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ABSTRACT

»Ten goll and solution culture experiments conducted
in the greemhouse plus one growth chamber soil experiment
were designed to study the phosphate feeding abilities of
severzl field crops, Calcareous soils were used in all
but one experiment, as Manitoba has large acreages of
these high~-lime soils, _

Eadio-phosphorus.P32 we.s employed; The "A" value
ﬁechnique was used in these studies which is based on the
principle of isotopic dilution, The plants were harvested
on several dates in order to study fhe phosphorus reguire-
ments at different stages of growth, The efficiency of
the plants to absorb phosphorus from various materials was
studied, The effect of the method of fertilizer spplica-
tion was also investigated., Split root technique was
used to study the efficiency of a2 single root to absorb
and translocate phosgphorus,

The findings suggest some factors that are import-
ant to studying the phosphorus utilization by crops. The
crops differed widely in their capscity to extract added
phosphorus, A highly significant correlation was found
between the per cent yields and "A" values of mustard,

" oats, wheat, barley, rape, sunflowers, corn, soybeans,
peas, flax, and buckwheat, Soybeans were very efficient

in extracting soil phosphorus, Rape, mustard, and buck-
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wheat were very good extractors of the added phosphorus.,

The fertilizer fraction of total phosphorus absor-
bed by the plants decreased with the plant growth and the
'A% values increased as the plants reached maturity.

Raepe was not found to be any better than soybeans
in extracting added phosphorus if an alternate supply of
phosphorus was present; Dipotassium phosphate, mono-
ammonium phosphate, and monocalcium phosphate monohydrate
were less efficient than monopotassium phosphate in
supplying phosphorus to rape plants, But these sources were
ag good or gomewhat better than mon0potassium phosphate
in their availability to the soybean plants. These diffe-
rences could be due to the pH of the band and the diffusion
of the fertilizer, |

Rape obtained more phosphorus from & narrow band
while soybeans absorbed more-from a wide band, Phosphorus
from the fertilizer crystals placed_in the centre of the
pot was most avallable to rape but it was a poor method
of placement for oats, flax, and soybeans., BRape and buck-
wheat were found to be similar in their abilities to
absofb phosphorusAirrespective of the type of phosphate
carrier used for meking the crystals, However, the
results elucidate that the mechanisms of their phosphate
ﬁptake were different, These two crops prefer to absorb

phosphorus from & concentrated zone, In the field, flax
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usually does not respond well to phosphorus in a phosphate
deficient soil,lbut rape responds well, This can be
explained, in part at least, due to the fact that rape is
more azdept in extracting phosphorus from the fertilizer
crystals,

The split root technique showed that & single root
of rape was very efficient in absorbing large amounts of
the fertilizer which seems to be due to its ability to
solubilize and translocate phosphorus to the other parts,
Rlax and oats d4id not show this efficliency. The efficliency
of buckwheat varied depending upon the growth of the root,

The problem of solubilizing was eliminated by using
nutrient solutions., The presence of other nutrients had
a favourable effect on the growth of the single roots of
the plants, Althdugh initially the single roots of all
the crdps were 'of about equal volume, the root of rape
had branched out so profusely that it was a mass of roots
at the termination of the experiment. & single root of
flax did not absprb phospﬁérus from concentrated solutions,
The presence of other nutrients was found to be essential
for phosphate absorption by other crops particularly by
rape,

There was a positive relationship between the extent
of root growth and phosphorus uptake, Evidence has been

presented that a single root of rape is not more efficient




than buckwhest or oats in extracting added phosphorus
when the size of the root is taken into consideration,
The age of the plant had an important bearing on the

uptake and translocétion of phosphorus by a plant,
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CHAPTER I
INTRODUCTION

Phosphorus is among the major plant nutrient elements,
It 1s incorporated into vital constituents of the cell such
ag nuclelic acids, phospholipids, phytin and a variety of
phosphorylated metabolites which mediate energy transfer
processes,

Due to the continuous removal of phosphorus by plants
and phosphate fixation it appears that the addition of
phosphate fertilizers to the soil is usuéily essential for
successful farming practice, In order to devise proper
fertilizing plans it is essential to know the feeding
capaclity of plants and the availsbility of phosphorus from
different carriers under different soil conditiomns, The
complexity of such problems is evident from the large
number of experiments done in this field all over the world,
Sueh investigations have been'facilitated to a great deal
with the introduction of P32 tracer techniques,

In Manitoba the work on the phosphate feeding ability
of plants was prompted by an observatlon made a few years
ago in a fileld experiment with four crops, namely rape,
oats, flax,and corn (114), It was found that only rape

responded to a small amount of phosphate application, In




the field, flax usually does not respond well to added

phosphorus in a phosphorus deficient soll but rape

responds well, Webber (114), in both field and. greenhouse

experiments, confirmed that there exists a considerable

aifference in the ability of these plants to absorb added

phosphorus.

The:investigations presented herein were initiated

mainly to further our knowledge aboutb:

(1)

(2)
(3)

(%)

The comparative efficiency of several crops to

absorb phosphorus from soll and from fertilizer under
different agronomic conditions,

The effectiveness of different phosphate carriers as
fertilizers,

The phosphorﬁs requirements of the plants at diffe-
rent sﬁages of development,

The absorption and translocation of phogphorus by

a single root,

And on the basis of this information an attempt

was made to explain why crops differ in thelr phbsphate

absorbing characteristics.

SRt




CHAPTER II

LITERATURE REVIEW

A, THE ABILITY OF DIFFERENT CROPS TO ABSORB
PHOSPHORUS
As early as 1891, Merrill (76) pointed out that the
plant species differ in their ability to utilize phos=-
phorus present in rock phosphate, Since then considerable

data have been published on this subject. In & review

" of literature, Thomas (110) found that various plant

species, when grown in media of similar concentration 4ao
exhiblt selective powers with respect to any specific
ion or ions, He discussed different theor;es that have
been advanced to account for this phenomenon,

Skupinska (100) used four varieties of flax and
observed that. they did not differ significantly in thelr

- capacity to use fertilizer phosphate., However, other

studies have shown that varieties of some crops may differ
in this respect, Smith (102) found that a differential
response exlsted even in various inbred lines of dént

corn and their crosses under conditions of phosphorus and
nitrogen defioiencies. Later Lyness (72) reported that
the three varieties of corn, studied in detail, absorbed
phosphates from>sand cultures of & similar concentration
in about the ratio of 3:5:7 and é close correlation was

observed between response to phosphorus and the number

3




and character of secondary roots., However, Fried (42)

and Fried and Mackenzie (45) demonstrated that plants
differed in their efficiency to extract phosphorus from
basic calcium phosphate even if thé effect of extemsive-
ness of the root absorbing surface wag eliminated, That
the plant'is an important factor when considering the
availability bf phosphate in different solils has also been
emphasized by Ballard and Dean (7).

Krantz et al. (64) grew corn, potatoes, and soybeans
on a low- and a high-phosphorus Bladen (U,S.A.) soil, and
cotton and corn on a Norfolk soil, On Bladen soil,
potatoes were found to be most efficient in utilizing
fertilizer phosphorus and soybeans the least efficient,
But the amount of total phosphorus absorbed was highest in
corn and least in potatoes, The comparison with the
Norfolk soil showed that corn absorbed more fertilizer as
well as total phosphorus than cotton,

Fried (42) found that phosphorus from rock phosphate
was most avallable to buckwheat, less available to the
legumes, crotalaria, alfglfa, and ladino clover, and least
available to the grasses, oats, millets, peremmial rye
grags, brome grass, and orchard grass., Similar results have
been reported by Karpinskii, Zamyatina and Glazunova (59)
with oats and buckwheat, Jenkins (58) with clover and

perennial rye grass and Lee, Tsao, and Yun (68) with




millet, soybeans and buckwheat,

Drake and Steckel (38) reported that oats growing
with red clover in soil supplied with rock phosphate con-
tained 60% more phosphorus than if grown alone, They
indicated that high catlon exchange roots of red clover
bond calcium with a greater energy than low cation
exchange roots of 6ats and thus solubilize phosphorus in
large amounts,

Russell, Russell and Marais (97) measured the labile
soll phosphate by the Larsen procedure (66). Barley, rye,
and cabbage served as the test plamts. It was found that
for some soils the "L'* value (83) was higher for rye and
cabbage than for barley., It was indicated that phosphate
uptbake nmust depend on the root su:faces reduclng the free
energy of entering ions, \They prointed out that barley is
not ag efficient as rye or cabbage in 1owerihg the free
energy of phbsphate,

| During the same year when the above study was
conducted, Nye and Foster (83) grew & range of plant specles
of the families Leéuminoseae, Cruciferae, Gramineae and

Solsnaceae in three soils which were low in available

1
BB plant - PBl seed
#NL N =

p32 plant X (P32 added to soill)




phosphorus. They found only small and agriculturally

insignificant differences in the proportion of soil
phosphorus to added P32 absorbed by the plants,

In Menitoba, Webber (114) recently observed that
oats are most efficlent extractors of native soil phos-
phorus among the three crops -- rape, flax, and oats --
included in this study, = The other two crops, raﬁe and
flax were found to be about equally efficient in this
respect,

Dmitrenko and Vitrikhovskii (36) compared the
ability of peas, beans and lupine to absorb phosphorus
from soluble and difficultly soluble forms of fertilizer,
They found that the content'of inorganic phosphorus was
8,17 and 6.23 times higher at ripening in peas and bean
plants, respectively, grown in the presence of soluble
phosphorus than in plants grown in the presence of
difficultly soluble sources, On the other hand, the
content of inorganic phosphorus in the lupine plants
growing in the presence of soluble or difficultly soluble
fertilizer was almost similar,

Dean (31), Fried (43), and Mattingly (74) have
reviewed the work done on appliéatién of isotope techniques

to study the availability of soil and fertilizer phosphorus

to the plants;
B, AVAILABILITY OF DIFFERENT PHOSPHATE CARRIERS

Several studies have been done (1,34,35,46,85,86,




109), with P32 labelled fertilizers to evaluate the
availability of various sources of phosphate when applied
to neutral to alkaline soils, It has been found that
phosphate carriers of low water sclublility are less
effective as to their avallabllity to various crops
(11,12,98).

Dion, Dehm, and Spinks (34,35) reported that mono-
ammonium phosphate was more readily available than mono-
calcium phosphate to wheat in.expériments conducted in
Saskatchewan, Dicalcium phosphate was relatively
ineffective in supplying phosphorus to the plants, 1t
was suggested that the lower uptake of these calclum
phosphates was probably related to their easy conversion
to difficultly available tricalcium phosphate forms (34),

Superphosphate has been found to be more available
than any of the other calcium phosphates tested. Olsen
and Gardner (85), working with Colorado solls, measured
the availablility of calcium phosphates to sugarbeets,
wheat and barley. On the basis of their availability the
carriers'were graded as follows: superphosphate >
calcium meta phosphate > dicalqium phosphate > tricalcium
phosphate,

The availabillity of carriers varies with the crop
and stage of growth, Olsen et al, (86) conducted field

experiments and observed that alfalfa and potatoes absorbed




about equal amounts of phosgphorus from superphosphate and

calcium metaphosphate., These two carriers were equally
avallable to sugarbeets at the later stages, although
superphosphate was more available at early stages, Cal-
cium metaphosphate was superior to superphosphate for
wheat and barley, Ammonium phosphate and superphosphate
were found to be equally available to all theée crops
except s1falfa at one location, Later, Fuiler (46)
reported that there were only small differences in the
avallability of superphosphate, ammonium phosphate and
liquid phosphoric acid to alfalfa or cotton, However,
tricalcium phosphate was congistently found to be least
efficient in both of the above studles,

Monoammonium phosphate and double superphosphate
have been reported to be about equally available to oats,
vetch, ryegrass and beans (1), Diammonium phosphate is
equal to (16) or better than (10) monocalcium phosphate
in its availability to oats depending on the method of
application,

Beaton and Read (10), working with a Saskatchewan
soil, showed that the availability of carriers to oat
plants was in the following order: monoammonium phosphate

> diammonium phosphate > monocalcium phosphate >
dicalcium phosphate dihydrate > anhydrous dicalclium

phogphate,




C. METHOD OF FERTILIZER APPLICATION

Barly studles with phosphate fertilizers showed
that the method of application plays an important role,
However, Dean et al, (32) were the first to use radio-
phosphorus for such studies, In a greenhouse experiment
they found that potatoes absorbed more ?hosphorus from
superphosphate when it was applied in direct contact with
the seed-plece as compared to a band placement, Similar
studies were conducted by Nelsgon et al, (80,81) and
Olson et 21, (88) with other crops,

The efficiency of a particular method of Tertilizer
application has been found to be dependent on the type of
crop under study., Blaser and McAuliffe (17) compared two
methods of application with four phosphatic carriers as tq
thelr gvailability to a mlxture of orchard grass and ladino
clover, They found that drilled fertilizer was better
~than broadecast application with ladino clover but the reverse
was true for orchard grass,

Stanford and Nelson (107) reported that the corn
plants absorbed a higher percentage of fertilizer phos-
phorus when it was placed at seed depth and in bands on
one or both sides of the seed than placing it in a single
band above or below the seed., Recently, Khuspe (61) found
that the phosphorus status of the petioles of peas increased

to a greater extent by placement of the fertllizer than a
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broadcast application,

The efficiency of a particular method has alsc been
found to be dependent on the solubility of the fertilizer,
Olsen and Gardner (85) found that for sugarbeets the more
soluble phosphates were more available from band placement
and the less soluble ones were more available in rotiller
placement.

Welch, Hall and Nelson (115) compared band placement
and broadcast applications of superphosphate to soybeans,
They found that 24 days after seeding fertilizer from these
methods supplied 74% and 6% respectively, of the total
phosphorus presgent in the plants, whereas about 70 days
after plantingifertilizer from both these methods supplied
approximately zo%lof the phosphorus in the plant, Simllar
studies on phosphorus utilization by sugarbeets as affected
by placement and stage of growth were carried out by Lawton,
Erickson smnd Robertson (67). They applied phosphate in
the following three ways: drilled in rows seven linches
apart and about three inches deep before seeding, single
bahds one and & half inches to the side and two inches
below the seed at planting time, and side-dressed two
months after seeding., It was reported that during first
two months the band placement was superior but later on
fertilizer in the drilled treatments was more available,

The side-dressed phosphate was rapidly absorbed by the plants,
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These studies revealed that the effect of placement 1is
more pronounced during the early stages and becomes less
important later on with increased growth of roots,

Experiments have been conducted on the variation of
efficiency of placement with moisture conditions. Woltz,
Hall and Colwell (117) reported that at one locatlon,
under dry conditions, side-dreséing resulted in a very
low uptake.' But at another location, under more favourable
soil moisture conditions, side-dressing supplied less
phosphorus than 4id banding or mixing in the row at all
stages except the last one,

Robinson, Sprague and Gross (95) studied the Iinter-
relations of temperature and method of phosphate appllication
on the efficiency of phosphate utilization, They observed
that band application was more efficient than phosphate
mixed with the soil, This difference wés more striking at
the lower temperatures then at the higher témperatures.

The influence of placement depends on the soll being
ugsed. The band placement has been compared with mixing
phosphorus with different soils (75,103), HMellado, Puerta
and Caballero (75) found that on two of the three soils
used, beans absorbed more phosphorus from band placement
but the method of fertilizer application was noﬁ import-
ant in the third soil, In similar studies Speer et al.

{103) reported that on one soil (acid) banding increased
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the uptake from more water soluble source but not from
dicalecium phosphate, On the other hand, banding of any

of these fertilizers did not show better utilization on

the other soil (calcareous).
In general, with calcareous soils the band place=-

ment has not been consistently found to be superior

to mixed placement. In acid soils, on the other hand,

the placement of water soluble phosphates markedly

affects the availability of fertilizers to the plants,
D. UTTILIZATION OF PHOSPHORUS AT VARIOUS STAGES OF GROWTH

It has been demonstrated with crops such as wheat
(18,35,78,104,105,106), corn (64,80,107), potatoes (57,
6l4,80), soybeans (25,26), cotton (80) and tobacco (80,117)
that phosphorus uptake from the soil and the fertilizer
varies at different stages of growth, Hydroponlc experi-
ments have also been done to study phosphate absorption

at different harvest dates (19).

Investigations have been made on absorption of

phosphorus from the soil and the fertilizer at different

stages as affected by level of soil phosphorus (25,57,117),

rate (57,117) and source (25) of the phosphate applied and
various placements (117). '
Spinks and Barber (106) found that during the first

four weeks the wheat plants absorbed most of their phos-
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phorus from the fertilizer but thereafter a greater amount
was obtained from the soil, This is attributed to the
fact that the fertilizer being close to the seed 1s more
accesslible to the roots at the early stages but with

the enlargement of the root system a greater amount of
soll phosphorus becomes accessible to the plant for
absorption (35,80).

Fleld experiments were conduoted by Stanford and
Nelson (167) at three locations in Iowa, It was observed
that the fraction of total phosphorus, in the corn
plants, derived from the fertilizer increased up to the
third sampling data when the values Were between 10 to 30%
depending on the location, At fourth stage the values
ranged between 5 to 15%.

Krantz et al, (64) compared different crops as to
their phosphdrus content at various stages, They found
that In soybeans and corn the percentage of phosphorus
derived froﬁ the fertilizer decreased sharply during the
growing season, However, it did not change much in potatoes,
The nature of root extension and length of growing season
are important in thié respect, Potatoes are short-season
fast-growing plants with limited root growth, On the
other hand, corn is a long-season crop with an extensive
root system, This partially explains the difference in
the feeding ability of these two crops,
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In a review of trader studies in Saskatchewan,
Mitchell (78) reported that phosphorus content in the
tissue of wheat plant is higher in the earlier stages
and decreases with plant growth, BRecently, Racz et al,
’(91) reported the results of an experiment in which rape,
flax and wheat were harvested at five different stages
of growth, On both the fallow and nonfallow sites they
foun&vthat the percentage of phosphorus.in the plant
tissue of all the crops, except flax on a fallow site,
decreased as the plants grew older, The content of
phosphorus in flax on fallow site increased from the first

'to the third stage and after that it decreased,
E. OTHER FACTORS AFFECTING PHOSPHORUS UTILIZATION

A number of other factors have been found to influ-
ence the uptake of soil and fertilizer phosphorus by plants,
v Russell (96) states that the roots of certain plants

can luncrease the rate at which insoluble phoéphates are
solubilized, This has been attributed to the ﬁroduction

of €0y (52) or substanées other than CO2 (89). A relation-
ship has‘been found between the feeding power and extensive-
ness of the root system, ILai and Lawton (65) reported that
corn obtalned more fertilizer phosphorus than the inter-
planted crops of sesame or bean, This was explained on |
the basis of the extensiveness of the root system of corn,

However, the extent of the root system does not necessarily
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reflect the total active absorbing surface (54).

Investigations have been made on the role of
microorganisms in dissolving soil phosphates (47,99).
Gerretsen (47) observed that the microorganisms made a
certalin amount of phosphorus available to the plants
which, otherwise, was inaccessible, The data proved that
uhder sterlile conditions the roots may take an active
part in dissolving difficultly soluble phosphates,

Most of the work shows that the percentage of fer-
tilizer phosphorus absorbed by the plants is inversely
related to the level of soil phosphorus (25,43,57,80,115).
Nelson et al, (8l) found that the percentage of phosphorus
in the plant tissue and the total amount of phosphorus
absorbed by cotton and.corn were influenced more by the
soil phosphorus level than by the method of fertilizer
spplication, Woltz et al, (117) found that an increase
in the amount of native soll phosphorus increased the
plant growth and the total phosphorus absorbed but
decreased the percentage phosphorus in the plant from ﬁhe
fertilizer, However, no difference wasifound in the amount
of fertilizer phosphorus sbsorbed by the plant,

The principle of isotope dilution has been used in
determining the ambunts of available soil phosphorus (8,
bly 66), Fried and Dean (44) proposed the term "A" value

to express this amount in terms of the fertilizer used,
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Olsen et al, (84) héve indicated that there is a relation-
ship between yield response to the rhosphate and‘“A“ values,

The influence of pH on uptake of prhosphorus has been
reported by Arnon, Fratzke, and Johnson (3) and Arnon and
Johngon (4), Tomato, lettuce and Bermudsa grass were grown
in nutrient solutioms rangiﬁg from pH 3 to 9 and it was
noted that phosphate absorption declined sharply at pH 9
but there was no distinet trend in the range of pH 3 to 8
(3).

The relation between s0il moisture and uptake of
nutrients has been reviewed by Wadleigh and Richards (112).
Generally, the absorption of phosphorus‘by plants increases
with an increase of séil moisture content (24,53,113,116).
Fawcett and Quirk (41), however, have reported that the
rate of phosphorus uptake by young wheat plants was not
affected by increasing the»water stress prévided that the
plants were not damaged by wilting, Dombovari (37) found
that phosphorus uptake by éifalfa was not significantly
affected by the amount of water in the soil,

| Kramer and Currier (63) reported that permeability
of the root cells is decreased by low temperature, which in

turn affects the absorption, The uptake of phosphorus by

plants decreases at the low soil temperature (60,62,69,71,118),

Sycheva and Bystrova (108) suggested that the entrance of

phosphorus into the plants is reduced at low temperature
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of the root zone, It has been repérted that a low tenm-
perature has a suppressive effect on the incorporation of
phosphorus into organic compounds (62); Case, Brady and
Lathwell (28) studied the effects of soll temperature and
phosphorus sources of different water solubllity on
phosphate absorption by oats. |

The étudies of Dalton, Russell and Sieling (30)
showed that organic matter increased the availability of
soil phosphate., Thilis was attributed to éertain metabolic
products of decomposition which form stable complexes
with iron and aluminum and thus reduce phosphate fixation
in acid soils,

The influence of silicete on the absorption of
phosphate by plants from the soil has been studied by
Hunter (55)., He concluded that when this ion is presen£
in large amounts, the availability of soil phosphate
may increase by anion exchange,

The efficiency of phosphate fertilizers in supply-
ing phosphorus to the plant will depend on the reaction
products and their avallability (70), The formation of
these reaction products in calcareous soils of Manitoba
has been studied by Racz (90),

The effect of the particle size on fertilizer
availability has been discussed (20,26,79)., Bouldin and

Sample (20) found that the response of corn, on an acid
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soil, to anhydrous and dihydrate forms of dicalcium
phosphate increased with a decrease in granule size,
The effect of the rate of fertillizer application

on utilization of phosphorus by plants has been studied by

Jacob et al, (57), Nelson et al, (80) and Woltz et al, (117).

It was found that on increasing the rate of applicatlion

phosphorus percentage in blant obtained from the fertilizer
also increased, Woltz et al, (117) reported that an

| increase in the rate of applicétion increased the growth

of the plant and the amount of phosphorus in.the plant

absorbed from the fertilizer and the soil,

‘ Experimental evidence is considerable that the
additlon of nitrogen promotes fertilizer phosphorus utiliza-
tion by corn (27,77,9%), barley (49,51), oats (87,101),
crimson clover (101), wheat (33,87), sugarbeets and pota-
toes (50) and millets (40), |

The increase in fertilizer phosphorus uptake due to
ammonium ion has been explained in different ways (2,15,
22,92), Rennie and Soper (92) suggested that ammonlum
ion does not alter the availability of the fertilizer but
indirectly affects the ability of the plant to take up
- fertilizer phosphorus,

It has been observed that the addition of nitrogen
generally increases the relative amount of roots in the

zone of N-P placement and this in turn enhances the uptake
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of fertilizer phosphorus (51). Cole et al, (29) found
that nitrogen placements increased the rate of phos-

phorus translocation to the tops of corn plants,

The effect of nitrogen on phosphorus uptake has
been critically reviewed by Grunes (48),

The illhimination period has been found to be criti-
cal with respect to phosphate absorption (21,23,82).

Breazeale and McGeorge (21) demonstrated that the uptake

of phosphorus was more rapid in light than in the dark,
Later, Brewer and Bramley (23) 3150 showed that phosphate
apsorption by corn seedlings Was. very low in dark but
on exposure to light 1t increased rapidly, EHecently,
Novikov, Kazansksya and Podvalkova (82) reported that
uptake of phosphorus by wheat was maximum during the
illumination period,

Interest has also been focussed on the transloca-
tion of phosphorus in the plant, Biddulph (13,14) studied
the uptake and movement of radioactive phosphorus in the

bean seedlings, Arnon, Stout and Sipos (5) reported

that forty minutes after the additlon of phosphorus-to
nutrient solution, the newly absorbed phosphorus was

detected in the leaves and tips of tomsto plants over six

feet in height,




CHAPTER III

MATERIALS AND METHODS ( GENERAL)
A, CROPS AND VARIETIES

In the present study the following crops and
varieties were used:

"Yellow" mustard (Brassica hirta, Moench), "Rodney"

oats (Avena sativa, L.), "Selkirk" and "Manitou" wheat

(Triticum aestivum, L,), "Parkland® barley (Hordeum

vulgare, L.), "Tanka®" rape (Brassica napus, L.), "arlo"

rape (Brassics compestris, L,), "Advent" sunflowers

(Halianthus annuug L,), "Morden 88" corn (Zea mays, L,),

"Acme® soybeans (Glycine max,, (L.) Merr.), "Century®

peas {Pisum sativum, L,), "Redwood" flax (Linum usitatissi-

mum, L.), and buckwheat (Fagopyrum esculentum, Moench,

variety not known),

411 these crops (except Manitou wheat) were used
in the first pot experiment, Tanka rape (Argentine type)
was used in all other experiments except in pot experiments
3 and 4 where 4rlo rape (Polish type) was used, For pot

experiment 7 the Manitou variety of wheat was used,
B, OBTAINMENT OF RADIOACTIVE PHOSPHORUS

The carrier-free P-2 was obtained from the following

tWwo sources:

20
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(1) Charles E. Frosst and Co,, Montreal -- in
the form of NaHyPO,, for pot Experimentsl
and 3.

(2) Atomic Energy of Canada, Ltd., Ottawa -- in
the form of HBPCQ’ for all other-experiments
utilizing PBZ.

C. GREENHOUSE ENVIRONMENT

The experiments wéreAconducted in greenhouse

(except pot Experiment 3), Extras 1igh£ was required to
lengthen the nstural day-length to 16 hours, This supple-
mentary light wes obtained from "Sylvania" fluorescent
tubes. Light intensity was about 800 to 1000 ft-c, in
Experiments 1, 2 and 4 where FR96T12-CW-LO-235 tubes were
used and about 1500 to.1600 ft-c. for other experiments
where FR96T12-CW-VHO-135 tubes were used, During winter
the temperature was about 70°F in day and 60°F at night.

In summer it was not possible to control the temperature

and it ranged from about 80° to 90°F during the day and
about 70o to 750 during the night with the highest tem-
perature in July and August. |

The lights were raised from time to time to maintain
a distance of about 9 to 12 inches between the light tubes

and the tops of the plants,
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D. HARVESTING AND PREPARATION OF THE PLANT SAMPLES
FOR ANALYSES
The plants were cut into small pieces, alr-dried,
znd then put in the oven at 70°C for 24 hours, weighed

and then finely ground for analyses,
E. CHEMICAL ANALYSES

A representative sample of the plant material was
wet-ashed and the amounts of total phosphorus and radio=-
activity were determined.

(1) Wet-ashing

The samples were digested,witthNO3~H2804—Hcloh
ternary acid mixture according to the procedure outlined
by Jackson (56), The suggested pre-digestion with nitric
acld was omitted, One gram samples were used for digestion,
Whole plant material was digested whenever the yleld was
less than one gram,

(2) Determinstion of total phosphorus

The total phosphorus content was determined colori-
metrically by the vanadomolybdate procedure (9)., Colour
intengity was measured on a Coleman Junior Spectrophotometer
(Model 64A), P

{3) Procedure for counting radioactivity

The original radioactive fertilizer solutions were

stored in polyethylene bottles, to be used as the standards,
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An equivalent volume of the radioactive phosphorus

solution added to the pots was used as a standard for

counting.

For radioassay (11l) the solution was counted by
a DM6 liquid GM tube (manufactured by 20th Century
Electronics Ltd., New Addington, Croydon, Surrey, England)
attached to a Nuclear Chicago (Model 161A) scaling unilt,
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CHAPTER IV
SOIL EXPERIMENTS
A, MATERTIALS AND METHODS

(1) ;sétopic dilution technigue for the estimation
of phosphorus uptake

mAaN valué*technique (44) was used, This is based on
the principle of isotopic dilution in which quantitative
determination of the change in specific activity ls made,
This technique 1is superior todthe chemical extraction
methods as the latter do not take into comsideration the
fact that plants absorb different quantities of phosphate
from the same soil, |

The concept of "A" value 1is based on the assumption
that a piant when confronted with two sources of phosphorus,
namely the soill and the fertilizer (both being equelly
accessible), would take up phosphorus from each source in
direct proportion to the respective quantities available,
Thus "A" value designates the amount of soil phosphorﬁs
available to the plant in terms of the fertilizer used,

A PBz-tagged'fertilizer of known speeific activity is
édded to the soil and the plants are grown, After harvest,
the specific activities of the phosphorus in the plant and
the fertilizer are determined, Thus the fractlon of aprlied
phosphorus that has been absorbed by the plants can be

determined,
24

*See p;25.
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From the amount of total phosphorus content in
the plant samples, the amount of phosphorus absorbed from
the native supply in the soil is calculated, The R“A®

values are then obtained using the following equation (93):

plant-P derived from goil rate of appli-

o o -
"AY value = 1.0t P gerived from fertilizer cation of
. . fertilizer-P

(2) Preparation. of the soil

(a) Source:- The soil experiments were conduc=-
ted in calcareous soils (lLakeland type) as Manitoba has
large acreages of these high-lime soils, Pot Experiment 7
wags conducted in noncalcareous soil (Wellwood type). The
solls wére collected from zero to six inch depth from plots
located on the (1) Lakeland soil association, which is a
group of black-meadow soils developed on medium-textured
lacustrine deposits, and from (ii) Wellwood soll assoc=-
iation, which 1is a group of black and dark grey soils
developed on mediunm-textured lacustrine deposits which

normally overllie stratified sand (39).

(b) Preparation:- After breaking the clods,

the soil was air-dried, sieved through a % inch screen
and mixed thoroughly,
A representative sample of the thoroughly mixed

soill was passed@ through a 2 mm sleve and retained for
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analyses, The solls were analyzed using standard labora-
tory procedures, Some characteristics of the soils used

in this investigation are listed in Table I,

(3) Preparation of the radioactive fertilizer

For the preparation of tagged fertilizer solution,
the inactive phosphate carrier was dissolved in 2z small
volume of water, KH2P04 was used as a phosphate carrier
(unless otherwise mentioned). P32 solution was then added
and the solution was diluted to a desired volume such that

31 and 10 uc P32

10 ml of this solution supplied 20 mgm P
(unless otherwise stated), This solution was used fér

the "narrow" 10 ml-band., In Experiments 3 and 4 for a
"wide" 40 ml-band, the solution used for the "narrow!

band was diluted four times before banding, The procedure
for the preparation of P32~tagged fertilizer crystals is

given in experiments concerned,

{4) Harvesting

The plants were harvested about % inch above the
surface of the soil, The above-ground portions were then

prepared for analyses,
B. POT CULTURE EXPERIMENTS

(1) Seeding of the crops

One-half or one-quarter gallon porcelain glazed pots
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were used, One-half gallon pots were 5% inches in dia=-
meter and 6 inches in height and one-quarter gallon pots

were 4 inches in diameter and 5 inches in height, Two

kilograms of soll were placed in each one-half gallon pot

and one kilogram of soil was placed in each one-quarter
gallon pot, Seeds of uniform size were selected in order
to eliminate the differences due to nutrients stored in

the seed,

The P32-tagged fertilizer band was applied about

one-half inch below the seeds at the time of seeding,
The seeds were planted at & depth of about one-half inch
below the soll surface, The pots were arranged in a

completely randomized design,

(2) Care during the growing period

& few days after emergence, the plants were thinned
so that the following number of plants were zllowed to grow
in each pot (unless otherwise mentioned): sunflowers -1,

corn -1, soybeans -2, flax - 12, others - 4, C(Care was taken

that only healthy and well-spaced plants were left to grow.
Optimum growth conditions were maintained through-
out the growing period, Additional nutrients were added

to the check pots, whenever included, to bring all the

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

fertilized pots, Enough nutrients were added to all the
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pots to ensure optimum plant groﬁth. The pots were
rotated on the bench once every week,

Water wag sdded periodically to bring the moisture
level in the soil to spproximately field capacity, Wire
supports were provided for the plants about 3 to 4 weeks
after the germination. The leaves which fell off from
the plants before harvesting were collected,

After harvesting, the pots Wwere emptied tc study the

root distribution in the soil,

ABBREVIATIONS USED:
MEP = KHZ?OA: Monopotassium phosphate,
DKP = K,HPOy, Dipotassium phosphate,
MAP = NHquPOA, Monoammonium phosphate.

i

MCPM = Ca (HzPou) *H_0, Momocalcium phosphate .

2 27 monohyérate,

DCPD

i

’CaHP04«2H20, Dicalcium phosphate dihydrate,

OCP = CapyH (P04)3~3H20, Octacalcium phosphate,
EXPERTMENT 1

In Manitoba, Webber (114) conducted field and green-
house experiments to study the phosphorus feeding habits of
rape, flax and cereals, He observed that the response to

the banded fertilizer phosphorus decreased as follows:
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rape > oats> flax, It was found that oats were most
efficient in absorbing soil phosphorus while the other
two crops were about equally efficient in this respect.,
It was also shown that the "A" values decreagsed in the
order flax, oats, and rape,

It was thought desirable to study in detail the
phosphorus feeding abilities of some of the common field
crops grown in Manitoba, The objective of the following
experiment, therefore, was to obéerve how these crops
behaved in their abilities to absorb soil and fertilizer
phosphorus and whether they differed in their "A" values,
This experiment would perhaps also show the differential

regsponse to phosphorus fertilizer,

Mzberials and Methods

One millicurie P2 was obtained on October 19, 1963,

The required amount of monopotassium phosphate (MKP) was
dissolved and F32 solution wag added, Total volume was
made up to one litre, The specific activity of this solu-
tion was 500 uc per gram of PB% Ten millilitres of the
tagged fertilizer solution, supplying 20 mgm P31 and 10 uc
P°%, were applied as a "marrow" band in fertilized pots,
Checks were included for comparison., Each treatment was
replicated four times,

Mustard, oats, wheat, barley, rape (Tanka and Arlo),

sunflowers, corn, soybeans, peas, flax, and buckwheat were




31

used as the test plants., Thus & total of 96 one-half
gallon pots were required, The seedlng was done on
October 19, 1963, The plants were harvested 48 days
after seeding, Tissue.samples were wet-ashed for count-

32

ing P activity and total phosphorus determination,

Phosphorus content of the seeds:- The average

quantity of phosphorus in 100 seeds of mustard, oats,
wheat, barléy, Tanka rape, Anlo rape, sunflowers, corn,
soybeans, peas, flax and buckwheat was 3,14, 11,00, 15,70,
17,50, 2,78, 0,98, 40,00, 67.00, 101,20, 67.20, 3.56 and

6,30 mgm,

Results and. Discussion

The data for yield of dry matter and the percentage
of phosphorus in the tops of different crops are outlined
in Table II,

The crops tested varied greatly in thelr response to
phosphate fertilizer, The calculations for per cent yield*
show that the magnitude of crop respounse increased in the
order flax < soybeans < sunflowers < wheat and peas< corn

< Dbarley < mustard < oats < Tanka rape < buckwheat < Arlo

rape, This reveals that the largest response was obtained

Yield from check treatment x 100
Yield from fertilized treatment

#*
Per cent yleld=
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in Arlo rape whose check plants produced only 28% of the
dry matter produced by the fertilized pots,

In the fertilized pots, buckwheat produced signifi-
cantly greater amounts of dry matter than peas but the
reverse wasg true in check pots, The "t*® fest showed that
responge to the fertilizer was significant af both 5% and
1% level of significance for mustard, oats, wheat, barley,
rape and buckwheat; at only the 5% level for sunflowers,
corn and peas; but was not significant for soybeans and
flax',

The addition of fertilizer phosphorus increased the
total.amount of phosphorus absorbed by the crops (Fig. 1).
The difference between the fertilized and the check plants
in the amount of total phosphorus was significant at 1%
level for all crops except flax for which it was significant
at only 5% level, Under fertilized conditions, buckwheat
absorbed the largest amount of total phosphorus while
flax and wheat absorbed the least, The check planté of —
peas utilized the greatest amount of phosphorus and Arlo
rape the lowest,

The phosphorus content in the plants increased as
& result of fertilizer addition, as is evident from the
data presented in Table II, The increase was significant
in barley, Arlo rape, sunflowers, peas and buckwheat, The

percentage of phosphorus in the plant material of flax
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was high but because of a small smount of dry matter
produced, the total amount of phosphorus utilized was very
vlow.

The crops differ widely in their ability to absorbd
phosphorus from the soil and the fertilizer (Table III),
The above analytical data indicate that buckwheat, mustard,
and rape have a lsrge potential to utilize fertilizer
prhosphorus, Peas absorbed more fertilizer than corn,
oats, barley, and sunflowers which in turn absorbed more
fertilizer than wheat and soybeans, The least amount of
the fertilizer was absorbed by flax,

Sunflowers, corn, soybeans, and peas absorbed
large amounts of soll phosphorus, On the other hand,
mustard, wheat, barley, rape, and flax are poor extractors
of the soil phosphorus,., The amount of phosphorus in the
number of seeds of the plants allowed to grow in each
pot* was 0,13, O,44, 0,63, 0,70, 0,11, 0,04, 0,40, 0,67,
2,02, 2,69, 0,43, and 0,25 mgm in mustard, oats, wheat,
barley, Tanka rape, Arlo rape, sunflowers, corn, soybeans,
peas, flax and buckwheat, respectively. From the soil
phosphorus results in Table III, it appears that these
results might have been affected somewhat in wheat, barley,
peas, and soybeans due to the content of phosphorus in
the seeds. Correction for the phosphorus content in seeds

is difficult because it is not known what fraction of

*See p.28,
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TABLE III

THE AMOUNTS OF PHOSPHORUS ABSORBED BY DIFFERENT CROPS
FROM THE SOIL AND THE FERTILIZER;
AND "AM VALUE DATA

Fertilizer _ Fertilizer-P So0il-P AR value

I CH
Buckwheat 53.48 16.76 3.26 3.66
Arlo rape 40,87 8.17 1.82 2.16
Tanka rape 38.75 7.75 2.02 2,61
Mustard 37.94 7459 - 152 2.03
Peas 23.87 LoT77 5463 11.79
Corn 17.62 352 L8k 13.79
Oats 15.92 3.18 2.66 8.61
Barley 14.98 3.00 2400 6472
Sunflowers 14,52 2,90 3697 13.83
‘Soybeans - 13.09 2,62 5.58 21.77
Wheat 10,80 2.16 1.73 8.06
Flax Tek9 1.50 2433 15.60
LsD 0.05 he25 0.85 0.66 2.03

0.01 569 1.1k 0.88 2.73
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this phosphorus is translocated to the above-ground
portions of the plants,

The data in Table III also show that the "A" values

range all the way from 2,03 ppm for mustard to 21,77 ppm
for soybeans, The low "A" values for rape, mustard, and
buckwheat indicate their efficiency to absorb fertilizer

phosphorus more than the soil phosphorus, On the con-

trary, higher "A" values for sunflowers, corn, soybeans,
peas, and flax indicate their capaclity to extract soil
phosphorus, It was found that a highly significant corre-
lation (r = 0,77) existed between the prer cent yield and
the "A" value,

A few days after harvesting the plants, the soil
wag taken out of the pot to see the distribution of roots
in the soil, The entire soil mass from each pot was
sectioned vertically through the middle, This allowed
inspection of plant roots in the vicinity of the fertilizer

band, It was found that there was a high concentration

of roéts in the phosphorus band in case of rape and mustard
but not in the other crops, Moreover, rape and mustard

absorbed large amounts of the fertilizer, From this one

might conclude that only those crops that have a high
root concentration in the fertilizer band are efficient
extractors of the fertilizer, However, buckwheat is a very

good fertilizer feeder but d4id not show any marked root
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concentration in the band, 80 & lack of root concen-
tration in the fertilizer zone does not necessarily

mean that the crop is not a good feeder of the ferti-

lizer phosphorus. The concentration of roots in the band
in the case of rape and mustard, of course, may be one
of the contributory factors for the higher uptake of
fertilizer byhthese CTropS,

The results show that there exists a differential

response to phosphorus fertilizer among these crops.
They differ in the amounts of soil and fertilizer phos-
phorus absorbed and in the "A" values under the present
experimental condlitlons,

The possible explanation for the reasons why these
crops differ in the amounts of soil and fertilizer phos-
phorus absorbed might be: the extent of root growth and’
total absorbing surface, concentration of the roots in
the fertilizer band, total phosphorus requirements of

the plants, and the rate of phosphorus utilization at

different growth stages,
Perhaps an experiment in whioh the plants are
harvested at different stages of growth might shed some

light as to whether the rates and the amounts of total
phogphorus absorbed at different periods during the growing
season are factors determining the phosphorus extracting

abllities of these plants,
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EXPERIMENT 2

The experiment reported earlier showed that the
crops differ widely in their abilities to absorb soll and
fertilizer phosphorus, It was felt that it would be
gppropriate to find whether these differences among the
crops are consistent throughout the growing season or
they are at some particular stage of development,

Soybeans, rape, flax, and oats were selected for
this study. Soybeans were selected because they were
found to be efficient extractors of goil phosphorus,

Rape and flax were used because the former responded the
most and the latter responded the leagt to the fertilizer
phogphorus, Oats were used becguse of their intermediate
regponse to the added phosphorus,

A somewhat similar study in Manitoba was previously
conducted in field experiments by Webber (114), He con-
cluded that the rates and the quantities of phosphorus
taken up during the growing éeason were different for

rape, flax, and wheat,

Materisls and lMethods

The radioactive phosphorus (1 mc) was obtained on
July 23, 196k, Each fertilized pot received 20 mgm P31
and 9 uc P32 as a 10 ml band at the time of seeding on

July 24, 1964,
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Fertilized pots for the first three stages and the
check pots were replicated four times, The rest of the
fertilized pots to be harvested for the last four stages
were replicated in triplicate, A total of 112 one-half
gallon pots were required,

The first four harvest dates Werevzo; 35, 42, and
51 days after seeding. The fifth harvest was done 64
days-after seeding for flax and 60 days after seeding for
other three crops, The sixth harvest was taken 73 and 81
- days after seeding for soybeans and other crops, respectively,
For the final harvest, soybeans and oats were harvested 90
days from seeding and the other two crops were harvested

101 days from seeding,

Besults and Discugsion

The amount of dry matter produced gradually increased
with the growth of the plant, although the magnitude of
Increase varied with different crops,

As shown in Table IV, there were large differences
in plant material ylelds from different crops at the early
stages but 1ater‘on there was not much difference, At
the first three harvest dates, soybeans produced the
largest amount of dry matter and flax the least,

Actually flax plants prodﬁoed the lowest yield up to
fifth harvest date, However, at the last two stages flax

yield was higher than both ‘oats and soybeans, The greatest
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amount of dry matter was produced by soybeans at the
first three harvest dates and by rape at the last three

stages. Oats and soybeans stopped dry matter production

after the sixth stage, However, the other two crops
continued dry matter production for a longer time, The
typical sigmold curve wes obtained from the yield data
plotted against the harvest dates. There was no apprec-

iable differencé in the yields from checks and fertilized

pots at the last stage,
The percentage of phosphorus in the tlissue lncreased
| in all the crops with the addition of the fertilizer,

In soybeans the phosphorus content was low at the first

two stages and then showed an increase, although the

content did not vary much after about 50 days from seed-
ing date (Table 1IV), The rape plants showed a gradual
decrease in phosphorus content; Flax'showéd an Increase
up to the third stage and this was followed with &

decreagse in percent phosphorus, In oats the phosphorus

content decreased up to fourth harvesgt date and did not
vary much after that harvest (91),
Figure 2 shows that rape starts absorbing fertilizer

phosphorus in large amounts from the very begimning., At

the first harvest date, rape had absorbed about 12% fer-
tilizer phosphorus while flax had less than 1%. At this

stage rape had absorbed about six times the fertilizer
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bhosphorus as that by soybeans, However, at the sixth

sampling date soybeans had taken up fertilizer phosphorus

almost equal to that absorbed by rape, After the fourth
stage there was no increase in fertilizer absorption by
rape, flax, and oats but in soybeans it was still increas-
ing, BRape absorbed the highest amount of the fertilizer
and flax absorbed the least.

Figure 3 shows tﬁe variation in the amounts of total
phosphorus absorbed, At the first three harvest dates
rape showed a rapid uptake but later on soybeans were
found to ébsorb the greatest amounts of phosﬁhorus. The
total amount of phosphorus absorbed by soybeans after
the fifth stage was much more than the other three crops
which did not differ markedly in th;s respect, Tétal
phosphorus upteke by soybeans exhibited about uokdays lag

period during which the absorption was comparatively low,

No such lag period was observed in other three crops,

The variation in the percentage of total phosphorus

that is derived from the fertilizer is illustrated in
Figure 4, Although in soybeans, flax, and oats there is

an increase in the fertilizer fraction from first to second

stage, all the four crops in general showed a continuous
decreage with the plant growth, The initial rise seems
to be due to phosphorus present in the seeds (page 35).

A general decreasge in the absorption of fertilizer fraction
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may be explained on the basis that with the enlargement
of the root system soil phosphorus becomes more accessible
to the roots (35,80).

Rape, flax, and oats utilized substantially less
soil phosphorus then soybeans (Fig,5). The amount of
soll phosphorus absorbed by rape was not much different
from that absorbed by flax or oats, The amount of phos~
rhorus present in the seeds of these plants is given on
vage 35 ., The data clearly show that the amount of
rhosphorus in the seeds of soybeans is.much less than
the difference in the amount of phosphorus absorbed by
soybeans and other plants, S0 the seeds phosprhorus does
not seem to have affected the soil-phosphorus results,

It shows that soybeans have a marked efficiency to absord
soil phosphorus,

In rape, both the soil phosphorus and the fertilizer
phosphorus were about equally available up to the fourth
harvest date but thereafter the former was being absorbed
more than the latter (Fig,.,6), The absorption from both
sources ceasged after about sixty days from éeeding.

Figure 7 illustrates that at the first stage oats absorbed
less phosphorus from the fertilizer than from the soil,
The fertilizer uptake increased and after about 45 days
from seeding again more phosphorus was being supplied by
the soil, MNoreover, fertilizer uptake virtually stopped

‘after about 60 days from seeding but the plants continued
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absorption of soll phosphorus till a later date,

In soybeans, the soil supplied large amounts of
phosphorus to the plant (Fig.8). Of the total phosphorus
in the flax plant at any stage during the growing season
about two-thirds was derived from the soil and the remsin-
der coming from the fertilizer (Fig.9). The absorption
essentially stopped after about sixty days from seeding.,

In three of the four crops used the "A®" values
increased as the plant reached maturity (Table V), The
root system expanded as the plant grew older and the
volume of soil phosphorus in the range of roots increased
{32) and thus the soil phosphorus to fertilizer phosphorus
ratio increased, However, the "A" value for soybeans was
much higher at the first stage than at the latter stages,
The "A" value, at all stages, decreased in the order
soybeans, flax, oats, and rape, Thig again shows the
efficiency of rape in the uptake of fertilizer phosphorus,

As shown in Table I, the soil used for thls experil-
ment had higher amounts of available phosphorus than the
soll employed for the last experiment, It is evident that
the differences in the phosphorus feeding abilitles of the
plants are larger on a soil low in avallable phosphorus
becauge there is no alternate good supply of phosphorus
than the fertilizer,

The results of this experiment indicate that the
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TABLE V

CHANGE IN ™A™ VALUES WITH THE GROWTH OF THE PLANT

Days after seeding

Maturity

Crop ' _
20 35 42 51 # ##
Rape 720 Q49 9.06 10,93 11.76 14.37 14.37
Dats 11,68 6.94 11,80 1lhk.46 12,97 18.55 19.24
Soybeans 4939 17.96 21.13 24.99 29.99 27.69 30.95
Flax 22.76 18.3Lh 19,17 28.48 20.52 21.15 23445
# TFlax - 64 days, other crops - 60 days.

## Soybeans - 73 days, other crops - 8l days.
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differences in the phosphorus feedihg abilities of the
crops are found throughout the growing seagon, The
amounts of phosphorus absorbed bj the plants do not
change much after about sixty days from seeding., There-
fore, the plants can be harvested at about sixty days
from the date of sowing and it does not appear to be
essential to let the plants grow up to maturity to study
their phosphorus uptake abilities,

The data show that the rates and the amounts of

phosphorus absorbed by the plants from the soil and the

fertilizer are different for these crops, This falls in |

line with the findings of Webber (114) who noted that the iif
rates and the quanﬁities of phosphorus absorbed during the g‘,ki _
growing season were different for three crops, The varia- | |
tion in the utilization of soll and fertilizer phosphorus

explaing the differences found in the "A" values for the

four crops at several harvest dates,

EXPERIMENT 3

The previous two experiments showed that crops differ
widely in their phosphorus feeding abilities and these

differences are present throughout the growing season,

The results led to some questions: Are these differences
present, (1) when the width of the fertilizer band is

changed, (2) when the level of soil phosphorus is increased,
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and (3) when some different form of phosphate carrier

is used,

Therefore,'using rape and soybeans as the indicator

plants, the following experiment was undertaken to study
the effect of (i) mixing inactive phosphate carrier
throughout the soil, (i1) the form of phosphorus ferti-
¢ lizer, and (iii) broadeﬁing the band, on the uptake of

phosphate by these plants,

Rape and soybeans were selected because the former
was found to be an efficient fertilizer phosphorus feeder
j and the latter was found to be an efficient soil rhos-~

phorus feeder,

Materials and Methods

Treatments: -
I. Monopotassium phosphate (MKP) band,
IT. Dicalecium phosphate dihydrate (DCPD) mixed

throughout the soil + MKP band,

I11I, Dipotassium phosphate (DKP) band,
IV, Monoammonium phosphate (MAP) band,

V. Monocalcium phosphate (MCPM) band,

VI. Monopotassium phosphate (MKP) as a "wide® band,
In treatment II, the inaotivé phosphate carrier, DCPD,
was mixXed thoroughly with the soil in the following manner:
One kilogram of soil was spread on a sheet of paper,

A small amount of this soll was ground in a mortar, DCPD
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supplying‘loo mgm phdsphorus was added and mixed well with
the soil, Some more soil was added, ground and mixed
well again, This process was repeated a few Times by
adding a small amount of soil each time, The mixture of
finely ground soil and phosphate carrier was then spread
uniformly over the layér of soil on the sheet of paper,
The soil and fertilizer were rolled on the paper a few
times to ensure uniform mixing,., The soil was then placed
in the pot, |
One millicurie P32 was diluted to 200 ml volume, 1,e,,

one millilitre of this originally prepared solution con-
tained five microcuries of the radioactivity., The calcu-
lated amounts of the carriers were dissolved, P32 added
and diluted to desired volumes,

| Phosphorus was applied as a narrow band in the
first five treatments and a2s a wide band in the last
treatment, The narrow band was prepared by applying 10 ml
radioactive fertilizer solution about one-half lnch below
the seeds. TFor the preparation of a wide band 40 ml dilu-
ted solution was applied in four equal portions, each
portion being covered by a small amount of soil, The
seeds were planted about ome half inch above the band,

Each pot received 24 mgm PBL and 15 uc P32 in the
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first two treatments, the quantities being 20 mgm sand
12,5 uec in the}other treatments, All the treatments
were replicated three timeé. &vtotal of 36 one-quarter
gallon pots were required, The crops were sown on
Februsary 10, 1964~, After'the seedlings had emerged, the
plant stand was thinned to one per pot in the case of
soybesns and two per pot in the case of rape. The plants
were harvested 54 days after seeding." | |

kTheSe'crbps Were grown in a growth ¢hamber. A 16~
hour day was provided by 52‘“Sylvaﬁia“yfluoreSOent tubes
(FR96T12~CW-VHO-135) and fivé‘lZS watt incandescent bulbs,
Light intensity was approximately 1800 ftéc.’;Theftéﬁpéra—
ture was maintained at ?O°E during the day and 60°F'dﬁfing

the night, Belative humidity was 40-60%,

Results snd Discussion

The results df this experiment are shown in Table VI
and Figure 10.: ’ '

The yielé of dr& matter ?roduced by so&béahs and_rape
significantly increased when DCPD was mixed with the soil
in addition to the MKP band. & higher uptak? of fertilizer
by sojbeans from a widevband was refleoted in the dry
matter“produéed. On the other hand,rape produced less dry
matter where the fértilizer was appllied in a wide band, How=-
ever, statistically the differences were not significant in

both cases,

*Treatments I and VI recelved 24 and 20 mg P per pot respectively.
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Mixing of the inactive phosphate carrier with the
goll significantly increased the phosphorus content in the
plants, |

The results show that the mixing of a nonradioactive
phosphate carrier with the soil decreases the absorption
of the fertilizer from the band. There wag a larger decrease
in the uptake of MKP by rape than by soybeans when the level
of scil phosphorus was increased by mixing DCPD, From this
treatment, both crops absorbed about equal amounts of the
fertilizer from the band. It shows that if an alternate
good supply of phosphorus 1is present, rape does'not take up
more phosphorus from a band than do soybeans,

The avallability of the different phosphate carriers
varies with the crop under study, The differential avail-
ability of fertilizers to the crops is indicated by the
data of Beaton and Read (10), Fuller (46), Olsen and
Gardner (85), and Olsen et al, (86), BRape absorbed more
phosphorus from MAP then did soybesns, Both MKP and DKP
were more avallable to rape than to soybeans from a narrow
band, In shoft, DKP, MAP or MCPM is not as good a source
of phosphorus to rape as is MKF, but is as good or somewhat
better for soybeans, These differences could be due to the
pH of the fertilizer band or to the diffusion of the ferti-
lizer in the soil,

The higher uptake of phosphorus from MCPM by soybeans
could be due to the fact that it might have diffused into a

larger area than DKP, Thus a narrow band of MCPM might have
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expanded and thus behaved to some extent like a wide band,
?robably due to this reason its uptake by soybeans was

more and by rape was less than from a narrow band of MKP

or DKP, The difference in the availability of MAP can not
be explained on the basis of its diffusion outside the band,
It is interesting to note that a wide band of MKP is

better than s harrow band for soybeans but is less efficient

than a narrow bsnd for repe., This indicates that rape prefers
to absorblfertilizer f?om a4 narrow band and soybeans prefer
from a wide band, This difference between the erops is
probably due to a different pattern of the’growth and distri-
bution of the roots in the vicinity of the fertilizer band,
This confirms the findings of other workers (17,32,80,115)
that the method of fertilizer applicatidn»plays an important
role in determining the fertilizer uptake by plants, It is,
therefore, important for the most efficient use of the
fertilizer that the method of application should be selected

very carefully,

The "A" values (Table VI) increased significantly
when DCPD was mixed thoroughly with the éoil. The "A"

.values were always high for soybeans which sgain shows that

they are very efficient extractors of the soil phosphorus,
& distinet concentration of roots was found with rape
in the vicinity of the fertilizer band in all treatments

except where g non-radiosctive bhosphate carrier was mixed
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throughout the soil, This could be due to the fact that the
phosphorus level of the soil has been increased sufficiently
for the requirements of the rape plants and thus it is not
essential to have a distinct root concentration in the band,
With soybeans there was no such root concentration in
the fertilizer band, This may probably be one of the reasons
why soybeans are less efficient in absorbing the fertilizer,
The following experiment was more or less & repetition

of the previous experiment,
EXPERIMENT L

The last experiment showed that if an alternate good
supply of phosphorus is present, rape does not absorb more
phosphorus from s band than do soybeans. The two crops were
found to be different in their feeding abilities when diffe-
rent phosphate carriers were used or when the width of
the fertilizer band was changed, Rape absorbed more ferti-
lizer from a narrow band than did soygeans but fertiliger
uptake by soybeans was higher than by rape when‘the width
of the fertilizer band was lncreased,

The plant growth was not normal in soybeans in the
previous growth‘ohamber experiment, The height of the
rlants varied, probably due to some genetic character, from
one foot for MKP wide band to two and a half feet for DCPD

mixed treatment although the plant weights for these two
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treatments were not very different, Therefore, it was
felt that a similar éxperiment should be csrried out in

the greenhouse in which checks should also be included.

Materials and Methods

This experimént consisted of the following treatments:
I, Monopotassium phosphate (MKP) bsnd.

II. Dipotassium phosphate (DKP) band,

IIi. lMonocalcium phosphate (¥MCPM) band,

IV, Monopotassium phosphéte (MKP) as a "wide" band,

V. Check,

The treatments were replicated three times. Thus a
total of 30 one-Guarter gallon,pots were required, As 1ﬁ
the'last experiment, the soil used for the present experi-
ment was very low in the amount of available phosphorus,

One millicurie P32

was obtained on Jume 1, 1964,
At the time of seeding, on June 2, 1964, the labelled phos-
phate fertilizer (10 ml in treatments I to III and 40 ml in
treatment IV) was banded in the soil, Each fertilized pot
received 20 mgm pil and 12,5 uc P32.

‘A few days after germination, the plants were thinned
to one per pot in soybeans and two per pot in rape., The

bPlants of rape and soybeans were harvested 48 and 60 days

regpectively, after seeding,

ChSvEe s st
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Results and Discussion

Table VII presents the oven-4dry plant welght and
phosphorus utilization data for rape and soybeans,

The addition of fertilizer increased the yield of
dry matter produced by both the crops. Rape showed a
greater response than soybeaﬁs. The yield Iincrease was
statistically significant at 1% level for treatments II
and IV of soybeans and all the treatments of rape,

The data show that rape, as compared to soybeans,
sbsorbed much more phosphorus from MKP and DKP but the
MCPM bsnd application was about equally efficient for both
the crops. —
| Soybeans absorbed large amounts of fertilizer phos-
phorus from.a wide band but rape absorbed more froﬁ a
narrow band. As illustrated in Figure 11, soybeans are
very efficient in extracting soil phosphorus,

There was a marked concemtration of roots in the
fertilizer band with rape but not with soybeans.

In this experiment the growth of the soybean plants
was normal. The results of the present experiment are, In
general, simlilar to those obtained in the last experiment.
This indicates that the abnormal growth of soybean plants
in the last experiment did not affect the uptake of phos=-
phorus.

Three types of studies coﬁld have been carried out

on the basis of the results obtained in Experiments 3 and
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b, viz,, the narrow and the wide band treatment study

could be expanded to investigate the efficiency of diffe-
rent methods of fertilizer application, effect of the form
of the phosphate carrier on the absorption of phosphorus by
the plants could be evaluated, and the diffusion of phos-
phorus -away from the fertilizer band with the resultant
effect on the uptake of phosphorus by plants could be
studied. The results showed that the greatest difference
amongst the treatments was found when the width of the
fertilizer band was changed, Therefore, the "width of

the band" lead was expanded into the following experiment,
EXPERIMENT

Ih the last two experiments the phosphate fertilizer
was applied 28 & narrow and a wide band, It was found
that rape absorbed higher ambunts of the fertilizer from a
narrow band and soybeans absorbed larger amounts of the
fertilizer from a wide band, The effect of widening the
band on the uptake of fertilizer by flax and oats was not
studied in that experiment,

Since the uptake of the fertilizer depended on the
width of the band, it was thought reasonable to condﬁct
an experiment to evaluate different methods of feftilizer
application as to the availability of the added phosphate
to the two crops used in the last experiment and to oats
and flax, The four crops were selected for the reasons

glven in Experiment 2,
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Materizals and Methods

Ireatmentg:~ The fertilizer was applied as:

I, & "wide" band,
11, A "narrow'band
ITI, "Crystals spread®

IV, "Crystals centre",

Preparation of the radioazctive fertilizer:- One mc

P32

was received on October 14, 1964, and was diluted to
one litre,
(2) Preparation of the radioactive solutioﬁs:
L,3942 gm KH POy was dissolved in 500 ml (500 uc) of
the PBZ solution, |
(1) 250 ml of this solution were taken dut for
treatment II,
(ii) The remaining 250 ml were diluted to one

litre and used for treatunent I.

{b) Preparation of radioactive crystals:

4,000 gm KHoPO), was dissolved in a small volume
of water in a polyethylene container and 500 ml (500 uc) P32

solution was added, The solution was mixed and evaporated to

dryness en a sand bath, After evaporation, the radioactive
KHZPO4 crust was transferred to a beaker and ground to bet-
ween 0,10 and 0,25 mm diemeter, These cfystals Were used

for treatments III and IV,
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Methods of fertilizer application:- The fertilizer

was applied ag a wide band in the first treatment and as

a narrow band in the second treatment using solubtions a(i)

and a(il), respectively, For the third treatment the P-2=
tagged crystals were sprinkled as uniformly as possible over
a smooth surface, In the fourth one, the same amount of

crystals were placed in & small cavity in the soll at the

centre of the pot so that phosphorus wag avallable to the
plants ag a point source, In all the four treatments the
fertilizer was about one-half inch below the seeds,

All the treatments were made in quadruplicate, The
total number of $-gallon pots used was 64, Each of the
64 pots received 20 mgm phosphorus, The amount of radio-
active phosphorus supplied was 10 uc per pot in the first
two treatments and 1l uc per pot in the last two treatments,
Treatments I and II were seeded on October 15, 1964 and
Treatments III and IV on October 17, 1964, Soybeans, rape,

flax,and oats were harvested 60, 73, 82, and 60 days, res-

pectively after seeding,

Results and Discussion

Data for the yield and percent phogphorus in the

plant material are given‘in Table VIII, Although in soy-
beans, rape and flax, the yleld was not affected on changing
the method, there was a significant decrease in the yield of

oats on applying phosphorus ag crystals - the decrease beling




TABLE VIII

WEIGHT OF OVEN-DRIED PLANT MATERIAL PER POT
AND PERCENT PHOSPHORUS IN THE TISSUE AS

AFFECTED BY METHOD OF APPLICATION

71

Solution

Crystals

Crop

LsD

40 ml1 10 ml Spread Centre o.os 0.01

Rape Yield (gms) 5.41
Total P (%) 0.26
Oats Yield (gms 50,63
Total P (%; 0.16
Soybeans Yield (gms) 5.59
Total Pg?o) 0.37
Flax Yield (gms) .76
Total P (%) 0.26

Ns#
NS

0.75
NS

NS
NS

NS

0.07

NS
NS

1.04
NS

NS
NS

NS
NS

# NS = Not significant.
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larger for the "crystals centre!" treatment, At the 1%

level, in oats, the wide band was significantly better than

both methods of crystals application, The content of phos=-
phorus was not significantly different from different
applications in all the crops except in flax which showed
a significant decreasg from Yerystals centre® spplication,

Table IX contains data to show the effect of widening

the band on fertilizer uptake and total phosphorus absorbed,
Statistical analysis showed that the amount of total phos-
rhorus from four treatments was not different for soybeans
and rape, The variation in other two crops 1s evident from
the LSD values in the table, The total amount of prhosphorus
decreased in the order soybeans, rape, flax and oats,

As regards the percentage uptake of fertilizer, a
narrow band is better than a wide band for rape but for
the other crops the reverse is true, Phosphorus from the

narrow band and the crystals spread was more or less equally

available to all crops except oats, where the former method
was found to be more efficient,
Rape absorbed more fertilizer from the crystals

placed in the centre of the pot than from the uniformly

spread crystals. But the other crops were more efficient
in absorbing phosphorus from the crystals spread as compared
to from the crystals centre, The absorption of phosphorus by

soybeans from the fertilizer crystals applied in the centre
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TABLE IX

TOTAL PHOSPHORUS (PER POT) AND PERCENT OF
THE FERTILIZER ABSORBED

. Solution Crystals
Crop — . ——— — SR L.SD
L0 ml 10 ml Spread Centre B ’

0.05 0,01

Rape Total P 14,16 13.79 13.05 15.35 NS# NS
| (mgm)

Uptake (%) 26.95 28,01  29.84 37.40 3.26 Le57 ?,.L

Oats Total P o o g . = o

(mgm) 9.03  9.33 7.5k  6.57 1,60 2.2k

Uptake (%) 18.30 17.07 13.98 Te55 2,24 3.15

Soybeans Total P 20.60 20,21 22.28 19.87 NS NS
(mgm) S L

Uptake (%) 27.96 22.65 25.70 17.3h 3.3k 4.68

Flax Total P 12.45 12,81 11.80 8.56 2.38 3.33
' (mgm) | . o ‘ - N

Uptake (%) 20.65 16.50 17.49 5.3  4.00 5,61

# NS = Not significant.
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of the pot was about two-thirds of that absorbed from the
fertilizer crystals spread uniformly; the corresponding

figures being about one-half and less than one~third for

oats and flax respectively.
The soil employed in this experiment had a larger
amount of gvallable phosphorus than the solls used in the

previous experiments (Table I), The uptake of soil phos-

phorus, as percent of the total phosphorus absorbed by
the plants, in the present experiment was also higher than
in the earlier experiments (Table X),

The differences in the amounts of soil phosphorus

absorbed amongst the four treatments by any of the crops
were statistically not significant., Under the conditions
4of the present experiment rape and flax were about equally
- efficlient in extracting soll phosphorus, Soybeans and

oats absorbed the largest and the smallest amounts of phos-
phorus from the solil, respectively,

Data in Table X show the veristion in the ratio of

s0ll phosphorus to fertilizer phosphorus in the plant, On
narrowing the band, the "A" values decreased in rape and

increased in the other crops. It is interesting to note that

for rape and oats the "A" values were about equal in the
Tirst treatment but the values were much higher for oats in
treatment IV, The "A" values being very high for soybeans,

flax, and oats in treatment IV again show their greater




TABLE X
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AMOUNT OF PHOSPHORUS (PER POT) ABSORBED FROM
- SOIL AND FERTILIZER AND A" VALUE DATA

Solution

Crystals

O ml 10 ml Spread Centre -
L . 0.05 0,01
Rape  Fertilizer-p 5.39 5.60  5.97 7.8 0.66 0.93
mgm
Soil-P (mgm) 8.77 8.18 7.09 7.87 Ns#¥ Ns
WA® value 16.32 14.58 11.94 10.57 2.77 3.88
(ppm)
Oats Ferti}izer-P 3.66 3.41 2.80 1.51 0.45 0.63
mgm
Soil-P (mgm) 5.37 ~ 5.92 474  5.06 NS NS
A" value ll}o66 17032 16093 3#080 6095 9075
(ppm) |
Soybeans F%rti}izer-P 5059  4.53 5414 3.47 0.67 0.94
‘ \mngm .
S0il-P (mgm) 15,00 15.68 17.14k . 16.40 NS NS
A" yalue 26,91 35.19 3L4.73 A47.66  7.39 10.36
-(ppm)
Flax E?rtilizer—P Lo13 3.30 3.50 1.09 0.80 1.12
(e :
Soil-P (mgm) 8.32 9.51 8.30  7.47 NS NS
"AR yalue 20,62 29,03 23.64 68,61 5.93 8.31

-(ppm)

# NS =

Not significant.
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efficiency to absorb phosphorus from the soil when the
fertilizer is present as a point source,

There was no distinct comcentration of roots in the
fertilizer band with soybeans, flax, and oéts. By looking
at the root distribution in the soil, it was very easy
to 1doate the srea where the fertilizer was applied in the
case of rape, The concentration of roots was in & wider
area in treatment I than in treatment II or III, MNoreover
there was 2 mase of roots in the centre of the pot in
treatment IV, It is not clear whether the concentration
of roots in the fertilizer zome is due to the higher uptake
or it is the large amount of fertilizer absorption that

~ gives risge to the abundance of the roots, There wWas an

evidence of the fertilizer crystals present in a small amount

in treatment IV of all the crops after the plants were

harvested,

The roofs of rape plants can concentrate in an ares

where the fertilizer phosphorus is present., It was observed

that the root concentration was more distinet in a narrow
bend then in a wide band, Also, the total quantity of
roots in the narrow band appeared to be more than in the
wide band, This may be the reason why a narrow band is
superior to a wide band in supplying the fertilizer and
therefore it seemg that the upbtake of phosphorus by

rape depends to some degree on the number of roots present

G e s S R s s e e
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in the fertilizer band, Thus it ig clesr that the uptake
of the fertilizer by a crop depends on the method of
application (32,61,107),

The roots of the other crops 4o not concentrate
in the vicinity of the fertilizer zone, It appears that
fertilizer qptake by these crops does not depend on the
number of roots in the fertilizer band, exbept that in a
wide area there wlll be more roots than in a narrow area,

The difference in phosphate uptéke by the crops may
be due to phosphate fixation in the soil and then the
differential abilities of the plants to feed cn'these
oompognds. Phosphorug applied in & wide band is in con-
tact with a large smount of soil, Application of the
fertilizer in a narrow band dimiﬂishes the surface of con-
tact between the fertilizer and the soil, The concentra-
ted source of phosphorus applied as crystals 1s in contact
with even less soll, Thus different amounts of phosphorus
are fixed by the soll from the fertilizer applied by var-
ious methods,

Apparently rape is less efficient than soybeans in
utilizing fixed phosphorus, Bape can asbsorb more phosphorus
from the fertilizer crystals perhaps because less phosphorus
is fixed compared to other methods of application, The
results show that flax and oats behave like soybeans in
the extraction of fixed phosphorus,

In general, for rape the narrower the band the higher
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is the fertilizer uptake, The opposite is true with the
other crops, This supports the results of Blaser and
MoAuliffe (17) that the efficiency of a particular method
depends on the type of the crop grown, The method of
spplication is more important for flax and oats than for
fape. It is suggested that a proper method must be

selected for an efficient use of the fertilizer,

EXPERIMENT 6,

In the last experiment it was observed that the
uptake of fertilizer depends on the method of application,
A wide variation was found amongst the crops particularly
where the crystals were placed in the centre of the pot,
This observation led to the experiment described below,

The purpose of the experiment was to study the uptake

of fertilizer as influenced by the pH and the solubility
of the phosphate carrier, Two soilg differing in the amount of
NaHCOB-extractable phosphorus were used and thus it was
possible to evaluate the influence of soil phosphorus level
on the utilization of the phosphate fertilizer,

In the first experiment it was found that buckwheat
is a very good utilizer of the fertilizer, So this crop
was used in place of soybeans in the present experimehb to
study its ability to sbsorb fertilizer and compare it particu-

larly with that of rape,
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Materials and Methods

The following treatments were included:-

I, Momopotassium phosphate (MKP) as "crystals spread",

IT, Momopotassium phoéphate (MKP) as “crystals centre',

I1I. Dicalcium phosphate dihydrate (DCPD) as "crystals
centret®,

iV, Dipotassium phosphate (DKP) as "ecrystals centre",

Soil I (high in available phosphorus) was used for all

the four treatments. Soil II (low in asvailable phosphorus)
was used for the treatment in which MKP was appllied as
"ecrystals centre", Rape, flax, oats, and buckwheat were
grown, The treatments were replicated four times, A-
total of 80 one-half gallon pots were required,

Two millicurie P2 was obtained in June 22, 1965. It

was diluted to 100 ml, Only radioactive crystals were used

in this experiment, MKP and DKP crystals were made radio-
active in the same way as for trestments III and IV of the
last experiment. DCPD* was prepared in the following way:

A phosphorus (NaZH?64*2H20 + KHQPS@) solution and a

CaCl, solution were added slowly to a MKP solution and

2

stirred mechanically. The pH was maintained between 4 and

5 (6)., The mother liquor was sucked from the crystals
which were washed with a very dilute solution of H3P04
and then with ethanol prior to air-drying. The content

of P and Ce in the compound was 17,50% and 23,28%, respec-
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tively, which is very close to the theoretical values and
thus indicates that the compound was successfully prepared,

For solubility studies, one-tenth of a2 gram of DCPD
wag shaken with SO ml water for 24 hours, The pH of the
suspension was measured, After filtering, Ca and P were
determined in the filtrate using EDTA and colorimetrie
methods, respectively, The coordinates (pH-3pCa) and
(pH POy, + ip Ca) were calculated from the following analy-
tical data: '

pH = 6,00

[P] = 0.316 x 107%M

[cd] = 0,163 x 1072

£ p Ca = 1,47
2454

pH2P04

Thus,
(o - #p C8) = 6.00-1,47 = k.53
(pHRPOy + 3p C&) = 2.54+1.47
K = (pH - 3p Ca)-(pH,POy+ %p Ca)

The value for X reported in the literature (90) is

4,01

il

It

0.52 at 25°C

0,66 at 18°cC,

The fertilizer crystals supplied 20 mgm P per pot.
Each pot received 10 uc P32 fpom MKP end DKP and 10,7 uc
from DCPD crystals, The crops were seeded on June 27,1965,

and harvested after a period of 60 days,
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For the preparation of octacalcium phosphate (OCP)
a phosphorus (NazH*Pon) solution and a CaClz solution were

added drop by drop to a beaker containing some water, and

the mixture was stirred mechanically. The pH was malintained
at 10 using 6N NaOH solution, The mdther liguor was sucked
and the crystals were washed rapidly three times with ethanol
and then alr-dried. The crystals were ground to between

0.10 and 0.25 mm diameter, The content of P and Ca in the

compound was 15,40% and 30.32%, respectively, which lg very
close to the theoretical values and thus indicates that
. the compound wasg successfully prepared,
For solubility studies the following values were

obtalined:

1

7.13
0.818 x 10™°M

[»]
[c=]

1]

i

0.155 x 1031

p Ca = 1,94
PHoPOY = 3.37
Thus,

K = (pH-%p Ca)-3 (pHpPOu+Ep Ca) = 10,03
The value for K reported in the literature (90) is

9.93.

The crops were grown on Soil I, PBz-labelled OCP was
31

applied as "crystals centre" supplying 20 mgm P and 10 uc

P32 per pot, Seeding was done on January 20, 1966, The
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crops were harvested 43 days after seeding,

Hesults and Discussion

Data for the yield, total phosphorus, and fertilizer
uptake are summarized in Table XI, The dry matter produced
on S0il I was higher than Séil II in all the four crops.

The phosphorus content was higher in the plant material from

So0il I than from Soil II in &ll the plants except in oats

where the content 4did not décrease with a decrease in soil
phosgphorus level, |

The comparison of crystals spread and crystals centre
shows that the latter is sglightly better for rape and buck-
wheat in their utilization of MKP, But in flax and oats
the uptake is reduced tc about one-sixth and one-third,
respectively when the crystals are placed in the centre of
the bot rather than spreading them, Webber (114) reported
that flax responded to phosphate mixed throughout the soil

but no response was obtained from band application, He

zlso found that oats and rape responded to both mixed and
band application,

The results show, as was shown in the last experiment,

that the efficiency of & fertilizer depends on the method
of application (32,61,107).

The table shows that MKP and DKP are more or less
equally avallable to rape or buckwheat, But flax and

oats absorbed phosphorug about four and two times, respectively,
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TABLE XI

WEIGHT OF THE PLANT MATERIAL (PER POT), PERCENT
PHOSPHORUS IN THE TISSUE, AND PERCENT
UPTAKE OF THE FERTILIZER

poil I Soil II

: Crystal Crystal Centre
Crop Spread

WK wxe?  popp®F prpBHF yppd

Buckwheat Yield (gm) 17,76  16.62 16.44 17.12 15.61
T (%) T0.16 0.15  0.16 0.15 0.1z
Uptake (%) 55.39  57.5k  42.45 55.5, s53.34

Rape Yield (gm) 10.25 10.11  10.00 10,39 9.13
¢ (%) 0.23 0.23 0.22 0.23 0.18
Uptake (%) 49,10 50.01  38.25 52,19 56,93

Qats Yield (gm) 10,19 9.69 8.80 10.22 6.0
Total P (%) 0.19 0.18 0.19 0.18 0.1
Uptake (%) 29,21 10.58 6.69 20.54 13

6.12 6@8&

Flax  Yield (gu) 6.53 6,06 5.33
Total P (%)  0.24 0.18  0.19 0.20 0.13
Uptake (%) 19.13 3.15 l.46 11,64 5.15

# MKP = Monopotassium phosphate.
## DCPD = Dicalcium phosphate dihydrate.

L DKP

Dipotassium phosphate.




84

from DKP as that absorbed from MKP, The results show that
the efficiency of a particulsr method is slso determined
by the availsbility of the fertilizer (85).

The higher avaiiability of DKP is possibly due to
its diffusion in a larger area around the crystal zone,
Uptake of phosphorus from DCPD crystals isg of particular
interest, Rape and buckwheat absorbed about 40% of the
phosphorus in this carrier while flax and oats absorbed
only 1,5% and 6,7%, respectively, DCPD was always less
available than the other two carriers tested. BRape and
buckwheat are almost similar in efficiency to pick up
phosphorus irrespective of the cérrier used for making
erystals, Oats were found to be less efficlent than fThese
two crops, Flax was least efficient in absorbing phosphorus
from the crystals.

The effect of so0il phosphorus level on the utilization
of MKP, applied as crystals centre ls also shown in Tagble
XI. BRape, flax, and oats absorbed mofe fertilizer from a
soil low in available phosphorus, The results corroborate
the findings of Bureau et al, (25), Jacob et al. (57), and
Woltz et al. (117). However, there was some decrease in
fertilizer utilization by the buckwheat plants on the soil
low in available phosphorus., Generally, the results fall
in line with the observations of several workers (75,103)
that the'influence of fertilizer placement depends on the

soil being used,
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Data presented in Table ¥TI show that the amount
of total phosphorus sbsorbed by the plants decreased in the
order buckwheat> rape> oats> flax, The comparison on
two soils for the uptake of phosphorus from MKP crystals
confirms the observations of Woltz et al. (120) that an
increase in the soil phosphorus level increases total
growth, and total phosphorus uptake but decreages the
percentage of fertilizer phosphorus in the plant,

Iess phosphorus was absorbed by the‘plants from Soil
11 because of the limited quantity of available phosphorus
present in the soll, 4 comparison of the MKP crystals
spread and crystals centre treatments on S0il I shows that
the fraction of total phésphorus gbsorbed from the soil was
higher for rape and ovuckwheat from the crystals spread
treatment and for oats and flax from the crystals centre
trestment (Table XII). The plents absorbed more soil phos-
phorug from the treatment where DCPD was used because of
the lower uptake from this compound &asg coﬁpared to the
other phosphorus sources uged,

The soil phosphorus to fertilizer phosphorus ratios in
the plants are given in Table XII, On changing fhe method
of application from crystals spread to crystals centfe the
nan yalues decreased somewhat in rape and buckwheat but
increaged significantly in the other two crops. "A" values

were higher in plants grown on phosphorus rich goil, Imn




TABLE XII
PHOSPHORUS UTILIZATION (PER POT) AND ®“A™ VALUES
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Soil II

_ Soil I
Crystal Crystal Centre
Spread
MKP# : MKP# DCPD## DKP### MKP#
Buckheat Totel P 2763 24,86  25.5 26,19 18.41
Persilizer-p 11,08 11.5 8.49 1l.11  10.77
sé?%?% | 16.55 13.35 17.07  15.08 8.04
"ﬁﬁgﬁilue 15,08 11.85  20.56 13,58 7.52
Rape T‘(’_‘ggiﬂ)? - 2339 23.48 21,98 2k 31 3-_6781
Fé?%?%izer—? 9.82 10,00 7,65 10,44 11,39
sé?%f% 13,57 13.48 14,33 13.87 5,¢2
«éﬁgﬁilue 13.86  13.52 18.91  13.38 b7k
Oats Tégg??P 19.10  17.16  16.72 18,55 10.76
Fé?%?{izer-P 15,85 2.12 _1334 4.11 2.68
sé?%f%_ 13.25 15.04 15.38 Lhobl  8.07
“éﬁggglue 22.71 72.79 117.59 35036 30.29
Flax Té§§§)9 | 14;96 11;46 11;67 13;51 6;84
Fé?%?iizer;P 3.83 ‘0,63 0.29 2.33 1.03
sé?%ﬁ% 1114 10.83  11.38 1118 5.81
Cnlue 29,26 192,95  427.61  48.54,  57.89
(ppm)
f, MKP ; Monopotassium phosphate. -
## DCPD = Dicalcium phosphate dihydrate.

i DKP

Dipotassium phosphate.




general; the "A" values decreased in the order flax>
oats > buckwheat > rape,

Root studies showed that in crystals spread there
was a2 distinet root concentration in the band with rape but
not with the other crops, No crystals were found in any
pot, In MKP crystals centre a very good concentration of
roots was found around the crystals with rape, There was
no such root concentration with flax and oats but buckwhesat
showed some concentration, Only traces of the crystals were
present in the centre of all the pots. Root concentration
with rape was in a slightly wider area in the soil low
in available phosphorus,

In most of the pots the DCPD crystals were present
apparently in almost the same quantity in which they were
placed. However, it appeared that.in rape the carrier had
slightly moved, The crystals were present in a loose form
in flax and -oats but as a solid mass in buckwheat; in rape the
form was'somewhere in between the other two forms, There
was a distinct root concentration around the crystals with
rape but nme whatsoever with the other crops,

A very insoluble source of phosphorus, such as OCP,
was used with the view that this might show some differences
in the absorption capacity of rape and buckwheat and also
show the ability of flax and oats to extract phosphorus from

this carrier, BRape, flax, oats, and buckwheat absorbed
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20,09, 0,76, 0,81 and 19,48% of the phosphorus present

in OCP, This again shows that rape and buckwheat are

about equally efficient in absorbing the added phosphorus

and flax and oats are inefficient in extracting phosphorus

from an insoluble carrier,

EXPERIMENT 7

Studies conducted so far showed the differential

ability of plants for phosphorus uptake on calcareous
soils. The efficiency of a particular method of ferti-
lizer application has been reported to be different for
acid gnd alkaline soils (103).

The following experiment was conducted on a non=
calcareous soil, The objective of this experiment was to
investigate whether the differences manifested on calcar-
eous soils are also shown on non-calcareous solls,

tlaterials and Yethods

The seeds of rape, flax, wheat, and buckwheat were

planted on January L, 1966, Radioactive monopobassium
phosphate (MKP) crystals were applied as "erystals spread"

and "ecrystals centre®, The treatment combinations were

triplicated, Twenty four 3-gallon pots were required.

The above-ground portions were hnarvested 52 days after

seeding.
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Hesults and Discussion

The soil used for the present experiment was

high in the amount of NaHCOB-extractable phosphorus as
compared to the calcareous soils used (Teble I),.

Table XIII contains the results of this experi-
ment. |

The "t" test showed that the plant yields from the

two methods of applying phosphorus were statistically not
different,

In view of the data presented in Table XI for a
calcareous s0il and in Table XIII for a non-calcareous §: 
écil i1t is clear that the efficiency of two methods of |
crystal application depends, besides other factors, on the
presence of calcium carbonate, Phosphorus from the "erystals
centre® was more available than from "erystals spread", to
rape and buckwheat in the calcareous soil but the opposite
was found in the non-calcareous soil, In the case of flax

and & oefeal, phosphorus from the "crystals centre® was

more avallable in the non-calcareous than in the calcareous
soll., &lthough there was a larger uptake of fertilizer

from the "crystals spread" tham from the "erystals centre"

in all crops, this difference was statistically significant
only in flax,
In the previous experiment it was found that the fer-

tilizer absorption decreased to one-gixth for flax and one-

_ third for oats when the method was changed for applying MKP
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crystals from “crystals spread" to "ecrystals centre®,
A decreasse in fertilizer uptake by flax and wheat was found

in the non-calcareous solil but it was not as large as in

the calcareoug soil.
Esau and Raczl found that the uptake of phosphate
fertilizer by flax increased with an increase in the area

of fertilizer placement, particularly so on the calcareous

soil, They observed that the "crystals centre" was much

better than the "erystals spread" for rape on the calcareous

soil but the former was somewhat less efficlent than the

latter method in supplying phosphorug to these plants on

the non—calcéreous soil, The amount of available phosphorus

in calcareous and non-calcareous soil was 7,29 and 7.99 ppm,
respectively. Therefore, the differences in the abilitles

of the plants to extract phosphorus from the fertilizer crystals are
present between calcareous and non-calcareous soils although

the phosphorus level of both the soils is similar, Thelr

results are in line with the findings reported here,

The amounts of phosphorus absorbed from the soll were

not significantly different from the two methods of fertilizer o

application for any of the crops used,

lgsau, R. and G.J. Racz., 1966, Unpublished date,
Department of Soil Science, University of Manitoba,
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The "A" values were high for the "erystals centre"
treatment for all the crops, but these differences were

significant only for flax and wheat. The "A" values for

rape and flax were almost similar in the verystals spread®
treatment but from the other treatment these values for

flax were about twice as high as that for rape, Because

the soil phosphorus uptake by flax, like other crops, was

not different for the two methods of application, a very

high vt yalue for the “"orystals centre® treatment of
flax is due to its much lower upbake of the fertilizer
from the crystals placed in the centre of the pot than that
from the crystals spread uniformly,

Thus it is evidént that the availability of phosphorus
from the fertilizer applied by a particular method is

differént for calcareous and non-calcareous solls,
¢, BOX EXPERIMENTS

The results of the previous experiments showed

the differential phosphate feedling abilities‘of the plants
when the fertilizer was accessible to all the roots, These

differences amongst the plants could be due to the giffe-

rence in the efficiehcy of a single root to solubllize the
phosphates before absorption or due to the difference in

the capacity of translocating the absorbed phosphates to
other parts of the plants, Thus the approach in the follow=-

ing two experiments was to use & split-root technigue in
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which the fertilizer phosphorus wés available to a single

root and the soil phosphorus was avsilable to all the

roots.,

Materials and lMethods,

Four growth boxes were used, They were constructed

from plexiglass {(a transparent plastic material) and were

painted with a black paint on the outside. The box had a
removable front so that the distribution of roots could be
geen, The box was divided into two paerts and each of them
served as one replicstion, Each part in turn was divided
into two compartments - the back compartment for growing
the plant and the front one for growling the single root,
The design of the box was obtained from Dr. M. H, Miller
{personal communication), A4 drawing of such a box is
given in Figure 12,

Rape, flax, oats, and buckwheat were grown, One
box was used for each crop, Each of the back compartments
contained 7.5 kg and each of the front compartments contained
3.6 kg of the air-dried soil, Moist soil was placed in the
boxes. The seeds were germinated in vermiculite., A com-

plete nutrient solution was prepared (73). The solution -

was diluted to Qne—half the concentration and sdded to
vermiculite at proper intervals after germination,

Two plants Were grown in a box, i,e., one plant in




‘__Figure 12. A Drawing offThe Box Used to Study
- Phosphorus Uptake by a Single Root.
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each of the back compartments. & single root was péssed
through the slot in the plexiglass divider to the front

compartment at the time of transplenting. Radloactive

monopotassium phosphate (MKP) corystals were used, The
plants were watered periodically as in the pot experiments,
Wire supports were provided, The leaves that fell off from

the plants were collected,

EXPERIMENT 1

Materials and Methods

The seeds were sown in vermiculite on July 6, 1965
and watered whenever required, & complete nutrient solu-
tion was then added periodically,

The plants were transplanted into the back compart-
ments 23 days after seeding, A single root of the°p1ant
wag passed through the slot in the plexiglass dlvider to
the front compartment to let it grow against the front

wall, In buckwheat the primary root was passed through

the slot and in the other three crops the secondary roots
were passed to the front compsrtment,

Ten days after transplanting, the radioactive ferti-
31 32

and 10 uc P were

lizer crystals supplying 20 mgm P

placed in each of the front compartments close t0O the
single root near the centre of the fromt wall, No other

nutrients were added because The plents were being grown
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In a large amount of soil, The crops were harvested on

September 20, 1965 and analyses were done,

Besults and Discussion

The results of thié experiment are shown in Table
XIV, The data presented are averages of the duplicates
for rape and buckwheat and are individusl values for the
other two crops.

Rape produced more dry matter than buckwheat, The
yield of flax was only one-third and less than one-tenth
of that obtained from oats and rape, respectively, The
phosphorus content in the plent materisl of flax was much
higher than in the other crops. The amount of total
phosphorus absorbed by the plants decreased in the order
rape, buckwheat, oats, and flax, The amountvof soil ?hos-
phorus absorbed per gram of plant material wasg highest
for flax but rape absorbed the largest amount of soil .
phosphorus,

The single root of both plants of oats and one
prlant each of flax and buckwheat died a few days after
transpiantation. Therefore, it was not possible to
determine fertiiizer uptake by ogps; The single root of
rape absorbed and trenslocated 24,00% of the fertilizer,
The corresponding figures for buckwheat and flax were

L ,96% =nd 0,27%, respectively,
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TABLE XIV

WEIGHT OF THE OVEN-DRIED PLANT MATERIAL AND
PHOSPHORUS UTILIGATION IN EACH COMPARTMENT.

Buckwheat##  Rape# Oats#  Flax##

Yield (gm) 12,11 W,51 | 3,74 1,25
P in tissue (%) 0.31 0.38 0.33 0,68
Uptake (%) k,96 24,00 - 0,27
Total P (mgm) 37430 55.70 12,49 8,45
Fertilizer-P (mgm) 0,99 4,80 - 0.05
Soil - P (mgm) 36,31 50,91 - 8.40

24

#  Average of two replications

## Results of one replication,




e S e e e

98

This study Very well confirms the results obtained

in the previous experiments that rape 1is very efficient

in absorbing large amounts of vhosphorus from a concentra-
ted source while flax ls least efficient in absorbing the
fertilizer from such a high phosphate concentration, It

ebpears that the single root of rape can solubilize and

translocate phosphorus in large amounts to other parts of

the plant, Flax does not seem to have either one or both
of these characteristics, 1In the previous experiments
buckwheat has always been found to be as good or better 5:
than rape in extracting added phosphorus, However, the
§ single root of buckwheat absorbed only small amounts of
| the fertilizer under the Present experimental conditions,
The slight angle of the front kept the root growing
at the soil surface, The growth'pattern of the single
root was observed periodically by taking off the removable
front, A distinct concentration of roots was found with

rape where the phosphate carrier was applied. This indicates

that the single root of rape branches out profusely on
coming in contact with the fertilizer and, therefore, a

distinct concentration of roots found in the fertilizer

band in the pot experiments seems to be due to this charace
teristic, No such root concentration was present with flax
and buékwheat. It appears thst a single root of flax ang

buckwheat does not branch out to give a distinet root
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concentration, Because the primary root of buckwheat
was passed through the slot, this observation can not be
generalized for other roots as well, Therefore, 1t was
thought appropriate to let the plants grow for a little
longer period of time before transplanting so that the
secondary root of buckwheat could be passed through the

slot,
EXPERIMENT 2

Materials and Methods

The procedure was the same as that for the last

experiment except that:

{1) Seeding in vermiculilte was done on December 7, 1965.

(2) Transplenting into the boxes was done 35 days after
seeding, so the plants were older than in the pre-
vious experiment and thus it was possible to put the
secondary root of buckwheat also through the slot
in the divider,

(3) The radioactive fertilizer crystals were placed at
transplanting time,

(4) The crops were harvested on March 7, 1966,

Regults and Discussion

Plant yield and phosphorus utilization data are shown

in Table XV. In rape, flax, and oats the values presented
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TABLE XV

WEIGHT OF THE OVEN-DRIED PLANT MATERIAL IN EACH
COMPARTMENT AND PHOSPHORUS UTILIZATION DﬁTA#

Buckwheat### Rape## Oatgi# Flax#

I 11

Yield (gm) 8.37 10,26 18,89 10,42 2,61
P in tissue (%) 0,36 1,23 0,24 0.24 0,50 |
Uptake (%) 179 29.83  19.38 0.3 0.36
Total P (mgm) 30,30 125,69 45,26 24,89  12.98 -
Fertilizer-P (mgn) 0.36 5,97 3.88 0,07 0,07
S0il-P (mgm) 29,94 119,72 41,38 24,82 12,91

# At the time of transplanting each plant of

rape, flax, oats, and buckwheat contained
1,96, 0,85, 2,20 and 9,57 mgm P, respectively,

## Average of two replications,

###  Results of the two replications are given
separately,
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are the averages for two replications, Due to a large

difference in the phosphorus utilization data obtained

from the duplicates of buckwheat, the values from each
replication have been given separately. The yields of
rape, flax, and oats were much higher than in the previous

experiment although buckwheat produced somewhat less plant

matter,

In rape, a distinct concentration of roots was found
near the srea of fertilizer spplication, Flax and oats
did not show any such concentration., Buckwheat did show
some root concentration where the crystals were applied
in gecond replication,

Bape produced = distinet concentpation of roots in
the vicinity of the fertilizer and'thus.usea it efficiently

by solublilizing and translocating absorbed phosphorus to

other parts of the plant., The data show that both flax
and oats are very poor in solubilizing and/or translocating

phosphorus to the other parts of the plant,

The single root of buckwheat in the first replication
absorbed only one-eleventh of the fertilizer of that absor-

bed by rape but from the second replication absorbed one-

and-a-half times of that absorbed by rape. This difference
between the two treatments of buckwhest can be explained

by the fact that there was a better root concentration in
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the fertilized area in the second replication, It is also
clear that a single root of buckwheat can absorb the |

fertilizer in quantities higher or lower than that absorbed

py rape and this seems TO depend on the root concentration
in the vicinity of the fertilizer. The higher uptake of
the fertilizer by buckwheat in the second replication was

reflected in the yileld,

The amount of soll phosphorus absorbed’by rape was
higher than that absorbed by flax and oats. The higher
content of fertilizer phosphorus seems to have encouraged
root growth and this probably increased the uptake of
gsoil phosphorus in the second replication of buckwheat,
However, this does not seem to account for all the extra
soil phosphorus absorbed., There is a possibility that the
nigher amount of soll phosphorus absorbed in the second
replication is due to a contamination in the determination
of total phosphorus,

These box experiments show that tThe differences in-
the plants in the abllitles to absofb fertilizer phosphorus
are due to the difference in their efficliency to solubilize

and translocate phosphorus, Which one of these factors,

that of solubilizing the phosphates or that of tranglocating
absorbed phosphorus, ls more important can be studied by

eliminating one of these factors,




CHAPTER V
HYDROPONIC EXPERIMENTS

In the split root technique using plexiglass boxes
it was found that a single root of flax and oats was not
able to absorb phosphorus from a very concentrated zone
while that of rape was quite efficient, The single root
of buckwheat 4id not absorb sufficient quantities of the
fertilizer when the root did not branch in the fertilized
- area but 4id absorb large quantities of the added phos-
phorus when there was some branching of the root in the
viainity.of the fertilizer zone,

The box experiments showed that the efficiency
of a single root of the plant to utilize the fertilizer
seems to be due To its abllity to solubilize or translocate
phosphorus or due to both these reasons, By using nutrient
solutions one of these factors - that of solubilizing -
can be eliminated and the difference in the abilities of
the plants to translocate phosphorus can be studied. 8o
it was thought desirable to conduct some nutrient culture
experiments,

Two nutrient culture experiments were conducted in
which the 8plit root technique was used. The purpose of
the experiments reported was to study the efficiency of
a single root to absorb and translocate phosphorus to the
tops and rest of the roots, Moreover, studies were also

done to find the effect of other nutrients on the root

103
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growth and uptake characteristics. The single root was
subjected to one solution amd the rest of the roots to

another,
&, MATERIALS AND METHODS

hape, flax, oats, and buckwheat were seceded in ver-
miculite and the nutrients wefe applied at frequent inter-
vals, as described for the box experiments, The plants
were transplsnted into the jars,

Aluninum-foil wag wrapped sround Jars to shroud the
nutrient solutions from the light and thus preveﬁt
undesirable effects, The tops of the Jjars were made
waterproof by coafing them with paraffin, Two compartments
were made in each jar by putting}a polyethylene tube in it,
The cover of each jar had three holes, one of them being
for the plant and the other two for glass tubes for
aeration, supplying air in the solutions of the Jjar and of
the tube, The glass tubes were comnected to plastic tubes
which were in turm connected to a compressed air line for
aeration, Alr was bubbled slowly through the solutions to
maintain serobic conditions to support proper rlant growth,
The experiments included three treatments, There were
three replications. 4 total of 36 one-pint jars were used,

The nutrient solutions were prepared as described by
Hachlis and Torrey (73). The solution contained major

salts in the following concentrations: Ca(NO3)2, 5,0 mM;

KNOB, 5.0 mM, and MgS0y~ 2,0 mM, The solution was 5 opm
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With respect to iron supplied as FeEDTA, The concentra-
tion of the micronutrients was the same as given in the
procedure (73).

The volumes of the solutions used for the jar and
the tube were 300 and 40 ml, respectively, The solutious
were shaken thoroughly before using them, The stock
solution of phosphorus was prepared by mixing 1 M KH2P04
and 1 M KZHPOQ such that the pH of the solution was the
same as that of the complete minus phosphorus sélﬁtion
(pH = 5.4).

One plant was grown in each jar. Vermiculite adher-
ing to the roots was carefully removed by washing in water
before transplanting. The stems were supported by placing
small wads of cotton around them, The plants were kept
in an upright position by wire suppért.

After growing in the nutrient solutions, the plants

were removed and the roots were washed thoroughly, The

ghoots and roots were excised, dried, and analysed separately,

The first of the two chemiculture experiments was

carried out without the use of radlioactive phosphorus,
EXPERIMENT 1

Materials and Methods

The seeding in vermiculite was done on April 15,1965,
and the complete nutrient solution was supplied in the same

manner as in box experiments,
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The following treatments were included:
I. A 93,0 ppm phosphorus solution in the tube and a

complete minus phosphorus solution in the jJjar,

II. Water in the tube and & complete solution contain-
ing 12,4 ppm phosphorus in the jar,
III. A complete solution containing 93 ppm phosphorus

in the tube and a complete minus phosphorus solution

in the Jjar,

Transplanting into the jars was done on lay 18, 1966,
4 single secondary root of all the plants were passed into

the tubes., Flax plants seemed to have some nutrient

deficiency at the time of transplanting whioh, however,
disappeared later on,

| The solutions were changed once every week, The
volume of the solution was maintained by adding water every
second day during the first wéek and then every day, Be-

sides a fresh supply of nutrients at the time of transplant-

ing, the nutrients were changed five times during the

period when the plants grew in the jars, Thus each plant
was subjected to a total of 22,32 mgm phosphorus, The

flax plant in the second replication of treatment II died

two weeks after transplanting and therefore the results
given in the tables for this treatment are the average of
the remaining two replications, The crops were harvested

36 days after transplanting., The roots were washed thoroughly;
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The roots and shoots were excised, dried, and analyzed

separately,

Results and Discussion

Visual observatlions showed that the plants of treat-
ment II were growing best, Treatment I was slightly better
than treatment III for flax but for the other three crops

treatment II1 was better than treatment I.

The single root of rape, oats, and buckwheat absor-

bed phosphorus from solutions of high concentrations
used in this ekperiment (Table XVI) provided that other
nutrients were also present for proper root growth, The

" high phosphorus concentration in the nutrient media wasg
detrimental to a flax root,

The single root in treatments I and II did not branch

in any of the plants, The presence of other nutrients had
a favourable effect on the growth and branching of the
gsingle root and this effect was very prominent in rape;

At the time of transplanting the volume of a sinéle root

was largest in oats, followed by buckwheat, rape, and
flax, The weights of the single roots after growing the

plants in the nutrient solutions are recorded in Table

XVII, The uptake of phosphorus varied with the weight of
the single root,

A single root of rape in the presence of other nubrients
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TABLE XVII

WEIGHT OF THE SINGLE ROOT (IN GRAMS)
AFTER GROWING THE PLANTS IN THE
NUTRIENT SOLUTIONS

Treatment#

Crop T TT » TTT
Buckwheat 0,015 0,011 0,017
Rape : 0,004 0,006 0,072
Oats 0,006 0,007 0,007
Flax 0,003 0,002 0,007

# See footnote of Table XVI
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absorbed two-thirds of the phosphorus absorbed by all
the roots; The Single roots of other crops were much
less efficlent and a single root of flax did not absorb
at all from this solution containing 93,0 ppm phosphorus,
In the absence of other nutrients in the solutions, a
single root'of rape was less efficlent than oats and
buckwheat but the presence of other nutrients increased
the root growth of rape mofe than other crops and it
absorbed the highest amounts of phosphorus,

Although in the presence of other nutrients a single
root of rape absorbed the maximum amount of phosphorus, a
single root of oats was most efficient in this respect on
a per gram basils (Teble XVIII), Thus the efficiency of a
single root of rape to absorb phosphorus is due to its
larger root size, Therefore, it can be concluded that in
the presence or absence of other nutrients the uptake of
phospho:us by a single root of the crops studied is

dependent on the extent of root growth,
EXPERIMENT 2

The last experiment showed that the uptake of phos-
phorus by a single root was related to the extént of root
development which in turn depends to & large extent on
the presence of other nutrients, Thus it was thought

appropriate to conduct a short-term absorption experiment
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TABLE XVIITI
UPTAKE OF PHOSPHORUS BY &4 SINGLE ROOT
Treatments# Weight of the P Uptake by P Uptake
Crop root {gm) single root (mgm) (mgm P/gm root)

Buckwheat I
I11

Rape I
1 IIT

Oats I
. IIT

Hlax I
I11

.

0,015
0,017

*

0,004
0,072

* &

0,006
0.007

s >

OO =N~y N3O oo

0,003
0.007

CO HO WO &R
oo o wE TWw

* &

69
285

10
136

130
243

0
0

# See footnote of Table XVI
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with the use of radioactive phosphorus so that its
translocation to the aserial parts and rest of the roots

could be traced, It wasg thought desirable to study if

these differences become pronounced at some particular

stage of growth,

Materials and Methods

The seeds were planted in vermlculite on three

different dates, 21, 35, and 45 days before transplanting,
A complete minus phosphorus solution was used for the jars
and a 93.0 ppm phosphorus solution was used for the tubes,
The plants were transferred to the test media on July 11,

1966, They were allowed to adjust for three days to these

conditions,

&fter the adjustment period, the solutions were
changed, This time 30 ml of a 124,0 ppm phosphorus solu-
tion were used for the tube so that after the addition
of 10 ml radioasctive solution (10 uc PBZ) the total vole

ume in the tube became 40 ml with a concentration of 93,0

- ppm phosphorus, The solutions were not aerated after
the addition of P32 in order to avoid contamination of

the solution in the jar by splashing of the radioactive

golution from the tube,
The plants were harvested 24 hours after the addi-

tion of radiocactive solution, The roots were washed
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thoroughly and the washings were saved with the nutrient
media, The radioactivity was measured in the solutions

and the plants to account for all the P32 added,

Regults and Discussion

The amount of dry matter prdduced is shown in Table
XIX, The weight of flax plants growing in vermiculite did
not Qiffer at the three different stages which may be due
to the pfesence of some element(s) in quantities insufficlent
for optimum growth of the flax plasnts although a complete
solution ﬁas used when the plants were growing in vermicu-
lite. However; at the first stage buckwheat, rape, and
osts produced only 1/10, 1/5 and 1/9, respectively of the
dry matter produced at the second stage, The differences
between the yields at first and second sbages were much
larger than between second and third stages because of the
sigmoid growth curves of the plants,

A direct comparison between the previous andvthe
present experiment is difficult because the plants were
harvested 69 days after seeding in the last experiment
and 25, 39,and 49 days after seeding for the present experi-
ment, However, the results of the firste treatment of the
last experiment can be compared to some extent with the
results of the present experimént because of the similarity

in the treatment,
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The fate of P32 added to the solutions in the tubes
can also be seen in Table XIX, The last experiment showed
that in the absencé of other nutrients a single root of
buckwheat absorbed more phosphorus than the other crops,

" The use of P32 in the present experiment showed that a
gimilar trend-was found when the plants were harvested 39
days after seeding. Thus the age of a plant has an import-
ant bearing on the relative uptake and.translocation of
phosphorus, &t the last fwo stages most of the phosphorus
was translocated to the tops while at the first stage the
total amount of P32 translocated to the tops was not much
different than that translocated to the roots,

A single root of rape in the absence of other nutrients
was not efficient as oniy 0,18% of the phosphorus present in
the anutrient media was absorbed in the last experiment,

In the present experiment also rape did not show any efficlency
in extreacting phbSphcrus by a single root when no other
nutrients were present because not more than 0,21% of the
.phosphorus was absorbed and translocated at any stage.

The translocation of phosphorus to the tops decreased and
towards the roots increased as the plants grew older,

~In oats, at the firsf stage the translocation of
phosphorus ﬁbwards the roots was not much less than that
towards the tops, At the second stage the plants.absorbed

more phosphorus than at any other stage and most of it was
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translocated to the tops. On the contrary, a very small
amount of the absorbed phosphorus was translocated to the
tops at the last stage.,

The data indicate that a single root of flax can noft
absorb and translocate phosphorus from the concentration
used in this experiment although it 1s somewhat active in
absorption at the first stage, There is a continuous
decreasevin phosphorus uptake with the age of the plant,

The single root of flax in older plesnts did not absorb
phosphorus from & cohcentrated solution and whatever small
amount ls absorbed is translocated mainly to the rest of
the roots, The single roots of other three crops are more
active in absorbing phosphorus &t some later date,

It is apparent that these crops differ in the effic-
iency with which & single root can absorb phosphorus from
the solution, In addition, the fraction of total phosphorus
translocated to the tops or the rest of the roots depends on
the stage of plant development and varies with the cpop;

It is concluded that a single root of buckwheat
absorbs and translocates more phosphorus than does & single
root of rape when other nutfients are not present., On the
other hand, a single root of flax can not absorb phogphorus
when its concentration is high in the nutrient medium irres-

pective of whether the other nutrients are present or not,
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& single root of oats is more efficient than rape and
flax when other nutrients are not present but is less effic-

ient than rape and buckwheat in absorbing phosphorus when

other nutrients are present,
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CHAPTER VI
SUMMARY AND CONCLUSIONS

The differential phosphate feeding abilities of

mustard, rape, wheat, oats, barley, flax, peas, sunflowers,
soybeans, corn, and buckwhéat were studied, It was found

that the crops differed widely in the amount of phosphorus
absorbed from soil and from fertilizer and in thelr "A" vaiues.

Rapé and mustard showed the greatest response to the added

ﬁhosbhorus. Flax, 4id not show a response to the fertilizer
although the solil was low in available phosphorus,

There was a distinct concentration of roots in the
phosphate band with rape and mustard and these crops were
very efficilent in-utilizing the fertilizer. From this one
might conclude that a higher uptake of fertilizer phosphorus
1s necessarily correlated with a high root concentration
in the band, Buckwheat also made efficilent use of the fer-

tilizer but, like other crops, did not show a distinet root

concentration in the fertilizer band, It was concluded that

& lack of root concentration in the fertilizer zone does not
necessarily mean that the crop is not an efficient extractor

of the fertilizer, Of course, the greater number of roots

present in the band in rape and mustard may be helpful in
the assimilation of the phosphate fertilizer,

An experliment was designed to find whether these

118
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differences amongst the crops are present throughout the
growing season or they are at some particular stage of
development, This was achieved by harvesting soybeans, rape,
flax, and oats at seven different stages of growth. It was
found that the crops differed throughout the growing season
in the amounts of dry matter produced and in thelr phoéphate
feeding characteristics. There was a large difference |

' amongst these crops in the production of dry matter at early
stages but the amounts produced at the later stages were not
much different,

In general, the fertilizer fraction of the total phos-
_phorus absorbed by the plants decreased as the plants grew
older., The smounts of phosphorug absorbed from the soil and
the fertilizer were different for the four crops used, Soy-
beans absorbed the 1argest amount of soil phosphorus,

Further experiments were conducted to study wgén the
differences amongst the crops in utilizing added phosphorus
became larger, It was thought desirable that rape and soy-
beans, the former an efficient fertilizer phosphorus‘feeder
and the latter an efficient soil phosphorus feeder, be
grown to further investigate thelr efficlencies to extraect
phosphorus from different phosphate carriers and aiso to
study the effect of widening the band on phosphorus utiliza-
tion,

Mixing of a non-radioactive phosphate carrier through-
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out the soil decreased the absorption of fertilizer phos—
phorus by the plants., BResults showed that rape is not

any better than soybeans in extracting the added phosphate
if an alternate supply of phosphorus is present. Rape
absorbed more fertilizer from a2 narrow band but soneans
absorbed more from a wide band, Dipotassium phosphate,
monoammonium phosphate, and monocalcium phosphate monohydrate
were less efflclent than monopotassium phosphate in supply-
ing phosphorus to rape, But these sourcesAwere as good or
somewhat better than monopotassium phosphate in their
avallabllity to soybeans, These differences could be due
to the pH of the fertilizer band and the diffusion of the
fertilizer etc, MNonocalclum phosphate monohydrate might
have diffused into a larger area than dipotassium phosphate
and thus might have behaved to some extent as a wide band
and therefore soybeans absorbed more phosphorus from this
carrier,

The plants behaved differently 1n absorbing fertilizer
applied in a wide and a narrow band, This observation led
%o an experiment in which the fertllizer was applied by
four different methods, Besldes applying the fertlilizer as
2 golution in a wide and 2 narrow band the fertilizer
crystals were applied in & thin band which is somewhat

similar to the narrow band treatment., Moreover, the
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fertilizer crystals were also placed in the center of the
pot to provide phosphorus from a point source,

The results clearly showed that the crops absorbed
different amounts of phosphorus from the fertilizer depending
upon the method of application, Rape made most efficient
use of the fertilizer when it was applied as a point source,
But for soybeans, flax, and oats this was the least effic-
ient method in supplying phosphorus to the plsnts., The
higher uptake of the fertilizer by these crops when the.
area of fertilizer application was increased seems to be
due to an increase in the number of absorption sites for
the roots of the plants., It is important that proper method
of fértilizer application be selected for thé_moét efficient
use of the fertilizer,

- The differences amongst the crops became larger when
the fertlilizer crystals were applied as a point source in
the centre of the pot., This method of placement was selected
for another}experiment. Monopotassium phosphate, dicalcium
rhosphate dihydrate, and dipotassium phosphate were used
as the phosphate carriers,

For‘rape and buckwheat the "crystals centre" method
was slightly better than the "crystals spread® method but
was a very poor method for flax and ocats, Dipotassiunm

phosphate was more available than monopotassium phosphate
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to flax snd oats., The higher availability of dipotassium
phosphate could be due to its diffusion in a larger area
around the fertilizer zone,
The amount of soll phosphorus extracted by a plant
was dependent upon the availability of the added phosphate
and the level of available phosphorus in the soil, The "A"
valués were high for plants grown on phosphorus rich soil,
The largest difference amongst the cfops was obtalned
where dicalcium phosphate dihydrate crystals were used,
All the reéults for buckwheat showed that its feedling effic-
lency ié similar to that of rape, It was then thought
prropriate to use a very insoluble source of phosphorus
to see if they differ in phosphorus uptake from such a
carrier., This led to the use of octacalecium phosphate which
was applied as "crystals centre", But thils also could not
differentiate the abilities.of rape and buckwheat to
extract added phosphorus,

-~ A11 these studies were conducted on calcareous soils,

Another pot experiment was designed for which & non-calcareous

soil was used., The methods of fertilizef_application were
"crystals spread" and "crystals centre",

Rape and buckwheat absorbed more phosphorus from
the crystals placed in the centre of the pot than from the
crystals spread uniformly as a narrow band in the calcareous

soil but the opposite was found in the noncalcareous soil,
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A comparison of the two solls showed that flax and the
cereals absorbed more fertilizer on the noncalcareous soil
than on the calecareous soil when the fertilizer was applied
as "erystals centre", The difference between the efficlency
of the two methods of fertilizer application in supplying
phosbhorus to flax and the cereals was greater on the
calcareous soil than.cn the nouncalcareous soil,

The differential phosphate feeding abilities of the
pPlants could be due to the difference in the ability of a
single root to solubilize the phosphates before absorption
and also due to the difference in the ability of the root
to translocate absorbed phosphates to other parts of the
plant,

A single root of rape was found to be very efficlent
in absorbing large amounts of the fertilizer which seems
to be due to its ability to solubilize and translocate
phosphorus to other parts of the plant, Flax and oats
do not have this charaeteristic. A single root of buck-
wheat was more efficient or less efficient than rape depend-
ing upon whether the root passed very close to the ferti-
1izer'crYStals and branched or it was away from the crystals
and 4id not branch, A distinet concentration of roots in
the vicinity of the fertilizer was found with rape but not
with flax and oats,

Two nutrient solution experiments were then conducted
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80 that the problem of solubilizing the phosphates was
eliminated and thus it was posslible to study absorption and

translocation of phosphorus, & split root technique was

used in which a single root was allowed to grow in one
golution in a tube and rest of the roots remained in another

solution contained in the jar,

A single root of rape in the presence of other nutrients

absorbed two-thirds of the phosphorus'absorbed by all the

other roots., The slngle roots of other crops, on the other
hand, were much less efficient thanvthe rest of the roots,
There was no absorption of phosphorus by a single root of
flax from high phosphorus concentrations in the solutions
used,

The presence of other nutrients had a favourable
effect on the growth of the single roots of all the crops,
This effect was particularly manifeéted in rape, A lesser

. effect was shown in flax; 'The presence of other nutrients

only slightly increased the growth of the single roots of

oats and buckwheat.,
In the absence of other nutrients the efficiency of

a single root in absorbing amnd translocating phosphorus

decreased as follows: buckwheat, oats, and rape, However,
in the presence of other nutrients the order was as follows:

rape> buckwheat > oats. Thus it is obvious that the
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presence of other nutrients is very essential for phog-
phorus uptake by a single root of rape, The oOther nutrients
Increased both the growth and the absorption of phosphorus
by a single root of rape., Although the presence of other
nutrients did not increase appreciably the growth of the
single root of oats and buckwheat, it did increase the
uptake of phosphorus, On the contrary, the presence of
other nutrients increased the growth of the single root

of flax but did not have any favourable effect on phos;
rhate absorption, However, in a preliminary experliment it
wag noted that the presence of other nutrients had a favour-
able effect on the growth of a single root of flax and also
on the absorption of phosphorus from solutions low in
phosphorus concentration,

The uptake of phosphorus by a single root of the
plants was found to be directly dependent on the extent of
root growth, On the basis bf equal weights of a 91ngle
root rape was not any better than oats and buckwheat; in
fact, oats and buckwheat were much more efficient than rape.

In a short-term experiment a single root of plants
at three different stages was supplied with & solution con-
taining 93 ppm of phosphorus, No other nutrients were
avallable to the single roots, It was found that a single
root of buckwheat absorbed and translocated more phosphorus
than a single root of rape., The efficiency of oats was

slightly less than buckwheat in this respect, A single root
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of flax d4id not absorb phosphorus from this solution,

It was also found that the age of the plant has an import-
ant bearing on the absorption and translocation of phosphorus
by a plant, |

The results suggest some of the reassons why -crops
differ in their abilities to absorb added phosphorus. Por
example, the roots of rape branch out very profusely and
since phosphate absorption is dependent on the size of the
roots, rape makes very efficient use of the fertilizer,

Flax does not make efficlient use of the added rhosphorus
because the roots can not absorb phosphorus from a concen-
trated source,

Rape end buckwheat were almost similar in their effic-
iencies to extract phosphorus no matter which carrier was
used. But the reason fdr this effiéiency is not the same,
Rape absorbs high amounts of the fertilizer because of a
well branched root system since phosphorus uptake 1s directly
proportional to the size of the root, Buckwheat is efficient
because on the basis of equal weights of the roots it can
absorb much more phosphorus than can rape.,

It is advisable that further studies should be carried
out with these plants to investigate the effect of varying
phosphate concentrations and environmental conditions on

phosphorus uptake so0 that definite conclusions can be drawn,
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This appears to be essentlal for a better understanding

of the phosphate feeding abilities of different crops,
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