils (3, 4, and 5) the anion exchange 
capacities were similar but soil 6 contained a lower amount 
of exchangeable phosphorus and was, therefore, at a lower 
saturation level than soils 5 and 4* The phosphorus removal 
data on these soils in experiment B (tables 10, 15 and 17, 
figures 10, 15, and IS) show that in almost every case soils 
5 and 4 produced crops containing more phosphorus than did 
soil 5* An example of the opposite situation ©©cured with 
soils 1 and 2* These were at the same degree of phosphorus 
saturation but soil 2 with its higher exchange capacity 
contained the greater amount of exchangeable phosphorus*
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The data for phosphorus removal show that more phosphorus was 
removed by cropping on soil 2 than on soil 1 *

The data of the experiment with, radioactive superpho sphate 
confirm these conclusions* The utilisation of phosphorus from 
the added fertiliser (figure 34) was great In soil 1 with its 
relatively high percentage saturation but low amount of ex
changeable phosphorus sad in soil B with. its relatively high 
m m sunt of exchangeable phosphorus but low percentage satura
tion* The superiority o f lettuce growth on the cropped soils 
4 and 5 to that on the corresponding uncropped soils si cats 
that some other factor than phosphorus level was limiting 
growth In these eases (table 27)*

It is evident from the radioactivity data, that reduction 
of the phosphorus reserves by cropping reduces the ability of 
the plant to utilise that which remains* In all cases m 
greater proportion of the added phosphorus was utilised on 
the cropped soils* This occurred despite the fact that only 
a rather small proportion of the large amount of phosphorus 
ok ^ually present in aIks 11 -extrastable or exchangeable fonts 
had been removed by previous crops of beets and lettuce* this 
suggests that the exchangeable phosphorus is not equally 
available to the plant but that It is given up more and morrn 
reluctantly as its level Is reduced* As plants mature they 
become better able to utilise residual phosphorus* Tula is 
mmn  by the fact that a higher proportion of radioactive 
phosphorus was taken up by the young lettuce plants at the



104

fir at h a m a t  than by the plants at the final harvest* Perhaps 
the development of a more extensive root system wife, t'tm
approach of aiaturl%j makes possible the better exploitation 
of residual soil phosphorus with lose dependence on the 
recently adled fertiliser*

It is of interest to study the relations of readily 
soluble phosphorus to percentage saturation, exchangeable 
phosphorus, and crop removal of phosphorus* If readily sol-* 
uble phosphorus is the resultant both of degree of saturation 
t o  phosphorus and the absolute amount of exchangeable phos
phorus as stated by Dean and Rubins {19), one would expect 
It to be relatively great on soils 2, 5, and 4 and low on 
soils 1 and 5* This is seen to be the case (figure 5)* The 
readily soluble phosphorus on soil 6 Is slightly greater than 
that of soils 3 and 4* The relative decline of readily soluble 
phosphorus with cropping (figures 26, 27, and 28) Is greatest 
with soils 1 and 5 In all rotations* These soils gave the 
lowest readily soluble phosphorus values* In no case did 
thm decline in readily soluble phosphorus equtil in magnitude 
the phosphorus removed by fee crop at th© close of a rotation* 
The abrupt change In trend in readily soluble phosphorus 
values between fee next to last and final crops In all rota
tions is unexplained. -ThIs change is greatest with soil 2, 
which gave the highest readily soluble phosphorus and least 
with soils 1 and o, which gave the lowest readily soluble 
values. This phenomenon has been noted by Frapa and Fudge (24)
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for thm phosphorus extracted by 0*2 1 nitric acid* They &%mt& 
fchat it i«sy be caused by soil phosphorus becoming norm soluble 
in the extracting solution by virtue of the action of roots in 
the soil or that the soluble phosphoric acid fraction wa« be
ing replenished from a ore Insoluble compounds in the soil*
The results of this work xrmj mean that the readily soluble
phosphorus of heavily fertilised soils must be reduced by*• :T- —

cropping to below a certain critical level before the acid 
readily soluble fraction in replenished, thus accounting for
th.© abrupt change in rat© of decline. Possibly such replen- 
iwmmnt V  ts place at the expense of exchangeable phosphorus 
rather then son© still more insoluble form sine© this fraction 
eontinned to decline with cropping* The soils least able to 
replentab the readily soluble phosphorus from the eicba e- 
able fraction were soils 1 and 5 by virtue, In the 021© case, 
of low absolute amount of exchangeable phosphorus and, in 
the other ease, of low percentage saturation. These actually 
showed the least replants unt and the greatest tendency to 
continue the rate of decline of readily soluble phosphorus*

It appear* from the work reported here that In heavily 
fertilised sold soils such as are used In commercial potato 
production, changes in the ©oil fraction determined by 
alkali extraction measure the phosphorus utilised by the 
crops* In such soils this portion constitutes a high pro
portion of the total phosphorus in the soil* This situation 
could not be expected to hold in soils possessing a greater 
amount of active calcium* In the latter soils it may be
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feasible to subdivide phosphorus Into acid soluble (readily 
soluble) and exchangeable foK is  as do Burd and Murphy (a )

anu bray ana coworicera(3,4) • However, in the soils studied 
here the a Ik. a 11 -extra c b® ble phosphorus appears to Xnoluda the 
readily soluble phosphorus or at least that portion of the 
latter wnich la depleted by cropping, The Justification of 
this statement is in the fact that changes In alkali-extrae~ 
table phosphorus values accounted for crop uptake while 
changes in readily soluble phosphorus values did not 
especially at the latter stages of the rotations*

The determination of readily soluble phosphorus la a 
relatively simple matter and ©ill doubtless continue to 
find wide usage* However, the limitations of data obtained 
for readily soluble phosphorus should be kept in mind when 
it is employed for estimating crop response and phospast# 
fertility levels# Some of the data reported in this study 
have shown this. When other environmental conditions were 
accounted for* the growth data for leaped©®®, vetch,, and 
beets in experiment A ana for the crops is the rotations in 
experiment B followed quit© well the readily soluble phos
phorus values. The difficulty lies In determining the extent 
of influence of the “other environmental conditions* In the 
previous sentence#

It would appear that int ©rpre t aiion of readily soluble 
phosphorus data on acid soils may be refined by applying such 
inf omati on as exchangeable phosphorus, axil on exchange 
capacity, and degree of phosphorus saturation, although the
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dot © *m I nafcion of tries© quantities Is relatively tedious and 
tl£3©*&on8Uzn log* A further consideration in favor' of the 
defcotn I nation of ©xoiuuigeabl© phosphorus is the obaexurufcion 
that, in this atmdy# the ph.osohorus removed by fcn© crops 
appeared to follow* In propertion, thm absolute amount of 
exchangeable Phosphorus quit# closely#
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Oreenhouso expsrlments with, various crops an3 crop rota- 
tlons wars carried out ©:a soils from the Ha a tarn seaboard*
Many of these soils had received heavy past fertilisation for 
comm©ratal potato production and had aeeu&ulated considerable
quantities of residual, phosphorus* Chemical and physical 
e niditions were made as favorable as practicable for crop 
growth except that no phosphorus was added and the utllissa** 
tlon of the residual phosphorus by the various crops measured* 

The varying response of different plant species to an** 
vlromental factors other than phosphorus fertility is a 
complicating .feature which mist be considered whan plant 
data is used as an index of phosphorus availability* San© 
of these factors are soil texture * moisture supply, excess 
or deficiency of different chemical elements, and length of 
day* heapedaaa aerlcea and Srs malaria retuse did not become 
well established on sandy soils under greenhouse conditions* 
Vetch, newness, beet®, lettuce, rye grass, and buclan grass 
Sanear to be less sensitive to textural differences although 
all crops may be adversely affected on sandy soils during the 
sup-rer because of the difficulty of maintaining suitable 
moisture levels in small containers* Rye grass is more 
tolerant of high. salt concentraiiens than is vetch or lettuce* 
Vetch mnc! rye grass make batter vegetative growth under short*** 
day than under long-day eonditiona# The opposite is true of
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I«68p«dex6 and Sudan grata*
Plant a peel ea present considerable variations In their 

ability to utilise the residual phosphorus of acid soils# 
Legnases and grasses appear to be better able to utilise 
residual phosphorus than are vegetables such as beets and 
lettuce and are less sensitive to lower levels of it# X*es- 
pedesa 1 ® markedly efficient in removing residual phosphorus 
fross fine-textured soils* The well-developed root system of 
grasses may partly explain their superior foraging ability 
for residual phosphorus•

The soil phosphorus extracted by alkali declined with 
cropping* The greatest relative decline of this fraction 
took place on the sandy soils* The aIkall-extrastable phos
phorus was divided Into organic and inorganic or exeheng®able 
portions* The exchangeable phosphorus also declined with 
cropping and the magnitude of decline agreed closely in 
amount with that removed in the crops• The exchangeable 
phosphorus made up the greater proportion of the total soil 
phosphorus of the acid soils studied# tio significant trends 
or changes could be detected in the organic phosphorus as a 
result of cropping* This was also true of apatitle phosphorus 
which is that soluble in sulfuric acid following alkali ex
traction*

Readily soluble phosphorus, determined by the Truog
method, also declined with cropping# The magnitude of the 
decline did not keep pace with crop removal of phosphorus 
but levelled off and actually Increased in some cases as the
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toil® wmrm eontirmously cropped# In the tolls studied, the ex*
changeable phosphorus any include at least that portion of the 
readily soluble phosphorus which declined with cropping since 
changes in the former appear to account for aXI phosphorus 
removed hj cropping within sampling and analytical error#

fhe data obtained provide illustrations of the uaefUl
rica s of a knowledge of anion exchange capacity and exchange
able phosphorus in applying the results of determinations of 
readily soluble phosphorus In measuring phosphorus availability. 
The contention is supported that readily soluble phosphorus 
is the resultant of both degree of phosphorus saturation of 
the anion exchange capacity and the absolute amount of ex
changeable phosphorus on mold, soils# Crop removal of 
residual phosphorus was better sustained, on soils with 
higher readily soluble and. exchangeable phosphorus values 
and higher degree of phosphorus saturation#

The experiment with radioactive superphosphate applied 
to lettuce indicated that reduction of the soil phosphorus 
reserves by cropping Increased consumption of phosphorus 
from applied superphosphate# end that as plants ature they 
be c o s t ? a better able to utilise residual phosphorus probably 
as a result of root ays tea development # the greatest utilisa
tion of the applied fertiliser took place on the soils with 
the lowest phosphorus fertility as measured by the readily 
soluble end exchangeable phosphorus methods*
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