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" -The thxrd phase was a fleld study of the uptake by barley of'g .

pphosphorus to the upper 15 cm of 5011 resulted in a decllne .

:fappllcatlou of fertiluzer phosphorus on the upiake-h’ barley

of soil phosphorus frq; louer soil layers.,The secoud phase *‘ifjf

’ 5011 phosphorus frona love;L501l layers during dlfferent

Wty e

‘The ohjectlve of this)study vas to assess the 1lportance to
barley of phosphorus from the lover lazers of the soil ” v _
profile+_1he_stugg wvas divided into three phases.QThe flrst'el“

P e |
phase 1nvolved a‘EIETH-studyxof‘ih““effeots»of—lolsture_ang'

¥

study, Qiﬂgkgﬂghllrtysofﬂbarley~to\obtaiu phosphprus R

T A

from the dxfferent 5011 1ayers under’ greenhouse coudltious. i

periods - f the groulng season. ' ' C S "3‘,

The . flrst phase revealed that hetveen 15 -and 3Q L] of Lo “v"_ﬁ :f

‘the phosphorus absorbed by barley uuder field condltlous vas‘

-

frou depths greater than 15 ca,. The additlon of fertxlizer

°

in the 1lportance of soil phosphorus 1n the louer 5011

,layers. The amount of phosphorus uptake froa lower layers'

- varied. from site to site and appeared'tovbe affected by the

auouht’Of“availahle,soil phosphorus present in the upper 15 = n
ca prior to fertili:ation. The effecttofeirrigatiou on the

uptake of phosphorus fron lover -soil layers vas diffioult to

evaluate because ralnfall uas hlgh durlng
the lrrlgatlou treatueut vas Luplenented.

suggest that addltional loisture resulted

the 1£portance of suh5011 phosphorus uhen

thewperiod'uhen o |

Bouever, the uata

in an 1ncrease 1n

vater was able to‘

-“.love freely through the proflle 1nto the sub5011.

PR VPSRRI IS USRS S
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The second phase of the stqdy was. a greenhouse pot
d;: experinent uhere barley was grovn on soxl obtained fron each
‘e'of the upper three 15 cn 1ayers at the three sites studxed
jgxn phase one.ABarley vas able to absorb betveen 7 and 15 %

~J\h' f} as nuch soil phosphorns fron soil of lover layers as fron

;;ﬁ;;;;%+; the unfertlllzed surface 50115 of the sites studled. The

—_— ‘\ e

a.,“

'}3' barley Jhs srnilar to uhat had been found in the field

\\4as increased throngh phosphorns addltion, barley was able -
':to absorb consxderahly uore phosphorus fron the snb5011 .JQ
‘salp;es.‘rt vas found that extractahle phosphorus as -
leasured by the ulller and Axley, and Olsen iethods wvas
4151gn1f1cantly correlated to the anount of phosphorus that
barley could absorb fron 5011 fro- all depths.» _
\ e The third phase of the study shoved that phosphotus in
the sub501l 1ncreased in 1lportance through the groulng
*season and constituted betveen 14 and 25 ! of the total

t;v-phosphorus ‘in the- above ground portlon of barley at e;ght -

‘*nce‘.The results suqqest ;hat drylnq of

f the npper soxL 1ayer (hp horlzon) ;esulted 1n an 1ncrease in

uptake pacl) B louer 5011 layers. Data fron the third phase- of

the study also suggested that barley plants lay lose a
\‘con51derable portlon of absorbed phosphorns back to the

soil. Tbe 1|p11cation of this is far~reach1ng because 1t

uould 1nvalidate nuch of the vork done to evaluate

KA .

phosphorns_uptake and fert1llzer.eff1clency uhere.?zn Mas

o

relatlve abilxty of the sub5011 to supply phosphorus to :\"

study. Ihe study also shoued that uhen available phosphorus‘ |

-



ased as a trécer; §ork dohe vith the soils froa theprot

sites of the thlrd phase also shoved that thete are -ajor {  :*

W

o diff1cu1t1es in deteraining exchangeahle phosphorus, and ‘E!'ft1f‘

A

values -nst therefore be regarded as hiqﬁly enplrical

leasnrelents. S, - b
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optimun efficiency of applicatlon. At present, deterninatlon

-k

1. Introdnctidn | ' e

ﬂ

In 1977 approxilately 110, Oeoltons of P205 were purchased in

" Alberta (Alberta Statistics Yearbook 1977 ). The -agnitnde

of this expendltnre nakes 1t imperative bhat nsers achieve

. . . n ' .

- of P fertilizer requirement is normally based on chemically
. extractable phosphorus in the upper 15 ca of soil. This

: approach has not always been entirely-snccessful and it has

: been suggested that poor correlations between chelically

avallable P. and crop reponse to fertillzer P may be a
conseqnence of variable exploitatlon of the soil by plant
roots (Spratt and Reniie, 1962 and Olsemn et _;. 195&).
Spratt and Renn1e referred to the. change in 'effectlve
avallablllty' of phosphorus in® the soils, Racz et g; (1963)
deflned effectlve avallabllity as "a functlon of chellcal |
avallabllity of any nutrlent and -the volume of- 5011
enconpasSed by the root" Odynskl (1934) sfigeo'
‘JSurface sanpllng alone 15\1nadeguate as a means: of
deterllnlng the phosphoruslvalue of a soil. Plant
roots feeh lnch below the surfaceNhorxzonL\hence the
deternlnatxon of phosphorus in the subsnrface

horlzons seenms necessary to show the amount and

forns of phosphorus ‘present - for poss1b1e utlllzatlon

14
<

as plant food." '

,Odynski based his staﬁenents'prinarily on his work which had

, shoin }hét there'vere considerable granities of eéSily f

SOlubleephosphate_present in the lower horizohs of'nany”



“Alberta soils and on thg‘vork by iéévér (1926) which
indicated thﬁt‘rqots may penetrate to considerable depths in
the soil. Although it has been suggested that the mere
’pteséncé of roots does not gué:éntee that they are important
in ﬁlant nqtr#tidn, (Barley,1970) there is evidence that
subsoil phosphoruS'lay be inporgant ﬁnder cértaih “
cOQditiohs..RiChter et 3;. (1977) ,found that vheq4the

' topsoil was loi_in P, the subsoil could be an important
.source pf P for plant nutrition.“Their'ubtk*also showed ihat

as fertilization increased,'suhsoil.P decteaSed in
;lportance. Vetter and Frnchtenxcht (1977) found th
subsoil Pwand depth of root penetratlon vere llportzh
factors in deternlnlng the economically optimum phosphate
rate. “

Keeping.in uinavfﬁe previously meniioned-evidencexalonq
with tt f§ct thét barley is the largeét single crop in
‘Alberta{ thisistudj uaSIGESigned to deter-iné: |
1. the.inportance of subs>il P to barley crops as affected

by soil Order. | | i

2.> the effect of certaln nanagement practlces on the degree

to which a plant ,xplolts subsoil P.
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' . 2. Review f Literature |
Soil fertxlxty can be deflnejza(/ths nutritional suitability

of a soil for théigrowth of a plant. It is extrelely

d;fflcult to quantify the factors affectlng fertllity

-«

because interactions betveen the factors are the rnle rather

than the exceptlon. In the spec1fic exa-ple of phosphorus

statns of a soil,. the level of available phosphorus is not
synonylous Hlth the level of phosphorus fertillty.

Hoﬂlfxcatxon of any grovth factor nay resnlt in alteratlon

of a plant's ;rovth character1st1cs. Thls may be expressed

as changes in root habit, specifically, the nunber,

'effic1ency and dlstrlbutlon of roots. These changes may
result in consrderable nod1ﬁ%cat10n of the anount of B

/phosphorus avallable to the plant uhlch greatly ‘complicates

deternlnatlon of the phosphorus statd' of 501ls (Drev and

saker, 1978; EKmoch et al., 1957; Spratt and Rennie, 1962 and

Earder et al., 1963) .
The purposes of this literature revxev are: ‘ 'f“
|
1. to examine some of tge technlgues that have been used to

investigate the soil- plant relationshlps with respect to

phosphorns fertility.

e e . . . ;

2. to rev1ev relevant work on plant: nptake of phosphorus '
thh respect to depth\1n.the proflle and factors
affecting the importance of phosphorus at diﬁferent

depths.
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thensive research has been carried out to evaluate

,phosphorus fertilaty status of soils (llerander 1973. Miller

and- Axley,1956° Olsen et ;;.,195& Onanuar,1970 and
Bohertson,1962). Various nethods, such as chelical »4?

extraction, 1sotope technigues and hlological nptake have
FA P

 been used Chenlcal %xtractlons are the most connon because

they are more convenlent and are sultable for large scale

'”appllcat1on. Orig1nally chenlsts approached the problel by

‘Jtrylng to develop lethods that guantitatlvely extracted the

sale forl and alount of phosphorus as dxd the plant roots

(Russell 1961) .. Houever, this approach vas abandoned when it

hbecale clear that even 1if success vas. achleved the aethod
~ would: be appllcable to. only one type of plant. The approach

nov used lnvolves correlation of extractable phosphorus

&
content.of Ky 5011 to the responsiveness of a qiven crop to

phosphorus addition.
At present the two chenical extraction sethods used in

[ES han el - TR

vestern Canada are those of Hlller and Axley (1956) and

Olsen et al. (1954). The Hlller and Axley extractlon uses a

-

0.03 M NH4~F + 0.015 B H2504 solutlon. NH4-F dissolvés :
alunlnnn and iron bJ its conplex-1on fornatlon vlth alullnnn/

"and iron in an ac1d solutlon (Olsen and Dean, 1965).>The.

method is considered most suitable on neutral to slightly
acidic soils (Olsen and Dean, 1965). Difficulties may arise

wher it is used on calcareous soils because the acid is

partly meutralized, resulting in low values for extractable

/

/
/
//



‘ phosphorns (Olsen g; _;.,195“) The Olsen lethod uses 0 5 .|
BaHC03 solutlon buffered at pH 8.5 and operates by tro najore
lecbanisns. The presence of HCO3- decreases the actLV1ty of
Ca++ by causinq prec1p1tation of calciul as CaC03. This
;results in increased solubility of calcium phosphates ‘which

Z,“ are fhought to be a-najor source of‘plant-avallable

| phosphorns in calcareous 301ls. 'As well, the HC03— OH~- ioms
replace phosphate lons fron soil sorptlon s1tes. Extractable
phosphorus hy the ‘0olsen method 1s,better correlated vlth
plant reﬁpo;se on calcareous soils thanm is. extractable e
phosphorns h{:aCLGlC extractlon nethods (dlsen et al., |
1954). This 'is thought to be. because the extractlon ‘solution
is buffered at a constant pH and is lore snitable for .

extractlng calciuam phosphates.\The nethod has been ‘shown to

"
\\\glve high valnes of extractable phosphorus on acid 50113.'
N
‘ probably as the resnlt ot 1ncreased carbon le!lde pressure
@

in the extractlon vessel (ﬂarren and Johnston 1965).
. The anount of phosphorus extracted by both nethods has\sw;
been fonnd to be hlghly correlated with *a? value o I
leasurenents of plant-ava1 able phosphorus (Olsen ~; _;..
195u- dﬁanvar, 1970 and Onanvar and Robertson, 1973). As
uell, extractable phosphorus by these nethods has been shovn
to be hlghly correlated vlih yleld response. Robertson
‘W(1962), in a greenhouse study of 79.Alberta 50115, found
that €he response.of barlejlvas\highly correlaxed with

extractable phosphorus as neasured by both lethods. He found

correlatlons ranawng fronm r=0 73** to r-O 79** for the '

”~ -

o

-



_1956 and Olsen et al., . 1954) . Bovever use of these lethods

"under fleld condit1ons. Thus, it uas suggested that the

uiller and Axley method and cdrrelatlons of'r‘0.73*‘ to'

,r—O 82%% for the 01sen nethod. lunerous other studies in the

greenhouse have shown hxgh correlations hetveen phosphorus"‘

' extracted by these ‘methods and plant response (Baclean

et al., . 1955‘ Hartar and Sannan, 1975 ulller and Axley,_

to predict crop response 1n the fleId has not beeh So

\

snccessful. ‘Olsen et al.(1950) found that field crops failed

to respond to fertllzzer phosphorus ‘when extractable

P osphorus vas at levels that vould 1nd1cate response in the'

~h:greeuhouse. He postulated that the lack of respense occurred

S v \

“hecause a larger volule of soil is available to plant roots

total volnne of 5011 utlllzed hy plan f* 12 con51dered

.vhen studying phosphorus status of a 5011.

Olson\et al. (1958) studled the 1lpprtance of sub5011 :

N

_phosphorus in predlctlng crop response to fertxllzer

phosphorus. He found that-
p"subs°11 phosphorus test adds some, but uot nuch, to
the prec151on of forecastlng phosphorus need hy ' ‘ o
| topsoil evaluation alone. | o
On the ‘sites he studied there was a reasonably close\
correlatlon hetueen topsoal‘and suhsoxl phosphorus levels.

(x= 0,63** for ind1vidual topsoil versns sub5011 phosphorus

levels) Olsonfstated that dlfferentxal fertxllzer treatnent

'nay alter the top501l—subsoil extfactable phosphorus‘

pcorrelatlon. “If the correlatlon is poor, relying on



phosphorus status of the topsoil nay resnlt\an erroneous
\

Conclusions concernlng the phosphorns fert11 ty factor of a

5011 Correlations between extractahle phosph.rns in the
0-15 c» and 15-30 ce depths of 48 plots on ea h of six

Alberta sites vere variable and lower than thOSe reported by_

l

Olson et al.t The correlations for seventeen\srte years at
. A {

. the six sites ranged fron r=-0. u3 to r-O 48. Bobertson '

(1973) has reported that the varlabillty of crop response to

the appllcatlon of phosphorns fertillzer on Solonetzic soils

" is. large and predlctlng ‘crop respphse is gquite nncertaln.

o]
SOlOﬂEtZlC 50115 are aore variable in proflle

fcharacterlstlcs than other agrlcultnrally 1nportant soils 1n:

\ .
Alberta. The tonghness of the Bnt horlzon and the thlckness

of the Ah horizon play. an’ 1lportant role in alterlng the

»_rovn on. these soils. If sub501l

phosphorus is 1lportant, one vould expect t'e he eanonalous

resnlts in phosphorus response to occur on SOlonet21c soxls.

- The previons discussion has indlcated subsoil v
phosphorns probably does play a role 1n plant nutr1t10n.
houever these reports offer llttle 1nfornat1on on the degree
of'inportance. As 1ndlcated root dlstribntlon is an |
1nportant factor in deternlning the 1lportance of sub501l
phosphorns . Roots, by thelr natnre, are much nore difflcult‘
- to study than ‘the above ground portion of plants. For this
reason it 1s relevant at thls poxnt to examine some of the
nethods that haVe been enployed in plant

[N T ~
i e - — : .

1J.A.Robertson Personal Communication




root imvestigations. ' -

[

g_; gggt Dist y@utlon and Activity

Along thﬁ flrst uorkers to attelpt to stndy the root
.jorphology of a plant/poot syst was ﬂales (1727) . His
letﬁod ¥as not greatly different fro- those elployem more
recently. He silply vashed the soil avay fron the roots fron
'above. Oover the next 250 years othet uorkets 1ntroduced
different procednres for study of root systems, including.

I

the"so11—conta1nets lethod' the. 'Hater culture lethod'

¥

the 'trench washing lethod' the 'steklfrale wvashing method!

and the 'observatlon pxt»-ethod"(see Pavlychenko,1937).

method. VWeaver (1919) descrlbed the lethod as fdltuvs-
“The nethod enployed in excavatlng root systels Was
to- dlg trenches 2 to 3 feet ulde and 6 to 10 feet
iong to a depth of$atout 6 feet... the trenches were
: deepened as work progressed...In several cases vhere
the toots extended to depths of 18 or 20 feet or
_nore, the‘3011 was reloved by means of a bucket
-attqched to a rope...Con51derah1e danger fron gaving
.¥as expefienéed espec1a11y in the sandhill
soxls...Dravings vere made- sxnnltadeously with the
‘excavating of the-root atd aliays»to exact
. measurements.” T R I
Heaver's vork has prov1ded nuch valuabie xnforlatlon on roet

o

ystens, most of which will probably never be obtalnable

. \ -
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‘was then ¥

" plot-destructive and a great deal less tedious than root

' -9
again. However the method provides no direct inféflation on

the 'prefornlng capaczty{ of the root systel at any depth.,

" In Saskatchevan, Pavlychencho (1937) 1ntrodnced the

=

e

soil~block'uashing method. His method involved excavating
blbcks'up to 40 inches by %0 inches by 70 inches, encasing
thewr, removing theg frel the ground, soaking the.entite.
block and then vashinqlauay-all the soil. After this, the
roots could be studled in detall Thls nethod, as vitb
Heaver'g has prov1ded nuch valuable 1nforlat10n on the form -
and extent of root systels, as wef& as data on the effect of
conpet1tion. However the use of data fron‘these stndles to

infer preforllng capac1ty at any depth is not valid and may

lead to erroneous conc1051ons concernlng the 1lportance of

sub5011 nutrlents (Barley, 1970). Other vorkers have used a

varlatlon of the soil-block uashing technlqne to derive
;nforlation on .root systeas. They_have taken several core
samples arouad.a plant and'sectibned thea by depthQ The soil
. : away and the roots welghed and/or leasured .
(Hengel and Barber,‘ l

1974, 21971 and selbank

€t g;.,1974). This method has advantageé because—it-is less

‘ ' Y : _ :
excavation'studies“ however a large number of cores must be
/
taken to nge nep;esentat1ve 1nforlat10n on root

v.d15tr1but10n. Kirby ‘and Rackha- (1971) fonnd that root .

grovth of barley appeared to be nalnly vert1ca1 and stated

A

that roots tend to e19101l vertical chamnels. If thls-ls the

case there would be a large amount of variation between

Y
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‘cores. Welbank and Hillxals (1968) stated that betveen core;
varlatxon for: the 15 -60 cm depth ranged ftOl 31 to0 99 % of
the mean. Another problel is that it is difficult to \
dlstlnqulsh dead roots from active toots (Cole gl.,'1977_p
and Haln et al:, 1971). This may lead to am over-estimation
of the quantity of roots, especially in the subsoil, wvhere
deconp051t1on of roots may take several years. Lnother‘

1 lilitation of the nethpd is -that 1t‘ls on1y~nseful forﬁ
deteraining vFrtical_@istribution ofhplantltodts. ﬁoet crops
are norlally growvn in a high population densitj and it is
inpossiple to tell which toots ia a core come from a

' specific plant. Radial distribution can be determined if a
plant is grown in isolationi‘bpt uhdetrsuch cehditioﬁé'the

- Toot d15tr1but1on will not be 1nd1cat1ve of a plant growlne

| ‘in conpetitlon Hlth othet plants. Pavlychenko (193#) found
that an isplated iature.plant of“rye,»vheat or‘ulld oats
produced 65 to Bo_klloietets of rqpts, but when gtgwn in

 drill rovs 15 cm apart uith‘18 to 20 plants every lo\c

prodnced only about 800 meters of roots.

Imn an effort to overcone some of the dlsavantages of

L

e the lore classical nethods of root 1nvest1gat10n ,fthe 32?

plant 1njectlon‘-e" _developed (Racz et et al., 1964 and

Benn1e and Balstead, 1965). In thls nethod o"
gnantlty of 32P is 1njected 1nto the sten of a 51ngIb plant
‘and allowed to equlllbtate throughout the plant. Soil cores
. are- takea\at var1ous dlstances fron the plant and sectioned

‘by depth.. The radloactlvxty 11thin each core is assuled to



n

’

be proportional to the biological act1v1ty of roots within

/4

L
Hroots of the plant~under study and roots of sufrouuding

plants or dead roots. In this manner it is pq&sible to | .

obtain a measurement of root distrlbutkon both radially and

vertlcally. ‘However the lethod is snbject to variability in

~

the sane mwanner as the 51lp1e soil core tashing sethod

previously descrlbed (Kalath and Suhbiah,1971, Cholick ,»/;;;/y//
-et .l.,1977). This variability nay«beco-e excessive in soils ¢
‘vhere root distribution is controlled by soil! strncture.

Another ueukness of the uethod is that the 32p tends . to
‘concentrate in the areas of maximun biological act1v1ty
during-the period of equilibration. This may result 1n

: \ _

erronjous conclusions conCerninq root distribution and the

importance of roots in any volume of the rootlng zone.

3 .
Several different approaches have been enployed to
Aobtain 1nfornat10n on the! abllity of roots to absorb
nutrieuts at different depths in the 5011. Riersam (1967)

'chanuelled the‘root systens of plants‘to various depths in’

<

the soil through lov nutrient ledia‘vithin tubes. ﬁhile\this‘
letbod snpplies inforlatlon on the absorbing abilxty of
roots*at various depths under different conditions, it

'1gnores the problens roots lay encounter in reaching a given

e ldepth under norlal conditions. as well, it is not possible '

e
T

. to deternlne 1f growth conditions\in _one part of the profile

e

alter the auount or act1v1ty of roots’ 1n another part \rt of th

proflle,
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Bole (1977) developed a method to determine root

[t}

activity at various depths which overcomes many of the

probleas encouhfered vi other approaches. The method

involves caref y excavating a rdot'and then.ehcasinq it in

plastlc tnbe Hlth soil conta1ning a standard alount

" of. 32P labedled phosphorns. After a few days 329 act1v1ty is

deterllned in the above groand portlon of the. plant and thg{ﬁ

absorbing act1v1ty of the,root is calculated Ihe advantages

of thls approach are that roots are grown under normal

5

fonditions and nutrient absorption ability is measured under

standard ooddi%iéns. The main disadvantage of the method is -

huierﬁﬂgaieasutenentsfndst'bé.n;dewin order.tovobtain thed
_ab;orptlon ablllt] of varaons types of roots of differinq
| dges. As iell, the lethod uould be dlfficult to apply under
field condl;Lons.

fA jetd?d that overcomes many éf the proplé!s inherent
if the leth0d$ ddscfibed;previ?hsly is the 32P Msoil
'injectiénﬁ‘nethdd¢ Thié.defhod ués'ihifodﬁced'by'uyé and
Foster (1961), alfhongh yariaﬁion5‘0£.tﬁe nethod.hadlbeen
prevlously in use. fh%;desigdiihtéth&tes root dlsttlbntion
vand root actxvxty. The'use-of'radioactive tracers to measure

- nutrient uanke'fron’Soils.depedds on the prlnclple ofl,

’isotbpe dilﬁtion.lln génetal it‘can.be»ExpresSgd as:

\.‘: , .
Tp/Np = Ts/as_'o; "Np = (Tp:Ns)/ Ts N & ) o




‘added to the soil and Ms is the'ouanfgty of'nutrient'in'the
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absorbed by the plant while 'Ts is.“the /quanity of tracer

soil. that equ111brates v1th “the ad?éd tracer Qewbould and Lok
Taylor, 196“). The isotope dllutlon prlnc1p1e can be used to .
determlne relatlve uptake from . ﬂﬁfferent compartments of the

2 c T

_plant's root zone u51ng‘the,equatr0n: R } Lo

n 'nv //// N ; . .
vpiginp = (tBi-Nsi) s mreiNs) o

¥ . : . . . P ’ ¢ R - : . ; \\‘
- / v

"vhere n= the nuﬁter cf compartnents in the rdot zone. In

e

s i

uptake, several crlterla must be satlsfled Tbe tuo ‘most

‘1mportant crlterla,'as summarlzed by Newbould and Taylor

(1964) , are:' ~ : .

1 "the pattern of 1n3ectlons must be - unlform in. a11 zones,

i.e. the number of 1nject10ns the aCt1V1ty of tracer
and the geometrlc pattern mnst be constant.
2.‘_"w1th1n each zone the pattern of abcorptlon by roots

must ‘be’ random relatlve to the sites of 1nject10n.ﬂ

The flrst reqnlrement can’ be met by us1ng a temp{ate to
/ -
control the pattern ‘of 1n]ect10n. “The second regulrement may

cause some. dlfflCultleS in fleld crops where plantlng is not /

random.‘Thls error 1s decreased by 1nsnr1ng that the

_1n3ect10n pattern has a. constant spat1a1 relatlonshlp ulth

J
the plants to be sampled for uptak> meaturemenﬁs. The

'1n3ect10n.procedure 1tself may preVent,root;ng pattern from
LA E P , g :

dbeing,completeiy randor if the injection_access/holes‘offer



:1,chy tracer. Bnhanced root developlent has been shovn to occur

 in the subsouﬂjcuan.r—w'fsf ~~~~~ ?afley. 1973 and Karblane,

: a\nore easily penetratable lediun than does surrounding :

« sorl. Prevent1on of this possih1lity can he acconplished by A

not allening the roots to use t?e access holes. This has

’f_ﬂheen acconplﬂshed hy leaving the access tuhes in the access

o

:holes after injection (Chan, 1975). a: fnrther requirenent is L
.ythat add1t10n of the tracer to the 5011 nust not alter the
”“enornal gronth habits of hhe plants under study. Several

.vorkers have overlooked this crxter;on and used 31? as a

‘3

carrler for 32? (nye and Poster, 1961- uurdock and

IRt

_fznglebert, 1958 and Llpps et al. 1956). ThlS pract1ce iay d

result 1n ahnorlal root proliferat1on in the volnle occupledh

in the vicinxfy of nltrogen and phosphorus bands (Duncan andhﬁ
Ohlrﬁgge, 1958 and Hllker and ohlrogge 1958). Enhance& root:
grovth 1n the 1ahe11ed area can be- aVo1ded by using - .
carrrer—free 32p (Chan, 1975 and nevbould et al. 1971).

| : Houever in splte-of‘veahnesses lentioned %hls approach‘i
’does supply 1nf6rlat10n on the ab111t1 of a plant to ahsorh

phosphorus in a glven conpartlent if phosphorus is present.v. A

Varlations of this approach have been used to s;udy’the

eff1c1ency of plant uptak. *ertlllzer phosphorns placed

JESS

//

- 1971)

Dne further requirenent lnst be satisfled before the<
soil 1njection lethod can be used effectlvely.,In soxls u‘

uhere phosphorus varles Hlth depth in form and/or amoun

is llPerativ easnrenents of the- labile., - Lo
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iphosphorns at the point of 1uject10n (7 : and Tiuker, 1977).
lfter 1njection into the 5011 32P equllibrates ‘with lahile
phosphorus present at that poxut and the specxfic actlvity
:of phosphorus which the forfs absorbd is 1nversely related to
the size of the labile phosphorus pool. Prevlously, vorkets
have used greenhouse—deterlined 'A' values (Nye and Poster,

+ 1961 and Osman, 1971) or laboratory-deterlined E* valuesf

' '(Chan, 1975 and Nye and FPoster, - 1961) as a ueasurelént of

l'lahlle phosphorus. llthough 'l' valnes are probably the‘best
nethod of deterulnlng the expected level of lsotope'

' dllutlon, 'A' value determinations ar xtremely time
:cousuling. Where large numbers of san:;zs must be evaluated
fhe logistics becone insurlountable; 'E'-v§lues are more
approprlate\ln many exper1nents* hovever problens 811St Hlth
thelreuSe. Russell et al. (1957) stated: ‘

» . "ghen used to assess_phosphatevstatus‘of
agt1cu1tural soi.is, tracet lethods aupear to be
subject'to llnltatlons siailar to those of the older
‘extraction methods." : | ‘ - > |

"E; ialues are souevhat empirical as different methods may
give different results. In a case yhe:e two salples differ

in chemical characteristics, it*is quite conceivable that

they contaln telat1vely dlfferent proportlons of phosphate

«conpounds of dlfferxng solub111ty. Under these c1rcunstances

the time required to reach 1sotop1c equlllbrluu nay dlffer

dranatlcally. Several other factors such as the presence of -

orgaulc ions, exchangeable base status and temperature have

)

4

f,s7
5

i
!
!
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beeh shovwn .to affect excha;ge reactions (Ambarri ahd
Talibudeqﬁ, 1959,/a,.b, o')l However standaraized methods
have givenvresulté_uhich;correlate vell with phosphorus
absorption”byfplants (Olséh ggﬁg;. 1954 and Olantar, 1970) .
s vell, it has been shown that *E* and’'A’ values are
yhighly correlated with those obtained by cohventional _
extractioh methods (Olsen et al. 1954 ;.Onanuar, 1970 and

, Omanwar and Robertéon, 1973). Osman {(1971) _ condncted L study
vhere large numbers of labile phosphorus neasurelents vere’;
required. To overcome logistical'problels he measured labile

P uSing a C02 ertraction and convérted‘thevl;asnrelents to »
'h' values using'a llnear regre551on of 'L' value on the CO2
extractlon ‘values. In' hlS work he was calculat1ng absolute
qptaké. If, houever, the data generated aré”}elatire : °
uptakos, there is no need to make the conversxon. To
conpletely Justlfy this approach the samples studled should
“have essentlally the same chellstry and the regr9551on llne_

should intersect the origim. . 4 ‘ '

As the l1terature testlfles; the lethods used to study *
plant roots differ greatly in both approach and the
1nforlat10n obtained. I now propose to review data obtained

by the previously discussed nethods, as well as other

1nfornatlon ‘on the factors affectlng plant roots. The review 4&‘
=
u1ll be. divided into tuo-sectlons, the flrst dealing with -

. ~

" nutrient effectSﬁand the second deal'inyg with moisture

 effects.
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233 !gtr;eg fgects on _;ggg oots _ ' @

As early as 1862 Nobbe reported that plant- roots tendea
to follow nu* rleng;enrlched 5011 patterns in cyﬁlndetS«\
Since Nobbe's time several uorkers have reported '; s
ranification of roots in enriched pprtions of-soil (Duncan-ﬁ
and Oohlrogge, i958, 1959 an’ Heaier;-1926). Phosphorus has
been shown to promote root grovth wvhen applied to«plants.

%rdk}ng under nutrient def1c1ent condztiodp (Hackett, 1968) .

These types of results have led to the commonly held belief

that phosphorus has an 6vera;l favonr%b1e effect on root

—

o

devélopnent. Upon closer ‘examination it becoses apparent

,that one must look beyond localized effects to-gain a clear

understanding of how a localized increase in nutrients

éffeéts.;oot growth. Weaver and Clements (1938) reported

’ &)
[

. that vhen roots came in contact with soil layers rich in

nutriéntS'they branched piofusely but failed tO‘penetraté
deeply into the soil. May et al. (1965)'found_that nutrient

concentrations that were suboptimal for shoot growth and.
¢ © < o . .

e~

' prodnétion of root -ass,‘reshlted in barley'prodncihg the '

greatest lengﬁh of roots.,batg rgpotted Bx Drei et al. (1973)
indicated thatlappliéatign‘of high tates'bf,nitrate_in one -
conpartlent brbughiyabéut a '‘decrease in root’groith in low
nittate conpartlents. Phllipson and Coutts (1977) used a

split root technique to ‘study the effect of locallzed

‘nutrient supply on_lodgepole_plne. They foun@ enhanced

gfovtﬁ in Ligh nutrient zomes and depressed growth in the.

ldu netrient zones, which they thought fesulted fron
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conpeﬁltlon for a limited supply of assilllates prodnced in
the above- -ground portlons. However Drew and Saker’\1975)
reported there ¥vas no ev1dence that exten51on of barley
sellnal axes vas reduced by high concentratxons of
phoSphorusﬂln one portion of the:root Zone. Bevbould et al.
‘(1971) studiedsthe.effect'of tertilizer on uptake of
'phosphorus by ryegrass. Although the fertlllzer vas spread
on the 5011 surface and dia not affect the guantlty of B
'blabi;e phosphorus belov 2.5 Chm, the uptake of phbsphbrusv
‘belowv 2.5 cnm pas‘affected; There vas a 10% increase inlv
\absorption from 2.5—7;5‘cn depth. ds'vell, there was 50%
_decrease in P uptake from the 7.5-12.5 cm depth and a 10%
decrease fro- the 17.5-22.5 cm depth. They concluded that .an
increase of nntrlent in ome zone can modify elther the
%distrlbutaon or functlon of roots in adjacent\igges. Welbank
‘et al. (1970) presented data th t showed 51qnificant.effects
of fertilizer on root grouth of barley. They found ﬁhat
surflcial addition of P or K at all levels of nitrogen
.studied'hadyno.significant»effect on root groﬁthain the

" upper 15.cm but resulted ih'significant decreases in root
geight:belou 1S‘Cl"simultaneous addition of P and K
»resuited in a significant-increase in root.growth in the
0-15vcn depth and a significant decrease in the 15-30 c=
depth. Karhlanec(]97]) reported thatvniring.superphosphatep
_vith the sarface horizon“brought about a decrease in P
upta é fron lover horlzons. Uptake of 'subsurface phosphorus'

oy

" declined by ~ % and 21% for barley ‘and potatoes ‘



Arespectireiy. at thg’Sale time grain yield for barley
increased from 13.9 ¢ to u2 8 g per pot and potato yield
increased fron 52.2 g to 85.6 g per pot. Although data were
'not supp11ed on root dlstributlon the results are probably
explained by a decrease in root grovth in the subsdll.
_ﬂouever the ev1deude is. by no neans conclusive. Kalath and -
vSubblah (1971) studied the p051t10nal effect of phosphorus
placenent on root actlvity.‘mhey concluded that the: alount
of phosphorus uptake by maize in any partlcular root zone is
not affected by placelent of phosphate 1n other zones.'
‘ﬂeubonld (1969) found that mixing fertlllzer 1n the upper 13
c- of soil brouqht about a\larked ‘decrease in the absorptlon
or phosphorus by barle{ frop louer depths omn one so11 and a
4 ked increase omn a;anothe sorl. It appears that even for
~one plaht species the effecﬁvof‘nutrient can vary in hoth.'
degree and dlrectxon. 1t seeas that Q pn&br; pred1ct1ons,

, concerning the effect of nutrlents on plant roots,‘are,at

best somewhat limited in usefulness.

.u Hoxsture'Effgcts on Boot Grouth and" Punction

“Although lOlStute is Xnown to affect phosphorus uptake,
it is not alvays clear uhether it is the d&strlbutlon or
,actlvity of the roots that is prllarily affected. The
;echanlsls by vhich phosphorus comes inh contact wrth.thef

' root surface\suggest that the effect of nqisture on root |

act1v1ty may be the na]or factor. Onanuar and Robertson

(1970) found. that mass flou and dlffu51on accounted for at

~

\L‘/..
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least 97% of the phosohnrus absorbed 'by roots. Changes in

 moisture content of the 5011 vill affect the rate ‘at vhich'

‘these processes‘can dellver'phosphorus to the plant roots.

Mass fiov_depends upon the gradient in total loistnre'

stress, thevper-eability of the 5511 andvthe concentration.
of the ion in solution; therefore as soil moisture content
decreases the mass flow component of phosphorus supply

decreases. Diffusion depends upon the nutrient concentration

‘gradient’andvthe'effective diffusion coefficient. For

a

phosphorns-the_concengration grodient does not vary greatly

with moisture changes; however the effectiie diffusion

.coefficient'does change.. It decreases with decreasing \‘
- volumetric moisture, increasing tdrtnosity and increasing

»interaction'between’the ion and the soil matrix (de Jong and

Rennie, 1967). Hutcheon'and Rennie (1960) repo}ted”a highly
significant decrease in the availability of'soil phosphor&s

to wvheat as noisture stress increased. At the same tlle the’

relat1ve’£;a11ab111ty of the fertlllzer phosphorus banded

- With the seed 1ncreased Their data 1nd1cate that “the level

of lo;sture 1% the 5011 may have profonnd effects on the

relatlve 1nportance of 5011 phosphorus at all. depths

.partxcularly uhen phosphorus fertlllzer has been applled.

Re1chnan and Grunes (1966) found P uptake by barley roots

'decreased with decreasing vater potential. Thourp_(1969) .

-

‘reported that phosphorus uptake by tonoéo roohsbwas highly

4

correlated with moisture level in thefsoil. Newbould (1969)”

found that the supply of loisture caused consxderable
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~quant1tatlve var1at10nr1n the dlstributlon of P absorptlon
iby ryegrass. Rates of P absorption vere positlvely

.correlated with the levels of loisture. His data 1ndlcated

‘that the relative 1lportance of P at 85 and 60 cn depth vas

greater in the treatnents that received a. 11n1ted snpply of :‘ f

@

vater. However the absolute uptake from subsoil appeared to \y
" be approrilately egual for both'loxstnre'regiles for the

season as a whole. _While 1n general, the effect of moisture

|
on root. absorptxon of phosphorus is understood the deta

A

s e a

pertaining to the effect of moisture on-root‘grovth and
‘distribution'is sonewhet;albignous.vRussell (1961) stntes' : B @
that if copditions are continuelly moist allbplants are |
shallow rooted. Houever Cullen et al. (1972 found tnat

rooting dld not retaln shallou 1f the profile is contlnually

lOlSt. Tho-pson and Bnrrovs (1920) found that lucerne roots

penetrated to the full dépth uetted by irrigationm bat did '

. not go past the wet front. Thourp (1969) used a sp11t root
technlque,'xn vhich roots of the S%fe tonato plant| were
sxnultaneously placed 11 conpartnents of different noisture

contents. Be fonnd that uxthln the n015ture range he
|
studled (“ 22%),A oot grovth occurred lhlnl’ in the hlgher

'Ioisture conpartlePt..Rovse (197“) found that when root

grouth of lettuce is restrlcted near the surface by lack of -

\
v AN
norsture, the plants conpensate by produc1nq pmore roots in

'the deeper soil layers. However, Hurd (1968) reported that

the response to varylng moisture conditions may be under

(N

vconsiderable varietal control..Of"seven varieties of spring

\
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wheat he studied{underfhigh and lov moisture levels only one .

r

var1ety appeared to alter 1ts rooting habit in response to
moisture levels by 1ncrea51ng root grovth in the hxgher
moisture snhso11. AS with nutrxent effects, 1t 1s difficult

to accurately predict the effect of nozsture on the

'dlstrlbutlon of P uptake. . T ' : 2 -

\
+2. 5 Nut;itlonal Ilportgnce of Subs ; Phosphorus
It has been recognlzed for lany years that plant roots

nay penetrate to conSLderable depths (weaver 1926) . Hovever,

- as has been 1nd1cated prev1ously, the nere presence of roots

1n the sub501l does not guarantee that they absorb

.51gn1ficant anounts of plant nutrlents. Wiersum (1967) and °

Bole (T977) studied- the eff1c1ency of roots. deeper in the

' 5011. Wiersum found that wheat, broadbeans and Brass;ca

roots are as- efflclent per un1t welght in absorblng
phosphorus vhen grovlng at 80 cm depth as at shallower

depths. Conversely, Bole found that the ability of roots of

’whea and rape to absorb P decreased substantlally wlth
vlncre351ng depth. He reported llnllal uptahe of phosphorus

7frol depths greater than 30 ca, ‘although rape had 50% of its

,total root length belou 30 cn after us days. The
\
contradlctory nature of the results reported by Bole and '

iiersum 1nd1cates that the eff1c1ency of roots ‘in the

~

subsoil lay vary greatly vith changlng condltlons..a

\

possible fault in Bole's approach is that he apparently dld

\ \
not study absorptlon and transport’ undeﬂ éondltlons of P
b o .
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"stress. There is evidence that absorptipn and transport of

. phosphorns may be increased dralatlcalry 1f a phosphorus

!
stress is imposed as would be the case if the surface

_horizonibecale dry‘or\uere Lov in available phosphorus
(Clarksoh et al. 1977, 'and‘Drev.and‘Saker:\1978). In Bole's
and Elersn-'s studies the soils nsed vere uniform vith'depyh
and the lnfor-atlon obtained concerned the change ino

efficigncyvof roots with increasing»depth. But of equal

importance are changes in soil with depth which may alter .

23

the availability of phosphorus to plant roots. This has been

examined by growing pldﬁts in soil excavated from the depth
of interest. Halstead ggdgl;-(]957)\s£udied“six profiles

. S o : .
from eastern Ontario. They found that, in general , topsoil

- was capable of supplying iuchvnore'pho%phorus than subsoil.
'fﬁowever'in two of the six profiles studied, plants were able

"to obtain nore;phosphofus from the subsoil than from the

'topsoil. Nye and Foster (i961) used a trader technique. to
k : L . . : - ’ ': .
study the distribution of phosphorus uptake by‘?hize and

pigeoh peas under field conditions.'They found-that maize

obtained 59% of its phosphorns frou depths less than 12.7 ca -

\
and 93% fron depths less than 25 cm. Pigeon peas obtalned
ugz of thelr phosphorus from depths less tha/n 12 7 cm and

89$Ifron_depths‘less than 25 cn. Neybould and Taylor (196&)‘

. » q .
- found that under field conditions phosphorus uptake by
.1ucerne and‘rysgr%Ss dropped dranaticaliy at dep hs greater
than 20 cm. Newbould (19695. und that barley obtained

~betveen 3 and 10 times as much phoSphorus.froh the 5-10 cnm

o\

5

y;
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depth. as it did from the 25—30 cn depth; Karblane (1971)
found that barley obtained np to 89! of its phosphorus frou

“»

the upper 20 cCnm.

In general, the 11terature indlcaées that 80-90% of the

phosphorus taken up by plants is obtaxned from the upper

20-25 cn. Houever 1t must be elpha51zed that these f1gures .

are estimates and.are based on very few observations, Thg'

literature also indicates that the importance of subsoil

phosphorus-varies significantly for differeut,plaut species,

 different varieties of the same spécieS’hﬂd chdnges in
growing condltlons. slnce knouledge of the role of subs011
fFhosphorus 1s\1nportaut in deterlinlng the phosphorus :

- fertility of a:soxl it seered desirable to couduct;a study
to aééess-the importance of‘suhsoil.phospuorus'to parley in

Alberta.

":Qr.:ﬁ‘;‘%‘\’v*
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3. uuterinls‘and nothods

3.1 Field d Experiments 1976

Fhe 1976 field experlnents vere de31gned to deteraine

{

lthe importance to barley nutrition of soil phosphorus at

ovdepths greaterathan 15 ca. Plots were set out at three

; locatlons , one to represent each of three 5011 order5°

?Chernozenlc at Ellerslle, Lu11sollc at Breton and Solonet21c

at Vegrev111e. Legal locatlons and the results of. physxcal
and chemical analyses are given in Appendix 1. These sites
vere chosen as they represented a range of 5011 properties.
This was c7/§1dered de51rab1e as vork reported in the‘

l1terature 1nd1cated that soil properties may have a decided

- effect on ‘root grovth and>dlstr1butlon.w1t vas hoped that

-

the range of propertles would prov1de information on root

activity that would be appllcable to a wider varlety of
50115 than that connonly found in the literature ‘The
revievw of lhterature had 1nd1cated that moisture and
avallable phosphorus may have an effect on dlstrlbutlon ‘and

blologlcal act1v1ty of- plant roots. The field experinents,

'which 1ncluded tuo levels of noxsture, tvo levels of

phosphorus fertilization and three depths of phosphorus
A
uptake, vere la1d out in split plot factor1a1 desxgn. The

3zp uptake plots or 'nlcroplots' vere located at the centre"

of long yield-plots (Fig. 1). Prlor to seed1ng the plots at

Ellerslle and Breton, they were staked out and nine tores to

a depth of 60 cm were taken using a truck nounted hydr-ilic

25
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 corer. samples from Vegreville vere taken from the guard-row
area at the time of the first irrigation. The cores vere

; : . , , 5 l
sectioned into 15 ca lengths and bulked»uith-respeei to

.depth. uoisture.vas-dete:lined g:aviletiically-bn all bulk - ;

samples, vhile extractable phosphoyus was determined on the
three sanples fron 0- as ca depth. Prior to seeding,

'lonoca1c1un phosphate ias broadcast at rates of 10 kg P/ha

—

—

bﬁzf " on lou phOSphorus treatnents and QO kg P/ha on hiqh : Pt

//

phospnorus treatnents. The plot areas vere,rotovated tu1ce o

‘to incotpotate the phosphozns’unxfornly_throughout the

15 ca of ‘soil and then harrcved ~tﬁ“§E§EEé‘a level,
- firm seedbed, The plots vere seeded to barley (cultlvar

'Galt') at 110 kg/ha- with 18 ca rov spacxngs. Thefdate‘ofw

!

seedlng for each 51te is glven in Table 1 Concurrent vith e

™~

,seeding, 08 kg N/ha vas broadcast to the conplete plot area

7

using ammoniur nitrate ‘at Ellexslxe and Vegreville, and:an
equal nixtnre of unga”and ammoniua eulfatevat'Bteﬁon.togxr
ensure there vas not a sulphur defzclency. lftef Seeding,
32p llcroplots vere set up 1n luch the same manper as done
by .Chan - (1975) . Plastlc tnbes with ' an ont51de dlaleter of 13
am and an 1ns1de diameter of 10 mm uere'slipped over a steel
pnobe and.insertedintodtheySOil‘in a grid pa tefn.‘(fig. 2)J
A plyvood telplatevvas used to.naintain.the‘saie pattern for
vLali nict0plots;nfhe ﬁubes’were insefted toldeptns'of :10 ca
for the 0-15 cn conpartments, 22, 5 ca for the 15-30 ca |

_conpartyents and 37.5 cm for the 30 48 cm conpartnents.,‘ ‘

"lfter the tubes were set’ 1n the soxl, 10 uCi of carrier free

' : r
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. - Figure 2. - Plane view of grid pattern for 32p mlgroplots showlng the I
e N position of injection tubes (O) and the relationship to - \ . '
the barley seed row (---). S o o
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- Table 1 Dates of operations for the 1976 . field studies.

,

-

Operation

. , - :
. Site’ Seeding Irrigatiom 1 Irrigation 2  Harvest .
- 4[,’ . N . N -
Breton May. 13 June 10 July 13 - Sept. 1
'lee}slie_ May .21 June- 8 . Junme 29 Aug. ‘21
'Vegreville  May 25 Jume 17 July 5 “aug: 23
‘\ A\l
ﬂdble 2’ Dates of opérﬁtionS‘for the 1977 field studies.
. Operatidu4

Site ‘Séeding Energencevﬂafvest'1 Harvest 2 Harvest 3 -
Ellerslie ‘May 25 July 1 June 22 July é_v July 20
Vegreville June 6. I

|June 13 July 1  July 25 August 8
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32p in 10 =l of H20 SOIution was injected into each of the
'13 tubes fora total of 130 uCi pet'uxcroplot. The- tubes
vere left in place because it wvas thought this uould ‘cause.
less disturbance of the natural root dlstribution than would
their removal. (Chan, 1975 and Paa51kallio, 1976). An. aételpt
vas. nade to seal the tubes to prevent-entrance of air and
vater. ThlS wvas not entltely successful because the plaster
used to seal the tubes shrank and left many of the tubes
open. At the dates indicated in Table 1, the high moisture
tteatuents rece1ved approxiuately 50 un of addit1oual vater.
The. uater was applied u51ng,a truck—lounted tank and pulp
connected to "soaker" hoses. Prior to 1rr1gat10n, moisture
sanples ‘'were takem to a depth of 60 ¢cm usan a% Oakfleld
. core salpler. npproxllately three veeks prxor to hariest ’
root distributions uete detérlined bf the"32P plant‘ﬂ |
1nject10n method® (Renaie and Paul, 1971). L
L At laﬁurlty, plant samples were taken fros yleld plotc
’aud nlcroplots for. each treatment. The saamples were ‘dried at
' 70° C for 48 hours, velghed, gronnd and analysed for . ﬁ;%f
"phosphorus. The: 32P actlvlty of all ulcroplot salples was
deterained and used to calculate phosphorus uptake frgn eachf
depth (lppendlx 2'). Concurrent»u1th hanvest, soil cores
were taken for determination of noisture, bulk”densitf.and

extractable phosphorus.
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3.2 iglg Experiments 1977 R . <
' The 1977 field experiments were altered significantly

froa ‘the 1976 expernnents. The experxnents vere designed to
|

- evaluate uptake of phosphorns fron the\npper u5 ca of soil

s

in relatlon to time and soil 101sture. The time variable was
inclndeddbecause several workers have shown tather
signific: t anonnts of senecence of roots dnrlng the seasonl

particularly in the nppen 15-20 ca of so;l (Hengel and

\
Barbér,,197n;;0$nan, 1971\and felbank e et al. 197“). It wvas

'uthought:that a single root measurement at the end of the

season,  as vas done during the first year, nay'lead to an

erroneous conclusf

roots at any partxcular depth.

on conceraning the nulber and eff1c1ency of'

' Inltlally three sites vere chosen adjacent "o the 1976

sites;. however the Breton s1te vas 1ater ahandoned because
. of poor seedﬁing energence. 5011 chellcal and physical

properties . fo% the experllental sites are glven in Appendlx
T. The experlnpntai de51gn chosen vas a spllt-plot factorial
with three repllcates where the measured paraseter vas
phosphorus uptake and’ the 1ndependent variables uete tlne of
: sanpllng and depth in the soil. The design 1nc1nded three
harvest dates for each depth Uith the exception of the
30-45 cnm conpattnent at the flrst harvest.

. After staking out the sﬁtes, bnt prior to

w

fertlllzatlon, each yleld plot vas sampled to a depth of 90

ca u1th one ‘core taken beyond each end of the llcropr‘é’wm

1area. The cores fron each yield plot W ere sect;oned into 15

J
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cm lengths and bulked with respect ‘to depth.‘uoisture

contents vere deterllned for all salples while extractahle

. Phosphoraus contents and pH (1 2. 5) uere deterlined for the

sanples from the 0-45 cm depth The entire experllental area
vas fert111zed with 56 kg P/ha as calcxua nonophosphate
uhicb gas,incorporated asing a rotovator at Blierslie aind a
donblé—diSc and rotovator at Vegreville. After incorporation
the plot areas wvere double harrone& to ensure a fira, level
seedbed. after an egnllxbratlon per1od of .seven days,
surface soil salples vere taken and 51tes vere seeded -to
barley (cultivar 'Galt') at 112 kg/ha vith'avblanket
applicatioa of 48 kg N/ha as-annoniul pitrate. The
microplots were set-up in the sale.nanaer'aS'in the 1976
field experiments. Harvests were carried out'at.21; 42, and
56 days after energence‘at Ellerslielahdwzsf 42band 56 days

after emergence at Vegreville (Table 2). At each harvest,

‘ .« . .
plant samples vere taken fros yield plots for deterlination

i

iof the total P in the above ground portlon and fron the

micro plots for deternlnatlon of nptake with respect to
depth, The '32p specific act1v1ty of all llcroplot samples
vas{deternined and used to calculate phosphorus uptaké-fror
each depth.(Appendix 2).(At\each harvest soil Salpleslvere
taier fron 0-15 cm on ali plots‘andcfrol'O—QO Cm on

harvested plots._uo1sture and extractable phosphorus vere

deternlned for salples to \depth of us ca and loxsture only'

for salples fron 65—90 cndi;th. At each Aarvest root |

y 32p plant injectlon lethod
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add1t10na1 40 ug N/g and 4 ug S/g vas applxed to»all pots.

\

- 33
(Rennie and Paul,.197d).

|
3.3 éreenhouse E;periieht_

-2

The greenhouse experiment, using bulk samples fron_the

'1976 field-experinents, wvas conducted to determine the >

availability to barley of soil'phosphorus at different
depths in the profile..Soil from 0-15 cm, 15-30 cm' and 30-45

cm fOr.each site was collected, air dried and passed through

a 6 mm sieve. Washed sand was then mixed vith'the soil in a

3:8 ratio in order that potential structural probleas be \
avoided. The study involved two treatnehts, one where no '

phbsphorus was added and a second where phosphorus was added

to give an 1n1t1al soil solution concenttatlon of 0.3 ‘ug
‘ g/nl as determlned from phosphorus sorption lsotherns. P .

eorptlon data is glven in Appendlx u. It vas thonght the

5011 soluﬁlon phosphorus concentration vould relaln above
0.2 ug P/ml for'the duration of the ‘study. It has been
suggested_thﬁt 0.2“uq P/hl:is sufficient to\ensure there is -

| . N
not a phosphorus deficiency (Beckwith, 1964 and Fox -and

# . ' . ' : .
‘Kamprath, 1970)._&11 soils received a blanket treatlent of

50 ug N, 125 ug K and 5 ug S pep gram of 5011, as wvell as,

~

llCIO nntrlents (Khan, 196 ) Three ueeks after e-etgence an
The soil-sand mixtures were placed im pots, bfooght to field
capac1ty and allowed. to equlllbrate for a fev days. Each- potf'
was seeded vith 12 barley seeds (cultlvar 'Galt') and

th;nned to 64healthy_p1ants after energence. RoOR

BN
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temperature was maintained at a linlnnn of 15° C.and plants

s recelved artificial light for 17 hours per day. lt a3 days

‘af ter seeding, the above ground portions of the barley
plants. were harvested drled at 7009 C for 48 hours, Jeighed
_and analyzed for' total phosphorus.“Extractable phosphorns
vas determined on soil samples before addltlon of phosphoras

and'after,harvesq.

Lgalztlga; Hethods
3.4.1 Se0il _gz__cal Analzses

Phys1cal analyses were done on conposxte'sanpfes'fron
-each site vhlch were air dried and ground to 2 am n51ng a
f1a11 grlnder. Partlcle—51ze analysis vas done by the
hYdroneter procedure (HcKeagne, 1978). Hoxstnre content at
\1/3 bar was" deterllned 051ng the pressure plate extractlon
nethod and at Z15 bar n51ng the: pressnre meabrane extract1on
nethod (Hc%eague, 1978) Bulk' density was deterllned on
cores taken with a truck-nounted hydraulxc corer as outlined

N
in-cheagne (1978) . | . o 3' \' v
‘. R - P A R | | :

3.4.2 Sojil Chemical Analyses ' e o

‘3.u.2.1 Site Characterigation )

\

5011 reactlon vas deternlned OnlCOlpbsite salples'using’
he satnrated paste nethod and electr1ca1 condnct1v1ty uas |
determined on satnratlon extracts of the same. sanples
(ﬂcKeague, 1978). Sodlnn adsorption ratio uas deternined f‘

ns:.ng‘ satnratlon extracts (ncKei\gne, 1978) . Total\ carbon vas

?
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done by dry combustion u51ng a Leco induction furnace

(HcKeaque, 1978)._CaC03 equivalent was deternlned u31ng the.

. calcimeter method (Bascomb, 1961).

3.4.2.2 §gi;’ghosghorns‘nnalzsis'

Extractable nhosPhorus vas determined by the Niller anmnd
Axiey, and olsen-nethods as described_hy.lleiander'eg al.
,(1932). Phosphorus sorption isotherss vere‘defernined’usnnq
. the method outlined by Robertson and\Bache:(i958). lir dried
nSOil samples weighin 2.5 givere addeddto a series of'uater
solntions of known phosphorus concentration. The nlxtures
vere shaken for 18 hours and then filtered. The frltrate vas
oentrifuged‘and an allquot renoved for phosphorus
deternination. Sorption curves rere nlotted and phosphorus
requirenent to brlng the soil’ solutlon concentratlon to 0.3
ug P/ml vaS'deternlned. All phosphorus deternlnatlons on

soil'exhraets were;done by the ascorbxc acid method

(Alexander et al., 1972).

3.,4,3 Plant Analysis |

| All plant sanples'uere driedfar 70° C ror 48 hours,
ueighed, ground and analyzed.for phosphorusbcontent; Plant
nateriallfor toral phosphornsvdeterlination fOr'the 1976‘“
field trlals and the greenhouse study uas digested by.a wet
ashlng techn1que us1ng HNO3, stou and a snall anount of

ac1ou (Rennie and Paul, 1971). Phosphorus concentratlon of

plant. dlgests fronm 1976 fleld studles and greenhouse study

L 2 | ..\' - ) | a »l o £



‘vere deter-ined using the.ascorbic acid nethod (Aleander
et g;.’1972). Plant laterial for total phosphorus ~
deteruination for 1977 samples was digested by a‘dry—ashing
.fechnique using Mg (NO3)2 and hqo (Horulrz, 1975). .
Deteruination of phosphorusvconcentratiqns in-rhe digesfs_

were done by the vanadate*nolybdate—yellov.-ethod.

3.4.4 Isotope Nethods

3.4.8.1 32P Activity in Plant uaterial

One nl allguots of the aqueous dlgests fro- total plant.
analyses vere transferred us1ng an Oxford pzpette u1th
dlsp051ble tips to 20 Bl glass 501nt111at10n vzals
contalnlng 10 al of Sc1nt1verse»sc1nt111ant The nlxrures
.uere shaken and then counted u31ng ascintlllation counter
Hlth progralable channel settlngs (Isocap 300 lanufactured
by Searle lnalytlcal) Countlng tlles ‘Wwere norlally set to a
naxznul of 20 minutes as, the large nulber of sa-ples and
- short halfllfe of 32p resulted in time constralnts. All

~counts uere corrected for background and isotopic decay.

,Quench corrections wvere done when necessary. however thls
vas not normally requlred as usually there vere ‘no
51gn1ficant differences betueen salples in countlng .'i

eff1c1ency, and. the ultluate use of the data only requlred

»that the counts ‘have the sanme relatlve eff1c1ency.

3.4, u,z Exchangeable Phosghorgs A

Exchanqeable phosphorus ‘Was deternined by tvo methods.

N
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Method A was based oh a modification of that outlined by
Omanwar (1973y.‘soillselples of 1.25 g lere equilﬂbrated‘
with 25 ‘ml of 0. 01 H CaC12 solntlon for a perrod of 24 hours
1n 50 ll polycarbonate centrlfuge tubes. After equilibratlon
0.2 ll of solntxon containlng a kno-n alount of 32p was
added to the sample and shaken for a perlod of one hour. The
‘ sa-ples vere then centrlfuged at 27 000.G6 for 10 linutes;
The snpernetant vas filtered through Whatman 42 filter
'paper; Aii&nots of the‘filtrate'uerertaken‘using an OXford
'plpette Ulth dlsp051b1e fips for deterllnatlon of 32?
act1v1ty and phosphorus concentratlon. Calculatron of 'E' -
value wvas deternlned using the equatlok:

!

E = 31p(solution)#ci / (Cfe®) - ‘ , o (3)

. where Ci and Cf are the initial andlginal 32p activity in
.vsoidtion and ¥ is the sanple ueight. nethod A proved

unsurtable for the sub3011 sanpl%s because ‘the Ca+0 ion

depressed P solublllty thCh lade accurate deterllnatlons of -

'

phosphorns concentratlon rnpossrnle. A second nethod nethod‘/
B, uas designed prilariiy to study 'B* values 1n’the
subsoiy. In'order to obrain reliable'results severel
aodifications in the method were nade.'fhe'0.01 M CaCl2

- solution was replaced with deioniied rateri the 32p
eqniIibrctionbperiod'ias increased to fonr.doers and the

* isoil-solutiom ratio was decreased from 1:20 to 1:10. The

:'.conbination of chanqes resulted in less variability in

~
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results; hovever there were probleas with high-ly coloured
solutions. |
2
‘g. N\
Coadl “.
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‘4.1.1.1 lrriggtion

A. Besults and Discnssian'

N

4.1 _;glg ;Eggigegts 1976

83.1.1 Effects of Ir;;gatlo g__ gg ghg;us gggi ;
on - 1;g;_ and ghgggggggs Uptake: gl Barley

As stated prev1onsly the primary pnrpose of the 1976
study ¥as to obtain data on the inportance to barley

|

nutritlon of snb5011 phdsphorns. In order to increase ‘the -
scope of the stndy,llrrlgation and fertlllzet phosphorus ’
treatlents pre71ously descrlbed vere 1nclnded. As has been
dlscnssed ralnfall and fertilizer Practice are along the
more variable factors that are likely to affect crop grouth
and nutrlent uptake.‘ |
; | |
Although 1rr1gat10n is not norlally regulred in central
Alberta, sprlng ralns had been Sparce and 5011 loisture
content was lov at all 51tes (Table 3). If condltlons
prevalllng at ~seeding had contlnned the effect of moisture
lay have been ‘more ev1dent - However, :alnfall dur1ng tne |

growing season vas abundant with 380 ma, 210 nma and 220 am’

at Breton, Bllerslie and Vegrev111e respectlvely._lll 51tes

receLved ‘a relatively hlgh propottion of thelr ralnfall

dnrlng the early part of the groving season vhen extra water -

uas belng applled to the lrrlgatlon treatlents(Plg. 3).

' 501stnre sanples taken prlor to the second 1rr1gat10n shoved

no observable effects of 1rrlgatlon on soil moisture status

\
)

\
\
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(not shown in data);‘IrriQation‘resulted in no sigmificant
changes in total phosphorus uptake at the three sites\(rable

4) . The Breton site shoved no significant changes in either

L

graln y1e1d or phdsphorus content in the graln. The response .

| to 1rrigatlon at the Ellerslxe and Vegrev;lle sites vas
' different fron that at the Breton site.vThe barley at hoth :]
.51tes(showed trends for decreases in graln yleld on the V
1rrlgated treatlent and 1ncreases in phosphorus content of
the gra1n. Houever the only 51gn1ficant effect (P<0 05) vas
the change in phosphorus content at the Ellersl1e sxte. The
reason the barley at the Ellerslle 51te shoued a response to
rlgatzon is not clear. Both 1rrlgat10ns at a11 51tes vere
x\carried out during the flrst six veexs of the gro'ing season ;
‘(Table 1) . All sites probably received sufficient l01sture
‘fron ralnfall durlng thls\period to preclude the need for
addltlonal lOlsture (Flg 3). The reason may be that ‘the
vegrerille and Ellerslre sites rece1ved more rainfall and
had’higher 5011 lOlstnre-contents than,the Breton sxte-'

(Tahle 3). It is possxble that increased moisture may have
resulted 1n an 1ncrease 1n phosphorus dlfqulon coefficients
'vhlch would tend to 1ncrease phosphorus uptake vhlle at. the
same tlle hav1ng negatlve effects on crop grouth because of

N : . v

1npa1red aeration.

4,1.1.2 gh_;gh_£3§ Fertilizer '

Barley showed an increase in total phosphorns uptake

-

vhen P fertilizer vas 1ncreased-fron 10 to 40 kg/ha (Table -

o



Tablei 3 Soil lOiSturé%1(%) er,1976,fie1d Studies,'

" Time of sélpling

Site Depth Seeding Irrigation Irrigation Harvest

ca : - LI 2

Breton - 0-15 16 . T 19 24
T15-30 - 19 18 19 2
'30-45 . 20 - 20 . . .19 .21

45-60 19 . 20 . 19 - 22

Ellerslie = 0-15 = 25 23 32U 36
o Ms-30 19 220 .‘Y' 27 28
3045 16 16 23 T

 45-60 17 18 19

\Vegreville 0-15 *. - 26 23 ' 200
1530 0 o« 722 0 20 13
©30-45 - % 21 v 12

45-60 £ 19 18 - .13

* Moisture samples not taken.



Table- u.'Phosphorus'uptake, yvield andﬂP-content of barley

for 1976 field_studies.

42

* Treatment level effecthignificant_at P=0.05.

o * . ' <

Y | ) . |
A site . "\’Pertilizé; Treatment - 5oi3ture tFéaénent
(1o.k; p/ha) (uo‘kg P/ha)  Natural Irrigated
, - : g
.(a) Phosphorns uptake (kg P/ha) . A '
Breton 10.1° 11.7% o 10.8 11.0
Eiléfslié_ P 1.3 -13.1,  KRR 12,2' 712.5
Vegreville »»8.2\_\_ﬁ11.af" | 10,0 10,
 (b) Barley yleld (tohné/ha) | ‘ﬂv R
 Breton_ 2,70 - 3,01 _KZLSB' | 2.92
‘Ellerslie 3.05 "  3.37 :  3039 .3.ow
tegféville: | 2,7u‘ N '3.68 - 33.31'1 "3.10-3
4 (c) Phosph‘;us 'i in batley:grain" L
BT ’0.38' ‘ 'o;ia, o 0.38 - ¥ 0.38‘;
ga 0. 37 0.40% .':0.55.' .4 1%
| Vegre{illé:f‘ o 30 é C0.32 . 0.30 0.32
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4 at ali sites. The increasoEQas“significant (P<0.05) only
raf'the.Breton_and Veqréviilé'sites, Plot variahility
probably accounted for the lack of‘a significaoh fertilizor
. 1:effect at the Bilerslie site, Ihe‘additional 30 kg.P/ha_on,
the high phosphorns treatment rosnitéd"in.1€; 19 andpa3 per
- cent 1ncreases in the phosphorus uptake at Breton, Eiletslie
and VegteVille respectively. The high phosphorus treatment
resulted in-increased yields at all sites, although the
incfease vas significaht (PS0.0Q) only:at‘the Breton site.!-
As well, Ellesslie and Vegreville showed increases in
phosphorus content of the grain however the increase wvas
‘ significant only at the Ellerslie site. The reasons for the
”relativelyylarge yield response at.Vegre;illo are hot
/Egiirely clear. Extractable phosphorus by the Olsen method

indicates that Vegreville had the lowest phosphorus status

of the three-sites;”hovevet, extractable phosphorus by the

Miller éndihxléy method indicates Vegreville site has higher ‘

extractable‘phosphofus than the Ellerslié sito (Tabfe S); It
appeiis that the anonnt of extractable phosphorus in the top
15 cm of soil, as neasured by the tvo -ethods in use in
vestern Canada, fails to adeguately gredict phosphorus
-availability to barley. The Vegreville s;te also had a’
significant fertilizer-icrigation interaction, vith
irrigation reSulting in an 8% incteaso in'ﬁptake of

phosphorus on the lov levél phosphorus tr atnent ang&a 6%

decrease on the high phosphorus treatnents. Dnncang.

lultiple.fange test revealed that'theSe changes vere

4y

PRVE Ry SRR
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. Table -5 Summary of,extractaﬁle phosphorus for 1976 field

/ stu@ies.

\

o

(40 kg p/ha)v',f)

* HP = ,
'LP = (A0 kg P/ha). ..
e

T

M '\ L& )
"ﬂi‘ ‘4 / . ! \ ’
Miller and Axley. ~Olsen
N : . ) .
Extraction Extraction
Depth . " Treatment - Treatment"
site ~ cm HP * Lp HP LP
R Breton 0-15 19 14 17 13
Yoo 15-30 3.4 3.4 2.6 2.6
. -30-85 4 4 3.5 3.5
Ellerslie  0-15 14 1" 13 10
15-30 ‘3.9 . 3.9 2.3 2.3
“ 3085 2.5 2.5 1.8 1.8
S R
Vegreville\,0f15 17 14 12 !
15-30 2.4 2.n 1.9 1.9
130-45 9 1.9 2.4 2.4

45



o s
s;gniflcant (P<0 05).,The 1ou phosphorus treatlent was

phosphotus defic1ent and it is possxble that the increase in
1101sture resulting fron irrigation nay have increased the
phoSphorus diffusion coeffxcxent. The beuef;ts of 1ucueased
phosphorus avaxlablllty because of 1ncreased dlffusion would
not have been as 1nportaut on the hlgh phosphorus treatlent.
The adverse e?fects'of'highjfoil moisture levels may have. -
udre'thau out;eighed;thb bgnefit543%'iucreasedhphosphorus‘
availahility on -the hiQh'phosphorus treatleuts.

0.1 4.1.2 Bf gecgs of Irtlgatlon and gh0§phorgs gggt;liz

Uptgke of P hosphorne fron Louer Depths |

s

u.1 2.1 ;rtigatlou

Statlstlcal analyses of p uptake shoued no 51gn1flcant
effect of irrlgatlon on phosphorus uptake froa lower 3011
layers. However the extrele variabiiity of uptake 4
neasurenents may have hldden actual effects and the
follouing trends were noted. Irrlgatlon tteatnents at
Ellerslie and Breton shoved apparent 1ncreases of 25% and
40% uptake‘fron louer depths vhile Vegrevllle had_a 33%
decrease (Fig. 4-9). If one aSSules that increased uRtake

from depth on: a given soil vould result froa a co:blnatlon

.- of more favourable noxsture cond1t10ns and increased root

actlvlty at a given depth an interpretatlon of the trends is
p0551b1e. At the Vegrevplle sxte 1t is probable that
1ncreased moisture resulted in swelllng of the Bnt horxzon.

“Thls’vould 1ntetfere with the lovenent of :pots and oxygeu
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( 6 P uptake from three depths by barley for ‘the l976 E]lerslle

. site usnng the 0Olsen method to estimate exchangeable P.
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The four treatments are:

|rr|gated 40 kg P/ha

\\

B 30-us cn oEr oy

-
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B non trrlgated bO kg P/ha,IE_irrigated,
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into the lower horiions.and could be responsible for a
decrease in phosphorus uptake from 15-45 cm depth. The
Bllerslie and Breton 51tes do not have the same physical
.prohlels as the Vegre7111e site and addit10nal noisture
should penetrate nntll such\tlne as the soil abdve the
wettlng front reaches field capacity. The noisture content
(Table 3) reveal that both 1rrigations would have brought
the soil at both Breton and Ellerslle to fleId capacity to a
depth of at least 45 cm. (Field capacities are giVen in
4Appendix i;)'ln the case of Breton this would have resultedr
in ‘a2 substantial difference in profile noisturercontent
betveen 1rr1gated and non- 1rr1gated treatnents after both
irrigations. At thziEllersl1e site the irrigation would\have
altere& moisture content of the sub501l for the flrst
irrlgatlon but vould ha?e had llttle effect at. the second,
irrlgatlon because it uas near fleld capaclty before
1rrigatibn: Breton, uhere 1rrlgat1on should have caused the
greatest change in profile 101sture content, shoved a 40%
increase in the mean uptake of phosphorns from the 15-45 cn
iepth (Fig 4 and 5). Barley at Ellerslie had an apparent
b_ncrease in phosphorus uptake fron the 15-u5 cn of 25% on
che 1rrlgated treatnent (Pig. 6 and 7). Although the |
‘1rrigation effects wvere not 51gn1f1cant at elther Breton or
Ellerslie'lt appears that lncreased 101sture in the 15-"5 cn

. depth may have resulted in a change in uptake fron that

depth.



\ |
The fertlllzer phosphorus treatnent had no signifrcant

effect on uptake of phosphorus by barley fron the 15-“5 ca !

)

depth. Houever,‘ak vrth the irrigatron treatlent, plot

\ variability may have rendered actual effects nonsignificant,’

The Vegreville.site shoved the least observable effect

of phosphorus fertilizer treatnent on the uptake of
8

. subsurface (157a5 ca) phosphorus. The data 1ndicated that

\

" the high phosphorus treatment resulted in anhapparent 5%

increase in uptake of subsoil phosphorus over the low

. phosphorus treatment (FPig. 8 and 9). It would be expected

that the Vegreville'site vould show the least effect of

treatment on root distrihutionhbecause the Bnt horizon

1

\exerts'afcontrolling influence on_root distribution. The

reason the Vegrevrlle srte shows a sllght 1ncrease in uptake
' 1.

fron depth vhxle the other srtes shou decreases probably

‘relates to the lov phosphorus status of the Vegrevrlle site.

a3 ,

It rs connéﬁii stated that phosphorus must be adequate to
|

[‘ensure adequate root growrh.;lt is probahle that the

\ avallable phosphorus ou the low phosphorus treatnent was |

\

 suboptimal for root growth. ihls explapation gains

Credibi;itﬁ;uhen.the iagnitude of the fertirizer response is’
COhsidered.'Conuer551y; Breton and Ellerslie sites
experieuced~andapparent deCrease in'uptakexqf subsoil"
phosphorus of 12% and 39% respeotiuelyi(rig.‘u-7), It/}s
prohahle\that.theyzllerslie and hreton sites,.vith’their
.auch louer fehtilizer response;'had sufficieaﬁ'available

)
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’ the_Soil, thereby decreasing availability of plant

A B 55
phosphorus on the low level phosphorus treatment to develop
a deep rodtvsystel. The additional phosphorus available in

the surface 15 cm on- the high phosphorus treatleut nay have

“enconraged proleeratf%n of roots 1n the surface 15 cm of

=~

assililates for groith of deeper roots. This_vdhldiexplain
the apparent results but the extrené'variability‘of nptate'
values leaves this conclusion open‘to'gnestioh:?digrall'the
data inuicated.that subsoil_phosphorus rapidly detreased.in

ilportaﬁce,vith the ~application of fertilizer phosphorus.’
OUnder the low phosphorus treatment the barleyacrops took up®

72,‘73 ahd 66 per cent of their phosphorus,frOI the upper 15

_cm of 3011 at Breton, Ellerslie and Vegrev111e respectlvely

(Flg. -9). Bndekkthe high ﬁhosphorus treatuent phosphorus, ~

uptake frou the‘npper 15 ca was 85, ~ 80 and 75 per cent at

Breton, Ellerslie and Vegreville respectlvely (Plg. 5—9).

Thegﬁéﬁrease in relatrve 1lportance of subsoxl P Hlth
18’5 :

appficéilon of fErtlllzer phosphorns agrees with the results

of othgr uorkers (Rlchter et al.,. 1977).‘

s :
~ The resnlts suggest that barley grown on the Vegreville

V

; 51te obtalned more phosphorus fronm ‘subsoil than barley grovn"

at the other. sites. Thls result appears sOIevhat 1ncongruous

‘when the effect of the But horlzon on root grovth is

consxdered houever, there 1¥?5npport1ng evidence. Root

\

| dlstrlbutlons obtalned u51ng the "329 plaut Lnjébtlon

.
nethod" 1nd1cated that har}gl/groin/at the Vegrevxlle sLte
= G i wlosie

/

\\v_
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than at the other Sites (Iable 6). hlso, soil loisture data

taken at. harvest shous that the Vegreville site had loisture'
"‘contents helou the -15 bar percentage in the 15—!5 cn depth.,:
which suggestes that there was root actlvity at that depth
(Table 3). Thls vas: not the casecat the other sites. During
the last six veeks of the gﬁpulng season raLnfall was lover'
at Vegrev111e than at the other 51tes. This may have
"encouraged" the barley at the Vegreville site to lake lore
use of sub501l 101sture and nutrleuts than was’ the case- at ﬁ

' the other 51tes. llso there is evidence to suggest that a -

high hulk deu51ty such as is._ encountered in the hnt horizod‘

f a Solonetz 5011ﬂray result_in 1ncreased uptake of ~
Hiy

\ . i R .
phosphorus (Subb1ah et al.,1968). . ~ ' e T
. . “[/ . v
BRI ; : : | ]
\ . - S . B 4
4.2 Fle;_ Experinents 1977 L e ‘“\“

at

The 1977 field experilents vere. designed to provﬂd
further 1nforpption -on the uptake ‘of phosphorus fron t&er
'sub8011 by harley. ihe design vas such that uptake coulh
‘folloued through the season vlth concurrent plant and so l
'saupling. In thls nanner 1t ¥as p0551b1e to get a more

~ accurate estalate of the changes in avallable phosphorus»
during the grovlng perlod for each site (Flg. 10—11). Durlng,
‘the pre11ous year's nork 1t ‘had become clear that - site :
variabiitty—Iust”aéEBﬁit’forﬁa;o;aiousﬁd;t;?’;he degree OA .
variability of\the 51tes choseu for the second year s study"”

is readlly apparent 1n the values of extractable phosphorus

and nH for soil samples taken prlor to fertllxzation and '
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‘Table 6 Barley root distf?bution 1976 field studies. *

) : , Radjius(cm) . SR
site Depth S 15 ‘ 30
Breton Co-1s 93, . 100 o
‘15-30 ’ 5 ‘ 0 ' 0
30-45 I e 0
4s-60 . 1 o 0
' Ellerslie 0-15 91 - 84 - 100
15-30 s o~ 16 0
- ~ 30-85 3 o 0o
R Cus-60 2 0 0
Vegreville  0-15 69 8y 100
| .. 1s-30 26 6 0
30-45 5 | 5 0
45-60 0 . 0 . : 0\.

. * The roots piesent at each depth andgrédius are expressed

as a percentage of the total amount of roots at tkrat radius.

)
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-
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Figure kl'Extraétab]e soil phosphorus over the season for the 1977
‘ Vegreville site using th

A

extractions.

e Miller and Axley, and Olsen
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 seeding (Fig. 12-17). It must be remembered that these sites

vere chogbn because they did not exhibit a high degree of
‘y .

\varlablllty in proflle features. It is apparent that the

.chemistry of a so0il is often much more variable than

morphological features would make it appear. This is

p%rticnlarily evident at the Vegreville study site. It was

¥ L4

hoped‘that the increased level of site characterization

: vonid relove some Of the variability and allow fdr aore

confidence in the results.

83.2.1 _;_1 Yields ~

In general the Vegrev111e 51te had snbstantially higher
yields than the Ellerslie site at all harveSt dates (Tahles
7—8). The reason for the substantlal yield dlffereeees are
of interéest in the context of thls study. The Ellerslie site
contained more proflle 101sture at seedlng than the A
Vegrev111e site (Table 9-10), hovever the Vegrevxlle sxte
recelved considerably nore rarnfall between seedlng and the
first harvest (Fig. 18). Overall the tvo sources of noxsture
at the two sites provided a Sllllat arount of moisture.

Water use, based on changes in'SOil loisture and rainfall

vas approxllately 90 mm ‘and 72 o at Vegreville and

' Ellerslle respectlvely prior to the first harvest.‘although

[N

both sites used approxllatelyatpe same amount of vater on a

veekly basis, the Ellerslie crop obtained.o!er 60% of its-
moisture from the soil at depths greater than 151c1;.The
. _ : @

Vegreville crop obtained only about 35X of its moisture from

—
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Table 7 Phosphorys upta¥e, yield and P COntqnt.of barley

- for the 1977 Ellerslie study.

Time , ‘ Plént Material P Uptake P Concen ation
days \ tonue/héC kg/ha ' %
y ‘ \ ‘\\
T , | \ A
21 0.80 2.8 o+ 0.34
. Q ’
42 C2.47 0 6.0 °0.24
56 . 4.35 9.0 0.21
74 ' 3.18 o 7.1 - 0.22 &

- Table 8 ‘Phosphbrgs -uptake, yield amnd. P content of barley

for the 1977 Vegreville:r study.

Time PlantAHaterial. - P Uptake. P Concentration
' days - ‘tonne/ha kg/ha - » % o \
28 C2.01 s 0.27
w2 4.23 ' 10.1 o 30.24
56 6.36 | iztz | 0.19
3 8.7 | 9.39 o 0.22
X
’
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Table 9  Soil moisture at the Ellerslie site during the

| | - R
1977 season. |- o e
Depth ‘ ' Time
Ccm | .Seeding i'&arvest 1 ‘Harvest 2 Q'Harvést 3
{‘ . » A
0-15 C37.9 2109 ©33.9 20.1
15-30 39.7 22.1 » 24,6 21.0
. R \
- - 30-45 29.5 21,9 | 15.6 ~15.9
45-60 22.2 . 2t.1 1m.7. 15.5
. 60-90~ 19.3 2.6 - 16.8 1709

Table 10 Soil moisture at the Vegreville?site during the
; 1977~season. |
o ‘ - .
" Depth s v ’ Time
ca i Seeding' Harvest 1  Harvest 2 ' Harvest 3.
0-15 34.0 19.0 14,5 18. 4
15-30 - 25.1 R U 12.5 13.3
30-45 20,5 16.3 ey 13,7
45-60 .0 - 3.5 w0 . 15.3

60-90 2.8 1205 $10.7 1.8



"helev‘15 cm. Presulablj-the 0-15 cl»deptﬁ at-Vtheville,
because of its more favontaple noistnte'status, vould have .
been condnc1ve to. nntrlent uptake more of the time than the
0-15 ca depth at Ellerslie vhich was dry mauch of the time
prior to the first harvest. The poor crop qrovth at the_:
Elletslle s1te prlor to the first harvest appears to
indicate t@at the sub5011 is a-poor sonrce of plant
nutrlents. The Bllerslle Slte also developed a weed
vinfestatlon Uthh affected the growth of the’ barley crop,»
but at the flrst harvest the problen vas just beconxng
| 'eVLdent It appeared that the veed 1nfestat10n vas the \
result, rather than the cause'of poor in1t1a1 grouth"at the
vxlierslie'site. . | 7 - '
.\7

be adequate at both sites for the relainder of . the groving

‘Subseqnent to the first harvest,~rainfall appeared to

season (F;g. 18). Total plant laterlal and phosphorus nptake
at the Ellersﬂ1e Slte after 56 days was about 70% of that at y
Vegre7111e (Tables 7. and 8).:The naln reason for the -
'd1fference was probably the weed 1nfestat10m at the

A

- Ellerslie site. - ' - e

-

4:2.2 Phosphorus Uptake with Respect te Depth

Bariey grown at,the Vegreville site‘appeated to;gbtatnd
ROte phosphorus fton beioa“is cn7at all harveet dates than'-
did the Ellerslie crop. Sub5011 phosphotus uptake vas
:greater at Vegrev1lle in both relatlve afnd absolnte teras

(F;g. 19-22). The ‘data 1ndicated subsoil phosphorus is of

N

>



<

E

E T

=20}

51

VT o
0 L

Time (»Wec\ks a’-ftér emergence)

\:,

Figure 18 Rainfall patterns durlng the 1977 field: studles at Ellerslie-
' ' (@ ) and Vegreville ( A )



71

.‘\ ’}'
s \\\\ .
101 *
N -
% Br T v b4 N .
~ A
w. o 3.
- S, _
N I
= \
1 ;g lL‘ \ ‘
[a g \ o B
g. M ) 2
n. {2
) ) -~ . ’
2 2y o
< . \ .
| . ‘ ::—“- | : ) . ’ § A
' ;! d " \\\\);‘;;; ‘ i \\ \\Nm . k \
o TR Mk, .7 B . € : .
. HRRVEST T, - .
. % 00-15 CM DEPTH .
\\\ 15- 3\0 CM'DEPTH \
. . ; L . ! q,'
\ L @ 30-u5 CH DEPTH

. . . ° ) . ‘
anure 19 P uptake from thrae depths by b%rley for the 1977 Ellerslle
. élte using the Olsen method to estimate exchangeable P. '
The three”harvest .dates are: A 21 days, B L2 days, C'56 days
T o oy



10 {~

(KG/HR)

PHOSPHORUS ;UPTARKE

éZ%“/

1 S |
A AN B R *
. HARVEST:

T

E= o0o0-15 cM DEPTH
NN 15-30 cM DEPTH
B 30-us M DEPTH
N & . .
Flgure 20 P uptake from thrée depths by barley for the I977 E]lerélle
-, - site using the Miller and Axley method to estlmate
exchangeab]e P The three harvest dates are: A 21~ days,

v B 42 days, C 56. days B . !



10

(KG/HAY"

. :PHOSPHORUS UPTRKE

Figure 21

73

P uptake from th

£

o
[ ////
- /
. 3 “‘
.. x~;\\\\;\\
. : '\;ﬁ#/
- X § -
NN N\ | N
A B c
' HARVEST ) | .
EEE 00-15 CM DEPTH . |
15-30 CM IJEPTH
ES@ 30-u5 cH. DEPTH ' ,
N 3

.

-

e- depths byrbarley for the 1977 Vegrey}lle _

snte using the Ol’en method to*estnmate exchangeable P. .

dates are: A 28 .days, B 42 days, C 56 days

-The three harVe

.\ '



e

74

‘l \ b \
10r \
1Y
T pt
~N
o
E.
L 6y
a
B~
o
= J
g 4yr =8 \
o A
- a o
:‘f’* t;’)z v.;’.‘?‘_
: n_‘;) {}, . §
1. = - \
0 3 N\t N\
. - A o B - c
o HARVEST =~ @ 9
Fa ' S \: ' o
. E=2 oo-15 o pEPTH
- XY 15-30 cu DEPTH -
> : o d
- B s30-us cn oepTH
. . . . . v . L

\Flgure 22_. P uptake from three depths by barley for the 1977 Vegrev:]le.

s:te using the M:ller and Ax]ey me thod. to estlmate
exchamgeable Pl The thrEe ‘harvest dates are A 28 days,
B h2 days,

P Yo
S



75
 1ilited4ilportance during the early part of the'season'but
becomes more important as the plant develops. At the
Ellerslie site uptake from belo; 15 Cm increased from .
approx;lately Sl at the firstfharvest to 14% at the final
harvest. At the.Vegreville site phosphorus uptake fros the
suhsoih was aporoximately 7% of the total at the first
harvest Subsoil phosphorus 1ncreased in llportance and
‘comprised approx1-ately 25% of the total uptake for the
Vegreville crop by the thlrd harvest. The root dlstribution
data at eight weeks complements the uptake study,because .
Vegreville appears to have a higher percentage of itsn )
, blologlcally actlve roots belou 15 cnm depth than\does
..Ellerslle (Tables 1 and 12). In general the data fron the
1977 fleld experinents appear to support the fludlngs of the

'1976 fleld enserllents.

-

- 4.2.3 3325023ake over Tile‘”

o . )
In an attenpt to ga1n further 1nfor-at10u on P uptake

I

over tlue a variation of the calculatzons used previously
vas’ carried out on the second year's data. This calculation

diq not regulre the use’ of §2P specific activity in the soil
. . \’d SNy - .

%and‘thereby bypassed.the'proble-s encounteredhobtaining'
ﬁpec1f1c acxlvity. The purpose of.thls calcn%gtlon was’to »‘7

/obtaln a relatlve neasurement of the amount of phosphorus

absorbed fron the labelled volule at each of the’three

Ea

harvests. The values vere obtaxned by lultlplylng 32p

SpélelC act1v1ty of P in’ the microplot plant samples by the

-



Table 11 Barley root distribution for the 1977 field

- studies at Ellerslié.#

; , | |
“Time " Depth . Radius (cm)

. o015 34.8 4.8 0

1530 12,1 3.2 0

30 4 R

3 | 5 &
4%

2. - 0-15

10.6 3.3

15-30 o 2.4

. . 30-45 3.8 0 0.

56 0-15 Ui 93.1 0.4 - 0.1

v

1 15-30 S 3.7 0.3 0.1
30-85° -~ 1.1 -0 0.1 .

Lcs . cus5-60 - 0.6 .7 0.3 0.1
Tl : - - P
 # The roots present at each depth and radius are
expressed as a percentage of the total amount of
roots. : - ' ‘ :

. -

o

** Note apparent error in determination.

S !
Y . .

N



TP AR et L g A nen et s g e s e e vy s ASTe A PNERTID R POV I [ ATLH T T IT YRS iy 1€ s 3 M L i e oh e %o are B 2o

N

A ‘- - \
\

Takbtle 12 Barley root distribution for the 1977 field

studies at Vegreville.*

K

4

\

Al

Time . Depth o " Radius(cm) .

-

days - cm ; 0. e 15 , 30

28 0-15  9u.8 1.3
15-30 1.3 0

30-45 1.8

o 0o (=] (=]

45-60 0.7

42 0-15 95,19 - 1.8 0
. 15-30 . 0.9 1.4 BT
30-145 0 - 0.8 - 0

 45-60 o o 0

56 . 0-15- " 8.4 ’ 6.6 - /o
} 15-3of" 63 v 1.2 0
- 30-85 ‘»' 1:5vh 2 0
us-60 2.0 . o o o

A
Y

*  The roots present at each depth and radius are
“expressed as 'a percentage of thé,totagaalount of "
roots. . o &g
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total phosphorns xn the above qround portlon as. deternlned

from the yleld plots. The valnes are relative bnt all hold

the sane relatlonshlp to the actual 32p act111ty in the
above ground portlon of barley crop. It will be notlced that
there is a 1arge decrease in the total .counts present in ‘the

above ground portion at Veqrevxlle from the first harvest to

"the third havest (Fig. 23 ).-?his apparent decrease is most

eiident'in’the barley fron the microplots labelled in the
’

“0—15 ca depth. The average values for 32p present in barley
~ from the nlcroplots labelled at the 15- -30 cm depth shous -

~little change between 4 and 8 veeks wvhile the 30-45 cm deph

exhlbits a sllght decrease Although the high varlablllty

between replicates results,ln nope of the changes in 32?

content reaching 51gn1fidanc5% it is 1nportant to recognize
&

that the alonnt of 32P present 1n the plant nateridl

exhibits the opp051te trend to vhat uould be expected if

tarley plants are in fact "“zero 51nks" for phosphorus.

Ellerslle does not exhlblt as large of a decrease in 32p

. . e

act1v1ty as the Vegrevllle site but it does shov an apparent-

\

decrease after {;feeks. The data-suggest that thé barley =

/

crop at Vegrev11 e lost more ‘absorbed phosphorns back to .the
‘5011 than the crop. at groun at the Ellerslie 51te.s1f that
 was. the case, a\conpar1son of the relative inportance of

subsoxl phosphorus at ‘the two sites may be nxsleading. It’is

A
«

‘.1nportant to recognize that if barley plants lose a ‘large

portlon of prev1ously absorbed phosphorns to the soil, the

“yalues obtained on uptake'of phosphorus from any depth are a.

\n .
\ : ) ) -~



VR b0 T N b b 2 g WS I o G G0 L6 et s e L T N TR M M S ORI SET A YOI vt tramees

J

..

4

ELLERSUIE 1977 o S
180 e e

-

isot . -

00~1S CH DEPTH
= — = 15-30 CH DEPTH
——————— 30-US CH DEPTH

A\

RELATIVE UNITS) =
r
[=]

’
L}

60t

yor

20t

32 P CONTENT

LM B
WEEKS AFTER EMERGENCE .

180

160 00-15 CH DEPTH

140 — = ™ 15-30 CM ODEPTH

(20 mmmm——— 30-45 CM DEPTH

100

(RELATIVE UNITS)

80

60°

4o

32 P CONTENT

20

_ 1
0 ] ) Y L6
. ‘HEEKS AFTER EMERGENCE ° -

Figure 23 52P content in the above ground portion of barley over
s time at the 1977 ‘Ellerslie and Vegreville sites.
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leasurelent of the phosphorus present in the plant at the

time of the -easureneut Therefore the uptake results lay

- not be Lndlcatlve of the ilportance of phosphorus in anﬂ 7

given soil volume to plant grovth over the entire seasoni A

Lo-y
€

4.3 Greenhouse Study 1977

Thergreenhouse study served as a ueans'of further

°

- gquantifying the phosphorus\Suppiying ability of'suhsoil;'rhe

subsoil samples were from the\1976 fleld sxtes but the cloqur
proxlnity of the 1977 sites allows the results to be applled
to the sites for both years. It is apparent that the

subsoils evaluated in thxs study have a very limited abillty
to supply phosphorus to barley under greenh;use condxtious
(Table 13). Where all nutr1ents with the exceptron of
phosphorus vere supplled in presumably adequate alounts

total phosphorus in the above ground portion of the barley
plauts'vas cons1derab1y lover for subsoils than for |
top501ls.'Tota1 phosphorus in the above ground plant

A & 0
material - grovn\on uufertlllzed sub501ls, frou the 15—30 Ko |

L

and 30-“5 ca’ depthS' was appr011-ately 25 17 and’’9 % of ".ﬁu
%

that fer barley grovn'on the unfértxlzed snrfaoe'soil for
'the,Vegrev111e, Breton and Bllerslle sites respectlvely.

Thls vould appear to lndicate that the suhsoils studled o

~ -

cannot supply phosphorus to barley at rates approachlng

those of the surface 50115 from the same sites. Houever the ;

\\
\\ .

1nab111ty of the subsoxl to supply phosphorus at rates

silllar to the surface 5011 appears to be related to the



TAT Fy oEMe N4 4 L LUS QUL U0 DBOUTIIDIOP -SPA Sn I0Mmice

. . o N

fih Loh Soon9r 4 e o a-
57 27 . ooLg LeL St L
0°¢ I°n 0S¢ 6770 8€°0 -
Lz L€ 00hZ =9 LLT e
2°s h°6 00LL STt LL=0 a-
0t 61 0SSt 62 8l a+
Lol €'z . o059 6L | 6270 -
4l Ny 0621 oy Lol 3+
87 g " 089 ELT0 . ELt0 d-
bt 91 “06€L £°L L5"0 . G
L°8. oL 0961 Lol S 8e00 - a-
- oht T ohEz 0%t i o a+
1°h heh 0LY , 0E°0 Sh*) - a-
0t Ll 06€1 5L _rw o de
Lt 3 096 1670, "L ‘ Ca-
4l £l Cenl : SR e d+
hi 7T 0621 e o8l nei -
0z - Z€ c00z © o8¢ 571 o d+
10d/bu 10d/bn . b/hn . 30d/bu ~ 30d/b jupugeanz
uasTo YW *2u0) aeadn - praN4 ¢ 4
*&.wﬁgnuo@uuxm d 3teld © TP30% uwuum:ﬂ»ug.;.

. d ®1Qe3oPIIX3 puv syueTd £3Targ Jo uoT3IPIIUIDUOD g pue ayridn

*quamtiziva asnoyuasab ;6

7y .
Y

q1 TI0S 9T qPIORIIXT

SHh-0¢8

‘0e-G1

wawo wﬂﬂw>wumv>

GL-0 . ATTIsIaITA

Gh=-0%

pe-slL

SL-0 " volaag
e -
p! o) 217TS

a»@yo«; P

I 8Y3- 103 TTOS JoO

1 'OT8TX gl ATaPl

N <

*




bt o o= T L T T A St Ao R o o Lt

82

amount ai phosphorus present, not differences in the forls
of phosphorus conpounds. Correlations betueen total -
phosphorus in the above ground portlon of the barley plants
“and extractable phosphorus hy thepolsen,and Miller and Axley
| _ vnethods are signlflcant (P<0 01) (Fig. 24). Thelcorrelations.
and regressrons 1nd1cate that given a specific level of
extractable phosphorus barley is able to extract essentiallx
the sane,a-ount of phosphorus régardless of the\depth fron

- vhlch the‘%oil was taken) It seems Justifiable to\conclude

¥ that theg: 1s a consistent relatlonshlp between extractahle
.phosphorus and plant avallahle\phosphorus that is ; ~
independent of depth effects.lrhls observatlon is of
partxcular 1nportance as.1t tends to Jjustify the approach
used in the calculatlon of uptake fron different soil
layers. Slnce extractable phosphorus is hlghly correlated
with the uptake of phosphorus fron 5011 from all depths\and
\ ‘51nce plants will absorb onl{ phosphorns in solution, it
'.seels justifiable to conclude that extractable phosphorus is
’vell correlated ulth the total pool of labile phosphorus
present in'the soil. Presulably'32P added to soil can
exchange only Ulth lablle phosphorus that is able to enter
the solmtlon phase. It ‘therefore seels justlflable to use_

\

» extractable phosphorus as a ne?sure of exchangeable

: . o ~

phosphorus. ‘\
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g;g tion of BExchangeable ghosphg o /
The lethod hy which exchanqea§le phosphorus is neasured:
is based on equilibriun ratios. Ihe spec1fic activity of |
, solution phosphorus is assuned to be equal to the specific
. activity of exchangeahle phosphorus present in the sanple.
f)Therefore the accuracy of the calculation of exchangeahle-

~

phosphorus is hased on the assulption of equiiibriul and 15 ~

controlled by the accuraéi of deternlnation of 32? specific
act1v1ty 1n solution. Deternination of 32p act171ty does not

present najor problens, ‘however d ernination of phosphorus

: concentration in solution does. In this study the B

<

| concentration of phosphorus 1n equilibidi solution for. \s_;

r'f_sub801l vas often near the llllts of detection for the . F
|

|
xhod used Lt these levels slight variatious in the zero

e

abSorbance'units,\an eFror of . 0.01 absorbance uynits tould —

result im an increase in the- calculated 'E* value o 33$'orf

[

_\hsorbance units was equivalent tor less than 0. 01
\ . .o

. a decrease of 50#. It must . be reuenbered that 0.01 A '
//;g P/al of
solut10n.~11though there vere problens 1n deteruining 'E!

values for all. 5011 sanples, the} vere not as pronounced foq
surface SOils as suh501ls and the results obtained er the ;
O 15 cm soil sanples were reproduc1ble.—;he relationships |
- v:; betveen 'E? values and extractahle phosphorus for the;

" surface soils -are shoun in Figures 25 and 26 In ali cases

i
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The relationship: between exchangeable phosphorus and Olsen

extractable phosphorus A and Mlller and Axley extractable

phosphorus B for the O—IS cm depth at the |977 E]lerslle
site, ‘ '
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v considered together. It is inportant to notice that the

the linear correlation*of exchangeable phos.torns and

extractable phosphorus is 51gnificant at P<0 05. Hovever the

regressiOns do not in@érsect the origin . as vould be expected

if the tuwo approachgs-nea§§red essentialiy the sale forn o£
1

phosphorns. As no reliab ! valnes for exChangeable(

phosphorns in the subsoil could be obtained'nsing the method

A (0. 01 A\CaC12 extraction solution), lethod B (H20

extraction) vas used to study three representative profiles-

’

fron both the VegreVille and Ellerslie sites. Ihe values

obtained are giyenm in Table 14. The data_shov that)for both .

A

sites there is a very poor relationship between '"E' values

and extractable phosphorus vhen'all profile depths'are.

.

relationship between exchangeable phosphorus and extractable
phosphorus for the subsoil at Ellerslie is reasonably
copsistent phile~the subsoilwvalnes‘at-vegrezille are

extenely variable. "This observation is inportant hecause it

1llustrates the degree of variability that might bre expected

- tO»QCCUI at the Vegrev111e_site; Fignres 16 and’17 1nd1cate'

the high variability in subsoil pH at the qureiiile site
and the relatively uniform valnes3at5the»EllerSIie"Site.'It

appears that chenical conditions in the soilylay have“a -

decided effect on the_relationship betueen SBY yglue and

) w

'extractable phosphorus.~1f the"E' valnes obtained by nethbd

B are con51dered to be valid 1easurenents of 'B' valnsfforJ"
o k:v-
the 50115 and are used to calculate phosphorus nptake frol

r

depth the uptake of phosphorus by barley vould have to be

Sa
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Table - 1“ Exchangeable P and extractable P fﬁf selected

~
\

proflles fton the 1977 plot 51tes..

1

site ] Blot Depth = *E' value  MNGA Olseh
o cn (ug/q) (ug/9) - (ug/qg)

Vegreville 1-1 ' 0-15 53 29 17
S . 1s=30 59 28 . . 2.4

& _.30-45 230 . 6.2 1_Te3

- 272 TTom1s 45 TTT2v Ty
. 15-30 _ - 17 1. 4 2.0
, e 30-45 % 32 10 led

37 0-15 T35 D V2 12

. 15-45 35 . .27 © 1.6

_  30-45 35 2 .6
Ellerslie 1-1 . 0-15 R S T 16
; S 15-30 17 N R

30-45____ 15 202 147 .

227 0-15 T Ty TTTTTE2 17"

© 15-30 " 16 29 2.0

v 30-45 22 T 2.9 2.6

L 7~ 353 0-15 —, - 43 22 - 15
Co . 15-30 S22 1.6
° t 30-45 - 22 2.1 2.0
-
' 1 o
€ . .
v s . (\ ‘
: - S
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nainly fron the sub5011.,rhe greenhouse studyldndicates that
'

there is very little phosphorus'in the subsoil that is

’availahle to barley under greenhouse conditions. It appears

that the lahoratory deternined 'B' values vastly

-overestinated the readlly exchangeable phosphorus present in

-

the subsoil. It is possible that the rates of isotope
exchange that occurred:in the laboratory deterlinations of

Vg value were far qreater Ahan occur under field condltlon

for these soils. The results appear to 1ndicate that -

e

>

_of phosphorus that is readlly exchanqeable Ain the

Y

.undxsturbed soll and for this reason, as uell as others

1
¥

.extractable phosphorus is a. better estzlatxon of the alount :

'“789j.

nent1oned pre71ously, it vas decided that it was justxfiahle.j

to use extractable phosphorus in the calculation of

dlstrlbution of phosphorus uptake by’ barley.'

<! ‘e
e N



a ." 5.'¢enori1 Dlscussion and cdlcl;:ions

&‘\v-- 2

The aln of this 1nvest1gat10n vas to ohtain a measure of the

1-portance of subsoil phosphorus to barley crops in llherta.‘°

i The results of the study suggest thgt the' subsoil 1s not an
Jilportant source Jf phosphorus for barley under lost
condltions. It wvas . found that the laxllun contributlon of
subsozl phosphorus ias only 30! -of the total phosphorus ‘use
Vaby barley and the llportance of suh801l phosphorus decl1ned
’.-arkedly with the addlthn of phoSphorus fertil1zer to the
Ap horizon. There vere no clear effects of loxsture on the _
‘:'1lportance of sub801l phqsphorus to harley. houever.bou |
- lOlsture levels in one part of the root rone appeared to '
:result in relatlvely nore phosphorus belng absorbed fro-
',other‘parts of the_root zone. The resultsvalsOfsuggest that
‘there are se#eral probleus iith'thev35P soil injectiou/\

e

nethod There is a hlgh degree of varlabillty in the values'

obtalned and thlS conpllcates\evaluatxon of both the data'{'

and the. nethod other uorkers vho have used varxatlons of

by

Egreat as to preclude obtafnlng statlstlcally

51gnrfrsent results (Osaan, 1971 and—;aaSLKallio, 1976).
~ The results from the 1977 field experiments indicate

that,there.nay be a fundamental flaw in the lethod.‘The

results sdgdest that barley plahts do not act as'a 'zero

<

. sink' for phosphorus and that there lay be a con51derab1e

i'efflux' of phosphorus out of the plant The uork of Rovira

andeoven (1970) supports thls hypothes;s.bln a study of

.

90

:3the 329 so11 lnjectxon nethod have reported that vatrabi l1ty

y
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iniact rocts of vhegt'seedlingsfthe;:reported that 3.4 % of

the 329 absorbed hy the seedlings in a 15 ninnte period vas

r -

‘~fpnnd ontside of the toot after.a further one honr petiod.

»

,in thelr study they were 1nterested 1n deternining rates of.v
» A
absorption over short tine per1ods and ?rnsldered the loss k

insan1f1cant. Honever, losses nnch less] than they repotted~

could be quite 81qnif1Eant over the tinde involved in field
g .- -
expetlnent

ch.as uere carrxed ont in thls study. If

'IOSSes do occnr, Lt‘severely'li;;tS'the usefulness of the

32p soil 1njection nethod for detetnlnatxon of the : ff"

dlsttlbntion of phosphorns mptake llth tespect to depth.

»

Purther robl s are enconntered in'the deterninatfon

' of 'R ’Alues. Altho gh VB! valnes ‘are often consldered less

-

’ enplrlcal than chen1cal extractlons, they are 1n the

author's opinlon, at least as enp1r1ca1 as. chenlcal

extractlon nethods. Russell et al. (1957) State: "all

”1norgan1c phosphate fractions in the SOll aust be regarded}‘f

'as undergoxng exchange, althouqh at very different rates."

The fact that all 5011 phosphorus 1s potentlally

exchangeable along u1th the fact‘that rates of exchange

f-,._ N

':dxffer uxdely and are suhject to numerous conpllcatlng
factors_(Aranbarrl and Talibndeen, 1959 a,b,c; ‘Rennie and

rPanl, 1971 and.Rmssell'et'al.,1957) results in vhat the

author belleves to be an enplrlcal neasurenent. If it wvere
p0551b1e to deflne all factors affecting the deternlnatlon

of 'E'(yalue in the laboratory the same conpllcatlng facto:s

_.Hould st111 apply 1n the field uhete control and/ot\

(4
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"~ estimation of factots vohld beipnch more difficult. For

these reasons the author feels that the value of the 32p
soil injection method under field conditions is extremely .

limited. '
. e
" In comnclusion, it appears that there are several

R}

difficulties in using the 32P soil injection»nethod‘to study

uptake of phosphorus. These must be nnderstood before the

n

_nethod can be used to obtain reliable data on the nptake of

phosphorus from different soil conpart-ents. In the author's

opinion it is important that the apparent loss of phosphorus

[

from plant toots be studied nore thoroughly.‘lf phosphorué

does nove out of plant roots in 51qnificant alonnts, 1t is

>1nportant that we recognlze th1s because it will affect luch

of our thinking on phosphorus nutr1tlon of plants.
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DU _ APPEND IX I (cont.)

~

Legal locations for

-

Location S

‘Breton '

Ellerslie

Vegreville

N

/.

1976 and 1977 field studies:

¢ ~

Legal Location = »

NE 25-47-4 W 5 - P i

NE 24-51-25 W b

NE 29-52-14 W & ¢

108
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APPENDIX 2
(after Newbould and Taylor 1964).
' N . | ’

Calculation of relative and absolute upta?e of phbsphorus‘from

'differeﬁt depths in the soil. ‘ B wd :
Variables: ~ . - . RN .
X <

Tp ?,32P specific activity of plant material

. ‘ . ) * . ;

Np = Total P uptake from each compartment » - |
Ns = Exchangeable soil P in each compartment |
Db = Soil bulk density in éach co%pértmgnt

n = The number of compartments from which
o s

: /

the plant absorbs phosphorus

7 L
*Equations | and 2 describe the abéoTute‘upfake from compartment i
* and equatidn 3 describes the relative uptake from compartment i.

\

N .V © Npi . |Tpi-Nsi-Dbi

. n . ' :
INp - z(Tp-Ns-Db) . | (n
= iz T

"Npi = :Tpi:Nsi+Dbi « INp -

‘ i=i (2)
ZLF5 Ns- Db) '
“|=_| o 2
Z'Uptake i = 100 - TEiiNsi;Dbi o , "(3)
. » co n T B .
: \ . ' . : . _Z(Tp-NSfDB)

.

* Compartment refers tp a 15 cm thickness of soil at-a specified

lk‘depth in the prdfile. In this study there were three compartments:
N - : . _ .

'0-15 cm, 15-30 cm and 30-45 cm. . ' SN
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"APPENDIX. 3 =

3

Uptake data from 1976 and 1977 field studies.

Table ‘ Description ’
3a o Breton 1976 .
S | ! |
S 3b _ Ellerstie 1976 |
3c o _Vegreville.|976 \J
3d B Ellerslie, 977
e Vegreville 1977
o
|
N
. .
¢ ™
L



I = irrigated (5 ca additional roifture in 2 applicatlonl)

P1= 10 kg Phosphorus/ha p.rior Lt seeding

v

)

N . 7
\ - )
, . '
Appendlx 3a Uptake data for I976 Breton fleld study -
S \/  Olaon Moty Olsen M.BA,
L Spocffic  Oleen H.eal  'Uptake - Uptokse  Uptake . Uptake
. Depth Activity . P S PP, P P . = \‘
'Tr'eu"tmoht cm, dpa/ug P PPm . ppm ' kg/ha . kg/ha F 2 %
X 015 3.04 a.! 9 578 5.60 5941 57.4
DP1 15=30  “ 3,00 ° .2, 3.2 1.84 2,00 18.8 20.5
- - 30-45 2.30 - 3.5 bol ‘2.16 2.16 22,1 22,1
| ) o615 be46 118 12.8 9.22 9.12 " 88.9  87.8
DP2 15-30 0.75 " 2.5 7 [ 3.2 0.34 0440~ 3.3 3.8
3045 113 3.5 Lel . O-BT 0.87 7.9 8.4
i : . L. \ o
REP-1 o : S o : .
0-15 3058 8.3 9l 7.86 7.78° 82.4 81.6 L
B 3 R | 0.68 2.5 3.2 0.47 - 0.52 be9 o Seho g
30-45 . 112 3.5 Lel 122 L 1e24 L 12.7_'._ '\}1‘5.0
o 0-15 2.25. .75 12.8. - 984 . 9.85 8146 1 80.0
P2 ¢ 15-30 0.77 2,5 3.2 0.74 =~ . 0.85 6.2 L 7+0.
L 2045 0e97 . 3u5° 7 hal 148 1556 2.3 130
N 0-15 - 1.96 15.2° 1843 - B.90 . 8.97 . 77.2 77.9
DP1 1530 1.06 3.2 4.0 .07 . 1,10 T 9.3 . 945
30-45 1.46 3e1 3ek 1.56. . 145 3.5 - 12.6
e 0-15 2.16 - 1645 22,6 1.8 | 12,0 89.9 - 913
DP2 15-30 0.50 3.2 4,0 T 0.56° 0.51 Ly2 3.9 .
30-45 0.65 =~ 3,1 3o . 0.76. " 0.64 5.9 ‘48 -
‘REP-2 - o ; Lo e |
. o 0-15 2.58 ~ 15.2 1803 1 | 9453~ 9.58 . 87.4 87.9
- , 1P 15-30 0uS4 °. 3.2 4eO. . O.by 0.45 b 42 Y
S ; 30-45 1.08 301 3eh 0 O.on 087 8.6 8.0
0-15  1.52  16.5 22.6 ' 9.72 9.87 88.6  90.0
iTP2 15-30 0.52 3.2 4.0 0.68 0.62 6.2 5.6
: 30-45. 0.42 31" 3elt 0.58 0.48 5.3 he,
y, . i ,
> B |
: N | - .( "
’ o 0-15 349 4.6 15.0 " 7472 7458 90,2 e R
*DP1 15-30 1,09 2.2 3aT 0438 0. 51 " by c.o® .,
LU 3045 0.63 kel Lok 0.46 Ouy? 5.4 .55
. 0-15 1.79 22.6. 21.2 10.6 10,1 89.1 85.2 .
. Dp2 _i5-30 1.66 2.2 3.1 0499 To43 8.3 12,1 ’
1 30-45 0.24 Gl bk 0.30 0.33 2.6 . 28
REP-3. ! . L . ¢ AR
Co 0-15 0. 16 1446 15.0 boll 3655 . 3947 - 34t
IP1 15-30 1,07 2.2 3.1 4430 5.12 - 413 u9.2
o0 ~ 20-45 0.23 . 4.1 bk 1.97. 1a?h 19,0 16.7
. S o5 120 T 2206 21.2 9.1 883 76.4 73.8
2 15-30 L0.27 T 2.2 3,1 0,21 0.30 1.7 2.5,
A 30-45 1.60 At RN 2,62 2.84 21,7\ 2347
-f : A M.LA. refors to the Hillﬁr and Axley extraction method,
. . ) ’ D 3 non- irrigsted (natural moisture conditiona)

St



REP-1

REP-2 -

" REP-3

~

Appendix 3b Uhtake data for 1976 Ellerslie field study.

112

) Oloen M.XA. Olson M.LA,
Spociri‘c Ola- M.bA.A Uptah® Uptoke, Uptoko Uptake
" . Depth  Activity P P P P P P.
Treatment cm dpa/ug P ppm Ppm "kg/ha— kg/ha A 4
0-15 3.9 ' 7.8 8.1 B.68. 7447 87.8 75.5
_DP1 “15-%0 1.94 0.9 2.4 0.58 1.28 5.9 12.9
-4 2.12 0.75 1.64 0.63 AT Goly - 11.6
0-1 1.57 11.1 11.8 - 12,8 11.4 91.3 814
DP2 15-30 1.23 . 0.9 2.4 0.35 2.13 6.8 15.2
’ 30-45 034 0.75 1.64 0.26 0.48 1.9 Beb
0=15 2451 7.8 B.1 8,93 794 91.5 81.4
1P1 15-20 1.30 0,9 2.4 0.63 1.43 6als 1.7
30-45 0.43 0.75 1.64 0.2) 0.39 2.1 4.0
0-15 - 147 1.1 11.8 12,4 11.5 93.9 87.1
P2 15-30 0.53 - 0.9 2.4 Oe443 0.99 3.2 " 75
30-45 T 0.47 0.75 1.64 0.38 0472 2.9 . 5el
' 0-15  2.39 1.5 12.8 .20 8.92 71.2 69.1
DP1 15-30 1.07 4.2 5.9 1.76 2.15 13.7 16.6
30-45 .17 3.5 3.8 1.95 1.84 15.1 143
. 0-15 tobh 1646 14.2 1041 8.83 7he 64e9
pP2 15-30 1.31 4.2 \)5.9 2.72 3.89 20,0 25.6
30-45 0.38 3.5 3.8 0,80 0.89 5.9 6.5
0-15 1446 1.5 i2.8 8.01 7.63 66k 63.2
1 1530 1.08 4.2 5.9 2454 3.03 21.0 25,1
30-45 0.64 3.5 3.8 1,52 141 12.6 1.7 .
_ 0-15 1.18 16.6 14.2 12,2 1.0 78.0 70.2
P2 15-30 0.71 422 5¢9 2.17 3.20 13.9 20.5
30-45 Ool1 3e5: 38 1.27 145 8.1 9e3
) . . g
0-15 . 2495 < 101 12.2 9.67 8.87 85.4 784
DP1 15-30 2.01 165 3.4 1.26 1.97 .2 17.4
 30-45 0470 1.2 2,0 039 0.48 3.4 < he3
0-15 1.97 16.8 5.4 . 19.7 S 10,2 92.0 §5.0
P2 _15-30 0.7?7 1.65 34 0.48 1.03 Lol - 8.6
' 30-45 0.82 1.2 2.0 045 0.77 3.8 6.4
- ‘0-15 0.96 1041 12.2 7.85 6455 65.7 S48
1 15-320 1.70 1.65 3ol ' 2,66 3,78 22.3 31.6
‘ 30-45 1.04 1.2 2.0 1ok 1.62 1241 13.6
0-15 0.93 16.8 15.4 9.81 8.26 79.8' 671
P2 15-30 0,57 1.65 3ok 0.69 1.31 5.6 10.6 .
1.70 1.2 2.0 1.80 - 2.74 4.6

< 30-45

A v.uA, refers to the Miller angd ‘Aﬁtléy extraction method,

L 20 non-irrigated (natural moistur= conditions) . )
I = irrigated (5 cm additional molsture in 2 upplica\tions)'
Pl= 10 kg phosphorus/ha prior to eeojing

‘P2« 40 kg phosphorus/ha prior to seeding

22,3
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Appendlix 3c Uptake 'data for 1976 Vegreville field study.
. Olsen M.A. Oleon M.&A.
Specific Olson  M.zA®  Uptake  Uptske  Uptake  Uptako
: v - .
. Depth Activity P P P R P P
Tigatmcnt cm dpm/ug P Ppm ppm kg/ha kg/ba \ % %
" T
0-15 2%1 4,85 9.5 - 3,82 5451 Lo 63.6
DP1 15-30 1.22 1.85 2.4 10.88 0.84 1041 9.7,
. 30-45 4,47 2,35 1.85 5.97 2.31 45.8 26.7
0-15 1.54 8.7 1541 8.73 0.4 63.0 74.8
pp2 15-30 1.37 1.85 Y 2.4 2. 14 1.89 15.4 13.6
30-45 1.55 2.35 1.85 3,0 1.60 21.6 1.6
0-15 1.68 485 9.5 5e3 7.0 52,5 - 67.7
IP1 15-30 1.47 1.85 2.4 2.33 2.0 . 22.5 19.3
30-45 1.32 . 2.35 ~1.85 2.59 1.35 25,0 13,0
0-15 1.09 8.7 151 9.5 10,7 71.2 80.5
1p2 15-30 0.81 1.85 2.4 1.94 1.63 4.6 12,2
30-45 0.64. 2,35 1.85 1.9 0.97 1.2 73
0-15 243~ 10.8 17.9 6017 6.46. B34 87.14
DP1 15-30 1.82 1.85 2.4 1.02 0.83 13.9° 113
30-45 0.29 2435 1.85 0.20 0.10 2.7 ey
0-15 1.32 12,9 21.9 7.99 B.73  72.4 79.0
‘DP2 15-30 2.10 1.85 2.4 2.3y 1.96 21.3 17.7
' 30-45 0.51 2.35 . 1.85 0.70 0.36 6ol 3.2
0-15 1.89 10.8 179 5.26 5.87 70.7 78.8
ip1 15-30 2.01 1.85 2.4 1.24 1.08 16.7 4.5
20-45 1.24 2.35° 1.85 0.95 0,50 12.7 6.7
"0-15 1.01 , 12.9 21.9 7.78 B.59 7644 8Lk
.Ip2 15-30 0.75 1.85 2.4 1,08 - 0.91 10.6 “ 9.0
30-45 . 0.75 2.35 1.85 1.32 0.67 13.0 6.6
. .‘ ° - N
r . " » i -
0-15 0497 1044 13.4 345 3,76 45.6 49.7
DP1 1545 3.0 1.85 2.4 2445 2,69 . 32.3 355
' 30-45 1.67 2435 1.85 1.68 1.12 22.2 148
0-15 0.82 Thel 4.9 7.05 ‘742 6142 6Ll
DP2 15-20 o.Zo 1.85 2.4 1,00 1.31 8.6 11.4
30-45 j-~8 2435 1.85 3e48 2.79 30.2 T 2442
0-15 2.3% 10.4 13.4 5.61 ° . 5.9k 72.5 2647
IP1 15-30" 1.71 1.85 2.4 1.00 1.08 13.0 1349
30-45 1e54 2.35 1.85 . 1012 © 073, ka5 9ol
0-15 ©  Toihy - Thek 1449 9429 9.36 8546 8643
w2 1530 = 0.54 n.8 2.4 0,:\55 0.73 5e3 6.7
C O 30-45 0.75 2,35 1.85 0.99 0.76 9e1 7.0

‘
4

A ¥.kA., refers to_the Miller and Axley extraction method, -

L2}

non-irrigated (natural moisture conditions)

I = irrigated {5 ca ‘additional moisturs in 2 applications)
Pi= 10 kg phosphorus/ha prior to sceding
P2z 40 kg phosphorus/ha prior to seeding

B

N
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Appendix 3d Uptake data for 1977 Ellerslie field study.
) Oleen ; M. kA, lOluen M. LA,
" Farvest Spocific Oloen Mosar Uptake  Uptake Uptake Uptako
Dat'e . Depth Activity P P P P P P
week em dpm/400ug P ppm ppm ¥g/ha kg/hl % %
REP~1 3 . 0-15 7480 164 18.7 2.85 2.87 95.1 95.8
15230 2868 R W7 . 0.15 0.13 5.9, - ka2
x 6 0-15 3807 16.7  19.8 4?73 4a78 83.7 8L.6
15-30 LOOY . 1.8 1.9 0.68 0.60 12.1 J10.6
30-45 1685 Tl S 1.8 0.24 0,27 ko2 4a?
8 0-15 1610 . 116.4 18.6  7.42 O 7.45 8147 8241
15-30 2645 1.6 1e7? 1453 1.46 16.8 1641
30-45 248 tol 2.0 © Dl 0.16 15 1.8
x : V » o r ,
REP-2 K 0-15 12850 We2 1741 2416 2.17 9le6 95.3
15-30 L4254 - 1.9 2.0 0.12 0.1 Sely 4a7
N 6 C0-15 5596 146 1747 5.29 5.28 931 92.9
! 15-30 1518 1.6 1.8 " 0.20 0.19 3.6 3.3
N . 30-45 ., 1584 1.3 . 1.9 . . 0.1% 0.22 - 3.3 3.8
8 . o0-15 2848 12,5 15.2 7441 7.47 86.1  86.8
, S 15-30 1791 1.8 1.9 0.86" 0.77  10.0 8.8 -
30-45 814" 1.5 2.0 0.34 0.37 3.9 .3
.. REP-3 3 0-15 7754 ‘- 131 17.4 © 2.83%  2.85 95,2 95,7
: 15-30. 2833 1o © 147 L 0ulh - 0.13 . 4B L 4.3
6 ©0-15 4785 ot 180 6,09 6.2, 01 90,5
‘ 15-30 3183 1.2 1.8 0u 5 ~ 0.51 8.0 7.5
[< L 30-45 808 1.3 127 . 013 - 0,14 14 2.0
-8 0-15 2178 14,8 19.8 8.33 B.45 89.8 91.1 |
1530 1670 1.5 W7 0.83 0.71 8.9 T 747
© 30-45 226 1.5 1.8 0.12 0.11 1.3 1.2
) A M.2A. refers to the Miller and Axley extraction method.

-
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Appendix“;g::ptake data for 1977 Vegreville field study.

\ Olsen H. LA, Cleen M,LA,

Harvest Specific  Olson M.LAA ‘Upt{e Uptake  Uptake  Uptake
Date  Depth  Activity P . 4 3 P P P
week Sem "« dpm/400ug P ppm pPpa kg/ha -kg/ha: % ‘ %

REP-1 y 0-15. 5980 15.4 2341 3.63 3.7 85,7 . 88.2
15-30 5590 1.9 . 2.3 0.60 0.50 W3 g

6 0-15 183 145 19.4 895  .9.01  89.1 - 89.7

15-30 . 1020 1.3 1.6 0.66 0.78 6.5 . 7.8

30-45 282 - 2.9 2.2 0.44 0.26 bl 2.5

8 ' o0-15 385 1.2 2941 7.81  8.63 70.6 78.0

' 15-30 626 2.3 2.7 2,31 .92 20.9 174
30-45 95 . Sub 4e3 . 0.9 0.52 8.9 4.6

REP-2 Ty 0-15 124460 13.9 16.5 " 5u49 5047 - 94.3 93.9
C 1530 5145 1.y 1.8 0.3  0.36 5.7 . 6el

6 0-15 3112 4.8 . 20.7 8.18 8.53 80.9  84.2

15-30 2338 1.7 “1a7 1.05 0.79 10,4 7.8

30-45 1819 1.7 - o 2e7 0.88 0.81 - 847 8.0

8 i 0-15 996 Y2 w9 aar 10.8 .2 79.6

15-30 934 17 © 0 1e6 7 1.9 1.6 et 11.6

| 30-45 434 2.8 C2.3 0 1.6 1.2 11.8 . 8.8

. - % |

ATz 4 ¢ o5 895’ . 167 25.5 5.73 5.75 95.8 9641
i 15-30° . 1620 2.2 2.1 - 0.25 0.23 Le2 - 3.9

6 0-15 0 i21y 4.7 2;2.2\ 8.92 9.29 86.8  90.4

' 15-30 637 2.5 1.9 0.79 . . 0.60 7e7 5.9

30-45 113 " 2.7 1.6. 0.56 0,38 5¢5. 3.7

8 0-15 - 369 - W6 23.3 BuSk - 9.37 - 7207 77.6

‘ 15-30 ° 458 2.6 2.3 1.92°  4.70 15.9 el

e 30-45 45y T 243 1.3 1.62 .01 13.4 8.3

A M,LA, refers to the Miller and Axley extraction method,

N



N
_ APPENDIX
{
o
Phosphorus Sorption curves for 1977 greenhouse soils.
; . ' | | e e \‘\
. o " Final Solution P sorption
Soil : " Depth " (ug.P/ml) ~ (ug P/g)
Bréton © 0-15 .0.18 . 1.9
S | 0.30 | : 3.9
-  0.58 | . 8.3
* 75-30 0.06 ‘ 8.6
0.54 SR 50
1.7 | 67
N : 1 - , 2
. . 30-45 ' - 0.06 o 8.6
| 0.93 o '32
. 1.6 70
Ellerslie. ~ 0-15  0.17 . -1.8
B ’ ' 0-29 v u.
0.47 : 11
o 2.7 45
15-30 T 0.05 8.9
. 0.08 \ 18
0.37. . 43
| 1.3 | 74,
30-45 0.05 . 19
- £1.0 SR 78
2.2 100
Vegreville 0-15 ., 10.15 -1.4
R | 0.27 4.5
et ‘° ) 0-5‘0' 9.9
15-30 0.4 U8
- 0.47 92
7.2 125
2.3 160 )
30-45 0.27 : CTRE
. - 0.78 130 »
: N 1.4 , 170
’ '
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