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IRTRODUCTION

Phoaphorus ls sdded to solls in the form of fertilizers
and orgenic reasidues to supply one of the sssential elexments
of plant growth. The amount of phesphorus renmoved by erops
and leaching la comparatively amall, Considerable aeaumﬁ&aw
tion of phosphorus in s9lls has resulted in certain reglions
that have recelved heavy fertiliszation for many years. The
purpose of the work reported here waeg to investigate soms of
the fasters governing the availability for orep growth of
accunuleted or residusl phosphorus. The means employed wers
the study of crop growth onm varlous ﬁ@iii under greenhouss
sonditions and the chemligal wmeasurement of the extent of
soll phosphorus utilisation.
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Methods for Deteraining Availabllity of Puosphorus

ime meang of detersining the avallahllity of aoll phoge
phiorus la the ae8@surement of the ressonse of plantas srown
under conditlonsg where phosshorug 18 the limiting factor.e In
addlition to tine=honored plot and fleld tests, elaborste
greesvuiouse and laborstory methods have bLeen devised with tolas
purzose in aind. Among these are the zot technlgue of
A1 tgcherlich (41), the rye seedling =ethod of Heubauer (43),
and varioug mlzroblioloslesl procedures (30,46). Such methods
are often esxpenslve and tlre-consunlng, &lihough the Heubauer
and mieroblologlesl tests are leas so and, in addlélon, 2roe-
vide conglierable control of envirosnnentrl conditions. There
are nuserous references to thege nethods In the libtersturs.
e work of Trhornton (62) wilith the Neubsuar and Lhat of
Fenilich (33) with the nicrobdloslo;lcecal procedurea have been
outstanding in this country.

A direct chexlcel sgtlisatlion offers gtlll greater agloe
plicity and economy. There have begn saveral such apiroacghes
made, although they nave Lo e standordlzed by plesnt boeats.
This tyve of chumliesal welhod nhas evolved [ros the atbempt to
duplicate the solvent eflfeets surrounding llving plant roots
ir the asolil. In 1048 Daubeny {14) sug ested esrboniec acid az

a reacent to d4lgtinguigh between more and less goluble



mitrients., Dyer (21) iLatrsivced the terss "avallable™ and
"unavallable to distinguleh between these uroups. ‘e used
one nar cenkt clitric acld as & golvent snd found that the
gquantities of phwoaphste 14 digsolved were in the same order
sg the erop »roduclng power of verlous solls,

e theorsticsl bagis for the uge of one per cent
cltrie acld wasg that 1% asproached in degrec of seldity
that of the cell sap and therefore 1t exaorted & golvent
setlon of the game order as root secretions In renderin.
phoanhinte goluble for agsi~illstion. 1% 18 uncertein that
the root nossesses apecial excrebting and digsolving prope-
ertles other than that exerted by carbonle acld produced in
reapiratlon. fuasell and Frescott (58) zay not but other,
more recent worksrs (&), have rezarded 1L as & posainility,.
HWhethey anpirical or not, ane ser cent sliirlie acid found
wide currency. This reagent has Leen Jolned by cany others
of the game bype. These lnclude aolutiona of Inorganic or
organie acidg, 3alt solutlons, »r mixtures of these buffered
to definlite pi values, The phogohorus dlsgolved by such pro-
cedures ls often called "resdlly svallsble”, "esslly acii-
3>1luble"”, ¥resdily soluble", ste.

Bl=iley results with respect t2 totsl shosphorus
extracted sre not cobitalned with any two of these reaents or
wlth the gsame reacent under different conditlons (28,22,57).

But on 2 relative bagls trere ia frequently cood correlation
o e

anong the reault: of different sxiractlon :rethods themgelves

{54,69,72) and slso between these results and the reaulis of



biocloglcal messurscenta (54,53,59)., This ls especlally true
an related golls recslving simllar fertilizer treastsents.

The limlitstlions of such vmethods when zovnllied Lo solls
not meeting the regulrements of close relstiomship or slxilar
fertilization hes received consliderable attention. Thornton
{62} stutea "thst no exiractlng agent has been found wahleh
wlll zive & true Indlcation of avallablility to plents under

all condltions.” Hibvard {(34) and ¥ras

g and Fudpe (25) have
investizated the limltations of checlceal nethods for egbtizate
ing phogphorus avallabllity. Burd snd curphy {(8) have dlge
cusged the problen. They hold that laclk of correlstion

hetween »lant pgrowth sznd scldeextractable phosphnbte might be

i"‘a B ik

cauged by nlants possegsing the zropsriy of sbasorptioa of

b

ons such as Mhogphate wlithiont csugling 8 ahift In pd value

of the goll solubtlon such asg would he enuged by 2cld extrace
tion. The qechanigm postulnted la tiaat of a conbact snloan
exchange wilthout the interzedlasry of the soll solutiosn Letween
anlme on the root suriszsces for phosgshate anlons on silneral
gurfsces. Dean snd Hubinsg (17), Overatrect (428), and Volk
{66) nave zhown bhet suen & cechanis: is unlikely for anlona,
Anothier peasocn advanced by Surd and Turphy for the lack of
corraelation Ll the fact bLuat extracting gsolutions orsduce
spester ghifts Iin pif values than oceur nsturally in a-lls snd
disgsolve sreater swounts of progphats than would dlsgolve
under field conditions. A third ress:n is held o be the
osregsence of gsecondary resctions ln whieh lons such ag calelusn

digeolved by the extractant la turn preciplitate phosphate.



The abaorpblon of phogphate by plant roots prevents the occoure
rence of such secondary reactlons.

Another wary of viewing bthe pleoture s o presune thatb
there are dlfferent chemical forma of »hosphorus ia asocslils.
Thelr avallabllity to the plant may fall in one order and
thelr szolubllity in weriouns extractants may fall in an entlree
iy aifferent order. For inatance, it would be hazarious to
exnpare the phogphorus evalilability of a8 calesreons goll with
that of an acld soll by neans of a glngle extracitlng solution,
Tantirely “Lilfferent types of extractants have Deen pronosed for
calearaoug aolls (13,%5)., 4 further instance occurs wlih
aolls fortilised with dilferent shosnhste carrisrs., Values
Tor readlly scluble phosphorus obtalned on & g1l fertiliced
with roek phogphste may be satlraely out of line with thoge
obhialned on the ssue soll fertllized with guperphosshate ov
sther phosphorus carrlers when the two are judgzed on the
haala of erop rvesponase (83,52),

Anobiher type of chamical sporosch hag ag lva objeet the
gquantltatlive nessurerent of a8 delinlte soll phogphorus frac-
tlon or fraeitliona. The hydroxyl lon hag found application
in many guch methods., Several schemes have been proposed
{15,16,86,27,71). They are based on the observatlion that
organic phogphorus casnpounds, non-apatitic cslclur 2hnofd-
phates, and lmorganie phosrchstes asgoclabed wlth lron and
glusinun sres goluble 1n sclutions of sodlum hydroxlde,

patites are ilnsoluble in this reagent but dlgaclve In

sulfurie 2eld solution following alksll extracti: in



adsition, all solls contain conslderable guantlties of phose
nhiorus of unknown cosbinationg wiieh asrve Lnsoluble in the
above reagzents.

In these fractionamtion wetibods, the total phogphorus and
the 1lnorganie phospnorus in the alksll extract may bs detere
mined gseparately, thus olving organdie plhiogsphorus by dlfference.

In the method of Chenl (26,287) non-apetitic caleiun phosshates

are sesarsited Lfrom phogphates sgsocizted witn lron and slunme
touws by dlissolving the former by meang of erxtraetion with
dllinte acetic seld orior to alhall extractiocn. The metbthod of
Zpar and bBiecsans {(5,80) enloys Fluoride solublona Tor frace
blonation., That of Fisher and Thomas (22) utllizes verying
1litv rates of phogphorug cospounds in bulfered amceld
golutliona at different pH ranes Lo effect 8 geparation. The
latser method Jimgolves fractlonally forma of aoll nhosphorus.
In conjunction with zoll phosphorus frsctlionatiazn, methods
have besn deviged bto measgure gquantliatlvely s alingle phosphorus
fractione==-the nortion that ls lomobllised or fixed in lerpe
gquantitles in acld solls. The mechania: of this retenition Las
heen the subject of esonsiderseble conbtroversy. One Sroup
maintaing that phosphorus undersoes chenical precizitation
with iron snd salunlinuwn or the Lydrous oxldes of these eleaents
(23,31,33), The opposlng view is thst sueh phosphates are held
or sdsorbed by mesnsg ol an exshancse rasctlon wlih hydroxyl long
on the surface of slunino-siliecste cley particles {(43,50,81).
The subject has been reviewed by Midgeler (40). In any svent,

the quantlitative measuresent of tils insoluble phosphorus,



whebdh ey proecipltated or adsorbed, has been conaldered to have
exvononie loalicationa (3,18,70). This ~hosphiorus nhaa also

been berred Texchangeable™., Tt hns been sstablighed thst sueh

3

*
H

phoghorus Ly avellable for plant srowt: (12,37,43,70). The
uge of voarisug recsgents hag been sropomed for the dlgplacew
ment of Lnls adsorbed or excihanseable pnogphnte., The
hydrox~l, oltrste, fluoride, sn’ 2rsensts snlong hsve been
er:ploved by Plper (58), Stueele (80), Cray (3), and Dean (13),
regoectively.

The meagurenent of the capacity of the soll t fix
shwogphorus nd the roporticn o0 thot eapecltiy occuried by
phognonorug (known a8 degree of geburation) have alao heen
held to be Laugsorbtant conslderctliona when sessuring the svall-
abillty of soll onogphate {(§,19,65,64). There is sove
analogy here bo catlon exchange. BPurd and Yurphy (8) hold
that the sdaorption capaclty and the degree of ssbtursailon
of the adsorbling couplex (for phosshate) deterrines the
phoapiate accessible to plunts by hydrolysias or anlon
exohange. Suech phogphete, exirsctabls by alksll, lg held
to be sharply dilsgtinet fros thie other gource of phosphaie
for the »lant, nazely that goluble in scid (readily
goluble phosshorus).e For tecnnical reasons they belleve
1t 18 lmposslible to determine sxezetly ths amount of the
latber fraction dubt clsim 1its value can be irferred fro-
scid extractlons plus & knowledoe of the buffler capacity
of the soil., Accordiing to RBurd and ¥urphy (8) snd te Lray

and “urtez (4), ascld extrazctlion procedurss (for readlly soluble



e

or readily avallable phosphorus) ere velaztively ineffsctive
in resoving adgorbed or exchan:ceable hoaphorus unless tils
fraction 13 present in large assunts. Dean and Fublna {(1%)
algoe stress sanion exchange casaciiy and deyree of phosvhorus

-

satuaration as factors to be oo nsidered, alons with others,

i

fale
b

L.

detersinlng phogphorus feritlllity of solls. They note that
in acld golls phosphorus tends to accumulate Iin exchan;esble
form upon heavy fertillizatlion, This la attended by & rige
in resdlly soluble phozvhorus. However, tivls could nobt be

aexpooted to hold for all types of soll.
The Accumulation of Phosphorus 1ln Heavlily Feritllized 3olls

Rone evidence misg been published relatlve to the sceuw
vulatian of phogphorus In solls receiving neavy snd longe-
eonbinued fertilizer aprlicationg (1,2,7,9.%2,49,50). This
acewprulintion has been sppreciable wiih speeclsl crops such
gs tohacoon, Dotatoes, and trusk. Fleld experlaents have
been conducted relative to the wealue of tnlg sceunulated
rhosphorug to the plant (1,5,9,80,33,48,44,47,87,88). The
concengug 18 that there la a declded carry-over in effaect
on new crops ron previous heavy phoaphate applicaetliona,
sorgan and Jacobson (48) showed that whlte potstoes grown
o old tobacco land 1n the Conneetlcut Velley did not

regrond to vhoaphete additions, Yare et, al. (&3), found

that Wigh soplleationag of phosphorus to wiite potatoes In
South Alabara were nf value to succesdlng crops., Volk (87)

£ und for cotton that "high rates of phoaphorusg asplicatlon



fallowed by low rates did nobt result in & Jdistinct decresase
in vield". Hawking (30) reports the resulis of & coopera=-
tive study on white potatoes In which 1t was f.und that
oshogohinbe appllceations 1d mot zimifleantly icresse vields

4

in some golls wnere heavy eppllications had been made pre=-

Gl

viously, Thia did not asply to all cssen but the increase

in rield of potatues per pound of P20§ applied wes usually
lower a2t loc-tlong where there were hlh anounts of residual
phosphate Lln the sollse In a later report, Helson end
Hawking {(44) found thset response Lty vhosphate is relsted to
the acmount of readlly soluble phogpnorus In the soil and thet
the vield of potatoes from the flrst 480 pounds of shospharie
acid appllied decressed ss the snmount of readlily sgsluble choge

ohorug in the 3oll ilncreanassd.

Fa

p

Applieation to the Present 3tudy

The solles used iIn thls stuly were surfece solla from
the Fsgtern Seabosri. They represented several soll types
and are ﬁe&crih@d in more detall in the sectlon on resulis,.
They were, wlith mlnor excentl mns, qgqulie acl  solles whilch had
recelved heavy fertilizastion with commercial fertilizers and
were presuned to have accunulsted conslderable quantities of
regldual phosphorus. On several of the sltes fron wnhaleh these
solla were tolen, the results of fleld atulles of the resronsze
of white potatoes bto DPhospnate aoplicationsg were avallasble
when the asanpling locatlons were chesen (11,30). Data for
reavonge to varlous phospnste appllestlons are glven in

table 2., These ahow that on many of the saspling altes little



10

or no resnonse was obbtalned to phostiete asplliceastions, Ine
dleating a high svallabllity of residual phosshorns.

Several cropa and ceropplng systens were used ao that
variations 1in resldual phnogcohate utilizaetlon ilmherent in
various plsnt apecless wisht be egtiated. The cropg vere
grown in the reenhouse under condltlons wihleh moade 1t
nogsible o sceount for sll the phosohorus o the soll and
in the plant,

The chamlical procedures used to couple-ent the crop
gcrowth stndles In estirabling phosphate nvallabllity were
chogsen W2 represent the two types of chemlceal approsen
already dlscuvzsed, The seth>d employed for readily soluble
snosphorus was that of Truog (65), moedified sli htly to be
vetter adanted for the uge of the photoglectirlie ecoloriteter
(51)s, Thils wetind involwed the extrsctiocn of the soll with
dilute {0.0028N) sulfurie acld buiffered at »i 3.0 with
aroaoniv gulfate, Sodlun hydroxide was used to deteraine
exchanzeable or adsgorbed phogohorus. This reagent nas been
uged by several workers for this purpose (8,52,55)., It was
extended to lve valuesz for orzanlce phosphorus and avatltie
shogphorus, bthe latter bein; the phogphoruz soluble in aeld
followlin tre slkall extraction. Sore debora.nations of
exchanzeable or sdsorbed phosphorus were made ualng the
fluo ride and the arsgsenate ilons., The sctlon of the fluworide,
araenate, and hydroxyl lons ls belleved to be allke in that
an anlon exchang e Ls effected Leitween them and adsorbed

g ohortig.



11

An experiment with radiosctive phosphorus was inecluded
g> that an estimate of the efficlency of utlilization of
superphosphate could be made ovn solls whose fertllity statuas
had been established by the other methods deseribed in thii
work. The technlque ugsed with the railosctive materlal ia
briefly described In the last part of the experimental
gsection, The methoda uged for meaguring phosnhorus uptake
froam the &pplied fertlilizer with radlosctive phosphorus were
those developed at the Bureeu of Flant Inlustry, Soils, and
Apricultural Englneering, United Statesg Dercartment of Agrie

culture, Beltsville, Maryland,



EXPERTIEHTAL
Plant Growth Techmiques

Crops. Several crops were srown on ilfferent szolls in
the greenhouse to provide Inforcstion on varistlion erng sone
different btypes of plunts with regard to utiliszation of re-
gldual phosphorus and to make posgsible conparisons bebtween
plant growth and chemlcal teats of phogphorug avallabllity.
™is was carried out in three :ilflferent perts.. The first
part was concerned with evaluating the abllliy of soie
le.ures and vegetables Yo renove resliual phosphorus from
aolls which represented s varlety of texitural t{ypes:s

A«l Lespedeza serices followed in sone

cages by haliry vetceh
A=2 Tbeets followed by halry vetch

A=3 Cro tal aria retusa

A=-4 Slobolt lettuce.
A gecond part conglsted of the messurerent of regldual phosge
phorus renoved fros heavily fertllized corwerelal potato
solls by three different types of rutatlons:
f=1 lezwre rotetiont halry vetchecowpeage
halyy vetch
B=2 vesetnble rotaotlont beets-51lobolt letluce-
beeta~3lobolt lettuce
He3 grass rotationt rye israsg-Sudan gragse

rye ;rass.
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In the t»ird part, rasdicasective superphssphate was nsed to
moeagure the ntiligstion of phosphorus fron solls. Slobolt
lettuce was uged B3 & test ¢eron,

Containers. Srall slszed pots were used in exzerisents

A=l ond A«2, For the other work, nmeber ten enamel-lined
tin ecang were emploved, These were cut Jown to a helzght of
four inches and then crimped to lend rijl ilty.

oils. Two groups of aoiia ware uged In experiment A,
T™e flrst sroup conaisted of five solls, described 1 tsble 1.
These were naed in experiments A« and A-2. 531lz heavily
Tertilized solls frow commerclal white potatoe-producing sreas,
described in table 2, ware usgsed In exvericments A-3 and A-4,
The latiter so0lls were the only ones used in the remainder
af the experiments,

Preparatiocn of S21l. Por sxperiments 4«1 and A«Z, air-

dry s-11 which had pasged a Ze-mv, sleve weg used for crop
growbthe For the other exseriments, the slr-dry solls were
pagged throush 8 screen having 8 quartsreineh mesh. In ex=
mariment ¥, the golls of replicate pots were cowpogslted and
air-dried following each crop. After a welpghed szarple was
removed for leboratory work the soll was redigtributed for
the followln: crop. In the ex ericent with radlosctlive
superchosechate the 8lx soils wnlelh had been cropped In exz=
periment P2 were compared wlth the correspondlng z21ix
wneropped soils.

Tertilization. ith the excepitlon of ghogsphorua and

limingz, #n stbtenpt was wmade Lo malnbeln levels of 2ll

nutrients 2t a »oint optimum for crop growth st all bises,
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Chalk and cagnealun carbonate dere added Lo s0ills vefore ased-
Ing each c¢rop at & rate estimated to uplve the soll & reaction
aporoachin. but nol exceeding pH H.5. Consideratlion wag

siven to resctlion, texture, cxchnangeable hydrogen, snd cabtlon
erxchanze capaclty ln obtaining this estimate. The othsr
nubtrients were added, 88 a rule, In solutlon st intervals
durin;; the growith of the crops.

Hadlonctlve Superphogphate. Thisg aterial wss prepared

P

by 7. J. Pox of the Bureazu of Plant Industry, Sollas, and
Agriculitural fnglineering, Tnited Atates Nepsritment of Agri-
culture, Peliaville, JVaryland. The teehnligque involved mix-
ing 3454 gme of prinary potasslun phosphate contaiain. 40
m111lleuries of radliosctlive phogphnte wibh 49.11 gm. of
Curacao phoaphate yock snd 62.3 zm. of 50,5 per cent sule
furic acld. The dried product welghed 90 m. and contained
22.31 per cent phoaphorle scid (Pe0s5). The quanbtity
applied to the soll was equivalent to 200 poun s Fels per
acre. Thils azounted to 0.2 gm. Pglyg per can with an
actlvlity of 0.4 mlllicurles. The phnosuvnate, alongz with
1lme and other nutrients, was wmizxed with the so2ils before
apportioning to replicate pots,

Experirental Deslgne. Four repslicatliona were used with

the flve solls emploved in exnerirents A-l and A-2, Exporl-
mentyg A«3 and A-4 were run in Juplicate. Four replicatlons
were used for each »f the 12 acils in the work with radloe-

active superphogphate.
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n experinent I sach of the gix solls waag reproaented by

glx revlicnilona Tor each of the thwee cropping srsions

Pl 4

{wl, Be2, Be=3) waking & total of 108 cans. The 36 cansg for

-

sach crop (alx solls Ly slx vepllestlons) wern

)
o
!
!
;l:l
=
&
A
e

tho Ffor: of a & x & latin gsguare. 3ix blooks were then -ade
up congisting of correaponding csluszng fron the three lab
squares. The arransesent of gub-slocks was nt randoon. A
gample bloel 1 1llusbtrated in flzure 1.

Sesdling. The sseding vrocedure ollowed Ln Lhilag work
waz to »d4dd the required asounb of waber t: the sols »r cang

after first vamoving ¢ g:all 2ortlon (about 200 grn.) of dry

tow

gaoll. The wster required to bring the soll tu the proper
lewvel for crop growih wasg deter-ined by trial and error on an
extra lot of each zoll. After the walter hod aosked in, port
of the dry aoll was spresd evenly over the surface to provide
a ~ood geed bed., Alter placln. the saseds, ithe renainder of

% 4
3

the dry szoll was used to cover the zseda and then the pot or

can was covered until enmergence of the vlant, The seeding
slan for wnrious orops is iLllustrabed 1n fisure Z. For the
experliment with redloactive superphoaphate, lettuce seeds were
placed upon wolagt filter paper at 809 P, in diffuse licht the
aftsrnocon prior to nlantling. Soeeds ghowling hypvocoityls the

&

following afbernoon weres geedsad eight per pot ns lllustrated

(i ure )., The excess sceds were nlaced in vernicullte and

uged for the grall arount of renlanting that was required.

culture of the Crops. In experivent A4, no attempt was

~made to resulste the nuibers of leapedeza or Crotellaris



Crops (randomized)

Rye
____________ — Graass Beets Veteh = ___ __ _ _ _ _ _ _ _
[}
! |
)
2 '
Soils Greenhouse
(randomi zed) S Bench
4 ]
|
[]
5 i
L]
6 :
v

Block (six in all)

FIGURE 1. ARRANGEMENT OF CROPS AND SOILS FOR
GREENHOUSE EXPERIMENT WITH HEAVILY
FERTILIZED COYMERCIAL POTATO SOILS,
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Vetch Cowpeas
(thinned to 8) (thinned to 3)
Beets Lettuce Rye Grass
(thinned to 4) (thinned to 5) (thinned to 12)

Sudan Grass Lettuces
(thinned to 6)

FIGURE 2. SEEDING PLAN FOR VARIOUS CROPS IN GREENHOUSE
EXPERIMENTS,

#Experiment with radloactive superphosphate.
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plants per pot. The remalning crép& of experlizent A and those
of experiment ! were thinned accor.ing to the data of [lgure
2e Two nervesis were mads of the lettuce whleh recelived
radlosctive guperphoaphate. ¥Pour plants vers taken for the
firet harvest and the ronaining four at the final harvest,

ta previougly stated, varlous nutrients were added in
gsolution to the solls when deened necessary during growth of
the crops. ALl leguwses were lnoculated. Vebteh and cownesa
were given suoport by meansg of atrisggebitached bto zlasgs rods
get In the goll of thwe pots or cans. Aphids and Thrlp were
controlled by niecobtline funigstion. Hed zplder wag controlled
wving with “REoOR" at frequent intervals.

Harvest of c¢ropg. Seversl cuttlnsgs were obtalned from
each seedling of lezpedeza, vetch, rye grass and Sudsan Ira8ss.
Moap the other cropa, one harveat was secured for each seeds
inge Tates of seedling, cuttinge, and harvests ars lllustrsted
in flgure S.

fioots were hsrvested Ly rewoving the soll frow & can
and allowing 1t £ dr:. for s few hioure. The bulk of the goll
wes then worked sway fron the root mesg siilceh wesg then allowed
to dry again Yor a few hours. Host of the rensinling aoll

aoulsd then be remnoved. lHoots were washed by plaeing on &

sieve and rinslag wlih a strean of watber.



Experiment Leapedeza
- [, J - . -
‘ 1 —_ ¥ 1 . —!e tgvh X »
Beets Vetch
A~2 — . * *
a
Bel Vetch Cowpeas Vetch

Beets Lattuce Beets® ALettuco‘w

Be2
Sudan
Rye Grass Graas Rye Grass®
B-3 - e dd. -4 g & >y + +
a=-Second crop b
beExperiment with radioactive phosphorus Leqttuce
| 1945 ] 1948 l 1947
rLJ‘LlLILLAAA U G VY S S S I'AAILIL

6T

FIGURE 8. SEEDING AND HARVEST SCHEDULE OF GREENHOUSE CROPS.
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Chae-lcnl Yethods

Prepuration of Soil Ssmples for the [aborstory. fepre=

sentatlve samples were Talen of 21l asolls before fertilization
and seeding. In expsriment P, soll ssxples were bslken Tollowe
ing the harvest of each crop. The alr-dry zoll of replicate
eung wag nixed togetiher and the gsanple taken with a2 asampling
tube. These gamples were welpghed, passed Lhrous, 8 Z2emin.
gsleve, and the quanitibty that psssed was rewelshed,.

dolgture . eterminationgs. A 25 or 50-um. portlon of Sesti.

L~ o

alr-dry soll was laced on & tared evaporabting digh and dried
Lo conatant welsht st 1089 C.

Reacblons. The »H of & 13l sollewster sussension wnleh
had been allowed $o stand for -ne hour with occagional siire
ring wea neegured with & Beciian nid seter and vless electrode.

fxehangesble Hydrosen, ixchanceable Hoges, snd Catlon

txchenige Capuelty. The rapid method of Irown (6) was used,

Mecianliesl Analvagla., Daterminations were perfornsd Ly

the pivette method throush the courtegy of the mechsnlcal

analvsis section of the Nivisgion of So51la, Ferilli.ers, and

Irrigation, Zureau of Plant Industry, Solla, and Agriceunltural
tngineering, United States Devurdrent of Asriculrure, Belts-
ville, ¥arvland.

Gaﬂﬁﬁctiviﬁx¢ FLEYY gmae 0f soll were shsten with 250-ml.

of weter and allowed to stend overnight. The conduetlviiy
of the supernatent liguld wasg ..efsured wiith # conductlivlity

bridgze.
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Total Vhogsphorus Lu Soill. A lega. sample of 60-cesh

gven~ary goll was dizegted with 20 nl. of 72 p r cent pore
shierle =oll fn & 70-pl. “jeldghl flaer until colorleas or

nearly zo. The oeontents wsre trangfsrred Lo a 285-ul.
slunetric Tlaalk, made to volu.s, ixed, znd allowed to
aettls. An allguot (econtalning lesgs thsa 0.05 mgs. phoge=
shorus) was trangferred to o 3eil.e vwolurobtrie flask and the
renctina adfusted wlth filve »or cent sodlun carbonute énd

1 ¥ aulfuric aold to 2olorless with nulianlilne red ndlicabor.
The wvoluane was then ansde o 33 ml, and the molybdenuw: blue
aalsr levsloped by the .ebhod of Peeclh ebt, al. (31). The
tranamlititency was nazgured usling a8 680 mau filber with an
Twolyn photoelectric solorloehtor.

Fep’lily Zoluble Phosphorua (Jodifled Truoss Scthod)e

Tour e, of 2eome goll were alinlon for 35 ninutes with 400

il of 0,002 N sulfuric acl. containing three e condws

gulfote pey liter. The suzdonglon was flltered through ll-ca.
nunber 42 Unatuan filter pap r dlscarding the ITirsgt portion
of filtrate. Phogohorug wag deternined L a poril-on of the

clesr [lltrate by the molybedenun blue method described above.

Alksll-gxtractable Mogcborug. A Se=gmne portion of aoll

wag pleced In &2 100-sl. centrlifuge tube, A& Hl-ul, porsion of
0.5 N sodluy sncetate (adjusted to pH B5.7) was adied and gtlre-
red with the goll. The tube waog cantrifuged end the aslution

Algenried, Thiazg rrocedure wag repested bthiree tliege & LH0-ml,

portion of D.1 ¥ sodlum hydroxlde was adied and the tube

Lrmersed in a bolling water beth wlith occagional ztlrring for
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30 winutea. AL Lthe eand of bthla seriold, a G~=nl. portlon of 1 N
godliu: ehloride wag addied and the tube centrifuzged. The clear
gxbract wag poured Into m 250=-nl, volw etric flagk, Thls
srocezy was repeated oxnee with heating snd fhen twigs more,
oz bting the heablng, The conblned extracts in the {lagh

ware made bo voluue and mized.s A 10enl. slliquot of thias ex-

tract was evaporated to drynesa with dilute sulfuric seld

Bz

gontaining wazaesiun nitrabe (3,75 9. ¥glN03.8120 per 100
mle 1Y T2524). “hen dry, the residus wag sontly lgnlted,
coonled, digssted with 1 W gulfuelce acld, sade to volune in
a2 30e-mi, voluwretrle flash, nlxed, snd allowed to asttle
overnight, Fnogphorus was debteralined In sn allguot of this

zolution by the molybedenun blus watho

Trelhianzeable “hosshorua. A4 73-al, allguot of the

slkall extract was sipetted Ints s 10D«31l, volusebrie Plagk
and mede to volume with 1.8 © gulfuric peld. This mizxture
weg treated with 8 gnell axount of Jecolorligzing carbon
{(arco 380) and llltered tLhrough 1l cz. Whatoan ounber 42

geasrdin: the {first portion of the filirabe..

zoxﬁ

filter napsr, d
Frioarhorus Ln the clesar extract wzag deberslined afltsr evaporae-

tion and Lunition zs fopr tobtal alkellesxbractable nhosphoras,.

Apatitice Phogrhorusg. The soll resa'ning after the

sodlua hydroxide ireatsnant wag transferred to zn Frlenueyer
flagk with a8 8B0=-nl, portlon of 0,5 N sulfuric scid and
ghaken Tor one noar, Fhosphoras was detersined in an

aliquot of the {iltered extract,



rxehanzeable Phosphorusg by the ’rsenate lethoi. The

orocedure of Zublns snd Jean (55) was Tollowed.

xehansesable fhosvhorus by bthe Amxonlun Flyoride

dethod, The procedure of Roblnag and Dean (H5) waa followe
@il .

Anlon Lxrehanioe Catcliive A Seune. poriion of soll was

mre~treated with Ul 8 ¥ sodius sacebate sa slven in the
=gthod {or slkslleextractable phoschorng, The soll wag

grtursated with phogshorus by treablng with fur LH0-al.
portiong of G.0 W godiuw: phoaphate »ljusted Lo i 5.7, the
asll beling hested st 1009 € with the rirst tws vortions

for Jezinute periods. The excegsg satursiting solution wasa
waghed out 28 followsg: the soll wasg gstlirred with 285 wml. of
water cnd then 25 ml, of 25 per cent ethyl sleohol wag addied.
After centrifugling and discarding this wash mixture, the
crocess was revealioed Phree tloes wlth 50 xl. portions of

35 wver cent aleshol, The adsorbed phoshiorus waag bhan dlge
placed with .1 H sodium hydroxide ss {or exchaneable
chogphorus. fhwogphorus was deterained Ln the sxtract by
the sroecedure glven oy sxehangesable phogohoerig,

Dy Velxht of Plant Tlgsue. Plant narveats were placed

in healera and drisd to constent wel it 2t 60-70° G,

;

snd o

o

oaphiorus in Plant Tlsague. I[n exvorisments |

wechsp—

the “drled nlant msterial wuam round, usiaz &8 “iley mill with

g S0emggh 2creon or 8 nacmsr mllle,  An oven-dry oround gauple

af D¢l to Cel gne wag wmolgtened with a Z2-1, portion of

=i

aleoholic ~eynegiuws nltrete (40 . of salt to 100 =l, of
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38 per cent ebthyl alcohol)s This was placed on a trisngle
and lgnited with & tapev. Thae burnlng wea asgsglsted with a
very low Bunsen flaue whileh was ;reduslly lucrsaged until
Lgnltlon was complete. A platinus wire wos used to break
up iwrpa of partislly burned sample. Afber coolinz, 10 =l
of 1 H aulfuric seld was sdied and the covered orucible
Al=ggted on & hot plate. The conbents ware then transflerred
to a volucetrlice flaagk uslng 2 sgbtreay of distllled wabor from
& wagh botbtle and a pollicenan. The contents ware made Lo
the =mark, =mlxed snd allowed to stand svernlght. Fnosphorus
weg deterained In a clear aliquot of the supsrnatant 1lguid
by elther the wolybdenu:-blue mebhod or the vanadoe-molybdate

method (36}, ualng an dfvelyn photoelectric colorineter,

vedioactivity of Plant Tissue. Totel phogphorus and
752 {n the dried meberisl was jetormined by the r cthod of
dpckenzie nnd Deant., In brief, thils melthod involved the
dicestlon with nitric and perchloric acids of & ga-ple of
plant ratuerisl conbainlog fron five to 35 .8 ligre-g of
snesohorug, AfCer Illtering off the alllesz, the phosphate
was preciplteted as the molybdets and repreciplisted ns
=agnesiuy asmnonlun phosphete, Thls wag collected on & tared
filter dighk conalsting of riltay paper fastened by btrim
cesent to an aluminus ring. The filter dlgk with precipl=-
tate was drlied to constent velght #»t & relstive nusldity of
50 per cent, the net weight being recorded as apnesium

aononiyy vhsgphnte hexshydrste. Total rhosphorug having

l&. A, Dean, orivate cosxunicstlon,.
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thus besn determined, the radioactivity (P98) of the pre-
cloitate wes mengured with a Gelpger-ifiller counter. Por
comparison standsrds, 2 welghed sample of the original fere
tilizer weg <ilgsolved in dilute nitric zcld snd mede to
volune. Sultable aliguots were carried through the analysalse
for totel phogphorus snd radiosctivity,.

Radliomobtlvity for tihls work was exrregsed ag the nunber
of disintegrations per second per mgm. of total ghosshorus
(et an erbitrarily chosen reference tine). This ls known asg
tgpeciflc setlviby', The ratic of the speclfiec activity of
the phosphorus in & glven plant sample to the specifile
activity of the phosphorus in the radlioasctive sunershogninate
which wag applied 1as the nroportion of phoaphorus in the
plant sample derived fron the fertilizer. For convenience

this ratlo 18 converted o per cent.



RESJUVLDS

Sampling and Chemiceal Inforcetlon Obtained on the Boails
Used in the Varlous Fxperlments '
The goll type and phosphorus content of the 7ilve soils
uged for experinsnt A=l 1o which lessedega and veteh were
grown and for ezperliment A-2 in which beets snd vebeh were
srown are given ln table 1., The szolls were surfasce solls
and revresented a varliety of texbures. The “avidaon eclay
loan conteined very little readily soluble shogphorus and was
at a very low Jdegree of saturatlion with respect Lo phos horus.
e osther solls contalned more phosshiorug in the readily
zoluble and excehangeable foyrmg and were st & higher degree
of @kwsy%oras gssturztion, Une of the Sasgaflrss lossy sandsg
{E1171) zave the hl hest wvalue Tor readily soluble shogphorus
and algo wag nlghest with regpact to pnosphate saturatione.
The othsr Sassafrss lowsy sand posgeased a consliderably
lower ohogphate level, This ls indiested by lower values
for exchangeable phogphorus, deuree of vhwsshorus sstura-
tion snd resilly soluble phosphorus. The Caribou loan cone
tained the srsatest quantliity of exctangesble phoaphorus butb
had & lower value for Progohorus saturstion snd readily
goluble shosphorug thsn some of the sandler aolls.
T™e slx solls used Tor the rerainder of the ex erlents
were ncld surface solls frow s3ltes 1n the Hastern seabosrd

atates Chrt bad becn uged for comeercial whilbte potato




TABLE l. The bHotal phogrhwrus, exehanzeable
desyree of phogphorug saturstion, and wcr”iiy
shogpnorug Ln golls used for . reemhouze exd
lsavedegs, beebts, snd vetbtch,

phosnhorug,
goluble
spiments with

Kine hundred  rurmsg of alredry 2. soll per repllente.

: ' e %;
Soll Tvpe ¢ Pobtel sixchmngeableiDesrse of feadlly
and s Phogshorus: “hogphorus § Phoschorus :ujl uble
¥urber s peI H per tZaturation $FPhoashorus
3 heplicaterneplicate H H per
3 3 H theplicatbe
2 Tglide 8 Tigtie t pDer cent 3 T .
) ] H t
Davidgon 3 : H H
clay loam s : H H
wrev H 636 H 108 H 5 H G
H H H H
Caribou 3 H H 3
loam : : H 3
Hiis4 : 3 8530 H 13 H o6
H H : -
Heggalrag : H :
lounm : : H :
11417 1015 H 475 H 41 3 113
H - H H
Sagaalreas H H H
loawy sends H H H
TL1TL 3 G603 : 331 : 110 : 140
H H H ]
Sagsairag @ : : H
loamy sand: H t v
®LL173 % 3 142 : 80 H 47
H H ] 3

#Deternined by the ersenats mebthoo

production for ¢ nurber of yeara and hod recelved large
applicationa of comsereisl fertilizers. 3Jaspling dota snd
results of chemleal and wechanlenl analyases for those zoils
sre given in teblsa 2 snd 3. Az nentloned esrlier, Ifleld
testa with whilte potatoes had anown aany of these solls to
be siving little or no resy nse to phogpnate lertillization

(tatle 2, coluzng 5 and 6).



P S oroln., Hiatorys fplsg s rFssato
erslegerlptlon Leas and tTreatoent @ Tield
and Type 3 tLocatlon leference tibe/mere  :hu./scre
¢ alledpainsa, seaiws geld ¢ inloc *a.éw;ulws' wolte H
Sasgafras  Tongd i : H H
sandy loam : : :
(451385)% 1 thed : t
i P E H o H

2 irsir Lo well aralned 1 : :
Hoyoek onstal Plain solljnaonrly o : :
loany fine tdeveloped croflilejder! ved t : 3
gand - Y beds of {ine gand H : :

(451586)% samndy elava, ! : :

z {Telledrs lned 0 G201 G6V= SArUH8ELO0K 20 surrounaing 0 T Sl
Caribhou seloped on slacial 111 1004y iBa e sise of H 40 : 378
loax tderived froo calecareons t{faps of shogobtoras fleld: 50 HIGES 4

(451587} % ts:nlog and lloesbione. the e enn K. n0ed (1845) 120 HE 16
H : Z0) : 150 ¢ 274
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TARLY &. The phogsphoirus content, i valwe, exchan-eable
Lang, m@mm~nica; aoaalysis, and arﬁa%ie content of golls
from cosmercial potatowpradnelins arens us-d in sraenhouse
tosta,

H
: Soll FBusber
: H 1 H H :
: 1 0+ 2 3+ B 3+ 4 31 0B 3 B
: H H 3 : :
%amawraraa contsut H 2 H : : H
Pendily soluble Dapeme ¢ 86 ¢ B3O 3 181 @ 176 ¢ 71 ;¢ 189
"xehanseable (bﬁ Ne o) s : : : : :
mngle por 100 gus. 11,18 12,75 14437 14.45 18,83 13.85
AnLon erxohanys cﬁm* H 3 H : H H
aclity nuoleper 100 gne13.48 18,50 180.00150.488320, L5810 ,88
maturauiwn af snlon H : H H 3 H
eigrhange capscliy & T 3% ¢ B35 :+ 15 ¢ 15 3 9 ¢ 17
: H 1 3 H H
}?,‘% Yalue $5.4% 3501 roW.dd 1H.34 15.04 14,40
H t 3 1 3 H
Foxelin nzhamlm bages H H : H : H
ve@g. per 100 gm. 2.2 13.9  17.2  18.7 17, 15.0
enanzesbls hydrogesn : : : s H H
rieg. per 100 Im. tled 1540 1004 104 27D 15,5
Ixensnse canvoelby H : H H 2 H
mege per DU g $3e0  tued  1l3ed 1LlLWL 31i.4 11045
H H : H H H
Yeonanical &ualgais ¢ s : H : s
Gravel, {ine % e 1241l 1347 162 30,9 1367
3eni, coarse 5 $1508 1044 1742 18549 15.7 14,7
Sand, medlwn 2 12945 the8 14,5 14,9 4.l $10.2
Send, fine & _ $2C.8 184,83 $19.8 111.3 110.0 :11l.4
Sand, very {ins & 108 the® L7 1548 137 1547
g11t % 120,98 119,00 140.4 $47.8 34%.5 $150.3
Clay 5 15,2 31C.8  113.7 14,0 114.1 :117.0
A : : : H : H
Organie matter 5 10,7 1le8 4.0 4.8 14,7 :18.2
H ¢ $ $ H H




The date of table 3 for phogohorng content ia sraphed
in flgures 4, §, snd &€, TIn teble & the date 18 expressed

2

in units in common uwge for the determination of the partl-
culer phogohorug fractl ne.e Ton Tiyures 4, 5, sand §, however,
211 guantitatlve dota are expressed in unlteg comuon to all
for comparailve urpogeg.

Tt may be geen frw- L ure ¢ that «ll these aolls cone~
teinsd conslderable bubt varying guantlities of phoaphorus in
excianseatls forme. One xillicol of shoasphorus per 100 zm.

iz equal to 1420 pounds 90 per z2ere. Soll 1 contalned
the leszabt an unt of excheangesble ghios norus whlle golls B
end 4 contsined slooat four tives g wmuechs £ high propor-
tlion of the total phosphorus of 21l of these sneld sclls was
erxchanienable, however., Hesadlly soluble shogshorus wasg cone
glderobly lower in sscunt than exchangesble shogpnorug in
all cases. The . restest aniunt of readlily goluble phosphorusg
was found in soll &, while the lesgt wasg found In soils 1
snd 5.

The deta of table & for exehangeable phosphorus, anion
exchange capacity, ssturstian of am{gﬁ exchanye ca~acliy,
and readlly soluble phosphorug 1a graphed for the varlous
golilg in figure B. Anlon exchange ca -relty warled srsatly,
belng hisgh on the fine-textured Caribou solls (3,4, and §)
and low on the sandy solls 1 ani 2. The degree of saturstlon
wlthh phogphiorus viried from 33 and 386 per eent in the ssndy
solls to nine per cent in goll 5. This ndiecates that all

soils were potentially capable of absorbing sueh more
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C

Sad

ahogohorus, Eobe that readlly aosluble vwioagshorus of goll 2
with hizh percentuge gaturstin Ls srester Phan that of

£

sioilarly gaturated goll ascars

ntly becuuse ol the dlflere
gnse in abaolute anmcunt of excasnseabls phosphorus. 5o0il
ith 2 relotively lerge anscunt of axchangeable phosphorus
g 8 low readily solubls value apparently because of a low
nercenbage saburation,

The daova of Ilgure 6 ghow tusb most of the alialle
axsracteple phogphorug wag oade up of exchaneable phagohoras
while conslderably legger axucunia were found sg orgonic

mogpoorag. apatlitie {elksli-ingoluble snd acid~goluble)
~hogshiorus and Pnoaphorus of urenown compoalilon (by Jiflers-

.
GNCe )

513

zlao mede up & sinor sorti.n of Ghe tobal prosviorug.
“hogshorus Hesoved and bry el it Produced by Croppling

aperlizent A: The HReaoval of degidual Phoscagrus from

Soila by Bifferent Crops. In this exoerlmsnt the abllity of

ceriain cropg to grow on suells of different texztures and thelr
spllity to remove residual phes horus from these zolls was
gtudied, The phogpohorus reuvved DY the leagpedeszs sn! veton

used in experiment A«l 1s swumarized 1o btable 4. Leapedesza did

pocone well easbtsblisned »o Lhe Sagsalras ioss and the

Py £
[P P

Sasaalrea loasmy sgands in thls experlment. U prew well on

guch flng=textured sollg =mg Daviis.n clay lozm and Caribou

Pt
-

sy

ioan, however, anu removed conglderabie prosdhorus iror Lheage
aoila. Yebch wsa aubstliuted for lespedeza on the thwee

gasasfrag solls followin:g the szscond cutiting of lesgpsdeza,
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PARYT 4, Thogohorus resoved by leavedena ond veteh in
greena.uie exgeriment,

N

Regulty expressed ug oillisrars ver resllieate.

s TR VL G P aRn -l ASHA= BN aRlPES
Crop tiarvestbison :uwrzuumitf%s :1?&3 s Lotmy
Grown tCley @ Loam rlosn tLosay fand
: :hcam‘mz 3 ioand 3
2 : ' 3 ¢ H s
Legpedezat Llat ¢ 4.39 ¢ 1158 1 .64 ¢ 8.0 1 2,07
r Bnd 1 B.UD 3 LElOF 4,77 v 8,028 1 Z.02
1 3ra 2878 1 1lkel3 ¢ H :
s At F.B5 r 15,08 3 H 3
t Bthh s 4,15 1 1w.04 3 ] H
: Ath ¢ 3,85 + 185,12 1@ : b
t TEh 1 5.08 1 BA3.35 @ 4 :
Tagsncic 2l LOLoL  taben? 8 Ti el 110400 1 Beid
3 3 : : : 3
Teteh :t lgt : 112,37 188,80 3+ 8,31
T 2Znd g : 11,54 185,42 3 T.23
T 3Ard ; 210,01 2 D,0B 2 T7.28
Teten LobAL : : 1 G o e 0l LU 00 § B0 74
: : $ : 3 :
txperiment (obtal 132.37 1181.88 158,73 175,50 1 Bo.u8
3 : : : : s

1 experiment A-2, the cropping slzn waa beetsa followed

by on o all sollas. The pnosphorus resoved by bhede crops

L
e}
¥
[+]
3

@14 nobt sppesy Lo e nfluenced by texture (table §)Y, beli:
releslvely bhizn on one of the Hasgefrag lom:y sanda, the

Caribou loam, snd the SDasgalraa losn ond low on the other

Sassafresg losmy sand and sthe Usvlison elay loan. Altho

the botel avount of shogphorus ramoved by lessedersa on the
viigon c¢lay losn was reletively low, the raiio of such
rerovel to the romoval by beets and vebteli on thls soll was
relatively greal uz curpsred wiitn that on the other sollsa.
Bxperioents A3 and Led were corried oud In an srtificlal

light charber. The adaptabllity of Ur-talaris rebusa and




A vRYT U AT Fyl ewann kR ;- 3 -, * - e
mATT S O, ororug e Leets snd vebel Do raesohouse

moey. lment.

Fesults expressed =

: [V RS R : H : .
Gron o 130N :Cayibuu:&assafrasz:ﬁﬂaa$rms:&assafras
: tClay ¢ lessm Loan oy Loasmy o ot Loany -
: sLonn 3 g : mand T sang i
s : t : ! ]
Boaetys ! ZB.20 ¢ 20,19 ¢ BD.4 T D43 $ 10,83
s : 1 s H H
Vetelis t 2.54 3 1l.48 ¢ 10,80 ¢ 14,153 13 Telb
: : 20?:‘; : 7-23 H lﬁo:’}. : 1«:’.:’1 3 _.1\;
H : :’E‘.éjl H 1&037 H 1»}. ’?3 3 .1? : (JP.:I.Q
%‘J’.",v H f‘ t Y ™ qu} : g ew::: : ;":’F . 5’8 : é%o?g H g:v}s. » :Dg
t H H ] : H
T tobal 11,84 ¢ BSOL ¢ 84,08 5 D450 3 RL,aR
3 : : $ i H

S2laoolt letiucs for

£ . vebuga grew poorly on the sandy zolls 1 sn’ 2 and on
seil O med ves therefors unsulted for tuls worke Toe letiuce
sope red to Lo cove s48 table to wverlous texbura: o ndlilong
cnd made oood Lrowth on the lrst Pour solls but folled on

T e wy SN ro -
Dennsval of Lesl iual

P

‘nogohorus from

serelel fotstoenroducing Solls by

!"

rifferent Cro exsorinent the abllity

k.
-

of crops to utilisze regide rngoberue waes stodled b osenns

of rotst? sng of Alffevent © pes of ¢rovs, Ohenges Lo level

*

of woerlong rhoeshorug froactlons were mesngured durins the

3

course of 4Yhaege votoitlong. Ilue ond fertilizer, with the

4

exceobion of shnogvhorue, weres added 23 noeded and the asounta
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TARLE 6. The dry wel ht and phosphorus content of Uro ta1 arls
lebtuce grovwn in artliiclal light chasber on solls iroo

H 3 :
Soll 180l per 3 vy velzht 1 Prnosphorus
Ve tepllicate t of Tops per § CUontent of Tops

1 i _lieplieate 1 wer Heplicate
2 e : ile ] Mgme
: 3 ]
H : Cro talarlis retuga
H H 3

2 H 2000 H Uell 3 Ue bl

3 : 1950 H 2,38 H 8418

4 : 1800 H 571 H 15430

5 H 1900 H 2.71 H £.18

& H BO0O H Ge7 H Qa3
H H 4
: ¢ Slobolt lethuce
3 b4 H

1 H 2000 H T4 t 54 .48

e H 2000 H 550 H 15,38

k3 s 1960 H 4,31 H £22.14

4 H 1800 H T e D8 H PACIN 3

5 : 1300 H 1.45 H 4.47

& 5 2000 H Falled H - e
: : H

#Aipedrry quarter-nean goill.

ugad ares clven Ln tableg 7 througn 12 elons with o value
and other data., The guantliiy of soll used {tables 7, 9,

syl 11) wag ad justed to sporoxinzabte eqgual volunes, Lalng

areatest for the sandy solls.

The lewsune robatlon {expsrinent D-l) conslsted of tuwo
ecropg of hailry velch witn sn Intermedisite orop of cowpsasg.
Two cubttings were secured wilil the flrst veteh crop and
three with the second., Fioure 7 is & shoetograpn of the
s«cond vebch crop just prlor to the firast cutiting. The
detas for dry welgnt and pnogphorus costent of the plant

materisl sre given ln tesvle 13 for the various crops, The



7 S 7. The pi ovalue and asound lesg than e, particle
silze of golls used in greenhouse tests with vetch and cowe
vess; bthe nitrojen and potessia added La mabrlentsy, and

the phogphorug added in geeds to the ﬂﬂil%-

H : [RPLE S e Ts 3‘& 4
H H tf0il lesgg 1Pobal Mubkrients
Solle Crop t pH  pthan Z-~meti’ ed to Soilé

Ho. e Jrown tValuesPartilcle Hitro= :1rotag~ 1ln Seedsz®
: $5izel ven taium H
: t s . e mgm,
3 : T
:

Veteh S.481 11,856 EREPRLE:
4EL,T5

G.12

Se48: 11,1982

tLowpens
tveteh ©

&

CE B4 SR ER KF B¥ wF G2 £F PR S {6

: :

3 : s

: 3 :

: : :

H : 2

: $ 't
t{Final goll): 4.541 $ :
3 t : : :

2 31Weteh : H5e.01: L8186 4.1 ¢ 10.001
tiowness 2 44,703 1l.861 ¢t 0.18 Le00 t 45.50
:¥oteh? t 5.82¢ 10.920 @ 1e28 1t 0,41
1{7inal soil): .wO: : :

; : H H

3 Vetch H 5.11: Dedliy & t 3,08 ¢ 1l.11
tCownens T 4.93: Je04C 8 GWlE ¢ 1,00 ¢ 40.41L
iVatehb 3 5.14: B.739 3 : le38 1 G.49
:{Final soil): 4.96: : : :

H H 3 3 : :

4 tVotbeh $ 30343 i‘}ﬂ S50 H H & e O g 11,00
1Cowpeas : 40282 FeJ0D ¢ Del8 ¢ L.00 3 45,80
tVetenD T 5.20: T.OB0 3 t 1l.98 1 5.58
s{"inal soil): 5.01: 3 H :

t : t 3 2 3

o  sV¥eteh t S04 P25 12 t £.5E 3 10.68
sCowpeny : 4a77: Pel73 8 0.18 3 L D0 3 4013
tVeteh t S5.10:¢ et 8 t 1.88 @ 578
t{Pinal soll): 4.88: 3 2 t
t : s : H H

& iVetch 3 4.408 11,376 3 3 BBl 8 D04
ICOWSRRS P 4.501 1l.084 § 0418 3 Le00 1 47.B3
s VatohP t 4,96% 10,717 t 1.98 ¢ 9,07
t(Final aoll)s 4.69: ¢ : :

1 , t H 3 3 s
B = TOLAL 10T SiX replichLed.
b = Second crope
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TABLY 1l.  The i value and smount less then 2-mm. varticle
glze of solls uged In greenbiouge tesbts with: rye grass and
“uden zrags; bthe nitrogen and potassin added in nutrients
ond e ovhogohorus added in szeds to the asils.

H : zﬁvanndry : IFNOg-
H - 13011 leas Total Nubtrients iphorus
Bolls Crop : od sthan Zemmlthdded to Soil8  sAdded
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4 Hye srass : Dedds a3 1 B.45 1 2,33 1 087
Tuaden gress o 5,088 D0 ¥ LN U0 1 LGB0 : L.G8
1Tive crassd 1 5.073 Ge787 ¢ 3400 1 1.75 t 043
{7 el goll) 3 5.30: H : H
H H : - H :

S illve zross s Delidy T,4801 ¢ 3445 1 4,33 S A
AL TRE B! "‘raaﬂ 4 23’273 ;‘2"‘ ‘J‘%ﬁ < 3*.;.”}? 3 l‘a{} H ‘ '%:r;
ilive gra aash ! D.D0T GeBDY 1 BLOD 3 LG - P
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g H H 3 : :
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SSCO»» VETOa CHOP® GROWS as HJSAVILY FERTILISED
0 <m SROIAt POTATO SOILS.

A * Friar to Firat cutting*
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Fegsults expresged ag total of
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Dry welght and phoapnorus content of veteh and
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data for the various cuttlings of the two veteh erops sre
brolen down in table 14.

In figure 9 the botal dry welight of topa for the various
crops 18 exprease’ gravhlically. The grestest quantity of
dry matter wus produced on soll 4 for the first vetel crop.
The next hizbest smounts were produced on golls 3 and &,
in that order. A consideredbly smeller gqusantity »f dry
matter was sroouced on the romslning solla, the orier being
2, then 1 «with € the lsast, vith the followlng crop of

M 13

cow ess, the grestest guantliy of dry watter was obtalned
on the three Caricoun loams {(3,1ls 3, 4, a2nd 5), there
balng 1lttle difference arxsn: then. Soll € wasg iLnter-
mediate In rank wibth solils 2 snd 1 the lowest. 0 the
final vetch crop, the greatest azount of dry matter was
nroduced by the Collington loas, soll G. Soll 4 was next
followed by soil 5, while the least smounts were rroduced
on golls 2, 1, end 3, in that order.

The shogphorus content of tops and roots for the
varloug erops in the 1egnme rotatlion i3 expregsed srepnie
enlliy in figure 10. The rank of the solls was the saue aa
for the .roduckirn of dry matiter (figure 3} for the flrst
veteh cron. The relotive asmcunts of dry mabtter productlion
snd phoasshorug cnbtent were guite slxllar except for soll 6,
where bthe nhogphorus conbtent wag much lover with respect to
the ~ther g&31ls than wag the dry watter, inilecatlng a lower
sereentagze of phosphorus for the orop on thls soll. WHith

the cowpea c¢rox, moat phoaphorus was resoved on the Crribou
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soila, althiough amon

+ these e puosoboruy renoval on soll 5
wag velabtively low. JSoll & sdvanced bto sn lnteruediate
nogltlon In thia regerd, while 2hos horug resoval on goil 1
woeg lowest and on soll 2 next lowest., The reatest phosg-
rhorus reaoval ocecurred on 8211 4 with the second veten
erop, slthough 1t renked second In dry matber »roduction.
5011 & advanced prestly in reletlon to all solls ut soll
4 and ranked second in phosgphoras ramoval followed by solls
5, 28y, &, and 1, 1n thst ordevr.

VYalungs for cusulative phozphorus reroval =2re exnressed
grahlienlly In figure 1ll. The zreatest cuwsulsative phoag-

phorug resocval was on soll & throughout, with golls & and

ranking gecond asnd third, respectlively, The cunulstlive
phiogphorus removal on asoll ¢ inereased from the lowest ranke
ing with the {lrst velul: ecrop to fuurth position at the end
of the szecond vetch crop. Soll £ ranked fifth, wihille the
least ohoaphorus weg removed on goll 1,

The vesetable rotation (expsriment R-2) conalated of
two erops of beeta, sach of which wag ollowed by 8 crop of
lettuce. The aunmary of data for fry welght and shogohorus
content of the olsmt masterisl la glven ln table 15, Figures

12 and 18 are photograpng of the [lrsl 2nd second letituce

The 4drv welshts of tops in the vegetoble rotution sre
ghown grapntenlly lo figure 14, The dry welghts obtalined on
the First four golls with the {iret beet erop were alnost

identlesl in asount, while & consliderably szaller nuantity
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LEGUME ROTATION: CUMULATIVE REMOVAL OF
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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 Orf JKAVILY FERTILIZED
COM 7-iiCIAL. POTATO 30103.
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FIGURE 14. VEGETABLE ROTATION: DRY WEIGHT OF TOPS.



wag obtained on solls 5 and &, ¥With the sescond beet erop
the greatest dry welght was obtained on the Cavibou soils
with gusewhat less on solls 2, 1, snd ¢, in thai ordsr,
Yueh wmore 4ry welpht of tops wag obtsined wlith the altep-
nate letituce croeps. wlth the first lettuce crop, the
srestest Jdry wel:ht was obtalined on s2il 4, followed In
order by sollas 2, 6, 3, 1, &nd 5. TIn the cege of the
secund letituce crop, aoll 4 ranked sscond with soll &
firgt. Lesger asounta were obbtained o2 solls 2, 3, and 5,
in thet order, wihlle the eron on soll 1 virtuslly fziled,
¥iures 12 and 13 fllustrute this,.

The data for phosphorus resoved sre exyregsed . raphie
cally in ¥igure 15, Tt 1s noted that there 18 zuch less
difference bebween lebiuce an’ beets wit: regsect o nhos-
vhorus reroved then lLag the cage witn sisllsr comperisons
involving dry welzhts. ‘The phnosphorus content of the beetb
rootes constliuted & congicerable portion of the botel
phoaph:orus, since the [leshy sxla was Included with the

roobs. Mo raoobs woere harvested In the csse of thwe first

o

lettuce crop andd 11 will be seen frue the grash for the
gecond crop thnet the porti n of the tobtal phosphorus cone
tributed by the harvested roota wasg rather anall,

Fisure 15 showg thet the most vshosgphorus wag rasoved
by ¢ne flrst beet crop on soll 4, with scils 3, 2, and 1
folliowing, ixn that order., Vory 1lttle hoashorus wasg ree
mu%@é on soll & and G. The gecond beebl crop slso had the

hlzhest phosphorus recoved on soll 4, followed cloasly by
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goils B and 3. Huch less phosphorus wag resovad on aosil 1
toan wag the csge for the first beet e¢rop. Much more hoge
phorug wag resnoved Ly gollas © and § than ln the case of the
first best crop. 30ll 6 stlll ranked lesst, Lowever, with
tire former sall raniting Jourth.

in the cage of the flirst letituce crop, the ozt Hhoge
shorua wag renoved on s0l1l 4 with zolls 2 and 3 ranking
gecund and Lhird rescectively. lelatively sueh more phogw
phorus was removed on soells 5 and § by the lettuse than by
the first beet crop. The leeat phosohorus was renovad on
soll 1e Yith the sec-ni lettuce crop, soll ¢ ranked first
in resoval of phosphorus, followed closely by s0ll 4. Cone
siderably less phosphorus wag resoved on seoils B, &, and 5,
whille there was a8lmosad no removal on goll 1.

The cusulstive romoval of pshioa horus {(figure 18) ahows
tnat, @8 with the lepuse aerles, Lthe grestest reroval was
o soll 4, Soill 2 resnked secaond Just shead of soll 3,

Soll 6, with the vegetables sz with the leuses, loroved
iteg sosition with eropping to renk [aurth abt the canclualon
af the gecon. lebiuce crop. H0ll 1 sgain wasg lsgt snd goll
5 wag next to last.

The fael that lettuce failed to srow on 2011 & in ex~
verlment A-4, yobt made satisfactory prowith on this soll
followlng the beet crop in exserisent -2, Indicasted that
gone faotor obher than phoszhiorus was involved and wag ine
hiniting rowihe. The opinion that sowe 1nhlbléing factor

wag presgent and was belnp reroved by crop ing, wes conflipred



Milligrams P per 100 gm. Soil

58

(FFN)
Soil RNumber

Hon o

=

——

o

| |

1st Beets 1l1lst Lettuce 2nd Beets 2nd Lettucd
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by the observatlon that ensulng crops of veteh and letiuce
on this soll wmade beltiter growth than preceding ones. Cone
duetivity measurensents were made on soll extracts from the

gix oriasinal soils. The data are zlven in table 18, These

TABLE 16. Conductivity of solls usged
in greenhicuse exveriments.

5011 Conductivity
Nunber (relstive unlits)

25
37
38
68

222

CGLhiAOW

ghow that soll 6 contalned a nmuch higher concentrstion of
scluble salts than the other golls and thnat thls probably
wes inhlibiting growth untll the hlgh concentration was roe-
duced by crovpling.

The gress robtstlon {(experivent Be3) conglsted of two
crong of rys gpreas wiith an Intersedianbte erop of Hudan groasg.
Beveral cuttings wors obtalned with eacn of these cronsg.
Flsure & Lg a shobogrssh of the sec:nd rye grass crop ta-en
between the flrst snd second cuttingas. Usta gwoarizing dry
welsht and phogphiorus content of the plant matorlal snre
aiven Lln table 17 for the vsriocus crops. The date for the
verlousg cuttings of the Incivicual crops tre broken <down Lo
table 1Z.

Tne totel dry welshat of tops for the wvarious crops iag
expressed raphleally in figure 17, The data for both the

firat nnd gecond rye sra2as crops show relatively small



T

aI“{}i

f’ll e

; 17.

Lueénm Greas.

ﬁrg wa*ﬂht and
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pinogpnorug conbent of
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rye
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grass
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Yeanults excreassd ag Lotal of six roplicates

H H 3 3

: : Tone : Hoot t Total

t t 2 3

H : H : ] :

: : - - T 85
0l i Sron : K TR - &~ T s BE

: Grown ] I - S . : : HS

: : oo ag f N r @2z

: 4 ‘?n“ H i {3 M {::Q H H *5 [

$ H TR T H 4 H 3 ’

: 4 St e T M T e H i I omTme @

: : : : s :

1 shye graza® 1 107,111 444.3 1 O7.781 13G.7 1 53340
s Sudan wr&as}a 1306401 20.4 1 44.31y 55.7 ¢ 25%.1
iiye sraaac ¢ 100,708 B72.3 3 104.841 124.8 1 44,1
: $ : : H :

2 Mve sraga® 3 117.338:1 BE0.Y1 10 TR2.08:1 147.8 3 £77.4
cSudan grassts 115,111 208,00 53 56,788 L01.7 1 BE5,.7
tive praga® 3 LD4.601 481.9 3 147,173 210.3 1 4672,.2
: : H t H 3

& sRve prags® 1 114,071 40007 1 127,383 247.3 1 TEhUW
:Szdaa cragsl: 2085.687r 450,383 1 72.080:1 120.8 1 BEu.1
sRye »rasg® 3 D5.441 32u.0 3 08.55: 1ul.2 @ 310
: : : : H :

4 thye grags® 1 1EC.90) B32.8 1 Dl.381 143.3
iSuden crasals 204,663 450.7 ¢t T7.951 187.4 1
:ﬁ}fﬂ Srag 33 1 108,653 4159 ¢ 11';.)‘1&’3 188,48 1
H : 3 : : 3

5 five grags® 1 110,281 320.5 1 84,301 127.4 ¢ 447,90
1 5u gragabs 170.451 235,1 1 &68.11:1  72.7 3 3135.8
tRve sraes 1 EU.00: E210.0 1 100673 14E.8 1 557.8
: : ; 3 : :

& ¢ t 135.58: B0C.5 1 5H5.571 1l4.7 3 CEL.E
: 3 1CRB.84r 47042 ¢ H3.548 101,85 1 DVE.4
3 t 110.07: 44442 1 1l3.98: B0U.5 1 682.,7
: $ 2 : t i

a = Five cubilings.
L o= Two cubtluzs.
c = Second crop, five cubbinsg.



o o
43,

ttings

i

G

(53
i

2 h4

#

r
L6894

H

SN

3¢

E

v@lic

fro:

-
s"s

&

A
W

3

v
o

regses

;

jagults ex.

LR S

%

3

.,

Xy

&

pal e dikscolyl
BRIOTI BOLLT

g,

BEy kv KT AD 28 2O &

- \M .m.‘@vc..;
A

*d 3 Fe &5 A8 &5 oA

TEBUCH
o 29 it

BLLIO

Sy ¢® SE o Wwe &3

ECERLE
Qe

T M B &8 PN ek e

JuBqLEL )
BLLIGUC BT
i TE % TH W sk %
\v N@ T M .v‘» J»

b..a.ﬁm.m

EB EP EW S e EE we

ﬁm : uxx, 9

M cn ¥ ar ¥ ew &%

ﬁ DAY
EnIoud 8oLT

By 3 B w0 NE SE ew

& BE *¥* 59 2a ®E 9D

48 O 0k SV Bs B2 s N ¥

s

Ul
e 1..3}. .

1

»
-

}1

.
L]

6

o

-*
)
.

s
~
~ k.

®

1
w37
?

5

Za i

e

14,97

1

T
.

&y g ¥
ﬂzv.)%.l‘ . v

e
&

et

*
%
®
w

b

e
LG

3

R 3
9 5
[

1

120,

*
Y

2%
*»

Ww

-
e
Wy

1,‘

£
*

feans

e AW 8 e ¥

-

Bleut

2,

*
.

57
TOslluads

i

%4
e e @

-
*
-
L3

Ve

-

: é(l .
1l

-
*

57
Bae7H

3

e 02

“iw

i

-

©w
@
b

-
-
&

‘)

i

~

SF S8 8D S8 bR

& 1SN @

)

4

o

i)

é&a

0

.8

ey
e

&

93

&)

HE

CroD.

#Seconc



150

l00—

SOr—

o

62

8011 1 23456 1 23456 123456
Crop lat Rye Grass Sudan Grass 2nd Rye Grass

FIGURE 17. GRASS ROTATION: DRY WEIGHT OF TOPS.



differences beitween solls. The greaztest growbth oscenrrsd on
8011 & in both cases, with goll 4 ranking second and soll 8
ranking third. In the casme of the Interzedlate Sudan srass,
the greateat dry satter prodaetion was on soil 3, with soll
4 & close gecon’ o Soill § wag third and goll 5 wasg fourth.
The sandy a»lls 1 and 2 produced much less dry satier, soll
2 aiving the leagt amount.

In the csse of phosphorus rexoval {fisure 13) the
sreatest amount occourred on soll 4 with 2011 4 next with
the first rye grags erop. G.nslderably less was obitsined
on goll &, the tnlrd ranbing soll. BSolls £, 1, znd & ranked
Tourth, rifth, snd sixth, respectively, In the csse ! the
Sudan srags the . restest recoval took place oun g3ll 4 followe
ed closely by soll 3. £ sorewhat gasller acount was removed
on so0ll € whille much less was rexoved on solls 2, 5, and 1,
YiiEh the second rye grasa crop, rvescovel un soll 4 wss ;reate
agt, with somewhaet less resoved on sollas 2, 3, snd &, The
re~oval of phos hiorus on solls 1 snd § wasg pmuch lower.

The cusnlsitive vhosphorus removel ata (figure 13} show
thﬁt<£he zreatest rhosgsohorus upbni e cceurred on soill 4 and
the leagt on goll 1, as wlih the other two cropplng systens.
Petwesen these asubrenes, the solls rankel %, €, 2, and 5, in
deseend inz orier, The lsaprovenent of esoll 6 with respect to
the other solile noted In the case of the lewre an’ vegestable
robationg with gucecesding e¢ropa was not noted in the raasg
geries, "Tils lg atiributed to the lact thet the grass crops

were velstively sslt tolerent, snd the hiipgh aoluble salt
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TOPS AND ROOTS.
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level on asoll ¢ 414 not inhklbld yrowih of the srasges as 1t
gld that of the leiursesg and vegetsables. In all roststlons,
the esrliier crop reduced the Tnitizl hich soluble zalt cone
centratlion LIn thlg soll fto & polnt wiere Llts Ionlditiug
effeet wag no lonzer felt.
Chanses In Level of &So0il Fhogphorusg Fractlonsg
Asgoclated with Cropping

In experiment 1B, ln wnlch rotatlong of wvarlous typesn
of erops were grown, resresgentative soll sanplesg were btaken
followlng each crop and varlons phosphorus fractions in
thisgse gamples quantltatively Jeternined., These regults sre
sregented In tables 13, 20, and 21 for the lesuse, ve etable,
and syasag rotatlons, resgactively. Tne values inclule ‘et re
«lnetlong of @lkalleextractable, exchzn eable, organic,
apatitic, and resliily soluble prnosphorus. SJSosne Jetoraina-
tiong of exchanjenable phicaphorus by bhe amsoniuwe flouriie
method are Lacluded,.

Llitali-oxtractable Plhiogphoruse Thie relatlive change

in level of albalie-extrzctable phosgphorus with erooppling la

Q

212’&33 }: ‘ 9 21, &2’3(& 320

slotbed for the various rosilons in {1
The guantity of thle fraction In eech of the orlzinal solls
g srbitrarily set 2t 100 per cents These i ures Lllua
trate the decllne 1n alkalle-extractable phoaphorug wit
cronvpins. In all rotallons the greastest decline oceurred
in soll 1, the Sassafras sandy loan, followed Ly aoll 2,
the Xoyoecl loamy flne sand. The lper-~textured Uaribou

and Collington solls all ashowed & lower velstive declline
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TABLT 18 G allkelleextractable, exchan.e rnanle,
apuaitltie, and reallly anluble phosshoruvs o =25illyg belore
gand after srowing vebteh and cowDahi.
flegults In 41111 .orace 2er 100 we. oven=dry Z2ent, zoll.
5 : rnognhoris Fraction
H : H ERE H ¢ H )
i Jrivinal g ot 50t s : I
2ollt So1) and 2 o R : H :
Wo.t  frecering t g3 R TR T S A :
: irop P ol SR T~ :
: t df: oz w3 83 :
@ P 3] 8 o 5
H H ;_3-": ";;* : w3 gt £ : H e
: P et @ R s %= 2 o~
3 3 St 3 3 ¢ ¢
I s {Orlolunl) 3 35.865% L s 2.72 2 42,3
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s Unwoess P S0.ED : t 2443 3 H
s Vetbohis 1 27.13% H )y 2,58 3 H
3 H H H J H H
2 ¢ [ riginal) :100.043 1 Dedd 13,85 3 ! T4l
t Veteh : B37.9018 1144 11ll.85 ¢ HI R
¢ Oowopeas 1 38.EL Urli.11 $1lZ.14 ¢ EZEE
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s , T BY.323 3.&2:Lu.;0 P d.S0 3 4,39 3 B2,
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% : 3 H H $
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TABLD 80, The alkeliesxirsctables, exchangeable, organie,
apatitlie, and readlly zoluble phogphorus of solle before
and after growlng ﬁ@@t& and lebiuce.

fegults In milligreass per 100 y;me ovenedry E-mn, zoll.

3 T P08 JL0P1uS  FTAC BLON
: H : : : : :
s ﬁriminal : s § : $ : : %
uﬁ%lf A0l and ¢ g : a3 H H H PN
Ho.r Preceding 3 TR o 3 3 : . H B fr,
i Crop R g+ S+ @+ B8, 23
1 T @ EBE gy 03+ =Ry 3
H 3 a1 SER s o ¢ LR S i
: s ARy oy L 3 25 a8
H : H t H 3 :

1 s {Originel) ¢ 35,881 35.10: Q.05 2,723 L.5H3: 48,3
tLetiuce 1 30.12: H 1t 2,581 G.08: 3l.
:Lﬁ%ﬂﬁtﬁ"zé H 29‘} : 3..%63 1.&}5 wom‘?: “‘;%.’7{52
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tBeatan P SH.808 GUL01r Sl2BI 13.43: 14,101
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7
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in alkasli-extractable pheoschoruz. The least decline was
anown by soll ¢, followed by soils 3, 4, and 5 in the
lsapwne robtation snd by soll I followed by aolls &, 4, and
G on bothh the vegetable and pgrasa robtatlion.

Exchanzesble Mioaphorusg und Orgsnle Fhosphorug. h

exchanzeable phogphorus, deter:ined by the hydroxyl method
gnd Dy the smmoniws Slouride metnod, declined with eroppling

in all rotetiona. Thoe nagnitude of the decrenge in axe-

changeable phogphorus etoermined Ly tihie hydroxyl method
agreed clogely with that found for the alkalie-sextractable
nhoanhorus. The dififersnce between thuse two guantitles,
termed the organie phosphorus, made up » relatively amall
portion of the alralleexitrsctable ohosshorus, It did not
anpesr Lo very Ln sny coungistent or regulsr way with
CYTODDLING.

Asatitiec rhognhorus. The phogphiorus extracted by 0.5 ¥

gulfuric acld followlng the sllalieextrsction, tsrred o8-
title phoaphorus, wag of the sase order of maznitude ag
the organlic phogphorus for the verious solls. Tt was very
low on soil 1, oonsiderably higner on aslla 2 and 5, gtill
higher on 8oll 3 and 4, and hizhest on goall 8. It d4id not
apoear to vary wlith croppinge

-

Heaiily Soluble Phiosphorus., Changes in as.untsg of

gsoluble phogphorus wiith cron:ing Tor the verlouns rotatlons
in experinent @ sare piven in tables 13, 20, ecnd 21. ¥
page 1ln conrarison ailth data for the other phisgphorus

fraetionsg, these values are expressed as =millligrasa phoge
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b

phorug per 100 gm. of oven-dry, Be-mnz. gsoll. Howsver, it is
cuztomary to express the readlily soluble phogohorus &8 parts
peyr 11 lion or ag pounds ner acre. The varistlon in abgo-
lute ssounts of readily goluble »hioaphorus re expressed
srachieally in figsures 23, 24, and 25 Tor the three rota-
tiong of eX erlzent Be In all rotetions s gharpy decline
in tela fraction witn eropplue occurred until the final
CYroSe

™e reletive change in the reanlly sosluble phognhorus
fractlon with erouping 1s shown in igures 20, 27, aad 248
for the three robotlms. Thne lesat relutive decline was
ghown with goll £ in both the leguse and srags rotstions
and with seolls 2 and € In e vegebtadble rototionz. In
all these rotaztlonz the srectesgt relative decllinesz were
ghown o5n solls 1 snd B. The rate of ‘ecline of readily
aoluble phogphiorag wiith cropning levelled oiff 2t the final
cropping In all rotations. In many cases thipre wasg an
sctnal Luncreage in resully soeluble stiogphorus hetween the

niexdt to lest and finsl harvests.

Comparlagan bebtwesn Orop Peroval of Phoschorus

S

and Changes In Soll Posphorus Fractlons

-

ime of the L=uportant parts of sxperisent B, in whlech
verious rotatlony were used, was the study of the effect
the removal of regidual phosphiorus Ly the erop nad upon
he vealus of differont soll phospnorus fractions. Thoe

chenge in elhalli-~oxtractable, sxehisn.esble, and readlly
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FIGURE 23. LEGUME ROTATION: CHANGE IN VALUE OF READILY
SOLUBLE PHOSPHORUS WITH CROPPING.

Legend: o--uncropped soll; v-~following lst vetch;
c-=-following cowpeas; v'--following 2nd vetch.
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FIGURE 24. VEGETABLE ROTATION: CHANGE IN VALUE OF READILY
SOLUBLE PHOSPHORUS WITH CROPPING,

Legend: o--uncropped soil; l=-=following lst lettuce;
’ b--following 2nd beets; l'=--following 2nd lettuce.



77

3
l

W

-
Qﬁ
1
—
J
|

Milligrams P per 100 gm. Soil
1
|

orsr!'! orsr!'! orsr orsr orsnr! orsr
Soil 1 2 S 4 5 8

FIGURE 25. GRASS ROTATION: CHANGE IN VALUE OF READILY
SOLUBLE PHOSPHORUS WITH CROPIING.

Legend: o=--uncropped soil; r--following lat rye grass;
s--following Sudan grass; r'--following 2nd

rye greass.
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PIGURE 26. LEGUME ROTATION: RELATIVE CHANGE IN

VALUE OF READILY SOLUBLE PHOSPHORUS
WITH CROPPING.
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FIGURE 27.

VEGETABLE ROTATION: RELATIVE CHANGE IN

VALUE OF READILY SOLUBLE PHOSPHORUS WITH
CROPPING.
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FIGURE 28. GRASS ROTATION: RELATIVE CHANGE IN

VALUE OF READILY SOLUBLE PHOSPHORUS
WITH CROPPING.
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goluble chogphorus &t verious stages of cropping Lla come
cared, in tebles 82, 23, and 24, with the amount of phoge
phorug renoved [rom the soll by the various crops. All
dota in these Lables sre expressed In Leras of mom. of
whog shorus per 100 zx. of osvenedry Sewn, 806ll in order

to Faclllitatbte direct compurigon of airop and aolil data.

It will be seen that changes Liu slkellee: tractable phoge
nhorug snd the exchangeable ~hosphorus (by the hydroxyl
method) often apreed clozely in sagnltute with the chose
phorng revoved from the goll by eropping. Changes Lln the
exchanseable phosphorus by the amronlur Lluorlde method
d1d not agree well with thet rexoved Ly the crop, being
mueh Ltoo ureal in most cuses.

The comparison between crop resoved phosphorus and
the decline 1n alksli-extracitable snd exchan-ceahle phogw
phorus (¥alH method) L1z expressed graphlcally for the
various rotstlons in {lgures 23, 30 sand 3l. In the
lezure vobatlon {(figure 2%) there is close agreerent baw
tween the phosphorus rovoved in the crop =nd the decline
in alkali-extractable phosphorus except ln the cage of
goll 2. The agrsecent is close 1In the compzrigon wlith
exchanzeable whogsphorus except 20 goll 2 sand the Ifinal
eropoing on soll 1, In the case of the vegetable rotation
(figure 30) the agreement between crop removed phogphorus
and change In slkalleextractable and eschangeable Hhosphorus
ig not as cloge sg with the lepuwse rotztlon. The asresnent

between chanzes in these chemlcesl fractisng with ihe crop
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— ==P in Crop
-===Alkali-extractable P -
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FIGURE 29. LEGUME ROTATION: COMPARISON OF CHANGE IN
ALKALI-EXTRACTABLE AND EXCHANGEABLE PHOS-
PHORUS VALUES WITH CUMULATIVE REMOVAL OF
PHOSPHORUS IN THE CROPS.
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FIGURE 30. VEGETABLE ROTATION: COMPARISON OF CHANGE IN
ALKALI-BEXTRACTABLE AND EXCHANGEABLE PHOS-
PHORUS VALUES WITH CUMULATIVE REMOVAL OF
PHOSPHORUS IN THE CROPS,
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Milligrams P per 100 gm. Soil
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FIGURE 3l. GRASS ROTATION: COMPARISON OF CHANGE IN
ALKALI-EXTRACTABLE ARD EXCHANGEABLE PHOS-
PHORUS VALUES WITH CUMULATIVE REMOVAL OF
PHOSPHORUS IN THE CROPS,
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removed phogphorus in Lhe golls used for ths zrass robtobtion
(figure 31) 18 quite close st the {inal hervest but sonew
what less 3o at the iLnvsruediete harvesis.

At the bepsinning of the legune and the vegetable
rotationg there wea frequently rather good agreecent in
magnitude of decline in resilly soluble nhogshorus and
erop rexoval of phosphorus (tatles B2 and 23). As the
rotatlons combtinued, “owever, the chsnge shown In readlly
solubles shoasphorus laggsed far behlnd the phosshorus
sctually renoved by the cron., In bthe cage of the srass
rotation (table 24) the ehan%@ in readlly soluble phog-
phorus wag less than the phoaporus rexoved In the cron

i

at all stages of the rotatlon,

The Meagurement of Crop Utilization of Applied
hmogphtte Usin; Hadloactlive Superchosphate
Acgording tue the vwork oI the Blrbiauested Dsverimental
Stat sn, reviewed by tussgell (57), the provortion of

shoa norus which & ¢rop tzleg up Trom an anplicatlion of
phosphate o goll or sand culiture ansunts to waly about
20 to 30 per cent of the amsunt gupplised. It would be
expected that the proportlon of a.plied phosphate baken
up by the crop would dspend, 1n pert at least, upon the
quantitg and avallasbility of residual phogphoras already
pregent In the soll, The uge of rardloncitive phoanhorus
gloplifies the measuresent of the proportiaon of erop
upteke of thils elenment derived from a glven material,

T order to stwly the utilizestion of annlisd phosphorus




on goells hat contelined alffersnt zsounts of rosiiual nhose

ohorug, a bteab, using rac

s

formed on golls from whichh gore of the residual phos norug

2).

had bean crosped in Lhe veretable rotatlion (experiseant De
These acils vwere treste:d witn radioscllve suvrphogphste

and a crop of lettuce {3lobolt) waa urown on thon. Toe

o &

=

corregroadiac heavily-Tertillized original golila, froo

woiel: none of the realdual phosphorus had been cropped,

were Lroated and cropned 1In s like nanner. The zroportlon

of added ~hogphiste ubtilized by the crops wag “etormiaced by

ct

et

k2
£

1o matliod desceribed La the experisental saction.
Tt wag found 1n exysriont -4 thaet lebituce 214 o6

crow an the uacropped Colliajtoa loas (soill G)e As con-

7

ductivity Tesbs ghowe® Lhalt Uhls goll contalned o Ll xh
quantity of gnluble salts (table 18), 25 pounds of 1t was
lesched with 1L llizsra of delonized watar. Sonductiviiy
mengurerents lndliceated the aoluble-salt concentratlon was
crettly reduced by thla tresataent. Ho chanse ocourred In
o alall-sxbractable or exchangeable shospnorus Ln thie
leached goil over ihie unleached soil by virtue of thils
brovhuent, thess values beliyg 1l4.4 and 100.4 im0t

phog noruad per 100 grasg air-dry soll, rearectively, Tor

the leachad soll and 114 and 2,3 uygme Lo the original

Tho guantlty of sgoll used, liuing, #nd fortlilizatlion
sre recorded in tablesgs 25 z2nd 28. The welghtas of air-dry

Ty

guarter-=mesh go0il varied frowm 2200 In. per can 1ln the cage

lonetive sunerphogphate, wWas Dare

g«a.
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of goll 1 to 1800 gre per can for the Cesriboun snils. A more
nearly equal volwe of soll was mainbalned per pot than had
been the cage L1n experiment o,

Two harveats of the lettuce were mede, In the [irss,
one month fros olanting, f.ur of the elght slants in sach
enn were renoved., Exeoptlins oecurred on the cronped
211l 1 where no horvest was mads becsuse of the poor growth
»f lattucs, Alan, !n the few cases where legs than olght
slants gurvivsd, Tewer thon four were resoved 1n ordor
that four »lants would rexsin for the final harvsst, The
final narvest wes mada three weeks aflter the firat harvest.
Faur nlanits were taken fron all cansg excepnt on oropned asoll
1, where slix planta ware removed from each of two cang and
four and three plenta, veasecbively, fros the sther two.

Tn table 27 the dats for dry weight, phoschorus content,
and nercentage phoaphorus In the lettuce tons for the
firgt and final harvests sre presented. The percentage
phogrhiorus in the crop derived from the radiosctive
guper-haognnate anplied to the various solls lg slso gilven
in thig table,

Values for <ry wei hi of letbtuce tops are illustrsted
graphileslly In flgure 32. OCGrester dry wel;htas were obtained
a1 both the eroppred and uncroepped sz0ll 3 than on any other
s0il. Toeropsed goll 6, unersored soil 2, oropred soll 4,
and uneropred goll 1, followed in that order but there
was little difference sson.; thens The uneropnved asoll 1

produced n sreat deal nore dry welght than Lits eronped
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counterpsrt. There was algso dlstinctly more dry welght
croduced on the original aoclila than on the cropped asolls
in the csge of golls 2 and €., The sgituation wes reversed
in the cese of a»lls 4 and b, the differsnce In dry welght
inn favor of the cropped over original anll beins sapecinlly
marked in the case of acll 5.
mata Tor total ~hwaphorus remcoved sre exnressed
gravhlieeily In flgure 33, The grestest removal occurred
‘tn the eage of uneropped solls 3, £, and 1 in that order.
There were oreat Jdiffsrences in shosgphorug removal in
favor of uncrodoed scell 1 ovar 1tg cropnad counteroart.
The reverse of thig alitustion ceeurred with s0il 5., The
ifference bhetween cronned snd uneropred solls was slight
in the cage of golls 4 and € in thls regard. There were
considerable dlfferences Ln favor of the uncropped solls
aver corouped solls in the csge of anlils 2 and 3.
Tire data for phogphorus 1n the ecrop derived Iron the
added fertilizer lg sraphed In flipure 34. A hlgher per-
sutape of shoashorus was derived fror the added Tertilizer
gt the [irst hervest than st the final harvest with &ll
golls. Comparing cropped witi uncropped solls, & :rester
oroanartion of phoapnorus was “erlved fron the fertilizer
on eroprsed soils than on uncropped solls wWith one exeeplloliew
the firat harvest on 30il 8. The :srestest sroporticn of
shogshorus derived from the added phoaphate occurred oo
gollg 1 and 5. Consglderably less came f{roz the faprtillzer

on gonils 2, 3, 4, and 6.



96

Key

.F
——
| W
8
b I
o W e e e . e — = - = -
- L
: :
T 5

' e ————
SR— [—
—]
.

4 M
v ] 2 ©

o3901Tdey d0d 4 BERJIPTITIN

1 2
6

1 2
S

1 2
4

1
3

1
2

2
1l

Harvest 1
Soil

AND UNCROPPED SOILS FERTILIZED ¥ITH RADIO-

ACTIVE SUPFRPHOSPHATE.

PHOSPHORUS CONTENT OF LETTUCE FROM CROPFPED

FIGURE 33.



97

Key

1—
L
e e - — = = - = —
-1
L __—__-___._
_r v
L
- Cmmmm = = = ]
e [
Lej . -——
. p S -
a 0
A K
° 2 -]
s 8 S oo
r
' -—-
“ e — = = - - o . ——— -
N

- -

[
-

40—
of—

20—

10—
ol-

jue)n Ieq

LETTUCE FERTILIZED WITH RADIOACTIVE SUPER-

PHOSPHORUS DERIVED FROM THE FERTILIZER IN
PHOSPHATE.

1

Harvest
Soil
FIGURE 34.



Cron Zrowth

Cropplng served two functlons In this study. In the
firat place 1t enabtled comperisons to be made betweaen the

al

atillties of Jifferent erops to make use of regidual phog-
Shiorug under sreenhouse condlitiong. In the sscon? place,
811 material ivested of sone of ite origzinal phogphorus
was bioereby prepared for laboratorry testa,

Dry wel "ht ond phosaphorua content were the crliteris used
Tfor the meagurs ent of cropn abllity to ntilize residusl poge
prorugs. However, bthe relstion of guch rowih data (0 1hios=
phorus fertlllty lg frequently ot sluple nor direct.
Complicastlng soll fectors enter other than phosphorus level.
Among bthnese are differences In Texiure and molsture-nolding
capacity ag well 23 excessa or deflciency of sleuenta other
then phoghorus. The presence of any factor other than
phiogprhorug whilch limits growth: or retnrdg maturity of a crop

*

on one soll over thet on snother s0ll will meriously imnair
2

or complstely rule out any coupsrisonsg drawn resardin: goll

phog horus condiblong. However, 1t la v

P

ot always within bhe

k11l of the sxperiwentsr to reconize auch 8 giltuatlion when

it arisasg.
erices and Crotslaris retuss seen to e un=-

suited to prowth on sandsy solls - at lsast under gresnhouse

conditions in 3.8211 contslners, Halry veteh, beets, and




letituce are apparently much less alfcebed by textural Jiffere
snces. Frosm the regults of experisent 7 1t would arpear thst
cowpeas and Sudan grasgss were also adversely affected on sandy
golls. The dry wel i and quantity of shozxphorus resoved by
these ocrops on the sandy solls 1 and 2 were lower in relatlion
to that of the other solls than wesa the ¢ssgse with the rTecedw
ins and following crops in the rotetion. iowever, the srowth
of the cowpeas anid the Sudan -rags took slace 1n the sv . er
when greenhouse temperatures were very nlgh. UWith the sxsll
containers used there wag 4iffliculiy in =eaintasining suliable
muslsture levels 1o golls 1 and 2 with thelr low watereholding
capacity,

iminz the solls to & reactlion not above »H 5.5 In the
experiments with commoreisal pobtato solls wasg intended to
meintain phosphorvs In the forxg found in ihe orisinal meld
goills used and avold reverting 1t intoc forma whleh unlght be
found at nlsher pl values. A pI of 5.5 or below uzay be leas
then the optlmw: pH for szome of the crops used,

Suppleventary fertllization was employed in thisg work to
promote favorsble condlitiong for srowth and o prevent the
developnent of defleclenciss other than that of ohososhiorus,
Hdowever, bLthers 1s no csrtelnty that optiouws nubtrient condle
tiong for #21ll selenents gave chosrhorus verse malntazined
except lunsofar ag vigusl deflielency syuptons were shaent.

There are [anctors other than those of soll eonditlions
hich sugt be congldered when selecting sresnhouge erovg.

One of these 13 that of the tlue of vesr at which the cropa

LR S e e -
S E La e
o
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are grown, BSomne make bebtter vegetative growth under longe
day comiltlions, others under shorteday conditions, while

8till othera sre ilndetermlnant. Lespedezs geriees and “udan

grase flover under shori-day conditlons while vebtch and rye
grasg flower under long-day conditions. Therefore, the

forsiey crops are adapted for spring znd suwer ugse and the
latter for fmll and winter yprowth, gince vegetstive -rowth

rather than smeiurlty is desirable In this type of work.

The regsults of experiment B lndicate that lesunea and
cregses (figures 1)1 and 19) are core effective than vege-
tables, such 8 heets and letiunce, {(Iigure L&) in removing
regidual ohosphorus from solila, The most asrved differencss
between the legsuwses and grnsses on the one hend and the
vegetables on the other appesr on the solls of low phosphorus
level. In experisent A it was Ifound that the leguue,
lezsedeza, lg narkedly efficlent 1n rerovin: regidual 7noge
shorug {rom the fine-textured zolls to wolell 4t is sdanted
(table 4).

Matted, dense root syvatens were sroduced by rye srass
and Sudan grass In experiment ¥. The abllity of the yrasses
to 1n3ilize reslioual phogphorus abown in thls study may find
the explanatlion, ian part et leasgt, in the large root surlface
produced by this typve of plant. The root arsten of hoth beets
and lettuce, while =ore extenslive than 1la ofbten veallized, was
found to be less consplcuous and dursble than those of the
lewuseg, asnd especlally the . raasses, when the roobs were

harvasted. To lesguwses has been atitributed the ablillty to



utilize phosphorue in forma relatively unavallable to saue
other types of plants (37). The ratloc of phosphorus resoved
in roota to that in the tope ls umagually arsat for beets
{fizure 15) becauae the forer lneludes the fleahy axia.
“hen beets are growing poorly, the root to top ratio isssens
becruge the fleshy &Xig does not form well,

Ralationg of Crop trowth and Chersical ileasures

of Phogphorus Content

Tt hag been pointed out that reductl:n In alkallie-
axtracitable and exchanceable fhsaghiorus fractions sgresd
clogsely with crop remsoved phogphorus whien both were exXiregsged
for the sa~e unit of goll., Discrecancles to this ma; be noted
in the datm pregonted, 3Some o2f thwdge 8y refleet ganpling and
analytieal errors. Toe proportion of alkali-exitractable (or
exchanreabls) phosgphorus pregent In the soll whlch lg remnovad
by & single erop la relstively sxall, A snall abaolute serror
becures relatively large when, as in this cage, suall differe
gncea are copared,

o giznificant trends or ghanges could be detecited in
the organlce ghosphorus or Ln the pheoaphorusg gsoluble 1In Q.0 ¥
sulfuric z2eld following alkall extractl n {(apatltic pnosg-
ohorug ) by the mebthods used in tnis work (tables 19, 20, snd
21). ‘However, 1t should be resllized that the solls used were
all seld, cropped solls. Changes In organlie snd spatitlce
vhogshorug usiy or ngy not be of sixnificance Iin other types

of golls. With the secid, hesvilwy-fertilized soils the ex-
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changeable phwsphorua ag uefaured by the hydroxyl method,

would appear to constitute bhe pulk of the regldual phos-
phivrug avallable for crop zrowih. Changsa In thig fracblon
asparently rea&aure the crop removal of residual phosphorud.

The exchangeable phosphorus deterniined by the luoride method
zZivea resultg gseriously st varlance with the crop resoved
phosphiorua, belng much oo zreabt eapecially on the sandy sollse.
Figures £0, 21, and £2 ghow bthal the greatest relstive jecline
in slkallegxtractable pnogphorus occurred 1ln the sandy solls
wlth Ghelyr lower anion exchange capacitlies.

Relsationg between exchangesble phogphorus, anion ex=
chanze capaclity, and saturstion of the anlon exchanre complex
auszeat thst bolth the smount of exchangesble »hogohorus and
i derree of gaturstion of the anlon exchange cumplex with
phogphorug musdt be conaldered when deberalning phoaphorus
availability In acid asolls (figure 5). For inastance, wuong
the three Caribou sgoila (3, 4, end 5} the anlon exchange
capaclitiea were glolilar but soll § contained a lower mnount
of exehangeable phsaphorus and was, bherefore, =2t a lower
aanturztion level than solls 3 and 4, The phogsvhorus resoval
data on these aolls in experlment B (bables 18, 13 and 17,
figureg 10, 15, and 18) show that in almost every ease solla
3 and 4 produced cropsg contsining more phogphorus than did
5011 B. An exanmple of the opposite sitnation occured with
anils 1 snd 8., These were =t the same deyree of phoaphiorusa
gaturstlion but soil 2 with Lts higher exchange capaclty

contslned the gresater ssount of exehangeable phogphorus.
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The data {for phosphorus removal show that wmore phosphorus was
renosved by croppinz on soll £ than on ascil l.

The data of the experiment with redlioaciive superphosnhate
confirn these conclusions. The ubtiligation of dhosphorus fros
the added feortilizer (figpure 34) wes zreat in soil 1 wish 1te
relatively hish porcentage gsataration but low amount of €Xxe-
chsngeable phosphorus snd 1n soll b with ita relatively lgh

mount of exchanzeable phosphorus but low percentage asturaw-
tion. The guperliority of lebttuce rowih on the cropped golls
4 and B to that on thie corresponding uncropred gsolls susziests
that some other factor than vhosphorus level wasa linlting
srowth in these casgses (table 27).

It is evident from the radicsetlvity data that reduction
of the »hosphornsg reserves by cropplng reduces the sbility of
the plant to utilize thst whienh rerains, In &ll ceseg s
grester projportion of the sdded choswhorus was uitilised on
the ecrovped golla. This cccurred deasplte the [act thaet only
a8 rather gunall proportion of the larse szount of plhosphorus
orizinally pregent 1. alkell-sxtractable or exchangeable form

had been renoved by previous crops of beets and lettuce. Thia

garceats thet the exchanseable phosphorus ls not equally
avallable Lo the plant tub thed Lt is slven up move and nore
reluetantly a8 its level ls reduced, 48 plants nature they
eoone bebbter sbhle o utilize regidual phoaphorus. Tolg la
aeen by the fact that a higzher uroportlion of radlosctlve

“hogphorug waa taben up by the young lebttuce pleants at the
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flrat harvest than by the planta at the final harvest. Verhaps
the development of a more extensive root systes wililh the
approach of mebtarl vy makes posaible the baticr explolitation

of regldunl g0l phosphorus witih less dsrendence on the
recently adied fertillzer.

Tt 18 of Interezt to gtudy the relatliona of readily
gxluble phosphorus to percentsye saturatlon, exchanseable
shoaphorus, and erop reuowal of phosyhorus, If readily aole
uble phinsphorus ig the resgultant both of degree of zaturation
to pnosphorus and the abgolute mmount of exehangeable pPhoge
phiorus ag stoted by Uean and hiublns {(19), one would expsct
it o be relatively great on sollsg &€, &, and 4 snd low on
golls 1 and 5. This lg seen to he the cage (figure 5). The
readlily soluble phosphorus on soll ¢ iIs slightly sresiter than
that of golils 3 end 4. The relative decline of readily soluble
phogpiiorus with c¢roppring (figuress 26, 7, and 28) ia sroastest
with goils 1 and & in all rotations. These aoils gave the
lowest readily soluble phogphorus values., In no cage did
the decline in readily soluble phosghorus equal ln magnltude
the phoaphorug remcoved by the crop st the ¢lose of a rotation.
The abrapt chsnge in irend in readlly sclubles phosphorus
values bebtweoen the mext tu laszt and final erops in all rota-
tiong il unesplained, Thiz change is zreatest with soll I3,
which gave the hishest veadlily soluble phesphorug and leagt
with soils 1 &ma»ﬁ, whiich gjave the lowest readily scoluble

values, This phenomsnon has been noted by Fraps and Pudge (24)
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fory the phosphorus extracted by 0.2 W nitriec sclds They state
that 1t wasy be csused by szo0ll nhosphorus beecorning rmore scluble

¥

in the extractling solution by virtus of the aectlion of roots In

b
b
P

a zoll o thet the soluble plhioschorie seld fyroebtlon wag beaw
inr renlenlshed fros more Ingolnble conpounds in the soll.
The resulis of thilg work msy mean that the readlly zoluble
plisgphorug ol heavily fertilized solls nust be reduced by
cropoing bo below a certalin erltliesl level before the aeid
readily soluble fractlion g replenished, thus eccounting for
the sbrurt change 1n rate of desline. Posaeibly sach replene-
ishiment btalbeg plece 2t the expenae of exchangeable phucsgshorus
ratioior then some 361ll more insoluble forr gsinece this Tractlion
contlinued to declline with eroppling. The gsolles leagt abhle to
revlenlai: the readily acoluble phogphorus from the exchan. e=-
able fractlisn were agolleg 1 and 5 by virtue, In the one casge,
ol low avsolute amount of exchangeable phosiborusg and, in

the obtner cage, of low percentajse gsaturstion., These actuslly
gnowed the lesst replenlarsent and the sresteat bteudency to

L=

AW e ¥ §:: 9

contlinue the relte of decllane of readlly zoluble phos;
It wprenrs from the work reported here thwt in heavily
fertilized scld soils such ag sre used in comnercial votalbo
production, ch.anges in the zoll fraction deterained by
alkall extpaction neasure the puoggshorusz utillzed by the
crons.e I #uch solils this portion consbitutes 1 high Hrow
portlon of the tetal phospherus in tne aoll, This sltuation
could ot be expscted to Lipld In golls possessing a grealer

snount of active caleluwn, In the latter golls 1t msy be



feagible to subdivide prosphorua ints acld asluble {(readily
goluble ) and exchangeable Tor:s as 4o Hurd and Hurpny {(3)

and Hray anc cowsrkera(d,4)., [lovever, 1a the solls studied
nera the alkall-extrsclteble plhosphiorus sopesrs to lncelude the
renally soluble ziosphorus or @t least that poritlon of the
latter w loh 13 depleted by cropping. The Justification of
thle statement la 1n the fact that chsnges in slisli-exirac-
table phosphorus values sccounted {or crop upbtake while
changss In readily aoluble phosshorus values dléd not

ez ecially ot the latter atazes of the rotations,.

Vﬁ

e detersinatlon of reailly goluble phosphorus lg a
reiatlively slsple matter and wlll doubtless contlnue bo
find wide usaze. rowever, the linlitatlonsg of data obtalned
for readily soluble phogshorus should be kept in mind when
1t 13 exployed for estlnating erop rsaponse snd phospaabe
fertlllity levels. Sose of the date reported 1n this study
have anown thig. When othier environmenital condltiliong were
scoounbed for, the ,rowth dats for lsspedegs, vetbeh, and
beebts in exvperiment £ and for the cropa 1un the rotationsg in
experiment b folleowed quite well the readlly soluble phos-
phorug velues., The alfficuldy lies in determining the extentd
of iniluence of the "other environmental coniitlona" in the
previous senitenteé.

Tt would appear that inter rebation of readily soluble
prosphorus data on aeld selils may ve refined by applying sueh
infor-ation sg sxechangesble rhosphorus, anlon exchange

caraclty, and degree of phosphorus saturation, althoush the



~

doteruination of tnese jguantitlies Lz relatlively todlous and
tlome-conguning. A further considersilon Lu fswvor of the

deternization of sxelmmugeable Ziocaphorus 1s the osbaervatlon

thet, in thig gitudy, the phogshorus resoved by the cronsg

ssrearsd so follow, in proszoriiom, the avaolute asumounbt of

exchanzeable phosphorus qulte cloasely,

107
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firaenhouse experisents with various crops and cron rotae-
tiong were carried out on soils fron the Hagtern gsabasrd,
¥any of these asollz hsed resslved heavy poat fariilizstion for
canzeraeial potato producsktlion and haed accurulated conglderabls
quantities of resldual ohosphorus. Chesleal and physleal
eonditlong were mede ag favorable ag sracltleable for erop

zrowkh excest thel no hsahorus was sdded and the utilizae

tLon o7 the resldual phosshorus by the varisus eross maasured.

The varying regronse ol Jdiflsrent plant apecisza to ane
virvanwental factors other thsn vhcspuorus fertility fa a
conpllicatling festure whileh must be eonslidered whan plant
data iﬂ nged as an lndex of s“hosphoruas avallszbilisty. Bone
2f thigse factora are gsoll texture, molsturs supply, cxcsas
or deficlancy of ¢ifferant chernleal elenents, and length of

day. Lenrcedesza gerlega an® Dpg talarla ratuss 41a not becoue

;.a

well eatabllizhied on zandy soells undsr gresnhouse condlilons.

VYetch, cowpsss, beets, lstiuce, 6 res83, and Sunden sraas

<

gxaeer to ba legs senslilve to textural differances alihough
211 crops moy be advergsly affacted on sandy sgolls during the
gunrer necause of the diffleulty of maintalining szultable
motature levsls in s8l1l contalnera. Rye sresg la more
tolerant of Hloh salt concesnbrziticons than g veten or lotiucs.
Veteh and rve rrass make bebtlar vegstatlve growih undar ghiorte

Y Fwn

day than under long=day condiitlons, The oppoaslte 1s true of
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Lespedeze and Sudan grasg.

Plant species pregent conzlderable varlations in thelr
abllity to utllize the residual phoarhorus of ascid soils.
wesures and sragses appear to be better able to utllize
residual shosphorus than sre vepstables such sg beeta and
lettuce and erve lesgs sensitive to lower levels of 1t. Les~
pedezs 18 markedly sfficisnt in resoving resldual phosphorus
from flne-textured soils. The welledevsloped roobt system of
sroagsses may partly explain thelr superior forsgling sbllity
for regidual phogphorus.

The soll phosphorus exitracted by alkall declined with
eroppling. The srestest r&l&tivé decline of thla freciion
took place on the sandy solls, The alkaliw~extracbable nhose
phorus wag divided into organic and inorganie or exchan eabls
portisng. The exehanizesble phogphorus &lso deelined wlinh
crovping and the magnitude of decline 4 reed closely In
anount with that renoved in the ecropg. The exchan;eable
phogphorus made up ithe grester osrosorition of the totsl zoll
phosphnorua of the acid soila studied. o siinifilcant trends
or changes could be detected In the orzpsanle phosphorus sa a
result of cropning. Thisg waes algo true of apatitlc phoaphorus
wixlen 1s that soluble in gulfurie scid following alkall ex-
traction,

eadily aoluble phosphorus, detersined by the Truog
wethod, alseo declined wlith ecroppling. The magnitude of the
decline 418 not keep .ace with orop removal of phosphorus

but levelled off and setuslly Lneresged 1n some cases ng the
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gsolls were contlnuously croppeds In the golls studled, the oxe
chanceable phogphorug mar lnelude at least that portlion of the
resadlily soluble phogphorus which declined with cropping since
chanzes 1ln the former appesar Lo agcount Tey 2ll phosphorus
removed by cropping withlin gasooling snd analytical error,.

The data obbtalined provide 1llustrstions of the ugeful-
negs of ¢ knowledge of anlon exehange canscliby and exchangew
able choaphorus In ap lying the resulie of detsrminatlons of
readlly soluble phoaphorus 1 measuring phosshorus svallabllilty.
The contentlisn 1l supported that readlly soluble phosphorus
fg the resultant of both degree of phosphiorus zgaturation of
the anlion exchange carselity and the absolute amosunt of exn-
chanceable phosshorug on s«cld sullge. Orop rescoval of
rasidual rshogphorus wes betder sugtained on golls with
hlgher readily gsoluble and exchansesble phosnhorus values
sud hlgher deszree of phosshorus gaturstlion.

The experiment with radiocactlive supershosphate applied
o letbuece indlented that reduction of the goll shosishorus
reserves by croveing lnereaged caongwspbtlon of phosphorus
from applled superphogshztes. &nd that ag plants ~ature they
vecomae better able to nutllisze resld sl phogphorus probably
g3 8 regult »f root sryaten developrent. The sreatest uilllizhe
tion of the appllied fertilizer took place on the szolls with
the lowest phnosprhorus fertllity as meassured by the readily

aolubls snd exchanceable phosphorus methoda.
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