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Ten soll- and solution culture expert-roenüs cond^ucted

ln the greenhouse plus one grovrth chamber soir experlnenü

we,re d"esigned to stud.y the phosphate feedirlg abllitles of
several f ield. cropsr Calcareous soj-ls vrere used ln a1l
buü one experlmenü, as i{anltoba has large aoreages of
these high-llme soils.

Eadlo-phosphorus ú2 *uu employed. The nån value

technique was used. ln these stud"ies whioh ls based on the
princtple of 1soüopic olru.tlon. The pLants were ha.rvested

otL several dates ln ord.er to stuö.y the phosphorus requt re-
ments at different stages of gror,rth, The efflelency of
the pla.nts to absorb phosphorus froru varlous materlals was

studied. The effect of the r¿ethod. of fertilizer appllca-
tion lr¡as aJso investlgated.. Sp1Lt root technique ûras

used" to study the efficiency of a s1ngle root to absorb

and. transl-ocate phosphorus*

The flnd.lngs su.ggest soae factors that are import-

anf to stud.ying ühe phosphorus utttlzatlon by crops. The

crops d"iffered '¡-lde1y in the lr capaclty to extract ad.d.ed.

phosphorus. A hlghly signiflcant correlation was found.

between the per cent yield"s ancl tJlft values of musËard

oats, wheat, barley, rape, sunflor,rers, corn, soybeans,

peas, flax, and -ouckwheat. SoybeaïIs were very efficlent
ln extracting soll phosphorus. Rape, rnustard, and buck-
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urheat were very good. extractors of the ad.d"ed. phosphoru.s.

The fertilizer fyacüion of total phosphorus absor-

beÕ by the plants d.ecreaseÖ r.r1üh the plant grolvth and. the
tr¡Lr¡ values lncreased as the plants reaohed maturlty.

Ra.pe was not found. to be any better than soybeans

in extracting ad"ded- phosphorus if an alternate supply of

phosphorus was presenü. Dtpotassium phospha.te, mono-

ammonium phosphate, and. monoca.loJ.uu phosphate nonohyd"rate

ürere less efficient than monopota.ssium phosphate ln
supplying phosphorus to rape p1e;nts. But Ëhese sources i'ùere

as good. or sornei,that better than monopotasslum phosphate

in thelr availablllüy to the so¡r5.to p1a.nüs" These öiffe-
rences could be due to the pEI of the band e.nd" the dlffusion
of the fertllLzeY.

F.ape obtained. more phosphorus from a narrovü ba.ncl

willle soybeans aþsorbed. more from a wid-e band.. Phosphorus

from the fertll Lzer crystaLs placed, ln the centre of the

pot was mosü avallable to rape buË lt was a poor method.

of placenent for oats, flax, a¡rd soybeans. Bape ancì. buck-

nheat were found. to be si-nllar ln thelr aþllitles to
aþsorb phosphorus J.rrespegtii¡e of the type of phosphate

carrier used for maklng ùhe crystals. [lovrev'er, the

results elucld.ate ühat bhe meohanisns of thelr phosphate

uptake were d"lfferent. These tvro crops prefer to absorb

phosphorus from a concenÈrated zone. In the fleld, flax
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usually d^oes not respolld Tt¡el] to phosphorus in a phosphate

deflcient so1l, but rape respond.s l{e11' This can be

explained, in part at least, due to the fact tlriat rape ls

more ad-e3:t in extractlng phosphorus from the fertllizer

cry stal s.
,Ihe spl-it root technlque showed. that a slngle root

of rape wag very efftclenü ln absorbing la.rge amounüs of

the fertilizer which seens to be due to iËs ability fo

solubllize and translocate phosphorus to the other parüs.

Flax and oats ðtÕ noü show thls efficl.ency. The efflctency

of buckwheat varied. d.epend.lng upon ühe gro?{th of the root.

The problem of soluroilluing was ellminateð by uslng

nutrient solutlons. She presence of other nutrients had.

a favourable effect on the grol'fth of the slngle roots of

the plgnts. Jllthough lnlütally i;he sf.ngle roots of all

the crops v,tere of about equal volume, ühe noot of rape

had. branched. ouù so profusely that lt was a nass of roots

At the terrnlna.Èlon of tþe experlment. jL single root of

flax dld, not absorb pfrospfo*tu from concentrated. Êolutlons,

the ;oresetrce of other nutrienüS was found üo be essentlal

for phosphate absorption by other crops partLoularly by

ra-tle.

Ehere was a posltive relatlonshlp between the e)ctenü

of root grourth and. phosphorus uptake, Evldenoe has been

presented thaË a sLng]e root of rape is not more efficlent

,l
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tiran buckwheat or oâts ln extractlng ad'ded. phosphorus

when the size of tþre root ls taken j-nto collslderatlon.

The age of the plant had" an important þea¡:lng on the

uptake and. üra.nslocaÈlon of phosphorus bJ¡ a pIa.nt.
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CHAPTËR T

ÏNTBODUCTION

Fhosphorus ls arong the naJor plant nutrlenü elemenüs.

It Is lncorporated. lnto vltal constltuents of the ceIl such

as nuolelo aold.s, phosphollplðs, phytJ.n and. a varlety of
phosphorylated metabollÈes which med"late energy transfer
progesseg.

Due üo the contÍ.nuous removal of phosphorus by planüs

and. phosphate flxatlon lt appeans that the addltlon of
phosphate fertlllzers to the solL ls usualLy essentlal for
suocessful farni-ng praotlce* I:x orcl,er to devlse proper

fertlllzing plans tt 1s essentlal to Imow the feeölng

oapaoity of plants a¡act the ava1la.blllüy of phosphorus fnsn

d.lfferent oarrlers urxder d,lfferenü soll eond"lti.ons. The

oonplexlty of suoh problens f"s evldent frou the large

nunber of e4perlments d.one In thls flelô all over the wor1d..

Such lnvesti.gatlons have been faoilltateËL to a greaü cteal

wlth the lntrod"uoülon of p32 tracer üeohnlques.

In Hlanltoba the work on the phosphate feed.lng abll1ty

of plants was prompted by an observatlon mad.e a few years

ago ln a f1e10 experlmenü wJ.th four crops, nanely rape,

oaüsn flaxrand. oorn (ffl}¡ " It lqas founcl thaü only rape

respond.ed. üo a s¡nalL amount of phosphate appllcatlon. ln

Ì:': l:tìll
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the fleld, flax usuall¡r d'oes not responÕ wel-l to added'

phosphorus Ln a phosphorus defiolenü soll but rape

responds u¡el]. hebber (114), lrl boËh fJ.eld' and greenhouse

experlments, confirmed thaË there exists a consld'erable

d-lfference 1n the abllf,ty of these plants to absorb acld'ed'

phosphorus.

The investlgaüIons presenüed. heref.n were lnltlated'

ma.laly to further our knovrled'ge about:

{1) She conparatlve efflolency of several crops to

absorb phosphoru-s from soJ-I and" from fertlllzer under

d,lf ferent agronomlo oond-ltlolts.

{21 The effec"i;lveness of ,di.fferent phosphate carrlers as

t erbj-lizers,

{3} The phosplrorus requirenrents of the p}ants at d.iffe-

rent süages of d"evelopment.

(4) The absorptlon ând. translocatlon of phosphorus by

a slngle roof.

^&rrd. on the basls of this lnfornatLon an attempt

was mad.e üo e:ç}a"ln why crops dtffer [n thelr phosphate

absorbln g clnara.cterlst Ic s'

-i:',ì:i
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LTTERATUAE Btr'\¡TEW

A. TI{E ABTLT'FY OF ÐTFSSBENT CROPS TO ABSORB
PHOSPHOBUS

.S.s early as 1891, $lerrlll (?6) polnted. out that the

plant speoles dlffer ln theLr ablltty to utlllze phos-

,,r phorus present ln nook pìosphate. Slnce ühen conslderable
'l d.ata have been publlshecl on thts subJeot. In a revLew

of llterature, Thonas (ff0) found, that varlous planü

speoles, when grorùIl l:l ned.La of simllar oonoenüratlon d'o

exhlbLt seleotlve powers wlth respeot to any speclfla

lon or lons. H€ cllscusseð Ölfferent theorles that have

beeR ad.vanoed Eo aocount for this phenomenon"

skuplnska (roo) used four varletles of flax and,

observetl that they d.lê not ðiffen s5.gntfloanüly ln ühelr

capaolty üo use fertlllzer phosphaËe. Hovuever, oËher

studles have Sholrn ühat varletles of some crops nay dlffer

ln .thls respeet. smlth (I02i founä that a d.lfferentlal

response exlsüed even in varlous lnbreil. llnes of clent

corn and. thelr crosses und.er oond.ltlons of phosphorus and'

nltrogen defLclencles. Later Lyness fi21 reportecl' that

ühe three varletles of ooryLr. stuðLecl ln d.etallr absorbeð

phosphates from sand. oultures of a slnllar concentratlon

ln a.bout the ratlo of 3 t|z? a1¿d. a close correlatlon u¡as

observedl þeüween response to phosphorus ancl' bhe nunber

[::::+;::::
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and. character of secondary roots. However, FrieÖ (l+?l

alrd Fried. and. Mackenzle (¿15) demonsürated. bhat planüs

,,] ðlffered. ln thelr effJ.clency to exüraet phosphorus from

baslo ca.lclun phosphate even lf the effeot of extenslve-
, ness of ühe root absorblng surface was ellnlnaüeð. That

., Ëhe plant is an lnportant faotor when sonsld.erlng the
:,:

',', uvallabllf"ty of phosphate ln dlfferent solls has al-so been
.'.; enphaslzed. by Ballard. and. Dean (?).

,, ÍtranLz et al. (6ll) grew conn, potatoes, and" soybeans

orr a low- and a hlgh-phosphorus Blad.en (II.S.A.) soll, and.
l

coüton and corn on a tVorfollc soll. Oo Bladen soll,
, potatoes were for.rnd to be most efflotent ln uüillzlng

fertLltzer phosphorus and soybeans the leasü efficlent.
:

But the amount of total phosphorus absorbed. was hlghest 1u

corn and. leasü in potatoes. The conparlson wlth the

Norfolk solI showed. thaü oorn absorþed. more fertlltzer as

ì well as total phospborus than ootton.
l

! rrrea (t+zt found that phosphorus from rock phosphate
.j

I wa,s nost avall-ab1e üo buckwheat, less avallable to the

legumes, orotalarla, alfølfa, and. l-ad.lno clover, and. least

a.valJ.able to the grasses, oats, nlllets, perennlal rye
i

;ì: SraËs, brome grass, and oroharrl grass. Slmllar resulùs have

been reported. by Karplnskli., Eamyatlna and. Glazunova (591

wlth oa.ts ancl þuckvrheaü, JenkLns (58) wlüh alover and

perenntal rye grass and. I,ee, Tsao, and Yun (68) wLth

_:;-..\.
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nl1}et, soybeans and. buekwheat.

Ðrake ancl Süeckel (38) reported tlnaþ oats growtng

wlth red" clover 1n soll supplled wlth rook phosphate con-

tafned. 6Ofi more phosphorus ùhan tf grown alone. They

lnd.lcated. ühat hlgh oatlon excbange roots of red cLover

bond aalclun wlth a greater energy than low catlon

exohange roots of oats and thus solublllze phosphorus 1n

3.arge amounts.

Russell, Russell and. Marals (971 measured. ühe labile
soll phosphate by the Lansen prooedure '(96), Barley, py€r

and. oabbage served as the teát plants. It $¡as found thaü

for sosle sotls ühe uL$* value (83) was hlgher for rye ancl

cabbage than for barley. It was lnd.loateô that phosphaüe

uptake must d"epenil on ühe root surfaces red.uclng the free

energy of enterlng lons, [hey polnted. ou.t that bar]ey ls
not a.s efficlent as rye on cabbage ln lowering the free

energy of phosphate,

Durlng the same year rvhen the above study was

oonducted., Nye a.nd Foster (83) grew e. range of plant specÍes

of ühe farnllles rcåummoseae, Cruolferae, Gra.n1neae anè

Sola.naeeae ln three solls whlch were low 1n avatlabl-e

-31 -31F- planü - P-- seed
¡ç ft32 ad.d"ed to soll)t+llLll = p32 p3.ant
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phosphorus. They found. only small and agrioulturally

lnslgniflcant d,lfferenoes in the proportlon of soll

phosphorus to ad.d^ed. F32 absorþed by Ëhe plants.

In $la.nltoba, !üebber (11þ) recentl-y observed that

ì oats are most efflclent extractors of na.tlve solI phos-

,i phoruS anong the three crops -- raÞe, flax, and. oats --
:;
::ì.i lnclucLed. In thls study. [he other üwo crops, rape and

i flax were founcL to be aþout equally efflclent ln thls

respeot.
, Onnitrenko ancl Vlürikhovskll (36) compared. the

:; 
"bllf.ty of peas, beans anö luplne to absorb phosphorus

l

, fro* soluble and d.lffioulüLy $o1u-ble forus of fertlllzer.

They founö that the oontent of lnorganlo phosphorus was

8.1? and 6.23 tlmes hlgher at rlpenlng J.n peas and bean
i

plants, respecblvely, grol¡¡n. tn tho presence of soluble

phosphoru.s than ln plants grown ln the presenoe of
.i

i Atffloultly sol-ub}e souroeso O¡1 the other Liand", the
,;

i oontent of lnorganl-c Bhosphorus ln the luplne plarrts
j
', growlng ln ühe presenoe of soluble or dtfflcultly soluble

' fertilizer vras almost slm1lar.

Dea¡n. {31}, Frled. (t+31 , and. Mattlnglv (7t}} have

reviewed. the work done on appllcatlon of lsotope technlques

to stud.y the avallabll[Ùy of so1l ancl fertlllzer phosphorus

to the plants.

B. AVAÏLÀBIT,ISY OF DIFtrsfiENT PHOSPI{Á.TE CANETERS

Several studles have been ilone (1r34r 351116r85186,

6

lì1--!rLtr:-:;i :: i; ::i:l
i:{r-::i::i:l-'.:i+rir :: :,,il¡t.rj it:lrr.j.:i.i r .
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109), wlth p32 J:zve}led. fertiJ-lzers üo evaluate the

avalla-bj-llty of varlous sources of phosphate when applled.

to neutral- to alkallrre solIs. It has been found ühat

phosphate carrlers of low water soLubJ.]lty are less

effectlve as to thelr avallablllty to varlous crops

(lt-,1-2r98).

Dlon, Dehn, and Splnks (31+ r35) reported thaü ooflo-

ammonlum phospha.te w€s more readl}y avalfable than oorr.o-

oalolum phosphate to wheat ln experlments oonclucted ln

Saskatchewan. Dlcalclum phosphaüe was relatlvely
Lneffeotlve ln supplylng phosphorus to the plants. It
was suggesteû that the lower uptake of these calclum

phospþates was probably related to thelr easy converslon

to ölfflcultly avatlable trloalolum phosphate forms (3&).

Superphosphate has been found to be more ave.llable

than any of the other oalclum phosphaües üested.. Olsen

and. Garåner (85), worklng wlth tolorad.o solls, neasuned

the avallaþlllty of calolun phosphates üo sugarbeetst

wheat and, barley. On ühe basls of thelr a.valla"bl}lty the

carrlers were graded as follows: superphosphate >

calalun rneta phosphaüe

phosphafe.

IFhe avallpblllty of oarrlens varles wlth the

and. süage of growüh. OLsen eü aI. (86) conducted

exTrerlmenüs and observeil that alfalfa and. potatoes

trlcalclun

crop

flelö
absorbed.

,:.:'.';
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about equal" amounÈs of phosphorus from superphosphate and.

caLclum metaphosphate. These two carulers were equally

ava1lab1e to sugarbeets at the later stages, a"lthough 
,,,.:

superphosphaüe wâs more avallable at early stages. Cal- *::

eium metaphosphate was superlor üo superphosphate for
wheat and. barley. Ammonlunn phosphate and superphosphate

were found. to be equally ava.llable to all these orops
I

exoept alfaLfa aE one locatlon* Later, Fuller {i}6)

reported that there were only small dtfferences ln the

avallablllty of superphosphaüe, ammonlun phosphate and

1lquld. phosphorlo aold. to alfal-fa or cotton. However,

trlcalclum phosphate vras Gonsistently found to be least

efflolent ln both of the above süud.les.

I4onoammonlun phosphaüe arld. d.oubl-e superphosphaËe

have þeen reporüed- to be about equally avallabJ.e to oats,

vetch, ryegrass ancl þeans (1]. Dlamnonlun phosphate Ls

equal to (fe¡ or beüÈer than (10) monocalci-um phosphate

ln lts avallabf.llty üo oats dependlng on the method. of

appllcatXon.

Beaton and Read (10), working wlth a Saskaüchewan.

sotl, showed that the avallabllity of carrlers to oaü

planüs was tn the foll-owlng ord.er! üonoammonlun phosptrate

d.lcalolun phosphate d"lhydrate

phosphate.
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c. irIEfHoD oF FEETIT,TSER APPI,ICArION

Ear1y studi.es with phosphate ferüttlzers showeaL

that the meühod. of applf-oatlon plays an lnportant role.
However, Ðean et al-. ßZ) vsere the flrst üo use radio-
phosphorus for such studles. In a greenhouse experlment

they found that potatoes absorbed more phosphorus fron
superphosphate when lt $,as app3.led ln dlreot contact wlth
the seed,-pleoe as compared üo a bancl placement. $lmllar
stud.i.es were oond.ueted by Nel-son eg aJ.. (80r8L) and

Olson et aI. (88) wlth othef cropsr

The effLclency of a partlcular meühod of fertlllzer
appllcation has been found. to be ilepend.ent on ühe type of

crop und.er stud.y. B1aser anö ðlcAullffe (1?) oonpareÕ twil

nethods of applloatlon wlth four phosphatlc carrLers as to

thelr avallablllty to a nlxture of oroharcl grass and. lad.lno

clover. They found. that drtlled fertlllzer was betüer

than þroad.cast appllcatlon wlËh lad.1no clover but the reverse

was true for orcharcl. grass.

SÈanford. and Nelson (fO7) reportecl that the corn

plants absorbed a hlgher peroentage of fertlllzer phos-

phorus when tt was plaoect at seed d.epth 'and ln bancis on

one or both sides of ühe seed ühan placlng l"t ln a slngle

banô above or below the seed.. Recenü3.y, Kfiuspe (61) for¡¡rd

that the phosphorus status of ühe petloles of pean increased.

to a greaÈer extent by placement of the ferttllzer than a

9

r: t;:: _
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broadcast appllcatlon.

Bhe efflciency of a parttoular nethod has also been

found. to be d.epend.ent on ühe solublli.ty of the ferülIizer.
Olsen and. Gard:rer (85) for.md. ühat for sugarbeets the nsre

solubl-e phosphates were üore avallab1e fro¡e band plaoement

anð the less soluble orres were nore avallable ln rotlller
placemenü.

ïüelch, Hell aad" Nelson t115) oonpared. band. placement

and þroad.oast applloatl.ons of superphosphaüe to soybeans.

They found tlTa;þ 24 days after seeù1ng fertlli.zer from ühese

method.s supplled ?l+fr anð, 6fr respeotlvely, of the üotal

phosphorus present ln the plants, whereas about ?O d.ays

after plantlnglfertlllzer from both these methods supplled

approximately 20fi of the phosphorus in the plant. Slnllan

stuÕles on phosphorus utllizatlon by sugarbeets as affectecL

by plaoemenü and. stage of grovith were carrled out by Lawüon,

Erlekson and Robertson (67) " They app]1ed phosphate ln
the followf.ng three $Iays: d.rllleö ln rows seven lnches

apart and. about three !.nches d.eep before seed.lng, s lng1e

band.s one and a half lnches to the slde and. two lnches

loelow the seeÖ at planüi.ng tlme, and. slde-dressed two

nonths after seedlng. It was reporüed. that durlng flnsü

two months the ba.nd. pla.cenenü ïras superior but later on

ferüillzer ln the d.rllLed. treatments was more avallable.

[he sld^e-d.ressed phosphaüe was rapf.dly absorbed. by the plants.
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[hese studles revealed. that the effect of placeruent ls

more pronounced. durlng the early Süageg and becomes less

lnportant later on with lncreased growth of roots.

Experiments have been cond-ucted" on the varlatlon of

efflciency of placement v'flth molsture oond.ltlollg. Woltz,

ilall and Colwell (1f7) reported ühat at one looatlon'

under cLry condltlons, sld.e-Öresslng resulted ln a very

low uptalce. But at another looàtlon, und"er more favourable

soll molsture oond.ltlons, sld.e-clresslng suppllecl ]ess

phosphorus Èhan dld, band.ing or nf.xing ln the row at all

stages elccept ühe }ast olLe.

Roblirsoa, Sprague arrô. Gross (95') stud.ied the lnter-

relaülons of tenperature ancl method of phosphaüe appllcatton

on the efftolenoy of phosphate ut11lzatlon. They observed

that band. appllcaülon was tore efffclenü than phosphate

mlxed. wtth the soll. Thls dlfference was nore strlklng at

the lower üemperaüures tha.n at the hlgher temperatures.

The lnfluence of placement d.epenÕs on the sol1 being

used. fhe band placenenü has been compared. wlth mlxlng

phosphorus wlth d.lfferent soj.Is (75rtO3¡. I{el}aðo, Puerta

and. CabaLlero (75) found. that on two of the three solls

used", beans absorbed. nore phOsphorus from banct placenent

but the nethod. of fertiltzer appllcatlon was not lnport-

ant ln the thlrd. soll-. Tn slmilar stuöles Speer et 41..

(fO3) reported" thaü on one soll (aotd) bandlng lnoreaseil

i¿!.::iû i:rj
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the upüake from more water soluble source þut not from

d.lcalclum phosphaüe. On the other hand, band.lng of any

of Ëhese fertlllzers dld. not show betler utll-lzatlon oa

the other soll- (caloareous).

In general, wlth calcareous solls the band" place-

ment has not been conslstently found to be superlor

to nlxed pl-aoement. ln aold. solls, on the oËher ha¡dt

ühe pLacenent of water soluþIe phosphates markeilly

affecËs the avallabllity of fertlllzers to the pla¿ts.

D. UTTLIäATTON OF PHO$PHOEUS AT VÂRTOUS STAGES OF GBOI'¡TH

It has been d.emonstraüecl v¡Lth arops such as wheat

(18r35r?8r10¿{,r105rr06), corn {6¿tr80r10?), potatoes (57,

611180), soybeans (251261, cotton (S0) and. tobaoco (80'1U)

bhat phosphorus uptatce fro¡n the' sol-l and the ferüllfzer

varles at d.lfferent Stages of growth. Hyd.roponJ.o experl-

ments have also been Öone to study phosphate absorptlon

aü dlfferent harvest d.ates (19).

fnvestigations have been mad.e on absorptlon of

phosphorus from the solI and, the fertlllzer at d.ifferent

stages as affected by level of soll phosphorus f'2.5r57r1-T-?)r

rate (5? rLl-?) and source {?5) of ühe phosphate applled and.

varlous plaoeunents (11?) .

Splnks and Barber (fO6) found that durlng the first

four weeks the wheaü p}asüs absorbed most of thelr phos-
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phorus from the fertlrlzer but thereafter a greater anount

was obtalned. fro¡l the soll. Thls ls atürlbuted to the

fact ühat the fertlllzer belng close to the seed l-s more

aocesslble to the roots ab þlne early stages but wlüh

the enlargemenü of the root systen a greater a¡nounü of
solI phosphorus becomes acoesslble to the plant for
absorptlon (35rAO¡.

Fleld" experlnents were conduoted by Ëtanford. and.

Nelson (107) at ühree locatlons ln Iowa. Tt was observed.

that the fractlon of total phosphorus, ln the conn

planüs, denlred. from bhe fertlllzer lncreased up to the

thlrd. sanpllng data when the values were between 10 to IOS

ite.oending on the locatl,on. At fourth sùage the values

ranged. between 5 to l\fo.
Yxrantz et eL. (6¿l) conpared d.lfferenü crops as to

thelr phosphorus content at varlous stages. They found"

thaü ln soybeans and. oorn the percentage of phosphorus

Oerlvecl fno¡n the ferülllzer decreased sharply durf.ng the

growlng season. However, 1t dld. not ohange muoh ln potatoesr

The nature of root extension al'd lengüh of growlng season

are lnportant ln thls respeot. Potatoes are short-season

fast-growlng plants wtth 1lnlteô root growth. On the

olher tland., corn ls a long-season crop wlth an extenslve

root sysfeu. Thls partlally ex¡plalns the dlfference ln
ühe feedlng ablllty of these üwo crops.

l:.i:-r::;:,il
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In a revtew of tracer studles 1n Saskatchewan,

þlltohell (Zg) reported that phosphorus contenü tn the

tissue of wheat plant is hlgher 1n the earller stages

and. d.ecreases wlth planü growth. Recenü}y , &aoz eü al.
(91) reporËed the results of an e:çerlrnent 1n urhich rape,

flax and. r¿¡heat were harvesüêd. at flve d.lfferent stages

of growüh. On boüh the falLow and nonfaLlow sltes ùhey

founõ" that the percentage of phosphorus ln the plsnt

bissue of all the crops, exoept flax ort a falLow slte,
d.eoreased as the plantË grew o1d.er. The oonüent of
phosphorus 1n flax on fallow slte lnoreasecl from ühe flrst
to the thlrd stage and. afüer that lt decreased..

E. OTHEB FACTORS A!'FECTTNG PHOSPHORTIS UTÏI,TEATION

A nunber of otber facüors Lrave been found. to tnflu-
errcetheuptakeofso1Iand'fert111zerphosphorusbyp1arrts.

Ëussell (96') süates ühat the rooüs of certaln plantÊi ,',,,,':,j,
1..1,¡i,,

oaa lncrease the rate at whlch lnsoluble phosphates are :,i",,:i

soluþlll zed., Thls has been attrlbuted to the prod.uoülon rf;ìjì
:'

of t02 $Z't or substances oüher blnan CO2 (89). A relatlon-
:

shlp has been found. þetween the feed-lng power and. extenslve- 
...;, :,:

Ress of the root systen. lal and ï.,awbon (651 reported that it.#

cornobta1necLnoreferti11zerphosphorusthanthe1nter-

planted" crops of sesame or bean. Thls uras explalned on
:the basls of the extenslveness of ühe root systen of corn. 

:.:
Iiowever, ühe exÈent of the t'oot sysüen does not neoessarlly ;i'.,.¡.::
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reflect the toË41 aotive absorblng surface (51+),

ïnvestlgatlons have þeen nad.e on the role of

rnloroorganlsns ln dlssolving soll phosphates (l+? r99) . 
:,ij,.,.,:,;

Gerretsen (¡+?) observed tlat the ¡nloroorganisns nade a :::::.

;

oertaln arnount of phosphorus avallabLe to the plants

whi-ch, otherwlse, waÊ lnaccessl-ble. The data proved, bhaü 
,:,,,.,.,,..

und.er sterlle oonclltlons the roots nay take an actlve i#
'. :'ij.j

parË ln illssolvLng d.lffloult]y:soluble phosphates. ,i.,,.;,:'.

l4ost of bhe r{ork shows that the peroentage of fer- 
it:,:';¡'

tlllzer phosphorus aþËorbed by the plants ls lnversely 
'

relaüed. to the leveL of sotl phosphorus (?5rt+3r5?r80r115). 
,

i',.
Nelson et 4.. (81) found. that the percentage of phosphorus I , ,

i

ln the plant tissue anct the total amount of phosphorus

absorbed. by cotüon anÕ corn were lnflugncecl nore by ühe

solI phosphorus level than by the nethod. of fertlllzer ; '

]..''
app11oatlon.Wo1tzet4.(1u)found.tbàtanl-ncrease
ln the amouat of natlve soll phosphorus lncneased. the 

i::,':'.:.:t-::::.Ì I 
j

plant gnowth and the toËal phosphorus absorbed but 
',.,.'.I,t

d.eoreased- ühe percentage phosptrorus ln the plant fro¡n the æ

fertiIl.zer.However,0od1fferencewaSfound.tnüheamount
of ferÈllizer phosphorus absorþed by the plantr 

.

ü.{,,=r
fhe prlnclple of lsotope 011ut1on has been used. ln ¡::,,,;'; '

d.eternlnlng the anounts of avalla-ole soll phosphorus (8,

4l+,66|,Fr1ecl.anÔDean(&¿})proposed.theterm||A||va}ue

to express Èhis a¡nount ln terms of the ferülllzer used.
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0lsen eü al. (s4) have rndicated thaü there ls a reratlon-
shlp beüween yi.eld response to the phosphate and nAn valrres.

The lnfluenoe of pH on u,otake of phosphorus has beeu.

neported by Jtrnoa, Sbatzke, and- Johnson (3) and. Arnon and

Johnson (Å|i.' Tomato, reütuce and Bernuda grass were grown

ln nutrlent sorutlons ranglng from pH 3 to ) anð, lt was

noted that phosphate absorptlon d.eolined sharply at pH 9
but Ëhere was no örstlnat tre.ad ln the range of pH 3 to g

(3).

The relatlon þetween soLl nölsture and uptake of
nutnients has been reviewed by T,iadletgh a.nd. Rleharös (112).
Generally, the absorption of phosphorus by plants Íncreases
vrith an increase of soLr norsture aontent (zqr|ji.r1L3r116).

Fawceüt and eulrk (¿ll), however, have reported thaü the
rate of phosphorus uptake by young wheat plarits was not
affecteo by lncreaslng ühe water stress provtöed thaü ühe

prantÊ were not d.amaged. by wilti:ag. Ðo¡nbovari rå?) for¡ndl

that phosphorus uptake by alfalfa was noü sigþlfj.cant].y
affeoted. by the anount of waÈer in the so!l.

Kramer anct. curnl-er (63) reporùed. ühat permeablrlty
of the root cells Ls öecreased. by low üemperature, whioh ln
turn affects the absorpülon. The uptake of phosphorus by

prants d.ecreases aü tbe low sorl üenperature (60 r62r6g r?lrrrg) "
sycheva and. Bystrova (108) suggesüed. that the entrance of
phosphorus lnto the plants is reðuced at low üemperaüure

".:',_r: 
.1
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of the root zone. It has been reporteð tl:rab a low tem-

perature has a suppresslve effect on the incorporatlon of

phosphorus lnto organlc compound.s 162).. Case, Brady and

Laühwel1 (28) studled the effeots of soll tenperature anil

phosphorus sources of d"lfferent water soLublllty on

phosphate absorpülon by oats.

The studl-es of Dalton, Bussell anð Slellng (30)

showed ühat organLo uatüer increased the avallaþitlty of

soll phosphate. Thls was attrlbuted to certaln metabollc

proÕuots of decomposftlon which for¡n stable complexes

wlüh Lron and alumlrrum and bhus redt¡oe phosphate flxatlon
in aold soils.

The inftuence of sllicate on ühe absorptlon of

phosphate by plants from the solI has been süuilled. by

Hr¡nter (55J . He concluded t\tai when this lon 1s present

ln Large arnounüs, ühe avallablttty of soll phosphate

may lncrease by anlon exchang€.

The efflclenoJ¡ of phosphate ferti.llzers i"n supply-

lng phosphorus to the plant ru1II üepend. on ühe reactlon

producüs and. thelr avallabi.Ilty (70). The formatlon of

these reactlon products Ln calcareous soils of l{a.nl-toba

has been studled" by Racz (90),

The effecü of the partlole slze on fertlllzer
avallabllity has been d.iscussecl (?,O1?,6r79J, Bou1dln and.

Sanple (eO¡ found thaü the response of corn, olL an. acld.
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solI, to anhyÖrous and. dlhydrate forms of dicalcLum

phosphate inoreased. ¡¡¡lth a d.ecrease ln granul-e size.

fhe effect of the rate of fertillzer applloatlon

on utlllzatlon of phosphorus by plants has been stuÔled by

Jaoob et al. {5?), Ne}son et aL. (Bo¡ and. Woltz g!aL, (117}.

It was found. thaü on lnoreaslag the rate of appllcatlon

phosphorus peroentage ln plant obtalnecl from the fertlllzer
also lnoreasecl. Woltz eü a1,, (1f7) reported that an

lncrease ln the rate of appli.catlon i.ncreased the growbh

of the plant antL the amount of phosphorus ln the plant

absorbed from the ferttli.zer and" ühe soll.
Experlnental evlitenoe 1s conslderable that ühe

aöðlt1on of nltrogen pronotes fertllLzer phosphorus utlllza-

txon by corn (2?r??r9&), barley (49r5I\, oats (871101)t

crlnson olover (101), wheat (3318?), sugarbeets and. pota-

toes (50) and. mlllet,s (40).

The lncrea.se J.n fertll-lzer phosphorus uptake üue to

ammonlun lon has been explalned ln d"lfferent ways {2115,

?2r9?.1n Rennle and. Soper lgzl suggested that amrconlum

lon d.oes not alter the avallabillty of the fertlLtzer but

lnd.lrectly affects the ablllty of the plant üo take up

fertlllzer phosphorus.

It has been observed that the ad.Õlb1on of nltrogen

genera.lly lncreases the relatlve anount of roots ln the

zor.Le of N-P placement anci thls ln üurn enhances the uptake

¡:, t:.il iJ
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of ferülllzer phosphorus (51). Cole et al. (Zg) found_

that nltrogen placenents lncreased the ra.te of phos-

phorus translocatlon to the tops of corrr plants. 
¡,.,,,,,,;.¡¡,..,i nfr* effect of nj.trogexs orl phosphorus uptake has :,,¡..'.,;,''1,'

, 
been cr1tlcaLly reviewed. by Grunes {Ål,B}.

The llIú.minatlon perlod has been fot¡nd. to be crlül-
,'
i ca.l- wi.th respect üo phosphate absorptlon {ZLrZ|rïZ}. i:¡i:iiii.i

l::1:::l::'j:: ::

Breazeale a"nd. IvlcGeorge (21) d"emonstrated ühat the uptake ,:.,.,,,,
,t.',t,',,t-', r',of phosphorus was more rapld ln llght th.an ln the d.ark. i:n:i:.:r.lìiiìì

Laþer'Bre?.Jera.nd.Bram1ey(z3la1soshowed,thatphosphate

absorpbion þy corn" seeÖlf.ngs w.a,s. very low ln dark buü 
;

on exposure to Ilght i-:t lncreased. rapld.ly. Becenülyr 
f

Irîovtkov, Kazansksya and. Poåvalkova (82) reported thaü .

uptake of phosphorus by wheat v¡as maxlmum durlng the

llLumlnatlon perlod,. 
:

Interest ha.s a-lso þeen focussed on the transloca- :

tion of phosphorus Ln the planË. Bldd.ulph (13114) stud.led. i . , ¿

irt;t ,::ii¡,
the uptake and, movement of radloaotlve phosphorus in the l*..,tt,,

j :t:': :-: :':,:ì.:

bean seedllngs. Ilrnon, Stout and. Slpos (5) reported. i,:--¡.i...,-¿,

that forty nLnutes after ühe ad,d.ltlon of phosphorus üo

nutr1entso1ut1on,thenel.¡1yabsorbedphosphorusvaas

detected. ln the leaves and tlps of tomato p1e.:ats over slx ii"+t1ffi
i';r.:iiji :.'.lj

feet ln helght.
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IqATERIATS ANÞ I'IETHODS (GENERAT)

A. CROPS Ai{D VASIETIES

Tn the present study the followlag crops and.

varieties v¡ere used.:

rrYellowrr mustard (Erasslca ]nj-rta, I{oench) r'tRodrteyrr

oats (Àvena satlva, I,.), t'Se1klrkrr and- rr}lanlüourr wheat

(trlËlcum aestlvum. L* ), trParklend.rr barley (Hord.eu¡n

vulgare, L. ), rrTankan rape (Brassloa napus, L. ), rlJlrlorr

rape ( Brass loa compe strls,, L* ) , üÅd.venttr sr¡rf lowers

(Halianthus armuus J,.), rrl{oröen 8BtÌ corn (Eea EÐ-sr L'),
rrAcaert soybeans (Gl-ycine ne*x., (L,) i{err.), rtCenturylr

; \ Þr--- Ì?t----^ ---!!Ãpeas {Pisum satlvu¡n, L. ) , ttRedwoodtr f lax (Llnun us{tatlssl-
mum, I.), and -ouokt¡¡heat (Fa.gopyrun esculentum, iiloenoh,

variety not knourn) *

All these orops (except l{e¿rltou wheat) were used'

ln Èhe flrst pot experlnent. [anka rape (Árgentine type)

was used. ln all other experlments exoept in pot experlnents

3 and il vrhere iLrlo rape (Follsh type) was used. For pot

experlment 7 the i{anitou varlety of v¡heat was used.

B. OBTÁ,IMIHNT OF RADTO"&CTT\E PHOSPT1ORUS

2A

fhe carrier-free P32 *** obbained" from the foliowlng

two sources¡
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(1) Chø.rles E. F,rosst and Co,, I{ontreal in
the form of NaH2pO4r for pot Experlments I
e&d 3. 

,',,,,1-,.l¡,.,(2) ¡ito¡nlc Þrergy of Canada, Ltd., Ottawa -- Ln '"'

the form of H3PO4, for all other.e:rperlmenÈs

utlli.zln g P32.

C. GBEEI\¡HOTÏSE Et\iVIROI{it{Et{1F

The experiments were conducted" ln greenhouse

(except pot ExperLment j). Extra light was required to
lengthen the naturaS- day-length to 16 hours. Thls supple- ',

mentary llght was obta.lned. from nsylvanJ-arr fluorescent I ,

tubes. Llght lntenslty was abouü 800 to 1000 ft-c, lri ,:

Experlments I, 2 and Il irhere FR96T1Z-CÌ¡¡-LO-Z35 tubes were 
,

used. and. about 1500 to 1600 ft-c. for other experlments i

:

where 5ts96f1?-C!,¡'-vHO-135 tubes were useô. Durlng wlnter 
l

the tenperature was aþouü ?0oF ln day and 60oF at nlghù ;,.;,;,;:;,,,,:.,.:;...,:.',

rn su.nmer Lt was noÈ posslble to control the temperaÈure 
,::,,;..;;;,,,;,,,,,;r,

;.:. i : :.¡....r', 
r:.,:..r:.,

and. i.ü ranged from about Boo to 90oF ouring the day aad ii;r.i;i::::ì
.

about ?0o to ?5o aur:.ng the nlght wtth the htghest tem- ì

perature in Ju}-y and. .*.ugust.
i;,o'rr,,¡r;.,,.,,

The Ilghüs were ralseð frorr ülme to tLme Ëo maintaln i',:,.,..,,,,,..,i

a d.lsia.noe of about g Ea lz lnches hetv,¡een the light tubes
and. the üops of the plants.
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D. HåffÆSTTI'IG AI{Ð PFEPAJà*,TION OF THE PLANT SAT{PLES
5OR AI'TALYSES

The plants were cuü inüo srnall" pleoes, alr-drled.,
and then put in the oven at ?0oC for 24 hours, welghed

and then flne1y ground. for analyseso

E. C¡MMTCAL A,NAI,YSES

.S. representaülve sanple of the plant naterlal was

wet-ashed and the anounts of total phosphorus and. ¡:ad.lo-

actlvlty were d"etermtned.

(U Wet-ashlnE

The sanples were d^Lgested with HNO3-H2S04-HC104

ternary acld- mlxture accord.ing to the proced,ure outllned
by Jaokson (56). The suggesteÖ pre-dtgestion wlth nJ.trf.o

aoLd was ouitted. One gren samples were used. for dlgestlon.

Mhole plant maberlaÌ was dlgested whenever the yteld" was

less ùhan one gramr

. {2) ÐetermlnaüIon of total phosphorus

The total phosphorus conüent was Oetermlned oolorl-
metrlcally þy the vanailomoJ-ybdate procedure (9). Golour

i.nüenr+1Ëy was measured on a Coleman Junlor Spectrophoüomeüer

(tioaet 6A).

{3) Procedure for countlng radioaotlvity
The orlgLnaJ- ra,d.loacti-ve fertlllzer solu-tions were

sbored. ln polyethylene boütles, to be used. as ühe standard.s.
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An equlvalent volume of ühe rad"loacülve phosplrorus

solutlon ad.ded" to the pots was useë as a stanðard' for

coupü hg.
For radioassay (ttl) ühe solutlon was cottttted þy

a DNL6 llqui¿ GT{ tube (nanufactured by 20th Century

Electronlcs Ltc[., New Addlngton, CroyÖon, Surrey, fug]anö)

attached. to a Nuolear ChLcago (I,loåel, 1614) soallng unlt.



CHAPEER IV

SOIL EXPffi,ÏI\I1EI\ITS

A. I'IATERIAIS ANÐ iqETi{ODS

(l) Isoüoplc ðllutlon teckmique for ühe estlnatlon
of phosphorus uotake

r¡An value*bechnlque (/+¿+) was used,. This ls based on

tbe prlnclp1e of tsotoplc ðf-IuËlon tn whloh quanülüaÞlve

ileterrnlnatlon of ühe change 1n speclflc acülvity ls mad.e.

ThIs tecïm5.que l-s superlor to ühe ohemlcal exüracülon

methoö.s as the latter do not tak.e lnto conslÖeraü5.on the

facü that plants absorb dlfferent quantltles of phosphate

from the same soil.
[he concept of rr¡rrr value 1s based on the assumptlon

that a plant when confronted. wlth two souroes of phosphorus,

namely the soll and the fertlllzer (both belng equally

accesslble) ¡ would. take up phosphorus from each source ln

dlrect proportton to ühe respeottve quanüitles ava.llable.

Thus n&rr value deslgnates the amount of solI phosphorus

avatlable üo the plant Ln terms of the fertll1zer used.

¡1, p3z-taggeû fertllizer of known speelflc actlvlty 1s

actd.ed to the soll and. the plants are grownr After harvesü,

the speclflo actlvltles of the phosphorus !n the pla¡ct and.

ühe fertlllzer are determlned.. Thus the fraatlon of applled

phosphorus that has been absorbed by the pla.nts can be

d^etermlned. 
Zt+

os"" 
þ.25.

lr.-: --:.t ::
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From the anount of total phosphorus content ln
the plant samples, the anount of phosphorus absorbed. fron

the native supply i-n the soll ls calculated.. Tlre rlåtr

values are then obtalned- uslng the followlng equatlon (931t

_ planL-P derlved" from solI _- rate of appll-rrilrr value = ptanr-p clerlved. rron ferrlrlzerx i]lîîïr;å;_,

(2', Preparatlon of .the sol]
(a) Souroe:- The soll experlments were cond.uc-

ted in calcareous sol1s (Lakeland type) as Þlanltoba has

Iarge acreages of these htgh-llne solls. Pot ExperJ-ment ?

was cond.ucted. ln noncaLcareous sotl {Wel}wood. type). The

solls were collected. fron zeîo to slx Lnch depth frou plots

located. on ühe (t) Iakeland soll associaülon, which ls a

group of black-mead.ow solls developed. on medlum-üextured"

laoustrlne cLeposlts, and" from (11) Wellwood. sotl âssoc-

f.atlon, wtrlch ls a group of black and d.ark grey soll-s

d.eveloped on medlum-textured lacusürlne cleposlüs whloh

nornally overlle stratlfied, sand (391,

the

and-

(b) Preparaùlont- "(fter breaklng the clods,

soll was alr-drleð, sleved through a S lnoh soreen

nlxeð ühoroughly.

A representatlve sanple of the thoroughly nlxed,

was passeè through a 2 mm sleve and. retalned. for

ir,'-!iì,:i¡-:i!ii

ì:::.::;; !:ri:j
l.'::.ii.:i.:\¡-

so11
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analyses. The solls vùere analyzed uslng star¡d.ard Iaþora-

üory proced.ures. Some charaoterLstl-os of the solls used.

ln thls investlgatlon are listecl ln fable T.

ßl Preparatlon of the radLoactlve fertlll,zer
For the preparatlon of tagged. fertllizer so1utlon,

the inaotlve phosphate carrler was dlssolved ln a smaLl

volune of water. KIIZPOT+ was used as a phosphate carrler
(unless otherwlse menüloned.) . P3? solutl-on v¡as then add.ed.

and. the soluülon wa.s d.lluted to a deslred volume suah that
10 mI of this solutlon supplleð 20 pgn P3l 

"rrd. 
to uc P32

(unless otherwlse stateê). This solutlon was used for
the rfnarrowrr 10 ¡sI-þanô. Irt Experinents J anõ, 4 for a

trwldett ¿+0 mI-band., ühe solutlon used for the n¡¡¿¡¡s1¡lt

banö- was ü.f.luüed. four ütmes before bandlng. The procedure

for the preparatlon of p3a-t^gged fertlllzer crystals 1s

glven ln experlmenüs concerned..

{l+} HarvestinE

The pLants were harvested. aþout fr lnoh above the

surfaoe of the soll. fhe above-ground. porülons were then

prepared. for anal]rseSr

B. PO'T CULTUBE E}CPERTI'IENfS

(1) Seed.lng of the crops

One-half or one-quarüer gallon poroelaln glazecl poüs
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were used. One-half garl0n pots were $ inches in qia-

neter and 6 lnches ln helght and one-qua-rter gallon pots

were 4 inches in d.laneùer and. 5 lnches ln height, Tv¡o

,r,i kllograms of solI were placed in each one-half gallon poü

and one kllogram of soil was placed 1n each one-quarter
gallon Pot. Seeds of uni-form slze were sel-ected ln order

i¡.i üo ellmtnate the dlfferences due to nutrlents stored, ln
::,..

the seed.
?2

The P'"-tagged fertlllzer
one-half lnch below the seed,s at

The seeds r'{ere p}anted al e depth

below the solI surÍ'ace. The pots

completely re.ndo¡nized design.

(2) Care durlng the growlng peri-od

.å. few days after emergence, the plants were thlnned

so tha.t the folloltlng number of planis were alrowed to grow

ln each pot (unless otherwise ¡nentioned): sunflolvers -1,
corn -1, soybeans -2t flax - lZ, oùhers - 4n Care was taken

that only healthy and well-soaced plants were feft to grow.

Opilmurn growth conditlons vrere rnalntained through-
out the growing perlod. AdditJ.onal nutrients were added

to the check pots, whenever includ,ed, to bring aII the

nutrients, except phosphorus, to the sarne level as in the

fertll-ized pots. Enough nuùrients were ad.ded üo alI the

band was applled, about

the time of seedlng.

of abouü one-half inch

were arranþed ln a
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pots to ensure optfunum plant growth. The pots were

rotateÖ on the bench once every uieek, :

trIater r^¡as a.d.d.ed perlod.ically to bring the ¡noisture ,,. ,

,..,.i:,

level ln the soif i;o a.pproxlma.tely fleld capacity, Wlre

supports were provideÖ for the pla-nüs about 3 to l+ weeks

after the gerninatlon. The lea.ves which fel} off fron 
i::ii.t

ühe plants before harvesting were collected-. iit,tt

After harvesting, the pots were emptled- tc stud.y lhe ir:,J
:r.:.rr.

root distributlon Ln the soll.
:

ABBËEVI¿\TIOI{S USËiD ¡

I{ffi = rcf2F04r T'Ionopotasslum phosphate.
I

ÐI(P = K2lIFO4r Ðlpotassj-un phosphate*

i¡tAP = i{H4HrPO4r iqonoanmonLum phosphate.

T,IcPi{ = cã (HzFo¿n) 
zrË?a, ItlonooaLolum phosphate

' nonohydrate.

ÐcPÐ = CaHPO4o2Hr0, ÐIcalc1un phosphate d.lhyd.rate.

oCP = Ca4F (PoI+) 3úHra, Ûctacalclum phosphate.

E)FnRIi,rgNT 1

In lr1anlboba, ÏIebber (114) conducted ftelð ancl" green-

house experfunents to study the phosphorus feeðlng hablts of

rape, flax and. cereals. He observed that the feËþonse to

the band,ed fertillzer phosphorus decreased as follows:
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rape > oats > flax. rt was found ühat oats were most

efflclent ln absorbi.ng soil phosphorus while the other
two crops were a.bout equally effrclent in thls respect.
rü was also shown thaü the tA* values deareaseci ln the
onder flax, oats, and rape

It was thought ôeslrable to stucly ln d.eüail the
phosphorus feed.lng abillties of some of the Gomms¡¡ field.
crops grown ln 3{anitobâ. The obJective of the foltowlng
experlment, therefore, was to observe how these crops

behaved. 1n their ablllties üo absorb so11 and fertlllzer
phosphonus and whether they d"lffered in thelr nåil vaLues.

lFhls experlment would. perhaps al-so show the dlfferentlal
r:esponse to phosphorus fentl3_lzer"

Slaterlals a.nÈ l{eühod"s

One mLlllourie P32 *a.s obtatned" on October lp, Lg63.

The requlred. amount of nonopotasslun

dlssolveÖ a.nO p32 solutlon was aÕd.ed.

made up üo one Ilbre. The speclflc actlvlty of thts solu-
tlon was 500 uc per graü or p31 Ten mllllrltres of the

tagged. fertlllzer soluüLon, supplylng Z0 mgn p31 anè L0 uc
a2P'*, ïrere applted as a ttnarrowr band- ln fertlltzeil pots.

Cheoks were lncluded. for comparlson. Ea.ch treatment was

repllcated four ülmes.

Mustard", oats, wheaü, barley, rape (TanÌ<a ancl" Arlo.),

sunflowers, ooru, soybeans, peas, flax, anü buckwheat were

phosphate (lviKP) was

Total volume was
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used. es the test plants. Thus a total of 96 one-half

gallon poüs were requfred.. fhe seedlng was d.one on

October lp, 1963. The plaats were harvested, &8 d"ays

after seed.lng. Tlssue sanples were weü-ashed" for count-

tW p32 acttvf.üy and" total phosphorus d.etermlnaËlon.

Phosphorus oontent of the, seecls:- The average

quantlty of phosphorus ln 100 seed.s of rausüaril', oafs,

wheat, barley, Tanka rape, Arlo rape, sunflowersr corllt

soybeans, peas, flax and. buokwheat was J.Ill, 11"00, 15.70,

1?.50, 2.78, 0.98, t+0.00, 6?.90, 101.20, 6?.20, 3.56 a:nd

6 Ja EBE,

Results and.. DLsoussLon

'Ihe d.ata for yleld. of d"ry matter a.nd. the percentage

of phosphorus [n the üops of dlfferent orops are outllned.

ln Tabl-e ïI,
The crops testecl. varleð greatly 1n thelr response to

phosphate fertl1lzer, The oalaulatlons for per cenü yleld,*

show that the magnltude of orop response lncreaseit ln Èhe

ord.er flax < soybeans ( sunflowers ( wheat ancl peas < corn

rape. Thls reveaLs that the largest response was obüalned-

oP"r 
cenü rt"tu= ment x loo

t. ): '..:.

i,:: - :::

! : l.:: -jl
ir: .-: : :
l.i"::.



T
A

B
T

E
 T

T

W
E

T
G

I{
T

 O
F

 O
V

E
N

-D
ft,

ÏE
D

 P
T

A
N

T
 }

.T
A

T
E

ft,
ÏA

T
 A

N
D

 P
E

A
, 

C
E

IV
T

P
H

O
S

P
H

O
N

,U
S

 T
N

 T
H

E
 T

T
S

S
U

E
 O

F
,D

T
F

F
E

R
E

N
T

 C
R

O
P

S

C
ro

p

B
ue

kw
he

at
A

rl,
o 

ra
pe

T
an

ka
 r

ap
e

M
us

ta
rd

P
ea

s
6o

m
0a

ts
B

ar
le

y
S

un
flo

w
er

s
S

oy
be

an
s

T
rlh

ea
t

F
l-a

x

LS
D

 0
.0

5
0.

01

F
er

til
iz

edY
ie

l-d
 (

eu
/p

ot
)

6.
7L

3.
66

3.
60

l+
.2

2
5.

L2
4.

73
2.

L3
1.

63
3.

60
2.

9L
1.

34
L.

23

4.
73

o.
g7

C
he

ck

3.
00

1.
03

r.
66

2,
63

3.
78

3.
08

L.
25

I.O
5

2.
82

z.
3L

0.
gg

1.
21

D
Íff

er
en

ce

# ##

T
T

.J
I

3.
7L

T
!1

,

î:ï
'ff

i':
L.

5w
L.

3l
rf

f'
L.

65
ff,

,,
0.

99
4f

i
o.

5È
rr

f
o.

79
ft'

o.
6o

nJ
¿

ol
3y

fr
f

0.
02

S
ig

ni
flc

an
t

$i
gr

iri
fic

an
t

F
er

til
iø

ed

P
 in

 P
la

nt
 M

at
er

ia
l 

(f
r'l

0.
50

o.
67

at
 5

f,

ai
 L

fo

0.
21

o.
?7

Q
.2

7
o.

22
0.

20
0.

18
o,

27
0.

31
0.

lg
0.

28
0.

29
0ö

 3
r

o.
 o

4
0.

05

-iì
;ii

:

: 
,j;

.4
:::

:
i.i

,,,
ii:

:

th
ec

k

Ie
ve

l.
Le

ve
l.

o.
16

0.
1l

}
o.

20
0.

18
0.

16
0.

16
Q

.2
6

o.
26

0.
16

0.
24

o.
27

O
.2

l+

0.
05

0.
06

',.
tr iH rå
fi ffi lY
.! ffi iff
i

iW iÌi
$

t.À
t

ffi Ìft
i

'ff
i

rf
fi

itH ,ff
i

(.
id ìtr ri$
l

(^
}3

iff
ii

i.$
¡,

ig
i

iff
i

;.#
i

'h
Y

l
:.1

{l;

r.
À

1

,lM ;'.
#

': 
is

':"
?f

'

i$
i

:ff
i

'l.
hr iff ij# iff
i

,# "# :ff
i

j.# Ì# i.:
',f

f

¡,
\!

:;:
&

j # ,it
r

:ç
#: li# .)
iì(

'

Ìs t/"
4È

;.J
ft

.li
+

i
:Ìr

X

,r
$

.E
\E

,r
Ìñ Ir
I

¡-
v;

: 
. 
..!

ll

r¿
*ì

D
iff

er
en

ce

JI
]T

o.
o5

q,
tf,

o.
L3

tr
tr

0.
07

 ' *
0.

04
f:F

O
.0

Il
0.

0e
0.

O
I¿

z
o.

o5
T

t
0.

03
ff

o.
 o

¿
0.

02
0.

07

tr
J to

:, 
i 
.:;



33

1n Arlo rape whose check plants produced only 28% of tlne

d.ry matter prod.ucect by the ferti-Ilzed. poüs¡

In the fertlllzed. pots, -ouclnnrheat produceô slgnlfl-
cantly greater amounts of d.ry matter than peas but the

reve8se vras true ln oheck pots. [he rrtn tesü showeit that
response to the fertlllzer was slgnlflcant at both sfr æd

lf level of slgnlfloàrtce for mustard., oats, wheat, barley,

rape and buckwheat i at oaly the Sfr l.eveJ- for sunflowers,

corn and. peas; but r,{as noü stgnlf ioanü f or soybeans anð

flax.
the ad.dltlon of fertllLzer phosphorus lnoreased the

total amounÈ of phosphorus absorbed by the orops (Fig. 1).

The dlfference þetween the fertlllzed- and. the oheck plants

i-n the amount of total phosphorus was slgnlflcant at ffr
level for all- crops except flax for whlch lt was slgnlflcant
at only 5fr Level. Under fertlli.zed. oondltlons, buokwheat

absorbed. ühe largest amount of total phosphorus v¡hlle

flax and" wheat absgrbed ühe least. The cheok plants of

peas utlllzed the greatest anount of phosphorus and Anl-o

rape the lowest.

The phosphorus oontent ln the plants lncreased as

a result of fertlllzer ad.d.ltlon, âs ls evld.enü from the

daüa presented ln Table II. The Lncrease was slgni.flcant

ln barley, Àrlo rape, sunfl-owers, peas and" buoirwheat. The

percentage of phosphorus ln the plant materlal of flax

ii. i. .: ... ,

f!:it::::i:rl i; :
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was hlgh but because of a snall a.mount of dry matter

produced,, the total arnount of phosphorus utlllzed. was very

1ow.

The crops d-lffer wldely ln thelr ablllty to absorb

phosphorus fron the soll and the fertillzer (Table III).
The a.bove analytical d"a-ta indicate that bucùrnrheab, mustarÖ,

and rape ha.ve a la.rge potentlal to utl}lze fertlllzer
phosphorus. Peas absorbed" more fertilLzer than corn,

oats, barley, and sunflov¡ers whlch ln turn absorbed more

fertill,zer than wheat and- soybeans. [he least anount of

the fertlllzer was absorbed by flax.
Sunflorrlers, corn, soybeans, and peas absorbed.

large amounts of soll phosphorus. 0n the other hand,

mustard, wheat, barley, rape, and flax are poor extractors

of the soll phosphorus. fhe amount of phosphorus ln the

number of seeds of the plants allowed to grow ln each

pot* was 0"13, 0,t+4, e,63, o.?0, 0.11, 0.04, 0.¿10r 0,6?,

2.O2, 2.69, 0.43, and. 0.25 ngm in mustard, oats, wheat,

barley, Tanka rape, Arlo rape, sunflowers, corn, soybeans,

peas, flax and buckwheat, respecüively. Frorn the sol1

phosphorus results in Table IIf, iÈ appears fhat these

results mlght have þeen affected somewhat in ¡¡heat, barley,

peas, and soybeans due to the content of phosphorus ln
the seed.s. Correction for the phosphorus content ln seeds

ls difficult because lt is not knourn what fraction of

#See p.28.
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TABLE TTI

THE .û¡VIOUNTS OF PHOSPHORUS ABSORBEÐ BT DIFFIBENI CROPS
F3,OT'{ THE SOTL AND THE FET.TIIIãER;

AN|D $Ar? VÁLUE DATå,

trop
Fêftil,izer Fêitilizer-P

Uotake
(iagm/pot )

Soil-F r.[n value
Uptake (pp*)
(msrn/pot )

Uotake
{f,l

r:'l

Buckwheat

År1o rape

Tanka rape

Musüard

Peas

Corn

Oats

Barley

Sunflswers

$oybeans

Hheat

FIax

LSD 0.05

0.01

53.h.8

l+0.87

3È.75

37.91l;

?3.87

L7.62

L5.92

1l}.96

Ll+.52

t-3.09

ro.80

7.1+9

b-25

5.69

L0.70
g.17

7.75

7,59

L.77

3.52

3.LB

3.00

2.go

?.62

2.L6

1.50

0,85

L.Ilr

3.20

L.ô2

2.O2

L.52

5.63

¿r.Slr

2,66

2.00

3.97

5.r8
L.73

2.33

0.66

0.ss

3.O0

?.L6

2,6L

2.03

LL.79

L3.79

8.6r

6.Tz

13.83

2L.77

8.06

15.óo

2.O3

2.79,

..:: i::-.:1:

::.. ::::

i:-:.:::-::

': l
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this phosphorus 1s üranslocated. to the above-ground.

portlons of the plants.

The data Ln Table rrr arso show that the rAtr values
range all the way from z.o3 ppn for nustard to z]'.ll ppm

for soybeans. The row *ntrr values for rape, nusùard., ancl

buckwheaü lnd.icate thetr efflciency üo absorþ ferülllzer
phosphorus more tha-n ühe soll phosphorus, on the cÕû-

trary, hlgher rra"rr values for sunfrowers, corn, soybeans,
peas, and. flax lnd.l-cate thelr capaolty to extract sotl
phosphorus. rü was found ühaÈ a hlghly stgnj.flca^:et coFF€-

Laülon {r = a.?7) exlsted between the per cent yle3-d and

Èhe llA.ll vaLue,

¡t fen¡ days after harvestlng the prants, the sorl
vraÊ taken out of the pot üo see ühe dlstrlbuülon of roots
ln the so1l. The entire soLl nass from each pot was

sectloned vertlcally through the mld.dle. rhls allowed.

inspectlon of planü roots ln the viclnlty of the ferËilizer
band.. rt vras found. that there was a hlgh ooncentratloa
of roots ln the phosphorus band. ln case of rape and. mustard
but not ln the oüher crops. Moreover, ra_pe and. mustard.

absorbed large amounts of the fertillzer* tr*rom thls one

night concrud.e that only ühose crops that have a htgh
root concentrablon in the ferülrlzer band are efftolenü
exüractors of the ferÈlrlzer. Ho-urever, buokwheat ls a very
good. fertllizer feed,er but ôid not show any marked root

'. .:.: :.. -
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ooncentratlon ln the band.. So a laclr of root concen-

tratlon ia the fertlllzer zone eoes not necessarlly

mean thaü bhe crop ls not a good. feeder of the fertl-

J,izer phosphorus. The concenüratlon of roots ln ühe þand.

ln the oase of rape anil mt¡stard., of course, nay be one

of the oontnibutory factors for ühe higher uptake of

fertlllzer by these crops.

The results show tlraü there exlsts a Ölfferenülal

response to phosphorus fertillzer anong these oropsr

They d.lffer ln the amounts of sotl anil fertlllzer phos-

phorus absorbed. ancl ln the [Atr va].ues und.er the presenü

experlmental conðltlons .

Ehe posslble explanatlon for the reasolss why these

orops dlffer in bhe a¡oounts of soLl and" fertlllzer phos-

phorus absorbed" might be: the extent of root growth and"

total absonblng surface, conoenüration of the rooüs ln

the fertilizer band, total phosphorus requireuents of

the plants, and the rate of phosphorus uülllzatlon at

dlfferent growth stages.

Perlraps an elcperlment 1n whloh the plants are

harvested. at dlfferent süages of growth ralght shed so&e

llghü as to whether the rates and the amounts of total
phosphorus absorbed" at dlfferent perlods durlng the growlng

season a.re factors determlning the phosphorus extractlng

abllJ.ties of ühese plants.

'Ì, ì; :-'

: : :-..:::..::

,:::...:ìj :j:-



39

ÐCPERTI.ÍENT 2

The experlnent reported, earLier shor¡ed. that the

,, "rops 
cLlffer wld"ely in thelr ablllËles to absorb soll and.

fertillzer phosphorus. It was feLt that lt would- be

approprlate to flnd whebher these differences among the

,, "rops 
are conslstent throughout the growhag season or

,i they are at soüe partlcular stage of d"evelopment.

,. Soybeans, rape, flax, and oats vüere selected. for
':

" thls stud.y. Soyþeans were selected beoe.use they were

found to be efflolent extractors of soil phosphorus*

I Rape ancl flax were used because the former respondeö the

. 
-osü and the latter respond.ed the least to the fertlllzer
phosphorus, Oats were used because of their lntermedlate

, response to ühe ad.d.eÕ phosphorus.

.å somewhat slnllar stud.y l-n $Ianltoba was prevlously
''

oond.ucted, ln fleld experlments by llebber (11ll). He cofi-

i "luded 
that the rates and" the quanÈltles of phosphorus

j taken up durlng the growlng season were dlfferent for

, râp€r flax, and. whea.t.

::.''::: í:'..:-::

ltlptertals and. l,isthod.s

The rad.loactlve phosphorus (1 mo) was obtalned. on ii,.i,¡;1
i.:i.. ;.,:'--'.,,;

July 23t L964. Each fertf.lized, pot recelved eO mgrn P31 
':i.:'i.:r:i

and" 9 ua P32 ås a 10 nl band at the tine of seedtng on

July 2&, 1964.
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Fertillzed pots for the first Èhree stages a.nd. the

oheck pots were repllcated" four times. The rest of the

fertlllzed. pots to be harvesüed- for the last four stages

were repll0ated. ln trlpllcate. A üota.I 0f 112 0ne-half
gallon pots were requlred..

The flrst four harvest dates were ZA, 35, EZ, and-

51 d.ays after seed.i:rg. The flfth harvesü was d"one 6U

öays after seedlng for flax and. 6o d.ays after seed.lng for
other three crops, The slxth harvest was taken Zi and BL

d-ays afüer geed.lng for soybeans and other orops, respecülve]-y.

F'or ùhe final harvest, soybeans a¡d oats were ha.rvested go

d.ays from seeðf-ng and. the other two crops rrere harvested

101 days from seed.lng.

Fesults and" Ðlseussl,on

The araounü of d.ry matüer prod.uced grad,uarry increasecl

v¡ith the growth of the plant, although the magnltude of
lncrease varled. wlth Oifferent crops.

r\s shovrn ln Tab1e IV, there vüere large d.lfferences

ln plant materl-al yleld.s fron dlfferenü crops at the early
stages but ]ater on there was not much dlfferenoe. ¿{.t

the flrst three harvesü d"ates, soybeans prod.ucecl" the

largest amount of d.ry matter and flax the least.
*{otually flax plants produced the lowest yleld- up to
flfth harvest dabe. However, at the la.st two stages flax
yi.eld was hlgher than both'oats and soybean,s. The greatest

l:.1,:,;:..r

ii,ilt..f:l::;

lÌ".:i:,-
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amount of d.ry natter was produced by soybeans at the

flrst three harvest dates and. by rape at the ]asü Èhree

stages. Oats and. soybeans stopped. ciry matter productlon

after the slxth stage. However, the other üwo crops

oontlnued d.ry matüer productton for a longer Ëlne. The

typlcal slgmold. curve wâ.s obtalned" from the yleld data

plotted agalnsü the harvest d"ates. fhere was r.o apprec-

lable d.lfference ln ühe ylelds fro¡n checks and. fertlllzeiL
poüs at the last süage.

[he percentage of phosphorus ln the tlssue lnoreased

ln all the orops wi.th the addition of the fertlllzer.
In soybeans the phosphorus content was low at ühe flrst
two süages alsd. ühen showed. an Lncrease, although the

oontentl¿t¿ not vary much after about 50 days from seed-

lng date (Table IV). The rape plants showed. a gradual

öeorease f.n phosphorus oontent. Flax showed an lncrease

up üo the third. stage and thls was followecl wlth a

deorease ln percent phosphorus. ïn oaüs:the phosphorus

content d.ecreased. up üo fourth harvest d.ate and. d.lÖ not

vary muoh after that harvest (91).

Flgure 2 shows ühat rape starts absorblng fertlllzer
phosphorus 1n large announts fron the very beglnnlng. At

ühe flrst harvest date, rape had. absorbed about LZoÅ ter-

tlllzer phosphorus whlle flax had less t]nan L%. Á.t thls
stage rape had. absorbeö about slx times Ëhe fertlllzer
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phosphorus as tlnat by soybeans. However, at the slxth
sampllng date soybeans haù taken up ferÈlrlzer phosphonus

almosü equal üo that absorbed by rape. Á.fter the fourth ,,,'.,,,,,.',,'

:'_
stage ühere u¡as no increase tn fertlllzer absorpülon by

rape, flax, ¡nd. oats buÈ in soybeans lt sras stlll lnoreas-
lng. Rape absorbed. the highest amount of the ferüirlzer i.io.,,i'..,

j:,jiiÌ:jiì:i
a.nd^ flax absorbed the }east. ,: 

''-.'-lì

i::,::-r'i i:j,:'r,i

Figure J showe the varlation ln ühe amounts of üotal i,,:¡r.=':

.phosphorus absorbed. At the flrst three ha.rvest dates ;

rape showed" a rapld. uptake but laber on. soybeans ïrere l

l

found. to absorþ the greatest amounts of phosphorus* The i

il
total amounù of phosphorus absorbed by soybeans after 

i

the flfüh stage waç nnuch nore than the other three orops 
i

l:

whlch d"ld, not dlffer marked.ly ln thls respeot. ,Iotal 
1 l

phosphorus uptake by soybeans exhlblted about 40 d.ays Iag 
I

perf-od d.uring whlch the aþsorption was conparatlvely low* I

No suoh lag perloö r¡,as observed. ln otþer three crops¡ iri::i-
,::::'.: ::l'.:

The varlatlon ln ühe peroenüage of tota.I phosphorus i$i:t
that 1s derLved from the fertirl-zer Ls lllustrated in 

rj:it-tr'';;''

l

FJ.gure4.AIthough1nsoybeans'f1ax,andoatsühere1s
an lncrease 1n the fertlllzer fractlon from flrst to second. 

i.rrî¡i.r,.l,r;:
i:ií:iì':r=ì,stage, all Ëhe four orops ln general showed a contlnuous " ': "

deorease with the planù growth. The lnltlal rlse seens

tobeûuetophosphoruspresenü1ntheseeds{page35J.l...
A general d.ecrease ln the absorptlon of fertLtlzer fnaotlon
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üay be explalned on tbe basls that with the enlargenent

of ühe root system so11 phosphorus becomes more accesslble

to tfre noots (35180¡.

Bape, flax, a.nd. oats utllLzed substanülaIly less

solI phosphorus than soybeans (¡'t9.5), The amounü of

soil phosphorus absorbed. by rape uas not muoh dlfferenü

from thât absorbed. by flax or oats. The amount of phos-

phorus present ln the seed.s of ühese pla.nts 1s glven on

page 35 . fhe daþa clearly show that the amount of
phosphorus ln ühe seeðs of soybeans ls.nuch less than

the d.i.fferenoe ln the amount of phosphorus absorbed^ by

soybeans anct other plants. "So the seeös phosphorus does

not seen to have affected the soLl-phosphorus results.
It shows Vhat soybeans have a markeÕ efflclency to absorþ

solI phosphorus.

In rape, both the solI phosphorus and the ferttllzer
phosphorus rüere abouü equally avallabLe up to the fourth
harvest d"abe but thereafüer the forner was belng absorbed.

more than the latter (Flg.6). The absorptlon from both

source$ oeased. after about slxty d"ays from seed.Lng*

Flgure 7 lllustrates þL.at at the ftrst stage oats absorbed

less phosphorus from ühe fertllizer than from the sollo

The fertl]izer uptake lncreased" and" after about 45 ûays

from seeding agaln nore phosphorus was belng supplled. by

the solI. l,loreover, fertlllzer uptake vlrtually stopped

after about 60 days fro¡n seed"lng but the plants oontlnued.
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a.bsorpülon of solI phosphorus t111 a later date.

fn soybeans, the soll supplled. large amounts of

,,r,ì phosphorus to the plant (Flg.8). Of the total phosphorus

ln ühe flax planü at, any stage durlng the growing Ëeason

about two-thlrd.s was derlved from the soil and the remaln-

der oonnlng from the fertlllzer (Flg.9). The absorptlon

essentially stopped. after about sixty days from seed,lng.

In three of bhe four crops used tho rrArr välues

lncreased. as the plant reached maturlty (Table \I). the

roob system e:çanded as the plant grettr olden anù the

volume of soLl phosphorus ln the range of roots lncreásed

{321 and thus the sofl phosphorus to fertlllzer phosphorus

ratlo lncreased.. However, the rrArr value for soybeans vÍas

muoh hlgher at the first süage than at t'he latüer sÈages.

The rrAtr value, at all stages, decreased ln the order

soybeans, flax, oats, a:ed. rapen Thls agaln sholvs the

'ii

effiolenoy of rape ln the uptake of fertlllzer phosphorus. i';,.,,,,i

..; As shown ln Table I, the solI used for thls experl-
l:.'; ment had hlgher amounts of avallable pbosphorus than the

soll employed for the l-ast experlment. It ls evid.enü t'hrat.

the d,ifferenoes 1n the phosphorus feed.lng ablllttes of the
;::l.';.r plants are larger on a soll l-ow ln avallable phosphorus

because there ls no alternate good supply of phosphorus

than the fertillzer.
The results of this ex¡perLment lnd.lcate ühat the
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TJIBLE V

THANGE TN 1I.û,II VÁ,IUES IJITTH THE GËOIìITH OF THE PtA}iT

5|+

':.;:::.!:: 
a

Days after seeding

Crop Maturity
20 35 #5Lb2 ##

;i
.'1

::
.;l
a;'

Rape

0aüs

7.2O 9 "l+9 9.06 I0.93 1L.76 Lt+.37 Lh.37
,:;::::.1;t,i.:::::

11.68 6.gt+ 11.80 1&.t+.6 L2.g? 18.55 Lg,2b

Soybeans l+9 .39 L7 .96 ?L.L3 2+.99 29.99 27 .69

FIax ?2.76 18.3Ir Lg.Lz 28.4S 2CI.52 2L.L5

30,95

23.h5

# Frax

## soybeans

days, other

d,ays, sther
-60
-81

' 6l+

-73
crops

erops

d.ays,

d,ays.
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dlfferences 1n the phosphorus feed.lng ablllties of the

crops are found throughout the growlng seasorl. The

amounts of phosphorus absorbed. by ühe plants d.o not

change much after about slxty cl.ays from seed.lng. There-

fore, the plants can þe harvested. ab aþout slxty days

from Ëhe date of sowJ-ng anÖ ib d.oes not appear to be

essentlal to let the planËs grow up to maüurity üo stuðy

thelr phosphorus uptake abllltles,
lhe data show that Èhe rates and" ühe amounts of

phosphorus absorbed by the plants fron the so1l and. the

fertlllzer are dlfferent for these crops. Thls falls ln
tlne with the flnd.tngs of Webber (114) rnlho noted that ùhe

rates anö the quantlties of phosphorus absorbed d.urlng the

growing season were d.lfferenü for three crops. The varla- i

tt

tion ln the utlllze.tion of solI and ferùll1zer phosphorus i
i

explalns the dtfferenoes found ln the rrÄrr values for the I

four orops at several harvest Oaües.

Ë(Pffi]üiHNT 3

The previous two ex¡perlmenbs showed. ùhat orops dlffer
v,tid^ely 1n ühelr phosphorus feed.lng ab1lltles and these

dlfferences are present throughout the growlng season,

fhe results led. to some questionsi Are these dlfferenoes

present, (1) when the wid.th of bhe fertlllzer band Ls

changed, {21 when the leveL of sol} phosphorus ts lncreaseil,
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and (3) r^rhen some d,lfferenü form of phosphate carrier
1s used.

Therefore, uslng rape and soybeans ås the indioator
planüs, the followlng e:çerfunent was und.ertaken to study
the effect of (l) mlxlng lnactlve phosphaüe carrler
throughout the solr, (tt) the forn of phosphorus fentl-
Ilzer, aad. (J.11) broad.enlng the band.r oo the uptake of
phosphate by these plants.

Rape and. soybeans r¡rere seleote'd. beoause ühe former
was found. to be an efflclent ferüllizer phosphorus feecler
and the latter r,vas found. to be an efflclent soil phos-
phorus feed.er.

Ilaterlals ancl Ï,iethod s

T,reatmepts: - i

ï, ivlonopobasslum phosphate (mnp) banilo i

rl. Drcalcrun phosphate d.rhydraüe ,(ucro¡ mlxed.
i .;',ì;:

throughout the so1I + IvlKp baad.. .'.,;:.,:'. :'. :':.-

fff. Ðlpotassiun phosphaüe (orc¡ band, iì;
ïV. ivionoammonlum phosphate (irf4p) band..

v. Ir'ionooalciunr phosphate (¡qcpy¡) band.

vr. I,Ionopotasslun phosphate (iuixp) as a ilwlder band.. l¡;=¡¡i":r'')
rn treatment rT, the inaetlve phosphate oarrler, DCpÐ,

was mlxed. thoroughry wlth the soir tn the followlng manner:

One kllognam of soll was spnead. on a sheet of paper.

A small amount of thts solr was ground. ln a mortar, DcpD 
,.,,.:.;:.,f :r':.'
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supplying 100 mgm phosphorus vfas add"ed- and mlxed. well with

the so1I. Some more soll was add.ed.r ground and mixed-

weII agaJ.n. This process was repeated. a feu tLmes by

ad.dlng a Small amount of soll each tlme. The rnlxture of

finely ground soil and, phosphate carrler was then spread.

unlformly over the layer of soll on the sheet of paper.

The soil and" fertillzer were rolled on the peper a few

tlmes to ensure Wrlform mixing. The sol} was then placed.

ln the pot.

one ml}IlcurJ-e P32 was d.iluted to zoo ml volume, 1.€.r

one millllitre of thls orlginally prepared. solution con- 
.

I

talned. five microcurles of the radioactlvlty. The calcu- 
i

tated amounts of the carrlers vüere d.1ssolved", P32 aA¿ed.

and diluted. ùo oeslred. volumes. 
,

Phosphorus w'as applled as a narrovr band ln the

first five treatnents and a.s a wid.e band. ln the last

treatment. The narrow band. was prepared by applylng 10 nl i:,:.:,:::

i i.,l,,:

rad-loactive ferÈilizer solutlon about one-half lnch below 'Li,;:,,

.¿::.:.: -

the seed,s. For the preparaüion of a wide þand 4O nl ôilu- ''r'.r'i:

ted solution was applled ln four equal portlons, eaeh

portion being oovered- by a sma]l amount of soll. The

':,.:;:1 =,1..1

seed.s r¡¡ere planted a'bout one half inch above the band. 
ì,:

Eaoh poi; recelved- 24 mgn P3I a.na t5 uc p3? in the
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flrst two treatnents, the quanbities belng 20 ngm and

L2.5 uc in the other treatments, All the treatnents

were replLcated three tlnes. JL total of 36 one-qu.arter

gallon trots were requ.lred, The crops i¡lere so$m. on

February 10, l-g6t+. After the seedllngs had emerged, bhe

plant stand. was thlnned- to one per pot ln the case of

soybeans and two per pot in Èhe case of rape. [he plants

were harveste d 54 days after seedlng.

These crops were grol¡¡n ln a growth ohamber. A 1.6-

hour day was provided AV jZ rtsylvanla,t flr¡orescent tubes

(Fn96T12-Cïü-VHO-L3il and flve 125 watt tncandescenü bulbs.

Light lntensity v¡as approxlmately 1800 f,t-c. The tempera-

ture was malntalned at ?0oB d.urtng the d.ay ar¡¿ 60oF during

the nlght. Belatlve humldtty was t+O-6)fi.

'.i
::t
.:1:;l:, 

:

i

:: t

:.: l
:ìl

Resqlts and. Dtsousslo+

[he results of this e:rperiment are shown ln Table VI

and" Figure l0. :

fhe ylelô- of dry matter prod.uced" by soybeans and rape

slggrifica"nùly increased when DGPÐ was nlxed with the soll
Ln additlon to the Î{I{P band. ¡L higher upbakå of fertillzer
by soybeans from a wid-e banÖ was reflected" tn the dry

matter produced. On the other handrrape prod.uced less dr¡'

matter where the fertlllzer was aFFIled ln a v¡lde band. How-

ever, statistically the dlfferenoes were not slgnlflcant ln

@
--Treatrnents I and VI recelved 24 and 20 ag P per pot respectlvely.

)..ì
:: li
::::1
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Itlxlng of bhe lnaotlve phosphate carrier wlth the

soll slgniflcantly lncreased the phosphorus content 1n the

plants.

The resul-ts show that the mlxing of a nonradloactive

phosphate carrler wlth the so1l deoreases the absorptlon

of the fertllízer from the band.. There was a larger decrea.se

ln ühe upüake of I'IKP by rape tlnarr by soybeans v¡hen ühe level
of soll phosphorus was lncreased by mlxlng ÐCFÐ. From thls
treatæent, both crops absorbed" about equal amounts of the

fertilizer from the band. It shows tTTaþ lf an alternate
good. supply of phosphorus is present, rape d"oes not take up

nore phosphorus from a band than do soybeans,

The avallabl.ltty of the dlfferent phosphate carriers
varies wtth the crop under stud¡r. fhe differential avall-
ablllty of fertlllzers to the crops i.s lndicated by the

&a.þa of Beaton and Eead" (10), Fuller (46), CIlsen anÕ

Garrlner (85), and Olsen et al. (86). Iiape absorbed nCIre

phosphorus froro I,IAF ühan d1Õ soybeans. Both ÞlKP and DI(P

were more avalla.ble to rape than to soybeans from a na.rrow

band.. In short, DKP, iviåP or I,ICPM ls not as good. a souroe

of phosphorus to rape as ls llKP, bu.t ls as good or somewhat

better for soybeans¡ These d"ifferences could. be d.ue to the

pH of the fentilizer þand or to the dlffuslon of the fertl-
Iizer in tire soll.

The higher uptalre of phosphorus from I,'ICPM by soybeans

could. be due to the fact that 1t might have dlffused lnto a

larger area l}lran ÐKP. Thus a na.rrow band of lifCPM might ha.ve

I

Iì.ii.'.ij
j: r::rr.':

i.i:ìr.:
i-.'
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expand,ed and. ühus behaved. to some extent li-ke a wide band..

Probably d.ue to thrs reason lts uptake by soybeans was

ülore and by rape $ias le ss than from a narrovr band of I{Kp

or DKP. The d.lfference ln the avallabllJ.ty of I{.{p oan not
be expraLned on the basls of lts dlff.r¡sion outslde the band.

rt is interestlng to note ühat a wrd.e band. of Hiff is
betüer than a narlrow band. for soybeans buù rs ress efflcrent
than a narrovr band for ra.pe. Thts lnd,ioates ûhat rape prefers
üo absorb fertirlzer fnom a narrow band. and. soybear¡s prefer
fro¡n a wld.e band^. ThL.s d.lfference between the orops ls
probably d"ue to a d.lfferent pattern of the grovuth and d.istrl-
buülon of the rooüs ln the vloinlty of the fertir l.zer band.
fhls conflrms the frndlngs of other rr¡orkers (L?r1,zrB0rl15)
that the methoÕ of fertll-lzer applloatlon prays an lnportant
rore 1n determinlng ühe fertllizen uptake by plants. rt is,
therefore, important for the arost effíclent use of the
fertlllzer Èhat the me|hod of applrcabion sirourd, be serected.
very carefully.

The ilArr values (fa¡te Vl) increased signiflca.ntly
when ÐtPD was rnlxed thoroughly with the sofl. The ilAn

values were always hlgh for soybeans whlch agaln shows that
they are very efflclent extnaotors of the soil phosphorus.

*. distlnct concenùra.tlon of roots was found. with rape
ln the viclnj.ty of the fertilizer band i_n all treatmsrüs
except where â rron-râdioa.ctlve phosphaÈe carrler was mlxed.
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throughout the solJ, Thls could- be due to the faot that the

phosphorus level of the so11 has been lncreased" sufflclently
for the requlremenüs of the rape plants anô thus lt is not 

,..i,,;:',,,'':'
essentlal to have a d.lstlnct root concentnatlon Ln the band..

TÌlth soybeans there was no such root concentratlon ln
.:

the fertlllzer band., [his nay probab]y be one of ühe reasoiis :.Ìt:ii

why soybeans a.re less eff lcfenü in absorblng the fertll.l zer I i''t¡
, ' ,,t:.tt:

The following e:cperlnent was nore or less a repetttlon t,.:,rij:.:,:i

of the prevl"ous experlment,

E}(PEBTMËNT ¿}

i

The last experlment showed. tlnat if an alternate good l'

supply of phosphorus 19 present, rape does not absorb more

phosphorus from a. band. tlian d-o so}¡beans. The two crops vüere

found" to be d.ifferent ln their feeôtng abllities when dlffe- |

I

rent phosphate carrlers were used. or when the wldth of ,

the f erülI1zer band- was eha;rg*ed. Bape absorbeö nore fertl- i,,':rì*
,,,,:.t,...

llzer from a narrow band than dld soybeans þut fertlllzer ¡l':;j

uptake by soybeans was hlgher than by rape when the wld.th l'.+

of the fentlllzer þanô was lncreased.

[he p]ant growth was noÈ rrormal in soybeans l-n the 
,:i.:i_n

prevlous growth ohanber experlmenü. The helght of the i'i;ili

plants vârled., probably due to soae genetic character, from

onefootforMKPwid,eband.totwoand.aha1ffeetforDCPÐ
nlxed. treatnent although the plant welghts for these two :

i:j-: r:..ì
: ii:,:.i: .:: l
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freatments !ìrere not very dlf ferent. Therefore, lt wa.s

felt that a slmllar e;çerinent should. be carried. out ln
ûhe greenhouse ln whloh ohecks should. also be includ.ed.

Ir{aterlals and lilethods

This e:qrerlnent oonslsted of the folrowlng üreatmentsl
ï, I'Ionopotasslum phosphate (¡Ultp) band..

TI. DlpotassLun phos,ohaüe (olCp) band.

III. Irlonoea.lcium phosphate (l10pi.I} bar¿ö.

IV. l,îonopotasslum phosphate (lvliæ) as a nwiden band..

V. Check,

The treatments were repllcated ühree tfunes. Thus a

toüal of 30 one-quarüer gallon pots rr¡ere requlred, As 1n

the last experluent, ühe soll used for ühe present experl-
menf was very ron ln the amount of availaþle phosphorus,

One mllllcurle F32 *ru obtalned" on June 1, Lg6t+,

At the tlme of seed.lng, on June 2,, Lg6l+, the raberled. phos-

phate fertil-izer (10 ml in treatments T to Tfr and þ0 ml in
treatment rv) wâs band.eo ln the soil. Each fertilfzed. poü

recelved 20 mgrn P31 an¿ Lz.5 u" p32.

A few days after germlnatlon, the plants were thlnned
üo one per poü ln soybeans and two per pot ln rape. The

plants of rape and soybeans were liarvested &B and 6o days

respectlvely, after seedlng.

6Lþ

i....:ìri: j:r-
r''.t'-:'i -,
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Besults and Discusslon

Table VIT presents ühe oven-dry plant welght and

phosphoru.s u!11Lzatlon Oata for rape and Soybeans'

The ad.d.ltlon of fertlll-zer lncreased. Èhe yleld of

dry matter produced. by boüh the orops. Rape showed a

greater respoÌlse than soybeans. The yield" lnorease was

statlsttoally slgnlficant at, 1Ø level for Ëreatments II

and. IV of soybeans and" all the treatnentsof rape,

The data show that raper âs compared to soybeanst

absorbed. mueh nore phosphorus fron i'{KP a.r}Ö DKP but ühe

l{CPi{ ba¡ü app}lcaüion was about equally efficient for both

the crops.

soybeans absorbed large amounts of ferblllzer phos-

phorus from a rqld.e band" but rape absorþed nore fros! a

naryovü þand.. As i-llustrated ln Flgure 11, soybeans are

very efflolent ln extracting soi-l phosphorus.

There was a marked. concenüraËl0n of roots ln Ëhe

ferti-llzer band. wlth rape but not wlth soybeans.

tn tnrs experlment the gnowth of the soybean plants

was normal. fhe results of Ëhe present experlment are, ln

general, simi.Lar üo those obtatned tn the l-a.st experlment'

This lnd.lcates that the abnormal growth of soybean plants

ln the last experlnent d.ld. not affect the uptake of phos-

phoru-s.

Three types of stud.Les coulð have been carried out

on the basls of the results obtalned. ln Ëxpertnents J and'
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4, vl.z. , the narrow and the rn¡ld.e band, treatnenü stud.y

could be expa.nd.ed, to j.nvestiga.te the efficlenoy of d,lffe-
rent methods of fertlllzer appllcati-on, effecü of the form

of the phosphate carrler on the absorptlon of phosphorus by

the plants could be evaluaüed, and. the dlffuston of phos-

phor,us a.way from the fertillzer band volth the resultant
effecü on the uptake of phosphorus by plants cou1d. be

stud"led. fhe results showed that the greatest dlfferenoe
anongst bhe breatments was found. when the wlÖth of the

fertlllzer band- ïÁras, changect, Therefore, the ttwidth of
the band.rr lead. was expand.ed. into the forlowlng experiment.

ElGqBIivrENT 5

In the last two experlments the phosphate ferülllzer
was appJ.f-ed as â narrow and a r.rlde band". ft was found.

that rape absorbed. hlgher anounts of the fertllizer from a

narrow band. and. soybeans absorbed. larger amounts of the

ferüili.zer from a wlde band.. [he effect of wid.enlng ühe

band on the uptake of fertl}lzer by flax and. oats was not

stud.ied. ln that e:çerlment.

Sinoe ühe uptake of ühe fertlllzer d"epenil.ecL on the

wldth of the band., it was thoughü reasonaþle to eonduct

an experlnent to evaruate d.lfferent methods of fertlrlzer
appllcatlon as to the avalIabillty of the add"ed phosphate

to the üwo orops used. ln the last experlment and to oats

anÕ. flax. The four erops ïrrere selected for the reasotls

glven ln Experlnent 2.
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ivlaüerials pnd. HeLhods

Treaüments:- The fertilizer was applLed. as:

I. A ûwid.ett band..

lI. Altnaruowttbancl

III. I'CrYstals sPread.rl

lV. lrCnystals cenürerr.

Prep-glatlon of the rad-lo.active fertilizert- One mo

P32 *", reoej-ved. on october 1i.l, Lg6l+, and was dIluted. to
one lltre.

(a) Freparatlon of the radloaotlve solutlons:
tþ.391t'2 gm lGI2POp was dtssolved. tn J00 m1 (500 uci of

üne ?32 solution.
(1) 250 mI of thj-s solutlon were taken out for

treatstent II.
(if¡ The remalning 250 ml were dlluted to one

lltre and. used, for i:reatment I.
{b} Freparatlon of rad.loaotlve crystals:

4.000 gm KH2PO& vras d,lssolved. ln a snal-l volume

of -v,raüer ln a polyethylene contalner and.500 nl (J00 uc) P32

solution was ad.d.ed. [he soluüion was mixed. and. evaporated to
dryness ølL a santl bath. Afüer evaporation, the rad.loactlve

KHZPO4 crust was transfenred to a beaker and. gnound to beü-

I,{een 0.10 and 0,25 wm d.lameter. These crystals were used

for treatments fII and. lV.

t:t.'::
.t:::
:: -':t

l'!r:ii _''.
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I,îpthod.s of fertlllzer appllcatloni-_ The fertilizer
was a.pplied as a wj-de þand. ln the flrst Èreatment and as

a rlarrow band ln the second. treaüment using solutions atl)
and. a(11) r respeotlvely. For the thlrd. treatment the P32-

tagged crystals T/rere sprinkled. as uniformly as posslble over

a snooüh surface. In the fourth one, the sa,me anor.¡nt of

crystals were placed. 1n a s¡nall cavl.ty i.n the soll at the

centre of the pot so ûhat phosphorlrs r'üas avallaþle to the

plants as a polnt source, In all the four treatnents the

fertlllzer was ebout one-half inoh below the seed.s.

"å,1J- ühe treatments were mad"e in quad.rupllcate. The

total number of g-galIon pots used, was 6I¡,, Each of the

6l+ pots recelved. 20 ngm phosphorus. The anor.¡r¡t of radlo-

actlve phosphorus supplied. was 10 uc per pot ln fhe first
two treatments and" 11 uc per pot in the lest two treatnents.

Treatments I and. II were seed.ed. on Ocüober J5, 196þ and

freatments III and. fV on October lf , Lg6l+. Éoybearls, rape,

flaxrand oats were harvested 60, 73, 82, and. 60 d.a.ys, f,es-

peotlvely after seed.ing,

Results ar¡d Ðlsougsion

Data for the yle1d. and. percent phosphorus ln the

plant rnatertal are given ln Table VIII. Although ln soy-

beans, rape a:rd. flax, the yield. was not affected" on changlng

the meühod., there was a significant d.ecrease ln the yle1d of

oats on applylng phosphorus as crystals - the d.ecrease being
ì:--l:
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TABTE VITI

I{IEIGHT OF OVEN-DftTEÐ PLANÎ MATERTAT PER POT
Al.lD pERSENT puosp¡ronus rN Tr{E iÍssùn ¿sÂFFEcrÐ BT MEIHoD or æpr,ieÃiiõi,i--

0rop

Solution Grysüa1s

4O ¡¡L lO nI Spread 0entre o.o5 0.01

Rape

Oats

$oybeans

IÍeld (S.s)
ToÈaI P (,frl

Yie1d ( æs )
Total, P ("Ã,

ïie1d (sns)
lotal P (f,l

Tield ( sts )lotaL P (f"l

5.36
O ¿?9

l+.l+L O.75o.r5 NS

5.66 N$0.36 NS

Ir. So Nso.Ls o.o7

5.l*L
o.26

5"63
o.16

5.59
o.J7

l+.76
o.26

5.22
o.26

5,56
0,17

6.?z
o.33

4.79
o.27

5.35
o.2b

l+.56
0.17

5.96aJ7

l+.72
o.25

Nsf Ns
NS NS

1.Ol+
NS

NS
NS

NS
Ng

# NS 
= Not significanü.
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larger for the I'cr;,rstals centre'r treatment. At th,e lfi
Ievel, lri oats, the wid.e band was slgnificantly betüer üha.n

both method.s of orystals appllcatlon. The conüent of phos-

phorus was not signlflcantly d.ifferent from dlfferent
appllcatlons in all the crops except ln flax i.¡hlch showed.

a slgnlfloant d.ecrease from rtcrystals oenürett a.pp3-1oat1on.

ïable IX oontalns clata to show the effect of wld-ening

the band. on fertillzer uptake anû total phosphorus absorbeö.

$tatisticâI analysls showed. tlaab the amount of total- phos-

phorus from four üreatments was not d"lfferent for soy'oea,n.E

and rape. lhe variation ln o'üher two crops ls evldent from

the LSD values ln the table. ïhe total amount of phosphorus

d.eoreaseù in the ord.er soybeans, rapô, flax and. oats.

lts regards the peroenirage uptake of fertilizer, a

narrow band. is better than a wid.e bano for rape but for

the other orops the reverse 1s true. Phosphorus fron the

narrow band anil the crysüals spread- wa.s more or less equally

avallable to all crops except oats, where ûhe forÍner method.

was found. to be more efflolent.
Rape absorbed more fertlllzer from the crystals

placed ln the centre of the pot than from the unlfor¡n1y

spread crystals. But the other crops were nore efficient
ln'absorbing phosphorus from the arysials spread as compared.

to from the crystals eentre. The absorption of phosphorus by

soybeans from the fertillzer crystals applled. ln the cenüre
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ÎABLE TX

TorAt puosPHonus (Pgn rot) AND PÐRcENT 0F
lHE FEBTTLTUER A,BSORBEÐ ,.,-.'i_'.:_t,.

Solution Crystals
Crop tsD

&0 mI tO uI Spread tenbre 0.05 O.OI

Rape

Oats

Soybeans

Flax

Tota1 P
(mgn)

Upüake

lotaf P
(mem)

l¿e. t6 L3 .79

$,'t 26 ,95 28. or

t5.35 NS#

37.1+O 3.26

13.O5

29.81+

NS

I+,57

Uptake . (É)

Total, P
(mem)

Uptake ff"')

Îotal, P
(men )

Upüake ('/'l

9:03

L8.30

20.ó0

27 ,96

L2..1+5

20,65

o??

L7.O7

zo.2L

22.65

re.gr

16.50

7.51+

13.98

22.28

25.70

1r.s0

L7.t8

6.57

7.55

L9.87

]-7,3t+

8.56

5.t+3

r.60 2:2b

2"21+ 3.L5

NS NS

3.3t+ L.68

2.38 3.3)

4.00 5 .61

# NS = Not significant.
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of the pot was about two-Ëhird.s of that absorbed frorn the

fertlllzer crystals spread- unlforaly; the correspondlng

ftgures belng a.bout one-ha1f and. less tinan one-thlrÕ for ',.;,,.,,,
i::'..: ::':::-

oats and. fl-ax respectlvely.

The soiL employed in this experfunent had a Jarger

amounü of available phosphorus than the solls used, ln the 
[rl,;;_;:¡
i-:,i.',previous experlments (faUte I) " The uptake of sol} phos- , ,t' '

i,: r:1,:;t.ii

phorusr âs percent of the üotaI phosphorus absorbed by i:i.l;:i

the plants, ln ühe present experiment was also higher than

Iln the earller ercperlnents (Table X), 
I

The differences ln the amounts of soll phosphorus 
j

aþsorbed. amongst the four treatments þy any of the crops l

were statlstically noÈ slgniflc artr. Under the oondLtlons ,

of the present experlnenÈ rape a.nd. flax vüere about equally 
i'efficlent in extracting sotl phosphoru.s. Soybeans and. 
:

oatsabsorbed.the1argestanothesma11estamounüsofphos-

phorus from the soLl, respectively. it*,
Ðata ln Table X show the va.rla.tlon i.n the ratlo of i,l:ii:i

i.l:':.: :-:-::

solI phosphorus to ferbilizer phosphorus in the plant. On :

narrowlng i;he band, the ItAn values d.ecreased I"n rape anð

increased in bhe other orops. Iü ls lnterestlng to note that , '

i¿i*'#
for rape and. oats the nArt values were about equal 1n the ti''Ë

firsb treatmenË but the values were much hlgher for oats ln
treatnent IV, The ilArr values being very hlgh for soybeans,

flax, anÕ oats in treaüment IV again show ùhelr greater
i:r'¡li.iiiii i::
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AMOUNT OF PHOSPHORUS (PgN, POt) ABSOftBED FROI{
SOTT, AND FERTTTTUEñ AND ilA'T VALUE D"û,ÎA

75

Solution trystals

40 nt.f 10 ml Spread Centre 0.05 0.01

Rape

Oats

Flax

Fertllizer-P
(msn)

$o11-P (msr)
ûÁ,tt value

( ppm)

FertilÍzer-P
(ngn)

SofI-P (nen)
frAü vaLue

( ppm)

5,39 5.60

8.77 8.1$
L6.32 r4. 5Û

5.97 7.1+t 0.66 0.93

7 .og 7.87 Ns# NstI.9t+ LO.57 2.77 3.9å

3.66 3.4t

5.37 5.9?
LU.66 L7 ,32

2.80 L.51

l+.71þ 5.06L6.93 3t{..80

0.l}5 0.63

NS NS
6.95 9.75

Soybeans Ferti]ízer-P 5.59
lns)

$òiI-P (men) r5.ootf$t value 26.9L
_(ppn)

Fertilizer-P
(reo)

So1l-P (mp)
nAlt valr¡e

( ppm)

l+.53

15.68
35.!9

4.13 3.3O

t.3? g.5I
?8.6? ?9,o3

5.14 3.47 0.67 O.9Ir

1?.II+ 16.&0 Ng NS
3l+.73 I+7.66 7.39 1o.36

3.50

s.30
23'.61+

1.09

7.1b7
68.61

0.80 1.12

NS NS
5.93 8.31

# NS = Not signíficant.
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efficlency to a.bsorb phosphorus fron the soll when the

fertillzer is present as a polnt source.

,, There was no disüinct concentrati.on of roots ln the

fertilLzer band. wlth soybeans, flax, a.nd oaüs. By looking

at the root dlsürlbutlon ln the soLlr lt $fas Yery eaSJI

,, to looate the àreà inrhere the fertlll-zer was applled ln ühe

i ot"" of rape. The ooncentratlon of roots waS ln a wlder

r area ln treatment T than i-n treat¡oent TI or III. ivioreover

, there was a maSS of rooüs in the centre of Èhre poÈ ln,

treatment IV, It ls not clear whether the concentratlon

I of roots ln the ferþlllzer zone ls d"ue to the hlgher uptake 
;

1

, or lt ls the large amount of fertlllzer absorpülon that I

g;lves rlse to the abund.ance of the roots. There was an

evldenoe of the fertllizer crystal-s present in a smal-l amount

ln treatment IV of all the orops after the plants vúere 
:

harvestecl.

The rooäs of rape plants can concentrate in an area
'":i"; t;
t-.."i. .t :

where the fertlllzer phosphorus 1s present' Tt was oþserved" ::r:';l.'i:

t]nat the root concentratlon waS more d.istlnct in a narrol{

band than ln a wide band.. Also, the total quantity of

roots tn the narrow band. appeared" üo be more than ln the

wlde band. This may be the reason why a narrow band' Ls

superj-or to a wide band 1n supplylng the fertlllzer ancl

therefore it seems that the upüake of phosphorus by

rape depend"s to Some Õegree on the number of roots present



77

ln ühe fertllLzer band". Thus 1t i-s olear þlnat the uptake

of the fertilizer by a crop depend.s on the method. of

appllcallon (32 16I 1107),

The roots of the other crops d.o not concentrate

ln the vlcinlty of the fertlllzer zotte, ït appears that

fertllizer uptake by ühese crops does not d"epencl on the

number of rooüs ln the fertlllzer band., except tlna.t ln a

wld.e areà there w111 be more rooüs t]nan ln a naruow arear

The d.ifference in phosphate uptake by the crops may

be d.ue to phosphate fixatlon ln the soLl a.nd then the

dlfferentlal abillüles of the pla.nts to feed" on these

coulpound.s. Phosphorus applled. Ln a wide band. 1s ln con-

tacü u¡ith a large a.mount of sol}, JLppllcatlon of the

fertillzer ln a rÌarrow ba.nd- d.iminishes the surface of aon-

tacþ between the fertllj-zer and" the soll. The concentra-

teô source of phosphorus applleö as orystals is ln contact

r¡lth even Less soi.}. Thus d.lfferent amounts of phosphorus

are fixed. by the soll from the fertlllzer applled by va.r-

lous methoðs.

Apparently rape is less efflclent than soybeans ln

ut11izlng flxed phosphorus. Rape can absorb more phosphorus

fron the fenttJ.lzer orystals perhaps because less phosphorus

ls fixed- compared. to other meühod.s of appllcatlon. The

resulüs show that flax and oats behave Ilke soybeans ln
the extiractlon of fixed phosphorus.

ir,: il'.: -'r

In general, for rape the naruoí¡er the band. ùhe hlgher
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ls the fertllizer uptake. The opposlte is true wlth the

other crops. Thls supports the results of Blaser and.

IricAuli-ffe (L7I tlnaþ the effLciency of a particular roethoil
':

::

' depend"s on the type of the crop grotJ-rlr The method- of

applicatlon is nore lnoportant for flax and. oats than fon

raper IE is suggested. that a proper nethoð rnusü be

:.1 seleoted" for an efficient use of the fertilizer*

a .:.:..::.:: , a,

'. ...: -,-.-

E}CPERTSTENT 6.

In the last errperlmenü lt u¡as oþserved, that the 
:

uptakeoffertil1zerd.epend.sonthemethod'ofapp11cat1on.
I-

.4. wlde varl.ation was founÖ amongst the crops parülcularly 
l

whenetheorysta1sWerep1aced.l.nbhecentreofthepot.
This oþservatlon leil to the e:çerLment d.escribeð below. :

The purpose of the experlment was to study the upta-ke

offert111zerastnf1uencedbytheptiand.theso1ub111ty
of the phosphate ca-rrier. Two soLls d.i-fferlng ln ühe amount of :..::i.::,!l

NaHco2-extractable phosphorus were used and ihus lt was 
u',.t,t':

-'----- - ) 
l1,,,,1,,,.'

possi-ble to evaluate the lnfLuence of soll phosphorus l-evel ':-"--.'-,'

on the utillzatlon of the phosphate fertillzer
In the first experlment it ¡ras found that bucla{heat

l';i,.i:.:,:,:jls a very gooö uti-l1zer of the fertillzer. So thls orop 
ii..:...';..l.ç

wa.s used ln place of soybeans ln the present experlment to

study1tsabi]-1tytoabsorbfert111zerand.compareitpart1cu-
l-arly with tlnat of rape r
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Materlpls ang. Iqeühod.s

The following treatments were lnolud.ed":-

I, llonopotasslum phosphate (i{T(P} aË rrorystals spread.rt.

II. I4onopotasslum phosphate (luttip) as Itcrystals centrer'.

IfI. Ðlcalclum phosphate d.ihyd"rate (ÐCPD) as rtcrysta.l-s

oentres *

IV. Ðlpotasslun phosphate (Ð1{p) as t'crysta.Is centren.

So11 I thlgh ln avallable phosphorus) was used for a3-l

the four treatments. So11 IT (tow Ln avalla'oIe phosphorus)

was used. for the treatnent ln which IrTi{P was applled as

Itorystals centre¡t. Rape, flax, oats, and buckwhea.t were

growï.. fhe treatments were repli-cated four tlnes. A

total of 80 one-half gallon pots vrere required-.

Two ml-lllcur1e F32 was oþtained Lrr June 2?., 1965. It
vìIas d"lluted to 100 ml. Only radloacülve crystals were used.

Ln this experlment. l4ÏCP anÔ DKP arystals were made radlo-

acüive ln the sane way as for treatments TIf and ÏV of the

last experfunent. ÐtPDr+ was prepared 1n the followlng way:

A phosphorus (NarHPð4'?lÍrQ + KH'Fö4) solution and a

CaCl, splution were ad"ded- slowly t'o a IvlT{P soluülon and.

stlrred. mechanlcall-y. The pH was ma.lntained between ll and.

5 (6). The mother llquor was sucked from the arystals

wh.lch were washed wlth a very d"l}ute solutlon of i{3POi¡

and. i;hen with ethanol prlor to air-Cryf.ng. The conüent

of P and. Ca ln ühe oompound. was l?.50fr ana ?3.28fi, respec-
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tively, whlch is very cl-ose to the theoretioal values and.

thus lndlcates that the conpound vias suceessfully prepared.

For solublllby stud.les, one-tenth of a gram of DCPD

v\ras shaken wlth 50 nl water for 24 hours. lhe pH of the

suspenslon was measured". After flltering, Ca and P were

determined. ln the flltrate using EÐTA anð colorlmetrle

nethod.s, respecblvely. The coord.lnates (pff-åpCa) anð

(pH2PO4 + åp Ca) were caloulated fron the followf"ng analy-

tlcal d.aüa;

pH = 6.00

[Pl = 0.3L6 x 10-21'I

[c*]= 0'l-63 x 1o-2]t

* p Ca = 1.47

pH2FO4 = 2.54

Thus,

(pH - åp ca) - 6.00-1 .47 = 4,53

(PHZPO& + åP Ca) = 2.51++Lj*7 = 4.01

t{ = (pH - åp Ct)-(pH2F04+ åp Ct} = 0.52 at 25oC

The value for K reported 1n the literature (EO ) 1s

o,66 at l8ot.
The fertlllzer crystals su.pplted 20 ngm P per Pot'

?D
Hach pot recelved. 10 uc Pro from llKP and. DICP and- 10.7 uo

from ÐCPÐ crystals. The erops were seeded on June 2? 11965,

and- harvested after a perlod. of 60 d'ays.
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For the preparatlon of octacalclum phosphate (OCP)

a phosphorus lNarfi*lOU) solu'þion and a CaCJ.2 solutlon were

ad.ded. d"rop by drop to a. beaker containing solne water, and.

the mlxture was stirred, mechanically. The plI was maintalned'

at 10 uslng 6tq i$aOiI soluttott. The mother llquor was sucked

and. the crystals were washed. rapldty three ti¡nes wlth ethanol

a.nd" then alr-drled. The crystals were gror:nd to between

0.10 and. 0 .25 mm dlameter. fthe content of P and. Ça !n fhe

cornpound. was l-s,t+gfi and 30 32fi, respectlvely, whlch ls very

close to the theorettcal va.luçs and thus lndlcates th.at

the compound" was Euccessfully prepa.red.

For solublllty stud.les ühe following values vüere

obtalned:

PH . = |,Lj

[t] =o'818xro-3u

[*"J = o,L5S x to-3u

åp C" = 1.94

pH2FO4 = 3.3?

Thus,

K - (pLr-åp Ca)-3 (pH2Poþ+åp Ct) = 10.03

The value for K reported. ln ühe llterature {gO) ls

9.93 *

The crops were grol¡m on Soil I. P3?-Luvelted ocP was

applted. as rrcrystals oentret supplylng 20 mgn p31 an¿ l0 uc

P32 p"" pot. Seeding was d.one on Ja.nuary 2o, :-966. The

l:-.r,-:.-,:.:

lÌraiìr.j:':.r
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crops rrere harvesüed 43 days after seedlng.

Besulls .and Di.sou.ssion

Data for the yle1d., tota] phosphorus, and- ferül1-lzer

uptake are summarlzed ln Table XI. fhe d.ry matter prodltced

on So11 I was hlgher than So11 TI 1n all the four crops.
lt¡j;:,;;:r.,1:ì

The phosphorus content was hlgher in the planü materlal from if::,,,,'1:¡i

So11 I than fro¡o So11 1I ln all ühe plants except ln oats

where the oontent Öld not decrease i^rlth a decrease ln soll

phosphorus level.
The oonnparlson of crystals spread- and crystals cenüre

shows that the latter ls slightl¡r þetter for rape and buok-

wheaÈ ln thelr utillzaülon of t{KP. But ln flax and. oats

the upüake Ís r'ed-uoed to aþout one-slxth and. one-thlrd.,

respectivel-y when the crystals are pla.ced ln Èhe centne of

the pot rather than spreadlng them. çfebber (11¿l) reported

þlna-b fl-ax responÖeó to phosphate mlxeÖ throughout the solI

þut no response was obtatned fron band. appllcatlon. He

also found. that oats and rape respond.ed to both mixed" and

band. appllcatlon.

the results show, as was shor,¡n in the last e:rperlment,

that the efflolenotrr of a fertlll-zer d.epend.s on the method"

of appllcatlon (32r6tr107) .

The table shows that MiÇF and. ÐKP are tore or less

equally ava.llabl-e io rape or þuckwhea.t. But flax and.

oats aþsorbed phosphorus aboub four and. two tlmes, respectlvely, ,,',,
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TABLE XT

ürflIcHT OF Tr{E -lt&-ryT_¡{A1up;.å,t (psn pol), rEECEI¡Tpuospuonu-g. IS run ÈG-due,- AND' ËsnðsuruprAKE CIF rHE rsnfriiZen----

BoiI I

qrystal. Crystal CentreCrop Spread

I',lKP# MKp# ÐcpÐ## DKp## Ifr{p#

Soil II

Buckwheaü yierd (eqtl L7;?ç L6.62 rþ:!) LT.!? 15.6rrorâ1 P- (f"t ö.+q -Þ:i; 9;16 o;15 o.1zuprake (f,:) ss.jg 5i:ji Lz:tri rlí:r+ fi:ã,
Rape ïietd _{sgl to.l¡ tg;U lg.gq 10.39 9.tjroüal p- (f,,t o"?i -o:ãj _q;zz o.z3 o.1Buptake (f") +g.to 50:õí ze.ãi ¡áiîç 1,6:si

oaÈs ïierd lry). 1g;+l 2.g2 g.gg Lo.22 6.0& :Toral p- (%l o.l9 ó;ié g,l9 o.ts o.reuptake (y,I zg.zi+ rõ.ãð á:ê6 ,õ.ä+ 1i.4õ

Frax ïÍ"1* lel) . çr*? f,ll q;gq 6.84 j.3j ,.,.i..;;
Toral p- lf,l o"?+ õ;íá g;rÞ õ;ão 0;13 ,...r.,,,,,,upüake V,l rg "r 

j t .L; f: tr6 rí. oL 5 .Lj Éri:.*

# MKP = Monopotassium phosphate.

## D0PÐ = DicaLciurn phosphate dihydrate.
.j

ffi Uff = Ðipotassiuni phosphate.
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from DliP as bhat absorbed from liKP. The results show that

the efflclency of a partlaular method is a.lso d.eternlned

by the avatlabi.llty of ühe fertlllzer (85).

The higher availabllÍ-üy of DKP ls posslbly due to

its diffuslon 1n a larger area around. the crystal zoner

Uptake of phosphorus from DCPÐ crystals is of parülcular

lnterest. Rape and buckwhþat absorbeÖ about l+O% of the

phosphorus In ühls carrler whi-le flax and. oats aþsorbed.

only L,5'Å and" 6.7fi, respectlvely. DCÞÐ was always less

avall-able Ëhan tf¡e oiiler two oarriers tested.. Eape and.

buckwheat are almost slmilar ln efflclency to pick up

phosphorus irrespeoülve of the carrier used for nahlng

crystals. Oats hrere found- to be less efficlent than ühese

two orops. FIax was least efficient fn absorbf.ng phosphorus

from the crystals.
The effeot of so[l phosphorus level on the utlllzation

of IvIKP, applled as crystals oenüre ls al-so shown ln Table

XI. B,ape, flax, and. oats absorþecl nore fertlllzer fron a

soi]. low ln available phosphorus. The results aorroborafe

ühe f lndings of Bureau g[ aI. (,251 , Jacob e-ü a1,, {571 , and,

Ìrloltz et al. i117). However, there was some d"ecrease ln

f ertlllzer utlli- zatlon by the buckwheat plants on the so j-I

low in avallable þhosphorurs. General-ly, the results fa]l
ln Ilne wlth the observaþions of several workers (751103)

that the influence of fertillzer placement depend"s on the

soil helng used..



B5

Dat,apresented.lnTableXTlshowthattheanount

oftotalphosphorusabsorbed'bytheplantsd.ecreasedlnbhe
ord.erbuckwheat>rape>oats>flax.Thecomparlsonon
bv¡o soils for the uptake of phosphorus from llKP crystals

conflrms the observatlons of iÀ¡oltz et al. (120) that an

lncrease in the soll phosphorus level- increases total

growth, and. total phosphorus uptake but decreases the

percentage of fertlllzer phosphorus in the plantt

l,essphosphoruswasabsorbeübytheplantsfromsoll

Iï because of the llnlted quantlty of available phosphorus

present ln the soil, A oomparison of the ir'liQ crystals

spread- anð crystals centre treatments on soll I shows that

thefractlonoftotalphosphorusabsorbed.frombhesollwas
higherforrapeandbuckwheatfromtheorystalsspread.
treaünent ajrld. for oats and flax from the cr¡rg¡¿1* centre

trea,tm.ent (Table xII) * The planüs absorbeù more solI phos-

phorusfromthetreaümentwhereÐcpDwasusedbecauseof

theloweruptakefromtT¡lsoompound.ascomparedtothe
other PhosPhorus sources used.

Thesollphosphorustofertlllzerphosphorusratlosln
theplantsaregivenlnTableXfl.onchar:glngthemeühod.
ofappllcattonfromorystalsspread.tocrystalscentrethe
rrÀ¡r values d.ecreased somewhat in rape and' buokwheat but

lncreased. signi.fioantly ln the other two orops* uAn values

were hlgher in planüs groen'} on phosphorus rlch soll. In

1:-. .".1:1=

i.:.: ::ì :: i:
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TABLE XIT
PH0SPHoRUS UTILIZÂTI0N (pnn poT) AND 'r.&,rr VALUES

Soil T Soil II
Cr¡'s6*1
Spread

Crystal Centre

JT
TiTKPN'

Ji
ivi6Pt¡' D0PD## Dr{Pfi##

-:r-
MKPff

Buckwheat lotal p
(msn ¡

27 f3
11:0S

L6.55

15:oË

23.39

9,82

:l-3,.57

13:86

19.10

5:85

].3.?5

22.7L

l'l+.96

3.83

11:Irr

29.?6

2Ir:86

11? 51

t3.35

11.85

23.1þ8

10.00

13:&8

l-3.52

L7.L6

2:Lz

L5:ab

72.79

11.¿16

o:63

10.83

Lgz .g 5

25.56

8:I{'9

17:a7

20'56

2L ?gg

7 165

Il''.33

18'91

L6'72

L:3t+

15:38

L]-7.69

LLfT
a:29

11.38

l+?7.6L

z6 "L9
11.11

15:oô

13.59

2t*:3L

10.ll,4-

L3.87

]-3.38

Is. 55

ll,.1r

Ll+.bll

35'36

L3 .5t
2.33

11.1-8

I18.54

18:91

fo.77

s:olu

7 152

16191

LT.39

5 rù,2

l+.74

Lo.76

2.6È

8:07

30.29

6:s4

L:03

5.81

57.89

ft,ape

Oats

Fertilizer-p
(*ett )

SoÍ1;F
(*en)

It^A.tt value
( ppm)

10ta1 P
(nem)

Fertílizer-p
(msm )

Soil-F
(mem}

rlalr value
( pp¡n)

Total P
(rugra)

Fertilizer_p
{re*)

SoiI_p(*Pl
Ð.4.e value

( ppn)
.t'J-ax Total p

(*g,r)
FertÍltzer_p

(rngn )
8oil-p

(mgm)
Itft¡t value

( ppm)

- t-"
## DcPD
rÍ## DKP

Mono_potassium phosphaËe .
li""l.iu1r phosþharä air,v¿"are.urpotassium pho sphate .
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general_, the rrÀrr va.lues d.ecreaseÖ ln the order f lax >

oa.ts > buckwheaü > rape.

Root studies showed. that ln orystals spread. there

was a Õlstlnct root concentratlon [n the band. with rape buË

not wlth the other crops. No cryStals were found. ln any

pot. In i{KP crystals centre a very good. concentration of

rooüs was found. arouad. the crysüals wlth rape. There was

no suoh root concentratl0n wlüh fLax and oats buü þuclctn¡heat

showeÕ sone concentratlon" Only traces of Ùhe crystal-s were

present !n the centre of all- the pots. Root conoentra'tlon

wlth rape was in a sllghtly wider area in the soil low

ln available phosPhorus.

In nost of the pots the DCPÐ crystats vüere present

apparently ln almost the same quantlty J-n which they were

placed.. However, i.t a.ppeared that in rape the carrler had

sllghtly moved. The crystals were present Ln a loose forn

ln flax and.oats buü as a soltd nass ln buckwheat; ln rape the

for¡n was somewhere |n between the other two forms. There

wag a d.lstincÈ root conoentratlon aror¡n"d the crystals wlüh

raæe but none whatsoever wlth Ëhe other oropsr

a" very lnsoluble source of phosphorus, suoh as ocP,

was used wlth the vlew that this mlght show some d"lfferences

ln the absorptlon capa.clty of rape and. buclcwheat and- also

show the abllity of flax and. oats to extract phosphorus from

Ëhis carrLer. Bape, flax, oats, and" buckwheat absorbed

::l

87
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ZO,eg, 0.?6, 0.81 a.nö Lg]+$fr of the phosphorus present

ln OCP. fhis e¿ga'i:n shows that râ'pe and' buokwheat are

about equally efflclent |n absorbing the ad.d-ed phosphorus

anal. flax and. oats are lnefftolent ln extracüing phosphorus

from an insoluloLe car"tier.

El{PBÊIiviElür ?

studles conducüeiL so far showed. the d.ifferentlal

ablllty of plants for phosphorus upüake on calcareous

solls. The efficiency of a pa"ttioular method of fertl-

l-izer applloatlon has been reporüed. to be d"lfferent for

a.clÕ and. allcaline solls (103).

The followlng experiment was oond"ucted on a nol1-

oalcareous soLl. The objectlve of this erperlment utas to

invesülgate whebher the dlfferences nanLfested" on caLaar-

eoug gqt].g are also shor,rrn oil rlofr-caloareous solls '
T'iaterlals and. i{ethod.s

The seecl.s of rape, f}ax, wheat, and, buckwheat were

planted. on Ja¡uary 4, 1966. Radioactlve roonopotassiun

phosphate (tutlcp) crystals were applled as ilcrystals spreadrl

aJtd. ncrysbals cenùretl . The treatnenË comþinatlons llrere

trlplicated. Twenty. four $-gallon pots were requlred.

rlhe above-ground. portlons were harvesteö, 5? days after

seeôing.
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Ê.esults and. Dlscusslon

The soll used for the present experiment was

hlgh i-n ühe aqounü of NTraHC03-extraetabre phosphorus as

compa.red to the cal_oareous solls used" (Table I).
Table HTrr contains the resurts of thrs experl-

nertt.

The trtrr tesü showed. that the plant ylelos fron the
tv¡o meühod.s of apprylng phosphorus were statlstloally not
different.

fn view of the û,ata presented in Table KT for a

oalcaneous soil a¡ed in Table xrrr for a non-caloareous
qof.I lt 1s olear that the efflclency of two methods of
crystal appttcatlon d.epends, besld.es other factors, on the
presence of calclun carbonate. phosphorus from ühe flcrystals
centnen v¡as more avalra'ble than from rrorystals spread.r, to
rape ano buokwheat in the oarcareous solr but the opposlte
was found ln the non-calcareous soil. In ühe oase of .flax
and" a oereal, phosphorus fron ühe rrcrystals centrer¡ was

more available in the ]1oil-Gâ.leAreous tha.n in the calcareous
soll. .&lthough there was a ra.rger upüake of fertillzer
fron the rrcrystals spread$ than from the rrcnystals centrefl
ln a.11 crops, thls dlfferenoe was statistlcarly slgniflcant
only ln flax.

rn the prevlous experlmenü it was found. þnat the fer-
tl]lzer absorption d^ecreased. to one-s1xth for flax and" one-

third" for oats when the meËhod- was ohanged. for applylng ivlKp
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orystals from ttorystals spread.tt to Itcr¡ng¿*1s oentrert.

A d.ecrease in fertilizer uptake by flax and" v¡heat was found"

,i ln the non-caloareous soll- but It vøs noÈ as large as ln

e calcareous soll.
, Esau and Raczl found ühat the uptake of phosphate

,, t.rtillzer by flax increased wtth an increase ln the atea
t;:
.l

,,t of fertillzer pl-acement, partlcularly So on the calcareouS
:.

;, soll. They observed that the rtorystals oentren wAS 1nuoh

better than the rrorystals spreadtr for rape on the calcareous

soll lcut the fonmer tras somewhat less efflclent than the

Iatüer nethod 1n supplying phosphorus to these plarits on
LL
i - ^--^---^! ^l¡ ^*a'i I ^hl a nlnnonltn?.1ìQ

. tne non-oalcareous soil-' The anount of available phosphorus 
II

, ln caloareous and non-cal-careous soll was 7.29 and 7.99 ÞPmr ,

I

,l
respectlvely. Therefore, the d.ifferences ln the abllltles ',

l

I --!!a !-^.^ ^---ã+of the plants bo ex.tract phosphorus fron the fertill.zet crystals are

present betweeg caloareous and non-caloareous so1ls albhough

. the phosphorus level of both the soils !s slmila'r. theln

,, resulþs are in li-ne wlth the f lndings reported' here'
¡

The amounüs of phosphorus absorbed from the sol} were

not signlff-oantly d.ifferent from the two raethoðs of fertllizer ''rr:

.i upplloa.tlon for any of ühe crops useÖ.
l:1: :
ìj.:: :,:::.j

IEuu.,.^, R. and- G.J' ftacz. Lg66' Unpu'bllshed' data,
Departnent óf Soll Sclence, Unlrrersiüy of lvlanltoba'

ìt"ji :'':,¡:..'.
:.:1.:.'.:.):ìi.;.:i::::
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The tr*,rt values were hlgh for the t¡orystals centrerl

treatment for all the crops, but ühese dlfferences were

, *lgnlficanb only for flax and wheaü. The rrArt values for 
"';'

:.-;: j. I ::.r:: ,:. i i:ar.j_:

:yape and. flax l$ere afunost slnilar ln the ttcrystals spread-r¡

treaü¡nent but from Èhe other treatnent these values for

flax were about twloe as hlgh as that for rape. Beoause

ihe soLl phosphorus uptake by flax, ltke other oropsr was

not ðX.fferent for the two method.s of appllcatlonr a very

hlgh n¿rt value for the ttcrystals oentrett trea'tment of

flax ls due to its muoh lor¡¡er uptake of ühe fertiLlzer

fronn the crystals plaoed- |n ühe oentre of the pot than thaü

from the crystaLs spread unlformly.

Thus lt is eviÕënt that the avallabillty of phosphorus

frorn the ferËlllzer applled. by a partlcular method. ls

dlfferent for oalcareous anÖ non-oaloareotls sollSr

t * BOS EIFEBIIIENTS

flhe resulüs of ühe prevlous experlments showed-

the d.lfferentlal phosphate feedlng aþilltles of the plants

when the fertillzer uras accesslble to all the roots. These

d.ifferences anongst the plants cou}d. be due to the d-lffe-

renee in the efficlenoy of a single root to so}ublllze ühe

phospha.ües before absorptlon or d.ue to the õ-lfference ln

the capaolty of transloeatlng the absorbed phospha.tes fo

other ,carts of the plants. Thus the approach tn the fol-low-

lng two e4perfunents was to use a split-root technique ln
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whlch ühe fertll-izer phosphorus was available to a slngle

root and the sol} phosphorus was ava.ila.bl-e to all the

roots.

iilg¿teri-als and. Me'[Llqllg.

n'our growbh þoxes were used-. They rv:ere construoüed

from plexlgl-ass {a transparent plastlc rnaüerla]-) and üfere

painted wlth a black palnt on the outside. The box had- a

removable front so tha.t the d.lstrlbutlon of roots oould. be

seen, The box was diviÖed l-nto two pa.rts and eacLt of them

served as Õne replicÊ.tion. Ëaoh part ln t'urn wa.s dlvided

lnto two conûpartments - the back compartment for growlng

the plant and the front one for growlng the slng]-e root*

The desLgn of the irox was oþtalned from Dr. $1. H. It{lller

{persona.l oommunlcatlon}, .4. üra.wlng of suoh a box ls

glven in Flgure 12.

Eape, flax, oats, and. buclin'lheat were grourn. One

box was used for each crop. Each of the back conpartmelLts

contalned. ?.5 kg and each of the front compartrnents contalned

3,6 kg of the air-drj.ed. soll. lvlolst soll itas placed in Ühe

boxeg. The Seeðs were germinated ln vermlct¡llte. A oom-

pLeùe nutrient solutlon was prepared (73). The solutlot¡

rn¡as diluted to one-half the concsrtratlon and add'ed to

vermicullüe at proper lntervals after germinatlon.

fwo plants were groi^Yl in a box, l.e.r one plant ln
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Figure 12. A Drowing
Phosphorus Uptoke by

of The Box Used

o Single Root
to Study
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each of the back conpartments. d*. slngle root was passed

ühroughtheslotlntheplexlglassd"lvld.ertoi;hefronü
oompartment at the Ùlme of transpla'ntlng' Radloactlve

nonopotasslumphosphate(urr¡crystalsWereused..The

p}a.ntswerewatereôperiod.lcallyaslnthepote4perlments.
rdlre supporbs tÍere provlded. The leaves t]nat feI} off from

the plarlts were collected'.

ElsPFBIlirurr- I

l*laterlal.s and lvlet4od s

The seed's v{ere sown ln vermloulite on July 6' L965

and. watered. wkrenever requlred'' & complete nutrlenü solu-

tion was then addeå PertodloallY.

Theplantsweretransplantedintothebackoompart-

nents23d'aysa.fterseedlng.AsS.ng.lerootoftheplant
waspasseclthroughthes].oùlnthep}exlglassÕlvld.erto

thefrontoompartmenËtoletltgrowagairrstthefront
wall. In þuckwheaË t,he prinary root was passed" through

the slot and ln the other three crops the secondary roots

were passed to the front compart'ment'

[lendaysafüertransplantlng,therad.loactlvefertl.
llzer crystals supplying 20 ngm p31 ana 10 uc P3? we"e

p}aoed.lneachofthefrontcomparÙuentsolosetothe
slng}erootn.earthecerrbreofthefnontwall.Noother
rrutrrents were ad"deo because the plants were bei-ng grown
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ln a large amount of solI. The crops were harvested on

Septenber 2Q, J-965 and analyses were d"one.
i

a

Besults and Discusslon

The results of thls experlment are shov¡n ln Table

, XIV. fhe õB.ta presenteð are averages of the d.uplicates
I

. for rape and bucla'¡heat and are ind.lvi-dua.1 values for the
l

ì other two crops.

Rape prod.uoecl. more d.ry natter than þuckwheat* The

yleld" of flax was only one-ühlrd and" less than one-tenth
l

, of that obtalned from oats and rape, respectlvely. The
i

t., pnosphorus aontenü ln the planü material of flax was muoh
' higher tha:n l-n Èhe other orops, The amount of total
:

Fhosphorus absorbed by the plants d.ecreased ln the ord.er

I rape, buckwheat, oats, and. flax. The anount of soll phos-

phorus absorbed per gram of plant materlal was hlghest

. for flax but rape absorbed ùhe largesü amount of soll-

i phosphorus.

The single root of both plants of oats and. one

p1a.nt each of flax and. bu-ckwheat died. a few d.ays afüer

I transplantatlon. Therefore, lt was not possible to
I
I

i eeüenmine fertil-lzer uptake by oats. The slngle root of

, râpe absorbed and. translocated Zt+:.aOfi of bhe ferbiLizer.

l'lee oorrespondlng flgures for þuckwheat and. flax ürere

4 .96fr anrd 0. ??fl, respeotlvely. i

i
i

!.¿::a :4.
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guckwheaü## Bape# CIats# F,lax##

Yield {em} 12.11 14.51 3.?4 L,25
P tn tlssue (fiI 0.31 0.39 0*33 0,6g

Uptake (fr| 4.g6 ?4,oa o,??

Total P (ngm) 3? ,jO jj.?O ],Z*Lrg g,Lt j
Fertlllzer-P (mgni O,gg 4.80 O,e5

So11 - P {mgn) j6.31 50,9I g.4o

# .{rverage of two repllcatlons

## Results of one rep]lcatlon.
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This study very vuer-I confr.rms the resurts obtalned
' in the prevl0us experlments that rape 1s very efficienü
i, tn absorbing }arge amounts of phosphoru-s from a concentra-
, ted- source nhi.re f'rax is reasü efficlent ln absorbing the
' fertlrlzer from such a hlgh phosphate concentratr.on. ït
., 

unpears that the slngle root of rape can sorubilrze a.nd"

I tra.nsl0cate phosphorus in large anounts to oüher parËs of
r ühe plant. r'Iax d.oes not seem üo have elther one or both

of these cha.racüerlstics. In the prevlous experlments
buckwhea-t has always been founti. to be as good or beüter

i tnan repe in extracting ad.d.ed. phosphorus. Efolvever, thei-
¡ slngle root of buckwheat absorbed only small amounts of
l

. 
the fertilizer under Èhe present expertmental cond"ltions.

'rhe sllght angre of the front kepü the root growing
' at the sofl sunface. The growth pattern of the slngle

lroot was observed perlod.lcally by taklng off the removable f

i fron't. ¡t distrnct eonoentnatlon of roots was found. with
j.,.1v;j,rr:,ìf

: 
*rne where the phosphate oaruler was applied.. Thls fnd.j_oaües 

L....s.rj..,i,j thtt the single rooü of rape branches out profuser, 
";------- 

ir::r'¡::;l;

coroing tn contact wiüh the fertirlzer and, therefore, a 1 ', ,

l.','
1., 

: - ' .
: d'lstinct concentratlon of rooüs found ln the fertlrizer k'*ii*,riì

: band' 1n the pot experlnents seens üo be due üo Ëhr.s charac- 
iiilli';";""'

terlsüic. No such root concentnation was presenÈ wlth frax
' ,, ., 'and" buckwheat. rt appears that a s1qg.le root of frax and , .' ,

' , doas nn# Ìrço-^r^ ^--! . 

--'o** ¿ vve v¿ ¿ .êÁ 
'árr(¿ . ' 

"'
buckwheat Õoes not branch ouü Èo glve a distlnct root ,.,, ,,,
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concentration. Because the primary root of buckwheat

wa$ passed through the slot, this observatlon can not be

generallzed. for other rootÊ as well. Therefore, it was

thought approprlate to let the plants gr:o-v't for a lltt]-e

longer perlod of tlme before transplanting so that the

second.ary root of buckwheat could. be passed through the

slot r

EXPAÌÏ.TËNI 2

I{aterlals and ltÏethods

Theproced.urewa,sühesameasthatforthelast

experlmenb exoePt that:

{I) Seedlng ln vermicuJ.Lte was d"one on December ?, 1965.

{2) Transpla.:*ting lnto the boxes was d'one }J d'ays after

seeding, so the plants IÂiere old.er than In the pre-

vl_ous experlment and" thus lt was possible to put the

second"ary root of buckv¡heat also through the slot

ln the clivid.er"

i3) The radioactlve fertillzer orrystals were placeð aü

transplantlng tlme.

(¿l) The crops were harvested on $Iarch f , L966.

&'"sult F -anal Plsous slon

Plant yleld and. phosphorus utlllzatlon d.aüa are shown

in Ta-Ole )i\tr. In rape, flax, a.nd. oats the values presenüed
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TABLE }T/

HEÏGHT O}- TIÍE OVEN-ÐËTEÐ FI,ANT T,IATËBIAL TN E¿,CH

CO}IPÁ,RTMENT ATÍD PHOSPI{ORUS ÜTILTUATIOI$ N¿r*.#

Buckwheat### Rape;É¡# oats## F1axffi

Yle1d (Sn)

F 1n tissue fr%'t

uptake (%)

total P (nem)

Fertlllzer-p (ngm)

Sot]-P (men)

ï

8.37 to .26

0.36 L.23

L.7 g 29:83

30.30 L25,69

o .36 5 _g?

?9 -91+ Llg',;?2

18o Bg

a.zLþ

19.38

45.26

3. BB

41".38

L0.11'2

o.2l+

o *34

24'r8g

O,07

2t+.g2

2.6L

0.50

o,36

12.98

0.0?

12*gI

it
¡'Ê Ä-t the tine of . transplantlng each planü of

iiËE: åiäi: Z:tï' "åäarlïiniffi"¡, 
t;:3ä:æi"*,".

Average of two repllcatlons.
Results of the üwo repllcations are givenseparately.

FT

"#r,iJ¿irr¡*Jr
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are the averages for two replicatlons. Due to a 1arge

dlfference in the phosphorus utlliza.tion deta obtatned

from the d"uplicates of buckwheat, the varues from each

replloati-on have þeen given sepai:ately. The ylelds of
rape, flax, and oats vrere much higher than 1n the previous

experlment although buokwheat proðuoed somewhat ress plant
matter*

In rape, a dlstinct ooncentratlon of roobs was found,

near tTt,e a.rea of fertlli-zer appllcatLo?r. I'tax and oaüs

Õrd. not show any such concentratlon. Buckwheat d.ld show

sone root conoentration where the cr.ysta"lE were applieü

ln second repllcatlon.
Rape proÕuced. a distinct concentra.tlon of roots ln

the vlclnlty of the fertillzer and" thus used iü efflciently
by solubllløing ând. translocaülng absorbed phosphorus üo

other parts of the pLanü. The d-ata show that þoth flax
and. oats are very poor ln solublllzlng and/or tnanslocatlng
phosphorus to the other parts of the plant.

The slngle root of buokwheat in the flrst repflcatlon
absorbed onJ-y one-eleventh of the fertilizer of thaü absor-

bed by rape buü fron ühe seoond repli.catlon absorbed one-

and-a-half tlmes of that absorbed by rape. Thls d"lfference

between ùhe two treatments of buokwhea.t can be explai-ned.

by the faaË that there u¡as a better root concentration 1n

l;::ì:il: :,:r
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the fertltlzed- a:Ylea in the second repllaation. It ts also

ol.ear tnaþ a single root of buckv¡heat oan absorb the

fertlllzer ln quantities hlgher or lower than that absorbeÖ

byrapeandthisseenstodepend'ontherootconcentratlon
ln the vielnlty of the fertillzer. The hlgher uptake of

the ferüilLzer by buckv¡heat ln the seoond. repllcatlon was

reflectecl 1n the Yleld.

Theamoulrtofsollphosphorusabsorbedbyrape?üaS

hlgher than that absorþed. by flax and oats. The hi-gher

coatent of fertllizer phosphorus seens to have encouraged"

rootgrowthand.thlsprobablylnorea.sed.theuptakeof
solI phosphorus in the seoond repllcatlon of bUckv¡heat.

However", thlS does not seen to accounþ for all the exfra

soil phosphorus a-bsorbed. There ls a posslblllty thaü the

higher amount of soll phosphorus absorbed" ln the seoond'

replfcation ls ðue to a conta¡nlnaij.on 1n the d-etermlnatlon

of i;otal PhosPhorus.

These box experiments show that the ülfferences 1n

the plants ln the abllltles üo absorb fertlllzer phosphorus

are due to the dlfferenoe ln thelr eff,iclency to soLubillze

and" translooate phosphorus. r¡ihloh one of these factors,

that of solublllzing the phosphates or that of translooatlng

absorbed. phosphorus, ls more important oan be stuÖleð by

ellrninatlng one of these factors"



CTTAPTER V

HYDROPONIC ElpffiII,lENTS

ïn the spllt root technlque uslng plexlglass boxes
:.,

': 1t was found. th'at a sf.ngle nooü of flax and. oats was not
able to absorb phosphorus from a very concentrated. zotae

whlle that of rape was qulte efftclenü. The slngle rooü

i of buekwheat dld not absorb suffLclent quantttles of the
ri

fertlllzer when the root dld not branch f.n Èhe fertlllzed"
area buÈ dld. absorb large quantlt5.es of the ad.ded. phos-

phorus when there was sos¡e branchlng of the root ln the

vlcàlnlty of the fertlllzer zone.

The box experlæents showed tinat the efflclenoy
of a slng3-e root of the plant üo uttllze the fertlllzer
Eee&s to be due to lts ablllty to solubtllze or translosate
phosphorus or due to bobh these reasoTls. Bl using nutrlent
solutlons one of these facüors - that of solubllizf.ng -
oan be eillnlnaüed. and the dlfference ln ühe abtlltles of
the plants to translocate phosphorus oan be süudLed. So

lt was thought deslrable to conôuct sone nuürlent culture
experlnents.

' T*o nutrlent culture experlments were oonÕucted. ln
Ì whlch the spllt rooÈ techntque was used. The purpose of
ì

ükre experlments reporüed was to stud.y the efflclency of
t.' a slngle root to absorb and" translocate phosphorus to the
,

I tops and. rest of the roots. Fioreover, studles were also

done üo flnd. the effect of other nutrlenüs on the root
:

103
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gro-r{th and uptake characterlstlcs.
subJected. to ojle soLution and the
another.

The single root was

rest of the roots üo

JL. }IATEBTJTLS Å1'[D I'IETHOÐ$

Eape, flax, oats, and. buckwheat were seeded. in ver_
micullte and. the nutrients v¡ere applied at frequent inter-
vaLsr ås cLescrj-bed. for the box exþenlments. The plants
were transpla.nted lnüo the ja"rs.

^{r,l-urnlnum-foll wâs wrapped around jars to shroud the
nutrient solutions from the lÍ.ghü and thus prevent
und"esi-rable effecüs. The tope of the jars were made

water¡rroof by coa.tlng then ¡¡ith paraffin. Two coupartnents
were rnade ln each jar by puüülng a polyethylene tube In lt.
The oover of each jar had. three holes, one of Ëher¡ belng
fon ühe prant and the other two for glass tubes for
aera.þlon, suppl-ylng air ln the solutlons of the Jar a.nd. of
the tube. The glass tubes were connected to plastio tubes
l¡hlch fdere ln turn connected üo a cornpressed. alr llne for
aeraü1on. -û1r was bubbled slowly through the solutions üo

mainüain aeroblc condltlons to support proper plant grow-bh.

The experlments lncl-ud.ec1 three treatments. Ther"e were

thr"ee repllcatlons. JL totar of 36 one-ptnt Jars were used..

The nutrient sorutlons i¡iere prepared as described by

I'tachlis and. Torrey (?3J. The soluüion contained major
salüs ln the folrowing concentratlons: ca(N03)2, 5,0 mlrl;

*t3, 5.0 mf{, and MgS04- 2.0 m}I. The solut.ion was 5 ppm
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:.

?{lth respecÈ to lron supplled" as FeEÐT.¿L. The conoentra-

tlon of öhe nlcronutrients was the same as glven ln the

,, Proced^ure {?il .
ì.:

The volumes of the solutlons used. for the Jar a.nd.

, tne tube ïrere 300 and. 40 fll, respectively. The solutlons
i were shaken thoroughly before uslng then. The stock

solutlon of phosphorus v,ras prepared by mlxing t H KH2P04

:Ì and. I I'1 S|ZHFO¿' such tkral the pH of the solutlon r¡ias the

sane as that of the couplete mlnus phosphorus solutlon
(PH = 5.1+l .

. One plant v'Jas grown ln each ja.x. Vermlcullte ad"her-

' lng to the roots was carefully rerûoved. by washing ln waten

, before transplanting. [he stens were supported by placing

small wad"s of cottotr around" them. The planüs were kepü

ln an uprlght posi.tlon by wlre support.

.*,fter growing ln ühe nuÈrlent solutlons, the plants
::

I were removed. and. ühe roots i4rere washed. ühoroughly. The

i shoots and. roots were excised., d.rieð, and, analysed. separately.
:)

The flrst of the tvqo chemiculture exlrerlmenüs was

carried out Nithout the use of rad.lo.active phosphorus.

EIPEEIII\IENT I *ti
li' iç

ï'laterials a.nd- llletho4s
.:

The seed.lng ln verrnicullte was d"one oil .Àprll 15rL965, " 
,

and. the conplete nutrient solutloix was supplled ln the same :

,r ,,1r,, r,al
Eaïrner as ln box experinæ.ts. 

i..-1,..,iiii :.. .'. : ..:
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The following treatments were includ.ed.:

I. A 93'0 ppm phosphorus solutj-on ln the tube and a
L!- 

-,i oonrptete minus phosphorus solutlon ln the Jâr. ì,;1,Ìì
: :-: :i-; : t

II. inlater ln the tube and a complete solution contaln-
i L:ng L2.& ppn phosphorus 1n the iar.
i;1 III, A complete soluËlon contalning 93 ppn phosphorus 

,.,:ir,;,.ì
" Ln the tuþe ar mlnus phospho: ;'n;t¡"., Ln the tuþe a¡rd a complete mlnus phosphorus solutlon

i..,.::,.'.,, 
r:j_:ì:;:.1.):.:

,¡ ln ühe jar. i;.:,t.iit.'-

, Tragsplanttng lnto the iars v,¡as d"one on ltiay 18, L966. 
i

I

, 
A slngle seconda.ry root of all the plants were passed. lnto 

f

i

i tf." tubes. Flax plants seemed. to have some nuürienÈ i '

;l
- õ 

--- 
1 

---!! --^- '-rf^ ! 
^ìâ 

h^'.r^?t^sdef'loienoy at the time of transplanting whlch, however, ,'
.

disappeared. Iater o11. 
'

The sol-utlons vuere ohanged onoe every week. The 
.

:

, volume of the solution was malntained by addlng water every 
I

secoï1d" da¡r ¿ur1ng the flrst week and. then every day' Be- 
i

'' li;'..t':'"'t
; slcl.es a fresh supply of nuürlents a.t the tlme of transplant- 

i.l'1,it,,,, ::..j.:__ì'', .:::::i:

Ì, ittg, the nutrienis were oha.nged. flve tlmes during ühe 
,,:i.,..',:,,.,, ii-,,.,Ì

perlod. when the plants grew in the jars. Thus each pla¡rü

1¡âs subjeoted to a üotal of 22.32 urgm phosphorus. The

. flax plant in ühe seoond. repllcatlon of treatment II dleù ,,. 1'

ir ì;;"t:l':"

, two weeks after transplantlng and. therefore the resulüs i::'i'lsi::i

given ln the üables for thls treatment are the a.verage of
:'

, the remaining two repllcatlons. The crops i/üere harvested.

36daysaftertransp1ant1rrg.Therootswereuashedthorough1y*
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The roots and" shoots were exclsed", dried., and analyzeð-

separaùely.

1,,'t,t.'a,a

fi.esults and. Discgsslon :;::.::ì::::':

Visual observatlons showed. that the planüs of treat-
ment II were growing best, Treatment I was slightly better 

:,r::,.
tnar- treatment III for flax but for the other three crops j:f,ri

i" ':''i:'itreatnent 1rl v¡as better than treatroent ï. i :

:ì'.:'..,,:
The single root of rape, oats, and. buekwhea.t absor- :':i:j'ii

bect phosphorus from solutions of hlgbr conoentratlons 
l

ì

used in thls experlment (Table )wÏ) provlded. t}rrat other 
i
i

nutrients were also present for proper root growth. The i, . ,.

htgh phosphorus ooxlcentration ln the nutrlent med"la was 
i;:
;cleürinental to a flax root . 
i

The skigle rooË tn treatments I and II dld not þra,nch 
i

ln any of Ëhe planüs. [he presenoe of ot,her nuürlents had. ]

.

a. favourable effect on the groroth and branchlng of the 
,.:...:

single root and thls effect Trâg 1¡s¡y promlnent ln rape. i'.-:;:'''j.,;

l:t:';;,.:;:.',:

.4,ü ühe tlne of transplantlng Ëhe volume of a shgfe root lriin
was largest in oats, followed by buckwheat, râpe, and. ":
flax. The welghts of the slngle rooËs after growlng ùhe

plants 1n the nutrleat solutions are reeord"ed ln Table ,,:,..:i,,,:i
¡i....,...¡¡,¡,

lfi¡Il. The upüake of phosphorus varled. v¡lth the welght of

:.the slngle rooü*

A slngle root of rape ln the presence of other nutrlents
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TABLE X\¡II

lrEIGliT OF Tiffi SI1IGLE ROOI (il,I GRAI{S)
AHTEB GROï'ITNG THE FLÁNTS ÏN TiiE

NUTRIET.üT SOT,UTTOT{S

.:i

l:::.

Treaüment#

Buckwheaü

Rape

0ats

Flax

o.or5

0.00¿+

0.006

0.003

0.011

o.o06

0.007

0.002

0.0I7

a.072

0.00?

0.007

# See footnote of TabLe )i\rÏ
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absorbed. two-thlrd"s of the phosphorus absorbed. by all
the roobs. The sk:g1e roots of other crops were nr¡ch

less efficlent and a single root of flax dld not absorb

àt aJ-I from thi-s solutlon conËalning 93.0 ppm phosphorus.

ïn the absence of oüher nutrients ln the solutlons, a

single root of rape ¡'ras less efflclent than oats and

buckwhèaü but ühe presence of oüher nutrienüs increased.

the root growth of rape more t'fuan other orops and. lt
absorbed" ùhe hlghest amounts of phosphorus*

Ålthough in the presenoe of other nutrients a single

root of rape absorbed. the maxlnum amount of phosphorus, a.

single rooü of oats was most effloient in tbis respeot on

a per gram basls iTa,ble lC\¡fII). Thus the efflciency of a

single root of rape to absorb phosphorus 1s due to its
larger root siøe. Therefore, it can be eonc].ud.ed that ln
the presence or absence of other nuÈrlents Ëhe uptake of

phosphorus by a slngle root of the erops studled. ls
d.epend.ent on the extent of root growth.

HCPffi,ÏiqENT 3,

lhe last experlnrent showed that the uptake of phos-

phorus by a single root was relaüed to the extent of root

development lr'hlch in turn d.epends to a large extent on

the presenoe of other nuùrients. Thus 1t was thought

approprlate to cond.uct a short-üern absorptlon e)+)erlment
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T*.BLE X\ruTT

UPT.4ÍG oF PHoSFHORUS BY lt SIi{GLE fiOOT

Treatrnent$ tuêlght of the P Uptake by P Uptake
Crop root {gn) single root (men) (mgn p/en root)

Buckv¡heaû I 0.015
III oro17

B,ape I 0 .004rrT Q ,o7 2

Oats I 0.006
rIl 0.00?

Flak I 0,003
rff o *007

r.03
t'. B¿l

0,ol+
9.79

0 *78
1.70

0.oo
0.oo

69
285

ro
]36

130
2Lþ3

0
0

# See footnote of Table ]SII
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with the use of radloactive phosphorus so that lts
translocation to the aerlal parts and rest of the roots

could. be traced. It rla.s Èhought d.eslrable to stud,y lf
these dlfferences become pronoulr,ced. at soxûe particular

stage of, growth.

I',þberlals and ivlethod.s

The seeds were planted" ln vermlcullte on fhree

d.ifferent daües, 21, 35, and ¿15 d.a.ys þefore transplanting.

.å conrpleüe mlnus phosphorus solutlon was used for the jars

and. a 93.0 pprn phosphorus solutlon wa.s used for bhe tubes*

The plants were transferred to the test ned.la on July 11,

1966. They were allowed to adjust for t,hree d.ays üo these

cond ltlons .

"&.fter the adJustnent period", the solutions were

cha:nged. This tlme 30 ml- of a L24,0 ppm phosphorus solu-

tion were used for the tube so that after the ad.dition

of 10 mI radtoacüive solutioa (10 uc p32J the total vol-
ume in the tuþe became 40 ml" v¡lth a concentraülon of 93.0

ppn phosphorus. The solutions rvere not aerated after
the aü.ditlon of p32 in ord"er to avoid contamlnatlon of

:

the solution ln the ja.r by splashing of the rad.loactlve

solution from the tube,

Bhe plants vrere harveste ð, 24 hours a.fter the add"l-

tion of rad.ioactlve solutlon. The roots were washeÖ

t.... ì.: .i..

i i;',:rt:aiil
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thorou.ghly and the wa.shings were saved- ¡,¡1th the nutrlent
nedia. The radioactivity was ffieasured in the solutions

and" the plants to aceount for al-l the P32 ad.ded.,

Results and Disoussion

The amounü of d"ry maüter prod,uced 1s shown in Table

XIX, The weighü of flax plants growing in ver¡ricullte did"

not d"lffer at the three different stages i,'¡hich may be d.ue

to the presence of soÍre element(s) in quanùlties lnsufficlent
for opiimun gror.'rth of the flax pla.nts althou.gh a complebe

solution was used v¡hen the plants were groiorlng i:r vermlcu-

llte. However, a.t the first sbage bucicwheat, rape, attd.

oats produced" only J"/LA, L/5 aad L/9, respeotively of the

drSr 6"¡ter produced at the second sta.ge* The Öifferences

between the yleld.s at f irst and, second- sËages láiere much

larger than between second and,third sta.ges beoause of the

sLgmold groltth curves of the plants.

.4. direot comparison betweerr the previ-ous and the

present experiment ls dlfficult because the plants were

harvested 69 d.ays after seeü"ing in the last experlment

and" 25, J)rand 4i days after seedlng for the presenü experi-

ment. However, the results of the first treaÈnent of the

last experiurent oan be compared to some extent with the

results of the present experinent because of the simllarlty
in the treaûnent.

-.'>:.:.1 t.
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The faüe of P32 adôed to the solutlons in the tubes

can a.Jso be seen ln Tab1e XIX. The last experlment sho+¡ed.

tnãt ln the absence of otber nuËrients a slngle root of

buckwheat aþsorbeð more phosphorus than the oüher cropsf

The use of g32 in the present experlmenü showed" that a

simitar trend. was found- when the plants were harvested 39

days after seeding, Thus the age of a plant has an lmport-

ant bearing on the relative uptake and transloeabLon of

phosphorus* .¿{.t the last two stages most of the phosphorus

rtras translocated to the tops whlle ab the first süage the

total amount of p32 translocated. to the tops i^Ias not muoh

d"ifferent than thaü translocated. to the rooüs.

A single root of rape ln the absence of other nutrients
rraas not efflclent as only 0.18É of the phosphorus present ln

Ëhe nutrlent media was absorbed in ühe l-ast erçerlment,

fn the present e:cperlnent also rape did not show a.ny efflclency
ln extractlng pho$phorus by a slngle root when no other

rruürienùs lrere presenL þecause noü more than 0.2]-fr of the

phosphorus was aþsorbed anÕ tra.:aslocated at any stage.

The translocation of phosphorus to the bops d.ecreased and-

toward.s the roots lncrease,d. as the pla:rts grew o1der.

In oats, ât the first stage the translocaülon of

phosphorus toirards the roots r\¡as not much less than thaü

toward"s the tops. At the second. stage the pla:ets absorbed.

more phosphorus than at any other stage and. mosü of lt was

lì::':

;
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transloca-ted, üo the tops. On the contrary, a very smalL

amount of the absorþed phosphoru-s vrâ.s translocated. to the
it.::¡.:i:

tops at the last süage. i,i.,r

The data lnd.loate tlna,t a single root of flax can noü

absorb and translocate phosphorus from the concentra.tlon

used In thls experlment although lt is sonewhat actlve ln 
i,,..,.r,

absorptlon at the fi-rst stage* There ls a contlnuous :ttt'

i"..,t,

ð.ecrease in phosphorus uptake wlth the age of the pla.nt i'.,'ti'

The single root of flax ln old"er pla:tts dld" not absorb

phosphorus from a oonce$.trated solutlon and" whatever small 
:

amount ls aþsorþed. is translocated- malnly to the resü of 
,

r

the roots. The slngle roots of other thnee crops âre more 
I

active ln absorblng phosphorus at some later d"a"te.
l

It ts apparent that these crops differ ln the efflc- 
|

1enoyw1thwhichasing1erootcanabsorbphosphorusfrom

üheso].ut1on.Ihad.d.it1on,thefractionoftota1phosphorus
:: .:

translooaüed. to the Èops or the rest of the roots Õepend.s o1l i::',i

the stÐ.ge of pla.nt development and l¡aries i.ilth the crop. iti
It 1s concluöed. trrat a slngle root of buokwheat 

:'

absorbs a.nd translooates more phosphorus than d,oes a slngle

root of rape when other nutrlents are not preseÌtt. On the i,'i.,i¡

ì:''.r::

other hand, a slngle root of flax can not absorb phosphorus

when its concentra.tlon is hlgh ln ühe nutrient ned.ium lrres-
pective of lsltether the other nutrieirts are present or notç

t: I
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.{l. slngle root of oa.ts is more efficlent than rape and"

fl-ax when other nutrients Ð.re not present but is less efflc-
ient than rape and" buoklvheat in absorblng phosphorus when

oùher nutrlents are present.
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GHAPTER VT

gUÏ'I}.]Afi.Y A,ND CONTT.USTONS

fhe differenüla} phosphate feeillng ablllüles of
nusüaril, rape, wheat, oats, barley, flax, peas, sunfloürers,

soybeans, oorro-, and. buckwheat ürere stud.leo. rt was found.

that the orops differed widely in the amount of phosphorus

Rape ancl mustarcl showed, the greatest response to the aêdett

phosphorus. Flax. d.ld. not show a response to the fertlllzer
although the soll was Low ln avallab.Le phosphorus.

There was a clLstlnot ooncentraùion of roots ln the
phosphate ba¡d. wLth rape and nustar.d. and these crops were

very effloLent fn'.uüll1zlng the fertllizer. From ùhls one

nJ-ght concluöe übat a hlghen upüake of fertirtzer phosphorus

Ls Recessarlly correlateit wlth a hlgh rooü conceurtratLon

ln ühe banë. Buokwheat also mad.e efflelent use of the fer-
ûlllzer but, lLlce other orops, d.tt[ not show a d.lsülnct root
ooncentratlon ln the ferü1I1zer band. It was ooncluiteð thaü

a l"aok of root ooncentratlon ln the fertlllzer zotae does not
necessartly mean Èhat the orop ls not an efflcleat extraotor
of the fertlllzer. Of course, the greater nr¡mber of roots
present i.n ühe band. ln rape and mustard. nay be helpfu1. ln
the asslmllaülon of Èhe phosphate fertlllzer.

An experlnent was deslgned üo flnd whether these

118
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illfferenoes anoagst the cropÊ are present throughout the

growlng season or they are at some partloular stage of

d,evelopment. Thls was achleveit by harvestlng soybeans, rapet

f}ax, and. oats at seve¡¡ d.lfferent stages of growth. It was

found. that the crops dlfferecl throughout the growlng season

ln the amounts of ilry matËer procl.uced. and. ln thelr phoSphate

feecLing oharacterlstlos. There was a large cllff erence

anongst these crops ln ühe produotlon of dry matter at early

stages buü the a¡nounËs prod.uoed. at the later stages were noü

nuch d.lfferent.

In genenal, the fertlLf.zer fractlon of the toÈal phos-

phorus absorbed by ühe plants d.ecreasecl as the plants grew

olðer. The a¡nounts of phoSphoruS absorbed fron the soll and'

the fertlllzer were dlfferenü for ühe four orops uged.. Soy-

beans absorbeô the largest aüount of so[} phosphorus.
\

!\¡,rther experlments were ooncLuoteÕ to stud.y when ühe

dlfferences a¡oongsü the crops ln utlllzf.ry adðed. phosphorus

became larger. It was thought d.eslrable Èhat rape ancl Eoy-

beans, ühe former an efflelenù fertlllzer phosphorus feeder

a¡rd- the latter an efflclent soll phosphorus feed.er, be

grown to further lnvestlgate thelr efff.olenof.es to extraet

phosphorus fnom d.lffereut phosphate oarrj.ers and' also to

stud.y the effect of wlclenlng the banÖ on phosphorus utl-ll.za'

tlon.

; ì:;::' i. i
i rrl :' :'

:.::--1:'-:

lllxlng of a non-rad.loacülve phosphate oarrler through-



':': . . :. .. t-..
'_ . .:..:. i.: : ::

120

out ühe soll d.ecreased. the absorptlon of fertlllzer phos-

phorus by the plants. Eesults showocl that repe ls not

any better ühan soybeans ln extracüiag ühe ad.d.ecl phosphate

Lf an alternate supply of phosphorus ls preseat. Bape

absorbed, inore ferülllzer fron a narrow banct but soybeans

absorbed. more fro¡n a w1tle bancl. Ðlpotasslun phosphaüe,

tnonoamnonlun phosphaüe, ancl nonooaloLun phosphate nonohyðraüe

were less efflolent thårù monopotasslun phosphate ln supply-

lng phosphorus üo rape. H¡t these sources rtÍere as good. or

sonewhaf better than nonopotasslun phosphate in üheln

avall-abtllty to soybeans, These cllfferenoês oou]-ü be due

to the pH of the fertlllzer banil anô ühe êlffr¡s1on of the

fertlllzen eüo. $Ionooalelurn phosphate monohyclraüe ulght

have d.lffused lnto a larger area than d.lpoËasslurn pbosphate

and. thus ntght have behavecl üo so¡oe extent as a wld.e banð

and. üherefore soybeans absorbed nore phosphorus from thls
carrler.

The plants behaved. dlfferently tn absorþlr¡g ferbllizer
applleõ ln a wld.e and a narroüI band.. Thls observatlon led.

to an experlment 1n whlcb the fertlllzer was appllect by

four d.lfferent methoùs. Beslcles applytng the fertl].lzer as

a solutlon Ln a wld.e and. a narrow banù the fertillzer
crystals were applled ln a thln band. whlch ls somewhat

sfiol}ar üo the narrow band. treatnenü. l{oreover, the

¿.; ¡ !.:..:.....:-,:...:.-.-., -:.,.:

'.::: 
.:, -ls ..i:r- .-.:-:. .-'-: .
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fertlllzer orystals were al-so placed. ln the oenter of the
pot to provld.e phosphorus fron a polnt souroe.

; The results clearly showed. that, the orops absorbecl

dlffereat amounts of phosphorus fron the fertlllzer d.epend.lrag

upon the nethoÖ of applloatLon. Rape nad,e most efflelenü
, use of ühe ferülllzer whea l-t was applted. as a polnt souroe.

', But for soybeans, flax, ar¡d. oats ühls was the least efflo-
:.

,, tunü neühoct ln supplylng phosphorus üo the plants. The

hlgher uptake of ühe ferülrlzen by ühese erops when ühe

', area of fertlllzer appltcatlon was lncreased. seens to be
I

, d.ue üo an lncrease ln the number of absorpttoa slües for
l

:

the rooËs of the pJ-ar,rüs. Iü ls Luportanü that proper neühod

of fertlllzer appllcaü1on be seleeteü for the most efficlent
use of tl¡e fertlllzer.

The illfferences anoagst the orops beoame largen whea

the ferÈlIløer orystars were apprted. as a polnt source ln
the centre of the Þot. Thls method" of placement was seleoted.

for another experlmenü. l{onopotasslun phosphaüe, d.roarclum

phosphate d.Lhydrate, arrd. dlpotasslum phosphate were used,

as the ¡>hosphate oanrlers.

For rape and buckwheaü the rtcrystals cenüneil nethod.

ï{as slLshtry better than the nerystars spread.Q nethod þut

was a very poor nethotl for flax and. oats. Dlpoüasslum

phosphaüe was ¡nore avaLlable than mouopotasslum phosphate

ìt,i.:,,-- 1:.

-:.:::ì-:.: :,:

l::::..i:..:.. : ';,.:
F::!.:::r¡r:j!i:!ì

i._: .:::r'.tf:.,1j: :
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Èo fl-ax and. oats. The hi.gher avallablllby of d.lpotasslum

phospt¡aüe coulð þe clue to lts diffuslon ln a larger area

arouad. the fertlllzer z,one.

The amount of soll phosphorus extraeteci by a pla¡oü

was d"ependlent upon the avallablllty of the aôdeð phosBhate

and, the level of avallable pbosphorus !n the soll. She rrAtr

values tÍere frlgh for plants grown on phosphorus rloh soLl.

The largest cl.tffereace anongst ühe crops was obtalned'

where d.|oalolu¡¡ phosphate tllhyÖrate onystals were usecl.

All the resuLts for buctnuheat showect that lüs feed.lng efflo-

lenoy ls slnllar to that of rape. It was ùhen thought

approprtate to uge a very lnsoluble souroe of phosphorus

to see lf they d.iffer !n phosphorus uptake fron suoh a

carrLer. Shls Ieô üo the use of oataoalolun phosphate vÛhloh

was applled. as rrcrystals oenürerr. But ühls also ooutGt noü

illfferenülate ühe abllltles of rape ancl buoltwheat üo

erüract ad.cleü Phosphorus.

All these stuclles were oonðucüecl on oalcareous EolIE.

A,nother pot experlnent was Oeslgtoed for which a non-oaloareous

soll was useö. The methoils of fertlllzer- applloatlon were

ücrystal-s sprea€ltr ancl rrcrystals centrelr.

Bape and. buokwheat aþsorbed. more phosphorus fron

the crysüals plaoed, tn the oenùre of ühe pot tt¡aa fron ühe

arystals spread. unlforraly as a narrow baad !n the calcareous

sof.I buü the optrroslüe was fo¡¡ncl ln the nonoaloareous soll.

i-;i.:!' .:'1.:l

tt:.'!l':'.'.':
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A conparlsorx of bhe two solls showed. t]nat flax ancl the
cereals absorbed. more fertillzer on ühe noncaloareous soil
ühan on the oaloareous soll when the fertlllzer was appLleô

as rrorystaLs centrerr. The d.lfferenee between the efflolenoy
of the two nethods of fertlllzer apprloatlon i.n supplytng
phosphonus to frax and. ühe cereals was greaüer on the
caloaneous soll tha¡r on the nonoal,careous soil.

lhe d.lfferenülar phosphate feed.f.ng abtlltles of the
plants ooulil þe d.ue to the d.l.fferenoe ln the ablll.üy of a

sÍ.ngre root üo solubLllze the phosphates before absorpËlon

a¡rd. arso due to the olfferenoe ln the ablllty of the root
to üransLooate absonbed. phosphates to other parts of the

Irla^r¡ü.

¿ grngre noot of rape was fo¡¡nd- üo þe very efflotent
ln absorbrrg rarge anounts of the ferülllzer whlch seems

to be d.ue to lts ablllty üo sorublllze and tnanslooaüe

phosphorus to other parts of ühe pranü, Flax a¡ad. oats

d"o not have thls oharacÈerlstLe. a elagre root of buok-

wheat was nore efflolenü or J-ess efflclenû tha¡r rape clepend.-

f.ng upon whether ühe root passed, very crose to the fertl-
llzer onystals and. branehed. or Lü was away from the crystals
and d"ld, noü bra¡aoh. a dlstLnet oonomtratf.on of roots ln
ühe vlclnlty of bhe fertlllzer ïras found. wlth rape but not

wlth flax and. oaüs.

Two nutrlent solutlon experlments were then cond.ucted.

i!í:.
i it::
l::::
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so that ühe problen of soluþlllzLng the phosphates was

ellnlnated. and. thus 1ü was posslble to study absorptlon ancl

translocaülon of phosphorus, Jl spllü root teolullqtre wae

used. ln whloh a slngle rooü was allowed. to grow ln one

solutlon ln a üuþe aad. rest of the roots renalned, la a¡eother

soLutloa oontalneit i.n the Jar.
A. slugLe root of rape ln the presence of other nutnlents

aþsorbeÕ two-ühlrd.s of the phosphorus absorbeð by all ühe

other rooüs. The slngS.e rosts of other cropsr or ühe other

haad, ürere nuoh less efflci.ent ttran the rest of the rootg.

There lÍas ao absorptlon of phosphorus by a slngle rooü of

flax fron hlgh phospþorus oonoenüratlsas ln the solublons

used..

The presenoe of other nutntents had a favor.rable

effecü on ühe growth of the slngle roots of all the orops.

Thts effesü was parüleularly mantfesteð lu rape. A lesser

effeot was sho¡m Ln flax. She presenee of other nutrleats

only sllghtly lnoreased. ühe growth of the slngl"e rooüe of

oats and. buckwheat.

In the absence of other nutrlents the efflclency of

a slngle root ln absorbing a¡xÖ translocatlng phosphorus

d.eoreaeed" as follows¡ þuc}ntheat, oaüs, and. rape. However,

la the presenoe of other nuürlenüs the ord"er was as fol-lows:

rape> buokwheat > oats. Thus lt is obvlous that Ëhe

i,:.:t:',..
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presence of oüher nutrlents ls very essentlal for phos-

phorus uptake by a slngle root of rape. Tbe other nutrlenüs
lnoreased- both the growth a¡rd the absorptlon of phosphoms

by a slngle root of rape. A.rËhough ühe presence of oùher

nutrlents d.ld not Lncrease appreeiably ühe grovrth of Ëhe

slngle root of oats anct buckwheat, lt. dld inarease the
uptake of phosphorus. on ühe contrary, the preÊenoe of
other nutrlents lnereased the growth of ühe slngle root
of frax but d.td not have any favourabre effect on phos-

phate absorpülon. Horvever, lo a prellnlnary ercperlnent lt
was noüed that the presenoe of other nutrlents had a favour-
abLe effeot on the growtl,r of a sj.ngre rooü of flax and. aLss

on ühe absorptf.on of phosphorus fro¡n solutLons low ln
phosphonus e onc entraü lon.

The uptake of phosphortrs by a slngle root of the
pranüs r¡as found to be d.lreotLy depend.ent on the extent of
root growüh. On the basfs of equal weighüs of a slngte

:, root rape was not any better than oats anrd þr¡akwheaü; ln
fact, oats and buckwheaü r¡ere nuoh nore efflcient than rape.

rn a short-term erperiment a slngle root of plants
aü three d.lfferent stages was supplfed. wlth a sorutloü, oon-

talnlng 93 ppm of phosphorus. I\io other nutrients were

avallable to the sf.ngLe roots. It uas found thåt a slng1e

root of buckwheat absorbed ar¡d, üransl-ocaüed. nore phosphorus

than a slngre root of rape. The effLclency of oats was

sllghtly Less than buckwheat ln thls respeoü. A slngle root

ii'i;r,il;.:.-::. i:;.: r.. i-:
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of frax d.Ld not absorb phosphorus from ühls sorutf.on.
rþ was also found that Èhe age of the plant has an lnport-

ì anü bearf-ng on ühe absorptlon and translooatlon of phosphorus ','.,"

, Ot a plant

îhe nesults suggest some of the reasons why crops

:r dlffer ln theLr abLllüles to absorb add.eð phosphorus. For ri,ii;,.
i ':''1'::'::' exanple, ühe roots of rape branch out very profusely and. '..,i''
:- -::-.' ...

., ulnce phosphate absorptton ls üepenclent on the slze of ühe .Ë¡'-.

, roots, rape makes very effiolent use of the fertlllzer. ,

, Frax öoes not nake efflclent use of the ad.d.ed phosphorus ;

i O*cause the roots oan not absorb phosphorus fro¡n â Goïì.cen- 
l

, trated. source. ' '

l

Êape aad. buckwheat were almost slmLlar ln thelr effla- '

l

: l*ncles to extraoü l¡hosphorus no matter whloh carrier was 
.

used.. But the reagorl for thls efflolency ls noü the sarge. 
,I R"pe absorbs hlgh amounts of the fertlllzer beoause of a
'','rt,,,t.t,., t"11 branched root system slnce phosphorus uptake ls d.trectl-y ii;i,'i
::'' " '
:.:a:..i r.: _,: proportlolral to the stze of the root. Buclcwheat ls efflolent ,,.i:,t'..,t,_ :-:.:-::;': because on the basls of egual welghts of the roots lt can

absorb muoh ¡nore phosphorus than oan rape.
:It ls ad'vfsable that further stucltes shoulÖ be oanrleÖ it+,,.;ì ilirÌ,r

' out wlth ühese plants to lnvestlgaüe the effecü of varylng i':'.t-ri

phosphate concentratlons and, envlronnental cond.ttlons on

' phosphorus uptake so that d.eftnlte conoluslons can be dral'¡n.
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of d.lf ferent crops.
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