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ABSTRACT

A comparative study has been made of the root properties of
four crops, flax, wheat, rape, and buckwheat, which are known to
vary in their utilization of applied phosphorus. Results of this
investigation showed that crop utilization of phosphorus from
tpellet-type' applications of phosphorus compounds could be accounted
for by; (a) root development within the reaction zone of applied
phosphorus, and (b) the rate of phosphorus absorption by the root,
i.e. mg P absorbed/mg root/unit time.,

Root development within the reaction zone was a function
of the crop, the soil phosphorus availability and the solubility
of the reaction products formed within the reaction zone. When
soil phosphorus availability was low, roots of the four crops grew
ﬁreferentia}ly within the applied phosphorus reaction zone. The
extent of preferential root growth of the crops increased in the
order; flax, wheat, buckwheat, and rape. Wheh soil phosphorus
availability was increased, preferential root growth within the
reaction zone was agsent for flax, rape and buckwheat and was
diminished for wheat. Roots of the four crops grew preferentially
within reaction zones containing dicalcium phosphate dihydrate and
octacalcium phosphate. However, roéts of none of the crops grew
preferentially within reaction zones -containing hydroxyapatite.

The maximum velocity of phosphorus absorption by excised roots
of the four crops increased in the order; flax, wheat, rape, and buckwheat.

This was also the crop order for increasing apparent rate of phosphorus




absorption by the root from the reaction zone of appiied phosphorus,

i.e., the amount of appilied phosphorus absorbed by the crop per unit
mass of roots recovered from 'bhé reaction zone, Variability in the
concentration of the metabolically produced phosphate ion carriers
ver umit mass of root wé.s chiefly responsible for variagbility in
the inherent rate of phosphorus absorption by roots of the four

crops.
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CHAPTER T

INTRODUCTION

Because of the widespread use of phosphatic fertilizers,
the efficiency of ubtilization of applied phosphorus by various crops
is, at present, a problem of vast economic impoirtance. Crops vary’
greatly in their growth responses to phosphorus applications, on the
same soil and under the same growth conditions. Field studies in
Manitoba indicated that growth responses to applied phosphorus of
sevefal erops, grown on phosphorus deficient calcareous soils, ranked
in the order; rape> cereals> flax. Kalra (86) showed for a number of
crops that growth response was inversely related to the ratio of soil
phosphorus to applied phosphorus contained in the plant.

Kalra and Soper (87) reported that the variability among
three crops (rape, oats and flax) in their ratios of soil phosphorus
to applied phosphorus taken up, wasvlargely due to the varigbility
among fhem in their‘phosphorus utilizations from the application.

Their resulbs suggested that factors, other than those which control

the utilization of soil phosphorus, control the utilization of applied

phosphorus by the four crops studied. They found that soybeans, which

absorbed a large quantity of soil phosphorus relative to flax, oats,

and rape, absorbed only a small proportion of spplied phosphorus. In

contrast, they found that rape absorbed a large proportion of similarly

applied phosphorus but its absorption of soil phosphorus was small
relative to the other three crops.

Soper and Kalra (145) later demonstrated some characteristic

phosphorus feeding habits of four crops (flax, oats, rape and buckwheat)




by altering the mode of application of phosphorus to a calcareous

soil. They showed ihat the availability ofrthe applied phosphorus
to flax and oats could be enhanced by spreading the application
through an increasing fractional soil volume within the pots. In
contrast, they showed that spreading the phosphorus application in
a similar manmner had either no effect or slightly decreased the
availability of applied phosphorus tovrape and buckwheat. These
investigators suggested that these characteristic phosphorus
feeding habits of various crops might be explainéd by the behavior
of their roots within the phosphorus application. The present
study was an investigation of the root behavior of a variety of
crops differing in their phosphorus feeding habits, within
concentrated applications of phosphorus, similar to the reaction
zones formed between soil and applied phosphorus dissolving out

of phosphatic fertilizer pellets.




CHAPTER II

LITERATURE REVIEW

A. PHOSPHORUS IN THE PLANT

Phosphorus may be found structurally incorporated into, or
associated with, components of most subcellular fractions of
biological tissue. The phosphorus in plants exists in both organic
and inorganic forms. Phytin, phosPhoiipids, nucleoproteins, nucleic
acids, phosphorylated sugars, adenine nucleotides, flavin nucleotides,
and pyridine nucleotides are but a few of the phosphorus containing
organic compounds found in biological tissue, (3). The essentiality
of phosphorus for 1life is apparent when one considers some of the
functibns of these phosphorus compounds in living processes. Phytin,
the storage form of phosphorus in some seeds, supplies the phosphorus
required in the metabolism of the seedling after germihation.
Phospholipids are the major components of living cell membranes.
Nucleoproteins are intimately concerned with cellular organization,
function, and reproduction, being constituents of the chromosomes
and genes. Nucleic acids are the functional units of protein
synthesis, i.e. they are responsible for the enzyme complement of the
cell. Phosphorylated sugars are intermediates in anabolism and
catabolism of carbohydrates. Adenine nucleotides store and transfer
energy in metabolic reactions of living cells. Flavin nucleotides
and pyridine nucleotides undergc oxidation-reduction reactions in the
mitochondria and are therefore essential for energy production within
the cell.

Inorganic phosphorus is largely concentrated in the vacuolar

sap as orthophospbhate ions. Inorganic phosphorus concentration of




the expressed or exuded sap of some plants can be hundreds of times

that of the soil solution in which they are grown (153). Phosphorus
concentration in the sap varies with crop type, plant part, stage
of growth. soil type and with the fertilization program.

Seeds contain large amounts of organic phosphorus, whereas,
in vegetative tissues, inorganic phosphorué usually makes up the
bulk of the composition (92). In young plants, a considerable amount
of phosphorus is soluble in water. Analysis of immature cabbage
(plants) showed that 75 per cent to 80 per cent of their phosphorus
wés water‘soluble (128). As plant tissue differentiated and
matured there was a decrease of the proportion of its phosphorus

which was water soluble (92).

B. PHOSPHORUS REQUIREMENTS OF THE PLANT

Studies in nutrient solution culture indicated that species
differed markedly in the minimum phosphorus concentration at which
they make satisfactory growth (5, 126, 141, 1hkk, 150, 153). Since
none of these studies were continuous flow systems it is doubtful
.that phosphorus concentration was maintained at the specified levels.
These studies did establish, however, that plants are able to absorb
phosphorus from exfremexy dilubte solutions at rates sufficient to
support their maximum growth. Hoagland and Martin (69) found that
0.70ppm. of phosphorus was sufficient for favourable growth of barley.
Parker and Pierre (127) foﬁnd that corn produced its maximum yield on
0.10ppm. of phosphorus if that concentration was maintained throughout
the growing period. Tidmore (153) obtained optimum yields of corn,
sorghum, and tomatoes on 0.50ppm. of phosphorus. Asher and Loneragan

(4) found that the phosphorus concentration at which each of eight

species produced maximum yield varied over the range 1-2H?M.




Phosphorus does not remain fixed in the cell or tissue in which

it was originally deposited but is quite mobile within the plant (3).
Arnon (3) formulated a general rule governing its distribution within
the plant according to the physiological need. He stated that the
requirement for phosphorus is highest in the youngest cells or those
characterized by a high rate of metabolic activity. When the
external supply of phosphorus becomes limiting, there occurs a
redistribution of the phosphorus already contained in the plant;
.phosphorus is withdrawn from the older less metabdlically active
cells and moves into the younger, metabolically more active cells.
Plants such as cereals, which are characterized by a determinate

fype of growth do not require a continuous supply of phosphorus
during their life cycle. The phosphorus absorbed in the early stages
of growth and deposited in the vegetative tissue is redirected to
the seed, at the stage of its active formation.

It is well known that plants which have grown under conditions
of phosphorus deficiency are characterized by a high root/shoot
ratio felative to those plants grown under conditions of phosphorus
sufficiency (75).

Growth of above and below ground portions determines the
phosphorus distribution between those two portions of wheat plants
(159). Alberda (1) and Helder (65) both stressed the importance
of plant growth in regulating nubtrient absorption. These workers
suggested that phosphorus distribution within the plant is controlled

by growth of individual plant parts. ©Short term absorption reduces




the effect of growth to a minimum. Russell and Martin found a

greater proportion of the phosphorus, absorbed during a short period,

was retained in roots when plants absorbed from low rather than
from high phosphorus concentrations (139). Thus, the suggestion
by Loneragan and Asher (101) that phOSphorué distribution between’
tops and roots is not a result of changes in the growth of sbove
and below ground portions but is rather the cause of these changes
seems plausible,

Asher and Loneragen (4) found that the rate of plant phosphorus
absorption was limited by a maximal capacity of successive plant
parts for its accumulation. They concluded that phosphorus is
absorbed from a particular concentration at a rate which depends

not only on the phosphorus concentration but also on the size of the 'sink!

'for phosphorus gbsorption. Since 'sink' size is directly related to

plant growth the effect of external phosphorus concentration on rate

of phosphorus absorption'cannot be separated from its effect on growth.

C. ABSORPTION OF PHOSPHORUS

Details of the incorporation of inorganic phosphorus into’
bioiogical tissue are as yef unknown. Iess than one minute after
entry a significant proportion of absorbed labelled phosphorus is
found incorporated into organic compounds (103). Jackson and Hagen’
(81) could not identify the initial precursor because the turnover

rates for the individual products of phosphorus absorption are too




rapid. They held the view that phosphorus absorption is coupled
to oxidative phosphorylation. However, they could not find any
labelled adenosine triphosphate, which is the primary product of
oxidative phosphorylation. The absence of labelled adenosine
triphosphate, they explained, was the result of an adenosine
triphosphate turnover as fast as, or faster than, the rate-
limiting absorption step.

It has been demonsﬁrated'repeatedly that oxidation of
citric acid cycle intermediates by carefully prepared mitochondria
is accompanied by formation of ATP from adenosine diphosphate,(ADP) and
inorganic phosphorus, i.e..oxidative phosPhorylétion. There are
three possible sites in the electron transport chain where oxidative
phosphorylation can occur. It is agreed that an energy-rich compound
is formed at each of the sites. This compound then reacts with
inorganic phosphorus to form energy-rich phosphate esters which,
in turn, may react with ADP to form ATP. Little else is known
about this process.

Knowledge of the pathway of inorganic phosphorus across the
plasmalemma or mitochondrial membranes is even more scant than that
of oxidative phoshorylation. The phosphorus absorption process
involveé orthophosphate ions in a system of soil, water, and plant
roots. The ion HpoPQy-, was long regarded as the form in which
phosphorus was taken into the plant. Under acid conditions, this
is the dominant:phosphate ion in soil systems. Even in alkaline
soils, in local areas around plant roots, and in decomposing organic

matter, the pH may be below 7. Hagen and Hopkins (61) deseribed




a kinetic analysis of measurement of phosphorus absorption by

excised roots. The study (61) indiéated that both H,POz and
HPOgz are absorbed under aerobic conditions. They pointed out that
the concentration of HPOZ in an acid system in low and might,
therefore, Be considered of little importance in phosphorus absorption.
However, the high affinity between it and its respective carrier
or site of absorption on the root makes it, in fact, as important
in phosphorus absorption as HZPOa o

Some workers have suggested an anion carrier mechanism
similar to that postulated for catioms to account for the absorption
of anions by plant roots (104). ZLundegardh (104) proposed
cytochrome to be the carrier for anioﬁs. He postulated that an
oxidation-reduction potential gradient exists across a functional
membrane, such that cytochrome molecules become oxidized at the
outer surface and reduced at the inner. Anions such as phosphate
are taken up when cytochrome becomes oxidized at the outer surface
and released when it becomes reduced at the inner surface. According
to his hypothesis, the tramsport of anions inward across a membrane
would be accompanied by movement of an equivalent number of
electrons and hydrogen ions outwards. A maximum of four anions
are transported by such a mechanism per oxygen molecule consumed in
respiration since four electrons are utilized in the reduction
of a molecule of oxygen to water, and one anion is absorbed per
electron transferred.

If ion absorption is directly linked to aerobic respiration,

as suggested by Lundegardh, (104), then no active movement of ions




should be detectable as a result of anaerobic metabolism. The
capacity of roots to absorb ions in anoxic media apparently
depends on whether they are attached or excised. Considerable
absorption, observed with whole plants, was possibly due to the
maintenance of aerobic respiration by transport of oxygen via
the shoot to the root (155). Removal of the shoot resulted in
relatively low ion absorption in anoxic media. ZILarkum and
ILoughman (88) demonstrated anaerobic phosphorus absorption
from a phosphorus concenbration of a 1 x 10'6M by intact plants.
At higher vhosphorus concentrations, 1 x 10“hM, gbsorption was
strongly inhibited and a large quantity of previously absorbed
phosphorus was released to the external solution and, probably
to the shoot.

Sutcliffe (ih9) suggested that nutrient absorption need
not necessarily involve the active transport of both cations
and anions. The electrical gradient created by the accumulation
of either éations or anions might, he suggested, be sufficient

to attract ions of the 0pposite charge.

' Elgabaly and Wiklander (46) considered that any investigation

into the mechanisms involved in anion uptake must recognize the

negatively charged root surfaces and, consequently, the electrostatic

repulsion that anions are expected to meet on approaching root
surfaces. Work must be done to overcome the repulsion exerted by
the negative surfaces. Elgabaly and Wiklander suggested this

could be accomplished by an expenditure of energy, presumably

metabolic, or through a reduction in the negative potential resuliting
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from the charge on the root surface. They studied the absorption
of chloride from chloride-resin systems, their filtrates, and
calcium chloride solubions and found a greater absorption of

chloride from the chloride-resin than from their equilibrium

filtrates. They atbtributed this to a reduction in the negative
potential of the root due to a mutual interaction between the
double layers of the negative root surface and the positively

charged chloride-resin. Franklin (51) observed the opposite

effect with negé:bively charged colloidal particies (clay); i.e.
grester absorption of anions (SOf, I”) from the equilibrium
dialysate phase than from the suspension phase of a colloidal
system. Since the “"suspension" effect has been shown, on two
occasions to influence anion absorption, it cannot be overlooked «
wheg considering phosphorus absorption from colloidal systems. '
Kinetic studies lead to the postulation of a number of
rather precise relationships with respect to the mechanism of
phosphorus uptake by excised barley roots, (64, 91, 93). Most
significant has been the interpretation‘that two apparent sites

or mechanisms of phosphorus absorption are involved. The dual

mechanism data have been interpreted to imply separate sites for
the absorption of the two phosphate ionic species, HéPOh' and

HPO,~~ {61, 62). Other workers besides Hagen and Hopkins have

noted that phosphorus uptake by plant roots involves two reactions

(23, 64). Carter and ILathwell (23) consider that the reaction




which dominates at low external phosphorus concentration is linked

to nicotinemide adenine dinucleotide in the electron transport chain
and possibly involves combination of ADP with inorganic phosphorus at
the membrane surface. The second mechanism, operating at high

" external phosphorus concentration, they suggest involves movement

of glucose-l-phosphate into a membrane and release of inorganic
phosphorus on hydrolysis at the inner surface. Since Qlo values
indicated that both mechanisms involved chemical reactions, Carter
and Lathwell concluded that both reactions are active procesées (23).
Hagen et al.(62) concluded that the rate limiting steps in phosphorus
absorption at each site is coupled'to one of the sites of oxidative
phosphorylation associated with isolated mitochondria. A later study
indicated the mitochondrim as being the site of this rate limiting
step (82). Russell and Bishop (138) argued that phosphorus absorption
is not directly linked to respiration. They interpreted the dual
mechanism of phosphorus absorption as being due to a metabolic

" retention within the root or to a transfer of ions across the root

to the stele.

Helder (66) suggested that phosphorus is initially absorbed
from solutions labelled with radiophosphorus, by roots of intact plants,
by way of an exchange reaction. Rapid exchange between root and
solution phosphorus, which continues for two hours, he found to be
followed by a slower exchange reaction. He hypothesized that
phosphorus from the medium which enters the exchangeable pool of
phosphorus in the roots can be subsequently either back-exchanged for
ﬁhosphorus in the medium, fixed within the roots, or transferred to

the shoot. Assuming this, he calculated that about 75 per cent of the
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total influx of phosphorus is back exchanged into the medium.
Exchangeable phosphorus amounted to approximately 6 per cent of
the total phosphorus of barley roots.
Phosphorus diffuses out of roots in both organic and inorganic
forms (105). ILundegardh and Stenlid (105) found that both nucleotides
and inorganic phosphorus diffused out of growing roots, but not from
mature ones. Hevesy (68) made similar observations using radio-
phosphorus and concluded that one phosphorus atom is lost for every
six entering the roots of plants supplied with a phosphorus
concentration of It x 10'hM. It is probable, therefore, that outward
- diffusion of phosphorus either in organic or inorganic forms must be
regarded as normal occurences in actively growing roots (139).

Helder (66) found that approximately 20 per cent of the total phosphorus
of barley plants could be released. He determined that its origin
could have been either root or shoot tissue. His results suggested
that phosphorus release is closely related to phosphorus sbsorption
since its presence depends on a continued phosphorus supply in the
medium. Hai and Iaudebout (63), on the other haﬁd, showed that
phosphorus relesse from fifty day old rice plants was affected by

flow rate in a continuous flow nutrient culture system. These workers
concluded that phosphorus release from roots is more by way of a
passive process rather than the active process suggested by Helder (66).

Phosphorus entering the root mixed with only a small proportion
of the roots total phosphorus content before moving to shoots of
barley plants (3%, 36). Changes in the shoot enviromment e.g. light,
modified the turnover rate of the root phosphorus pool that lay in
the path of phosphorus translocation. In contrast with these findings,

Russell and Bishop (138) observed that the balance between shoot and root




phosphorus was influenced mainly by root environment. e.g. external
phosphorus concentration. They suggested that the small proportion
of absorbed phosphorus translocated to shoots of plants supplied with
low phosphorus concentrations is due to a metabolic retention of
?hosphorus in the roots. A large proportion of phosphorus absorbed
from dilute concentrations was released when the roots were transferred
to phosphorus free medium (139). A smaller proportion &f the phosphorus
absorbed from higher concentration was released to phosphorus.free medium.
Loughman (102) attempted to distinguish between the process of
absorption of phosphorus by roots of inﬁact barley plants and that of
subsequent translocation to the shoot. He concluded that translocation
is directly dependent on the prior incorporation of absorbed phosphorus
into a specific seéuence of organic compounds. vAlthough phosphorus
absorption was.relatively unaffected by a treatment which altered the
: normal.sequence of organic compounds, further transport of the

metabolized phosphorus to the shoot was inhibited.

D, FACTORS AFFECTING PHOSPHORUS ABSORPTION

The inverse relationship found between the pH of the medium
and phosphorus absorption by excised barley roots was suggested by
Hageh'and Hopkins (61) to be the result of a competitive inhibition
by fhe hydroxyl ion on the absorption of the phosphate ion species,
Hypolk and HPOL~., Medappe and Dats (108), however, found no direct effect
of pH on phosphorus absorption by :intact plants over the range 3 to 7.
At pH 8, however, phosphorus absorption was drastically reduced.

Some éations have specific effects on phosphorus absorption.

Low aluminium concentration (1x10th.) enhanced phosphorus absorption
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by excised roots (131), and intact plants (132). High aluminium
concentration (1x10-3M.), on the other hand, depressed phosphorus
absorption. Clarkson (26) showed that a large proportion of the

phosphorus in aluminium treated roots was exchangeable and made no

contribution to the phosphorus incorporated into phosphorylated
intermediates in metabolism. He later (27) showed that aluminium was
adsorbed to cell wall material which he isolated from roots. The free
carboxyl groups of polygalacturonic acid chains in the middle lamella

were suggested as probable sites of adsorption. The resistance of

the adsorbed aluminium to exchange caused him to suspect precipitation

as Al(OH)3 on the root or cell surface. These surfaces were the
probable phosphorus fixation sites analagous to those found on soil

particles, Iron has been shown to have an effect similar to aluminium

in tying up phosphorus in or on roots (13).
Rate of phosphorus absorption by . -imtact plants of Trifolium

subterraneun was significantly increased by raising the calcium

concentration of nutrient solution from virtually nil to 25pMor
250pM(k5). Increasing the magnesium concentration of nutrient solution

from 10uM to 100uM substantially activated phosphorus absorption also.

Hyde (76) showed that caleium had its most significant effect on
phosphorus absorption by :intact plants at low phosphorus concentration.

He concluded, as did Nassery and Harley (114) that phosphorus absorption

from low concentrations is impeded by a negative potential at the root

surface which can be reduced by the addition of cations.

E. AVAIIABILITY OF SOIL PHOSPHORUS

Although there is some evidence for contact feeding by roots of

soil grown plants (94), most investigators believe that plants obtain
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their phosphorus from soil solution (57). Rate of phosphorus
absorption from soil, however, is controlled not only by the
phosphorus concentration of the soil solution (the intensity
factor), but also by the buffer power of the soil for phosphorus
(capacity factor) i.e. the quantity of solid phase phosphorus
released when the solution concentration is 1owered'over a given
range (10, 52, T7).

Soil phosphorus exists in a variety of organic and inorganic
forms. The average concentration of inorganic phosphorus)in
displaced soil solution of 20 soils, was 0.09ppm and of organic
phosphorus O.4Tppm (130). Tt was found that plants absorbed all
of the inorganic phosphorus from soil extracts, but none of the
organic phosphorus (130). Only when a continuous-f&owvsystem was
employéd did O.lppm of phosphorus maintain good plant growth in
nutrient culture solutions (126). Many soils which contain solution
concentrations of O.1ppm of phosphorus or less are quite productive
(126). Solution phosphorus of these soils must, therefore, be
continually replenished from other phosphorus sources in order to
supply the phosphorus required during cropping (71, 92). Assuming
- plants couid utilize phosphorus from the‘entire s0il mass, it was
shown that the rate of dissolution of solid phase phosphorus was at

least 250 fold that of the rate of phosphorus absorption by the plant

(54). Because of its immobility in soil, however, phosphorus absorbed

by the plant is probably extracted from a small cylindrical soil volume

around each root (98). Assuming only a fraction of the soil mass supplies -

the plant with phosphorus, rate of dissolution of so0lid phase soil
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phosphorus would still not be rate limiting in plant phosphorus
absorption (123).

There are two main concepts of the solid phase phosphorus
supply to plants (52). These are, (a) Phosphorus which may be

utilized by plants exists in the soil in several chemical or

adsorbed forms which together constitute 'available phosphorus'.
(b) A fraction of the soil phosphorus exists in a 'labile pool'

which maintains a definite equilibrium potential in the soil

solution.

The chemical or adsorbed forms of phosphorus assumed to
exist in soil have been described in terms of solution parameters
e.g. chemical potential, solubility products, and surface adsorption
f equations. Phosphate potential or the chemical potential of mono-
calcium phosphate, (%pCa+pHyPO,), was suggested by Schofield (142)
as being the soil condition which controls phosphorus availability.
In 1964, Wild (158) showed that phosphorus concentration and not the
phosphate potential controlled phosphorus availability. He was not
certain though whether it is the total inorganic phosphorus
concentration or the HoPO, ion concentration which is important in

this regard.

Characterization of solid phase phosphorus in terms of its
solubility product (25, 28), is based on the premise that its

identification allows prediction of the phosphorus concentration in

the soil solution. This approach is applied mainly to availability
studies of fertilizer reaction products in soil (100).
Characterization of solid phase phosphorus by the use of

Aadsorption equations, (160), does not necessarily identify the solid




phase. It does, however,have the advantage bf describing the systenm
with a set of constants which, when known, can be used to predict
the effect of placing a stress on the system e.g., plant extraction

of phosphorus.

Schofield (142) suggested the existence of a labile pool of
soil phosphorus from which he claimed plants absorb their phosphorus.

This labile pool was determined by following the isotopic exchange

between soil phosphorus and radiophosphorus (P32) present in the

solution in which the soil was suspended. The exchange of phosphorus

between the two phases which is initially quite rapid is followed
by a much slower exchange (107, 1k0, 157).

The labile pool of soil phosphorus has also been determined
using the principle of isotopic dilution. The method originated by
Larsen (89) requires measuring the ratio of so0il phosphorus. taken
up by plants grown on soil with which P32 labelled phosphorus has
been. intimately mixed i.e. 'L! value. In using the 'L!' value to
agsess the labile pool of soil phosphorus isotopic dilution between
the soil and added phosphorus is assumed to occur prior to plant

extraction.

A similar measurement of the labile pool was proposed by
Fried and Dean (53) although the concept behind it was quite different,

i.e. 'A' value. They regarded plant available phosphorus in a soil

%o which P32 1abelled phosphorus had been intimately mixed, to exist
as essentially two independent sources. They suggested that the ratio

of soil to added phosphorus taken up by the plant from a system
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fertilized in this mamner is a measure of the soil phosphorus
availability relative to the availability of the added phosphorus.
They assumed the applied phosphorus to be 100 per cent available

during crop growth and that the plant does not distinguish between

the soil and the added phosphorus.
Rennie and Spratt (135) considered that the ratio of soil to

added phosphorus taken up by plants supplied with a banded application

of phosphorus is more indicative of soil phosphorus availability than

the 'A' value as determined by Fried and Dean (53).

Rennie and Spratt made the same basic assumptions as Fried and
Dean as regards the availability of the added phosphorus. They'
utilized a banded application of phosphorus rather than mixed
application to overcome the exchange between soil and added phosphorus

in close association with one another, which was reported by Cooke (29).

The validity of the assumptions made in calculating 'A' values
foriuse in assessing soil phosphorus availability are questionable.
Plants utilize phosphorus from reacti on products formed between the
applied phosphorus and the soillrather than directly from applied water

soluble compounds (100). This formation of reaction products between

soil and added phosphorus decreases the rate of supply of added phosphorus
to plants since the solubility products of the reaction products are

in general lower than the solubility products of the added phosphates.

It is, therefore, doubtful that 100 per cent of the added phosphorus
is available during crop growth.

Recently Kalra and Soper (87) showed that crops which were good




extractors of soil phosphorus were not necessarily good extractors

of applied phosphorus. They showed that soybeans was a good extractor
of soil phosphorus relative to other crops, e.g. rape. Extraction of
added phosphorus by soybeans from a concentrated application was less
than the extraction of added phosphorus by poorer extractors of soil
phosphorus. That species diffeﬁ in their phosphorus feeding habits
from similar phosphorus fertilized systems might lead one to question
the assumption that the plant does not distinguish between soil and
added phosphorus.

The constancy of the 'L' value of a soil uéing a number of
test crops suggesfed that plants could not significantly increase the
size of the labile pool (118). Variability between species in their
extraction of so6il phosphorus was suggested, therefore, to be due to
variabiliby between them in their rates of phosphorus extraction from

the low phosphorus concentration within the soil solution (118).

F. TFACTORS AFFECTING SOIL PHOSPHORUS AVAILABILITY

(1) Soil Factors

Type of colloidal system (58), soil moisture (11, 38, 49),

and an impedance factor (122) are but a few facfors which influenée
phosphorus absorption of soil grown plants. The latter two factors
influence the diffusion of phosphorus to the plant root (11?). Mass
flow of phosphorus is not regarded as being important in phosphorus
transport to roots of soil grown plants (117, 143). Assuming either a
constant rate of phosphorus uptake per unit area of root, or a constant
phosphorus concentration at the root surface, phosphorus absorbed by a

root model in ten days came from within 1mm of its surface (121).
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Consequently, diffusion has received more attention as the method
of transport of phosphorus to roots of soil grown plants (9, 17, 95, 96,
97, 122, 129).

According to Bray (22) the value of soil nutrients to plants

depends on their accessibility to roots which, in turn, is related
to their mobilities in soil. He suggested that mobile nutrients are
absorbed from the total soil volume containing roots whereas immobile

nutrients are absorbed from a thin layer of soil around the root.

It was pointed out by Nye (117) that the zone of nutrient disturbance
around a single root for phosphorus .is small relative to the zone

" of disturbance for either potassium or nitrate. He suggested that

when the depletion zone fis veryvsmall the cylinder of root hairs
surrounding the root plays an important role in nutrient absorption
(116). Iewis and Quirk (98) demonstrated that the depletion zone

for phosphords about wheat roots extended approximately lmm from the
root surface which coincided well with the length of root hairs.

They sﬁggested that robt morphology influences the size of the depletion
zone for phosphorus more than rate of phosphorus diffusioh within the

soil.

Plants absorbed more phosphorus per unit volume of soil when
- grown in small rather than large volumes of soil (7, 32, 90).

Cornfield (32) correlated phosphorus uptake by oats, ryegrass, kale,

and tomaton_plants'with their rooting intensities (root mass per mass
of soil) within the soil mass in which they were grown. When the soil
volume in which they were grown was increased the rooting intensity of

each crop was reduced,
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(2) Plant Factors

In a review of literature Thomas (152) found that various

plant species, when grown on media of similar phosphorus concentration,

exhibit selective powers with respect to any specific ion or ioms.
Nye (117) considers the specific phosphorus requirement of a crop
is expressed at igs root surface. Little is known, however, about

the rate of phosphorus absorption by roots of intact soil grown plants

because of the lack of information regarding the phosphorus concentration

at the root-soil interface. The phosphorus concentration at this
interface depends not only on the rate of supply from the solid iphase
soil phosphorus but also on the rate of phosphorus absorption by the
root.

Many workers have considered that the rate limiting step in
phosphorus absorption is directly related to the internal metabolic
system of the plant (23, 61, 81, 104, 118, 138). Other workers have
alluded to a relationship between root surface area and rate of
phosphorus absorption (85, 144). Changes in pH in the root surface
(117), competition with rhizosphere organisms for phosphorus (8, 21),

and root cation exchange capacity (41), are other plant factors which

possibly influence the rate of phosphorus absorption by roots of intact

soil grown plants.

The 'carrier' theory of anion absorption was used to describe
phosphorus absorption by living plant roots (61)° The theory assumes
the presence of a metabolically produced carrier for‘phosphaie ions
which transports 'phosphorus into the root. The recent isblation of
'carriers' which function in transporting other ions across membranes

supports this hypothesis (125), Pardee (125) argues that proteins
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should constitute these carriers since they are the only molecules
with the observed degree of specificity to discriminate between
possible substrates. He also argues that the‘carrier!is probably
part of the membrane structure, since approximately 60 per cent of
the membrane constitutes proteihs (40 per cent phospholipids) which,
recent studies suggest, extend across the membrane thereby providing
specific doors for ion absorption.

Two specific sites or carriers appeared operative in transporting
phosphorus :into excised barley roots (61). Kinetic analysis of
ﬁhosphorus sbsorption by excised roots allows the calculation of,

Kna and K, i.e. the dissociation constanté for the carrier-phosphate
ion complex, k3a and k3b i.e. the reaction rates for thé metabolic
turnover of each carrier, and<R, and:in i.e. the concentration of

the carriers on the root. These constants serve to characterize the
phosphorus absorption by roots of any crop.

NOggle and Fried 1960 (115) compared the biological constants
which they calculated for millet, barley, and alfalfa roots. They
found that thé dissociation constant for each phosphate-carrier complex
and the turnover rate for each 'carrier' were quite similar for three
species. The major difference between species was in the concentration
of 'éarrier' on their roots. This finding was substantiated by two
other groups of investigators (2, 11%) who determined the biological
bconstants of the phosphorus absorption process of a number of species.
Noggle and Fried (115) concluded that the rate of phosphorus uptake by
excised roots is controlled primarily by the concentration of ‘'carrier!
on the root. Since the 'carrier' concentration is expressed as moles

' per gram of root, the total amount of 'carrier' per plant depends on
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the mass of roots produced.
Many workers have alluded to the fact that the root surface
ares effective in nutrient absorption may be of major importance
when considering plant nutrient availability, especially for phosphorus,
(22, 85, 14k4). However, at present, one can but speculate as to what
fraction of the total root surface is effective in nutrient absorption
(33, 35), and where the barrier between external and absorbed ions
éxists within the root tissue. The anatomical feskures of plant root
systems associated with nutrient absorption wére discussed recently
by Olsen and Kemper (120). They consider the epidermis as the rate
limiting barrier to the diffusive flow of ions to the root. Within
a single cell they consider the plasmalemma to be the rate limiting
barrier. The roles of the anatomical features raise questions as to
which boundary is important in measuring root surface area. Fried
and Shapiro (57) concluded that diffusion of ions through the free
space would not likely limit the rate of active uptake. If the
concentration of ions within the free space are maintained equal to
the adjacent external solution, possibly the area of the plasmalemma
is more important than external root surface area in nutrient absorption.
It is widely believed that roots make nutrients more available,
especially phosphorus, by rendering their enviromment more acid. It is
believed that this occurs because of the excretion of COp and .
Nye (117) suggested, however, that it was more likely that the root
would raise rather than lower the pH of its immediate environment.
Since it has been shown that on the average plants take up more anions
than cations, assuming that all the nitrogen is taken up as nitrate (37),
Nye (117) concluded that roots should excrete HCO3 and not 5 . In

consequénce,the proposed excretion of ions from actively growing roots
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for the maintenance of electrical neutrality should have increased
rather than decreased the pH of the root enviromment. Nye (117)
recognized, however, that there were 20 moles of 002 respired for
every equivalent of HCO% excreted and that this 002 affects the pH
in the reverse directioﬁ i.e. decreases pH. Uhdér aerobic soil

: cohditions he assumed that HCO§ is conf'ined to the solution where its
mobility was only 10"* times tﬁat of COy i.e. CO, is able to diffuse
rapidly away from the root through air filled pore spaces thus
spreading its effect over a large soil volume. Consequently,
aithough more 002 than HCO§ was excreted from the root the latter

is probably more effective in altering the pH of the immediate root
enviromment because its effect is confined to that soil close to the
root surface.

There is no doubt that the rhizosphere contains more organisms
(encouraged by the secretions or sloughs of roots) than the surrounding
soil. Workers have recently shown that over short absorption periods
and a low phosphorus concentration these organisms compete with roots
for phosphorus (8, 21, 136). Tt is not known whether these organisms
have the capacity to compete with the plant over longer periods, or
alternatively, whether they have the ability to convert the phosphorus
into organic forms that cannot be rapidly assimilated by the root.

The caleium bonding energy of plant roots was found to increase
as the measured root cation exchange value increased, (42). The
finding that substances such as ethylene diamine tetraacetic acid (EDTA)
which react with calcium to form complexes (or compounds) of greater
stability than the rock phosphate crystal were highly effective in

dissolving rock phosphate, and that organic anions such as citrate and

oxalate liberated appreciable amounts of phosphorus from rock phosphate,
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led Drake and Steckle (41) to postulate two mechanisms which plants
eﬁploy in utilizing relatively unavailable soil and rock phosphate.
These are: (a) bonding of‘calciuﬁ by the plant root colloid thus
dissolving the rock phosphate crystai, and (b) complexation of
aluminium and iron by organic anions thereby solubilizing soil
aluminium and iron phosphates. Drake and Steckle (41) found better
utilization of rock vhosphate by plants possessing high cation |
exchange roots, thus high czlcium bonding energies. They showed
that when a species withvhigh and low cation exchange roots (red
clover and oats respectively) grew: in association, 60 per cent
more phosphorus was absorbed'by the species with low cation exchange

roots than when it was grown alone.

G. AVAILABILITY OF APPLIED PHOSPHORUS

Availability of ferfilizer phosphorus, liké that of soil
'phosphorus, is controlled by numerous soil and plant factors. A
number of studies were carried out to evaluate the availability of
various forms of phosphatic fertilizers (12, 19, 20, 39, 40) and in
general their availabilities were shown to be related to their water
- solubilities. Most commercial phosphatic fertilizers are, in fact,
water soluble.v However, the soil-fertilizer reaction products,
formed when water soluble phosphorus is applied and not the applied
phosphorus are the forms of added phosphorus from which plants feed.
Consequently, the avéilability of these reaction products has been the
major approach to the study of the availability of various phosphatic
fertilizers (71, 9%, lbO, 151). Factors which exert their influence on

the availability of these reaction products. must,therefore ,influence
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the availability of phosphatic fertilizers.

H., FACTORS AFFECTING APPLIED PHOSPHORUS AVATLABILITY

(1) Application

“Inherent properties of the reaction products e.g. surface
area, rate of dissolutién, water solubility, have been shown to affect
their availability. The importance of surface area as a variable for
the slightly soluble reaction products was discussed by Huffman (71).

In studies with the two dicalcium phosphates and tricalecium phosphate,

Bouldin and Sample (19, 20), found that the availability coefficients

of these materials in different granule sizes were dependent primarily

upon geometric surface area of the granules. A fair correlation was

found between the relative initial rates of solution of a number of ;v
phosphates (expfessed as P./unit surface area/unit time) and the
value of the materials as sources of phosphorus for plants (Th).
Rates of solution of a nunmber of slightly soluble calecium phosphates
were found proportional to their surface areas aﬁd were controlled by
diffusion through a liquid film at the surface of the dissolving

s01id (73). Their rates of dissolution were in the same relative order

as their solubilities. It was postulated that surface area influences
the availability of those compounds whose rates of dissolution are
controlled by diffusion through a surface film of liquid. Other

experiments with five slightly soluble calcium phosphates dicalcium

phosphate dihydrate (DCPD), anhydrous d:icalcium phosphate (DCP),
tricalcium phosphate (TCP), éctacalcium phosphate (OCP), hiydroxy.-
apatite (HAP) supported this postulate; the plant response was related

primarily to the rates of solution or solubilities of the various
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compounds (94), and these rates were shown to be controlled by
Vdiffusion (73). The surface areas of many of the phosphates change
in complex ways as a result of dissolution and of coating by new
phases that form during their dissolution, (72, T4). . Moreover,
these new phases contribute to the change in solution phosphorus
concentration through their own dissolution.

Fertilizers are commercially applied banded with or close
to the seed. In some instances they may be broadcast. Response
of a variety of crops to each of these modes of application of
phosphorus fertilizers have been compared (30, 31, 86, 135, 156).
Generally, in their early growth stages, crops extract a good deal
more of their phosﬁhorus from banded applications than from
broadcast applications (87, 156). The proportion of plant phosphorus
derived from the fertilizer in the later growth stages is similar
for both modes of application (30, 31, 155). On acid soils banded
water soluble phosphorus fertilizer was more available to several
crops than broadcast applications (109,135, 146). On calcareous
soils varying results were obtained on comparing the two modes of
application of water soluble phosphorus fertilizers (87, 109, 135,
146). Some workers (109) found no difference between the two methods
of application in added phosphorus availability. Other workers (1L,
87, 146) found less phosphorus utilization from banded than from
broadcast applications.

(2) Soil Factors

Soil reaction had a marked effect on the availability of

added soluble and slightly soluble ph05phates (55). Soil reaction was
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inversely related to the proportion of the plant phosphorus derived
from applied basic rock phosphate, however, no such relationship
existed for applied super-phosphate (55). Soil reaction influenced
the type of reaction product formed when water soluble phosphorus
was applied to soils (100). Mattingly and Widdowson (106) found that
in some acid soils broadcast rock-phosphate was apparently more
available than broadcast super-phosphate.

A number of workers found that associgtion of non-phosphorus
containing salts increased the availability of various sources of
applied phosPhdrus (18, 50, 119, 133, 137, 147). The effect of
high soluble salt concentration in enhanecing the éolubility of either
the added source (147), or its reaction products (133), as well as an
effect on the physiology of the plant (50, 119),'have been offered to
explain this effect.

Grunes (59) presented a comprehensive réview on the effect of
nitrogen on the utilizaﬁion of soil and fertilizer phosphorus. Plant
phosphorus uptake was increased by the addition of nitrogen to soils
fertilized with either banded or broadcast épplications of phosphorus
(60). Addition of nitrogen to soils not fertilized with phosphorus
had no effeét on plant phosphorus absorption, despite growth responses
of tops and roots to the added nitrogen (60). The ammonium ion was
more effective than the nitrate ion in increasing the utilization of
fertilizer phosphorus (119). Added nitrogen was most effective in
this regard when it was in intimate association with the phosphorus
fertilizer (119, 134).

Because of its rapid precipitation with calcium, phosphorus
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applied in water soluble fertilizers does not move far from the
point of application in calcareous soils (67, 99). The phosphorus
content of only a small volume of soil about the point of application
was increased on addition of water soluble phosphorus compounds to
calcareous soils (99). The water soluble phosphorus concentration
within the zone of spread of added phosphorus in acid soils can be
extremely high (15,‘16). No informstion is avajiable on the water
solublevphOSPhorus concentration in zones of spread“of phosphorus
applied to calcareous soils, although itis prdbabie that dicalecium
phosphate dihydrate would be the initial reaction product (100).

(2) Plant Factors

Some workers have reported the utilization of applied phosphorus
by some crops in preference to soil phosphorus (83, 111, 124).
Jacques (84) found that superphosphate increased root growth of
peremial rye-grass in the vicinity of the fertilizer applications.
Duncan and Ohlrogge (43, 4L) observed proliferation of the root
system of corn in the phosphorus fertilized portion of the soil
mass. They found a more marked rooﬁ proliferation in the phosphorus
fertilizer zone when nitrogen was also applied. Duncan and Ohlrogge
(h3), noted that branching of roots was not cloéer together in the
Tertilized soil. Root proliferation was caused rather by an increase
in the length of the continually branching roots. They did not observe
any difference between roots developed in fertilized and non-fertilized

fractions of the soil mass. Cooke (29) showed that banded applications
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of superphosphate stimulated development of fea roots only in soil
through which the fertilizer had diffused before precipitation.
Blanchar and Caldwell (15, 16) observed a decrease in growth of

corn roots in phosphorus fertilizer zones of acid soils. They showed
that roots would not grow into that region of a mono;calcium phosphate
ferfilizer band which had a water soluble phosphorus concentration

gregter than 1000ppm. The first order root tip of corn was sensitive

td bands of relatively low salt concentration which apparently killed the’

meristem (43). Second order roots were not affected by the same band.
Duncen and Ohlrogge (43) suggested that the rapid rate of growth of
first order roots penetrate the fertilizer salt too rapidly to permit
protective intercellular adjustments in osmcfic pressure resulting in
the death of the meristem due to plasmolysis.

Factors other than those which controlled crop utilization of
soil phosphorus were responsible for controlling crop utilization
of added phosphorus from concentrated applications (87). Kalra and
Soper (87) found that some crops which were good extractors of soil
phosphorus, e.g. soybeans, utilized only a small quantity of applied
phosphorus banded into a calcareous soil relative to other less
efficient extractors of soil phosphorus, e.g. rape. These workers
found that flax, oats and rape differed more in their utilization of
applied phosphorus than in their utilization of soil phosphorus.
They later showed that the widest variation in the utilization of
added phosphorus by flax, oats, rape, and buckwheat occurred when they
were provided with a concentrated application, i.e. a narrow band of
mono-potassium phosphate solution or dicalcium phosphate dihydrate

crystals applied as a point source (145). By varying the form of added
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phosphorus and its mode of application they inferred some phosphorus
feeding habits of the four crops from fertilized systems. There was
no phosphorus application which provided the optimum availability of
appiied phosphorus to all species. Spreading a solution of mono-
potassium phosphate with an increased soil volume.had no effect on
applied phosphorus availability to rape or buckwheat but stimulsted
its availability to oats and flax approximately three and six fold
respectively (1k5).

Soper and Kalra (145), suggested that differences in the
inherent root properties‘of crops within the fertilizer zone caused
the observed variation in applied phosphorus utilization by different
species. A knowledge of the inherent root properties which control
applied phosphorus utilization as well as the factors which influence
these properties would contribute a great deal to understanding the
ubtilization of applied phbsphorus by specific crops under specific

growing conditions.




CHAPTER TIT
EXPERIMENTAL
A. POT EXPERIMENTS
1. Materials & Methods:

Greenhouse Technigues

Soil material, used in the four pot experiments, was collected
from O - 15 cm depth. After air drying, the soil was passed through a
0.6 cm sieve and mixed thoroughly. Undecomposed organic debris, e.g.
straw, old roots, etc., which would have interfered in the recovery of
roots, was removed prior to potting. Representative samples of the
soils were then taken for analysis, using standard laboratory procedures.
Some characteristics of the soils are shown in Table O.1. The amount

of soil used per 2.3 litre glazed crock in each experiment was as

follows:-
Experiment Soil Mass
I | 1800 g
IT 1400 ¢
IIT & IV 2000 g
Crops:

Twenty flax (Linum usitatissimum,L. "Redwood") seeds, and ten

each of rape (Brassica napus, L. "Tnka"™), wheat (Triticum vulgare,

L. Manitou"), and buckwheat (Fagopyrum esculentum,Moench)were

planted 1.3 cm below the soil surface. A week after seeding plants
were thinned to 12 flax and h.each of rape, wheat, and buckwheat per

pot.

32




TABIE O.1

SOIL CHARACTERISTICS

Conduc. CaCoO NaHCO Nitrate-N Exchange- Field
Experiment Soil Type PH tivity equi%— extragt- (ppm) able K Capacity
(mmhos/  alent able P ' (ppm) (%)
cm) (%) (ppm)

I Lakeland 7.6 0.k 18.9 8.k 1.5 200 28
I1(Soil I) Lakeland -~ 1.5 0.9 13.1 12.9 Tk 620 Lo
I1(Soil II) TFirdale T.7 0.k - 6.6 3.1 235 25
III & IV Plumridge - 8.2 0.3 1.9 4.8 12,5 82 23
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Experimental Design:

Bach experiment was arraﬁged in ‘the greenhouse in a randomized
complete block design. Pots were randomized within each block and the
position of each block was relocated weekly. Experiment I was
replicated three times while the other experiments were replicated

four times.

Growth Conditions:

Supplementary lighting from cool-white "Sylvanisa" fluorescent
>tubes provided an intensity of about 1000 ft-c and a 16 hour day
length. Day temperature in the greenhouse ranged from 27aC to 32°C
while the night temperature ranged from 21 ¢ fo o)’ ¢, |

Every other day each pot was weighed and suf'ficient disfilled
water added to rewet the éoil to its field capacity moisture content.
On alternate days the average loss in weight of a random sampie of
four pots of each crop was used as a guide for the addition of water.
Sufficient quantities of (NH&)QSOh, NHhNO B KNO}KéSOM solutions were
added to each pot to supply nitrogen, potassium, and sulphur according
to Table 0.2. Nutrients applied at planting were added in the distilled
water which was applied to increase the moisture content of the soil
to its field capacity value. Other applications were added to the

surface of the pots prior to the daily watering.
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TABIE 0.2

ADDITION OF NUTRIENTS
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Time of =
Experiment Application Nitrogen Potassium  Sulphur
after seeding (ppm) (ppm) (ppm)
I Planting Lo .- )
20 days 20 - -
40 days 20 - -
II Planting 50 - 20
ITT Planting 62 100 30
Iv Planting 36 100 30
20 days 20 - -




36

Harvesting:
Crops were harvested after 50, 34, 32, and 34 days growth in
experiment I, IT, III, and IV respectively. Above ground portions

were cut approximately 0.6 cm above the soil surface, cut into 1 cm

lengths and air dried. They were finally dried at 70 C for 48 hours
and weighed for yield determinations. Where more than lg of tissue
was produced per pot it was ground in a Wiley Mill in preparation
for tissue analysis.

Roots were harvested in two portions,'i.e. from the phosphorus

application and from the remainder of the soil., TIn experiment I,
roots were recovered from a soil core, 2 cm in diameter, which was
taken from the vicinity of the point of application of the applied

phosphorus. A mild steel probe of 2 em internal diameter was used

for this purpose. A vertical core was taken from the centre of each
pot (including control pots) and that portion between 1 cm and 6 cnm
from the soil surface was retained, the remaindef returned to the pot.
This portion of the soil core was air dried and weighed. Roots were
then recovered by rinsing them free of soil with distilled water.

Roots were retained on a screen of 2mm mesh size. The soil suspension

was retained for water soluble phosphorus determination. After drying
and weighing the recovered roots, a measure of the average root

intensity in the vicinity of the phosphorus application was obtained,

in terme of mg of root per g of soil.
In experiments II, IIT and IV, roots were recovered from the entire
phosphorus application. The phosphorus application in these experiments

consisted of 40 mg of phosphorus as dicalcium phosphate dihydrate crystals




e N e S e T R T T e

37

mixed intimately with 20 g of soil in experiment II, and 22 g of soil
in experiment III and IV. This mixture was enclosed in an 'impervious
cylinder open at its top and bottom. The cylinder consisted of a
length of acrylic tubing 3.5 cm long and 2.8 em internal diameter.
This phosphorus application was placed in the centre of the soil
mass with its long axis vertical. After harvesting,a vertical core. .
5 cem in diameter was taken from the centre of each pot (including
controls) The phosphorus application was then recovered intact from
‘this 'soil core by cutbting the roots passing out of the cylinder
at either end with a scalpel. Roots were then washed from these
cylinders in a similar manner as from the phosphorus
applications taken from experiment I, saving the soil-water
suspensions for phosphorus determinations.

The remajnder of the root mass in each pot was recovered by
washing the roots free of soil under tap water. Roots were retained
on a screen of 2 mm mesh size.

Analytical Techniques

Tissue Analysis:

Above ground portions and roots (includiﬁg those sampled separately
from the vicinity of the application) were dried at 70°C for 48 hours,
weighed and ground in a Wiley mill (if more than 1 g yield). Samples
of tops and roots (lg) were wet ashed in a HquﬁgsOh-HCIOh ternary acid
mixture according to the procedure outlined by Jackson (80), and
diluted to a final volume of 100ml. Aliquots were taken from these
solutions for total phosphorus and radioactivity measurements. Total

phosphorus was determined using the vanadomolybdophosphoric yellow
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colour method(79). Radiocactivity determinations were made using a
liquid DM6 GM tube (manufactured by 20th Centﬁry Electronics Ltd.,
New Addington, Croydon, Surrey, England) attached to a binary scalar,
Nuclear Chicago Model 161A.

The activity of a 'standard' solution of the applied phosphorus
was determined within 2 hours of determining the radicactivity present
in tissue digests of the fertilized plants. Thﬁs, o knowing the
specific activity (cpmper mg phosphorus) of the applied phosphorus

‘at the time of analysis, the amount of radiocactivity (cpm) in the
above or below ground portions could be readily converted to amount
of applied phsophorus (mg). Soil phosphorus absorbed by phosphorus
fertilized plants was obtained by difference between the total and
applied phosphorus utilizations.

Water Soluble Phosphorus Concentration of the Reaction Zone:

Soil water suspéhsions retained after root recovery from the
phosphorus applications were dilutedwith distilled water in a 10:1
solution to soil ratio and shaken for 24 hours at 2500. This was
also done on the soil samples recovered from the phdsphorus applications
‘within uncropped pots in experiment I. The phosphorus concentration
of the filtrate was determined using the chlorostannous-reducedmoly-

bdophosphoric blue colour method (78).

Preparation of Radioactive Phosphorus Compounds:

Radioactive monopotassium phosphate (MKP) and dipotassium
phosphate (DKP) used in experiment I, was prepared as follows:-
MKP and DKP crystals were each dissolved in a miﬁimum of distilled
water and to each solutioﬁ sufficient carrier free P32 in the form of

H3P0h was added to create specific activities within each radioactive
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solution of approximately 10pc per 20 mg of phosphorus. These
solutions were then evaporated to dryness on a sand bath and the
radioactive crystals so formed lightly crushed.

Radioactive dicalcium phosphate dihydrate, used in experiments
ITI, IIT and IV, was prepared by the method of Bailar (6). Carrier

free radio phosphorus (H3P04) was added to the mixed Nap HPO,

KHpPOy solution to yield a labelled product of specific activity
10pc per 4O mg‘of phosphorus.

Radioactive octacalcium phosphate used in experiment IV, was
rbrepared as per personal communication, G. L. Curney, TVA, Muscle
Shoals, Alabama: Previously prepared radioactive DCPD crystals
(10pc/40 mg P) were hydrolysed at 60 C under 0.5M godium acetate
solution. Hydrolysis was carried out in b oz giass jars (5 g DCFD per
100 mls sodium acetate). The acetate was decanted and replaced with
fresh solution when its pH fell below 6.5. This procedure was
repeated until a petrographic analysis showed that the flat platy
DCPD crystals had been replaced by the long, needle.shaped crystals
of OCP(10-12 days)

Radioactive hydroxy apatite used in experiment IV was prepared
by the method of Clark (24). Rsdiophosphorus was incorporated imto
the H3POy. The hydroxyapatite was washed within one week of
preparation but was allowed to stand in the mother liquor until
that time. Specific activity of the product was approximately 20pc
per 4O mg of phosphorus.

The chemical analysis and X-ray diffractogram ofthe radiocactive
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compounds, dicalcium phosphate dihydrate, octacalcium phosphate and
hydroxy apatite, compared against those of the pure forms, showed

that each was successfully prepared.

2. EXPERIMENT I

Soper and Kalra (145) found a large variability in phosphorus

utilization by flax, oats, rape and buckwheat from monopotassium

vhosphate and dipotassium phosphate applications to a calcareous soil.

In increasing utilization of applied phosphorus the four crops

ranked in the order; flax, oats, rape and buckwheat. These workers
noted that the ability of these crops to utilize applied phosphorus

was not related to their abilities to utilizé native soil phosphorus.
Characteristic feeding habits of the four crops, for applied phosphorﬁs,
were studied by varying the mode of application. It was found that

some species (rape and buckwheat) could make equal or better utilization
of fertilizer phosphorus when it was applied as a concentrated source
rather than when spread throughout a large soil volume. In contrast, V 5
other species (flax and oats) made better utilization of fertilizer v

phosphorus by increasing the soil volume through which it was spread.

Thus, the greatest variation between crops in their absorption of
added phosphorus occurred when applied as a concentrated source of R

water-soluble crystals. These workers suggested that differences among

the crops in their root efficiencies for phosphorus absorption (mg
phosphorus per gram root) or in the proliferation of their roots within
the application accounted for the vast differences between them in

their utilization of the applied phosphorus.
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Tt was considered that information regarding root and soil
properties within zones of spread of phosphorus applications was
required to explain the large variability among crops in utilizing
applied phosphorus. Hence, the intensity of flax, wheat, rape and
buckvwheat roots within phosphorus applications as well as the size
and water soluble phosyhorus concentrations of the reaction zones
fbrmed between the soil and applied phosphorus were studied. Root
intensities together with meésurements of applied phosphorus
utilization by each crop enabled estimates to be made of the growth
rate as well as the rate of phosphorus absorptidn of roots within

‘the phosphorus applications, during crop growth.

Materials and Methods

Radioactiﬁe monopotassium phosphate (MKP) and dipotassium
phosphate (DKP) . erystals were labelled with P32, Some characteristics
of the soil used in this experiment are shown in Table 0.1.

Applications of each phosphorus carrier, supplying 20mg and
Lomg of phosphorus, were applied 2.5cm below the soil surface, after
The soil had been wet to its field capacity moisture content (28 per cent)
and allowed to equilibrate for 48 hours. The radiocactive crystals
were placed in a small depression made with the tip of a glass rod
(0.6cm diameter) at the centre of the pot. The crystals were transferred
to the soil via a funnel to prevent spread of the application. .
Positioning the crystals at the centre of the pot enabled location of
the site of application at harvest.

Flax, wheat, rapé and buckwheat were grown on the four soil

treatments (20mg and 4Omg of phosphorus as MKP or DKP) as well as on
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a control, non-fertilized, treatment and replicated three times.
Additions of nitrogen and sulphur were méde at plantiné and during
crop growth according to Table 0.2.
| Above and below ground portions of the féur Crops were
harvested after 50 days growth. Below ground portions were
recovered in two parbts, i.e. from a small cylindrical volume (20ce
approximstely) in the vicinity of the site of application, and from
the remainder of the soil mass. Water soluble phosphorus was
determined on the soil taken from the vieinity of the phosphorus
applications.

Uncropped pots were used to determine the size of the
reaction zone of each application. Waxed cardboard containers of
.10 cm inside diameter containing 800g of soil were used for this
purpose. Each of the four applications was applied to the centre
of a container of soil in the same way as it was applied to the
cropped pots. Uncropped pots were duplicated and kept under the
same experimental conditions as cropped pots for the SO days during
crop growth. When cropped pots were harvestéd, the uncropped pots
were sectioned vertically through the point of application of the
radicactive crystals. The container bottoms were not cut o prevent
movement of the soil core halves after sectioning. No screen medical
X-ray film, protected with plastic sheeting, was inserted between the
soil core halves and exposed for two hours in a dark room. The
exposed film was developed for 3 to 4 minutes in Kodak X-ray developer,
rinsed with water, and fixed for 15 to 20 minutes in Kodak X-ray fixer.

The film was finally rinsed in water and dried. The diameter of +he




darkened circular image on the exposed film was measured.

Assuming spherical zones of spread of the four applications the

volume of each reaction zone was calculated.

Results and Discussion

The soil was apparently phosphorus sufficient for the growth
of wheat, rape, and buckwheat plants, since none of these crops
showed growth responses to the application of potassium phosphates
(Table 1.1). Flax did respond to phosphorus fertilization (Table
1.1). However, in field trials and gfeenhouse work inAManitoba,
flax has consigstently failed to.respond to phoéphorus fertilization
on soils of similar or lower phosphorus status. Available potassium
content of the soil (ammonium acetate extractable) was conéidered
adequate for optimum growth of flax plants (Table 0.1). Consequently,
potassium added in the phosphorus carrier was not considered responsible
for the growth response of this crop. The growth response of phosphorus
fertilized flax plants, therefore, was regarded as a chance occurience
rather than a definite trend.

Phosphorus utilization by rape or buckwheat plants from each
concentrated application of added ph05phorus was more than seven-fold
fhat of either flax or wheat plants (Table 1.2). Generally, in order
of increasing rate of utilization of added phosphorus the four crops
ranked as follows: flax, wheat, rape, and buckwheat. Flax plants
utilized only 5 per cent as much added phosphorus as did buckwheat
plants (Table 1.2). Soper and Kalra (145) suggested two plausible

explanations for species differences in their utilization of applied




TABIE 1%

YIEID OF ABOVE AND BELOW GROUND PORTIONS OF
FLAX, WHEAT, RAPE, AND BUCKWHEAT FERTILIZED WITH
CONCENTRATED APPLICATIONS OF MONOPOTASSIUM PHOSPHATE AND

Ll

DIPOTASSIUM PHOSPHATE CRYSTALS (g)
Treatment
* #¥ # JHE
Crop Control MKP (20) MKP (40) DKP (20) DKP (40)
tops 3.k7 a .72 v 4.80 v 4.81 v L.h9 b
Flax .
roots 1.02 a 1.55 be 1.66 be 1.86 ¢ L.k v
Wheat tops 3.1hia 3.11 a 3.17 a 2.83 a 2.99 a
roots 0.58 a 0.60 a 0.59 a 0.53 a 0.56 a
R tops 8.84 a 9.02 a 9.11 & 9.07 a 9.28 a
ape
roots 2.3k 2.33 b 2.50 v 1.95 a 2.26 ab
' tops 16,05 a  15.99 a 17.58 a 17.14 a 17.83 a
Buck
wheat  roots - - - - -
Duncan's Multiple Range Test
Means of treatments followed by the same letter are not
significantly different
*  MKP(20) 20 mg of phosphorus as monopotassium phosphate
¥* MKP(4O) L0 mg of phosphorus as monopotassium phosphate
# DKP(20) 20 mg of phosphorus as dipotassium phosphate
## DKP(40) 140 mg of phosphorus as dipotassium phosphate
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TABLE 1.2

UTILIZATION OF APPLIED PHOSPHORUS
BY FLAX, WHEAT, RAFE AND BUCKWHEAT IN 50 DAYS FROM
CONCENTRATED APPLICATIONS OF MONOPOTASSIUM PHOSPHATE AND DIPOTASSTUM
PHOSPHATE CRYSTALS (mg)

Treatment B! values

+ + +
Crop MKP(20) m(ﬁ) DKP(20) DKP(L40) Source Rate
Flax 0.59 a 1.22 o 0.54 a 1,02 a 2.30 43,5%%
Wheat 1.69 a 2.36 a 0.98 a 2.20 a 2.87 13.6%
Rape 12.31 b 16.2h b 12.79 ¢ 17.83 v 0.31 5.78
Buckwheat 12.36 b 22.36 ¢ 10,20 b  19.92 b 2.61 L7,9%%

Duncan's Multiple Range Test
Means of species followed by the same letter are not
significantly different

top data only
significant at 5 per cent level of probability
significant at 1 per cent level of probability

*
*%

# 20 mg of phosphorus as monopotassium phosphate
## 40 mg of phosphorus as monopotassium phosphate
+ 20 mg of phosphorus as dipotassium phosphate

++ L0 mg of phosphorus as dipotassium phosphate
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phosphorus, i.e. large differences between species in their root
efficiencies for phosphorus absorption from the applied phosphorus
and/or large differences between species in the stimulation of

their root growth in the vicinity of the phosphorus application.

Another possible explanation is that normal root growth rates of
species may differ sufficiently to account for the differences
between them in added ! phosphorus utilization.

Differences between species in their normal root growth

_rates could not entirely account for the differences between them

in their utilization of added phosphorus. For the three crops, for
which the total root mass was recovered at harvest, there was no
relationship between total root growth and added phosphorus utilization.
Wheat plants which produced the smallest root mass (Table 1.1),

utilized more added phosphorus than flax plants (Table 1.2), which
produced three times the root mass of wheat plants (Table 1.1). Rape
plants produced double the root mass of flax or wheat plants (Table 1.1).
Thus, the appérently faster root growth rate of rape plants might

have been partly responsible for the greater rate of :utilization of

added phosphorus by rape than by flax or wheat.

Table 1.3 shows the approximate volume of soil through which
phosphorus from the four concentrated applications of potassium

phosphates spread as determined by autoradiographs of soil cores

sectioned through the point of application of the P32 1abelled
crystal sources., The 40DKP application which spread through the

largest soil volume occupied less than 1 per cent of the total
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TABIE 1.3

SIZE OF THE REACTION ZONES
BETWEEN SOIL AND THE ADDED PHOSPHORUS
OF CONCENTRATED APPLICATIONS OF MONOPOTASSTUM PHOSPHATE
AND DIPOTASSIUM PHOSPHATE

Treatment
* ‘ *% .
MKP(20) MKP(40) DKP(20) DKP (40)
A "B A B A B A B
Averé,ge
diameter of 1.7 1.6 2.0 2,0 2.0 2.0 2.k 2.7
sphere of .
spread (cm)
Volume of ‘
.sphere of 2.5 2.1 4.2 Lo k.2 4,2 7.3 10.3
spread (cc)
Average of
2 reps. 2.3 k.2 h.,2 8.8
* 20 mg of phosphorus as monopotassium phosphate .
*%* 40 mg of phosphorus as monopotassium phosphate
# 20 mg of phosphorus as dipotassium phosphate
Eid 40 mg of phosphorus as dipotassium phosphate
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volume of the soil in the ‘pot. Utilization of phosphorus from
these applications in 50 days could be regarded as a measure of
the rate of utilization of phosphorus by that portion of the root

system feeding from the small fertilized soil volume. Phosphorus

utilization from each application in 50 days, therefore, was a

function of the growth rate and the rate of phosphorus absorption
.of that portion of the root system within its zone of spread. 1In
the present study, growth rate of the root system within the zone

of spread of the phosphorus application,'during the 50 day

experimental period, was inferred from the measurement of the root
intensity iﬁ the vicinity of the phosphorus éppliéation at the time
of harvest (in terms of root mass per soil mass)o. The growth rate,
during the experimental period, of the portion of root system of
the four crops within the zone of spread of each phosphorus application
could beAcompared by comparing these root intensities, which are
presented in Taﬁle 1.4,

Large variability in the rate of utilization of applied
phosphorus betweeﬁ crops was not fully explainéd”by the growth rate

of their roots within the zone of spread of each application. Growth

rate, during the experimental period, within the zone of spread of
each phosphorus application was evidently greatest for roots of rape.

Intensity of rape roots in the vicinity of each application after the

50 day growth, was 2 to 4 fold the root intensity of any other crop in

the vicinity of the phosphorus application (Table 1.4). The greater
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TABIE 1.4

AVERAGE INTENSITY OF FILAX, WHEAT, RAFE AND BUCKWHEAT
ROOTS IN THE VICINITY OF CONCENTRATED APPLICATIONS OF MONOPOTASSIUM
PHOSPHATE OR DIPOTASSIUM PHOSPHATE CRYSTAIS AWTER 50 DAYS GROWTH
(mg root per g soil) ;

Treatment

| * *% i -

Crop Control MKP(20) MKP (L0) DKP(20) DKP(40)
Flax 0.29 &  0.27 & 0.15a  0.40 a 0.25 a
Wheat 0.26 a 0.30 ab 0.49 v 0.21 a .0.21 a
Rape 0.48 a 1.63 b 1.93 b 0.86 a 0.71 a
Buckwheat  0.27 a 0.55 a 0.30 a 0.37 a 0.45 a

Duncan's Multiple Range Test

Means of treatments followed by the same letter
are not significantly different.

* 20 mg of phosphorus as monopotassium phosphate

*¥ 4O mg of phosphorus as monopotassium rhosphate

# 20 mg of phosphorus as dipotassium phosphate
4O mg of phosphorus as dipotassium phosphate
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utilization of applied phosphorus from each application by rape
than by flax or wheat, therefore, could have been due to the
greater growth rate of rape roots than flax or wheat roots within
the zone of spread of each phosphorus application.

Similar intensities of flax, wheat, and buckwheat roots

were measured in the vicinity of each phosphorus application
after 50 days growth (Table 1.4). Apparently, there were no large

differences between these crops in their root growth rates within

the zones of spread of phosphorus applications during the experimental

period. However, buckwheat utilized 7 to 20 times as much phosphorus
from each application as did flax or wheat (Table 1.2). Consequently,
the large variability in phosphorus utilization from each application,
between flax, wheat, and buckwheat, must have been the result of a large
variability between roots of these crops in tﬁeir rates of applied
.phosphorus absorption.

Rate of phosphorus absorption by the portion of root system
within the zone of spread of the phosphorus application, during the
50 day growth period was inferred from a measure of the applied

phosphorus absorbed in to days per unit mass of roots within the zone

after the 50 day growth period. The root mass within the zone after
the 50 day growth period was approximated knowing the average root
intensity in the vicinity of the application (mg root per g soil),

shown in Table 1.4, and the approximate soil volume through which the

application spread (cc), shown in Table 1.3, assuming a bulk density of 1.0.
The apparent rate of applied phosphorus absorption was calculated

for roots feeding on the applied phosphorus. (Table 1.5).
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Utilization of applied phosphorus in 50 days per unit mass
of flax, wheat, rape and buckwheat roots within each application
(the apparent rate of phosphorus absorption from each application)
suggested considerable variability between crops in their rates of
applied phosphorus absorption during the experimental period. In
general, in increasing apparent rate of phosphorus absorption from
each application, the four crops ranked in the same position relative
to one another, as when placed in order of increasing applied
phosphorus utilization, i.e. flax, wheat, rape, and buckwheat, (Tables
1.5 and 1.2 respectively). It is suggested therefore, that variability
in the rate of phosphorus absorption rather than in the growth rate of
roots within phosphorus applications was probably the chief cause of
the variability among these crops in their utiliéation of applied
phosphorus.

The large variability between flax, wheat, rape and buckwheat
roots in their apparent rate ofrphosphorus absorption from applied
phosphorus, was possibly the result of large differences between
them in their inherent rates of phosphorus adsorption from ihe solution
phosphorus. concentration within the phosphorus application. Similar
variability has been reported between the inherent rates of phosphorus
adsorption of the roots of other species when adsorption from the same
solution phosphorus concentrations. These reports have been for both
excised roots (2, 115), and roots of intact plants (4, 149, 151).

A solubilization of phosphorus compounds has also been suggested

to occur in the vicinity of the root due to various root excretions (117)




TABIE 1.5

UTILIZATION OF APPLIED PHOSPHORUS IN
50 DAYS PER UNIT MASS OF FTAX, WHEAT, RATPE AND
BUCKWHEAT ROOTS WITHIN THE ZONES OF SPREAD OF CONCENTRATED
APPLICATIONS OF MONOPOTASSIUM PHOSPHATE AND DIPOTASSIUM PHOSPHATE
CRYSTALS AFTER 50 DAYS GROWTH

(mg P/gm root)
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Treatment
* *¥ # i
Crop MKP(20) MKP(40) DKP(20) DKP (ko)
Flax 1270 a 660 ab LoO b 570 ab
Wheat 2890 a 1250 a 1150 3 1290 a
Rape 3540 a 2100 a 3690 a 2960 a
Buckwheat 10300 a 19600 b 90L0 & 5200 a
Duncan's Multiple Range Test
Means of treatments followed by the same letter
are not significantly different.
* 20 mg of phosphorus as monopotassium phosphate
**% 1O mg of phosphorus as monopotassium phosphate
# 20 mg of phosphorus as dipotassium phosphate
4 40 mg of phosphorus as dipotassium phosphate
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as well as other root properties (41). Thus, the variability

between flax, wheat, rape and buckwheat roots in their apparent

rates of phosphorus absorption from the zones of applied phosphorus
could have been the result of differences betweén them in their
abilities to solubilize the reaction products formed between the soil
and applied phosphorus. The phosphorus concentration of a water

extract of soil taken from the vicinity of each phosphorus application
after 50 days growth (10:1 solution:soil ratio equilibrated for 2L

hours at 25C.) was measured to determine whether the roots of any

crop could solubilize the reaction productsrmeasurably. Water soluble
phosphorus was determined, in the same manner on éoil taken from

the reaction zones of uncropped pots. These water soluble phosphorus
concentrations are presented in Tab1e71.6. Water soluble phosphorus
concentration measured within each reaction zone of flax, wheat, rape

or buckwheat cropped pots was lower than within each reaction zone of
uncropped pots (Table 1.6). | , f/ Cropping apparently
decreased the water solubility of the reaction products, the decrease
being directly related to the amount of applied phosphorus extraéted

by cropping. Rape and buckwheat, which extracted more applied phosphorus
from each application than flax or wheat (Table 1.2), caused greater
decreases in the wabter soluble phosphorus concentration within each
reaction zone thanceither flax or wheat (Table 1.6). Roots of flax,
wheat, rape, or buckwheat did not appear to measurably solubilize the
reaction products formed between this calcareous soil and added phosphorus.
The variability therefore, in the apparent rates of phosphorus absorption

.by these roots were apparently duvue to inherent differences between them




TABIE 1.6

WATER SOLUBLE PHOSPHORUS CONCENTRATION
WITHIN ZONES OF SPREAD OF CONCENTRATED APPLICATIONS
OF MONOPOTASSIUM PHOSPHATE OR DIPOTASSIUM PHOSPHATE CRYSTALS
AFTER 50 DAYS CROPPING WITH FLAX, WHEAT, RAPE AND BUCKWHEAT

(M x10™)
* *¥¥x

Crop MKP(20) MKP(40) DKP(20) DKP(L40)
No crop 5.1 8.2 1.7 2.4
Flax 5.9 6.3 1.1 2.5
Wheat 2.9 k.0 1.1 1.2
Rape 0.9 2.3 0.1 0.5
Buckwheat

1.5 1.5 0.3 0.8

P ¥

20 mg of phosphorus as monopotassium phosphate
40 mg of phosphorus as monopotassium phosphate
20 mg of phosphorus as dipotassium phosphate
40 mg of phosphorus as dipotassium phosphate
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in their rates of phosphorus absorption from the same phosphorus
concentration.

Rate of application apparently had no marked effect, during
the 50 day growth period, on the growth rate of flax, wheat, rape,
or buckwheat roots within the MKP or DKP applications. Similar
intensities of flax, wheat, rapée and buckwheat roots after 50 days
growth were found in the vicinity of the 20 mg and 40 mg rates of
phosphorus applied as MKP or DKP (Table 1.4). With one exception
rate of application did not influence the rate of phosphorus absorption
by roots of any crop from the zones of applied MKP or DKP. Except for
the phosphorus absorption by buckwheat roots from applied MKP, the
apparent rates of phosphorus absorption by roots of each crop from the
20mg rate did not differ significantly from their apparent rate of
phosphorus absorbtion from the 4Omg rate of MKP or DKP (Table 1.5).
Consequently, those root properties of flax,iwheat, rape and buckwheat
which control their rates of phosphorus utilization from concentrated
applications, i.e. growth rate and rate of phosphorus absorption of
their roots, were not seriously affected by the rate of application of
MKP or DKP. Apparently, the availability of reaction products formed
betweén the soil and the applied phosphorus were essentially unaffected
by the rate of application of MKP or DKP. It was concluded, therefore,
that the amount of reaction products formed rather than their type was:

affected by altéring the rate of MKP or DKP.

Rate of application influenced the rate of utilization of phosphorus

from MKP and DKP by each crop during the 50 day growth period. Flax,

wheat, and buckwheat utilized approximately twice as much phosphorus from

the 4Omg rate as from the 20mg rate of MKP or DKP during the 50 day growth

period (Table 1.2).
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Rape utilized only 30 - 4O percent more phosphorus from the 4Omg than
it did from the 20mg rate of MKP or DKP during the 50 day growth
period (Table 1.2). There was a direct proportionality between rate
of application and the size of the MKP and DKP reaction zones. The
volume of so0il through which the phosphorus of MKP or DKP spread ﬁaé

. apprroximately doubled by doubling their rates of application (Table
1.3). However, it could not be deduced from the present data whether
the indirect effect of rate of application on the size of the reaction
zone or its direct effect on the amount of reaction product was
responsible for the greater availability of the higher rates of MKP
and DKP.

Evidently the phosphorus carrier had no marked effect, during
the 50 day growth period, on the growth rate of flax or buckwheat
roots within the MKP and DKP applications., The intensity of flax or
buckwheat roots after 50 days growth in the vicinity of MKP applications
did not differ significantly from their intensity in the vicinity of
DKP applications of equivalent amounts of phosphorus (Table 1.4t). On
the other hand, phosphorus carrier apparently did influence the growth
rate of wheat and rape roots within zones of spread of the MKP and
DKP applications during the 50 day growth period. The intensity of
wheat roots in the vicinity of the LOMKP application was approximately
* double the intensity of wheat roots in the vicinity of the LODKP
application (Table 1.4t). The intensity of rape roots in the vicinity
of both MKP applications was approximately four fold their intensity
in the viecinity of DKP applications of equivalent amounts of phosphorus
(Table 1.4). Phosphorus carrier, had no apparent effect during the 50

day growth period on the rate of phosphorus absorption by wheat or rape
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roots within zones of spread of the MKP or DKP applications. Apparent
rates of phosphorus absorption by wheat or rape roots within zones of
applied phosphorus did not differ significantly between MKP and DKP
~at equivalent rates of applied phosphorus (Table 1.5). On the
contrary, the rates of phosphorus absorption by flax or buckwheat
roots, during the 50 day growth period were affected but in a minor
way, by phoéphorus carrier. Flax roots showed a greater apparent
rate of phosphorus absorption from the 20MKP application than from
the 20 DKp application (Table 1.5). Similarly, buckwheat roots showed
a greater apparent rate of phosphorus absorption from tﬁe 40MKP
application than from the 40DKP application (Table 1.5). Consequently,
those root properties controlling the rate of utilization of phosphorus
by flax, wheat, rape, and buckwheat from concentrated applications, i.e.
growth rate and rate of phosphorus absorption, were affected by
phosphorus carrier. 1In general, MKP zones seemed to present better
conditions for roots of each crop to utilize applied phosphorus than
did DKP zomes. It was concluded, therefore, that the reaction products
formed between the soil and MKP were more available to these four crops
than the reaction products formed between the soil and DKP.

Each crop used similar amounts of phosphorus from the two
sources at each rate of applied phosphorus. (Table 1.2). Thus, in
spite of the better availability of the MKP reaction products the two

carriers were of similar availability to each crop. Applied phosphorus

as DKP spread through approximately double the soil volume as did equivalent amounts
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of phosphorus applied as MKP (Table 1.3). It was concluded, therefore,
that size of the reaction zone as well as the availability of the
reaction products affected the utilization of MKP and DKP applications
by these four crops. Hence, the better availability of MKP than of

DKP reaction products could have been offset by the smaller reaction
zones of MKP applications than of DKP applicatioms.

It is further suggested that the size of the reaction zone

rather than the amount of reaction product formed with the soil was

that reaction zone property which controlled phosphorus utilization

from the different rates of MKP and DKP. Water soluble phosphorus concentration
of soil taken from the vicinity of the MKP and DKP applications in
cropped and uncropped pots, 50 days after application and seeding of

the cropped pots, were higher for MKP than foerKP applications

(Table 1.6). The phosphorus absorption by flax, wheat, rape and
buckwheat roots from the MKP and DKP applications sﬁggested the

formation of reaction products éf greater plant availability within
'MKP than within DKP reaction zones. Formation of more soluble reaction
products between calcareous soils and MKP than between calcareous soils
and DKP has been reported (148). Consequently, their water solubility
might have been that property of these reaction products which controlled
phosphorus absorption by roots within reaction zones and hence their
availability to various crops. Solution phosphorus concentration affects
the.growth rate (5, 101, 144), and the rate of phosphorus absorption of

roots of intact plants (4, 101). It also influences the rate of phosphorus
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absorption of excised roots (2, 115). That phosphorus availability’
from concentrated applications of water soluble phosphates is

controlled through the effect of solution phosphorus concentration

on growth rate and/or rate of phosphorus absorpbtion of roots within
its zone of spread therefore, seems quite plausible.

Growth rates of wheat and rape roots were stimulated
significantly within zones of spread of MKP or DKP. The intensity

of wheat roots after 50 days growth in the vicinity of the LOMKP

application was approximately double the intensity of roots in

their untreated control pots (Table 1.4). The intensity of rape

roots in the vicinity of 20MKP and 4OMKP applications was approximately
four fold the intensity of rape roots in their untreated control

pots (Table 1.4). On the obher hand, growth rates of flax or

buﬁkmheat roots were apparently unaffected by the phosphorus
applications. It could be that growth of small portion of the root
systems of these crops cannot be enhanced. It seems possible that the
growth rate of flax or buckwheat roots within the phosphorus application
could not be enhanced above the growth rate of ‘the remainder Qf their

root systems. It has been reported that some crops require nitrogen

to be mixed with applied phosphorus before their root growth rates
within zones of phosphorus applications are stimulated (43, 44). On

the other hand, the present method of measuring root stimulation within

zones of applied phosphorus might not have been sufficiently sensitive
to detect the growth stimulations of flax or buckwheat roots.

Rates of phosphorus absorption by roots of all four crops were




stimulated within the zones of spread of MKP or DKP. The apparent
rate of phosphorus absorption by roots of each crop from MKP and

DKP applications was at least 40 fold the apparent rate of phosphorus
absorption by roots of their unfertilized plants i.e. their controls
(Tables 1.5 and 1.7). There was a considerable variation between

the crops in the stimulation of the rate of phosphorus absorption

of their roots within zones of spread of MKP or DKP. While the
maximumm stimulation of the rate of P absorption by flax roots was
approximately 100 fold their rate of phosphorus absorption from

soil, the stimulation for buckwheat roots was up to 1000 fold

their rate of phosphorus absorption from unfertilized soil. (Table 1.5).
Hence, either the growth rate or the rate of phosphorus sbsorption

of roots or both these root properties of each crop were stimulated
within zones of spread of MKP and DKP applications. The extent of
these stimulations however,depended on the crop. These results
suggested that the rate of utilization of phospvhorus from concentrated
applications depended on plant properties rathef than properties of
the spplied phosphorus, e.g. reaction products between soil and

added phosphorus. Consequently, properties of the reaction zone must
have had their effect on the rate of utilization of applied phosphorus
indirectly through their effects on the growth rate and/or the rate

of phosphorus absorption of the roots within the reaction zone.

Summary and Conclusions

Applied phosphorus (MKP and DKP) utilization by flax, wheat, rape

and buckwheat in 50 days was controlled chiefly by the rate of phosphorus
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TABIE 1.7

UTTLIZATION OF SOIL PHOSPHORUS
IN 50 DAYS PER UNTT MASS OF FLAX, WHEAT,
RAPE, OR BUCKWHEAT ROOTS PRODWCED IN 50 DAYS BY
PLANTS FERTILIZED WITH CONCENTRATED APPLICATIONS OF
MONOPOTASSIUM PHOSPHATE AND DIPOTASSIUM PHOSPHATE

(mg P/egm root)

Treatment
Crop Control MKP(20) MKP(40) DKP(20) DKP(L40)
Flax 11.9 b 9.0 a 9.1 a 7.8 a 8.8 a
Wheat 20k b 16.2 a 16.3 a 18.2 ab 16.2 b
Rape 9.8 v 7.6 a 6.9 a T.4 a 5.7 a
Buckwheat - - -— - -

Duncan's Multiple Range Test
Means of treatments followed by the same letter
are not significantly different

* 20 mg of phosphorus as monopotassium phosphate
*¥ L0 mg of phosphorus as monopotassium phosphate
4 20 mg of phosphorus as dipotassium phosphate
%# 40 mg of phosphorus as dipotassium phosphate
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absorption by their roots from reaction zones formed between soil
and applied phosphorus. Root growth rate within the reaction
zones also affected the rate of ubtilization of applied phosphorus
by rape as well as wheat to a minor degree.

Rate of phosphorus utilization by each of the four crops
from different rates of a particular water soluble phosphorus carrier
was controlled by the size of the reaction zone. Rate of phosphorus
utilization by each of the four crops from different water soluble
phosphorus carriers was controlled by the type of reaction product
formed as well as the size of the reaction zone.

An hypothesis was developed to explain the rate of phosphorus
ubilization by a crop from concentrated applications of water;soldble
phosphates. It was concluded that the water solubility of their
reaction products formed with soil is likely that property which
controls their availability. Rate of utilization of applied phosphorus
depends indirectly on this property of the reaction products through
its effect on the growth rate and rate of phosphorus absorption of

roots within the reaction zone.

3. EXPERIMENT II

Crop utilization of applied phosphorus was found to be related
to the rate of absorption of applied phosphorus by that portion of
the root system within the phosphorus application (experiment I).
However, one of the crops tested, rape, utilized nearly as much
applied phosphorus as did a crop whose roots absorbed applied phosphorus

at a much greater rate, buckwheat. Root growth of rape was stimulated

i
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in the vicinity of phosphorus applications wheress buckwhesat roots
were apparently not stimulated. An experiment was subsequently under-
taken to study the effect of increased root growth within a phosphorus application

on applied phosphorus utilization by a variety of crops, (flax, wheat, rape,

and buckwheat).
Phosphorus was applied as a concentrated application to two soil
treatments, i.e. to a small fractional soil volume. In one treatment,

root growth within the pét was funneled through the pﬁosphorus application,

i.e. funneled treatment. In the other,root distribution within the pot
was not controiled, i.e. non-funneled treatment. Growth rate of roots
in the phosphorus application were thus varied.

Growth rates of flax, wheat, rape and buckwheat roots within
monopotassium phosphate and dipotassium phosphate applications were
inferred from root masses recovered from their zones of spread after
50 days growth (experiment I). The accuracy of measuring these root
masses depended upon the accuracy of locating and sampling the zone of
spread of applied phosphorus. The accuracy of the root growth measurement
within the phosphorus application was improved, in this experiment, by

applying phosphorus to a predetermined fraction of the soil volume

within a pot. 1In order to immobilize the applied phosphorus within this
fractional soil wvolume, a phosphorus compound which was only slightly

water soluble, dicalcium phosphate dihydrate, was intimately mixed with

the required volume of soil and the mixture placed within an impervious
cylinder, open at either end to permit root growth into the phosphorus
application.

Tt was suggested that the utilization of phosphorus by flax,
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wheat, rape, and buckwheat from concentrated application of monopotassium
phosphate and dipotassium phosphate was affected by the size of the
reaction zone between soil and applied phosphorus. Lewis and Racz (99)
and Olsen and Watanabe (122) showed the effects of soil properties

on the size of the reaction zone formed between soil and applied

phosphorus, e.g. texture (122) and inorganic carbonate content (99).
In the present sutdy two soils were utilized i.e. calcareous and a
non-calcareous. Since phosphorus was applied to the same volume

of each soil, the effect of soil properties on applied phosphorus

availability other than their effects on the size of the reaction

zone, could be studied.

Materials and Methods

Some characteristics of the two soils used in this experiment L
are shown in Table 0.1.

A concentrated application of phosphorus was added to each of
two soil treatments on the two soils. To one of these treatments,
root growth was funneled through the application. fhe normal rooting
pattern of the other treatment was not altered. Flax, wheat, rape, and

buckwheat plants were grown on these two soil treatments which are

represented diagramatically in figure 2.1 as well as on a control
treatment of both soils. The experiment was replicated four times,
yielding a total of 96 pots.

To 800g of the 1400g soil mass, which was used in each pot,

was added sufficient water to wet it to the field capacity moisture

content. The soil was then allowed to equilibrate for 48 hours. To
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a 2 cm depression made in the centre of each pot a length of acrylic
tubing, 3.5 cm long and of 2.8cm internal diameter, was vertically
positioned. The 32 cylinders used in the funneled treatment had been
previously taped to stemless polyethylene funnels, of base diameter
3.2cm, top diameter 16cm and of 1 litre capacity, cut from three
guart plastic milk jugs. Each eylinder within this treatment was
taped to below the soil level to eliminate the effect of light on
root growth. The funmnel rested on the 1lip of the pot. There was
sufficient space between the funnel and the pot to allow addition

of water to the bottom portion of the soil mass.

To the acrylic cylinder within each control pot was added
20g of the O0.5mm fraction of the appropriate soil. To the
cylinders in the other two treatments was added 20g of the 0.5mm
soil fraction with which had been intimately mixed U4Omg of phosphorus
as dicalcium phosphate dihydrate (DCPD). The applied phosphate
compound was labelled during its synthesis, with P32 (10pc per 40mg
phosphorus). After addition of the soil-radiocactive DCPD mixture to
these cylinders, water was applied in a gentle stream to its contents
to overcome scattering of the application when the remaining 600g
was addeqato the pot.

Above and below ground portions of plants were harvested after
34k days growth. Roots were recovered in two portions, i.e. those
from within the cylinders and the remainder. The waker-soluble
phosphorus concentration of soil within the cylinder from each pot

was determined.
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Total phosphorus contents of above and below ground portions
were determined for each pot. Applied phosphorus contents of above

and below ground portions of fertilized plants were also determined.

Results and Discussion

The root mass recovered from the phosphorus application was
the product of the number of roots entering the phosphorus application
and their growth rate after entry. The total root mass recovered
from the non-funneled treatment of each crop with two exceptions did
not differ significantly from the root mass recovered from the control
treatment., (Table 2.1). A similar mass of roots, therefore, should
have entered the cylinder of the non-funneled treatment as entered
the cylinder of the control treatment for each crop. However, a
larger root mass of each crop was recovered from the cylinder of the
non-funneled treatment than was recovered from the cylinder of the
control, after 34 days growth (Table 2.2). Since similar root masses
should have entered the cylinders of these treatments it was concluded
that the growth rate of roots within the cylinder of the non-funneled
treatment was stimulated during cropping, presumably due to the phosphorus
application. Growth rates of roots of the four crops were apparently
stimulated in this manner within the phosphorus application.

Root growth stimulations of the four crops within the non-
funneled treatment were related to ome another in a similar ratio on
both soils (figure 2.2). Thus, it appears that the root growth
stimulation of these crops within the phosphorus application was a

function of the crop. There wasa marked variagbility in root growth
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TABIE 2.1

EFFECT OF PHOSPHORUS FERTILIZATION
AND OF INCREASED ROCT GROWTH RATE IN THE PHOSPHORUS
APPLICATION ON THE YTEIDS OF ABOVE AND BELOW GROUND PORTIONS
OF FLAX, WHEAT, RAPE, AND BUCKWHEAT GROWN ON' & FIRDALE AND A TAKETLAND
SOIL IN 3k DAYS '

(g)
Soil* I IT
Treatment*¥* C N-F F c N-F F
Crop
tops 250a .61 .82¢ 1.01a 1.10a 1.0ka
Flax .
roots .26a .33b .59 .3la .37a .54b
Wheat tops .6lhg, 8 1.63c .96a, 1.07a 1.62b
roots 143a .52a 1.0%b L6a .51a .98p
Reoe tops 1.672  2.56b 3.k3c 2.47a 3.15b h.ike
P i
roots 492 .71b 1.2ke .63a .67a  1.65b g
tops 4.83a 5.26a 5.18a 5.89 6.18ap 6.35b
Buckwheat
roots .Tha .79 1.09b 1.0ks .9ha 1.37b

Duncan's Multiple Range Test
Treatments followed by the same letter are
not signhificantly different

¥ I TFirdale (non-calcareous)
¥% II Takeland (calcareous)

C Control
N-F non-funneled treatment

F funneled treatment
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TABIE 2.2

MASS OF FLAX, WHEAT, RAPE AND BUCKWHEAT
ROOTS RECOVERED FROM THE CYLINDER OF A CONTROL,
NON-FUNNELED AND FUNNEIED ON A FIRDAIE AND A LAKEIAND

SOIL
(ng)

Soil* I IT
Treatment¥** C N.F F Cc NP F
Crop
Flax 4 7 36 2 i ol
Wheat 7 17 51 3 8 5k
Rape 10 “57 100 12 34 72
Buckwheat 18 43 b7 16 2L ki

¥ I FPFirdale soil (non-calcareous)
II Iakeland soil (calcareous)

*¥¥ C Control
N.F Non-funneled treatment
F Funneled treatment
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stimulation among the crops. Rape roots were stimulated at least

2 fold and up to 20 fold the growth of any other crop (figure 2.2).
Roots of the four crops were stimulated within the phosphorus
application of both soils in the order; rape) buckwheat) Whea€>=flax
(figure 2.2).

Funneling roots through the phosphorus application was designed
to increase the root mass which fed from the applied phosphorus.
‘This treatment affected the crops quite differently in this regard.
There was an approximately 2 fold or smaller increase in the root
mass recovered from the cylinder of the funneled over that recovered
from the cylinder of the non-funneled treatment for rape and buckwheat
(Table 2.2). On the other hand, there was a 3 - 6 fold increase
in the root mass recovered from the zone of applied phosphorus due
to funneling flax or wheat roots through the applied phosphorus
(Table 2.2). Since the root systems of each crop were funneled
through the same volume of fertilized soil, the proportional increase
in the number of roots which entered the zone of applied phosphorus,
due to funneling, should have been similar for each crop. The total
root system of each crop was stimulated on the funneled treatment
over that of the control treatment (Table 2,1). This was presumably
a growth response to the 1arge amount of applied phosphorus utilized
from the funneled treatment (figure 2,3). The root system produced
on the funneled treatment was approximately double the root system
produced on the control treatment of both soils for flax, wheat and

rape (Table 2.1). The increased total root growth 6f these crops
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should have resulted in:a similar proportional increase in the
number of their roots which entered the zone of applied phosphorus.
It is suggested therefore that the different effect of the funneled
treatment on the root mass feeding on the applied phosphorus was
probably due to a difference in the effect of funneling on the
growth rate of roots after entry into the zone of applied phosphorus,

Root growth rate was stimulated within the zone of applied phosphorus
of the non-funneled treatment for each crop. The extent of the
stimulatory effect on root growth due to the applied Xphosphorus was
apparently not the same for the funneled and non-funneled treatments
for all crops. The growth stimulation of roots in the zone of
applied phosphorus of the funneled treatment relative to their growth
stimulation in the non-funneled treatment was apparently less for
rape than for flax or wheat. The quantity;of phosphorus absorbed from
the phosphorus fertilized treatments was greater for rape than for
flax or wheat (figure 2.2). Thus it was more likely that the plant
phosphorus requirement (or the 'sink' for phosphorus absorption in the
plant) for rape rather than that for flax or wheat was provided by
phosphorus fertilized treatments. The smaller apparent stimulation in the
growth rate of rape roots than of flax or wheat roots due to funneling
could have been the result of a greater depletion of the 'sink' for
phosphorus absorption of rape than of the 'sink' for phosphorus absorption
of flax or wheat.

Root growth within the phosphorus application of soil 1 was

stimulated approximately double the extent of the stimulation within




the phosphorus application of soil 2, for each crop (figure 2.2).
This could have been the result of better root growth conditions
within the phosphorus application of soil 1 than within the phosphorus

application of soil 2. The water soluble phosphorus concentration

within the application of the non-funneled treatment however, was
lower in soil 1 than in soil 2 after cropping with each crop
(table 2.4). Both soils contained sufficient nutrients, other
fhan phosphorus, for optimum growth of the four crops. Thus, root

gfowth conditions within the phosphorus applications of these two

soils did not appear responsible for the different root growth stimulations
within their applicetions . |

The phosphorus supplying power of soil 1 was, as expected,
significantly less than the phosphorus supplying power of soil 2.
Each crop extracted less phosphorus from the control treatment of
soil 1 than from the control treatment of éoil 2 (figure 2.3). Hence,
root growth stimulations of each crop within the phosphorus application
were less on thehsoil of higher phosphorus supplying power, i.e. soil
2. It appeared, therefore, that the extent of root growth stimulation

of these crops within the phosphorus applieation was affectéd inversely

by the soil phosphorus supplying power. Increasing soil phosphorus
supplying power to the plant could decrease growth stimulation of its

roots within a phosphorus application through its effect on depleting

the plant 'sink' for phosphorus absorption.
Applied phosphorus utilization by flax and wheat was increased
3-5 fold by funnelingroots through the phosphorus application (Table 2.3).

Only small proportional increases in applied phosphorus utilization
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TABLE 2.3

APPLIED PHOSPHORUS UTILIZATION
BY FLAX, WHEAT, RAPE AND BUCKWHEAT IN
34 DAYS FROM A FUNNEIED AND NON-FUNNEIED TREATMENT

(mg)
Soilx
Treatment** T *%
Crop N.F F N.F F
Flax 0.35a 1.20b 0.28a 1.16b
Wheat 1.42a 3.70b 0.56a 3.17b
Rape 8.50a  14.03b 8.58a 13.77p
Buckwheat 12.38a 17.73b 9,kka 11.99b

Duncans Multiple Range Test
Means of Treatments on each soil follwed by
the same letter are not significantly different..

* I Firdale (non-calcareous)
IT ILakeland (calcareous)

*¥%* N-F non-funneled treatment
F  funneled treatment
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TABIE 2.4

WATER SOLUBLE PHOSPHORUS CONCENTRATION
IN THE PHOSPHORUS APPLICATION OF A FIRDALE AND A
LAKELAND SOIL AFTER 34 DAYS GROWTH OF FIAX, WHEAT, RAPE
AND BUCKWHEAT

(M x 10™)
Soil¥ I II
TreatmentII®* N-F F N-F F
Flax 7.2 7.3 9.6 T4
Wheat 7.5 Tel 9.9 -
Rape - 7.6 7.8 9.2 7.0 |
Buckwheat 11.2 1ik.0 9.1 8.7 |

¥ I Firdale soil (non-calcareous)
IT Iakeland soil (calcareous)

¥%¥ NF non-funneled treatment
F funneled trestment
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resulted due to funneling roots of rape and buckwheat through the
phosphorus application (Table 2.3). The smaller proportional

increase in applied phosphorus utilization by rape and buckwheat

due to funneling than by flax or wheat could have been due 0 s
greater decrease in the availability of the applied phosphorus to
the former two crops, during cropping. The water-soluble phosphorus
concéntration within the phosphorus application of boﬁh soils,

was determined after cropping with flax, wheat, rape and buckwheat.

Cropping with rape and buckwheat did not decrease the water-soluble
phosphorus concenﬁration within the phosphorus application of
either soil any more than flax or wheat (Table 2.4). On the contrary,
buckwheat had a slight stimulatory effect on the water-soluble
phosphorus concentration within the phosphorus application of the
non-calcareous soil (soil 1), relative to the other crops (Table 2.4).
Thus, rape and buckwheat did not appear to decrease the applied
phosphorus availability much more than flax or wheat.

Increases in the applied phosphorus utilization by flax,

wheat, rape and buckwheat due to funneling their roots through the

application were associated with similar proportionate increases in
root growth within the phosphorus application. The 3-5 foldincreases
in applied phosphorus utilization by flax and wheat were associated

with 3-6 fold mcreases in their root growths within the phosphorus

application (Table 2.2). The small proportional increases in applied
phosphorus utilization by rape and buckwheat were associated with 2

fold or smaller increases in their root growths within the phosphorus
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application (Table 2.2). Thus, root growth within the phosphorus
application directly affected the utilization of applied phosphorus
bythese four crops.

Roots of the four crops did not differ in the water-soluble

phdsphorus concentration which they maintained within the phosphorus
application of the calcareous soil (Table 2.4). As was found in
experiment 1, none of the crops appeared to measurably solubilize
the reaction products produced between the applied phosphorus and

the calcareous soil. On the other hand, buckwheat roots maintained

a higher phosphorus concentration within the phosphorus application

on the non-calcareous soil than did the other crops (Table 2.4).
Buckwheat utilized as much as, or more than the applied ﬁhosphorus
utilized by any of the other crops (Table 2.3). Hence, this crop
should have depleted the applied phosphorus supply by as much as any
of the other crops. Buckwheat roots, therefore, appeared to solubilize
the reaction products formed between the applied DCPD and the non-

calcareous soil.

Summary and Conclusions

The growth rate of flax, wheat, rape and buckwheat roots were

stimulated within the concentrated applications of. phosphorus on two soils.
These increases in their root growth rate within phosphorus applications

increased crop utilization of applied phosphorus.

The extent of the root growth stimulation within the phosphorus

application depends on the crop. In increasing root growth stimulation
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within the phosphorus application the four crops ranked in the order;'
flax, wheat, buckwheat and rape.
The extent of the growth stimulation of flax, wheat, rape and

buckwheat roots within the phosphorus application was inversely affected

by the soil phosphorus supplying power.
Buckwheat roots maintain a higher water-soluble vhosphorus
concentration within the reaction zone of dicalcium phosphate

dihydrate and a non-calcareous soil than flax, wheat or rape.




4. EXPERIMENT III

Flax, wheat, rape, and'buckwheat roots showed a greater
growth stimulation within a phosphorus application of a soil of
low phosphorus supplying power than they did within a similar
phosphorus application on a soil of high phosphorus supplying
power. An experiment was conducted to demonstrate the effect of
soil phosphorus supplying power on the phosphorus utilization from
a concentrated application of phosphorus, keeping other soil
factors constant. The soil phosphorus supplying power was varied
by mixing O, 50 and 200ppm of phosphorus aédicalcium phosphate
dihydrate crystals intimately with a soil of low phOSphorus

supplying power.

Materials and Methods

The soil used in this experiment (7ﬁlumridge) was chosen
on the basis of its low phosphorus supplying pover and its light
texture. The 1aﬁter property assisted root recovery. Some
characteristics of the soil are shown in Table O.1.

Three levels of phosphorus supplying power of the Plumbridge
soil were achieved by mixing O, 50 or 200ppm of phosphorus as
dicalcium phosphate dihydrate (DCPD):mtimately with 2Kg portions
of the soil. The DCPD was incorporated into air dry soil by the
process of progressive geometric dilubion.

A concentrated application of phosphorus, occupying a
specific soil volume (a cylinder 3.5 cms long and 2.8 cm diameter)

was applied to the centre of the 2Kg soil mass in each pot. This
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application consisted of placing a mixbture of 0.222g of radiocactive
DCPD (10 pe P32/h0mg P) and 22g of soil within an acrylic cylinder
at the centre of each pot at the required depth. The cylinder was

open at its top and bottom. A cylinder was similarly positioned in

the control treatment to which 22g of soil only was added. Soil
added to the cylinders had been crushed to pass through a 0.5mm

sieve. Flax, wheat, rape and buckwheat were grown as test crops

and the experiment was replicated four times, i.e. a total of 64

pots.

Nitrogen, potassium and sulphur were added to each pot at
planting according to Table 0.2. Above and below ground portions
of the crops were harvested 32 days after seeding. Roots were
recovered from each pot in two portions,‘i.e. those from within
the cylinder and the remainder. The watér;soluble phosphorus con-
centration of soil recovered from the cylinder of each.pot; was
determined. Total phosphorus contents of above and below ground
portions were determined for each pot. Phosphorus derived from

the concentrated applications was also determined within the above

and below ground portions of the fertilized plants.

Results and Discussion

Mixing DCPD crystals intimately with the soil had %he

desired effect of increasing the inherently low phosphorus supplying

power of this soil. Each crop took up more phosphorus from treatments

ITT and IV than from treatment IT (figure 3.1). Mixing 50ppm of




‘Plan'r' Phosphorus mg.

A ot T I Y e b T W N P B, W S ¥ i W 6

 . 5

70 S | A o

FlfJX . Wheat . Rape Buckwheat
- ’ i
i
60T 772 Applied P i
L3 Soil P
50 |- . | N i E
//
a0 ! i
30}~ i 73 | L
1V
» /
20F - o - /
N7
= alZ
lo)= 8 - / :
7
D 1L alil

IIHIKZIHIIIISZI']I_]IINI]I_]I[

" Control ‘
II Concentrated appllcatlon ‘'of phosphorus in 2Kg Soil

. IIT Concentrated application in 2Kg Soil and 50ppm P as DCPD

IV Concentrated application-in 2Kg 3011 and 200ppm P as DCPD

Flgure 3.1. Phosphorus Uptake in 32 Days by Flax, ‘Wheat, Rape :
and Buckwheat from Soil and From a Small Soil Volume Fertlllzed
- with Phosphorus at Three Soil PhosPhorus SuPplies




.83

phosphorus as DCPD into the soil (treatment III) approximately
doubled the phosphorus supply to plants already supplied with s
concentrated application of phosphorus. Treatment III of each

crop took up approximately twice as much phosphorus as treatment

IT (figure 3.1). Mixing 200ppm of phosphorus as DCPD into the

soil (treatment IV) had approximately double the effect of the

50ppm application of phosphorus (treatment III) in increasing the
phosphorus supply to flax, wheat, rape, and buckwheat plants already
supplied with a concentrated application of phosphorus (treatment II),
(figure 3.1).

Increasing the phosphorus supply to flax, wheat, rape and
buckwheat decreased their utilization of phosphorus from the
concentrated application. The amount of applied phosphorus which
was taken up by each crop from the three treatments decreased in
the order; II, III, IV (figure 3.1). There was a similar water-
soluble phosphorus concentration within the phosphorus application

of each of the treatments after cropping with flax, wheat, rape
or buckwheat (table 3.1). Thus, utilization of applied phosphorus
was apparently restricted by the plant rather than by the potential
availability of the applied phosphorus.

Total root growth of none of the crops was.increased by the
concentrated application of phosphorus. The root mass recovered
from treatment IT did not differ significantly from the root mass
recovered from the control for each crop (Table 3.2). However, a
significantly greater root mass was recovered from the cylinder of
treatment IT than from the cylinder of the control for wheat, rape,

and buckwheat (Table 3.3). The root mass recovered from the cylinder




TABLE 3.1

WATER SOLUBLE PHOSPHORUS CONGENTRATION
IN THE ZONE OF APPLIED PHOSPHORUS OF A PLUMRIDGE .
SOIL AFTER 32 DAYS GROWTH OF FILAX, WHEAT, RAPE AND BUCKWHEAT
AT THREE IEVELS EF SOIL PHOSPHORUS SUPPLY
(M x 10-%)

Treatment* 11 11T v
Crop

Flax TeT | 1.7 7.5

Wheat 6.9 8.1 6.2

Rape 4,8 8.6 8.2

Buckwheat 7.k 8.9 7.k

* II Concentrated application of phosphorus in 2Kg soil
ITII Concentrated application in 2Kg of soil+ 50ppm of P as DCPD
IV Concentrated application in 2Kg soil+ 200ppm of P as DCPD

|




e N a S A e e T e e b

85

TABLE 3.2

EFFECT OF SOIL PHOSPHORUS SUPPLYING
POWER ON THE YIELD OF ABOVE AND BELOW GROUND
PORTIONS OF FLAX, WHEAT, RAPE, AND BUCKWHEAT PLANTS
FERTILIZED WITH A CONC?N?RATED APPLICATION OF PHOSPHORUS
g

Treatment*
Crops I IT ITT1 Iv
, tops .91a .98ab 1.1%be 1.23¢c
Flax
roots .20a .29ab «32b «228b
tops 1.49a 1.63a 2.78b 2.80p
Wheat
roots .37a .37a 48a L7a,
tops 1.12a 2.83b k.31c L, 983
Rape
roots 455 .51a . T0ab 1.00b
tops 6.46a 7.21ab 8.h41c 8.20bc
Buckwheat
roots 1.05a 1.07a 1.24s 1.17s

Duncan's Multiple Range Test
Treatment means followed by the same letter are
not significantly different.

¥ I {Control
IT Concentrated application of phosphorus in 2Kg soil
IIT Concentrated application in 2Kg s0il+ 50 ppm P as DCPD
IV Concentrated application in 2Kg soil +200ppm P as DCPD
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of treatment II did not differ significantly from the root mass
recovered from the cylinder of the control for flax. However, the
mass of flax roots recovered from the cylinder of treatment II was

" approximately double the mass recovered from the cylinder of the

control (Table 3.3). As was found in experiment II, the growth
rate of roots of each crop was stimulated within the zone of applied
phosphorus. The amount of stimulation, however, varied greatly

among the crops. The order of stimulation of roots of the four

crops was the same as previously found; rapé) buckwheaé} Whea§>>
flax (Table 3.3). Similarly, the rate of phosphorus absorption

by roots of the four crops was apparently stimulated within the
phosphorus application. The apparent rate of phosphorus absorption
by roots from the phosphorus application of treatment II was

greater than their apparent rate of phosphorus absoprtion from

the remainder of the soil mass for each crop (Table 3.4). Thus, the
four crops stimulated the growth and rate of phosphorus absorption
by their roots within the concentrated application of phosphorus

at low soil phosphorus supply, the extent of these stimulations

varying greatly among the crops.

When supplied with 2 - 3 fold increases in the soil phosphorus
supply, the growth rates of flax, rape and buckwheat roots were not

stimulated within the zone of applied phosphorus. The root masses

recovered from the cylinders of treatments III and IV were not
significantly different. from the root mass recovered from the cylinder

of the control for these three crops (Table 3.3). Apparently growth




TABIE 3.3

THE MASS OF FLAX, WHEAT,

RAPE AND BUCKWHEAT ROOTS RECOVERED
FROM THE CYLINDER AFTER 32 DAYS GROWTH AT
THREE LEVELS OF SOIL PHOSPHORUS SUPPLY

(mg)
Treatment* I 1T ITT v
Crop
Flax 2,28, k.33 2.1a 3.1a
Wheat 3.6, 14.3Db 8.9b 8.6b
Rape k. 5a 55.8b 6.3a 5.4a
Buckwheat 5.1a 34.1b 10.ka 7.5a

Duncan's Multiple Range Test
Means of treatments followed by the same letter
are not significantly different.

* I
1T
I11

Control

Concentrated application of phosphorus in 2Kg soil
Concentrated application in 2Kg soil+ 50ppm of P as DCPD
Concentrated application in 2Kg soil+ 200ppm of P as DCPD




stimulation of flax, rape and buckwheat roots was adversely
affected by increasing the total phosphorus supply to these plants.
Growth stimulations of roots of these crops within the phosphorus
application, therefore, could have been plant responses to a low
phosphorus supply.

The mass of wheat roots recovered from the cylinder of
treatments III and IV were significantly greater than the control
but less than treatment II (Table 3.3). Apparently increasing the soil
- phosphorus supply to wheat had only a slight adverse effect on the
growth stimulation of its roots in the phosphorus application. This
could have been due to the fact that only a portion of the growth
response of wheat roots within the phosphorus application was a
plant response to low phosphorus supply. The remainder of the growth
stimulation of wheat roots within the phosphorus application could
have been a root growth response ﬁo the high phosphorus supply.

Increases in total phosphorus absorption by each crop due
to increases in the soil phosphorus supplying power, were associated
with increases in the rate of phosphorus absorption by their roots
from the soil mass (excepting the phosphorus application). The
phosphorus absorbed in 32 days per unit mass:of root récovered from
the soil mass external to the phosphorus application was greater
in treatments IITI and IV than in treatment II for each crop (table
3.4). Similarly, decreases in applied phosphorus absorption by
each crop,due to increases in the soil phosphorus supplying pover, were

associated with decreases in the rate of phosphorus absorption by
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TABIE 3.4

APPARENT RATES OF PHOSPHORUS
ABSORPTION OF FLAX, WHEAT, RAPE, AND
BUCKWHEAT ROOTS FROM THE SOIL MASS AND FROM A
CONCENTRATED APPLICATION AT THREE IEVEIS OF SOIL PHOSPHORUS
SUPPLY, i.e. PHOSPHORUS UTILIZED FROM EACH SOURCE IN 32 DAYS
PER UNIT MASS OF ROOTS RECOVERED FROM THE RESPECTIVE SOURCE
(mg phosphorus/g root/32 days)

Treatment* I I1 ITT Iv
Crop P source

Soil mass - 21a 15a 26a, 56b
Flax

application 86v 90b 50a.

Soil mass 19a 1ha 33b iTe}e)
Wheat

application 177o 963, 53a

Soil mass Ta Ta khp 53D
Raype

application 20601 190b 116a

Soil mass 13a 12a 36b 59¢
Buckwheat

application 431p 283a, 21ks,

Duncan's Multiple Range Test
Means of treatments followed by the same letter
are not significantly different

*¥ I Control
IT Concentrated spplication of phosphorus in 2Kg soil
IIT Concentrated application in 2Kg s0il+ 50ppm P as DCPD
IV Concentrated application in 2Kg s0il+ 200ppm P as DCPD




their roots from the phosphorus application. Increasing the soil
phosphorus supply by 2 and 3 fold decreased the applied phosphorus
absorbed per unit mass of roots recovered from the phosphorus

application for wheat and buckwheat (Teble 3.4). Only on increasing

the soil phosphorus supply by 3 fold was the applied phosphorus
absorbed per unit mass of roots recovered from the phosphorus
application decreased for flax and rape. Thus, increasing the
soil phosphorus supplying power to these four crops inereased the

rate of phosphorus absorption of their roots from the soil external

to the phosphorus application while simultaneously decreasing
their rates of phosphorus absorption from within the phosphorus
application. |

The 3 fold increase in soil phosphorus supply to flax and
wheat plants decreased the rates of phosphorus absorption by their
rbbts from the phosphorus application to approximately their rates
of phosphorus absorption from the reaminder of the soil mass (Table 3.4).
On the other hand, the 3 fold increase in soil phosphorus to rape and
buckwheat plants failed to decrease the rates of phosphorus absorption

of their roots from the phosphorus application to their rates of

phosphorus absorption from the remainder of the soil mass (Table 3.4).
Asher and Ioneragen () suggested that the rate of phosphorus
absorption by plants is limited by a maximal capacity of individual

plant parts for phosphorus accumulation. The present results suggest,

therefore, that a three fold increase in the phosphorus supplying power
of this s0il to the four crops provided sufficient vhosphorus for its

maximum accumulation by flax and wheat plants but not by rape or buckwheat
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plants. Consequently, the large variability among crops in the total
phosphorus taken up from high soil phosphorus supplies (treatments III
and IV) are probably indicative of the large variability among the
crops in the capacity of their 'sinks' for phosphorus absorption.

In this regard, rape and buckwheat appear to have much larger 'sinks'
for phosphorus absorption than flax or wheat (figure 3.1). This

large variability among crops in their 'sink' size could be one

reason for the large variability among crops in their root behavior
within phosphorus applications, i.e. roots of a crop with a large
'sink' for phosphorus absorption being stimulated in growth and rate

of phosphorus absorption more than roots of a crop with a small 'sink'.

Conclusion:

The extent of growth and phosphorus absorption by roots near a
concentrated application of phosphorus are stimulated to a greater
extent in soils of low phosphorus supply than in soils of high

phosphorus supply.
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5. Experiment IV

The reaction products formed between soil and applied phosphorus
are the compounds from which plants extract their applied phosphorus.
Provided that the rate of dissolution of these compounds is greater
than the rate of absorption of applied phosphorus, then the rate of
applied phosphorus utilization is probably controlled by the phosphorus
concentration maintained by the reaction products. The objective of
this experiment was to study the effect of phosphorus concentration
within the reaction zone on the utilization of applied phosphorus
.by flax, wheat, rape and buckwhest.

The rate of phosphorus utilization from a concentrated application
can be described by the growth rate as well as the rate of phosphorus
absorption of the roots within the reaction zone. The effect of
phosphorus concentration within the reaction zone on the rate of
applied phosphorus utilization was studied, therefore, by comparing
the growth rates and rates of phosphorus absorption of roots of these
crops within zones of various water-soluble phosphorus concentrations.
Three phosphorus concentrations within the reaction zone were maintained
by mixing calcium phosphate compounds, of varying solubility products

in water, with a small fractional soil volume, i.e. hydroxyapatite,
PKsp 115.5 at 25°¢ (2k), octacalcium phosphate, Ksp 1.25}:10"1W at 25°c
(113) and dicalcium phosphate dihydrate, Ksp 2.77x10"7 at 25° ¢ (112).

Cropping with flax, wheat, rape, and buckwheat, appreciably

decreased the water soluble phosphorus concentration within concentrated

applications of phosphorus, presumably due to crop removal of applied
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phosphorus (experiment I). Crops which extracted a large proportion
of the applied phosphorus (rape and buckwheat) decreased the phosphorus
concentration more than crops which extracted only a small proporti on
of the applied phosphorus (flax and wheat). Knowledge of the effect
of reaction zone phosphorus concentration on the rate of applied
phosphorus utilization by these crops might give some indication of

their rates of utilization of applied phosphorus during cropping.

Materials and Methods

The " Plumridge soil, used in experiment IIT was also used in
this study. Hydroxyapatite (HA), calO(th)6- (OH)E’PKép’115‘5 at
(-] l[. : . ; -l"'—(
25°C (24), octacalcium phosphate (OCP), CapH(POy)5. 38,0, Kgp:1.25%10

at 25 ¢ (113), and dicalcium phosphate dihydrate (DCFD) » CaHPQ, . 2H,0,

Kgpt 2.77x10~7 at 25°¢ (112) were labelled with radio phosphorus during
their preparation, 10pc/UOmg of phosphorus for DCFD and OCP and 20pc/4Omg
of phosphorus for HA. Amounts of these radio active compounds equivalent
to 40 mg of phosphorus were intimately mixed with 22g of soil which had
been crushed to pass through a 0.5mm sieve. The 5011-DCPD, s0il-0OCP or
soil-HA mixture was then placed in an acrylic cylinder at the centre

of the 2Kg soil mass within the pot. The cylinder was of the same
dimensions as that used in experiments IT and III. 16 pots of each

of these 3 treatments were set up as well as 16 control pots. The
control pot contained a cylinder similarly positioned at the centre

of the soil mass but which contained 22g of soil only. Flax, wheat,

rape and buckwheat were used as test crops. The experiment was

replicated four times. Nitrogen, potassium and sulphur were added at
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planting according to Table 0.2.

The above and below ground portions of the four crops were
harvested 34 days after seeding. The roots were recovered in two
portions; i.e. those within the cylinder and the remainder. The
water-soluble phosphorus concentration of the soil within the
cylinder of each pot was determined. Total phosphorus contents
of above and below ground portions were determined for each pot.
Applied phosphorus content of above and below ground portions of

fertilized plants were also determined.

Results

It was demonstrated in experiment IIT that flax, wheat,
rape, and buckwheat made better utilization of phosphorus from a
concentrated application when the phosphorus supplying power of the
soil was low. In order to study the effect of reaction zone phosPﬁorus
concentration on their applied phosphorus utilization, measursble
utilization of phosphorus by these crops from the phosphorus application
was required. Accordingly, a soil of low phosphorus supplying power
was used in this experiment.

In spite of the low phosphorus supply from the soil, flax and
wheat could not enhance their phosphorus supply from the concentrated
applications of hydroxyapatite, octacaleium phosphate or dicalcium
phosphate dihydrate (figure 4.1). Thus, the growth of above and below
ground portions of neéither crop responded to any of these phosphorus
applications (Table %.1). The concentrated application of hydroxapatite
did not increase the phosphorus supply to rape or buckwheat (figure k.1).

However, their total phosphorus supply was incréased by the octacalcium
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TABIE L.1

YIELD OF ABOVE AND BELOW
GROUND PORTIONS OF FLAX, WHEAT,
RAPE, AND BUCKWHEAT SUPPLIED WITH A
CONCENTRATED APPLICATION OF HYDROXYAPATITE,
OCTACAICIUM PHOSPHATE AND DICAICIUM PHOSPHATE DIHYDRATE

(g)

Treatment Control HA* OCP# DCPDH#
Crop

tops 1.03ab 0.99a 1.01ab 1.12b
Flax

roots .32a .35a .3ka .38a

tops 1.17a 1.06a 0.94s 1.31a
Wheat

roots .40s, .31a .27a .38a

tops 1.10a 1.43a 2.72b 3:34b
Rape

roots .32a L6s, L18a .73b

tops 8.k2ab 8.01a 8.33a 9.58b
Buckwheat -

roots 1.17a 1.66b 1.58b 1.1ka

Duncan's Multiple Range Test
Means of treatments followed by the same
letter are not significantly different.

* Concentrated application of Hydroxyapatite
#  Concentrated application of Octacalcium phosphate
## Concentrated application of Dicalcium phosphate dihydrate




97

phosphate and dicalcium phosphate dihydrate applications (figure 4.1).
Growth response to the increased :phosphorus supply occurred for

rape and buckwheat. Only the top growth of rape was increased by

the concentrated application of octacalcium phosphate, while both

top and root growth were increased by the dicalcium phosphate dihydrate
~application (Table 4.1). The dicalcium phosphate dihydrate treatment
supplied approximately double the quantity of phosphorus to rape, as
the octacalcium phosphate treatment (figure 4.1). Apparently the
above ground portion of rape was first increased by increasing its
total phosphorus supply. Growth of its below ground portion was
eventually increased as its phosphorus supply was further increased.

In contrast, root growth of buckwheat was significantly increased
due to the concentrated applications of hydroxyapatite and octacalcium
phosphate, while its top growth was increased by the dicalcium
phosphate dihydrate application (Table 4.1l). Phosphorus uptake by
buckwheat .on the three fertilized treatments, increased in the order;
hydroxyapatite, octacalcium phosphate, dicalcium phosphate dihydrate
(figure 4.1). Apparentlyy increasing the phosphorus supply to buckwheat,
first increased its root growth. On further increasing its phosphorus
supply top growth, rather than root growth, was increased.

Flax utilized only a small quantity of phosphorus from the three
applications (figure 4.1). Hence it was expected that this crop would
have had the least effect of the four crops in lowering the phosphorus
concentration within these applications. This was in fact the case
(Table 4.2). The water soluble phosphorus concentration to which roots
werer initially eiposed on entering the zone of appliéd phosphorus was

4

therefore greater:than 7.6x10'4M, 3.4x10"%M and 1.3x10""M for dicalcium

phosphate dihydrate, octacalcium
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phosPhate and hydroxyepatite application, respectively (Table k.2),
Phosphorus utilization by wheat, rape and buckwheat from the
concentrated applications increased in the order of increasing

water-soluble phosphorus concentration, i.e. hydroxyapatite, octacalcium

phosphate, dicalcium phosphate dihydrate (figure 4.2). Flax utilized
equally as much phosphorus from octacalcium phosphate as from dicalcium
phosphate dihydrate but considerably less from hydroxyapatite (figure (%.2).

- As was found in experiment III, the'growth rate and rate of

phosphorus absorption by flax, wheat, rape, and buckwheat roots were

stimulated within the dicalcium phosphate dihydrate application of

this soil relative to the growth rate and rate of phosphorus absorption

by the remainder of their root systems (Tables 4.3 and L.k respectively).
Decrease in applied phosphorus utilization due to decreasing the phosphorus
concentration of the application was associated with a decrease in the
stimulation of one or both these root properties of each crop. Root
growth of each crop was not significantly stimulated within the
hydroxyapatite application (Table 4.3). However, root growth of each

crop was stimulated to a similar extent within the zones of applied

octacalcium phosphate and dicalcium phosphate (Table %.3). The rate

of phosphorus absorption from dicalcium phosphate dihydrate did not
differ significantly from the rate of phosphorus absorption from

octacalcium phosphate for flax or wheat roots (Table k.k), However,

the rate of phosphorus absorption, By roots of each of these crops,

from hydroxyapatite, was significantly lower than the rate of absorption
from dicalcium phosphate dihydrate (Table L,k). The rate of phosphorus
absorption from the three appliqations decreased as the water solubility

of the applied phosphorus decreased for rape and buckwheat roots, i.e.

DCFD) OCP» HA (Table L.k).



TABIE k.2

WATER SOLUBLE PHOSPHORUS CONCENTRATIONS
OF SOIL TAKEN FROM CONCENTRATED APPLICATTIONS OF
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HYDROXYAPATTITE, OCTACALCIUM PHOSPHATE AND DICALCTUM PHOSPHATE
DIHYDRATE AFTER CROPPING WITH FLAX, WHEAT, RAPE AND BUCKWHEAT

(x10MM)
Treatment HA* OCP# DCPDAE
Crop
Flax 1.3 3.k 7.6
Wheat 0.9 2.0 7.6
Rape 1.0 0.9 5.9
Buckwheat . 0.8 0.9 6.8

HA Hydroxyapatite
OCP Octacalcium phosphate
DCPD Dicalcium phosphate dihydrate
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TABIE k.3

THE MASS OF FTAX, WHEAT, RAFE,
AND BUCKWHEAT ROOTS RECOVERED FROM CONTROL,
HYDROXYAPATITE, OCTACAICIUM PHOSPHATE AND DICALCTUM
PHOSPHATE DIHYDRATE CYLINDERS

(mg).
Treatment* Control HA ocp DCPD
Crop
Flax 4,8a 6.23 14.2p 11.9ab
Wheat k.33 5.5a 12.3ab 16.6b
Rape 8.5a 20.5a 84.8b 86.1b
Buckwheat 9.5a 4 14.5a 27.0b 29.1b

Duncan's Multiple Range Test
Means of treatments followed by the same letter

are not significantly different.
§

¥ Comtrol
HA Concentrated application of Hydroxapatite
OCP Concentrated application of Octacalcium phosphate
DCPD Concentrated application of Dicalcium phosphate dihydrate
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TABIE k.4

APPARENT RATES OF PHOSPHORUS ABSORPTION
OF FLAX, WHEAT, RAPE, AND BUCKWHEAT ROOTS FROM THE
S0IL, AND CONCENTRATED APPLICATION OF HYDROXYAPATITE, OCTACAICIIM
PHOSPHATE AND DICAICIUM PHOSPHATE DIHYDRATE, i.e. PHOSPHORUS UTILIZED
FROM EACH SOURCE IN 34 DAYS PER UNIT MASS OF ROOTS RECOVERED FROM THE
RESPECTIVE SOURCE
(mg phosphorus/g. root/34 days)

Treatment Control HA* OCRH# DCPDH#
Crop Psource

soil 12 9 10 11
Plax

application 20s, 51ab 6Ub

soil 1k 10 11 1k
Wheat

application _ 35a, 151b 178b

soil 10 8 3 7
Rape

application 13a 88b 151c

soil 12 9 6 8
Buckwheat

application T2a L16b 527¢

Duncan's Multiple Range Test
Means of treatments followed by the same letter
are not significantly different.

* Concentrated application of hydroxyapatite
# Concentrated application of octacalcium phosphate
#H  Concentrated application of dicalcium phosphate dihydrate
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Discussion and Conclusions

As the water solubility of the calcium phosphate compounds
within the zone of applied phosphorus decreased, the stimulation of
growth and rate of phosphorus absorption of roots feeding on the
applied phosphorus decreased. Thus, it was concluded that the
type of reaction products formed within the zone of spread of

applied phosphorus, in calcareous soils, would significantly affect

the availability of pelleted applications of phosphorus, to each of

the crops studied. It was further concluded, that as the water

solubility of the soil-fertilizer reaction products of ecaleareous
soils decreased, due to crop phosphorus removal, the availability
of the applied phosphorus decreased. This effect of crop phosphorus
removal on the availability of applied phospharus was probably
greater for rape and buckwheat than for flax or wheat since rape
and buckwheat utilized a greater proportion of the applied phosphorus
than flax or wheat.

During the 34 days cropping rape and buckwheat decreased the
wéter solubility of the OCP application to that of the HA application

(Table 4.2). While there was no growth stimulation of rape or

buckwheat roots within the HA application, there was a significant
growth stimulation within the OCP application (Table 4.3). These

results suggest that growth stimulation of rape and buckwheat ropots

within phosphorus applications probably occur in the early growth
stages of these crops, prior to significant crop removal of applied

phosphorus.
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B. EXCISED ROOT EXPERIMENTS

1. General - Materials and Methods

Two experimental techniques using excised flax, wheat, rape

and buckwheat root tissue were employed. A technique similar to

that used by Noggle and Fried (115) was used to study the kinetics
of phosphorus absorption from pure solutions.,
Seeds were pregerminated in distilled water for 24 hours and

placed on wire screens covered with cheese cloth. The screens were

supported 1 cm above aerated nutrient solution. The nutrient

solution contained:

t

1M Ca(N03)2 5mls/litre

1M MgSo 4 2mls/litre

1M KN03 5mls/litre |
|

NaH2P04 to 3ppm of phosphorus

Fe as Sequestrene 138 Fe, Iron Chelate,-sodium ferric \
ethylenedlamlne d1 (0- hydroxyphenylacetate)

The solution was changed frequently. Seedlings were grown under artificial
light of approximately 1000 ft-c intensity and a day length of 16 hours.
Day temperatures ranged from 27°C-32°C and night temperatures 21°C to 24°C.

Roots were excised after 10-14 days growth, rinsed four times, and placed

in distilled water. Solutions of KH,P0, (107®M, 105, 0.5x10-%, 10-%y,

0.5x1073M, and 10'3M) were prepared and the pH of each adjusted to pH 4 (56).
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The solutions were labelled with P32, 100 Fc/litre, except for the
10'6M, O.5x10‘5M and 10-°M phosphorus concentrations which were
labelled with 10 Fc/litre. Two experiments were conducted using the

technique to be described below. One consisted of a study of phosphorus

sorption by flax, rape, and buckwheat roots from solutions of 10'6M,
10-5M, 10'hM, and 10-3M phosphorus as KipPOy for intervals up to 100

minutes. The other was a study of the kinetics of short-term phosphorus
sorption by roots of four crops (flax, wheat, rape, and buckwheat) from

solutions of 10-M, 0.5x10-5M, 10-5w, 0.5x10-My, 10-t, 0.5%10-3 ang

10-3M KHoPOy for periods of 10 minutes, and for 2, 4, 6, and 8 minutes
- also from the 10"6M and 10-3M solutions.

Approximately 1g fresh weight of roots of each species was used
for each sorption. Roots were placed in beakers and covered with
distilled water. Prior to the sorption veriod, the water was decanted
and the labelled solution (approximately 150 ml) added.

Two complete sets of phosphorus sorptions were carried oukb
similtaneously. One set was rinsed with distilled water after the

" sorption period. This was designed to remove labelled phosphorus

solution adsorbed to the roots. The other set of roots

was rinsed with non-radioactive phosphorus solution of the same
concentration used during sorption. This rinsing was designed to

remove exchangeable as well as adsorbed label from the roots.

After rinsing, roots were transferred to pre-weighed aluminium
planchettes and dried under an Infra-Red lamp. When roots were dry, the
planchettes were re-weighed to obtain the dry weight of roots used in

e
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the sorption. Samples were counted under an end window Geiger
Muller tube. 1Iml aliquots of the radioactive solutions used in
the sorption were used as standards. Thus, knowing the specific
activity of the standard (counts per minute per millimole of phosphorus)
phosphorus sorbed by the roots could be calculated from the amount of
radioactivity they had sorbed; (counts per minute).

To study exchangeable and releasable phosphorus of excised flax,
wheat, rape, and buckwheat roots, seeds were pre-germinated for 24
hours and grown through wire screens as in other excised roof studies.
Phosphorus was with-held from the growth medium so that the only
phosphorus present was that of the seed reserves. A 10-4M CasoOy,
solution (aerated) was used as the growth medium, since tissue
breakdown has been reported in the absence of the Catt ion (154).

The solution was renewed regularly.

After 6 to 10 days growth on the CasS0, solution, a pre-weighed
mass of freshly excised roots was packed into a column of 2cm internal
diameter, shown in Fig. 5.1. An outlet tube of 0.5cm internal
diameter was fitted to the base of the column. A sieve to retain the
roots was supported approximately 0.5 cm frdm the bottom of thé column.

A close-fitting hard rubber stopper sealed the top of the
column. There were three openings through thisbstopper, one each for
water and phosphorus solution inlets and one to allow adjustment of the

solution volume in contact with the root mass (void volume). Each inlet

line was fitted with a stopcock for on-off control of solution flow and for

rapid change-over from one solution to another. Since solution flow




107

Valve _
Hy, 0~ Ao-‘* M Labelled Solution

~—Hard Rubber Stopper

- |—Acrylic Tubing (2cm. Internal -
o ' - Diamefer)
/‘——So!uﬁon.L‘evel .
A LD T I=-—Close Fitting Sieve

e

Sieve to Refain Roots

Figure 5.1. Diagramatic Representation of Column Used~For thefStudy
' of Exchangeable or Releasable Phosphorus




108

rates depended on gravity feed, solubion reservoirs were chosen
which provided a large solution surface area so that the flow
rate remained reasonably constant during the sorption study.

Solution flow rates were controlled by adjusting the reservoir

solution surface height above that of the column outlet. Approximately
Im of heavy glass walled capillary tubing, of 0.5mm internal

diameter between the reservoir and the column inlet also contributed
ﬁo the maintenance of a constant flow rate of~Iml per minute.

The eluent from the column was collected continuously in

12 x T5mm test tubes. For each sorption experiment, flow of each

solution through the column was pre-adjusted to a common
rate. |

A pre-weighed mass of freshly excised roots, usually 5g or
10g, was packed carefully into the column under water so as not to
damage the roots. A sieve, which fitted neatly inside the column was
placed on top of the root mass to maintain a constant void volume
and to ensure that roots would remain covered with the bathing
solution. Entrapped air was bled from the inlet lines. The void

volume , i.e. the volume of solution in contact with the roots, was

then adjusted. Finally all joints were covered with silicone grease
to maintain airtight seals.

Water was first passed over the root mass (approximately 3 void

volumes) to remove traces of phosphorus released from the cut root

end or from damaged tissue.
At the completion of the sorption experiment, several fractions

of the eluent were weighed to determine the average flow rate. The
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void volume was also measured at the completion of the experiment.
Thus, the time of contact between solution and root mass was obtained:
Time of contact = Void Volume/Fiow Rate.

The concentrations of both radiophosphorus and total phosphorus were

determined on each eluent fraction. The concentration of radiophosphorus
was determined on a 1 ml sample spread on an aluminum planchette, dried
under an IR lamp, and counted under an end-window CM tube. Total
phosphorus concentrations were determined using procedures outlined

by Jackson (78), depending on the concentration ranges. These

methods were scaled down since only 1 to 2 ml aliquots were available

for the test.

2. EXPERIMENT V

A study was made of the use of exciéed root tissue in phosphorus
absorption measurements. The ultimate objective of the excised root
studies was to compare the rates of phosphorus absorption of excised
flax, wheat, rape, and buckwheat roots from phosphorus concentrations
of 10'6M to 10‘3M with their apparent rates of phosphorus absorption
from concentrated applications of water-soluble vhosphates. Noggle

and Fried (115) analysed, kinetically, the sorption of radicactive

phosphorus by millet, barley, and alfalfa roots, from P32 labelled
phosphorus solutions, which was not removed by post-sorption rinsing

with distilled water. Thus, they considered that the fraction of

the sorbed labelled phosphorus in the form of carrier-phosphate complex,

assumed to be exchangeable with the external solution, was a portion of

the phosphorus actively absorbed by the root. Helder (66) suggested
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the existence of a large exchangeable phosphorus pool in the root.
On the basis of the possible existence of an exchangeable pool of
phosphorus in the root, other than the carrier-phosphate complex, a

preliminary comparative study of post-sorption root treatment was

undertaken. Two post-sorption root treatments were compared, i.e.
rinsing with distilled water or rinsing with a non-lsbelled phosphorus
solution of the same concentration as the P32 labelled sorption
solution.

The carrier hypothesis has recéived most attention in shidies

of phosphorus absorption. Other theories have been put forward, however,
with some supporting evidence (66, 104). Recent isolation of functional
ion carriers from biological systems has given more support for the
carrier theory (125). Helder (66) suggested that true phosphorus
absorption was preceded by an exchange reaction between phosphorus

in the root and phosphorus in the solution. Phosphorus absorption
studies, particularly those using excised roots (é, 61, 115), have
utilized radiophosphorus, P32, to label the sorption solution. This
enabled otherwise undetectible amounts of sorbed phosphofus to be

accurately determined. In such a system the existence of an exchange

reaction, as suggested by Helder (66), would give rise to the deposition
of P@E, from the solution, into an exchangeable phosphorus fraction

within the root tissue. Hence, this would result in an over-estimate

of the rate of true phosphorus absorption. Consequently, the measurement.
of rates of phosphorus absorption from solutions labelled with P32 could
be seriously in error, should an exchange reaction between root and
solution phosphorus exist. Whether p32 sorbed by excised root tissue

from solutions labelled with P32 yas, in fact, due to true phosphorus
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absorption or was the result of an exchange reaction between root

and solution phosphorus was, another objective of this experiment.

Results and Discussion

Figures 5.2, a, b, ¢, and d show the amount of phosphorus

sorbed by flax, rape, and buckwheat roots for periods of up to 100

minutes, from phosphorus concentrations of 10"6M, lO'SM, 10')+M, and

10-3m respectively. Lines I and II in these figures represent

phosphorus sorptions determined by post-sorption rinsing with distilled

water and phosphorus solution (of the concentration used during
sorption), respectively.

Flax, rape and buckwheat roots continued to sorb phosphorus
from all phosphorus concentrations up to 100 minutes, which was
the longest sorption period studied. Their rates of phosphorus
sorption from these concentrations however, decreased somewhat
during the 100 minﬁte sorption period, i.e. the plot of phosphorus
sorption against sorption time was curvilinear. Increasing the
phosphorus concentration in the sorbing solution increased their rates
of phosphorus sorption during the sorption period studied. However,

the ten-fold increments in phosphorus concentration did not resnlt

in such large increments in their rates of phosphorus sorption.
The rate of phosphorus sorption by flax roots from each

phosphorus concentration was less than the rate of phosphorus sorption

by rape or buckwheat roots. There was not a great deal of difference
between rape and buckwheat roots in their rates of phosphorus absorption
from low phosphorus concentration (10‘6M figure 5.2 a). From higher

phosphorus concentrations (10"5M, 10"1"M and, 10'3m), buckwheat roots
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sorbed phosphorus at a greater rate than rape roots (figures 5.2 b,
¢, and d).

A comparison of lines I and IT in figures 5.2, a, b, ¢, and 4
shows'the effect of post-sorption treatment on the measured
phosphorus sorption by flax, rape and buckwheat roots, from the
four phosphorus concentrations. Post-sorption root treatment
had a small but measureable effect on %the phosphorus sorbed from

each concentration by flax roots. Phosphorus sorption by rape

or buckwheat roots from low phosphorus concentrations (10'6M, 10'5M)
was not affected by post-sorption root treatment. However, it had
a8 marked effect on their phosphorus sorptions from higher phosphorus
concentrations (10'hM and 10-3M). , :
Some of the phosphorus which was sorbed by rape and buckwheat |

b

roots from 10™°M ang 10-3M phosphorus concentrations (after rinsing
with distilled water) was removed by rinsing with phosphorus solutions.
The portion of the sorbed phosphorus removed by rinsing with phosphorus

solution could have existed in a pool of phosphorus within the tissue

which was readily exchangeable with phosphorus in the external solution.

The presence of cation exchange reactions occuring between excised
roots and bathing solutions was shown by Epstein (7). Iater these
reactions were found to be non-rate-limiting steps in the absorption

of cations (48). The existence of an exchange reaction between

phosphorus in roots and bathing solution was suggested by Helder (66),
for intact plants. Approximately half the labelled phosphorus sorbed

in 100 minutes by buckwheat roots from a 10-3 phosphorus solution was
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removed by rinsing with non-labelled phosphorus solution (figure
5.2 d). The existence of such a large pool of exchangeable vhosphorus
in excised root tissue is questionable. An experiment was subsequently

designed to measure the exchangeable and/or releasable phosphorus of

excised flax, wheat, rape, and buckwheat roots. A mass of freshly
excised flax, wheat, rape or buckwheat roots(5-10g) was packed into
a column depicted in figure 5.1, and bathed in a small volume

(7.5-12.5m1) of 10'hM phosphorus solution, labelled with radio-

phosphorus (P32), The bathing solution was replenished at a
constant rate, while maintaining a constant volume of solution in
contact with the root tissue, i.e. void volume. Total phosphorus
concentration as well as the radiophosphorus concentration of the
eluted solution were monitored at regular intervals, depending on
the flow rate (2-5 min). The P31 and P32 concentrations of +the
bathing solution were expressed as a percentage of their initial

concentrations, prior to root contact. The concentrations of p31
(1ineI) ana P32 (1ine II). expressed in this manner are presented

in figures 5.3a, b, ¢, and 4.

The root mass:was rinsed, prior to bathing with the phosphorus
solution, with s volume of distilled water. Roots of the four crops
released phosphorus to this rinsing water (Figures 543.&, b, ¢, and 4d).

This release continued even after several hours of rinsing which

suggested that it was not just phosphorus released due to tissue damage

during excision.
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Phosphorus continued to be released from the roots during
bathing with the phosphorus solution. Even during short periods
of root contact the phosphorus concentration of the bathing solution

was increased considerably (Iine I Figures 5.3 a, b, c, and 4).

A greater quantity of phosphorus was released to the phosphorus
solution than to the presorption rinsing water (Figures 5.3 a, b, ¢, d).
This could have been due to the fact that the release of phosphorus
from excised roots was stimulated by the presence of phosphorus in

the external medium. Such a suggestion was put forward by Helder (66)

to explain similar results with roots of intact plants.

During bathing with phosphorus solution, release of phosphorus
from flax roots remained reasonably constant (figure 5.3 2). The
rate of phosphorus release from wheat and rape roots increased
during sorption (figure 5.3 b and c), and decreased from buckwheat
roots (figure 5.3 d). These results possibly suggest that the amount
of phosphorus available for release from excised root tissue varies
with plant species. Apparently, more phosphorus was available for
release from wheat and rape roots than from buckwheat roots. The

slower rate of release of phosphorus from flax roots than from roots

of the other species could have been due to a smaller amount of
phosphorus available for release from flax than from wheat, rape, or
buckwheat roots.

The root mass sorbed P3@ Trom the bathing solution (lines II,

figures 5.3 a, b, ¢ and d). This sorption could have been due to an
exchange reaction between root and solution phosphorus, or due to

true phosphorus absorption by the roots. Flax and buckwheat roots
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removed a similar amount of P32 Trom the bathing solution in a similar
contact time. (figures 5.3 a and d). In a previous'expériment the

rate of P32 sorbed by excised buckwheat roots from a 10-M concentration

was 10 fold or greater, the rate of P32 sorbed by flax roots (figure 5.2 c).
In that study roots were grown, prior to excision, in a nutrient

solution containing phosphorus. TIn the present study roots were grown in

7 phosphorus free medium. Thus, conditions of root growth, or presorption

phosphorus supply to the roots could have been responsible for the

difference in the relative rates of P32 sorption by these two species.
The increase in the P31 cqncentration of the bathing solution
(line I) was greater than its decrease in the P32 concentration,
affer root contact (figure 5.3 a, b, c and d). Apparently, the
release of phosphorus from these rcdts was greater than their
absorption of phosphorus. Russell and Bishop (138) reported that
organic and inorganic phosphorus are released from actively growing
roots. Results of the present study did not indicate whether the

release was of organic or inorganiec phosphorus.

3. Experiment VI

A pot experiment on a caleareous soil indicated that phosphorus
utilization by flax, wheat, rape, and buckwheat from concentrated

applications of MKP and DKP crystals was controlled chiefly by the

rates of phosphorus absorption of their roots. In the same study,
it was concluded that availability of +the applied phosphorus to each
of these crops is controlled by the water solubility of the reaction

products formed between the soil and the added phosphorus.
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Two absorption sites or carriers are believed to function in
transporting phosphorus from the external solubion into the
absorbing root (61). This hypothesis has enabled an accurate

description of phosphorus absorption by roots of any crop from

any phosphorus concentration. An analysis of the kinetics of
phosphorus absorption by excised millet, barley, and alfalfa roots

showed a large variation in the rate of phosphorus absorption by

their roots, from phosphorus o ncentrations of 10-OM to 10-3M (115).

Assuming phosphorus absorption at two sites to be controlled by
metabolically produced phosphate ion carriers, absorption of
phosphorus by excised millet, barley, and alfalfa roots from the
range of phosphorus concentrations, 10‘6M to 10'3M, enabled Noggle
and Fried (115) to calculate constants which described their rate
of phosphorus absorption from any concentration. A similar study
was undertaken using excised flax, wheat, rape, and buckwheat roots
in an attempt to explain the large vafiability in their apparent

- rates of phosphorus absorption from concentrafed applications of
water soluble phosphates.

In determining the rates of phosphorus absorption by excised flax,

wheat, rape, and buckwheat roots from labelled P32 solutions the root
tissue was rinsed with non-labelled phosphorus solubions at the end of

the sorption period. Kinetics of the apparent phosphorus sbsorption

(sorbed P39),measured in this way was analysed in a similar manner as
did Noggle and Fried (115) for excised millet, barley, and alfalfa roots.
The carrier theory has proved most useful in kinetic studies of

phosphorus absorption (61). This theory has compared the process of

phosphorus absorption with that of an enzyme catalysed reaction; the
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carrier (R) for phosphorus being the enzyme,and phosphate ions

(P) the substrate. Carrier, which is considered metabolically

producéd and located somewhere within the root, functions in transporting
phosphorus from the external medium, P(outside)’ into the root, P(inside)’
via an active intermediate in the root, RP. Thus, phosphorus absorption

can be represented by the following two equations;

: K1
R+ Ploutside) — RP (1)
RP 5,
| R' + Pringige) (@)
Ky

where, Ki, Ké, Ké’ Kﬂ, are the rate.constants for each reaction,.and‘R'
is another form of the carrier. Reaction (2) is considered essentially
irreversible. Hence, absorbed phosphorus cannot be transported back
to the extérnal medium. As for all enzyme cataxyéed reactions the
breakdown of the enzyme-substrate complex, RP, is considered the

rate limiting step in phosphorus absorption.

At steady state, is produced at a constant rate which

P(inside)
i8rproportional to the concentrafion of RP, In the present study, labelled
phosphorus associated with the carrier was not considered to be removed

By post-sorption rinsing with non-labelled phosphorus solution. Hence,
phosphorus absorbed by the root (V) consisted of P(inside) as well as

phosphorus associated with the carrier (RP) and can be represented by
equation (3).
V =% ;
ko [Rel.s + R (3)
An increase in the external phosphorus concentration,P(outside),

causes an increase in the concentration of RP. Consequently, at infinite




external phosphorus concentration R will be completely saturated
with phosphorus. Thus, all the R will be in the form of RP, i.e.
ﬁﬂ% =E£é],where§ER is the total amount of carrier which will
combine with phosphorus, and maximum sorption of phospharug:
(Vyax) will occur as shown in equation.(h):

Vinax = iy [{R] St [ER] (4).

A velocity equation for steady state uptake may be derived
from equations (1) and (2), which is analagous to the steady state
analysis described by Michaelis and Menten (110) for the kinetic
stqdies of enzyme reactions: |

voE v/ v (5)
where Kﬁ is the Michaelis and Menten constant
and [P] is the phosphorus concentratign

The Michaelis and Menten equation, equation (5), describes the
rate of phosphorus.absorption_from any phosphorus concentration, and

can be calculated by substitution for K, and Vi This study was

ax®
designed principally to determine these constants for flax, wheat,

rape, and buckwheat roots so that their phosphorus sorption velocities
from any phosphorus concentration could be calculated.

From the form of equation (5) it is obvious that the plot of V
against Y/T}ﬂ should be a‘straight line if a single first order reaction
were involved; the slope of this line being -K, and the ordinate
intercept- ., axe

Steady-state uptake measurements of phosphorus by excised, flax,
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wheat, rape, and buckwheat roots, when plotted in this way, were _ ’
curvilinear (figure 6.1 a, b, ¢, and d). Hofstee (70) showed how
these curved lines may be resolved into two linear components by

the use of graphical methods. As found by Hagen and Hopkins (61),

absorption of phosphorus appeared to be the result of two first
order simultaneous reactions. This being the case, then the plot
of V against V/P can be described by the equation:

3’2 T ax+ bxy +cx +dy

which is an hyperbols rotated anti-clockwise with respect to the

axes such that both asymptotes intersect the‘Y;axis. The asymptotes -
are then, by definition, the two straight lines into which each
curve can be resolved. Using four points taken from the experimentally.
determined plot of V against YyﬁL equations to the asymptotes were
obtained, (figure 6.1 a, b, c, 4).

The reaction which predominated at high phosphorus concentration
was defined by line "a" while that predominating at lower phosphorus

. . . e 1t
concentrations was de?;ned by line "p". Vﬁax.a and Vnax.b were

determined directly from the ordinate intercepts of lines "a" and "p".

Kn.a and K..p Vere determined by calculating the slopes of lines "a"

and "b". Their values are presented in Table 6.1.
Table 6.1 shows the constants controlling phosphorus absorption

by excised flax,-wheat, rape, and buckwheat roots during 10 minutes sorption.

Cursory inspection of ‘the maximum rhosphorus sorption velocities via
carrier ‘'a' and carrier 'b' (V’max g and Vi, ¢ respectively) indicate a

large variability between roots of the four erops. The maximum sorption




S  Flax . -  Wheat
P : : . 1200 . :
,: 5 gl | A . 3500 -
=
o)
31000 3000
hg .
>
= 2500 :
&
~ .
m :
o 2000 H
> 600
T :
-2 :§
5 i500 :
w
@ 400 \
2 1000
&
£
o 200 500
$ «a
s = - _
5 10 15 20 25 30 30 60' 90 20 150 180 2i0
' Moles of Phosphorus Sorbed ‘

3
Phosphorus  Concentraction 0

Figureb 6.1, Phosphorus Sorptj i i \
B ption by Excised Roots in 10 Mi
Resolved Into Two First Order Reactions (line a and 1ineb%51uf:es




4

9000 o Buckwheat

= | | %
= v D ' N | : _ %
- 24000 8000 - - : ;
~
'8
@
o
Q .
E3OOO 6000
N
(0]
o
X
22000 4000 :
S v
%) |
S ,
(&3 .
& 1000 2000 "
IR .
. Q ' ’ o
S
8 b ;
fg : ‘ . - SN B
20 40 60 80 100 20 140 ‘ - 20 40 60 80 100 120
' : Moles of Phosphorus Sorbed X103 : ' 5
Phosphorus Concenration

Figure 6.1 (continued)




TABLE 6.1

Maximum Apparent : Rate Concentratio
Sorption Dissociation Constants of Carriers
Velocities ' . Constants
Cro v K x10% 100 «x K R
p max a Vmax b na> Kop¥ 3a 3B £ a ‘iR'b

(moles Px109/

g root/10 min) moles Px103/ molesxlOS/g

mole RP/sec
Flax 1097 133 6.2 4.0 3.6 6.4 34,7 2.7
' Wheat . 2887 1093 3.4 5.2 3.9 6.3 86.4 22,9
Rape 3615 784 2.0 6.0 1.8 6.5 174  16.0

Buckwheat 7430 500 4.2 5.0 N 4.7 204 13.1
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velocities of wheat, rape and buckwheat rovts via carrier 'b' did

not differ greatly, although wheat was somewhat higher than the

other two crops. The maximum sorption velocity of flax roots

via carrier 'b' was considerably less than that for any of the

other species. Maximum sorption velocities of the four crops

via carrier 'a' increased in the order; flax; wheat, rape, and

buckwheat. This was also the order of increasing apparent rates

of phosphorus absérption of.their roots Trom concentrated

applications of phosphorus to soil (experiments I, II, III, and IV).
The effect of the dissociation constant of the carrier-phosphorus

complex on the rate of phosphorus absorption vialcarrier 'a' and

carrier 'o' (K., and K 1, respectively) can be best viewed from

figure: 6.2, Figure 6.2 is the plot of the percent of carrier

'a' and carrier 'b' of flax, wheat, rape, and buckwheat roots

which is functional in phosphorus absorption over tﬁe concentration

range 10-T -10-2M, Sorption velocity via‘each carrier for roots of

each species from a number of phosphorus concentration in the range

10-T-10-24 was determined by sutstitution of [f K ana Vipox in the

Michealis and Menten equation (equation 5).
TR R Vot Vi (5).
These sorption velocities, exﬁressed as a percentage of the
maximum sorption velocity, were then plotted against the phosphorus
concentration, i.e. figure 6.2.
Noggle and Fried (115) showed that, for the three species which

they studied, the 'b' reaction was responsible for most of the phosphorus
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absorbed from 10'6M concentration. This waé also shown to be true
for flax, wheat, rape, and buckwheat roots (figure 6.2). A plot
of phosphorus sorption by roots of each crop from 10'6M against

time yielded a straight line up to 10 minutes (figure 6.3a). The

equation of this straight line can be represented in the same form
as equation (3). Comparing this line with equation (3) it can be
seen that the ordinate intercept was a measure of the amount of

carrier 'b' functional in phosphorus absorption at 10'6M phosphorus

concentration, i.e. RyP, 4An approximation of k3 for reaction 'b’

was obtained by dividing the slope of the line by the ordinate intercept.
By substituting ksy, and V.4 into equation (%) {Rb was obtained for

~each species. These are shown in Table 6.1. Noggle and Fried (115)

found total saturation of carrier 'b' at phosphorus concentration of 5X10'MM
or higher. In ‘the present study total saturation of carrier 'b' was
considered to occur at phosphorus concentration of 10-3M or higher.

Hence, phosphorus sorption by roots of each crop from a 10'3M

concentration was plotted against time. Once again a steady state

uptake of phosphorus was observed up to 10 minutes (figure 6.3 b.).

The ordinate intercept of this line was a measure of the phosphorus

in combination with both carriers, i'e°§Rb+'RaP- Since Rb had been

calculated, R P (the amount of carrier 'a' functional in phosphorus

absorption at 10'3M of phosphorus) could be found by subtractions.

Phosphorus sorption from 10~3M could be expressed in equation (6);
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V= ([RaP:]. k3g[{R4.k3b ) .t ‘>+Rap+{Rb (6)
Since RaP,EZRb, and k3b were known, as well as sorption, V, for a

specific time, e.g. 10 minubes, k3a could be calculated. Substitution

of k3a and V,

max o into equation (1) enabled calculation of iRa for

the roots of each crop. These are also presented in Table 6.1.

Kna and K 1, affected the proportion of carrier 'a' and
carrier 'b' respectively which was functional in absorbing phosphorus
from a particular phosphorus concentration. Their effects on phosphorus
absorption can be readily seen from the plot of'percentage satufation of -
carrier against phosphorus concentration i.e. figure 6.2. At phosphorus

i

concentration of 10°°M, 94 percent or more of carrier o' was functional
in phosphorus absorption by excised flax, wheat, rape, and buckwheat
roots (figure 6.2). Thus, for practical purposes carrier 'b' of

flax, wheat, rape, and buckwheat roots could be considered completely

- functional in phosphorus absorption from phosphorus concentrations

of 10'hM or higher.‘ Apparently, phosphorus concentrations greater

than 10'uM increased phosphorus absorption by flax, wheat, rape,

and buckwheat roots, mainly through an increase in the phosphorus
absorption by carrier 'a'. At phosphorus concentration of 10'2M,

Oh percent or more of carrier 'a' was functional in phosphorus

absorption by excised flax, wheat, rape, and buckwheat roots (figure 6.2).
Hence, for practical purposes both carriers of fhese roots could be

considered completely functional in phosphorus absorption from phosphorus

concentrations of 1072 or higher.
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The apparent dissociation constant of the carrier 'b'-phosphorus

complex (Kﬁb) did not vary markedly between the four crops (Table 6.1).

The dissociation constant of the carrier 'a' —phosphorus complex (Kﬁa)

varied slightly among the four species. Kﬁa of flax roots was greater

than the X = of the other crops (Table 6.1). Thus, from phosphorus
concentrations of up to 10‘2M, the proportion of carrier 'a' functional in
phosPhorus absorption was smaller for flax roots than for roots of
the other three crops (figure 6.2).

The rate constant of phosphorus absorption via carrier 'b?
did not vary greatly among crops (Table 6.1). Thé‘reaction rate
.constant of phosphorus absorption via carrier 'a' was similar for
flax, wheat and buckwheat roots, being approximately double that of
rape roots (Table 6.1). The variability among species in the maximum
rate éf phosphorus sbsorption via either carrier was not accounted
for by the variability in the rate constant at either site (k3).
The concentration of phosphate ion carriers in root tissue was
quite variable among the four species (Taﬁle 6.1). Thus, it was
concluded, that the observed variability in the maximum velocities of
prhosphorus absorption at both sites was a difect effect of the concentration
of carrier 'a' and carrier 'b' within the root tissue»(Table6.l).

A comparison was made of the ratés of phosphorus absorption of

flax, wheat, rape, and buckwheat roots from the water-soluble phosphorus
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concentrations found in zones of spread of monopotassium phosphate
and dipotassium phosphate. Phosphorus concentrations within zones
of spread of these compounds, 50 days after application, ranged from
1.7x10~M1 to 8-2X10-MM. Using the Michaelis and Menten equation
(equation 5), and substituting for Kn and V. for roots of each
crop, their rates of phosphorus absorption from these two phosphorus -
concentrations were calculated at each carrier. The rates of phosphorus
absorption presented in Table 6.2 are the sum of the rates at each
éarrier for roots of the four crops. Also presented in Table 6.2 are
the averages, for roots of each crop, of the apparent rate of phosphorus
absorption from zones of applied monopotassium phosphate and dipotassium
phosphate which were found in experiment I over the 50 day growing period.
Table 6.2 shows that as the rate of phosphorus absorption by
excised roots of these crops increased their apparent rates of
phosphorus absorption from zones of applied phosphorus also increased.
The apparent rate of phosphorus absorption from zones of applied
phosphorus were calculated on the basis of the crop utilization of
applied phosphorus in 50 days rer unit mass of roots reco#ered from
the application zone. Since there was some variability between crops
in the growth rate of roots within zoneg of spread of MKP and DKP
applications, lack of a close correlation between the two rates of

phosphorus absorption was not surprising.
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TABIE 6.2

Crop ' Average apparent Rates of phosphorus

rate of phosphorus absorption from

absorption from : phosphorus solutions

MKP & DKP applications¥ moles x10°/g root/10 min.)

(mgP/g root/50 days)
1. 710~y 8.2x10-

Flax 0.6 370 760
Wheat 1.5 2020 3140
Rape 2.9 2420 3700 |
Buckwheat 9.8 2630 5420

* Date taken from experiment I
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SUMMARY AND CONCLUSIONS

Workers in Manitoba have observed variability among crop
species in their utilization of phosphorus added to calcareous soils.

They noted that variability was greatest when phosphorus was applied

as a 'pellet-type' application. Thus it would seem that crops vary
greatly in their ability to feed from concentrated sources of
phosphorus. This study was an investigation of root properties of

four crops, flax, wheat, rape, and buckwheat which were known to

vary in their utilization of applied phosphorus.

It seems plausible that differential root growth of various
crops within the applied phosphorus reaction zone could account for
part of the variability in applied phosphorus utilization. A |
comparative study of root development of the four crops within the applied - %
phosphorus reaction zone showed that root growth of none of the crops |
was adversely affectedvby conditions within the reaction zomne. On
the contrary the roots of all crops were found under certain
conditions to grow preferentially within the reaction zone.

It was demonstrated that increasing the root mass of a

particular crop feeding from the reaction zone increased its absorption

of applied phosphorus. Thus, root development of a particular crop
within the reaction zone significantly affects utilization of applied

phosphorus. Preferential root growth of the four test crops within

the reaction zone was found to be a function of the solubility of the reaction
products formed within the reaction zone as well as the soil phosphorus

availability. Preferential root growth occurred within zones of dicalcium




134

vhosphate dihydrate and octacalcium phosphéte but was absent
within zones of hydroxyapatite. When soil phosphorus availability
was 1ow; roots of the four crops grew preferentailly within the
reaction zone., When soil phosphorus availability was increased
preferential root growth was absent for flax, rape, and buckwheat
and was diminished for wheat.

A marked variability was found among crops in the exiént
of preferential root growth within the applied phosphorus reaction
zone., The extént of preferential root growth in the reaction zone
for the test crops increased in the order; flax, wheat, buckwheat,
and rape. Differential utilization of applied phosphorus by the
four test crops however, could not be expldfﬁed solely by preferential
root growth within the reaction zone of the applied phosphorus. Thus
roots of the test crops varied in the amount of applied phosphorus
absofbed per unit mass of tissue.

The maximun velocity of phosphorus absorption by excised roots
of the four crops increased in the order; flax, wheat, rape, and
buckwheat. This was also the crop order for increasing apparent rate
of phosphorus absorption by the root from the réaction zone of applied
phosphorus, i.e. applied phosphorus absorbed by the crop per unit mass
of roots recovered from the reaction zone. Thus, part of the variability
among crops in their utilization of applied phosphorus could have been
due to variability in the inherent rates of phosphorus absorption of
their roots from the reaction zone.

Phosphorus sbsorption by the root is believed to be mediated

by metabolically produced phosphate ion carriers. A kinetic study of
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short term phosphorus absorption by excised root tissue enabled
calculations of the number of phosphate ion carriers produced

per unit mass of root as well as the efficiency of the carrier in

the absorption of phosphate ions. A large variability was found
among the four test crops in the concentration of the phosphate
ion carrier within their root tissue. This variability was

chiefly responsible for the variability in the rate of phosphorus

absorption by roots of the four test Crops.
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