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ABSTRACT

Previous field and greenhouse experimental evidence indicated

that field crops showed differential responses to band applications

of ferti lizer phosphorus. An investigation including field and

greenhouse experiments was conducted to study the phosphorus feeding

habits of three field cropse flax, a cereal and rapeseed.

The quantities of phosphorus taken up and the rates of phos-

phorus uptake during the growing season were different for the three

crops" Ali crops were able to extract phosphorus from dílute phos-

phate solutions but they differed with respect to the quantities of

phosphorus each was able to remove from the solutions.

Rapeseed made most efficient use, oats made less efficient

use than rapeseed and flax made least efficient use of phosphorus

from a fertilizer band. Rapeseed showed the greatest response, oats

showed less response than rapeseed and flax showed the least response

to banded ferti lizer phosphorus.

0ats was shown to be the strongest soi I phosphorus feeder.

Flax and rapeseed have about equal soil phosphorus feeding powers.

¡rArl values, measures of available soil phosphorus, determined

for the three crops wîth band applications of phosphorus fertilizer

decreased in the order flax, oats, rapeseed. It was suggested that

the rrArr value determination may in the future be used as a method of

estimating the responsiveness of crops to band applications of ferti lizer

phosphorus.



I NTROSUCTI ON

Do plants vary in their ability to feed on insoluble or

difficultly soluble nutrients?

In a review artícle written in 1930 entitledrrThe Feeding Power

of Plantsrr l{. Thomas (32) statede rrthe evidence is overwhelming that

different plants growing in media of identical composition not only

exhibit differences in compositíon that can only be interpreted to

indicate marked differences in type of absorption, but that they also

exhibit differences ín what has been frequently designated in the

literature by the term ¡feeding pot\,er¡or ability to utilize insoluble

soil constituents to different degrees which are characterìstic of

the speciesrr.

The question of differential plant feeding power particularly

with respect to soi I phosphorus and a wÍde range of phosphate ferti-

lizers has commanded the attention of a large number of worlcers in

the fields of plant physiology and soil science. The use of P32

tracer has in recent years enabled workers to gain a much wider know-

ledge of the phosphorus feeding habits of plants than was previously

possi bl e.

Workers at the University of Manitoba became interested in the

phosphorus feeding habits of different plants during the suffiner of

1961 when ít was observed that of four field crops; flax, rapeseed,

oats and corn grown in a plot in the Portage la Prairie, Manitoba,

area, only rapeseed responded to a relatively small application of
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phosphate fertilizer applied alone and in combination with nitrogen.

since the crops were grown under simitar conditions of soil and

climate the results obtained were interpreted to ímply a real differ-

ence between the phosphorus feedíng habits of rapeseed and the other

three crops"

To study the phosphorus feeding habits of some fíeld crops

webber (33) conducted a greenhouse experiment in which he grew three

crops on three soils (two of them Portage soils) fertilized with

phosphate fertilizer containìng tracer FJZ. He grew rapeseed, oats

and flax" Rapeseed b,as grouvn because of the interesting field data

previously obtained, Flax was grown because to that date flax grown

in l*lanitoba had slrown only very variable responses to phosphate

fertilizer" tats was grown because some data had previously been

collected concerning the phosphorus feeding habits of oats (8, 9,

16,22t. It v¡as felt that the data obtaíned for oats might serve

as a standard to which the flax and rapeseed data could be compared.

0n the basis of experimental data webber (33) concluded that

when gnown on soils having low amounts of plant available phosphorus

rapeseed makes more efficient use of fertilizer phosphorus than does

oats. Flax makes very inefficient use of fertilizer phosphorus"

rrArr values determined for the Portage soils decreased in the order

flax, oêts, rapeseed. These data imply that the amounts of soil

phosphorus available for use by the growing crops is largest for

flax, smal ler for oats and least for rapeseed.

The data obtained from the greenhouse experiment supported the
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belief that crops differ in their ability to feed on insoluble or

relatively unavailable forms of phosphorus in the soil. since flax,

oats and rapeseed are economically important crops in t'lanitoba it

was felt that further knowledge concerning their abilíties to extract

soil phosphorus and to use fertilizer phosphorus would be of value in

making fertilizer reconrnendations for these crops.



Li TERATURE REVT EI,I

That species differ in their ability to extract phosphorus from

difficultly soluble phosphates is well known" Although several

theories have been advanced to explain inter-specÍfic differences in

the phosphorus feeding powers of plants, the question; Itare inter-

specific differences in the phosphorus feeding power of plants great

enough to be of significance to agriculture?trhas remained largely

unanswered"

As early as lB98 Merrill (Zt¡ reported that the influence of

rock phosphate on growth of plants varied with the species"

Ballard and tean (l) reported that the rate and total uptake

of radioactive phosphorus added to soíls vary with the soí1 and the

species of plant growno

Russell, Russell and Marais (28) stated that inter-specific

differences in the extent to which different species absorb phosphate

are well known, but there is little evidence to show v¡hether they are

due to some forrns of phosphate in the soil being accessible to some

species only or whether species differ merely in the rates at which

they absorb from a cormon source.

Russell (271 in his book rrsoil Conditions and Plant Growthrl

stated that the roots of some plants can almost certainly increase

the rate at which insoluble phosphate is brought into solution either

because they excrete calcium-complexing acids or because they have

bacteria associated in their rhizospheres which can bring phosphate
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into solution" He cites examples, û,ats growing with Lupins or white

clover can take up more phosphorus frøn an ínsoluble phosphate than

if growing alonei or a cereal following buckwheat manured with an

insoluble phosphate will take up more phosphorus than if the preceding

crop bJere another cereal.

Gerretsen (11) grew oats, mustard, rapeseed and sunflob,ers

under sterile and infected conditions to study the influence of

microorganisms on pl'rosphate uptake by these plants, The plants were

grown in sand to which insoluble or difficultly soluble phosphates

had been added" It was concluded that m'icroorganisms make available

to plants a certain amount of otherwise unavailable phosphorus. In

a number of sterile cultures, however, the amount of phosphorus

assimilated by plants from such substances as tri-calcium phosphate

and bone meal, though much smaller than in the ínfected cultures, was

quíte considerable. He thought these data defÍnitely proved that in

the absence of microorganisms plant roots may take an actíve part in

d issolvìn! diffícultly soluble phosphates.

Ðean and Fried (3) reported that, in general, the most efficient

users of rock phosphate were lupins, buclcwheat, sweet clover, mustard,

swiss ehard, vetch, and to a lesser extent, alfalfa, peas, rapeseed

and cabbage" Cotton, cowpeas, bur, clover, rice, oats, barley,

milletr rye and wheat are considered to be very poor users of rock

phosphate"

Fried (10) grew seven crops; barley, buckwheat, beets, alfalfa,

oats, sweet clover and rye grêss on three soils to study the utilizat.ion
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of phosphorus added as monocalcíum phosphate, Results indicated that

the availabilities of monocalcium phosphate added to the soil and

soil phosphate were similar for the species tested with the exception

of beets in one test. It was suggested that a rapid reaction between

monocalcium phosphate and soil to form phosphorus complexes similar to
those in the soii may have been responsible for the observed similarity

among species.

In a second experiment buckwheat, alfalfa, crotolaria, oats,

beets and a perennial ryegrêss vvere grohrn on a soil to which had been

added radioactive monocalcium phosphate at a rate of 100 lbs. of p20,5

per acre and inect'ive Florida pebble rock phosphate at a rate of one

ton per acre. since, in the previous experiment none of the species

except beets in one trial showed significant differences in their abilities
to feed on monocaicium phosphate relative to soil phosphate, the differences

between species in the percentage uptake of phosphorus from the soil

phosphate and rock phosphate observed in the second experiment were

due to the presence of rock phosphate. Results indicated that the

phosphorus in rock phosphate was most available to buckwheat and was

more avai lab'le to legumes, alfalfa, crotolaria and ladino clover than

to the grasses; orchard grass, perennial ryegrass, bromegrass, millet

and oats. Fried concluded from his work that differences between

species in their capacity to absorb phosphorus from basic calcium

phosphates not only reflect differences in root size and extensiveness,

but al so di fferences i n speci fi c species-source í nteracti ons.
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Jenkins (15) stu¿ied phosphorus utilization by grasses and

clovers from two soils, one of them being phosphate deficient. At

fírst harvest the phosphate removal from the deficient soil was sig-

nificantly greater by clover than by ryegrass. At the second harvest

the amount of phosphorus in clover was greater than that in ryegrass

for both soils" It was concluded that clover is a stronger phosphorus

feeder than is ryegrass since it was able to obtain more phosphorus

when the supply of soil phosphorus was limited"

Karpinskii, Zemyatina and Glazunova (16) grew crops of buckwheat

and oats to study planl utilization of phosphorus from soddy podzolic

soils differing in degree of fertility and texture. Buckwheat absorbed

more soi I phosphate than did oats.

Rusself Russelland Maraís (28) grew barley, rye and cabbage and

measured the labile soil phosphate for several soils by the Larsen

method (19). For some soils, the ¡rLrr values determined with rye and

cabbage were'hÍgher than those determined with barley. It was

suggested that rye and cabbage have a greater ability than has

barley to lower the free energy of phosphate in the external medium

(i.e. the soil solution).

vlebber (33) grew flax, rapeseed and oats and measured the labile

soil phosphate for three soils by the phosphorus fertilizer band rrArl

value method. It was observed that when grou,rn on soi ls having a

relatively low level of sodium bicarbonate-extractable phosphorus

the rrAr¡ values for the three crops decreased in the order flax, oåis,

rapeseed. Rapeseed made more efficient use of fertilizer phosphorus
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than did oats" Flax made very inefficient use of fertilizer phosphorus"

It was suggested that the differences between ¡rArr values for

the crops which resulted ircxn differences in the ratio oi fertilizer

phosphorus to soil phosphorus in the plant material may have been due

to one or more of several factorss

l. Flax, oats and rapeseed differ in their ability to utilize

relatívely unavai lable soi I phosphates"

2. Flax, oats and rapeseed differ ín their manner of phosphate

utilization" Flax, it was postulated, may require small amounts of

phosphorus thnoughout the duration of its growth. Rapeseed and oats,

on the other hand, may require relatively large amounts of phosphorus

at particular stage(s) of growth" A soil having a relatively low

level of available phosphorus may be able to supply the phosphorus

required by flax but not that required at certain stages by oats or

rapeseed. Thus, even if all crops prefer to use soil phosphorus,

oats and rapeseed find it necessary to utilize fertilizer phosphorus,

whereas flax does not.

3" The pH of the fertilizer band may be more conducive to the

development of oat and rapeseed roots than to the development of flax

roots in the band area.

Nye and Foster (24I used radioactive phosphorus to compare the

abilities of crops to use less readily available soil phosphates" The

differences in phosphorus feeding power determined were small and were

considered agricultural 1y insignificant. Marked differences which

occurred in the total phosphorus uptake by the crops were attríbuted
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to dìfferences in the extensiveness of root absorbing surfaces and to

unequal rates of phosphorus uptake at a given level of phosphate

activity ìn the root envirnoment.

Ïn another study Nye and Foster (zil grew members of the families

Legumi nosae, Crucif erae, Graminae and Solonaceae to dete¡¡¡j ¡g rrlrr

values (lp) measures of labile soil phosphorus, for three soils low

in plant available phosphorus. When plants having small seeds were

grown it was shown that the ilLrr values determined were essentially the

same for all plant species used or that only agriculturally insìgnificant

differences could be found in the proportion of soil phosphorus to added

tracer FJ2 taken up by the plants.

Smith (:O) subjected four inbred lines of corn and six of their

crosses to deficiencies of phosphorus and nitrogen. Varying phosphate

efficiency observed between the lines and crosses was explained on the

basis of inherited differences in root type. A high ratio of secondary

to primary roots was found for the phosphate efficient lines and a low

ratio for the phosphate inefficient lines.

Lyness (lB) reported that three varieties of Reids Yellow Ðent

corn, when compared with one another, showed capacities for absorbing

phosph.orus from cultures of simìlar concentration in the ratio 3tS;7.

A high correlatÍon between phosphate response and the number and

character of secondary roots suggests that, as was postulated by Smith,

differences in phosphate efficiency between varieties of corn may be

due to differences in the development of the secondary root system,
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F32 tracer has enabled workers in soil science to study the

efficiency with which field crops utilize apPlied fertilizer phos-

phorus. Agricultural ly sígnificant differences in efficiency of

fertilizer use between species and between varieties of sorne species

have been elucidated"

Mitchell,,0ion, Kristjanson and Spinks (22) used F32 tracer to

study the uptake of soil and fertilizer phosphorus by varieties of

wheat, oats and barley grown on a moderately and a highly responsive

soil. Barley showed a sìgnificantly greater ability to utilize ferti-

lizer phosphorus than did wheat, but there was no significant difference

between wheat and oats or oats and barley. Varietal differences in

response to fertilizer phosphate were obtained only for barley.

Skupinska (29! reported no significant differences ìn the

capacities of four flax varieties to use ferti lizer phosphorus.

Krantz, Nelson, þJelch and Hal 1 (17Ì compared the uti lization

of fertilizer phosphorus by corn, potatoes and soybeans grown on two

Bladen soils, one having a high and the other a low level of available

soi I phosphate. Corn and cotton \¡rere simi larly compared on the Norfolk

series soil. Comparison of potatoes, corn and soybeans showed that

potatoes absorbed the most fertilizer phosphorus and soybeans the

least. Corn absorbed the most total phosphorus and potatoes the least.

Although the percentage of phosphorus ìn the plant material derived

from the fertilizer was highest for corn at first sampling, the per-

centages for both corn and soybeans decreased sharply during the

growing season" Potatoes absorbed a relatively high proportion of
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fertilízer phosphorus throughout the growing season.

comparison of corn and cotton shov¡ed that corn absorbed the

most fertilizer phosphorus and also the greatest totai amount of
phosphorus.

Freyo Robertson, cook and Ðown (9) reported that barley varietîes
show differential responses to fertilizers of varying analyses. They

suggest that on the basis of past literatureo in general, crops in
which one variety has a small area of adaptation (e.g. corn) tend to
show a significant variety by fertilíty interaction, vrhereas those

crops in which any one variety has a rarge area of adaptation (e.g,

oats) do not show significant variety by fertility level interactions.



Ðeterminatio¡ of nitrate nitr in the sofl profile

METHûBS ANÐ MATERIALS

In the field experiments, soit sampres hrere taken from the 0-40
treatment soirs of each crop in the five repricates at each harvest
date. Five samples, one of each of the 0r,_6,r,6,r_12r,, 12rr-2\,,
2l¡tt-3$tt and 35r-¿rgrr depths were taken at each site. The cororímetric
phenoldisulphonic acid method as modified by Harper (r2) was emproyed
to determíne the quantity of nitrate nitrogen ín parts per miilion in
each soil sample" The quantity of nitrate nitrogen in rbs. per acre
to a deptlr of four feet at each sampre site was carculated using soir
bulk densî ty measurements.

The Kjeldahl procedure as modifíed by t.finkler
to determine the nitrogen content of plant material

(34) was employed

samples.

Ashing procedure. prant materiar sampres for totar phosphorus

determinations and for radioactive counting by the solution method

were wet ashed using a modification of the procedure outrined by

Jackson (l+). The suggested predigestion wi th concentrated t.rN03

before addition of the ternary acid mixture was ornitted.

. The colorimetric method out_
lined by Barton (z) was used to determine the quantity of phosphcrus

in the ash solutions.

Determination of total nitr in plant material

in plant materíal
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Preparati on of radi oact_ûs_tþrli 1 i zer_:elgt1ons

Carrier free PJ2 for use as a tracer in greenhouse exPert'ments

was obtained in one mi'llicurie quantities as a NaH2PÛ4 solution from

Charles E, Frosst and Co., l"lontreal. The quantity of solution received

was diluted to one litre to produce a solution oríginally containing

I uc of PJZ per I ml" of solution"

Greenhouse experiment I" One litre of a radioactive fertilizer

solution containing 720 uc of P32 and 1"8 gm. of P3l was prepared.

l0 ml" of the solution added to 1800 gm" of air dry soil delivered

l0 ppm of lr3l and 7.2 uc of P32 to the soil"

Greenhouse experiment IL One litre of a radioactive fertilizer

solution containing 900 uc of FJ2 and l"B gm. of P3l was prepared"

l0 ml" of the solution added to 1800 gm" of air dry soil delivered

l0 ppm of PJI and 9.0 uc of P32 to the soil"

The radioactive fertilizer solutions remaining after all treat-

ments in each experiment had been prepared were stored ín polyethylene

containers to be used as standards against which the counts of the

respective plant materials might be compared.

Method of counting radioactive P33

The radioactive ash solutions of plant materials produced in

experiments I and II and in the nutrient solution experiment were

counted using a type D"M" 6 solution tube connected to a Nuclear

Chicago lulodel l6l A Basic Binary scalar. By comparison with the

appropriate standard, the activity (c.p"m.) of the test samples was



15

converted to microcuries of Pl2

of added ferti lizer phosphorus.

taken up or to per cent utilization



FIELÐ EXFERT},1ENTS

l'trebber ß3) suggested that the observed differences between the

phosphorus feeding habíts of flax, oats and rapeseed nright be due to¡

1" Ðif,ferences between the crops with respect to their rates

of phosphorus utilization at certain stages of growth.

2" ilifferences between the crops with respect to the extents

of their root systems.

3" Eifferences between the crops with respect to the totêl
quantities of phosphorus required for growth to maturity.

4. Ðifferences between crops with respect to their abilities
to utilíse phosphorus from a phosphate fertilizer band.

k*fith the above-mentioned ideas in mind a field experiment of

approximately one-half acre area in which flax, wheat and rapeseed

were to be grown was designed" The experiment was located on a

fa! low and on a stubble s¡'te and a study of the three crops blas con-

ducted to determine and compareg

l. The rates of phosphorus and nitrogen utilization throughout

the growing season"

2" The total amounts of phosphorus and nitrogen required for
growth and seed production"

3. The rates of vegetative growth and development.

4. The responses to nitrogen and phosphorus fertilizer applied

alone and in combination.

5" The total yields of plant material and seed.

6" The extent of root deveropment at several stages of growth.
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The field plot design was a split plot ramdomized btock experiment

containing five replicates" Each replicate contained six harvests of

four fertilizer treatments f,or thnee crops. The fertilízer tneatments

of each crop ldere randomized but were planted side by side to form

three blocks of the three crops in each replicate. The blocks within

the replicate were split in half so that two harvests of plant material

might be obtained from each. The harvests were randomized within

each repl i cate.

Each treatment consisted of six, 30-foot rows. Two ten-foot

sections of the two center rows of each treatment in all replicates

were harvested during the summer" The four outside rows acted as

guard rows. The four fertilizer treatments weres

I " Check treatment (no ferti lizer addedi 0-0"

2. 60 lbs. per acre of nitrogen broadcast in the form anrnonium

ni trate (60-0) 
"

3" 4O lbs" per âcre of P2û5 ìn the form of monocalcíum phosphate

drilled in with the seed (0-40).

4. 6O lbs. per acre of nitrogen broadcast and 40 lbs. per acre

of F205 drilled in with the seed.

The two field experiments were located approximately four miles

apart in the Portage area. The failow site, a Portage loam soil (4),

was situated on the McAlli'ster farm; the stubble site, a Fortage fine

sandy loam (4i was situated on the Yuill farm" A characterization of

the soils is given ín Table I "

Seeding was done with a self-propelled, six-row seeder. Enough
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TABLE I

SúÍ"IE CHARACTERISTICS O.F THE FALLüW Al\Iü STUBBLE PL$T SftiLS

Fal low soi I Stubble soi 1

PH

Conductivity çf satn. extract

Textu re

I organic carbon

% organic matter

I inorganic carbonate

CaCû3 equivalent (%ì

(mmhos per
cm" )

7.85

.84

L.

4.90

B. 45

1.71

2.86

9. B0

7.65

.42

F.S"L.

4.68

8.06

.26

.44

6.17

502"0

NaHCû3-extractabl e phosphorus (ppm)

Exchangeable potassium (ppm) 332"0
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seed or seed end phosphate fert'ilízer vras placed uniforml! along rryrr

belts to plant a J0 foot row, i.e. one treatment. [rrhen the seeder

moved forward the seed or seed and fertirizer mixture was evenrv

metered out along the lengtlr of the row. Nitrogen fertilizer was

broadcast by hand on the appropriate treatments after seedìng was

comp I eted.

The fallow and stubbre prots were seeded on June 4 and ! respec_

tively. selkirk wheat was pranted at a rate of two bushels per acree

Golden rapeseed at a rate of six lbs" per acre and r,{arine flax at a

rate of 4O tUs. per êcre,

Harvests to determine the yields in pounds per acre of oven dry
plant material and utilization in pounds per acre of nitrogen and

phosphorus h,ere taken on five different dates during the growing

season. concurrent with each harvest date soil samples to a depth

of four feet were taken from the 0-40 treatment soi I of each crop for
per cent rnoisture determinations and nitrate nitrogen analyses, The

first four harvests were taken Zl, 36,49 and 62 days after the seed_

íng date" The fifth and final harvest r¡as taken at maturity and its
date varied for the different crops. A harvest consisted of cutting
at ground level and collecting all the plant material frorn two ten

foot lengths of the center two rows for each treatment in one block
of each of the five replicates in the plot. The plant materíal from

each treatment was bagged, dried in ên oven at 9oo c. and weighed. The

yield of oven dry plant material in pounds per acre was câlculated for
all treatments of the crops at each harvest and, in addition, the
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yield of seed was determined for the final harvest. Subsequent to

weighing, the plant material and the seed samples v¡ere ground in a

Wí1ey mill so that representatíve samples might be obtained for total

phosphorus and total nitrogen analyses, The amounts of nitrogen and

phosphorus'ln 1bs. per acre in the plant material were calculated for

each treatment of the three crops at the five harvest dates"

ûn July 24, two days prior to the third harvest, a moderately

severe hail and rainstorm passed over the fallow site. The wheat

and flax were blown down and the tender rapeseed shoots were broken

over about one foot above the ground. As a result, the data of

maturity for all crops was delayed. The wheat lodged, severely

reducing the seed yield" The broken over rapeseed stocks grew up

again but maturity was delayed so much that it v,ras necessêry to har-

vest that crop sornewhat before al I the seed produced had matured.

Although the flax plants straightened and grew, with little noticeable

damage, it is felt that the storm appreciably reduced the seed yield

of that crop"

It was hoped that the extent of root development by flax, rape-

seed and wheat might be compared at severâl stages of growth by

determining to what depth tl03-nitrogen and moisture had been rernoved

from the soil. Such a comparison was made impossible by the frequent

rains which fell on the plots throughout the summer, resulting in

excessive movement of N03-nitrogen in the soil profile by leaching

and practically no depletion of soil moisture at any depth.
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Resu I ts and Di scussi on

Ni tra:te ni trogen i n the soi I -prof i le

The contents of nitrate nitrogen in lbs. per acre in the soil

profile to a depth of four feet, before seeding and at each harvest

thereafter for the fallow and stubble plots are listed in Tables II

and III respectively.

ryeþ!" 
The average quantity of nitrate nitrogen in the

fallow soil prior to seeding r{as 345 lbs. per acre, a surprisingly

large amount" Soper (31) states that fal lou.l sites sampled in the

early spring in i.{anitoba contain on the average 100 1bs" ¡:er acre of

nitrate nitrogen. The soil at the fallow plot site, from the view-

point of available nitrogen status, was much more fertile than the

average Mani toba soi 1 .

Soil samples taken before seeding and subsequent samples taken

during the suru-ner clearly indicated that the quantities of nitrate

nitrogen in the soil profile varÍed widely within a small area of

soil. The rvicie variation was probably not a crìtical factor in crop

growth since all sites sampled in the spring contained more than 100

lbs. per acre of nitrate nitrogen. Huang (13) stated that if the

amount of nitrate nitrogen accumulated in the four foot soil profile

exceeded E0 lbs. per acre in the early spring, nitrogen fertiliza'

tion is not considered ne.cessary for cereal crops"

In general, there was a decrease in the nitrate nitrogen

content of the fallow soil with continued piant growth throughout



Before seedi ng

N" l^I. corner
S. W. corner
N. E. corner
S. E" corner
l'l. center of
E. center of

Average

TABLE TT

LBs. tER ACRE 0,F NITRATE NITRüGEN IN THE FALLOÌ,, s$IL T0 FOUR ËEET

of plot
of plot
of plot
of plot
plot
plot

362.0 Slheat
226.8
231.5
4lg.t
4zz.t
387.2

344.8

Rapeseed

C rop Repl i cate

I
Ii

IÏÏ
IV

V

Average

Harvest I

411.4
254.0
1B3.7
250.1
431.9
306"2

I
IT

lri
IV

V

Average

I
II

IÏÏ
IV

V

Average

Harvest I I

Flax

190.6
179.5
456. B

65.2

223.0

Harvest III

306.4
54 "e
356 "2
149 "3
268.0
338,9

291.8
T3.4
147.6
607.3
257 .5
345.0

125 .5
345.6
103.4
66.1
96.4

147.4

201 ,7
247.6

I 84.5

211.2

320.6
231.5
121.7
178.1

212,9

Harvest IV

454.4
210"0
331.4

37 .1
14s.7
231.7

89. B

49.3
Bg. g

13r.ó
27.8
77.6

69.9
96.5
13.0

159.6
302.5
128.3

Harvest V

232.3
r 00.4
78.6
4s.g
43,6

t00,1

204.9
169.2
23.7

ln.4
215 "3
147.3

3|4,.8
275.1
60. B

341 "0
172.8
238.7

r04.5
24.8

1t6.B
r2l.B

14. B

76.5

139.2
27.6

2æ "4
6r.0

176.7
133.6
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the growing season" The increase observed at harvest IV was con-

sidered to be â result of the hailstorm. iSuring the two-week period

following the storrn the crops recuperated and it would appear that

they used decreased amounts of nitrogen" At the same time, cond'itions

of moisture and temperature were ideal for nitrifícation and large

amounts of nitrate nitrogen were elaborated"

The nitrate nitrogen data suggested that rapeseed rnay require

more nitrogen for its.grolrth than does flax or wheat. tn the average

the nitrate nitrogen contents of soi ls on which rapeseed g¡'et{ urere

lower than those on which wheat and flax were grobJno

Stubble plot. The average quantity of nitrate nitrogen in the

stubble soil prior to seeding u{as 102.5 lbs" per acreô Similar to the

fallow soil, the stubble soÍl showed a wide variation in nitrogen

content within a small area" Part'icularly large variations are

noted in the resutts obtâined from replÍcate II"

The average values show a general decrease in the nitrate

nitrogen content of the soil with continued crop growth. The

stubble soil data, similar to that for the fallow soil, suggested that

rapeseed may require more nitrogen for its growth than does wheat or

flax.

Yields of plant materÍal

The total yields of plant material ín lbs" per acre of oven dry

weight for each crop at each harvest and the yields of seed in lbs.

or bus. per êcre for the fallow and stubble soils are listed in Tables

IV and V respectively. Graphs showing a comparison of rates of



Before seeding

N. T-I. corner
S. W. corner
N. E. corner
S. E. corner
South center
North center

Average

TABLE III
LBS" PER ACRE OF NTTRATE NITRTGEN TN THE STUBBLE STIL TT. FOUR FEET

of
of
of
of
of
of

plot
plot
plot
plot
plot
plot

C rop

78.6 l¡/heat
76.9

r 58.6
58.2
59.8

r83. r

102.5

Repl i cate

I
ÏI

IiI
IV

V

Average

Harvest I

Rapeseed

106.2
1 1o.g
1 38.8
23.6
24.7
80. B

i
Ii

III
iV

V

Average

I
II

IiT
ÏV

V

Sverage

Harvest fI

Flax

Harvest IIf

96.2
6t+.7

r83. r

33.1
50.4
85.5

122.5
1e4.t
247.1

41.6
32.0

127 .5

39.7
05.9
10.6
89.7
2.8

09.7

Harvest IV

41.2
187.4

4.5
1.6

44.6
75.8

Harvest V

10.0
98.6
86.7
3.3

.3
79.8

54"6
157"4
63.3
2.4
1,9

55.9

215.8
151.3
50. 4
52.9
Lt

94.9

3.4
336.2
tLo

.7
6.9

74" 4

36.6
315 .8

16" 4
10.5
30.9
82. 0

123.9
64.0
23.9
4.8
8.4

45.Q

77.0
1'J0 "2'87. 

I

4.5
LLA

6B "7

N)
F
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growth for the crops and the total quantities of plant material pro-

duced by each crop grown on the falrow and stubble soils are shown

i n Fi gu res 1 and 2 respect i vei y"

lgl-lgy qlog. The fal row prot yierd data indicate that when

the supply of required nutrients is plentiful rapeseed has the capacíty

to produce much larger quantities of plant material than has wheat

or flax. Rapeseed produced slightly more than five tons per acre of

oven dry plant material ês compared to three tons per acre of wheat

plant material and approximately two and one-half tons per acre of

fiax plant material.

The growth patterns for the three crops exhibit well defíned

differences' t'theat grew more quickly early in the season than did rape-

seed or flax probably because wheat seed is much larger than is rapeseed

or flax and contains a greater supply of nutrients, which in turn

produce a bigger, more active seedling" wheat grew rapidly during the

2l-62 day period, however, at approximatel y 60-65 days vegetative

growth stopped and there was little increase in the weight of plant

matter produced thereafter unti I the final harvest. Rapeseed initial ly
grew more slowly than did wheat, however, during the 21-65 day period

its growth rate approximately egualled that for wheat. Beyond 6! days

wheat stopped growíng and rapeseed grew at a somewhat reduced rate

until maturity. The amount of plant material produced by rapeseed

was smaller than that produced by wheat until /0 days after seeding.

The final yield of rapeseed plant materíal was one and two-thírds

times that of wheat" Although flax initial ly grew even more slowly



TABLE IV

THË AVERAGË YIËL.IDS OF FLANT MATERIAL IN LBs. PER ACRE AND

C rop

Wheat

Treatment

Rapeseed

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

Fl ax

Harvest I

278.2
329.2
353.9
376.9

76.5
85 "6
91,4
89.7

85.6
82.3

106.2
74.1

Harvest I I

1896.9
1761.2
1851 . B
1909.4

106r.7
979.4

1127.5
141 5.6

559.6
567.9
658.4
592.6

Harvest III

THE YTELÐS GF SEEÐ GRÕhIN ON THE FALLOTd STIL

3909.3
4090 " 3
4098.5
4lzg.o

2032,8
2921.7
3275"5
3185.0

1687 "2
1761.2
1670.7
1670.7

Harvest IV

5530.6
5793 "9
5B3s. t

6123 .1

3876.3
5086. r

4674.6
5143 .B

3456.6
3193.2
3341.4
3135 "6

Harvest V

5925.ø
6147 "8
6213.7
6147 "B

783s.0
0764.8
0090.0
or14.7

Seed

18.6 bus-/acre
lB"6
20.1
18"9

4t7z.o
3555.4
4460.7
4t+60.7

1012.3 #/acre
860. o

753.0
703 "6

15.7 bus/acre
l¡.9
18.2
13 "4

l\)
o\
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than did rapeseed its growth rate approximately equalled that for

wheat and rapeseed during the 30-60 day period. Beyond 60 days flax

grew at a greatly reduced rate until maturity. The finai yíeld of

flax plant materiel was somewhat less than that of wheat and about one-

half that of rapeseed"

The flax and wheat seed yields were low due to lodging ín the

wheat and hail damage to both crops. The yield of rapeseed was good

but was not as large as it would have been if maturity had not been

del ayed,

Rapeseed showed a greater response to phosphate fertilizer applied

alone than did wheat. The 0-40 treatment rapeseed plant materíal and

seed yields at harvest V were respectively JB per cent and 84 per cent

greater than the corresponding check yields" The 0-40 treatrnent plant

material yield of wheat at the sanie harvest was 4 per cent greater

than the corresponding checl< yield" The yield of wheat seed was

neither increased or decreased by the appl'ication of phosphate ferti-

lizer" The band application of 40 lbs" per acre of P205 with the

seed reduced the germínation of flax resulting in the observed de-

creases in the yields of plant material and seed for the 0-40 treat-

ment as compared to the 0-0 treatment.

All crops responded to the broadcast application of nitrogen

applied alone and in combination with phosphorus, although the response

shown by wheat was small. The response to nitrogen was rather sur-

prising since on the basis of nítrate nitrogen data it wes concluded

that the fallow soil contained more than enough nitrogen to grow the
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crops to maturity' The most probable explanation for the crop res-
ponses to nitrogen is that because the added nitrogen was located in
the surface soil, it was readiry available to the relatively small

root systems of the seedring prants and was rapidry consumed earry

in the growing season" As the plents grew their root systerns eron-

gated and thícl<ened enablinq them to use the native soil nitrogen
located at greater depths in the sofl profile. In effect, it is
felt that the application of nítrogen ferti lizer resulted in more

rapid'initial plant growth than was the case for the unfertilized
plants

It is interesting to note that wheat and rapeseed grown on

the fallow soil responded approximately equally we.ll to nítrogen or
phosphorus supplied alone as to nitrogen and phosphorus applied in
combi nat i on"

stubble plo!. The harvest v totar yierds of prant materiar

produced on the stubble soi I were approximately one-half the corres_

ponding yields produced on the fallow soil" The data show that, as

s¡as the case for the fallow soí1, the total yield of oven dry rape-

seed plant material was larger than that for wheat and fiax. The

totai yield of rapeseed plant material was approximatel), two and one-

half tons per êcre ês compared to th,o tons per acre of wheat plant

matter and one and one-quarter tons per acre of flax plant matter.

The growth patterns for frax, wheat and rapeseed grown on

the stubble soi I were simi lar to those for the corresponding crops



TABLE V

THË AVERAGE YIËL'DS ÚF FLANT f"fATERfAL IN LBS. ËER ACRE AND THE YTELÐS ÛF SEE'D GRÛI,IN SN THE STUBBLE SO.IL

C rop

þ{heat

Treatment

Rapeseed

0-0
0-40

60-0
60-40

0-0
o-40

60-0
60-40

0-0
0-40

60-0
60-40

Flax

Harvest I

176.1
rBr.l
209.0
245.3

42.0
44.4
56.0
51.9

82.3
58.4
84.8
45.3

Harvest II

839.5
913.5

1 020 .5
1201.6

535.0
609. o
609. o
666.6

658.4
h9s -e
707 "8
641.9

Harvest III

2r48"0
2551.3
2353.8
3otZ.7

1604.9
1917.6
1662.5
2847.5

17 53 .0
1547.2
1901 . I
r 851 .8

Harvest IV

3102.7
3827.0
3086. 3

41 06. B

24W.2
3292.0
2757 "1
3999.8

2444.1
2329 "1
2872.3
2345.6

Harvest V

3267.3
3193.2
3382.5
3950:4

3629 "4
4082. r

5176.7
5259.0

2452.5
2304.4
2847.6
2501,9

Seed

14"4 bus/acre
14.8
15 "1
rB.0

707.8 fr/acre
864"2

1il1"1
r3r6"8

1 0.5 bus/acre
9.8

il.6
10"5

O
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grown on the fallow soii" The total plant material yields of wheat

were lêrger than those of rapeseed for each harvest up to and including
harvest IV" The total yield of rapeseed plant material at harvest v

was just less than one and one-half times that of wheat" The growth

rate of rapeseed was somewhat less than that of wheat until harvest

II. Iluring the J6'62 day period the rate of growth of rapeseed

approx!mately equalled that for wheat. Beyond 6o-6s days wheat

stopped growing" Rapeseed continued to grow at a sorneuvhat reduced

rate. The y''elds of flax and rapeseed plant materials were equal

until about 4o days after seeding. Beyond 4o days, the rate of
growth of flax decreased relatíve to that for rapeseed" similar to
wheat, flax nearly completed its vegetative growth by 62 days after
seedíng" The total plant materíal yield of ftax was Ereater than one_

half that for wheat and less than one-half that for rapeseed.

The yíelds of plant material and seed indicate that wheat

grobrn on the stubble soil showed a much larger response to the applica_
tion of nitrogen and phosphorus fertilizers in cornbination (60-40

treatment) than to either nitrogen fertilizer (60-o treatment) or
phosphorus fertilizer (O-40 treatmentl applied alone. The yields of
flax plant material and seed were increased by the nitrogen fertilizer
application but were decreased slightly by the phosphorus fertilizer
application due to germination damage. Nitrogen and phosphorus

ferti lizers applied in combination produced only a slight increase

in the yield of flax plant material and no increase in the yield of
flax seed over the corresponding check yield.
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The graphs in Figure 3 shotq how the applications of nitrogen

and phosphorus fertilizers alone and in combination affected the

yíeld of rapeseed plant material. The 60-¿+0 treatment produced one

and one-half times as ru.¡ch plant materíal as did the check treatment"

The 0-40 tneatment produced a slight increase in the plant rnatería!

yield over the checl< treatment yield" Suring the 0-62 day period

the rate of growth of rapeseed for the 0-40 treatment nearly equalled

that for the 6O-40 treatment" Beyond 62 days the 0-40 treatment growth

rate decreased more quiclcly than did that for the 60-40 treatmenË

indicating that the supply of nitrogen uras more linrited on the 0-40

than on the 60-40 treatment. The ó0-0 treatment rapeseed grew at a

nearly constant rate during the 21-l0B day period" Its growth rate

r1,as somewhat smaller than that for the 60-40 treatnrent during the

21-62 day period and somewhat larger than that for the 60-40 treatment

during the 62-100 day period" These data indicate that although soil

phosphorus gradually became available to the plants throughout the

sunüner the supply of phosphorus limited the rate of growth of rapeseed

for the 60-0 treatment soil" In l0B days, however, the soìl was

able to supply rapeseed with its total phosphorus requirement and

the 60-0 treatment plant material yield approximately equalled that

of the 60-40 treatment.

Phosphorus fertilizer alone increased the seed yield of rapeseed

only slíghtly. l,iitrogen ferti lizer alone increased the seed yield

by approxímately one-third" Nitrogen and phosphorus fertilizers in

combination nearly doubled the seed yield of rapeseed over that of
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the check yield.

Per cgnt nitrogen in t!re- plant qaterial

Totai nitrogen analyses were conducted on all the plant material

samples harvested from the fallow and stubble plots in order to deter-

mine the changes in the nitrogen contents of the plant materials as

the crops grew and matured. The results of these analyses are expressed

as the per cent nitrogen in the oven dry plant material and are listed

in Tables VI and VII respectively.

Fellolv pl_ot. The ni trogen contents of the f lax, urheat and

rapeseed plant materials decreased steadily throughout the growing

season" I{hereas the percentages of nitrogen in the flax and wheat

plant materials were approximately equal at corresponding harvest

dates, those for rapeseed were somewhat larger at each date, The

nitrogen contents of rapeseed and i'1ax seed were approximately equal

and were greater than that of the wheat seed. The data indicate that

adding nitroqen fertilizer to the fallow soil produced little or no

change in tlre nitrogen contents of the seed or plant materials produced

by the crops.

Stubble plot, The nitrogen contents of the plant materials

grown on the stubble soil were consistently lower at the correspond-

ing harvest dates than were those of the same plant materials grown

on the fallow soil. As was noted for the fallow plot data, the nitrogen

contents of the plant materials grown on the stubble soil gradually

decreased throughout the growing season. The nitrogen contents of
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TABLE VI

THE PER CÉNT NITROGEN AT EACH HARVEST IN THE PLANT MATERTALS GROI¡ÍN flN THE FALLOW SO:IL

Wheat 0-0
0-40

60-0
60-40

Treatment

Rapeseed 0-0
0-40

60-0
60-40

Harvest I

Flax 0-0
0-40

60-0
60-40

4.9
5.1
5.2
5.2

5.5
5.8
5.8
5.9

4.1
4.9
5.0
5.0

Harvest If

3.8
3.8
3.9
3.9

4.8
4"8
5.0
5.0

4"4
4.4
4.4
4.7

Harvest II I

2.5
2.14
2.6
2.5

4.0
20

4.1
4.0

2"7
2.6
2.8
2"7

Harvest IV

2.0
2.1
2.1
2.1

Harvest V

plant material
other than seed

3"2
3.3
3.2
3.3

2"0
2.0
2.0
2.0

1.3
1.4
1,4
1.4

r.8
1.4
1.8
1.8

1.2
1.2
1.2
1.3

Seed

3.0
3.0
3,0
3.0

4.1
La
4"1
4.¡

4"1
4.2
4.1
4.1

o\
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TABLE VII

THË PER CËNT NITRûGEN AT EACH HARVEST TN THE FLANT MATERTALS GROWN ON THE STUBBLE STIL

Wheat

Treatment

Rapeseed

0-0
0-40

6o-o
ó0-40

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

Harvest I

Fl ax

4"1
4"5
4.9
5.2

5.5
5.7
5.7
5.8

Harvest II

2.5
3.1
3.5
3.7

3.8
4,0
5.0
5.1

3.2
J.o
4.0
4.2

Harvest I II

4.7
5.1
5.r
5.1

"7
.8

o

Harvest IV

2"7
2.2
3.4
2.9

t.8
2.0
2'
¿. J

.3

.4
E

.5

Harvest V

plant material
other than seed

2,1
2.0
tLL
)lL

.7
"7
.B

Seed

.4

.5

.7
"7

o
"()
"7

o
R

2.7
2"6
3,0
2.8

3"4
22

3.5
3.4

3.7
3.8
4.2
4.1

.()

"9
l;0
1.0

\¡
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flax and wheat plant materials were nearly the same at corresponding

harvest dates" The nítrogen content of rapeseed plant material was

somewhat larger at each date than were those of flax and wheat.

Additíon of nitrogen fertilízer increased the nitrogen content of

flax seed more than it increased that of rapeseed and wheat"

Absolute amounts of nitrogen in the plant materials

Bata for the fallow and stubble plots showing the absolute

amounts of nitrogen in lbs. per acre în the plant materíals at each

harvest date and in the seed are listed in Tables VIII and IX respect-

ively, Graphs showing a cornparison of the nítrogen uptake at each

harvest date plotted against days after seeding for the 60-40 treat-

ments of each crop grown on the fallow and stubble soils are given

ín Figures 4 and I respectively" Graphs comparing the effects of the

various fertilizer treatments on nítrogen r¡tilization by flax, wheat

and rapeseed grown on stubble soil are shown ín Figures 51 6 and 7

respectively.

Fallow plot" The environment ín the fallov plot area was

nearly ideal for crop growth. Temperature conditions were favorable

and the supply of moisture was plentiful at all times" Nitrate

nitrogen analyses of soil samples taken at each of the five harvests

indicated that the supply of available nitrogen was ât no time a

factor limiting plant growth" This being the case it wãs assumed

that if flax, wheat and rapeseed do differ in their capacÍties to

utilize large quantities of nítrogen, the differences should be

expressed in the fal low plot data"
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The nitrogen uti lizatic¡n data in Table VIII indicate that

rapeseed has a much gneater potential to use large quantíties of

nitroqen than has wheat or flax. The 60-40 treatment flax, wheat

and rapeseed took up 80r 125, and 2J0 lbs" per acre of nitrogen

respectively for their growth" Rapeseed thus used two times as much

nitrogen as did v¿heat and about three tirnes as much nitrogen as did

flax,

The three crops differ in the períods of growth during which

they take up nitrogen. The graphs in Figure 4 show that wheat gained

more than sufficient nitrogen from the soil during the 0-60 day

growth period to satisfy its total requirement, it is interesting

to note that during the 60-90 day period wheat lost nitrogen from

the above ground portion of the plant. The graph for flax shows that

flax took up most of the nítrogen it required for growth and seed

development before 60 days after seeding and only a small portion of

its nitrogen later than that date. Rapeseed took up nitrogen through-

out íts growth" Three-fourths of the nitrogen was taken up prior

to 60 days after seeding and one-fourth was tal<en up between 60 and

l2J days after seeding,

0n the average, one-third of the nitrogen in the total wheat and

rapeseed plant materials at harvest V was located in the seed. Flax

seed contaíned approxímately one-half of the nitrogen in the total

plant material" In terms of seed production, then, flax made more

efficient use of nitrogen taken from the soil than did wheat or

rapeseed.



TABLE VTTI

THË AMüÌUNT OË.NITRTGËN IN LBS. FER ACRE AT EACH HARVEST IN THE PLANT MATERTAL GRT.I¡IN üN THE FALLfl.I SflTL

C rop

T{heat

Ha rves t
Treatment

I

Rapeseed

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

l-iarvest Harvest

II III

13.7
r 6.8
18.2
19.8

4.2
4.9
5.3
5.3

4.0
4.0
5.8
3.7

Flax

72.3
67 .1
72.4
74.7

50. B
46.8
56.0
70.3

24.9
24.8
29.1
27.9

Harvest Harvest V

iV Total

99.3
99.4

105 "7
1A9.9

80. 5
r r3. r

132.7
127.4

4s.g
45.4
l¡.c O

44.9

r08.4
I t8.B
123.2
125.5

122"1
168.8
148.2
169.3

o0,,
63"9
68.2
6t "l

Harvest V

plant material Seed
other than seed

96.6
103.6
l05'6
106.2

164.4
205.7
222.4
228.7

78.5
66.s
84.9
80.5

61.4
70.4
69. 1

72.2

t 20.8
125.7
146.7
I 54.8

40. B

33 "7
40.9
48.6

N i t rogen
asa%of
in the pl

ath

33"2
33.2
36.5
34.0

4t.6
80, 0

75"7
73.9

37.7
32.6
44.0
31.9

in the seed
the total N.

ant material
arvest V

34"4
32"0
34.6
32.0

26.5
38.9
34.0
21 t
)L. )

40"8
4g.z
5l.B
39.6

o
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Stubble plot. Í'¡itrate nitrogen analyses of soi I samples

taken at each of the fíve harvest dates during the sunrner indicated

that probably in most areas of the plot the supply of available

nitrogen ldas a factor limiting plant growth for at ieast a portion of

the growing season. This being Ëtre casee large differences in nitrogen

uptake were expected between crops and between the various fertilizer
treatments of each crop"

The nitrogen uptalce data indicate that the total quantities of

nitrogen used by the three crops when grown on the fallow soil were

approximately two tfmes as large as those used by the same crops

grown on the stubble soil" The 60-40 treatments of flax, wheat and

rapeseed grown on the fallow soil took up 80, 125 and 230 lbs" per

acre of nitrogen respectively. The corresponding values for the

stubble soil v¡ere 49,60 and 97 lbs. per acre of nitrogen, The values

cited are the maximuni nitrogen uptake values determined for each

crop. Those given for wheat grown on the failow soil and rapeseed

and wheat grouJn on the stubble soil were determined at harvest Iv.

All other values were determined at harvest V.

The graphs in Figures 51 6 and 7 show how adding nitrogen

and phosphorus ferti f izers affected nitrogen utilization by flax,
wheat and rapeseed respectively, The 60-40 and 60-0 flax treatment

total plant materials at harvest v contained lJ lbs. per acre more

nitrogen that did the 0-0 and 0-40 treatment materials" In all
treatments flax took up nearly all the nitrogen it required by 60

days after seeding. Little nitrogen was taken up after thís date.



TABLE TX

THË AMûUNT TF' NITRüGEN fN LBS. ËER ACRE AT EACH HARVEST TN THE PLANT MATERIAL GRO\^'N ON THE STUBBLE SSTL

C rop

l.lheat

Harvest
Treatment

I

Rapeseed

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

Harvest Harvest

II TTI

7,6
8.2

10. 1

12.8

2.3
2.5
3.2
3.0

3.9
3.0
4.1+
2.3

Fl ax

21.0
28.1
36.1
44.7

20,1
24.4
30.4
fi.4

21.1
17.6
28,5
26.8

Harvest Harvest V

IV Total

36.6
46.t+
42.4
56.9

4¡.8
4t .8
56.5
82.6

31.7
30.2
4t. t

42.o

39.7,
52.0
45. I

60. o

49.5
64.5
67 "0
96.8

35 "o
35.2
48.6
39,2

Harvest V

plant materi al
other than seed

40. 5
39.8
46.t
53.1

46.3
4s.t
76.3
74.9

36.2
36.6
48" 9
4g.t

Nitrogen in the seed
as a % of the total N.

Seed in the plant material
at harvest V

17 .5
16.6
19.6
22.7

22"5
17.1
37.t+
3a.4

14.5
15.8
2l.B
25.0

23.0
23.2
26.7
30. 4

n.B
28.2
38.9
\4.5

21.7
20. B
27 "1
24.1

56.8
58.3
57.7
57 "3

51.4
62.3
5l .0
59.4

59 "9
56. B

55 "4
49" r

+T!
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wheat took up about the same total amount of nitrogen as did frax.
the 6o-40 and 60-0 treatment totar prant materiais at harvest v

contained r3 and 5 rbs. per acre more nitrogen respectivery than
did the 0-0 and the 0-40 treatment totar prant nrateriars. ïhe graphs
show that the treatments of wheat had taken up alr the nitrogen they
required for growth by 60 days after seeding. Beyond 60 days after
seeding the 60-40 and 0-40 treatment prants rost approximatery r0 rbs.
per acre of nitrogen from their above ground portions. The 0_0 and

60-0 treatment plant materials neither gained nor lost nitrogen after
that date' The 60-40 and 0-40 treatment rapeseed total plant materials
at harvest v contained about 30 rbs. per acre more nitrogen than did
the 0-0 and 0-l+0 treatment prant materiars. The 60-r+01 0_40 and 0_0

treatment plants satisfied their totar nitrogen requirements by 60

days after seeding. After that date the 6o-40 and 0-40 treêtment
plant materiars each rost 20 rbs. per acre of nítrogen from their
above ground parts" The 0-0 treatrnent prant materiar rost 4 rbs.
per acre of nìtrogen. The 60-0 treatment prants took up some nitrogen
later than 60 days after seeding indícating that the suppry of phos-
phorus availabre to those prants rímited nitrogen uptake for at reast
a portion of the growing season. At harvest v the 60-0 treatment
total plant materiar contained as nn¡ch nitrogen as did the 60_40

treatment totar prant materiar. These data indicate that arthough
soil phosphorus became available to the plants siowly the quantity of
phosphorus suppried during the growing season was sufffcient to enable
the 60-0 treatment prants to make as efficíent use of the avairabre
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nitrogen as did the 60-40 treatment plants.

A very interesting observation concerning the wheat and rape_

seed nitrogen utitization data is that the plant materials wh.ich lost
sizable quaåtíties of nitrogen from theír above ground parts uvere

those grown on the phosphorus fertilized treatments. The two crops

lost different quantíties of nitrogen, however, the quantit¡.es and

rates of nitrogen loss by 0-40 and 60-40 treatment plant materials
of each crop urere the same. None of the flax plant mate¡.iars rost
ni t rogen.

Figure B shows that rapeseed and wheat took up nitrogen 6t
approximately equal rates until 40 days after seeding, Beyond this
date the rate of nitrogen uptake by wheat decreased rapidry untir
60 days after seeding. The rate of nitrogen uptake by rapeseed did
not decreêse appreciabry untir 55 days after seeding" Frax toor< up

nitrogen at a rate approximately equal to that for wheat until 60

days after seeding" After this date flax plant material neither
gained nor lost nitrogen.

tn the average,50-ó0 per cent of the nitrogen in the totar
plant material at harvest v was rocated in the seed" These data

indicate that when praced under nitrogen stress the three crops

employed approxinrately equâl proportions of their total nitrogen for
seed production,

ler cent phospho-rus in the planÈ material

Total phosphorus anaryses we¡-e conducted on ar1 prant materiar
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sêmples harvested from the fallow and stubble plots in order to
determine the varíations in the phosphorus contents of the plant

materials as the crops grew and matured" The results of these analyses

are expressed as the per cent phosphorus in the oven dry plant material
and are listed in Tables X and XI respectively.

Fallow plot. The data in Table x indicate that as the crops

grew and matured the phosphorus contents of theír plant materials

gradually decreased. The phosphorus contents of ftax and rapeseed

plant materials were approximatery equal at corresponding harvest

dates and were higher than those for wheat. Flax and wheat plant

materials showed little variation ín phosphorus content betþreen the

different fertilizer treatrnents" The phosphorus contents of rapeseed

treated with phosphate fertirizer were definitely higher than those

of the check or nitrogen ferti lizer treatments. The phosphorus con-

tents of the seed of rapeseed and frax were approximately equal " The

60-40 and 0-40 treatment seed of both crops had hi gher phosphorus

contents than that of the 60-0 or 0-0 treatments. Ì¡lheat seed showed

little variatíon in phosphorus content between fertilizer treatments.

The phosphorus content of wheat seed was I ower than that of rapeseed

or flax seed.

Stubble plot. The per cent phosphorus in the plant materials

stubble soil were lower than for the cor-of al 1 crops grown on the

responding crops grordn on

plot data, the phosphorus

continual ly decreased as

the fal low soi 1 " As was noted for the fal low

contents in each or. the plant materials

the crops grew and matured. 0n the average,



TABLE X

THE PER CËNT PHTSFHORUS AT ËACH HARVEST TN THE PLANT MATËRIALS GRTM{ ON THË FALLOI/d SÜTL

C rop

hlheat

Treatment

Rapeseed

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

0-0
0-40

60-0
60-40

Harvest ï

Flax

.33

.37

.35

.4r

.47
Ão

.46

.61

.23

.32

"32
.24

Harvest fI

.34

.36

.34

.Jo

.38

.47

.39

.47

.41

.49

.51

.52

Harvest IIï

)lr
.24
"24

2lL

,27
.35
"26
.33

.27
"25
.26
,o

Harvest ïV

.19
"21
. 19

"20

"25
.33
"24
"32

"23
"26
,23
"26

Harvest V

12
t4
13

14

Seed

'50
.52
.48
"50

.72

.80

.66
"76

"73
"81
.73
.80

t4
l4
13

15

t8
20
16
21

\tìo



TABLE XT

THE PER CËNT PHüSPHÛRUS AT ËACH HARVËST TN THE FLANT HATËRTALS GROI.JN TN THE STUBBLE SOIL

C rop

Wheat

Treatment

Rapeseed

0-0
0-40

60-0
6o-40

0-0
0-40

60-0
60-40

0-0
0-40

b0-0
60-40

Harvest I

Flax

.30

.36

.30

.4t

.45

.65

.41

.59

1t. ))
.49
.35
.42

Harvest II

.24

.31

.24
,31

.28

.48

.28

.50

.23

.31

.23

.30

narvest I I I

15
17
14
16

Harvest IV

25
30
25
29

"13
"t5
.13
"14

"24
.30
.24

,)Ô

. 13

.15
"12
"15

Har.¿est V

t5
17
12

16

"09
"07
.07
.09

Seed

.45

. t+4

.38
"42

.61

"76
.59
.69

.59
"67
.56
"64

.08

.10

.08

.09

"lt
.15
.10
"13

\r¡



52

the variations in phosphorus content between treatments are larger

forthecropsgrownonthestubblesoilthanforthosegrovJnonthe

fa11ow soii. The large differences in phosphorus content between

treatments êre most noticeable early in the grøoring seêson and nearly

disappear as the crops approach maturity'

Thephosphoruscontentsofwheatandflaxweresimilarat

corresponding harvest dates and were somewhat lov¿er than were those

of rapeseed. The phosphorus contents of rapeseed and flax seed were

sim.í1ar and were higher than that of wheat' \'ilrereas the phosphorus

contents of rapeseed and flax seed varied widely between fertilizer

treatments, wheat seed showed little variation in phosphorus content

betr+een f erti 1i zer treatrnents"

iiata for the fal1ow and stubble plots showing the absolute

amounts of phosphorus in lbs" per acre in the plant materials at each

harvest date and in the seed are listed in Tables xII and XIII

respectively.GraphsshowingacomParisonofthephosphorr'rstaken

up at each harvest date plotted against days after seeding for the

60-40 treatments of each crop grown on the fal1ow and stubble soils

are given in Figures 9 and 1l respectively, Graphs comparing the

amountsofphosphorususedperweightofovendryplantmaterial

produced by the 60-40 treatments of the three crops grown on the

fallow and stubble soils are shown in Figures 10 and l2 respectively"

Fallow plot. Growing under the nearly ideal conditions

Absolute amounts of phosphorus in the plant malsrlgli
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presented by the fallow plot, rapeseed proved to have a muèh greater

capacity to utílize large quantities of phosphorus than had flax or

wheat" The 60-40 treatment rapeseed took up 26 lbs" per acre of

elemental phosphorus" The corresponding flax and wheat treatments

each took up about 13 lbs" per ãcre of elemental phosphorus. Flax

and wheat grown on the fallow soil showed little varÍatíon in phos-

phorus uptake between fertilizer treatments. The 6O-40 and 0-4O

treatment rapeseed plant materials contained lêrger quantities of

phosphorus throughout the growing season that did the 0-0 or 60-0

treatment rapeseed, At harvest V the 60-40 and 0-40 treatment rapeseed

plant materials contained l0 lbs. per êcre more phosphorus than did

the 0-0 plant material and ó lbs" per acre more phosphorus than díd

the 60-0 plant material,

Figure 9 shows that the three crops differ in their phosphorus

feeding habits, The rate of phosphorus utilÍzation for flax was

nearly constant throughout the growÍng season and was less than that

for wheat or rapeseed. ÞJheat and rapeseed used phosphorus at about

equal rates until 49 days after seeding. After that date the rate

of uptake by wheat decreased until 62 days after seeding, by which

time wheat had taken up all the phosphorus it reguired for growth

and seed development. Rapeseed continued to use phosphorus at a

rapid rate unti I 62 days after seeding" Beyond 62 days rapeseed

took up phosphorus at a reduced rate unti I maturi ty.

Probably the most significant differences in the phosphorus

feeding habits of the three crops are the differences in the staqes



TABLE XTT

THE AMûUNT O'F ËHÕSËHORUS TN LBS. PER ACRE AT EACH HARVEST TN THE PLANT HATERIALS GRÕWN ON THE FALLTW SOTL

C rop

Wheat 0-0
0-40

60-0
60-40

Treatment
Harvest Harvest

I TI

Rapeseed 0-0
0_40

60-0
60-40

Fl ax 0-0
0-40

60-0
60-40

o

.2

.2

.5

Harvest Harvest Harvest V

Ifï IV Total

6.4
6.1
6.4
7.0

4.0
4.6
4.4
o"o

2.3
2.8
3,4
3.1

.4

.5
lr

.6

9.5
10,0
9.8

10" 3

5"5
10. I
8.4

r 0.6

4.5
4.t
4.4
4.8

,2
2

.3

.2

0.7
1"9
1.3
2.3

o,
6"7
1.1
6.5

7.9
8.2
7.8
B. I

['larvest V

pl ant materi al
other than seed

11.4
13. 0
12"3
12"7

17 "o
27.\
22"3
25.8

12.4
1r.8
12.9
tl -6

5.8
7.2
6.5
7.0

9.7
12.2
10, B

12"9

6.0
5.5
5.4
7.6

Phosphorus in the seed
as a % of the totäl P.

Seed in the plant material
at harvest V

5.6
5"8
5.8
5.7

7"2
4.8
1"5
2.9

4g.t
44.6
47.2
44.9

42"4
54"6
5l .6
50. 0

51 "6
52.5
58. I

44. I

6"4
o"¿
7.5
6.0

\tl
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of growth during which phosphorus is tal<en up. þJheat took up about

80 per cent of íts total phosphorus requirement before 49 days after

seeding. l.ruring the sarne períod rapeseed took up 40 per cent and

flax took up 35 per cent of their totai phosphorus requirements" Flax

and rapeseed took up a large port'ion of their phosphorus late in ihe

g¡'owing season. !{heat took up nearly all of its phosphorus early in

the grovling season.

The graphs in Fiqure l0 show that the ratio of the weight of

phosphorus taken up to the weight of oven dry rapeseed plant material

produceci wês nearly a constant value throughout the growing season.

The ratio for wheat u,as equal to that for rapeseed until harvest II

and then continued to decrease slowly until maturity, The ¡'atio for

flax was relatively large until harvest II after which time it de-

creased appreciably when the flax began to grow vigorously. After

harvest III it remained nearly constant until maturity. Flax took

up rnore phosphorus per weight of plant material produced after harvest

IV than did rapeseed"

Approximately one-half of the phosphorus in the total plant

material of al I three crops at harvest v was located in the seed, The

data show no distinct differences between crops or between treatments

of crops in their efficiency of phosphate use in seed production.

stubble plot. The NaHCO3-extractable phosphorus data shown

in TabTe I indicate that the stubble soil contained somewhat less

available phosphorus than did the fallow soil, The phosphorus utiiiza-

tion data show that the amouni of phosphorus taken up by each crop
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TABLE XIIl

THE AMOUNT ûF PHO,SPHORUS IN LBS. PER ACRE AT EACH HARVEST IN THE FLANT MATËRTALS GROWN EN THE STUBBLE SOIL

C rop

Wheat 0-0
0-40

60-0
60-40

Ha rves t
Ïreatment

I

Rapeseed 0-0
0_40

60-0
6o-40

Harvest Harvest

II IIi

.5

.7

.6
1.0

Fl ax 0-0
0-40

60-0
60-40

2"1
2.9
2.5
3.8

1.5
1"5
1.6
1.9

1.5
1.5
1.6
1.9

.¿

.3

.2
'.3

Harvest Harvest V

iV Total

3.3
hr
3.3
4.7

4.0
5.8
4.2
8.r

2.6
2.6
2.4
2.9

.3
"3
.3
,

4.1
Ão
3.9
,:o

5.7
I 0.0
6.7
9.8

3.3
3.6
3"5
3.6

l'la rvest V

pl ant materi al Seed
other than seed

5.9
5.6
5.1
7.0

6.7
9.1
9"7

12"6

5.5
6.1
5.9
6.4

2.1
1.7
1.7
2.5

2.3
2.6
3.2
3.6

2.0
2"6
2.3
2.5

Fhosphorus in the seed
as a % of the total F.
in the plant materÌal

at harvest V

3.9
3"9
3.4
4.5

4.4
6.6
6"5
9.0

3.5
3"7
3.6
3.8

66.1
69.6
66.7
64.1

65"7
72.5
67 "0
71.4

6s.a
58 "7
61.0
59.4

\n
@
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gror{n on the stubble soil uras about one-half that taken up by the

sâme crop grown on the fallow soil, Grown on the failow soil the

60-40 treatments of flax, wheat and rapeseed used 1J.6, lz"7 and z5"g

lbs. per acre of phosphorus respectively. Grown on the stubble soil
the 6o-40 treatments of the same three crops used 6.hr 7.0 and 12.6

lbs. per acre of phosphorus respectfvely.

The phosphorus utilízation data indicate that the various

fertilizer ti'eatments had little effect on the amount of phosphorus

used by flax. At harvest V the 0-40 and 60-40 treatment plant materials
contained only about one-harf rb. and one lb. per acre more phosphorus

than did the 60-0 and 0-0 treatment plant materials. Similar to flax,
the 60-40 and 0-40 treatment wheat plant materíals contained on the

êverage only slightly more phosphorus than did the 60-0 or 0-0 treat_
ment plant materials" By harvest v the 60-40 treatment wheat had

tal<en up only one lb. per acre more phosphorus than had the 0-0 treêt_
ment u¿heat" It would appear that flaN and wheat made very inefficient
use of the added ferti'lizer phosphorus. The phosphorus fertilized
treatments of rapeseed sholed an increased uptake of phosphorus over

the ó0-0 and 0-0 treatments during the period from harvest II untir
maturity. The 60-40 treatment rapeseed plant materials at harvests

III, ïv and v contained approximately two times as much phosphorus as

did the corresponding check treatment plant nraterials. The nitrogen
fertilizer application of the 60-0 treatments increased the uptal<e

of phosphorus by rapeseecl probably because a more viqorously growing

plant with a larger root system was developed on that treatment than
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on the 0-0 treatment" It is suggested that had the supply of nítrogen
not been a factor limiting phosphorus uptake the 0-40 treatment rape_

seed would have taken up as much phosphorus as did the 60-40 treatment

rapeseed. The phosphorus uptake data for rapeseed indicate that
that crop made more efficient use of fertilizer phosphorus than did
wheat or flax.

Figure ll shows that frax grown on the stubbre soir took up

phosphorus at a constant rate throughout its growth. wheat took up

phosphorus fairly rapídly until harvest II, at which time the rate
of uptake decreased and remained nearry constant until maturity.
Previous to harvest II the 60-40 treatment rapeseed useci phosphorus

at about the same rate as did flax. After harvest II its rate of
utilization increased rapidly to remain constant until harvest III.
Subsequent to harvest III phosphorus was taken up slowly untí1 maturity.
The 0-0 treatment rapeseed took up phosphorus at a nearry constant

rate approximately equâl to that for wheat until harvest III, after
which time phosphorus uptake slowed nearly to a stop. The 60-0 and

0-lro graphs, although not shown, are nearly identical shapes and lie
intermediate between the 60-40 and 0-0 treatment graphs.

The graphs di scussed above show that when grown on a soi T

having a relatively low lever of avairable phosphorus rvheat and

flax took up phosphorus at a nearly constant low rate throughout the
growi ng season, i ndependent of the ferti 1 i zer treatment. unferti i i zed

rapeseed tool< up slightly more ¡rhosphorus than did wheat or flax
and its rate of uptake was much greater prior to harvest IV than it
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was later in the season. Rapeseed fertilized with nitroqen or phos-

phorus or a combination of the two showed an increase tn rate of

phosphorus utilization over that of the check treatment. The size of

the íncrease depended upon the kind(s) of fertiiízers added.

As was mentioned in the discussion of falrow prot data the

crops differ with respect to the period of growth during which they

take up phosphorus to satisfy their requirement. It was pointed out

that flax and rapeseed grown on the fallow soil took up a large

portion of their phosphorus 'later than 49 days after seeding. Tlre

same was not true of wheat. þlheat neariy satisfied its phosphorus

requirement early in the grorving season. The stubble plot data

indicated that uvhen grown on the stubble soí I r^¡hich lTad a relatively

smal I amount of avai lable phosphorus the 60-40 treatment r¡theat and

rapeseed took up 67 and 64 per cents respectively of their total

phosphorus compiements prior to 49 days after seeding. The correspond-

ing flax treatment took only 45 per cent of its total phosphorus

requirement before the same date" The fallow and stubble plot data

indícate that independent of the supply of available soil phosphorus

flax takes up phosphorus at a slow rate throughout its growth. ldheat

and rapeseed, it appears, have the ability to consume large amounts

of readily available phosphorus in the early stages of their growth.

Figure 12 shows that the ratio of the weight of phosphorus

taken up to the weight of oven dry plant material produced r{as con-

stant throughout the growing seêson for rapeseed grown on the stubble

soil. The same ratio for wheat was larger between harvests r and II
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than between harvests II and IV" Beyond harvest IV phosphorus uptake

contínued while at the same tinre the weight of dry plant material

decreased. The graph for flax indícates, as did that for the fallow
soil, that the ratío of the weight of phosphorus taken up to the weight

of plant material produced was relatively large between harvests I
and II, decreased after harvest II untíl harvest IV, and then increased

after harvest IV due to continued phosphorus uptake coupled wìth a

very small increase in the total weight of flax plant materfal.

T{heat and rapeseed both used between 65-72 per cent of the

phosphorus in their total plant materíals at harvest v for seed pro_

duction. The proportion of the total phosphorus located ín the flax
seed was sornewhat lower, varyíng between |g-Éf per cent.

Summarv and Conclusions

In an attempt to gain some l<nowledge concerning the growth

habits and the nitrogen and phosphorus feeding habits of flax, r.rheat

and rapeseed grown under field conditions, identical experirnents rvere

located on a faliow and a stubbre soil in the portage la prairie,

l4anitoba area. The crops were subjected to four different ferti lizer
treatments; a checl< treatment (0-01, ancl phosphorus fertiIizer alone

treatment (o-qoi, a nitrogen fertilizer alone treatment (60-0], a

treatment combi ni ng ni trogen and phosphorus ferti i i zers (60-ao).

Four harvests of plant material were taken at two week intervais
during the grov.ring season beginning three r,veeks after seeding. The

fifth and final harvest was taken as each crop matured, Totai yields
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of plant material in 1bs" per acre were calculated for all treatments

of each crop at each harvest" The harvest v pia¡rt materíal samples

u¡ere threshed and yi elds of seed ulere determi ned f or each treatrnent

of each crop' Total nitrogen and total phosphorus analyses were con-

ducted on all plant material samples. The quantities of nitroqen and

phosphorus in 1bs. per acre of nutrient ìn the piant material were

calculated for all treatments of the crops at each harvest. Concurrent

r¡rith each harvest soi I sampies to a four foot depth were taken f rom

the 0-¿10 treatment soiis of each crop in an attempt to study the

removal of nitrate nitrogen and rnoisture from the soil and the extent

of root development for each of the crops at each of the five harvest

dates.

Rapeseed produced larger yields of oven-dry plant material

than did wheat and wheat produced iarger vields than did f1ax. l*ihen

confronted u¡ith p'lentiful supplies of moisture and nutrients rapeseed

expressed a much greater capacity to pnoduce large yields of plant

material than did the other two crops.

wheat initially grew more quickly than did rapeseed or frax

and conrpleted its growth by abant 60 days after seeding. The rate

of growth of rapeseed was initially slow, but it equalled that of

wheat after harvest II" Beyond 60 days after seeding rapeseed con-

tinued to grow at a someu¿hat reduced rate untii maturíty. Throughout

the growing season flax grew more slor..rly than did rapeseed or wheat.

Rapeseed showed greater responses to nitrogen and phosphorus

fertilizers applied alone and in combination than did wheat or flax.
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The phosphorus ferti I i zer appl i cati ons decreased the gerrni nati on of

fiax seed resultíng in reduced yields of plant r*aterial and seed from

t hese t reatrnents ,

The supply of nìtrogen in the fallow so'il was plentiful. Rape-

seed gror.rn on that soi 1 used much l arger quanti ti es of ni trogen than

did wheat or f lax. X,lhen grown on the stubble soil in which nítrogen

was a factor limiting plant growth rapeseed took up only slightly

rnore nitrogen than did the other two crops. Rapeseed made more

efficient use of fentiltzer nitrosen added to the stubble soil than

did r¡rheat or f 1ax,

'vJheat took nitrogen up rapidly during the eariy part of its

growing season and had satisfied its total requírernent by 60 days

after seeding" Rapeseed took up nitrogen at a rate approximately

equalling that of wheat prior to hanvest II and exceeding that of

wheat af ter harr¿est I I. Rapeseed grown on the f al i ow soi I cont'inued

to take up nitrogen until maturity" Flax took nitrogen from both

soils more slowl¡' than did rapeseed or wheat, and approximately satis-

fied its total nitrogen requirement by 60 days after seeding. An

interesting fact concerninq the rapeseed and wheat data is that all

treatments of wheat grown on the fallorr¿ soil and the 60-40 and 0-40

treatments of wheat and rapeseed gror,rn on the stubble soil lost nitro-

gen from their above ground parts subsequent to 60 days after seeding.

i{one of the flax plant materials lost nitrogen.

Rapeseed used two times as much phosphorus from the 60-40

treatment fallow soils in which the supply of phosphorus was plentifui
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as did wheat or f lax. 'rihen gnown on the stubble soi 1 in r¡rhích the

supply of phosphorus was ê factor limiting plant growth rapeseed

obtained slightly more plrosphorus than dicl the other tr"ro crops. Rape-

seed made much more efficient use of fertilizer phosphorus addecl to

the stubble soil than dìd wheat or flax.

Rapeseed and wheat gror¡,,n on the fai low soi I took up phosphorus

at approximately egual rates until harvest III, after which time the

rate of phosphorus uptake by wheat decreased. By harvest IV wheat

had satisfied its total phosphorus requirement. Rapeseed continued

to take up phosphorus at a rapid rate unti I harvest IV. Beyond that

date the rate of phosphorus uptake by rapeseed decreased and remained

constant until maturity" Throughout the growing season flax used

phosphortrs at an approxÍmately constant rate sonrewhat less than those

of wheat or rapeseed.

ldheat and flax grown on the fallow soil took up phosphorus at

nearly constant low rates throughout their growth, Rapeseed took

phosphorus up at a relatively rapíd rate during the period between

harvests II and III. Beyond harvest III tlre rate of phosplrorus uptake

decreased and reinained approximately constant until rnaturity.

The phosphorus utilization data for both plots showed that

rvhereas wheat and rapeseed have capacities to tai<e up large quantities

of phosphorus in a short periocl of time, flax takes up phosphorus et

a constant low rate throughout the grou,ring season inclependent of the

supply of available phosphorus.

The intended study of the rates and extents of root development
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by the three crops vras made impossible by the frequent heavy rains

which fel1 on the plots during the summer resulting in excessive rnove-

ment of nìtrate nitrogen in the soil profile and practically no depletion

of soil moisture at any depth"

Ûn the basis of the field data presented several conclusions

wene drawn concerning the growth lrabíts and the nutrient requirements

of rapeseed, wheat and flax.

l.'lhen grown on a so'il having abundant supplied of nitrogen"

phosphorus and moisture, rapeseed takes up much iarger quantities of

nitrogen and phosphorus and produces larger yields of plant mater.ial

than does wheat sr fTax. Flax takes up the least nítrogen and produces

the least plant material of the three crops. Flax and r,¡heat take up

approximateiy equal quantities of phosphorus.

l,Jhen grown on a soil in urhich the supply of moisture is plenti-
ful and the supplies of nitrogen and phosphorus are f,actors limiting
plant growth, râpeseed is able to remove slightly more nitroqen and

phosphorus from the soii than is wheat or flax and it produces some-

what more plant material than can the other two crops" Fiax produces

the least plant material, even though r,vheat and f lax take up approxi-

mately equal quantities of nitrogen and phosphorus. Repeseed mekes

more efficient use than does wheat or flax of nitroqen and phosphorus

added to the soil in the form of fertilizers.

l.Jheat initially grows rnore quickly than does rapeseed or flax
and completes its grou,rth by about 6o days after seeding. Rapeseed

initial ly grows very slowly, however, its rate of grov.rth increases
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until it equals that of wheat at about five weeks after seeding, The

growth rate of rapeseed remains constant during the five to nine week

period and then decreases sornewhat to remain approximately constant

until maturity. Flax grows more slowly and at a more nearly constant

rate than does rapeseed or wheat.

In generai, the rates of uptake of nitrogen by wheat, rapeseed

and flax and the rates of uptake of phosphorus by wheat and rapeseed

are largest during the period between three to nine weeks after seeding.

Beyond nine weeks after seeding nitrogen and phosphorus uptake by these

crops either continues at a reduced rate or cornpletely stops. Flax

tal<es phosphorus up at an approximately constant rate throughout its

growth' þJhereas vrheat and rapeseed grown on a phosphate deficient

soil take up nearly all of their phosphorus príor to nine weeks after

seeding, flax takes up approxirnately one-half of its phosphorus later

than thi s date"



GREËNHÛUSE EXPERTi"iEi,tT I

I"iateríals and Methods

A, sreenhouse experiment similar to that conducted byr*febber (331

was designed to study and compare the phosphorus feeding habits of

flax, oats and rapeseed and to determ.i ne r^rhether any of these crops

specíficall), affect the avaíiability of soil phosphates, The experi_

ment consisted of grouring four treatments of three crops on one soil.
Each treatrnent vJas repl icated f our times"

i'ianitoba contains laroe areas of high-1íme soils. The earlier
greenirouse experiment conducted by 'r.Jebber (ssl indicated that the

native soil phosphorus in non-calcareous soils is most available to
flax, less available to oats and least avai lable to rapeseed. It
was decided that a study to cornpare the availabilities of natíve soiI
phosphorus to the same three crops should be conducted on a high-lime

soi1.

soil for the experirnent was obtained from the 0r-6r layer of

a Balmoral series soil (25\ situated in the Teulon area. A character-
ization of the soil is given in Table XIV.

The soil u¡as air dried and was put through a one-half inch wire
rnesh to remove any large clocls. The ciods were broken into smaller

fragments and vrere mixed thoroughly with the fine material. lg00 gms.

of air dry soi i r,vas added to each of the one-harf gai 1on grazed porce-

iain pots in which the crops were to be grown. A total of 56 pots was
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TABLE X] V

SSME CHARACTERISTICS EF THE SSIL EMPLÐ.YEÐ IN THE GREENHTUSE EXPERIMENT

PH

Conductivi ty of satn. extract

Textu re

% organic carbon

/, organic matter

I inorganic carbonate

CaCG3 equivalent (%l

NaHC0r-extractabl e phosphorus

Exchangeable potassium (ppm)

f hygroscopic moisture

% noisture at field capacity

(mmhos per cm" )

( ppml

7-E

.66

sicL

5"14

8.86

27 "91

46" ss

8.4

71 5.0

6"0

42"5
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prepêred. Fielci capacity and hygroscopic moisture determ.inations were

conducted to determine the lveight of water required to moísten 1BO0

gms. of the air dry soil to field capacity"

rÍle f our treêtments i n the experiment r.rereã treatment I, a

checl< treatment (no fertilizer added); treatment TI, a fertilizer treat-
ment in which radioactive phosphate fertilizer was banded into the

soïl; treatment III, a ferti lizer treatment in which radìoactive phos-

phate fertiiizer was mixed throughout the soil and treatment IV, a

fertilizer treatment in which non-radÍoactive phosphate fertilizer
rvas mixed throughout the soil coupled with a band of radioactive
phosphate ferti I izer.

At seeding time 20 nrr. of a solution containing r uc of FJZ

per mlc þ/âs mixed üoroughly throughout each of the checl< treatment

soils" This was accomplìshed by adding the carrier free pJ2 solutìon

to the quantity of water required to moisten the soil to fielcl capa_

city. The soil and water were then added to the porcelain pots ín
successive smal 1 increments. Adding Fi,Z to the check treatment

soils made possible a measurement of the exchangeable phosphorus in
the soil" The amount of phosphorus adcled as pJ2 was so small that
it did not change the phosphorus status of the soil ínsofar as the

growi ng pl ants v,¡ere concerned.

A 10 mi. aliquot of activated phosphate fertÌlizer solution
containing l0 ppm of phosphcrus r{as banded one and one-haif inches

below the surface of each of the treatment II soils at seeding time.

Banding activated phosphate ferti lizer into the soil made possible
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a determination of ¡r&¡r velues for the soi 1 as rneasured by each of the

three crops.

A 20 m1. aliquot of the activated phosphate fertilizer solut'ion

containing 20 ppm oi phosphorus r{ras mixed thoroughly throughout each

of the treatment III soils at seeding time. This was accorïtplished

by adding the activated t'ertiiizer soiution to the quantity of water

required to moísten the soil to field capacity" The soil and rn,ater

plus fertiiizer were then added to the porcelain pots in successive

increments" Ferti lizer treatrnent III made possible the deternrination

of a second type of rrAtr value for the soil as meêsured by each of the

crops.

Frior to seedingr 20 ppm of phosphorus in the form of finely
granulated KH2PC4 was rnixed throughout each of the treatment TV soils.

Ê, thorough mixing þ/as accomplished by spreading each lB00 gnr. pontion

of soil ìn a thin leyer over a sheet of paper" 0.1F8 gm" of KH2Fû4

r"rês spread as evenly as was possibie over the layer of soi l. The soi i

plus ferti lizer l"¡as rol led on the paper for f .ive minutes" At seed-

ing time l0 ml" of activated phosphate fertilizer u¡as banded into

the soi I one and one-haif ìnches belou,r the surface. Treatment IV lvas

desiqned to determine hour and to what extent mixing fertilizer phos-

phate throughout the soil would affect the treatment II lAn value

det e rmi nat i on .

Addition of phosphorus as KH2Fû;* required that appreciable

quantities of potassium were simultaneousl), added to the fertilized

treatment soí1s. At sêeding time the level of available potassium
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in the treatment I, II and III soils was made equivalent to that of

the treatment rv soil by adding a predetermined quantity of a Kc1

solution rvhich contained .1148 gm" Kcl per litre of solution.

All crops were seeded on cctober 16" The seeds uvere placed

approximately one-half inch below the soi I surface and the soi 1 r.ras

moistened to field capacity. The weight of each pot plus soil at

fie.ld capacity vras calculated and opt'imum rnoisture conditions for
plant growth were rnaintained by adding a sufficient v;eight of water to

moisten the soil to field capacity every tvJo or three days.

The plants first appeared on tctober 19. cne week later the

piant population of all but eight pots of f,lax çvas reduced to ieave

only the four healthiest and best spaced plants. ûf the remaining

ei ght pots of treaiment II 1'1ax, two oroups of f our pots contai n.i ng

populations o'i eigf-rt and tweive flax plant respectively viere prepareci"

It rtras felt ihat if pooulations of flax larger than four plants were

groþ,n, yields of dry fiax plant materiai would more neariy equatr those

for oats and rapeseed. Nearly equal yields of dry plant material

should iend basis for ihe direct ccrnparison of flax, oat and rapeseed

llAll va I ues "

1,,ii re supports were i nstai l ed i n some pots af ter three weeks of

growth to maintain the oats and flax in an upright position.

The crops t¡lere harvested on i3ecenrber 3 y 48 clays af -i:er seedi ng.

The plants were cut off at the soil surface and rvere chopped in

approximatel y one-quarter i nch lenc,lths i nto paper bags to ai r dry.

Idhen air dry, the plant material was oven-dried at 90o c. for several

hours, then cooled and weighed. The oven dry plant material was
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fínely ground and a representative sample was wet ashed" Aliquots

of the ash solution were taken for total phosphorus analysis and

radioactive counting,

Results and Ðiscussion

The yields of plant material in gms. of oven dry weight are

given in Table XV"

Yíeld of plant matter

The yields of flax plant material for all treatments were much

smaller than the yields of either oats or rapeseed. All treatments

of oats and rapeseed produced more than one and one-half gms. of oven

dry plant matter and many produced nearly three grams" In contrast,

where there was ê poputation of twelve flax plants in treatment II
the average yield of oven dry plant material was less than one gm.

It is interesting to note that for.the three populations of flax
grobtn in treatment II there is a nearly linear relationship between

size of plant population and t¡eight of dry matter produced.

Flax showed no response to the treatment Iï band application

of phosphate fertilizer, howevero it responded to phosphate mixed

throughout the soil as it was applied in treatments III and IV. üats

and rapeseed produced approximately equal quantities of oven dry

plant material" Both crops shor+ed good responses to phosphate fert.i-
lizer independent of the method of application"
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TABLE XV

ËFFËCT Ú.Ë ËERTÍLIZER TREAT¡,IENT ON THE YIEL.Ð CIF PLANT MATERIAL, PER CENT YTELD

ANÐ THE ËËR CENT PHOSFHORUS TN THE PLANT MATERÍAL

Fl ax

Treatment

i
ii4
iIB
rÍtz

fTI
IV

T

Ii
III

IV

I
ïï

ïIi
iV

0at s

Vlt. oven dry
plant matter gms.

Rapes eed

.38
1a.)¿

.71

"92
.45
bll

1 .80
2"34
2.40
2.39

1-50
2.7 5
2.90
2"81

Yield check treatment

Yi eld ferti I i zed t reatment
Þer cent

x 100 = yield

I 18.8

84.4
86. 4

76.9
75 "o
75"3

56 "7
53,8
55"5

Total P.
as a % of

i n pl ant matter
the plant weight

"t+9
.57
"40
.40
.48
.59

"35
"32
.36
"36

"25
.31

"36
"7

-{
c¡.
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Pe¡- cent yi e 1d

The per cent yieid ciata were determined by calculating the

y,ield of the check treatment es a percentage of the yields of the

fertilized treatments" These data indicete that flax showed differ-

ences in response to fertilizer phosphate dependìng upon the method

of ferti lizer application and that r'lax, oats, and rapeseed differ
jn the magnitude of their response to fertilizer phosphate. Flax

responded to phosphate mixed tlrroughout the soii but díd not respond

to phosphate applied in a band. ûats and rapeseed responded as v,,eli

io the band application of phosphate as to the thoroughly mixed

phosphate appl i cation,

The magnitude of crop response to fertilizer phosphate clecreased

in the order rapeseed, oats, flax" Tlre yields o-í plant matter from

the f ertí I i zed treatments of rapeseed were about tr^ro times as great

as from the check treatnients" The oat check treatrnents procluceo' a

yield approximating three-fourths that of tlre ferti lizer treatments.

Fl ax showed rnuch smal l er responses l-o the f erti l i zer phosphate appl i ca-

tions of treatments III and IV than dici oats and rapeseed.

Per cent phosphorus in the plant material

In comparison to the oat anci rapeseed piant materials, flax
contained a high percentage of phosphorus" Treatment II data inclicate

that with íncreased plant population tlre percentage of phosphorus'in

flax plant nlaterial decreased. It would appear frorn the treatment II,

having a four plant population, and treatment IV data that urhen the
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supply of phosphorus is large in comparison to the amount required

for plant growth, flax makes luxury use of that nutrient"

The percentage of phosphorus in the oat and rapeseed plant

materials obtained from identical fertilizer treatments were simílar

except for the check treatments. The check treatment oats and rape-

seed contained .35 and .2i per cent phosphorus respectively, The

check yields for both crops were considerably less than any of the

fertilized treatment yields, indicating that both crops were sub-

jected to a phosphate stress. The fact that oats was able to produce

a larger amount of plant matter having a higher phosphate content

than was rapeseed under these conditions indicates that the soil

phosphorus hras more avai lable to oats than to rapeseed"

Phosphorus Uti 1 i zati on_.Fq!e

flhosphorus utilization data for flax, oats and rapeseed,

including total uptal<e of phosphorus '!n mgm", uptake of soi I phos-

phorus ffigffi" y uptalce of ferti I i zer phosphorus mgm" , and per cent

utilization of fertilizer phosphorus added to the soi1, are listed

in Table XVI.

IglL4 gg! ele_ef pho_spþo rq:

The total amount of phosphorus taken up by fiax was so small

for all treatments that it was probably determined by ¡:lant require-

ment rather than by phosphorus availabilitv" It is suggested ihat

phosphorus avaiiability was ât no time a factor lirniting the growth of

fiax.



C rop

Fl ax

Treatment

TABLÊ XVT

FHO.SFHüRUS UTTLIZATÍ üN ÐATA FOR FLAX, OATS AN'ü RAPESEEÐ

ftat s

ï
II4
IrB
Tr lzïIt
IV

I
II

III
IV

I
ït

riï
IV

Total phosphorus
uptake mgm.

Rapeseed

I .85
I .83
3.27
3.67
2.17
2.60

6.23
7 .56
8'str
8.57

3.93
8.48

r 0.30
I 0.44

Soi I phosphorus
uptake mgm.

1,85
1 "34
2.33
2"68
1 "32
2.17

6.23
4.93
5.54
6"61

3.93
3.68
6"57
6.12

Fertilizer phosphorus
uptake mgm.

.49

.94
oo
Ar.Q2

"4t

2"63
3 .00
I .94

4. Bo

3 "73
4.lz

Per cent uti I i zati on
of ferti 1 i zer phosphorus

2.7
5" lB
5"48
2.35
2.41

14"61
I "33

10.77

26.67
r0.40
4.40

\.1
\o
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üats Èool< up more phosphorus f rom tlre f erti f ized treatments

than frcr¡ the check treatment and slìghtiy more phosphorus frcm treat-

ment ÏII and IV in wl'rich the fertilizer had been mixed throughout the

soil than frorn treatment iI which contained on'ly a band of phosphate

ferti I i zer.

'odhereas oats vJas able to obtai n neêrl ¡, u= much phosphorus f rorn

the checl< treatment as from treatment II, rapeseed obtaineci more than

tt^lo times as much phosphorus from treatlnent II and two and one-haif tirnes

as rnuch phosplrorus frorn treatnrents III and IV as from the checl< treat-

nrent.

Uptake of soí 1 -phosg[sr!!:

ïn comparison to the quantities of soíl phosphorus taken up

by oats and rapeseed, flax took up very little soil phosphorus" For

all treatments except treatment III, oats took up more soil phos-

phorus than did rapeseed" Treatment III ra¡:eseed took up a rarger

total quantity of phosphorus than d'¡d treatment III oats and it is

sugqested that this ßìâv explain the seemingly anomalous results. The

ratios of soil phosphorus to total ¡rhosphorus in the two plant materials

are identical (.0t+\.

ûats was able to remove nearlv two tirnes as much phosphorus

from the checl< treatment soil as r",ras rapeseed. These data indicate

that under the existing experimental condítfons oats was a stronqer

soi I phosphorus feeder tlran was rapeseed,



81

Uptake of fçrti lj_ze|_gbosphorys

The quantities of fertilizer phosphorus used by flax vrere smali

for all treatments" The treatment II twelve piant popuiation used

less than 5,5 per cent of the phosphorus added"

Fieid data indicate that under conditions in which the supply

of nitrogen and available phosplrorus is pientiful flax uses only a

very lirnited amount of phosphorus before the seven week staqe of

grov;th. Had the f iax in the qreenhouse experiment been cirovJn for a

longer period of time it rnay have made more efficient use of; ferti-

i i zer phosphorus.

ûats and rapeseed were much nrore efficient users of fertilizer

phosphorus than r{ras flax. Rapeseed used slightl}, rnoru treatment III

ferti lizer phosphcrus than did oats because, as was previously stated,

rapeseed consumed a larqer totel quantity of phosphorus. Tlre ratios

of fertilizer pirosphorus to total phosphorus in the plant materials

are identical for the two crops"

The ¡rhosphate utilization data for treatments II and IV in

which fertilizer phosphorus r{as banded into the soil, point out a

rather stril<ing difference between the ¡:hosphorus feeding habìts of

oats and rapeseed" Tt will be recalled that in treatment II, 10

ppm of phosphorus was banded one and one-half inches belor,., the soí i

surface. Rapeseed utilized just less than two tímes as much phos-

phorus from the fertilizer band as did oats" In treatment IVr 20

ppm of phosphorus was mixed throughout the soil accompanied b;, a

phosphate band containing l0 ppm of phosphorus placed one and one-half



inches belor,^¡ the soi I surf ace" TreaËment IV data show that repeseed

used s1íghtly nrore than two times as much phosphorus frorn the band

as did oats. It wou'ld êppear that even though there wês a large amount

of availabie phosphorus mixed throughout the soil, rapeseed preferred

to obtain its phosphorus from the fertilizer band in v¡hich there was

a relatively higher phosphate concentration than in the remaining

soi I " Addi ng phospl-rate f erti lizer throuqhout the soi I i ncreased the

total amount of phosphorus taken up by rapeseed wíthout appreciabl¡r

affecting the per cent utilization of banded fertilizer phosphorus.

The same fertilizer treatment decreased by one-quarter the utilization
of banded phosphorus by oats. ûats does not show the same preference

for phosphorus from fertilizer band as does rapeseed.

Treatment II data suggested that oats was better able to obtain

phosphorus from a medium having a low phosphate concentration than

was rapeseed" The f-act that mixing fertilizer phosphorus throughout

the treatrnent IV soil increased the utilization of soii phosphorus

more and decreased the utilization of band phosphorus less for rape-

seed than for oats indicated tl'rat rapeseed has a larger potential to

use phosphorus than has oats.

rrArr Value Ðata

The rt/À't value data are listed in Table )(VII.

"41-u"1gg

An rrAtr value is a measure of the quantity of available nutrient

in a soi I in terms of a ferii lizer standard, The measure¡-nent is
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TABLE XViI

,,4,,1y6¡¡ES (McM. F, )

C rop
Treatment I I
llAlt va I ue .

Treatment IV
ilAil val ue .

Treatment III
ilAil value

Flax 4 54.0

Flax g 46.0

Flax 
1 z 44.7

0at s

Rapeseed

34"2

I 3.8

92.0

62"6

26"0

75"0

66.8

4"0

I nA,r value = Igt. seif_l jn {"nt materjal x mgm, ferti lizer P added to soi 1

mg l"
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based on the assumption that when confronted with turo sources oi a

nutrient growing plants r,vill absorb from each source in proportion

to the respectfve quantities of nutríent avai lable.

For treatments II, ITI and IV the quantÍty of avairable phos_

phorus in tlre soi 1 was measured 'in terms of a KH2pt¿ standard. ?32

tracer v¡as added to the KH2PÛ4 to enable differentiation betureen soil
and ferti lizer phosphorus in the piant rnaterials. The radioactive
KH2FiiE, in solution form r¡ras bancled into the treatments II ancl IV soi ls
one and one-ha I f i nches bel olv the soi I surf ace ancl v.'as mi xed throuqh-

out the treatment III soil at seeding time.

iJïfferences betv"reen treatrnents II anci IV trAn values determinecl

r¡¡ith several crops grown on a singre soi r vrourd suggest that the crops

have different phosphorus feeding habits and could imply differences
between the crops in their abirities to'feed on soir phosphorus.

ilifferences between treatment IIT ¡rArr values determined with several,

crops oror¡Jn on a single soil imply differences betuseen the soi I phos-

phorus feeding powers of the crops"

The treatment II rrA'values Þvere ê meêsure of the amount of
native soil phosphorus readil)r availabie for use by flax, oats and

rapeseed" The rrArr values determined u¡ith the four, eight and tv¡el'e
plant populations of fiêx þrere sirnilar and it was concluded that the
meêsurement does not vary appreciably lvith differences in prant popu_

iation. The r¡Ar¡ values determined with the three crops decreased in
the order flax, oats, rapeseed, indicating that the native soir phos-

phorus was rnost available to frax, less available to oats and ieast
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avai lable to rapeseed.

Twenty ppm (i.e. J6 ngn") of phosphorus was mixed throughour

each 1800 gnr. portion of treatment IV soil to determine how and to

what eNtent adding phosphate fertilizer would affect the treatment II
trArt vêlue measurement. The treatment IV r¡A¡t values for each crop

exceeded the corresponding treatrnent II rrArt values by a factor of tt"Jo.

These data suggest that, ês was the case for the native soil phos-

phorus, fertilizer phosphorus mixed throughout the soil rvas most

available to flax, less avaílable to oats, and least available to

rapeseed.

The treatment III rlArr values determined v¡ith oats and rapeseed

u,ere approximately equal " The f lax rr¡Atr value was iarger than those

for tlre other two crops. These data support the previously stated

suggestion that soil phosphorus þJes more available to flax than to

oats or rapeseed.

Exchangeable phosphorus data

The exchangeable phosplrorus value data are listed in Table XVTII,

Èxchangeable phosphorus _va lue

The exchangeable phosphorus value determined with each crop

is a rneasure of the reservoir of labile soii plrosphorus which is

avaiiable for plant use or which could become aveilable to plants as

they gror,; and uti I ize phosphorus. Appreciable diff erences betr,.;een

exchangeable phosphorus values deterrnined r.;ith severel crops gro?Jn
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TABLE XVTIT

I
EXCHANGEABLE PHOSPHüRUS VALUES (MGM. F" )

-
-Treatment I Treatment III

F lax 94"1 110"8

ûat s 86"0 107"8

Rapeseed 115.7 r00"8

__

Exchangeable phosphorus = t]Z-eqg=d-:elhe qoi l. , x mgm. p31 in the plant material
P32 in the plant material



1-on a sì nql e soí 1 l^rou 1d í ndi cate that the arnounts of phesnhorus avai

able for use by the crops t-,ere ci ifl'ere¡rt.

Exchangeable phosphorus values u¡ere determined with each of

the crops groi^/n in treatments î anci III" since 20 pprn (i.e. ló rngm.i

of phosphorus was mìxed throughout the treatment III soii at seedinq

time it r¡/as expected that the treatment III exchangeable phosphorus

values determined for each crop v¡ould be approx.imately 16 mgm. iarger

than the corresponding treatment I values, Thís was not the case"

In ceneral, the treat¡nent III r¿alues w,ere onl;r stightiy larger than

the corresponding treatment T values. The treatment III values are

approximately equal for ail crops" The treatment I values for flax

and oats are simiiar and are lower than ihat for rapeseed. con-

sidering that the treatr¡rent III exchangeable phosphorus values are

the same for all crops it would appear that the very larqe treatment

I exchangeabie phosphorus velue for rapeseed rnust be incorrect due to

sorne experimental error"

Summary ançl Conciusions

The phosphorus feeding habits of flax, oats and rapeseed were

studied using Fl2 tracer to determine ItAtr values and exchanqeabie

phosphorus values for a high-lime soil. The crops þrere grown in tlre

areenhouse for a period of about seven !.,eeks, after which time they

r^¡ere harvested, dried, weighed and anaiyzed to determine their con-

tents of phosphorus and tracer PJ2.

Flax used very small amounts of both soíl and fertilizer
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phosphorus. 1n contrast, oats and rapeseed used relatively large

quantities. !.Jhen'' exposed to conditions of phosphorus stress oats

was abie to obtain nearly two times as much soil phosphorus as bras

rapeseed" These data offer the most conclusive evidence that oats is
a stronger soi I phosphorus feeder than is rapeseed.

The magnitude of the response of phosphate fertilizer decreased

in the order rapeseed, oats, flax. Additions of phosphate fertilizer
nearly doubled the yíeld of rapeseed plant material. The yield of

oat plant materíal was increased by approximately one-third. Flax

showed a slight pesponse to phosphate fertilizer mixed throughout

the soil but no response to the phosphate band apprication.

The per cent utilization of fertilizer phosphorus decreased

in the order rapeseed, oats, flax, for ail fertilized treatments.

Rapeseed made very efficient use of phosphorus applied as a fertilizer
band, much more so than díd oats. The per cent utilization of banded

phosphorus by oats was decreased one-fourth r¡rhen 20 ppm of phosphorus

was mixed throughout the soil. The same fertilizer treatment decreasetl

the per cent utilization of banded phosphorus by rapeseed only one

eighth. These data indicate that rapeseed prefers to obtain phcs-

phorus from the band area in which the concentration of avaiiable

phosphate is high relative to the rest of the soii. ilats and flax do

not shol^¿ the same preference.

Ïreatments I1 and IV rtArr values determined with the tlrree crops

decreased in the order'ilax, oats, rapeseed, indicating that the soil
phosphorus wês most avai iable to f iax, 'less avai iable to oats, and
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'!east availabie to rapeseed.

Ïreat¡'nent III rt/4'r value cìata indicated that fiax is a str@nGer

soì 1 phosphorus feeder than are oats or rapeseed.

tn the basis of the experimentai data presented it was con-

ciuded that the phosphorus feeding habits of flax, oets and rapeseed

are d'i fferent, Ra¡:eseed makes very efficient use, oats mal<es iess

efficient use, and flax makes practically no use of fertii.izer phos-

phonus. Rapeseed shows the largest responsej oats res¡ioncls to a

lesser deqree than does rapeseed, and f 'l ax shows very iittle response

to fertilizer phosphorus" Rapeseed shows a greater preference than

does oats or flax for phosphorus from the f,ertiiizer band. soii
phosphorus is mosi available to fiax, Tess available to oats and least

avai lal¡le to rapeseed.

Since the amount of flax plant nrateriaf produced ín the seven

week period lvas much smalIer than that produced by oats or rapeseed

i t l.ras f el t that the di rect compari son of the f i ax, oat and rapeseed

data miglrt leave cêuse for concenn. It was assumed that a more val.i d

connparison of data could be made if the quantities of plant mater.ial

produced were nearly equa1" It rvas concluded that further greenhouse

experiments of a similar nature havino larger flax plant populations

in each pot would have to be conducted before any really concrete

conclusions could be made concerning the phosphorus feeding habits

of flaxe oats and rapeseed.



GREENHüUSE EXPËRIi4ËNT TÏ

i"iethods and i4ateri a1s

Greenhouse experiment I conducted to study the phcsphorus

feeding lrabits of flax, oats and rapeseed, and to investigate how and

to r,"lhat extent yield of plant material affected the rrl\tr value deter-

mined with flax" In effect" the purpose of the study was to determíne

whether a valid comparison of flax, oat and rapeseed ¡rfirr values could

be made if the plant material yields of the crops were unequal.

An experiment simiiar to greenhouse experíment I was designed

to contain four replicates of one fertilizer treatment. It l'r,as planned

that rrÉ¡tt values would be determined for the Balmoral soi 1 (261 using

populat'ions of 1Or 2Or 30 and 40 flax plants ancl four oat and rapeseed

plants. The soil was prepared in the same manner as that described

í'or experlment T and 1800 gm. portions of air dry soil were weighed

into twenty-fourrone-half gallon glazed porcelain pots" At seeding

time l0 ml . of an activated l(H2Fü/,. solution containing "018 gm" of

phosphorus and 9 uc of F32 r,tras banded one and one-half inches belou¡

the soil surface in each pot.

The crops were seeded February 23r 1963 and the plant materials

produced r,^rere harvested eight weeks latere Apri 1 ?-2" The procedures

foliowed'in seeding, caring for and harvesting the crops are discussed

under methods and materiais, experiment T'
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Resu i ts and *i scussi on

The f-1ax piant populatÍons were not as larqe as -ilrose anii¿:ipated

due to poor seed cermi nat i on" They, raneed f rom seven pl ants to tr,,renty_

seven plants. To avoicl confusion the size of population js fistecl w.ith

the cornesponding data in each table.

Th.e yields of piant rnaterial in oms" of oven clry, 1.,,s¡ght and

the ¡:er cent phosphorus data are l isted in Tab'te XIX.

YielSÊ of pl ant matef.i a1

ïhe;rields of flax plant materiai ranged frorn 2.95 gms, for
the seven pl ant popu'lation to 5.00 crms" f or the twenty-three pl ant

populetion. The yields of oat and rapeseed plant materials were

somev+hat greater than those of the largest flax populations. The

êveraûe yields of oat and rapeseed plant materials were 7.70 and

6.35 g'n=. respectively.

Per cent phosphorus in_ the plant material

The experirnent I data showed that the phosphorus content of

flax plant materiai grown for a six week period was greater than that

of oats or repeseed qrown for tfie seme peniod of time. Experiment

IÏ data show that the phosphorus content of plant materiels qrou.rn for
a¡-¡ ei qht weel< peri od i s greatest f or oats, I ess f or rapeseed and

least for flax"

i:hosphorus Uti I i zeti on ilata

The phosphorus utílization data for flax, oats and rapeseed
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ÏABLE XiX
92

ÛVEN ÐRY MATERIAL ANü THE PER CENT PHSSPHTRUS

THE PLANT I'{ATERiALS

TF

fN

C rop Populatíon
Wt. of oven-dry

plant matter (grs.)
Total P. in plant matter
as a % of plant weight

Flax

tat s

Rapeseed

7

10

l0

t1

t4

15

16

t7

17

19

19

20

20

20

23

27

4

4

2.95

3"40

3"50

3 .50

4"25

4.zs

4.40

4" ¡o

3 "75

4"20

4.ls

4.65

4.70

4.75

5. 00

4"75

7 "70

6"ts

.19

.17

.18

.17

.17

"16

.17

.17

"17

.15

.17

.19

"17

"16

.16

"21

.24

.20
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including total phosphorus uptalce ín mgm,, uptal<e of soi I phosphorus

in mgm., uptake of fertilizer phosphorus in msm.¡ per- cent utilization
of fertilizer phosphorus and,A¡r value clata are listecl in Table xx"

Totg I phosphgrus gpt_ake

The total quantities of phosphorus used by flax varied from

!"66 mgrn. for the seven plant popuiation to i0" l2 mgm. for the tr,.renty-

seven plant population. The four plant populations of oats and rapeseed

both used iarqer amounis of phosphorus than did the tr,renty-seven plant

population of flax" ûats tool< up one and one-half times as much

phosphorus as did raÞeseed ancl about tr"-¡o times as much phosphorus as

clìd rnany of the larger popuiations of flex plants"

,U-ptake of soi 1 phosphoruå

The quantities of soil phosphorus taken up by flax ranged fro¡n

4"50 rngrn. to B.0j mgm" Rapeseed took up /. 10 mgnr. soi I phosphorus,

a quanti i;r appnoximatei y equa 1 i i ng that usecl by the 'larger f I ax pop-

ulations, [iats used nearly tr,,io times es much soi I phosphorus as did

rapeseed and flax.

The guantities of ferti lizer pfrosphorus tal<en up by f iax

ranged f rorn 1.16 rngm. to 2.60 mgrn. " smal l arnounts as corîìparecl to those

for oats and rapeseed. 0ats and rapeseed took up 4"5g and 5,66 mgm"

of fertilizer phosphorus respectivel;r. *n the averege, one_fifth

of the phosphorus in the flax plant rnaterial was derived from the



Crop Fopul ation

Flax 7
10
10
11

r4
15
t6
17
17
19
19
20
20
20
23
27

Total mgm. P. Uptake soi I
talcen up p. mgm.

TABLE XX

ËHOSFHüRUS UTlLIZATION I]ATA ANÐ 'IA'¡ VALUES

5.66
5.92
6,41
6.09
7.40
6.89
7.39
7.48
6.30
6.4t
7 .57
8.93
B.IB
7.80
B.r0

10.12

tB "se

12.76

tats

Rapeseed

4" 5o
4.67
4.78
4.66
5. BB

5"16
5.98
5.28
4.87
5.01
5.82
6.zt
5.63
6"og
6. 57
8. 05

13.78

7 .10

Uptake fertilizer
P. mgm.

4

4

1.16
1.25
1.63
1"t+3
| .52
1.73
t.4l
2.?0
1 "43
1 "42
1.75
2.60
2.55
t.7t
t .53
2.07

% uti 1 i zati on rrArt val ue
ferti I i zer P. mgm. P.

6.42
6.94
9.05
7 "97
8.46
9.59
7 "83

12.23
7 "95
7.88
9 "70

14.45
14.15
9"50
B.48

11.52

25 "43

31.42

69.8
67.3
52.7
58.7
69.7
53.6
76"3
4.2
61.4
6E.s
59.9
4t.l
39.8
64"1
77.2
70. 0

54.4

22.6

Average f lax trArt

value mgm. P.

4.58

5.66

6a.7

\o
+
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fertilízer" In contrast, one-thi¡-d of the phosphorus in the oats and

slighttry less than one-half of the phosphorus in the rapeseecl plant

materials was derived frorn the fertil'izer" It is significant to note

that although the total quantity of phosphorus in the oat plant material

was one and one-half times that in the rapeseed plant material, rape-

seed used approximately one-fourth more fertilizer phosphorus than

did oats. The twenty-seven plant population of ftax took up nearly

as large a total quantity of phosphorus as did rapeseed but it tool<

uP only about one-third as much fertilizen phosplrorus as did rapeseed.

Although the experiment II cropse groþ/n eight v.reeks, used

larger proportions of the aclded fertilizer phosplrorus than did the

corresponding experiment I crops gror¡Jn si x weel<s, tl-re same trends are

evide¡rt in both sets of data. Rapeseed tooi< up a larger proportion

of the fertilizer phosphorus addecr than did oats and oats took up

a larger proportion than did flax.

The per cent utilization of ferti lizer phosphorus data for
experiment II show that the different populations of flax took up

between 6.42 and 14"45 per cent of the fertilizer phosphorus" The

data show tlrat f iax is not a hicrhi;r efficíent user of bandecl ferti ljzer
phosphorus, but ii required to do so, it is able to use apprecjabie

quantities of phosphorus added in thìs manner. uats took up one-

quarter of the fertilizer phosphorus addeci. Rapeseed was the most

efficient user of ferti lizer phosphorus, talcing up nearly, one_thírd

of that added"
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llË\rr va l ues

The experiment JJ trA¡¡ '¡alues wei'e larcjer than the corres¡:ondi ncr

treatment II, experiment I 'Ar¡ values because the crops were gror^Jn

for a loncTer period of time in the second experÍment than in the

¡'irst. The experirnent I rrAil values far Flax, oats ancl rapeseed u¡ere

48"0 rngm",34.2 rngm' and 13.8 mqm. of elemental phosphorus respectively.
The correspondino experiment II varues r.vere 60,7 mgm", s4"4 rgr" and

22'6 mqn" of ele¡tental phosphorus. Botlr sets of ¡rArr values decreased

in the order flax-" oats, rapeseed, indicating that native prrosphorus

in the Bal¡noral soi 1 was most avai iabte to f lax, less avai lable to
oats and least available to rapeseed.

The ihree flax prant populations grown in experiment I pro-

duced approximately one-fourth as much plant material as did oats or

rapeseed" The average f1ðx rrflrr value 1*,as appreciably larger than

that determi necl t'li t h oats and nrore than three t imes as 1 arge as t hat

determíned with rapeseed. The yields of prant materíal produced bv

flax, oats and rapeseed grown in experiment II r,rere larqer and,¡lere

more neârly equal for all crops than was the case in the previous

investigation. Experiment II t'Art value data indicated that increasing

the yieid of plant material produced a proportionally laroer íncrease

ín the oat rrAr¡ value than in the flax or rapeseed rAr values. The

flax rrArr value was only slightly larger than that determineci urith oats"

Both the flax and oat r¡Ar values were approxirnately tlrree times as

iarge as thet deterrnined with rapeseed, Thus, even though the experi-
ment ïI fiex plants were larger anci iook up rnuch larqer quãntities



of ferti lizer phosphorus than

va I ue determi ned v¿i th f l êx bras

rni ned uri th rapeseed. The same

ot'experiäicnt I date"

tlrose srown in experíment

approxirnatei y three times

observat i on r,.¡as noted i n

c-1/t

l the ttAil

that deter-

the di scussi on

The f lax data shor'¡ that allhouqh the rr/4rr rzaiues cleterminecl r.vith
the different piarrt popuiations are varial¡ie tllere is no correlatíon
beti^reen the size of piant populatíon ancl the size of ¡r4rr value deter_
inined ie"s' the rrrq't vaiues cletermined for the seven ancl twent)/-seven
plant popuiations are equal).

Summary and Conclusions

A cîreenhouse experinrent ei-npiolring radioactirre trecer FJ2 l,ras

designecl to stud;r the phosphorus feeding habits of fiax, oats and

rapeseed and to cietermine whether tlre size of f.l ax plant rnaterial
yieid affected the magnitude of the rrAr vaiue determined i=or that crop.

The phosphorus utiiizetion ciata l'or the three crrps grown on

a high-lime soi tr shor.¡ that f=our oat plants used a laraer total quantíty
of phosphorus then did four rapeseed prants or twenty-seven flax
piants. LÌats toor< up a rarger quantity of soi r phosphorus than did
flax or rapeseed. ilany of the rarger flax prant popurations took up
quaniities of soil phosphorus nearly equai to that taken up by rape-
seed" Rapeseeci usecr a l arger quant.ity of f erti rizer phos¡rhorus than
did either oats or frax. Rapeseed derived just ress than one-harf of
its total phosphorus from the fertilízer band" üats and flax deríved
one-third and one-fiftrr, respectivel y, of their totar phosphorus from
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the ferti ljzer band. Rapeseed used one-third, oats used o¡re-fourth

and flax used about one-tenth of the ferti lizer phosphorus added.

rrArr values determined for the three crops decreased in the order

flax, oats and rapeseed. The rrAil vêiues determined with flax were

variable and showed no correiation wíth the size of the flax plant
population"

0n the basis of phosphorus utirization data derived fror¡

experiments I and II it was concluded that there are real difl=erences

in the phosphorus feeding habits of flax, oats and rapeseed, þJhen

grown on a high-lime soil rapeseed shols a greater preference for
phosphorus from the fertilizer band than does oats, cats makes

relatively efficient use of fertilizer phosphorus bui at the same

time uses large quantities of native soil phosphorus. Flax shows a

preference for soil phosphorus and uses only relatively sniall quantities
of fertilizer phosphorus as coinparec! to that used by the other two

crops 
"

f¡n the basis of flax rAr vaiue data determined in experiment

II it was concluded that a dírect comparison of flax rrArr vaiues r,r,ith

oat and rapeseed ¡rÉit vaiues could be made despite larqe differences
in the corresponcling yieids of piant rnaterial.

c1n the basis of rArr value data for the three crops it v;as con_

cluded that soi1 phosphorus in the Balmoral soiI rtas most available
to flax, slightly iess availabie to oats and least available to rapeseed"

Rapeseed, it would appear, has a greater abirity than has oats or

flax to obtain large quantities of phosphorus froni an area of h.iqh



phosphaie concentration (e.g" the phosphate ferti lizer bandi "

TI're f i ei d anci c¡reenhouse data provi de def i ni te er¡i dence that

the pirosphorus feecling habits oí f1ax, aats and rapeseed diifer in

mêny respects. That the crops differ in tl^¡eir tetai phospliorr-rs

requi rements for grorvtir to maturity, in tlre stage{s} of growth at

r,¡hich phosphorus is taken uF¡ and in their rates of phosphate uptake

during these staqe(s) lvas readil;r understandable becauseras þJas pointed

ourt by the field ciata, the groulth habits of the three crops differ

widely. That the ratio of phosphorus taken from the soil to phos-

pliorus tal<en f rom the f erti lizer band uvas dif ferent in each of the

three crops was not so readi ly understandable. Hr¡potlresis postulated

to account for these differences were-"

I . Fl ax, oats and rapeseeci di Í=f er i n thei r abi I i ties to

obtain phosphorus frûm very clilute phosphate solutíons (i.u. the

soi i solution) "

?-. Flax, oats and rapeseed rney specifical.ly affect the

avai labi lity of soi 1 phosphorus (i,e. the crops rnay differ with

respect to their soil phosphorus feeding powers).

3. The pH of the fertilizer band rnay be more conducìve to

the gror.rth and development in the band area of rapeseed and.oat

roots than to fiax roots.

In an attempt to elucidate the differences in the ratios of

soil phosphorus to fertilizer phosphorus in the three plant materials

several short term experiments were conducted.



GREE}{HOUSÊ EXFERTI{ENT ITT

14et hods and l'lateri a I s

A nutrient solution experiment was designed to investigate

phosphorus uptake by flax, oats and rapeseed from nutrient media

containíng widely dífferent concentrations of phosphorus. Radio-

active tracer PJ2 was employed to measure the quantities of phos-

phorus removed frour the solutions. Four harvests of five treatments

h'ere grown for each of the crops. Tlre treatments were not replicated"

The five treatments to which each crop was subjected were

nutrient media containing J0.0 ppmn 3.0 ppm, 1"0 ppmr 0.J ppm and

0"01 ppm of elemental phosphorus. Harvests of the plant materials

were taken at periods of 24 hours, 48 hours, 96 hours and 16B hours

after addition of the nutrient media of pJZ.

The experiment required that seedling plants be used for test
purposes" The seeds were germinated and the plants were grown in

crushed brick sold con¡nercíally under the trade name nTurfaceil.

crushed brick rather than sand or soil was chosen for this purpose

because it holds water much better than does sand anci is more easily

removed from plant roots than is soil. The seeds were planted May J0.

The seedling plants were watered every third day with a complete

nutrient medium to promote rapid growth, The nutrient medium pre-

paration is described by F¡achlis and rorrey (zo¡. The three crops

were subjected to the experimental conditions at different times so

that at no time r,rere there more than twenty bottles of plants being
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tested. ûats was transferred to the test media June 4. Rapeseed

and fiax were transferred to the test media June 28 and July l0

respectively. Harvests Ia and IIa oat plants were transferred to the

test media Jul y 16"

tne hundred and eighty ml. portions of the test media were added

to B fluid oz. glass jars. The sides of the jars þrere covered with

aluminum foil to decrease the amount of líght entering the nutrient

solutions and the mouths of the jars were covered with polyethylene in

which a number of smali holes had been punched. Three plants were

placed in each jar. To ensure that just the roots of the oat plants

were bathed in the nutrient solution, oats were supported in the

polyethylene cover by placing small wads of pyrex wool in the hole around

the stem. The lower leaves of flax and rapeseed supported those plants

so that no wadding was required. klire supports were used to maintain

the plants ìn each bottle in an upright posftion. Air was constantly

bubbled through the media in the bottles to maintain a condition of

aerobiosis in which root development and active nutríent uptake could

take pl ace.

To maintain the concentrations of phosphorus in the nutrient

media as nearly constant as possible the media were changed every

24 hours. A rubber syringe connected to two lengths of rubber tube

was employed to pump the used media from the botties. Fresh media

were added to the bottles using long stemmed glass funnels.

All plants were placed in the test media for a period of

approximately five days before FJ2 was added. This adjustment period
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allowed time for the plants to recover from the shock of being trans-

planted and let tlrem become accustomed to the ner^r envi ronmentai condi-

tions to which they had been subjected. It was assumed that the

pl ants r,vere acti vel y orouri ng and talci ng up phosphorus when FJ2 vtas

aclded to the nutrient media.

0ne millicurie of carrier free PJ2 was obtained June 18, 1963

and was diluted to one litre (i"e, 1 ml, of the solution prepared

ori gi nal 1y contai ned 1 uc ? i,2). i3ef ore use the solution l^ias stored

overnight in a tefion container so tlrat all of the adsorp,tìon sites

on the container vral ls might become saturated ro¡ith Pl2. ün June i9

I n¡i " of the carri er f ree FjZ sol uti on r,tas adcled to the T Ê0 inl " of

nutrieni rnedium in each of the jars in v;hich oats ruas qrowing" ?-?2

was first added to the nutrient media in whiclr rapeseeci and flax

v..ere qrowing on July 3 anci Ju 1y 15 respectíve1y. Tire harvests Ia

and IIa oats received ?J2 on July 18" Each day the used nutrient

nredia r,Jere replaceC u;ith fresh ¡rutrient meclia" As a result ìt v;as

necessar;r to add 1 rn1 " of the FJ2 soiution to each of the netv media

each dayr. (",g. the plants under test for the 168 hour periocl had

access to 7 nri . oÍ" i: j2 sol ut i on) . The PJ2 seil uti on renai ni ng ef ten

eil crops hacl been tested v;as stored to be used as a coutìting stand-

ard against which the p1ant nrateria1 counts might be compared.

Ai'ter the experjrnent had been conducted usina oats and rape-

seed and soi-ne oi the data had been calculated, it vras cìecided that a

good test of the experinental techni gue Ì¡Joui d be to tr;r to account

f or a i 1 of the [r1ì2 acided to the nutri ent medi e" ì".Ji th thi s i dea i n
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mind the used nutrient media and the root urashings from harvests I

and II of flax and from harvests Ia and IIa of oats were saved anc

v¡ere counted.

ûne group of three plants from each of the five treatments

was harvested at each harvest date. The p lênts r.vere tal<en f rom the

nutrient ¡ned'ia and their roots were washed for approximately iive
seconds jn a stream of distilled water to ensure compiete removal

of nutr'íent sol uti on contai ni nq Pl I end PJZ wlrí ch had adhered to ihe

roots. The v;ashed roots htere pressed between paper tsvreis to remove

the surface moisture" ,åfter reconding their fresh weíghtsu the

plent materials were p'lacecl in an oven and r.vere dried at g0o c" for
12 hours " The oven dry r're'i ghts of pl ant rneteri a i were recorded.

The entire oat and flax plant rnaterials were r¡¡et ashed. The

large yields of rapeseed rnade grindirìg necessary in order to obtain

re¡:resentative one qrarn samples of rapeseed piant materials to be

wet ashed. l\1íquots of the ash solutions u¡+re tar<en for totai

pirosphorus ânalyses and radioactive counting.

Resu lts and *i scussio¡i

Tables,{XI, X;{ir- and XXIiI list the;,'ields of piant rnaterial

in gnrs" oì'l'resh r"reight, the per cent moisture in the plant rnateríais

and the concentretion oí'phosphorus in the plant soluticn in mgm. pe¡-

nii " assuminq thet the tstel plrosphorus in the plant rnaterials existecl

in solution for flaxu oats and rapeseed respectír,ely.



THË YfELDS SF FRESH

MATERIALS ANfr THE

ÏABLE XXi

FLAX PLANT MATERIAL, THE FER

C6:¡¡CENTRATIfiNS T.F PHTSFHTRUS

r04

CENT MTiSTURE IN THE PLANT

TN THE FLANT SÛLUTIÛNS

Ha rves t Fhosphorus
conc ! n.

Fresh wt. of
pl ant matter

/" noi stu re i n
fresh plant matter

Concrn. of phosphorus
in plant sol tn mgm"/ml.

ii

0. 03
0"3
1.0
3"0

30.0

0.03
0.3
1"0
3.0

30.0

0. 03
0.3
1.0
3"0

30" 0

1.07
.78

1,0t
1 .07
2.07

.16
,75
.57
.33
.47

77 .5
7 5.6
80.2
8t .3
84.5

8r.0
82.9
82.2
81. s
82,3

Bl.9
84. o
82"0
85.4
86 "l

82.3
79.4
8r.1
82.3
84.9

.330

.675

.768

.B2g
1 "3oB

"344
"461
"695
.807

1.049

.407

.524
"784
.904

r "30r

.fi4

.488

. B¡4
1.219
1.37t

iII 2,16
r.Br
t.t2
2.61
3 "50

r.B1
r.4r
2.06
3.62
2. rB

IV 0.03
0.3
1.0
3.0

30.0



TABLE XXTf

i05ÏHE YÍELÐS GF FRESH O'AT PLANT MATERIAL, THE FER CENT MOISTURE iN THE PLANÏ

I'IATERÍALS AND THE CüI,¡CENTRATTTNS üF PHTSPHTRUS IN THE PLANÏ SOLUTIÛNS

Harvesr *n::fl?:" fi"tl *':. or - % noisture in conc,n. or phosphorusconc¡n. plant matter fresh plant matter in plant soli"-*ãr"/rr.

II

0.03
0.3
1.0
3.0

30.0

0.03
0.3
1.0
3"0

30.0

0. 03
0.3
1.0
3.0

30.0

0. 03
0.3
1.0
3.0

30" 0

0. 03
0.3
1.0
3.0

30" 0

0.03
0.3
1.0
3.0

30.0

2.65
3.55
3.05
3 "85
2.80

3. 30
3.80
3.80
4"zs
3.5

3"5
4"ts
5"60
6.32
6,12

5.37
6.31

10.00
13.70
13"14

4"62
4.41
5.55
5 ,15
4.92

4.95
4.49
4.44
5,14
4.gz

88. :
89"6
89" B

89. r

88. 6

87.3
88.7
88.4
BB.E
88. :
86. 0
88. o
88" B

89.4
89. r

89.3
88. 0

90. 0
90.5
89. B

89.4
89.2
91.0
gB. g

89 "2

89.5
89. r

89.0
89. I
89.4

"213
.244
.44t
.8¡4

1 "642

.173
,295
"38i
"827

1.620

.165
"219
"350
.672

1 .483

"097
.179
.262
.404

2't 5o

" 535
.594
"616
.774

1.0r3

.498

.513

.661

.808
1"053

TIi

IV

Ia

IIa
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TABLE XXiII

THE YIELDS T.F FRESH RÁPESEEÐ PLANT MATERIAL, THE PER CENT MOiSTURE IN THE PLANT

MATERTALS ANü THE CgNCENTRATISI\IS SF FHTSPHTRUS IN THE FLANT ST.LUTIONS

4--_--

u-_..^-- Fhosphorus Fresh wt" of % moisture in Concrn of phosphorusnarvest conc0n. plant matter fräsh piant matter ín plant soi tn mgm./ml.

Ii

0. 03
0.3
1.0
3.0

30"0

0.03
0"3
1,0
3.0

30.0

0. 03
0.3
1.0
3.0

30.0

0. 03
0.3
1.0
3.0

30.0

19.64
23.29
27.07
23.18
31.30

19.90
24.92
26.64
20.57
23.02

24.39
28.30
23 "01
33 .16
39"53

32.14
T.43
32.51
56.22
67 "88

89. I

89. 1

88.7
89.3
92"8

88"5
BB"B
88"9
89.9
89.9

87 "2
87.6
88. I
89"0
91.2

85. I
86.6
85.7
87.9
90.2

.274

.275

.366
"417
-960

.31 5

.303

.265
"392

r .288

"201
.194
.243
.276
.897

.lB6

.193

.260

.249
" 860

IIi

IV
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Yieids qf_fres!,r pl_Ên! mqterial

The yields of 'fresh rapeseed p.lant matenial l^¡ere much larqei-

than those of oats and f I ax" As u¡as stated i n the metlrods and

materiaIs sections, the rapeseed plants h/ere cro!,Jn in nTurfecerr

ancl þrere given the coinplete nutrient medium for a three u¡eek 1ônger

period than lvere Õats, before beìng subjected to experimental conclj-

tions. Rapeseed grew rapidly cluring thi s period and r,¡as much larger

wherr subj ected to experi mente I condi t i orrs than was oats , l*,i t hough

fiax received the corrrplete nutrient nlediuni for a ionger period of

time than did rapeseed i t gret+ very slorrtly and the resul ting vields

of fresh flax plant materiai were srnaii"

The yield of fresh rapeseed piant materiai nearlv doubled in

the 0"03, t.3 and 1"0 ppm of phosphorus nutrient media and rnore than

doubled in the J.0 and 10.0 ppm of phosphorus medÍa durinq the seven

day period on v¿hich the experiment was conducted. The yields of fresh

oat plant material approximatel;, doubled ín the 0.0J and 0.J ppm of

phosphorus media and approximately quadrupled in the J"0 and J0.0

ppm of phosphorus nledia during the same period. Flax grew very

little during the seven day experimental period.

Per cent moisture in the plant materials

The moisture contents of oat and rapeseed plant materials were

approximately equal" The moisture content of flax plant material

was somewhat less than that for the other two crops. The different
phosphorus concentrations in the experimental nutrient media caused



nD consistent differences in the moisture contents of

materials"

irg

the pi ant

'rhe concentrations oi' phosphorus i n a l I pl ant solutions

íncreased with increasinq concentratíon 'in the experimental nutrient
niedia to which the ¡;lants had been subjected. The concentrations of

phosphorus in the fiax plant soiutions remainecl approximately constant

threrughout the seven day experinientai period u¡hi Ie ihose in the rape-

seed plant solutions decreaseci sl i crhtl y during the same period" The

concentrations of phospirorus in the plant solution of oaËs grolvn in
the 0"0J,0"3, 1"0 and 3,0 ppm of phosphorus nutrient media decreased

and i n the j0" 0 ppm of phosphorus nutri ent rned'iuro i ncreased duri ng

the experimentai period, These data sugeest that the suppry of

phosphorus in the lour phosphate concentration nutrient meclia vJas a

facior limiti'g plant growth. In contrast, fiax, oats and rapeseed

in the J0"0 pprn of phosphorus nutrient medium and flax grown in the

J.0 ppm of phosphorus nutri ent medi um consurnecl l uxul-y quanti ti es of

phos phorus .

The harvests Ia and IIa oat data differ somewhat from the other

oat data because the harvests Ia and IIa plants were slightiy iarger
when subjected to experimentai conditions than were the other plants

and they remained'in the nutrient media only two days þgçrre FJ2 was

added" The resuiting concentrations of phosphorus in the plant

solutíons were more near-iy equivalent than was true of the previously

discussed oat data, however, the data for plants subjected to the

Concentraiions oi_pLq,:phorus in the plant solut.ions
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J0.0 ppm of phosphorus nutrient medium shour signs of luxury phosphorus

consumpti on.

Tables xxIV, xxv and xxvi list the yierds in gms. of oven dry

plant material, the per cent phosphorus in the plant materíals and

the phosphorus utilization data for flax- oats and rapeseed respectively"

Yields of oven drv plant material

The trends in the yields of oven dry plant materíal data

corresponci very closely to those discussed under the headíng'yielcls

of fresh plant materialt. Rapeseed procluced the largesi quantity

of oven dry plant material and flax produced the least. The;rieicÌs

of rapeseeci plant material approximately cloubled during the seven

day experírnental period. The yields of oats grown in the 0"0J anci

0"3 ppm of phosphorus rnedi a doubl ed and those of oats grovJ¡1 .in the

i.0 and J0.0 ppnr of phosphorus sorutions approxiniately quedrupled

in the sane period" The yieids of= flax v,¡ere va.iable. hÐvuever". on

the averaae they sirowed some increase r,vith time"

Rapeseeci and oats showed ciefíníte increases in piant qrowth

with increasing phosphorus cûncentration in the nutrient media" FIax

data inciicated tlre same generêi trend although it was not as urell

defined for flex as for the other tr,vo crops" At harvests IiI ancl IV

rapeseecl and oats qrouJn in the J.0 pprn of phosphorus nutrient med.i um

had ¡:,¡çduced yields of plant nrateriai equai to or sliohtlv larser

than the yielcls or'the corresponcìÍnq cr-ops grÕþrn in the J0"0 ppin

ofi phosphorus i'nediu¡i. These data indicateci that ra¡_-+seed and oats



TABLE XXTV

THE YIELÐS SF OVEN ERY FLANT MATERTAL, THE PER CENT FHOSFHO'RUS iN THE PtAÑT MATERIALS ANT THE

PHÚSPHORUS UTILfZATION ÐAÏA FOR FLAX

Harvest Phos phor us
conc ! n.

0. 03
0.3
1.0
3.0

30.0

0.03
0.3
1.0
3.0

30.0

0.03
0.3,l.0

3.0
30.0

0. 03
0.3
1,0
3.0

30.0

II

Wt" of oven dry
p1 ant matter

irï

.24

.19

.20

.20

.32

"22
.30
.28
.22
.26

.39

.29

.20

.38

.48

22

.29

.39
"64
.33

Total F.
mgm.

IV

"274
"398
.622
"721

2.289

.323

.672

.896
'9ga

1.269

.721
-796
,721

2.015
3.930

.498

.547
1.393
3 "632
2.537

% P" in
p1 ant matter

"ll
.21
.31
.36
.72

.15

.22

"32
.41
Lo

.19

.27
"36
.53
.82

.16
"19
.36
.57
"77

/o

of
uptake
sol In F.

32.8
48. I
34.4
16.2
I s.4

48. I

66.1
55.8
23.1
9.0

46.1+

fi.8
4t. j
4t.z
15"6

31 .7
52.9
57.9
4s"s
6.25

Uptake sol I n
P. mgm.

.002

.026
"062
.088
"8lz

.005

.071

.200

.250
"972

.010

.116

.297

'B9o
3 "370

"012
.200
.730

1.720
2.363

o



THE YIËLDS üF TVEN 'ÐRY

l'la rvest Fhosphoru s
conc ¡ n.

TABLE XXV

FLANT M,qTERIAL, THE FER CENT PHOSPHORUS TN THE FLANT MATERTAL ANÐ THE

PH$SFHTRUS UTILIZATION ÐATA FOR OATS

0.03
0.3
1.0
3.0

30.0

0" 03
0.3
1.0
3.0

30. 0

0. 03
0.3
1.0
3.0

30.0

0. 03
0.3,l.0

3.0
30.0

0.03
0.3
1.0
3.0

30.0

II

Wt. of oven dry
pl ant matter

Iii

.31

.37

.31

"42
.32

.42

.45

.44

.49

.41

.49

.52

.61

.67

.67

.57

.76

.00
"30
,31+

Total F.
mgm..

iV

.498

.777
1 "213
2.861
4.073

" 498
ooÃ

1.279
3. il0
5.006

.498

.840
1.741
3.794
8. 085

.467

.995
2.363
5,006

25.374

2"208
2.347
3.110
3.545
4.447

% P. in
plant matter

la

.r6

.21

.39
"68

1.27

.12

.23

.29

.61
1,22

. t0

.16

.28

.57
1.21

.08

.13

.24

.39
I .89

.45

.49

.62

.62

.84

% uptake
of sol ¡n P.

34" 5
72.2
73.1
75"4
14.4

33.0
82.5
88.9
80.1
14.9

41.6
BO. B

92.0
92.6
24"8

39.0
79 "3
85. B
84.5
51.9

82.3
79.4
87.8
64.6
20. I

.49

.48

.50
,57
.53

Uptake so1 E n

F. mgm.

.002
-039

"132
"407
.7Bo

,004
.089
.320
"865

r .608

.009

.17 5

.662
2"000
5.361

.015

.300
I .082
3. 200

r9"6lB

.004

.043

" l58
.349

I .085



Ha rvest

IIa

Phos phoru s

conc I n.

0"03
0.3
1.0
3.0

30.0

Wt. of oven dry
pl ant matter

IABLE XXV (continuedl

.52

.49

.49

.56

.52

Total P.
mgm.

2.208
2.052
2.612
3.700
4.æ3

% P. in
pl ant matter

"42
.42
.53
.66

Qo

% uptake
of sol !n P"

71.7
8l .3
80. 0
68.9
19 .5

Uptalce sol ¡ n

P. mgm"

.008

. OBB

.288
"744

2.106

llj



THE YIELÐS TF üVEN DRY

Ha rvest
Phosphorus

conc I n.

If{DLE AÀVI

FLANT MATERTAL, THE ËER CTNT PHOSËHORUS TN THE ËLANT MATER]ALS ANÐ THE

ÉHüSTHO.RUS UTfLiZATfüN ÐATA FOR RAFESEED

0. 03
0.3
1.0
3.0

30.0

0.03
0.3
1.0
3.0

30.0

0. 03
0.3
1.0
3.0

30.0

0. 03
0.3
1.0
3.0

30.0

TT

Wt. of oven dry
plant matter

IiI

2"14
2.55
3.07
2.t+8
3.27

2.29
2.97
2.97
2. 08
2.33

3.12
3 .51
2.73
3.64
3 "49

4" 57
4"49
4"65
6. B3
6.62

Total P.
mgm.

IV

4.79t
5.709
8.783
8"6s1

27.861

5.554
6 "650
6. 280
7.244

26"662

4.269
4.802
4.924
8't5o

lz.l4o

5.116
5.585
7.230

12.318
52.700

% P. in
pl ant matter

.22
"22
.29
.35
.Bg

.2/-+

.22

.21

"35
1.14

.14

.14

. tB

"22
"93

.il
"12
.16
.18
.Bo

ol

of
uptake
sol rn P.

77 "25
71.2
72 "7
77.7
69.25

72.6
74.9
77 "6
7e.7
71 .5

77.2
77.6
77.7
Bo. 5
70.3

58.6
65.9
68"9
79 "o
69.5

Uptake sol ¡n
P" mgm.

.004

.038

.131

.420
3.740

.008
"0Bl
.279
.860

7 "723

.017

. 168

.559
1"740

t5" l85

.022

.249

. 868
2.987

26"260

N)
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were able to sbtêin sufiicient phosphcrus from the j.û ppm of phos_

phorus mecliu¡lt to support optirnurn gror,+th ancl suqgestec that consurnpti on

of iuxr-rry qurantiËies ef prrosphorus f rorn the 10.0 ppnr. of phosprrorus

rnecli um, i f any,ch i ng, sonrewhat reduced p I an t grol,lth.

Pho_sphorus Uti l i ætion Ðata

The per cent phosphorus crata, arthouqh not icrentica'¡ for the
three, r^Jere sín'i iar and shorved the same generar trends for al l crops.
There r\'as a .feneral increase .i n the phosphorus contents of al i prant

materiels fro¡'n the piants groì¡/n in the 0.0J ppm of phosphorus nutrie¡rt
mecli urn to those -qroþrn i n the J0" 0 ppnr of ¡_,h65pþorus nutri ent nredi um"

The phosphorus contents of piant mater.i als grov,rn in the meclium of
l east phosphorus concent rat'i on rvere i ni ti a i 1 y very T ow and decreasecl

efurìnq the experiment, while those in the medium of highest phosphorus

concentration v.¡ere initial ly rrerv high and .i ncreased, or in the case

of rapeseed, remained approximatery constant dur.ing the experiment"

The ;rieids of plant material suggested that the crops grer,r

best in the 3.0 ppm of phosphorus nutrient meclium" This beinq the

case the percentages of phosphorus i n the pr ant meteri ai s gror,r,n i n that
medium were approNimatery those required for optimum growth. ïhe
per cent phosphorus data aga'in show that prants growr¡ in the 0.0j, 0.3
and the 1.0 ppm of phosphorus media were unabre to obtain enouqh phos_

phorus for optimum growth and that prants grown in the J0,0 ppm of
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phosphorus ¡nedium consumed luxury quantities of phosphorus. For

example, oats at harvest IV contained l.8p per cent phosphorus.

Total phosphorus in the plant materials

The total quantities of phosphorus in the rapeseed plant

rnaterials were larger than those in the corresponding oat and flax

plant materials at each harvest. Flax plants produced the least plant

material and contained the least totai phosphorus of the three crops

studied" The total phosphorus data showed that the quantity of phos-

phorus in al l plant materials at each harvest 'i ncreased v",ith l'ncreas-

inE concentration of phosphorus in the nutrient rnedia" This trend

is less well defined for flax than for oats and rapeseed because the

f lax plants lvere relat'ively smal i and at no time during the experiment

sholed a capaci ty to use the veryr i êrge quênti ti es of plrosphorus used

by oats anci rapeseecl"

The tota 1 phosphorus data i nci'icated that duri nq the seven clav

experirnental period oats and rapeseed iool< up âpprûximately 22"0

mgm" and 28.0 mgm. respecti vel y of phosphorus f rom the J0" 0 ppi-n of

phosphorus nutri ent mecli um. The sanle crops tool< approx.imate 1y ?-"6

mgm, and 4"0 mqm. respectively of phosphorus from the J.0 ppm of

i:hosplrorus nutrient medium in r¡rhich botlr crops pr-ocluced slightly

Ïarger yieids of pl ant materi a1 than r.¡ere produced in the ;¡ecijum o't

higher phosphate conce¡rtration. Tl-.ese data shov¿ed that rapeseec! end

oats have surprisingl)", iaroe capacities tc¡ consume luxurlr quantities

of phosphorus. Fia>l did not âppe;ìr to have the same capac'it1, to take
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up ênd store phosphorus. The data'indicate that flax just iool< up

the quanti t;r of phosphorus i t requ j red f or gr.r:t'ith.

Étt harvest I oatsj and'i n particular rapeseed, grov/n in the

10.0 ppm of phosphorus mediurn contained much larger quant'ities of

phosphorus than did the same crops grôþ.in in the ;"0 ppm of phosphorus

medium. The iarge initiai differences in the phospirorus contents ot

the plants qrown in the turo media resulted because they vLere subjected

to experinientai conciitions severêi days i:ef ore PJ2 r.las f i rst added.

For example" rapeseed remained i¡r the nutrjent media seven days

before irJ2 was added " T,f the piants in the 10,û ppm or' phosphorus

rnedium tool< up 3"7 mgm. of phosphorus per day the totai quantity of

phosplrorus tal<en up in seven days r.,roulrj have been 7 x 3.7 = ?-5"p rngrn"

ilurinq the sarne seven days rapeseed probably obtained about 2"8 mqm"

of phosphorus from the J.0 pprn of phosphorus medium.

?er cent uti lization of phosphorus suppijed in the nutrient rnedia

The phosphorus utilization data jndicate that throuqlrout the

experiment rapeseed took up an approximately constant proportion

(75 per cent) of the phosphorus supplied in all nutrient media" Oats

took up a larger proportìon of the phosphorus supplied in the 0.J, 1.0

and J.0 ppm of phosphorus solutions than did rapeseed. Initially

oats was unable to use as much phosphorus as could rapeseed and as a

result the proportion of the total phosphorus taken fronr the J0.0

ppm of phosphorus medium by oats vúês smal l. As the experiment pro-

gressed oats greh, and its capacity to take up phosphorus vastly
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increased. Harvests I, II, III and IV oat data suggested that oats

experienced difficulty in obtaining phosphorus fro*n the 0"0J ppm of

phosphorus medium. Harvests Ia and IIa data showed that oat plants 
L?

in a healthy condition could obtain phosphorus from that medium as

neadily as could rapeseed. The phosphorus utilization data show that

flax took up variable proportíons of the total phosphorus supplied

in the nutrient media and that it took up no more than two-thirds of

the phosphorus supplied in any of the rnedia.

Initially it v¿as assumed that unless the crops differed in
their abilities to take phosphorus from di lute phosphate solutions

a1i crops r.{ouid utilize ail of tlre phospirorus supplied in the 0"03,

0"3, i"0 and 3"0 ppm of phosphorus media. 'r,'ihen it v¡as observed that

oats re¡'noved no rnore than 93 per ceni and rapeseed removed no rnore

than 80 per ccnt of the phosphorus from these media it was suggested

that microorganisms bJere orou¡'i ng'i n the carrier free FJ2 soiution

and v¡ere i ncorporati ng the P32 i nto thei r bodi es rnal<i ng ì t unavei 1-

eble to plants, or that the FJZ added to the mecjia was in soine vrav

f jxed ntalcing it unavai labie to plants.

Teble ]{)iVII i i sts the proportíon of adcled P32 i n the plant

maiter, the proportion of aclcieci F'J2 rernaininq in the nutrient meclíurn

after the test per-iod and the totai proportion of the added Fl2

accounted for, for harvests I and iI oi'í'lax and harvests Ia end IIa

of oats.

l-iarvests Ia ancì ïïa oats tool< up es much es û6 per cen'i of

PJZ addecl io the nutr'í ent r¡le-cl ia" Since these oats were subjectecl

J-l- ^LI IIJ

io



117

TABLE XXVTi

THE qUANTiTiES ûF TRACER P32 AccCIuNTES FûR }JHEN FLAX AND *ATs l-rERE

GRCWN iN THE NUTRiENT MEDiA

C rop Harvest Fhos phoru s

conc I n.
% of P3Z added
in plant matter

FJ2 added
solution

% of P32 added
accounted for

%of
in

Fl ax

ûat s fa

IIa

II

0.03
0"3
1.0
3.0

30.0

0" 03
0.3
1.0
3.0

30.0

0. 03
0"3
1.0
3.0

30"0

0. 03
0.3
1.0
3.0

30. 0

32.8
48. I

34.4
16.2
15 "4

48. r

66.1
55.8
23.1
9.0

82.3
79 "4
82. a
64.6
20.1

71.7
81.3
80. 0
68.9
19 .5

42"8
33 "0
49 "4
7 5.6
80"5

23.2
8.1

25 "5
67.9
84. o

14"4
6.7
4"2

24.3
76.1

ll.3
6.0
7.1

17.9
74.9

75"6
Bl"t
8¡.8
9l"B
95 "9

71.3
74.2
Bl.¡
91"0
93.0

96"7
86. I
92"0
88"9
96"2

B¡, O

87.3
87 "1
86. B

94.4
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experimental conditions after aii other tests had been completed

these data l'ndicate that nearly all of the PJ2 added to the nutrient

medía was available to ail crops. þJhen the p32 remainirrg in the

nutrient media wês taken into considerati on 15 to 97 per cent of that

added could be accounted for. These data suggest that although a

very small amount of P32 added to the nutrient media may have been

made unavailable to plants by adsorption or loss of solut'ion, certainly

more than !0 per cent was ava.i lable for plant use"

Experirnental evidence thus indicates that the phosphorus

utilization data are true rneasures of the amounts of phosphorus the

crops could obtain f ro¡n tlre nutrient media, /111 crops uiere able to

take phosphorus f rorn the very di lute 0.0J ppnr of phosprhorus mecii um"

ilats took up 85 to 90 per centj rêpeseed tool< up 77 per cent and

flax tool< up approximately j0 per cent oí'the phosphorus fnc¡-n ihe û,01,

0.3: I.0 and J"û ppnr of phosphorus rnedia. The utí iizaiion or. phos-

phorus suppi i ed i n the 3t ppm of phosphorus sol uti on vari eci l"ri t h the

abilities of the crops to tal<e up excessiveiy rarge quantities of

phosphorus 
"

No sati sf actory ,expl anat'i on can be stated to account f or the

i=act that f i ax" oats and rapeseed r,.,,ere unabi e to tal<e up the totai
quantities of phosplrorus supPlied in the û.03,0.1: 1.0 anci 3.0 ppm

of phosphorus nutrient rneciia-" nor is it possible to explein r,vhy the

tirree crops tool< up dif f ere nt approxirnatel y consiant proporií ons of

tlre phosphorr;s sulp¡r'lied in aii ¡-neclio" For exanrple, the quantitv of

phosplrorus rema'inins ef ter râpeseed irad crown f or 24 hours in lgC nii "
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of the J"0 ¡:pm of phosnhorus med'i ui"n r'dês nrany tirnes iarcer than that

initial ly sup¡3iied 'in the sarne quantit;r 6f the 0.0J or 0.1 pprn of

phosphorus media" ïn spite of ihis fact rapeseed took up 77 per cent

oí' the phosphorus initial 1y present in each medium. The pen cent

utilization of phosphorus data indicate that rr'hereas flax, oats and

rapeseed l¡rere êble to obta'in phosphorus from rnedia of u,ridely ciifferent

phosphate concentration, the three crops differed vrith respect to the

totai quantities of phosphorus each uras able to obtaìn from any one

med'i um. ûats l-las the most efficieni extractor of phosphorus, rapeseed

wes l ess el=f i ci ent than oats and f l ax was the l east ef .Fi ci ent .

tllg*,. q1. phqqphoiq"jÞ.t_qilgd f'9ry tfç ly!f!çl! rye4iq*

The quantities oF elementai phosphorus su¡rplied in l8û ml" of

the 0. üJ, c.3, i " tl, J.0 a¡rcl j0,0 ppin oi phosplrorus meci a !¡.rere 0" 0054.

mryi-r"e 0.05¿! moi-n.. 0"18 mqi-n", 0,j4 rngnr" and g"i¡ mgrn, respectìveiy"

Thus, no matter rr;hat proportíons of the phosphorus supplied in the

û.03s 0"-7, i.û and 3"0 ppn or= phosphorus rnediê vdere usect by the crops

the absolute quantities of phospi'rorus iaken up v.rere smal l. The

absolute quantities in mgnr. of phasphorus exiractecl f rcnl al l but tlre

iû.0 ¡,.pm of plrosphorus nutrient äedíurn u.JerÊs in crenerai. iercest

fcr c¡etsr s¡:rrêlier i'or rapeseed and ieast far fiax. Tlre qr-rantities of

¡:hasphorus tal<er¡ f r;¡in the medi a at each harr¿est egree verv r,!,ei I rr¡i th

the increâses in the total plrosphorr-rs conteined ín tlre plant materials

at the cori'esponcl'i na hanvests" For exam¡rle, rape-sçeçl and oats tooi<

7-6"26 rngrn" and 19.62 tngm" nespectively. of pi-rosplrc,rus fren the ju.û

ppm of phcsphorus medium in sâven devs" The increases in the tetal
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phosphorus conteuts of, rapeseed and oêts were approximately 24.B rng*"

and 2l.J mgnr. of phosphorus respectiveiyr.

S_!-rrymg!:y and Conc l usi ons_

A nutríent solution experiment i,;ês conducted to investíqate

phosphorus uptake i:y flax, oats ancr rapeseed from nutrfent meclia

containinq 0"03, 0,3, 1 "0, 3"0 anci J0.0 pprn of phosphorus, Radio-

acti'¡e tracer FJ2',',,as emploved to nreasure the quantities of phos-

phorus removed frer¡ the media.

The yields oi rapeseed plant nreteri.l 1s r.¡ere rnuch laraer than

those cf oats ancl r'1ax" The yi er ds of f resh anc.i oven clry rapeseecl

plant niaterÍal grolÁJn itr al I nledia approximately cÌoubled in seven days.

The yieids of oats grov.rn in the lovr phosphete concentratic¡r meel ie

doubied, r,rhi 1e in the med'ia of h'ioher phosphate ccncentration they

quadrupled. The '¡ields cf f lax lvere variable" The rnoi sture contents

of fresh f lax, oat and repeseed prant naterials r,-rere indepen4ent of

the ¡:hosphate concentrati on ai the mecli a i n r,;hi ch the pl ants had

Erordn. Fresh oat and rapeseed plent rnateriels contained a slightlrv

greater pro¡:ortion of nroisture than did the flex piant materials"

l\ssu¡nirrg that the totai quantity of plros¡:hort_rs contaínecl in
the plant materials exi stecl in solution, the concentrations oi. phcs-

phorus in al l plant solut'ions increased vrith increasing phosphate

conceniration in the nutrient med'ia to wirich the plants had been

sub-iected" Rapeseed coniained larger totatr quantities of phosphorus

than did flax or oats" Repeseed and oats produced sl.iahtlyr larger
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yieids of' dry plant ¡naterial r,¡hen gro'¡rn in the j"0 pprn of, phosphorus

medium from r'vhich they obtained 4"0 rnom. ancl 2.6,nsm. respectively of

phosphorus in seven deys, than ro.rhen qrou¡n in the 10,ü pprn of ¡rirospirorus

solr"rtic¡n froi¡ wh'ich they obtainecl approximately 24 rügm. and 1g i-nqm.

respectivqlr¡ of phosphorus. Thus, rapeseed and oats cemonstrated a

capac'i tv to consutlìe very 1ârge quantities of phosphorus wirich l'n turn

appeared to redurce the sronth of these crops" Flax took up sIíafrtly
rnore phosphorus f rom the lû" 0 pprn of phospirorus nult ri ent medi um than

f rorn the J " 0 ppnr of phosphorus medi urn, however, i t di cl not consume

1uxur1, quantities of phosphorus as did oats and rapeseed.

É11 
'l crops were able to obtaín phosphorus f rot¡l the verlr di lr.¡te

0"0J ppnr of phosphorus nutrient rnedium" tats iool< up g5 to 9o

per cent, rapeseed took up 77 per cent and flax took up apparoxímateiy

$0 per cent of the phosphorus supplied in the 0.031 0.j, .l.0 
and J.0

ppm of phosphorus nutrient media. The proportion of the phosphorus

tal<en from the l0'0 ppm of phosphorus medium varied wíth the abilities
of the crops to take up excessively large quantities of phosphorus.

ûn the basis of the data presented, a number of tentative con-

clusions can be stated. Flax, oats and rapeseed are able to obtain

phosphorus from very di lute phosphate solutions. The three crops are

unable to obtain all of the phosphorus supplied in the solutions.

tats is the nlost efficient extractor of phosphorus contained.in solu-

tion, rapeseed is a less efficient extractor than oats and flax is

the leasÈ ef{'icient eNtractor of the three crops studied"
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tlhen suppl i ed r,vi th l arge quant'íti es of avai i abl e phosphorus

oats and rapeseed take up rnuch rnore of that nutrient then they require

for grot'rth, In conträste flax appears to take up oniy sliqhtly more

phosphorus than i s requ'i recj to prornote opt'i munr qrouvth,



GREENH€}USE EXPERII4ENT IV

Methods and Materials

A Neubauer (23! experiment employing radioactìve tracer Pl2

was conducted to study the soil phosphorus feeding pourers of flax,

oats and rapeseed. The Neubauer technique involves growing a large

number of seedling plants on a small quantity of soil and has been

used to measure the levels of available phosphorus and other nutrients

in soils. The seedlings rapidly form an extensive root system through-

out the soil and exhaust the nutrient supply. Chemical analysis of

the tops and roots of the seedlings makes it possìble to determine

the quantities of soil nutrients obtained by the plants. It was

hypothesized that if the Neubauer method could be used to determine

the level of avaílable phosphorus in soils, the same method couid be

used to differentiate between the phosphorus feeding powers of

different crops. l¡Jhen several crops are grown on one soi l, the crop

able to extråct the most phosphorus from that soil must be the stronq-

est phosphorus feeder.

The experiment contained five treatments of the three croPsl

flax, oats and rapeseed. Each treatment was repiicated four times.

Treatment I was a blank treatment in which the seedlings were grown

in nutrìent free silica sand. The soil employed in treatment II was

the Balmoral series (26I high-lime soil used in greenhouse experiment

I and IT" The soils employed in treatments III, IV and V respectively

were a Balmoral series high-l ime soi I (261, an Ê.ltona association
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soi I (6Ì and a Portage associ at'ion soi I (7'i . $orne of the characteri s-

tics of the soi ls are listed in Table XXVIII"

Quantities of the soils were air dried and were thoroughly

mixed to ensure homogeneity. Twelve 100 gm. samples each of the

silica sand and the four soils were weighed out and spread in uni*

forrnly thin layers over separate Bltt by litrsheets of paper.

tne mi 1licurie of carrier f nee FJ2 r"tas obtained February 14

and was dì1uted to one litre. To prepare a soiution containing 1 uc

af FJZ per 10 ml " of solution, 100 nrl, of the stocl< solution r{as

d'iluted to one litre.

The sand and soil samples spreacj or¡ the sheets of paper urere

moistened lçith disti i ied water and a 10 ¡ä1. al iquot of the solution

containing 'l uc of PJZ per i0 ml. was metered out as e.¡eni;r as possible

over tfre soi tr surf=ace. Upon drvi ng, each sai:npl e wês rol Ned on the

paper to ensure a thorough rnixinq of FJ2 throughout. Acidition of

trecer F32 to the soils, it uras hopcd, wouid nral<e possible a deter-

rnination of the quantiiies of exchangeabie phosphorus ava'í leble to

each crop qro\,.in i n each soi I .

Twenty iots each of 1û0 f 1ex, 100 oat and 1ûú repeseecl seeds

!$e¡'e cäref u i Iy sel ected f or uni f ormi ty of si ze.

Pi asti c ref ri cerai;or co¡ri:ai ners rileasuri ng 3', b)r :" b)' 3å-" .leep

i\¡erÉ used to qrow ihe cr':ps in the experirnent- 100 c1rn. ol'nutrient

f ree s'i 1i ca sand lvas e,zenl y Ia,','s¡66 i nto tire boitom of the coniei ners,

The i 0C grn" part'ion of sand or soí 1 v¿as i ayei-ecl i n en tcp of the sand"

li s*cand iaver of i00 gin" of sand was ptraced ovÐr tl'le sand cr soii"
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TABLE XXVTiI

SüME CHARACTERISTICS OF THE SOILS EMPLSYE8 IN THE NEUBAUER EXPERIMENT

-'-Balmoral Balmoral Al tona portage

pH 7"8

Conductivity of satn. extract (mmhos per .70
cm" )

sicl

5"08

B "76

27.89

7"9

.55

sicl

4.4s

7.64

7.73

46"F1 12.90

6.8 6"2

305.0 516.0

7.6 7.8

'BB '78

FSL L

2.31 3 "92

3.98 6.76

.25 .74

.41 1.25

7.9 11.6

252.0 4lt .o

Textu re

f organic carbon

I inorganic matter

fr inorganic carbonate

CaCt, equivalent (%I

NaHCt3-extractabl e phosphorus (ppm)

Exchangeable potassium (ppm)
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,l glass tube / cm. long ancl 1l¡ ,ærn. i n cli arrreter þÍas pl aced upni ¡ihi

i n the centei' CIf the conieí ne¡- to f eci tr i tate r¡"rateri nq. l'he 10û seeds

ai: the croÞ tt be Erot,rn i n ihe conta-i ner lvere spreacl e.yen I ,¡ cver the

surfece of the seconcì sanci lairer" A fínal Tayer oF lOci gm. of sand

uias p1aced over the seed"

Suf l=i ci ent di sti i i ed v¡ater !^.'as acicied to saturate the soi 1 ancl

r^ret the sand to the suri.ace on Februa rr¡ 1g. The conta.i ne rs rvere ¡:l aced

fn a grovith cha¡"nber in tvhich the environinenta'l conclit.i ons could be

carefui 1y ccntroi led" The .l ids l,¡ere 'lef t on the contaíners unt.! .l

February 23, 'riy u.rhi cli date the p !ants f i rst begen to appear ,¿hrouc¡h

the soi i " The teinperature i n the orawtlr charnbei- was ma'i ntai ned at

70o i-. and the croirs were subj ected to i 6 consecuti ve hours of l i ght

ancl I hours of darkness every 24 hours, ii'ísti 1 l ed u¡ater rdas aclded

'¡ia the giass tuhes in the quantities required to maintain octimurn

rnoisture conditions for piant grourth"

,ql I crops r^rere harvestecl r,larch !, l9 clays af te¡- seed.! nq, The

sand and soi i r,vas tho¡-ouqhly but qentiy, washeci f rorn the p.l ant roots.

The total piant rnaterials, roots and tops. of each crop \¿Jere dried

in an oven at 90o c" and were wejcrhed to deterrnine the yields of dry

plant material, l'he complete yíerds of rapeseed and flax plant

materials rtrere wet ashed. The oat plant materials were grouncl and

a representative one gram sample fror¡r each v;as wet ashed. samples of

100 fiax, i00 oat and l0û rapeseed seeds were wet ashed. Aliquots of

the ash solutions were iaken for total phosphorus ânalyses and radjo-

acti ve count'ing.
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Resu I ts and Ði scussi on

Tables xxli{j }ixx and )'{x}{Ir resp,ectiveiy, l'ist the plant pop-

uiations, the yields of oven dry plant material, the total quantities

of phosphorus i n the pl ant rnateri e ls grourn on each soi i , the quanti.ti es

of seed phosphorus and soi1 phosphorus'in the plant maLeriais and

ttre per cent recovery of I.,?2 added io the sancl and i;he soi Is f or f 1 ax,

oats and repeseed" Exchanqeabie phosphorus vaiues deterrn'ined for the

soi 1s v;i th each crop l.rere not reported.

i;1 qf_rt Êopu I at i g!:rs

The populations of rapeseed and fiax plarrts were iess than the

1t0 pl ents e><pected due part 1y to poor seed aerni.i nati on a¡d part l,r,r

to the i nebi 1i ty of the ti ny seedi i ngs to push ur: tlrrouglr the clamp

send i ayer coverí nq thern" To obtai n an accunate e stiinete of tlre

quani:íti es oì' seecl phosphorus anci soi i pi:osphnrus in the plent mete-

riais prcdui:ed, the number of rapeseed encl fla>< plants in eech con-

ta'i ner ulas counted '¡¡hen the crops v¡ere hervestecl " TÍrere ,¡¿ere

approxirnatel -v 100 oat pl ants i n each contai ner because the per cent

germinetion oi oet seed r,,ras high and the seecliincrs irad no trouble

breal<jng thnough tlre sa¡rcl layer af'ler germinatir:n"

Yield o1' plent rnateríal

iiets ¡:roduced rnuch iarger yieids of plant materia

rapeseed or i'I ax because c¡at seed í s much i erger t han i s

flax seed and contains laraer quântities cf stored plent

'I t han d'i d

rapeseed or

l-cccls, I ¡le



TABLE XXIX

PLANT POPULATIONS, YTEL.Ð OF OVËN II]RY PLANT MATERIAL AND

Treatment Pl ant
population

T

I
i
I

ÏI
II
II
ÏI

IiI
iII
Iri
ITI

IV
IV
IV
IV

6B
100
90
76

38
52
44
46

Yield of oven dry
plant matter gms.

.70

.88

.97

.65

-52
.98
.58
.50

32
56
4r
46

Total F.
mgm.

V

V

V

V

4t+
65
67
54

5o
54
?o

67

1 .sg
2. s6
2.34
2.02

.94
1.13
1.13
I .30

oL
1.su
1"23
1.35

1.47
I " 1B

1.95
1.7t

1.76
1.95
I .30
2.22

,{v. tota 1

P. mgm.

"50
.71
.51

"60

Average quantity of phosphorus in 100 flax seeds

2.13 z.z

.55

.o,

.71

.60

.70

.90

.4s

.85

Seed P"
mgm.

1.12

Soi I P.
mgm-

1.28

I "03
r .40
1 "19
t "24

.86
1 .5t
1.11
1"24

1.19
1 .76
r.8l
1.46

1.35
1.46
1.05
I .81

Av. soí I
P. mgm.

1.75

:-
.06

.08

.03

.12

.il

.28

.08

.14

.25

Av. /o
of

1.Bl

recovery
F32

"06 0.8

2.7 mgn.

.09 1 "5

"41
,49
.25
.31

.19 B"s

"39 6.5

¡\)
co



Treatment

TABLE XXX

FLANT FÛPULATTSNS' YIELDS ÛF QVEN DRY PLANT MATTER ANS

T

I
I
T

Pl ant
population

II
TI
ÏT
IT

iII
IiI
III
ITT

IV
IV
TV

ÏV

100
t00
100
,l00

100
100
100
100

Yield of oven dry
plant matter gms.

3 "25
3.34
3.20
3"58

3.60
3.60
3 '70
3. 80

3.80
3.7a
3"54
3.85

3.30
3.30
3.30
3.60

3.60
3. B0

3.90
4. 10

t00
100
100
100

100
100
100
100

Total P.
mgm.

V

V

V

V

11.20
9.17

10.57
11"30

t1 "62
r 0.85
10.r6
11.45

11.72
11.41
il ,30
12.15

Av" total
P" mgm.

flverage quantity of phosphorus ìn 100 oat seeds

100
100
100
100

10"56

Seed F.
mgm"

11.02

Soi I P.
mgm.

1 ,s7
1.s7
1.82
2.67

1l "65

11 .55
11.55
11 .55
11 "55

11"55
11.55
11 .55
11 .55

11 .55
11 .55
11"55
11.55

11.55
t1.55
11 .55
11.55

Av. soi I
P" mgm.

3.19 13. t8
2"55
3 "44
3 .54

il "81

::7

.-,_7

.60

:_
"27

1.12

1.64
1 .00
l.89
1.99

Av. % recovery
of P32

,07 7.0

11.55 mgm.

12.7

.39 r 0.8

"70 25 "2

t.æ 27.0

N)\o



TABLE XXXT

PLANT FOFULATiTNS, YIELBS CIF OVEN ÐRY PLANT MATTER ANf] FHOSFHORUS UTILIZATIO'N ÐATA FOR RAPËSEËD

Fl antTreatment popu 1 ati on

I
I
I
I

II
II
TI
iI

ïtr
ÏII
III
III

IV
IV
IV
IV

97
B5

92
91

87
78
91
67

65
B6
BO

86

93
B2
Bt
B7

93
93
92
9l

Yield of oven dry
plant matter gms.

"51
.46
.60
.50

Total P.
mgm.

.78

.48
"72
.85

"68
.73
,58
.67

.86

.72

.81

.82

.67
"54
"61
.70

V

V

V

V

1.64
t "64
1.64
1.7t

I "83
2.02
, "-,-,

1 .83
2"02
1 .54
2"07

2. B0
2"46
2.60
3. 09

3"01
3.23
2.68
3.23

Av. total
F. mgm.

Average quantity of phosphorus in 100 rapeseed seeds

1.66 6"1

Seed F.
mgm-

1"93

Soí 1 F.
mgm-

t.B7

1"54
1"6r

':lu
1.15
1 .52
1 "42
1 .52

1.65
1"45
1.47
1 .54

1 "65
1"65
1.63
r.6r

Av. soi I
P. mgm"

2"74

.29
"4t
.?:

.68
"50
.12

"55

1.15
l.0l
l.l3
1 .55

1 "36l.¡B
1 .05
1.62

Av. /o recovery
of Pl2

3.04

.49 7.8

1.77 ngn"

,46 ir.t

1"21 26.1

r "40 24.8

\,o
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The ;rì el cis of rapeseed and f Iax pi ant materi a'l s were êpproxirnaËeT r¡

equa1. The three crcps ¡:roduceci neari)/ as much plant mate¡'ia! s¡hen

grc)["Jn on the nutri ent f ree s'i 1i ca sand of tre*tment I es when c¡ro!{n

on the scils of treatrnents Itr to V,

-!_otql 
J:h_o-lpholus i,n lfe pl an! mats:ri a1!

The average quanti ty of phosphorus i n '10û oat seecls r,vas 11 "55

ngm, as compared to 2"7 nam" contained in 100 flax seeds and 1"77

mgm" contai ned i n i 00 rapeseed seeds " The ebeve data expl aì n ',+ir1r

tlre oat plant matenials contained so much more total phosphorus Lhan

did the í'la>< and rapeseed plant niaterials" They do not, hor.vever, expiain

why, for ân approximately equal number of rapeseed and flax pilants,

treatnlents II to V rapeseed contained a larger total quantity of phos-

phorus than djd flax. In general the total quantities of phosphorus

in all plant niateriais increased in the direction treatment II to

treatment V indicatinq that the soi'l employed in each successive

treatment contained rnore available phosphorus than did that of the

previ ous treatment,

Sesd derir¿s!_ phosphorus in the_ piant materiqlj

The quantities of seed deríved phosphorus 'in the rapeseed and

flax plant materials rt'ere determined by multÌplyino the plant popu-

i ati on b,v the quanii ty of ¡:hosphorus i n one rapeseed or f l ax seed.

Since the oat plant populations Ì.r,rere equai it was assurned that the

êverage quant'ít,v of seed derived piiosphorus in the oat piant materiels

equaliecl the quantitlr of pirospirorus in 1û0 oat seeds {i"e" 1i.55 nnqiiì, 1'.)"
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:iq j j 4eri yed itqtpt_arvl j ï-Lhe p 1 +n! qeteriq 1 s_

Ê.lthoucíh the quantities oi' so'i 1 deri'zed i::hcsphorus 'in the

piant niateriais r.¡ere s¡"na1i tire evereûe values indicated that, except

T ar t reatn:ent \1 , r'ep,:seed obtei ned rnore soi 1 phoslhcrus ihan a'i d oeis

end oats obiai ned ,rore tlran cl i c! f I ax. Á1 i crû[-:s re¡.norzeci rnore ¡--þs5-

phcrus 1=roi-n the ncn-ca'! cereous treatrnents I',r and V sçi1s tlran 1=ro¡'n

the calcareous tneatments II ancl III soi ls" llapeseeC !'¡as airle to

extract phos¡lhcrus f ronr .ri i the soi ls ei'npio,ved 'i n the study" Some

of the treatnrents II, III end iV cat ancl treaiment II ilax seediincs

must lrave l ost phosphorus to tire so'i I s because e as !{es the case f or

treatment Ir. the pi.:nt materi a'l s produced contajned less phosphorus

tlren v,,es contai ned i n tl¡e seeds f rai-n lvhi ch they had qrouvn.

It l,ras suqgested that if f iax had been qrordn i'or a longer

period oÊ tirne than r.,¡ene oats and rapeseed, it might lrave tal<en up

as much or more soii phosphorus than clid rapeseed. The oat end rape-

seed ¡:lants hac.l developeC definite deFiciency symptons ancl had stopped

crrowing vrhen the crops were lrarvested. Aithough the dicotyledons of

f iax appeared to be developino a siiciht yei1or,,¡islr color, the plants

ulere grovrì nq act j vel '., at harvest time. The. soi 1 phosphorus d¿ta

repot-ted indicated that flax had just bequn to take up soii phosphorus

when the crops r^¡ere harvested.

Fer cgnt J'ecover), gf-jedi oacti ve tracer P32

i-,iespi te l arce di f f erences i n the si zes of' f Iax and rapeseed

plant populations, only siight variations were noted in the quantities

of P32 recovered b), thu four replicates of each crop within a treatment.
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The per cent recrvery oi FJ2 data reported are the average values

for the four replicates of each crop subjected to the five treatrnents.

Flax recovered a smailer quantít;r of the Fl2 added to the sancl

ol= treatmeni I ancl the soils of treatments II to V than did oats ancl

rapeseed. Üats anci ra¡:eseed recovened approxirnateiy equal quanti t'l es

of the ?3?- f rorn corresponding soils, Ali crops recovered much larqer

quantities of the PJ2 adcied to the non-câicareous treetments Iv and v

soi i s tlran l'rom the cal careous treetrnents II ancl III soi I s " úats and

rapeseed recovered as mucl¡ as one-quarter of'the ilj2 aclded to the non-

cal careous soj i s ancj onl y 6þout one-tenth of that added to tlre cai -

careous soi 1 s"

The soil phosphorus utilization date and the per cent recovery

of 
":jZ 

data, althuuoh deterrnineci independr,:ntiv_" eech su[,i]c]rt the

findinqs of tl-¡e other. For exam¡:1e, the soi1 piros:pho¡-us utilîzatii:n
cleia fcr treatments I I to v sho,,^¡ed that oaì:s and rapeseecl tooi< u¡r

nrore soi 1 ¡-.lrosphorus tlian ciid f lax. The per cent uti i izat ian of ¡) jZ

data shcv¡eci that oats and rapeseed used a l arger ¡-.ropoi-t i on of ihe

totai exchangeable phosphorus of eecir of the soils than dicl fla>r"

The experímenta I cleta i ncii cated th.rt r,¡hen f r a;<, oats and

rapeseed were sui:jected to the condi tions of tire i,leul¡auer method..

tlie soi i phosphorus f'eedi nfl porvers of oats and rapeseecl l';ere slior,:n io

be equai " Flax took up iess soi 1 phosphcrus then dici tlre other creþ-s.

Sumrnary, eil$ C_onc 1 us i on:

lji i'Jeubauer exÞeriment r..¡as conciucted to i nvest i gate the so.i l



13LL

phosphorers feeciiilc pot\,ers of fla>t, oats and rapeseecl . [-arqe numbers

cf pl ants ivere grûuin on I00 cim" porti ons of l'our i'ianitoba soi i s.

ãquai nurnbei's of f 1ax and rapeseed ;:i ants produced approxi -

rnatel )/ equã l quanti'r'i es cf oven-drrr pi ant rnaieri a l " 0ats produced

much larqer quant'i t'î es of plant materials tlran did tire other trnro

crops because oat seeds contaìn a larc;er reserve of food than do

rapeseed or flax seeds" Tlre rapeseed plant materiais contained larger

total cluantities of phosphorus than dici the flax plant rnateriaise e\./en

though 1 00 f l ax seeds contai n rnore phosphorus than do 100 rapeseed

seeds. The total quantities of ¡:hosphorus in the oat piant materials

were much iarger than those in the rapeseeci ancl fiax plant rnaterials.

þJith the exce¡ition of tre.ltment V oatse raFeseed obtai¡red more phos-

phorus f rom ai I soi is em¡-.1r:yed in the investiqation than did oats

and f I ax. üets and rapeseed recovered a larger Êroporti on of iire

!'J2 added to the sand of treatment I and tlre soi 1s of trea'lments II

to V than cìi d f 1ax. Al 1 crops tool< up more soi i phosphorus and

recovered a larger ¡:roportion of the addeci PJ?- frcm the non-cel-

cêreous treatnients IV and V soils than from the calcereous treatments

Ii and III so'iis.

ûn the i:asi s of soí 1 phosphorus uti li zati on data ancl i:32

recovery data i t lnrâs conci ucled that tlre soi 1 phospharus f eedi ng

por.Jers of the three crops 'rJere greatest Í'or oats and raÞeseed, anel

least l'or f lex.
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¡n, a¡-eenhouse exËerirnent empl oyi ng sai 1s l<ncv¡n to contei n l ot.¡

leve1s af avai lablc phospharLls vras conducted to stuc!\¡ the soi i i-.h*s-

plrorus fee.Jincl ìro\,,rers of f 1ax, $ais ancl rapeseed. L.n planning iire

ex¡:eriffie;Ri: it i,ras deciciecl that ti-re crops r¡rcuid be al lotn,eel ic cror,-r

for a longer períod of ti¡-ne ihan thelr had r:rror¡Jn in previúus green-

house experìments tc ensure that cl ifferences bet-r,,;een ihe crops in

the'i r soi 1 phosphorus feeciinc poin.ters v.roulci l:e e;<presseci in tire cleta

col 1ecLed, i f such di Í=f erences dc e:<i st "

/{ superf icial investigation oi the p.otteci soi 1s in rvhich

the clreenhouse exterirnent Iï fiax, oets and repeseed had <:rown indi-

cated that tirere \^Jas a rnarl<ed concent rat i oir of rapeseed roots one

end one-h.r1l= i nches belornr the soi i surf ace i n ihe f'erti I i zer bancl

erea. Tn contrasi, oat and fiax roots formed ð ìcine, eveni;r s¡racecl

ineshurork throughoui the soi i volu¡i:e" ït v;as suqgested that the

concenLrat'i on of rapeseed roots in the fertilizer band area of tlre

soì1 may have been due to a natural concenti'ation of roots in that

area or that root deveiopment rnay have been stimulatecl by' the readi 11r

availabie supply of phosphcrus" To test these iiypotheses phosphate

fertilizer l.;as tranded into the soii two inches above the lower soil

surtace in one treetment of experiment V"

The phosphorus deficient soi1s chosen for the experime¡rt vtere

an Almasippi association (71 non-calcareous soi I and a Gi lbert

associ ati on i5) cal careous soi 1 . Tr'¡o f eri ilizer treatrnents of the
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three crops v'Jere grouJn on the Aimasi ppi soi i anC three f erti 1i zer

treatments of the three crûps Þrere grow¡r on the Giibert soii" Table

X;{XII I i sts e nunlber of tire characteri stics of the tt^ro soi 1s.

l-he three ferti lizer treatments i"/erer treatment ï u a checi<

treatnrent in rvhich no phos¡:lrate fertilizer v;as adciecl to the soils;

treaimenì: II, a ¡:hosplrate ferti lizer treatrnent in l,¡hich 40 ppm ot'

phosphorus i n the 'l=arrn of f i nel y di vi cled l(l-l2Pú4 crysta ls r,"ras nii xed

througlrout tire soi I s; and treatment Iï I , a phosphate r'ert j 1i zer

trea.tinent in r.;lrich 10 ¡r¡rm of phosphorr-rs (i".. lC mi " of a solution

contei ni nq 3. Jil grn, i(Htilir4 per 1 i tre) r,.ras banded i nto the ûi i bent

soi i two inches above 'í ts lower surf ace. Suff icíent ¡:otassiurn r,ras

added, in the Fornr cf finelv divided l(C.I crvst¡1s.. to the treet-

inents I and Iïï so'i 1s to mal<e the cruanti tr' ç¡ evai I able potassiurn in

each soi I equal tliat i n the correspotldì ng treatrnent I I soi i .

The pur'¡roses of ihe cl'iecl< ti-eatments r,,ere to detern¡ine lrow

nruch pi ani materi a I f l ax_" aais ancl rapeseecl wou I d ¡:rcduce !,Jhen qrtvJn

on phosphate def i ci ent soi 1s and to determi ne t'vhether tlie crolis

dj f f ererl i n tire amounts of soi 1 phosphorus the¡r vlere able to extract.

The /:!lnrasi pp'i soi 1 treatrnent I was re¡:1i cateci si:< times " Tire Gi i beri

soi 1 treatment I rr'as replicated eight tìmes.

The purl.oses of Èhe treatii¡ents II l,;ere to cletermi ne hovl iiluch

pl ant ma Leri a i v.rou 1d be produced ancì how much phosphorus u'rou 1cì be

uti 1i zed rvhen tlie crops i\fe re qrourn on the same soi 1s if the suppl ies

oi' avai labie ¡hosphorus \^,ere plentifui. The Almasippi and Gí lbert

soil treatments II v;ere replicated iour times"



137

TABLE XXXII

SSME CHARACTERTSTTCS OF THE SOTLS EMFLÛYEÐ IN THE GREEI{H*USE

EXPERIMENT

Almasi ppi Gi I bert

pH 7.2

Conduct í vi ty of satn. ext ract (mmhos per cm. ) I .06

Texture F.S"L"

% organic carbon 2"34

fl organic metter 4.OS

24.0

6.6

245"0

2"1

24.5

7"9

2'94

S"L.

3 "31

5 "76

3 "74

6"23

I 44.0

5.5

54.0

2.0

16.9

I inorganic carbonate

CaCt, equivalent (%I

NS3-nitrogen (ppm)

NaHCS3-extractable phosphorus (pprn)

Exchangeable potassium (ppm)

'/. hygroscopi c moi sture

%moisture at field capacity
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Quentities of the soi Is were qathered and r^Jere aìr driecì . To

accor¡rpi i sir the thorough n:'i xi nq oi i(H?ira;L. reoui red f or tire prepara-

tion oi treatnrent iI so'i'ls 22 kg. of ai r drv soi i r^,ias even jy spread

over a Jt by 121 slreet of papen ancl 2 l<g. of the soí I v;as s¡rreacl over

a 3t by 3t sheet oi: paper. 4" 1224 qrtt, of KH2pû¡ (i"e" 4o ppnr of

phospliorus cal cu i ated on the basi s of 24 i<cr. of ai r dry soi I ) t;.rs

sprinkled as evenly ês possible over the 2 l<g" portion of soil" The

soi i end 'i'erti lizer rni>lture vras roi led for f i,¿e minutes to produce

a hoinogeneous mix whi ch u¡as then spri ni<1ed eveni y over anci tirorougl-r I y

nrixecj '"vi th the 22 v,g, ¡iorti on ol= soi I . Tlre salne procedure r,;es usecl

to ini;< íiC1 tlrrouql'rout the treat¡nents I an<j III soils"

2 l<c" ¡:,:rtions of the ¡rre¡:ared so'i 1s v,lere r,,reíorred jnto one-

frelf ga11cn glazed porce'iain pots" The solution conta.ininq tr0 ppm

oi ¡.,hcs¡-.horus þJas bandeci i nio the treairnent IIi tìi i irert soi i s at

seedina time, Gerininated seed r,ras planteC |iay ZJ anci tlre pots vrere

¡:faced in tïre sreenhouse" Pepuial.:ions of fc,ur oat p'l ants, iour rape-

in the'Forni of an l!lllit'J,,'¡ solution lqes adcled to lroth soi]s June 2 auel

June 22. An acidi ti ona I 40 ¡rpi'n of ni t roc¡en '¡as atjciecJ to the Éii masi p¡,-i

soi 1 June 2ri" Tliese quant'it'ies oí' nitroçJen ¡-,ius iirai initial 1,¡

present in the soi1s suppiied ntore than enough nitrooen to c¡row t6e

crtps to iäaturi ty" Tlie rnethods used i n cari nc1 f or ancl liarvesti nrj

the cro¡:rs ',vere simi lar to those clescribecl uncjer the rnethocìs and

nateri al s secti on of experiment I. The craps r";ere l-larvestecl Jul v ?c: -
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i:;t l':anzest iiiiie oats liad heaci*d cut, i-apr:seeri i;arl ¡:rcCuceci srrnle seecl

¡:cds eni i-ia;< v;as besinnìng to f*nii seeei balis" Ti^re ¡:Îant i'¡laterials

r"",e re dri ed at 90o C " f *r ¿ tv;el ve lrour per-i ocì anC !'.¡ere ccoi ed anqi

yrei ol¡ed to deterini ne tne .vi el ds cf oven cir¡r pi ent r'neteri a1 . -lhe

plan'L mate¡'ials r"rere f inely ereund in * 'lii ie'¡ r'rlíl i end a recresentative

trr+c gm. sample a'i= eaclr was v¡et asheci " l-:iliquots oi the ash sclurtian

',vere tal<en f or tota l phosphorus ana 1 yses.

/i superf i ci e l i nvesti gati on of root der¡eiopment í-"i, the crops

in ti-re ¡:otl-ecl soiis v.'as conductecl " The 2l<s. cri linclers of soil anci

root materiel r^lere rernnved i'ronr the pots arrd r.rere cut in lralf .lencth-

urise" i:ne-iraif cF each clrl inder h¡âs Friacecl f iat s'! de- up on a i":i re

¡'neslr end a gent I e st reêm oì' l'rater iças ulsed to nash seme r:f the soi 1

av.ræy, f rom the plant roots w'i thout changìnq the'i r pcsitions" ,ri visual

est'í nrati on of ró*t cor'ìcentrat'i on i n tl'ie dif f erent åreas o'i' the soi 1

u¡as t:rade f on al 1 crtps t.vi thi n each treetment,

lìesul ts and iii scl,rssion

The Gilbert soil r,.¿as c¡athered from one smali area in a field

and r"¿as transported to the University in several c.!oth baqs. The

soi i \"ies I ai d out tc ai r cl ry on three 1ar+e sheets oF paper ' The

three larqe quaniities o¡' soi 1 urere not thoroughiy i-nixed to ensure

lromogeneity before the soii was prepared and put in pots" As e

result, it t^,,as cbserveci v¡hen tlre crops were Erown thet the soil useC

to prepare f our repi icates oi' treatn'lent. I r.¡as i'nuch niore fei-t'i 1e than

tha'r- usecl tc ;:repare another f our rei:1 i cates af ihat l- reainlcni "



The more Í-ertile checl< treatnlenb is ri:ferred tr as treatnrent l-a"

The quentítjes or' sr:i i used to prepãre the treeti-nsnts I and II
Iilinasìppi scj ls arrci treatinents I, Íu., II anei III Gi lber-t soj !s r,vere

thoroutl'il,¡ lni >'.ed tc ensurÊ hornocenei rlyr wí tlr¡'n the t¡-ea:lnie nt. 'l-he

:,'ields cf ¡:ient nraïeri aî ìn qms. oi cven c!-r, r,rt". the ¡:;er ceni ;hos-

¡:hai-us in the piant rna'¡r:r'í ais er¡d the i:atel qr-rani'i tir:s of ph*sniroruis

in ntcin" contajneci in the t"1ex, *=t eircl rapeser:.J i:'l ant r¡'¡aler.i e'l s r-¡rc,"..rn

on the Ê.1r¡ras'iprli ancl Gi il¡er-t sci ls are iistecì in ]-ab'le l{}ixITI"

Yie-jc!s oÌ' cven_dr), i:iarrt ila!qri¡l

The;'ielcis oi'*ven dr,v;-:'l ani matei-jel shov¿ed lhat even.Lhouc;h

the treai-¡-nent I ,r,iiirasi p¡;ì soi I anci tire Treatinents I an.-l Ie Çi lbert

sci Is contajned equal quantities ,:f Nal-lCûr-extrectable phosplrorus,

the rilmasìp¡:i sc'i 1 ¡;roduced tire laraesi quani'íties of a1l plant

r*aterials. The treêtinelrt II ^imasíppi soj I p:roduceel larger yieicls

of a1î plant inateri ais except rapeseed than dicì tl-rc-: -treetrnent Ii
Gi 'l bert soi i "

Al rnls i ppi soi i_. Treetrnent T f 1 ax and rapeseed nroduced equa I

quantities oi plant materíatr. Oats produced slightiy nrore plant

meterial than ciid tire other tv/o croÐs. Treatinent iI plant nlaterial

,vielcis decreesed in the orcler oats, f1ax, rapeseed, and r+ere onil¡

slightl), larger than l^rere the check treatment ),ielcls. Repeseed

sholved surlfur deficiency s)./irF.toms and although tlouJers were producec!

it dicì not set seed" Had the sr.rp¡:1y of avai labie suifur been pient.i-

ful, treatine¡rt II rapeseed probai¡ly viould heve proclucecl 'lerger yielcls



ÏABLE XXXIIi

THE YTELßS OF PLANT MATERIAL, THE PER CENT PHOSFH$RUS IN THE PLANT MATERIALS ANÐ THE

TSTAL QUANTITiES ÛF PHTSPHERUS iN THE PLANT MATERTALS

C rop

Flax
il

0ats
ll

Rapeseed
il

Flax
ll
t,t

ll

tats
il
ll
t.t

Rapeseed
¡t

|l
ll

Soi 1

Almasi ppi
lt

lt
It

il
ll

Gi I bert
¡l
il
l,l

tl
ll
l.l

ll
lt
ll
il

Treatment

I
II

I
iT

I
IT

II
T-¡d

IT
IÏI

I
Ia
II

ITi

T

fa
II

ÏIÏ

Yield of oven dry
pl ant materi al s

in gm.

9 "32
12"12

12.92
15 "98

%r" in
p1 ant materi al s

9 "28
10 "77

l.il
4^s7
6.çø
3 "43

2.33
7.90

11'94
8.lg

l.B0
4.47

13 "638.¡l

.19

.26

.20
"36

.19

.42

.11

"25
.34
"27

"21
.21
.24
.lB

,11
.12

,E

.13

Total mgm. P"
i n pl ant materi al s

lB.t7
30.98

25 "61
57.86

17 "83
45.28

1"20
11.31
22.23
9.20

4"87
16. t4
28.65
15.04

1.93
4" se

33.90
10 .67



oi piant

^-'t: !

matei'i a 1 .

I bert soi 1

1 Lr?-

Ihe treetment I p'! ant materi ai yì eT els viere very

The phosphorus contents of al l ti-ea{:ment I

equai [,"fhereas those of the tneatment ïI pl ant

n the orcler repeseed.u ûâts, f Iax,

Tlre ¡rhosphorus contents of treatrnent I raÞeseed

smal l" fi,ats and repeseecl prcduceci sliahtit¡ more plant maLer-ja'l than

cjid fla><" The;,ieids of fiax and rapeseeci plani inatelieis produce¿

on the treatrnent lla Gi lbert soi i rvere equa l ancl were smal i er than

that of oats. Treatrnent Iï piant meterial ,vields decreaseci in the:

orcier rapeseed" *ats, fla;<" üats end rapeseed produced eppnoxir-nateir.'

tr,vo tirnes as ¡il-lcir plant rnaterial as d'id f1ox, Rapeseed anej oats

"*r*duceeì 
rncre tlren two ti¡nes es inuch ¡:iant i-nateriai as dici f la;<

v;i-ien qro,,^rn cn tl^,e tre,:tnrent ïIï sc'i 1 in ,¡hjch i0 pprn cf fert j iizcr

¡lhcsF¡^roi-us wâs benaed t'"^¡c i nchr.:,s a!:ove the i ower sci I surf ace."

i:'er cen¡ ¡.,l'los¡:horus i n 'ihc irlant in*te:ri a !s

The per cent ¡-.h*spi:orus data i nCi cated that the phos¡:lroi-us

ccntents oi' plant ineLerieis qrr;,"'¡n on tlie ,a,1rir;siplli sci is r,¡ere l'r 'i qhe r

than those of p'l ant mater j al s gi-ol,¡dn en corres¡:ondi ng treatiire nt

Gi i bert soi 1 s.

¡\'imas i ppi _soi 1 .

plant materiais srere

rna j:eri a 1s clecreased i

Gi l bert soi I,

and flax piant n'¡ateriais v,,ere equai and r.¡ere ap¡lroximatelï rne*half

ihat of oats " The phosphorus content of t reatrnent ï e f 'l ax pi ani

materi a 1 vras s i '? ght 1 yr greater than that of oats and twi ce .rs great

as that of rapeseed" The pirosphc¡rus content of treatmeni II flax

plant inaterial wes ane and one-helf tiiìles as greei as that of tl-re



I t';7

rapeseed ênci oet plent nnaLeriels" Tlie phosphorus ccntents of tÌ-eêt-

r¡ent IiT rlant i'nateri als decreased'i n the orðer flex, catsu rapeseed,

The per cent Þhosphorus data and the;rielc{ data for the tneat-

rnent I plant materials grown on the,t,lmasippi soil showed that e

c'iven quantity soì1 phosphorus produced equai quantities of, flax,

cat and ra¡:eseed plant materials" The per cent phosphorus data for

the treatments Ta, II ancl III plant materials grown on the Gilbert

soi 1 shoi^red t hat rei at i ve to oats and rapeseed f '! ax tool<. up phos *

phorus aird storecl it rather than using it to prociuce plani- qrov.rth.

The irield date sucigestecl that oats and rapeseed rnede rnore el'fjcjent

use, iir tennls of piant material procJuction.- of 'uire phosphorus the,v

acqui red ihan dici í'1ax. For examp1e.. r.¡hereas tlre -rrielcis of treatrnent

Ia f 1a;< a¡rd rapeseed ì¡Jere eciusf " the ¡ihos¡;horus cûntents of the ¡il ant

materi al s v¡ere 0.25 and t.12 Dcr ce nt respect i vel1r"

Total .pilasplcrus þ the [l ett-*rnaterì a_i_:.

,Uqalli:pi lol_1" l-rentrnent I f I ax arrd rapeseecl reirovecl r:qua1

quêntiti es of phos¡:horus f ron tlre 1't'lnasippi soi'l " *ats t^;as abic

'co exiract epFroximetel]'li2 Per cant moi-e pl-ro.Èpl-rÕrus from thai soil

than ',,,r.:s f I ax *r' ra'¡eseeci . Th<; euanti ti es of phosphorus remtrre d f i-c;'¡

'the trear)ineni II råi I ciecreaserl i n thc orCr:r oats,, râfir:-seerJ, f 1rx.

P"ithaurgh tlrr-: yieid of treetii¡a¡rt ïI ra¡:eseed piant ineteri âl in"'es

smaiier il^;ân tir¿t of f1ax, jt containecl acpi-c;<imatel;;5Û per cent

i:lcre ictel ph,:sphorus than did the f lex plant ¡'naterjel "

ûi I!:e rt soí 1 " ,4'lthouqh thc-: quanti ti e s oF phosphorLt s rçi'¡io'¿ed



11,1,

f roin the rze r1r phospiraie cjcf icient tneatinent I Gj 1í:er-t soi'1 r",ere sirall"
*ats extrecteci t-r';o a¡rd oire-haif tii'nes as riruch phosphorus as c.i d rape*

seed ancj l'our tirnes as much phosphorur s as d j d f lax. ilats oi¡ia j ne cl

4l per cent rnore phcsphorurs f rc;-n the treatnrent Ia fii i bert soi 'l than

did f l ax ai'id Zf,Li per cent nrore phospliorus then cli ci rapeseed. Al-tlrouqh

the vieicls cl' f lax and rapeseecr plant rnateriars r"..oere equel, phos-

pliorus upteke by f l ax exceeded that oi rarreseecl by 6,f mgitt The

quant'!ties o'f total phosphorus conta'inecl in ilhe i:reatment trI piant

nlaterials t,'ere rnuch iarqer llran those containecl in the corresponc!*

ínq breatrnent I, Ia and iII plant nrateriais. [ìapeseed rernor¡ed

the ¡rost piiosphorusj óets rernoveci less phosphorus than r.-rileseed-

and flax removed the least pirosphorus from the treatment II soil
throughout which 4o pprn of fertí iizer phosphorus had k¡een míxecl"

*ats rer¡¡oved approxirnatel y jû per cent more phosphorus f roiir the

ireatment ÎÏÏ so'i1 containìng i0 pprn sf banded ferti lizer pliosphorus

than cji cj f i ax or rapeseeci 
"

i'leasurecl i¡r ter¡ns oi phosplrorus uptal<e by, fiax, oats and

rapeseed, tlie,4lrnasippi and Giibert soils differed in their abilities
to sulipl y ¡:hcsphorus f ar pl ant oror.¿th even thcuqh the1,, y",s¡. sirovrn

to csntain equei quentities of i{al-lCa¡3-extracteble phosphorus. TÌre

total quantities of pliosnhorr.rs sr.r ppi'i ecl b,¡ the sci is varii-:d l.or tire
tirree croi-rs but sho'n¡ed a cencrêr decrease in tlre orcler Âiir,lasippi

treatlnent ï soil" Gilbert treatrìleni Ia soí.l, Gjlbert treati:rent I

soi Ï " Ti're l:i'i niasi p¡:i so'i I '¡¡as oni 1¡ ¡äode retcl y phosplrorus ¿ef j ci c;nt

r,irl,'ereas il-re lìi lbart treatnent I sci 1 v.,'as a.rtrelne I y i:hos;:irorus de ii ci e n¡: 
"
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Tire cþ,eci< j;reattr¡ent içl;e1 nl''ou'.ttotus data shar¡¡eci that oe-rs

ûD-i¿ri ne.cl nir:r¿ pliosl,[rorus f rsrä tlie ì-]hr.]s jli:orus del= j ci er¡i so i i s tÌran

Cid f 1a>l *r repr:seeci. i:1;:;r oi.;-ia jneci as rnuch or r;lûre ';i;çsi;horus í'rerm

the so'! Is as ci ici ral'::seeci .

Tlre f ert j 1i zer j-reatinent Iï i:otal ¡:hosiiror-uls data shov;ed ti-,at

e11 Çrü¡ìs tooi< up rnucl-l ¡-nere ph*sphorus frc:n'lhe i=erLilized non-

celcareous Almas'! ppi so'í I than frr:in ti'¡e fert'i 1ízed caicareo'-rs Gjli:ert

so'i1" Had the su¡:'¡:l), *f available suifur in r-'lre A1räasi¡:pi soi'! been

plentìfu1 it is succested tl'rai:, €rs þlas *l-'serr¿ed for ihe Gi lbert

soi 1 treat¡-reni Ii ¡;laut inaLerf a'i s, i-he Aiinasi p¡-,i soi f -irea'iriient II

rapeseecl ¡:iant niaterial urould have contained rncre tctal pl-rosphorus

illan di e! ihe f I a>< ancj oei ¡--i ant inet€-.ri al s "

Rogi_ljevei_oprlent _in_ tlle potted soj ls

Thc ilax, o.rt e.nd reneseed root sirste,ils trroduce.i iu tlie treai-

rl-ìent TI soi i s f ormed an e;<tensíve rneshv,¡orl< of rel eti ve1 y coarse

secon.iary roots thr-aughout the soi 1 cylinder. iìapeseeci and i'ia>l

ap¡reareci to produce greater concentretions of secondary roots than

di cl eats" The root svstems ¡:roduced i n the Ëllmasi ppi treatment ï ancj

the Gi lbert treetment Ia soi 1s in v¡hich the supp'lies af aveÌ lable

phosphorus I imited the cirowth of al i crops contêined a muclr rnore

concentraLed meshr¡orl< of very fine secondary roots than was obserrzeci

in the reot systems of the treatment iI crûFS, The crcps prcciuced

practicai ly rro rcot sïstern ìn the extreinely piiosplrorus def icient

Giibert treatment I soii" The l¡eir-1ike raçts thei r¡",ere produced

exi:cndcd onl'¡ aí:+ut tþio ínches beloi.i ti-re soil surí'ece. ßeycncT that
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depth prôctical ly nr roots were cbserved"

Ra':esec=d cii d no't produce a nôti ceabl y crea'cer- cencÊntraf j sn

of rccts in the iertilizer band aree than in other ereês ol'the ssili

'lhen the band ',.u'as piaced ttno inches ebove ilre 1o1..¡er soi i surf ace as

t"ves done in the Gi1L:ert tneatinent Iïi sai1, This cbservaLisili i¡rplieci

that the ccncentrati<¡n cí'repeseed rûcts observed in the fertilizer

bend are¿' *f rhe areenhouse exDeririlent II soi 1 ir¿';.' hsvs i¡ee:n cìue to

a na'curel concenlretion oí- seccndery;-aots ai.r clepth cf *ne to tlto

írrches be i*u thc sci 1 suríece" The three crops, hûv.,e.rer, apreEred

to pr*duce a coilcent ratecl ineshr'¡crl< af secondaì-)1 roots thrcughcut

'che soi I eho.ze and incluciinE the 'f e rii lizer bancl ar-e¿ and oni'.¡ a

ver)/ i:€r,J rocts beio¡r'Lhe fertilizer bancl . These eliservations i¡rdicated

"rhat f iax, oats ancl rapeseeci gr'or^Jn cn tl¡e Gilbert tr-eatrnent -lIi- soil

tao!< u1-- t;hosohorus Í:rani tlre f ert'l l izer band 
"

3urninarv and Ccncl usi c,ns

i\ qreenlrause: exiieri¡-nr:nt enrpi oyi nc tv,¡o soi 1s l<nav;n to contai n

iov"r ieve1s oi= avai1eble phosphorus r'ras conductecl to stuciy tlre soi1

pirosphorus feedinq povr*rs of flex, oats anc{ rapeseeci . Ê, superficia'l

investigaiion of root crorvth in the potted soils vras conducted to

stucly root pr-orÌucti cn by the three crops, i n soi 1s conta'i n'i ng ¡l enti -

iu1 supplies of available phosphorus, in r:hosphorus deficient soi ls

ancl in a sojl to whicii phosphorus i'ei-ti1iz-er haci been aclded in the

f,or;n of a i:and i ocated tlvo i nclres above ihe 1oþier soi 1 surf ace.

The ¡;er cent ¡:hospharus data and 'oield cjata shorçecl that a
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qiven quäntity af plrosphorus resulted in production oí= equal quan-litíes

af flax, oai- end rapeseed piant materials qrov;n on the non-calcareous

,t\trinasìppi soi 1. 'r'lhen grorv¡r on the calcareous Gi lbert soi 1 oais and

rapeseecì made rnore efficient use of phosphorus Íir terms of ¡:lant

rnaterial ¡;r-oduction than ciid fiax.

tats obtained sic¡uifjcantl,v laroer ouantities of pirc'spharus

f rom tire checl< treatile¡rt soi 1s than did f lax or rapeseed, TÌre

quantitics of ¡-;hcsphorus obtaineci b;r i'iax" el i:iiouqlr sriai ler than

those o'i aats wei-e signifjcantllr larner tl'¡a¡r, or apilroxirnatelv

equal to, thcr quarrtit'i es obtained b,r, repeseecl . 'i-íre tl"i¡-ee crÕps

ret.'lcveci inuch more phosphorus f rcin tl-¡e f erti i i zed soi 1s than 1'rorn

tl'ie urnferii lized soi1s.

TI-re root stuciies inclicetcc that vriren s,rú\rlrt o¡r soils conlainincr

pleirt'i iul sup¡.:1ics o¡' e'¡ai iaþ1e nhas¡,lrorus l'1ax arrr.l rr;.e-sc-cej ì,r.,-

ciuceci siichtly i,rore, co¡rcent¡-atecl rirr:sl",r,¡*¡-l<s cf reiriiver1)/ crilr-s?

seconc{er'/ ¡-cots thrcuqir*ut tire sa'í 1 ti-¡an dicl oals" i.Jlii;n qrc'rrn

unCer cond j ti ons c'j= nlcderatel \r sc;r¡<=re phos¡:irorLls str,: ss e i I crcj_1s

j:roduced i-ri qh'1;r ccncentrated inesh'¡:ori,.s ç'f yçç1t f ine sr:conclarlr rocl:s

throuohout the soiis" f:1ax, oats end re¡reseed {ior{fi unCer c".ncì 'î tions

of severe phosrhorr-r s stress procìuced precti ca 1 1)1 no root sr¡stems at

ai I' i:li-reir phosplrorus l=erti lizer '¡.,as benclecl bvrc inclies above tire

Ioi"rer surface of the ti lJ:ert soi i eÌ i cFôi-rs i:rodlr cecl a cor¡celrtrateci

mesirlarl< oi s,":concìar-r¡ roots 'î n ti'¡e re¡i on oi' t hç: soi 1 above and

i rrcl udi nr the f erti l izc:r band area ancJ on 1,¡ a ,tery f eþ,r rßûts be icr.; ihe

ferti i izer bancl.
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irn tl,'e i:asis o'i= the experimen-ial elaia presented ì1, r.¡as c*ncludecl

tirat oats is a stroncer so'i 1 phcsnlrorus feecier than is fiax oi- rFìire-

seed' Fi ax i s able to ren'iove inore phcs¡:horr:s f roin noderate i1.' phcs-

plrorus deí'icient caicareous sciis than is rapes€je{l" FIex and råpe-

seeC ¡-emûve epproxirnatel )/ eclual queni j ti es of pliosi;hcrus f rcn: rnccieratel y

¡:hos¡:horus def icient nûn*caicareous soi 1s and f roin se\ierelv pirosphorus

def i ci ent ca 1 ca reous soi I s "

Flax, oat anqi rapes€:ed roots do not sho','; a mari<ed concentration

in the ferti lizer band area of the sCIi i. It roroulcì eppear that if
'llre supply of available soi1 phosphorus is snralI alI of the crÕps

studied can obtaîn phosplrorus frorn a phospl'rorus 'iert'i lize-r banc"
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The pl'rospharus f eecl i nq habi ts of f Iax, a cereal end rapeseecl

r'"'ei-e studied under fieid erlcl greenhcuse environme¡rtal conci itions.

Tlra experii-ren'le1 data re¡;orleC shc¡¡¡eci ihat tlre pl'rosphorurs feedin¡

hebi ts oi' tlre three crops di f f er ìn man¡, respec is. Hypotheses bJere

suggesteci to account f,or the observed differences" Several short

terni creenhcuse experiments r,tere cûnductecl to test these hvilotheses"

l:i-i'ielcl e;<i:erji-¡ient ciesioned .to ietermine the cluantjties o1=

phosphorus tal<en u¡: clurinc tÌri; .,ro'/.'ino seâsôn and tlre rateis) äi

wlri ch ¡:iraspharus i s tal<e¡r ui:. f or f i ax, rvire at and rapeseeC was .f 
cca i:e ci

c¡r e i=ai Ir:o; ancl .r s tubiri e si tc, It \,.rês sfio'.¡n tlre L rapeseed rcqui rr:cì

n¡uch i êrqe r ctuant i ti es et i:hospi-lorus than d'i tl r.;heai r¡- í'i a]{ }JI-ran

ûrolÀrn on ,both tþLe fallorv and stubhle sails. iiheai and [1a>< requir,-:cì

epl-rr-o)(iiaeteiv r:quel clu,lniities cf ¡:.irospirorus, i,.¡ìreet and rapeseec!

tool< up a Iarger p*rti an of thei i' total piios¡:horus requi relil.:ints earl-v

írr the groninq seêsün {ì,c,, ¡-.rior to 6tl cjays after seedinq} tlran ci jd

f ia:<. Fla;< tr:ol< r-r r: phos¡horus at ân âpirroximately constant rate

tiìrouqhrut its qrou.rtlr ancl iraci obteined oni), orre-l',a1f of that requirecÌ

Ii;' 60 dey,s af ter seec.l i nc-i -

a creenhouse iì)(i.-ìerii'nent was cçnciucteci 'i n r.;l'lich po¡;uiaiicns

of f our f 'l ax, f our oat anci tour rapeseed pl ants vr€:t-B Stû!¡Jn i n a

hi¡h-1ime soi 1" Radioactive tracer P32 ,¡ras etnplc','ed tc deteri'nine

ll-le suantiti es of soi 1 and i=erti lizer i,.l'ìssFi'ìorus in the ¡-. 1un¡

iirateriais anci to mal<e possible calculai;ion oi'¡rÅr¡ v^lues for the crops.
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Tl-il. í'cur ¡:lant populaL'! *ns çf ce'ls rnd re¡reseecl llroir:ced lerqr-,¡

yìeicis ci'¡'., lan:;-aatcrial and icol< u¡.r i',rucir larqer quâfitji-ies si l;.hi:s-

r;i¡*rüs Liian ciiei f *ur f l ¡rx ¡:lcnts. ',.jhen +:>lnoseci to cancliii*¡rs çf

¡;-,rcsi:,ir*:-t-ts si;rr:ss o¡ts *hteinecì neal-'l r,, tt.jc¡ i:il¡es;s ìïtjcji r-i-:ç5¡,i1¡¡¡.1 5

'irom the spi i .:s oici i-epeseed. These d¡ie c*nsi:i tuLec 'tire 'i': ¡-s'¿

c*nclUSiv.ì ç12'i ¿!.¡ç- tiret *ats is e stronrer sní 1 nir*s¡horus ft:eCer

tlian is i-*Ðíìseed"

Fh,asphorus f e rt i i i zer hanied j ntc or n:i :.<eci tl'.lrcuah*'*it lirr.: so'i 'l

resu'l 'r:eci i¡r sii:nificant increases in th* yíelrJs of oat *ncl re¡:::seccl

pleni ni*terj.rls. 'l-he r¡je.lds of f iax plant maLerial indiceLeci ¡

s f i qht resliûns.,- of i''l .:x Lc i'erti 1 j zr:r lt¡-rrsFhorus n-'i xecl throuqh*ui

ti-re s*il bui: nÊ resliGnse Lo the ier-tilizcr irliosill-:ot'Lr s iiancì :p¡:i'i c¿.:iíon.

Tht'' per cent ut'i {'i zati c¡n o'í' 'Ferti T i zer nhcsplrc}rLis i:;r the crciis

clecreased '! n the ci-dc',- i-ai';esc:i-.d, *ats* f lax- fcr ell ferti lizer

treati¡rents" ilepr':seer"! nede very ef f i cí ent use of bancied i=c'rti lizer

phosphær-us, oats i-nacle l ess ei'f i ci ent use of banded phosphorus than

c! id rai:eseed, {ìt'ld f l ax iradc practi ce'l 1io nn use *f bancJecj phcsph*rus"

l¡ihen crov.in in e so'i I containinq a relative1)¡ hir:1h ievel af avai1-

a!:1e ¡:hosi:l'iorus i-a¡-rss.*¿ sho'"'.,ed a greater pref erence f or phasphorus

f r*n-r a f erti lizer banci than did oats or f l ax.

¡rlìrr vâ l ues deteri¡li ned f er the crcps irri tir ¡:þçspherus f e,rt i I i zer-

rni xecj throuohout the so'i 1 suoclested that v¡herees oêts and ra¡reseeel

irave equal soil ¡;lrosphon; s feecjing iicr,rers f 1rx is :r slightiy sircncer

soi 1 piiosphori-rs feeder tlian ere the cther tuo çrÕçs.
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r¡A.rr valtLes determined f ar tire cr*¡:s r.¡ith bancl api:l ic.riions of

fertilizer nhcsplrorus clecreâs*,d in';he crder flax, oats, rapesceci,

suÇfc;stinq 'chat the soi 1 plrosphorLrs r",Jås iaost arrai lable tc i'1ax, iess

ar¡ai l ebl e 'i.o oets anc.i l east a'''ei 'l abl e to ¡-aneseeci 
"

Tc deter¡,ii ¡re whreti-ler t-he cli í'Fe:i'ences ar¡rûn.r the cr-ccs ui th

reqard to ut'i f izat j on cf bandecl f ent'i 1.izer phosph*rus ðncl rtllrr vä1ue

dr:tei-r^ni natì on were ciue to actue i crop clj r'ì=erç¡nces c!- to i:he i ¡i-ce

ciií'íer':,¡rces in the yieids r:f i:'l eni: ,äaie.,riai. a sir,li !;¡- çreenhouse

expÊrírne nt !{1s cûndilcted cr*i:i ç,iint.i radj*ecti r.ze. l_rÊcei- pÌ2 anci i.h¡r

sa¡;c i-ririr-i'í iii¿ s*i I " i'ci-u1a¿ j*r¡s +f í-at.r:' *at ¡.. 1anr:.0 .Í=*u:- :-apíj:sÊç:cl

,- i -r,^-!- ^^-! -1'.^.-^:- t;ìt-lLs en{, I'rciíl se\/f:n 'io ttn¡cni:l;¡-sev3l1 FÏ+x r'l ants rrrt{lt-f: ,J!-ûìr.it1 , 'll,e

ierrler flax i-',i;ini popuiatians ¡rrorJucecT 1¡ielcis *f r-'iarrt nra''.erie1 i:l-,ar

rÂJere coiriiarablr to, i:ut sr.ri-ner..¡het sinal ier then rlhe ;''i e j.-i s c-l ,:als ancl

.- ^,, .. ^ ^ ^ _ti :ìì | 5!j.j(-rù

'i.''ats tcol< up r-nore sai T ¡:h*sph*rus th.rn Ci ¿i f l¡;< o,.- re".:sî -:C,

iian1,, o't the I er$cr i'1e>i ¡:lant ¡:cpuiat'i ons ì:o*k r-tt acpr*xiniaielr, Ì:hr:

sari?e cilranti ties cf s*i 1 phcsthorus as diC receseed" Tl^re per- ce. nt

uti lization of bandeei fertilizer ¡;hosphorus b';r f þs crops clecreasecl

i n the o¡-der rap* se ed-" oats " {',1 ax. Repeseed deri rzed jr-r si l ess than

one-he1i c:f its total pirospirorus f r*m the ferti l jzei- bencÌ " *ats

and fiax clr:riverJ one-ihird and one.-fìitlr resiectivel,v o'i'cheir

tota'l phosphorus f rnrn thet sûurce. r¡Arr va'! ues deter¡irinecl r,l'i th f i ax

t'.rere iargo ancl var-ia[:ie and sliowed nc] corrçlation lvith thc size cf

fiax plent ¡-io¡;ç1¡iìan4 rri{r¡r.,elues cietermined v.¡itlr tlre three cr*ps

decreascc' in ti¡e ørcier i1ax., orîts. ra¡ieseed.
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It";¡as conciucíed'chat the differences i:etl;een flay., nets end

rapeseeci u.,ith reoard to ut j lizatìcn oi' banded ferti lizer phcs¡-.horus

inei rlll¡r value determination rr,'ere due to cl iffei-ences i:etv¡ee¡r'i:ire nhas-

phoi-us ¡'eecii nr; habi ts of i: he three crÕps,

i-i ì f í'erences betr'jeefi r¡,rlli va lues deterir j ired u¡j th sevena 1 crt:;t

fcr a sinqie soi 1 ere the resuit r1= dií'ferences in tlre ratios ot

soiI phcsplrorus tc fei-Li 1ízer phosi:hoi-r-ls 'cal<en up by tlre piants " 1f

ihe quanti ty oi í'erti lizer piiosphorus tal.,en up 'i s îar-,:r: i n cornperi scn

to tire quantit;r +i scii ¡:;hospl-rorus tal<en u¡:, es ì',râs ti;e case l'c:i-

ra;,-eseeci , the It¡rr vô1ue dei:errnjned r.rill i:c: re'le'cjvei-r,, sina'i 1" 'if , c:rì

iire atiier itarrci , tiie cruani'i i.¡ o'i ,'^t-ti 1iz-=r 'riìûsrìhûrus r¡l<ç¡r LID js

sri,:'li itr corui¡:,irjsrr:r to ti-r: ¡lt¡.:rtitr¡ of' scì l plìûsi:i-;orils tal<i:n ui:,, ts

t.::s th.:: c¡s1 for f iax. r111--' ttf,tl value c{eierm'l necl '".ii I i '*e re1 ;:i't,ve1.v

ierce,

Tli/'' ¡¡i].r¡ r,illie clata rres.rnrecl fc¡-.lhe cr&DS Llnd€:r stuc!y indice-cc:rl

ilia'i rep rs.¡rl siroued õ lrc¡te.r iì-êier-crrce f*r pl-ios1:,horui s rcrûhì tiiE

f c.rtitr tzer !:anci tiran did *ats or f 1a;<" lats necie relei-ivr.1,u e,r'f icienl

usc *f f e¡-ti i ize-r phosphcrus, hcvrever, at the sâine ti¡r:e us.ed mL¡ci-r

larqer cTUantìtìes af sail pliosp!-rûrus tl^,en clici rapeseed. í:ïa;< used

sÕi Ï i:jlìûspi^iorus and der-ivecl an1 ..¡ a silell port'í on of its iotal piros-

i--hcrus f rorir the f erti lizer i:arrcj " ilcìciition cf e re'l u¡jrrr:lr/ 'Teral

qr-ranLi tr., ôf evai lahl e phrcsphorus tirrcualrout a soì I i n ¡¡lri ch phcs*

¡:harus ferti1izer i-rad been bancieci resur lted in e proport'i onell'¿

siiial ler clecreast, iti the u'ci ljzati*n of bended plrospi-rorus by repeseed

tlien b1r oats çr fiax"
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The trArr value data shorved thai rapeseed takes up a relatively

larger quantity of phosphorus from an area in which there is a high

concentration of available phosphorus than does oats. Oats takes up

a large quantity of phosphorus from a phosphorus fertilizer band, however,

it also takes up a large quantity of phosphorus from other areas of the

soii in which the phosphorus concentration is low. Flax takes up

relatively much less phosphorus from a fertilizer band than does oats

or rapeseed.

The previously stated data and that reported by Webber (¡;¡

showed that fiax, oat and rapeseed rrAtr values determined for a

representative group of Manitoba soi 1s decreased in the order flax,

oats, rapeseed" Yield data for the three crops showed that the

increase in production of plant mate¡-ia'l i-esulting from a band

app! ication of phosphorus ferti I izer was largest for rapeseed,

smal l er f or oats and I east f or f 1ax" rrA¡r va i ue data and yi e1d

data showed fhan ên inverse relationship existed between the size

of I'Atr value determined and the magnitude of the yield response to

banded phosphorus fertilizer for the crops under study. The same

relationship may exist for other crops. If this were so, it is

conceivable that the rrA¡r value determìnatÍon might be employed to

estimate the magnitudes of yield responses to band applications of

phosphorus ferti i izer for al 1 crops grown on Manitoba soi ls.

üifferences between the crops with respect to the total

quantit'ies of phosphorus required for growth to maturity and the

rates at which phosphorus was taken up during the growing seåson
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treì-e att-rtbuterl tc di.¡'ir:rences in ti'reir,Trûr,,rth I':ab'i ts" lifferences

iret¡;een ihe crops v;i th respect to uti i i zatir:n of i:anded iei-t.i lizer

nirospharus anc! tl^re rati os *f s*i i phcs¡:h*rus to f erl'i i i zei- pl-ros-

!¡ir*rus ial;.en Ui-'i ?iere nc¡t sa easi i,,¡ acCcuntrrj f oi-. Ser¡era 1 'ît,;'Ðotiteqes

I.Jei-Ê suqqesied to account f cr these latter cii Ff erences r

1" Flax, oats anc! rapeseed diifer in their e'*ilitjes tr obtein

phosplrorurs j=r-o;n veryr dilute ¡:hos¡:lrate sclutions" (*.g. the soil solu-

tìon¡,

2. Flax.. oats ancl rapeseed rirav specif ical l.r al'fect the e'",a'i 1-

alri 1i ty, of soi 1 phosphorus (Í . e" ihe crops malr dif f er v¿i th respect

to their soii phosphorus ieeding pourers).

3. The pH of the phosphorus ferti lizer band rnay be more

sui tabi e f or tire grov.,ttlr and clevel opmerrt i n the f erti lizer band area

oi" repeseed and oat roots than of fiax roots"

ln an attempt to test tlre ruei icii ty of tlre suqcested hvootheses

sevclral short terni qreenlrouse experirnentS !¡.¡êt-c co¡rCucted"

A nutrient soluii on experitnrnt eilployi na 7'j,2. tü rneesure plros-

pircrus uptei<e blo f 1ax, oats and rapeseeci f renr nutric+nt niecjie contai nincl

O"o:t-- ü"3, 1.C, j.ü anri 10"û ppi-n of ¡:lrosphorus r..¡as concluctecl.

ït r¡.ras sha',.rn tl'rat al I crops vrere abl e to oirtain phcsphorus

fraiir the .¡ei')¡ di iute û"Ul ppw of piios¡ihcrus ¡-necliuiir, l;ii'ien subjccieci

to a nrecì i uni ccntai ni no e iarcei- c¡uan ii tr¡ oF avei i ab le-, plicsnl-:crus

lhen r.ras requi recl i'or [:;f ênr rt ro..*'rir itne jO, Lì Fpir of phcs¡:ircrus

ri:edii.l;i'r) rapesr:erì and *;r-is toçi.:. ui: Tttxtir'l guêniitjes *f thai-¡ruii-i:;nL,
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i:ir;l r¡;'.(tarti ill ::e.':r u,r cit1:' a. 1ì¡nt1\/ f¡lÕrÊ: ' i,cs-h-ruS i: -ri i.'.'n'î

i'.cìrii rìd '.:o ii-.1.1üie *pt jiítuijÌ ¡-rÎeni ,;t-*,,,.,i:i;" i,ihe:n sul¡je;c'ii:cì to ,tedi e

-l¡-c,-r '.rhicl'' rlie r-. lents sl-rcu'l d i-iavc þc¿en able tc i.Ê!rìrJV.' ál 1T af ilr+:

;,ircsi-.lrorus {th:: t",31 , û--?, 1.() and 3,u ¡piir *ic ¡:iros-i:ct-Ll s neclja)

i I itas shcl¡r tiìeil oat-c t'eilorred i"l-t to -Lì C i-er c'..¡ti " rÊir€scÊii FeiiloVed

'17 petr cent r anC f iax ¡'r:,r¡cr¿ed ai:rrut jU t ..i- cc,ut of iiic tctal

;-.hcsphorus suF,pi iea" î'hus thc ef í'iciÉìnc'/ c!f ¡;li*spi'rcrus uti l izet.ion

'trr¡ni nuLri¡:nl;nr:-dia {'ci- tir= croits clecreaseci in tl-;r orci,'-:r úrâtso

l:.rpt56,j¿. 'lt l a>{,

ll, hleuL¡eurer e)<ir,c:rjrne¡rt in v¡i-¡ici-l large number-q of f 1ax, oa'i aircì

rel,-;eSr:ed ¡l atrts \.,iere ürrfþJr1 ttr 'i 00 r'ra. ¡--orti rnS Õf f ourr iieni toi:a s¿ri 1s

tJes cÐn€iuctecl ts stud,v 'ul-,e soi i pircspl-rot-u s lcced j nq pû\ders o1= f I ex,

oei:s ancl ra'Jeseed" Pro,¿iolrs tc pleniinc.¡ tire crÕFS-" onr- r-t c ciF irl2-

t.ças i",'ii neci 'L l-rror,r!_lhout each porti on of sci 1 .

Fl ax recr:\/erec'! a smêi ler i:rci,.orti on cf th<, i;Î2 acìciecl to tþre:

soi i s tharr d jc! oa'cs ,rr rapeseed" i,ais aircl ra¡-.eseed reccr¡ered

ap¡:roxíinertel y equa l ¡:ropori'i ons o'i' thc t,J?- f rorii correspondi n{Ì soi i s.

¡:t1 1 crops recovered a larqer propcrti cn ei the i"j2 aclclecl io tire nan-

c:lcarcous soils ilran of tir.rt eclciec to tlie calcareous soi 1s"

¡:l 1 I ci-cis e;<tracted more sci 1 phos¡:iir-,¡-us f,roìï t¡'ìe non-cel careous

soi I s than í'ronr the cai careous soí I s" r.iri th thc except'i rn rf one

soi i studied, tlre sai i ¡rhcs1;l'rorus uti iization ciata indicated chet

t"ti-ien subjeciecj ts 'Lirc; concii ti ons of ihe I'ieubauer liretircd the soi i

piiosl:horus i'e ecl i nr porvers of -the ti-iree crfips Cecreesecj in f-i;,e rsrrier

rapes*ed, câts, fiax"
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lr grerenhrousÉ:i experiment efi'ìilici"ling a nûn-cðf cereGus r:rlr,lesi ¡i¡-ri

s*i 1 end a cei câreÕus iìi lberi sci I , boi-li *f v¡i-,i ch !.rere l<lìor.,rn to

conte in io',r' le.¡els of a\./Êi lai:1e i,'h:ospir*i-us.l,,Jis concircte.j t* studr¡

tl"rt soi I ÍrircsDilcr-us {'er,,d'i ¡'rr ilcrveìrs cf Ìt la;<, *aí:s anE-i -a1:,s:eci . i:.

i:;'ncÌ *f' lhcsr-.i-i*rus j'erti lize,- tJls 1,- 
jacr:d iyrc inclirs ,rbçve ,li-,e jry.¡cr-

s*ì I *.urf acc 'i n one -trc¡t:¡r:n'r- *f i':'i:c, Êi ï irert soi 1 t* de te rr¡:i nr

'r''jhr:ii-rer a concentrat j cr¡ ai l''i a><, oat Êrrci r-,1pes er::rj r¡..cts ,,r.:*t-! 1d i:e

t-:rr:rluce.d i n iir'i.:r ii 1iz:,r nenci arça o'i the sci I " i:1r¡:u 1eti *ris cf

icur- oat plants" i'rur i-lpaseed ¡;lants a¡icl i'iFteeri flax piants,"..,ere

lrgi.1.rn iil Lr¡.ro i<c-r . ¡,:c'ri:ions tfi tlre soi 1s" ithen har-r¡r.sted iiie cats

'1.'rrl:r-c in liec':l , Llre rapeseL:r? u.ras in ilov,rer ei¡d haeJ s.:t so:jre sÊed anci

'th.. i'1 e;< lled bcaurr tc f o írr Sr:{::cl bt i Ì s "

:",ata sho,,,,;ecì that oats obtaii-li.:d s'? r1n.! í..i cairtl)r laroer quantities

*f ¡:irc'sphcrus f ror¡ the pircst--hcrus clef icieni sci ls ihan .jliri i'lax cr

rêt:e seed . Fiax obtaitred more pirosphrrrus From the nlnCeratell, pl-ros-

i-lnorus deficient calcereous sai ! tiran did r-apeseec" F.lax ¿¡nd rapescecl

c[:teirreci approxir¡ateir¡ equ.rl quant'i ties of phosphorus Êrcrrr the;ilocìer-

etely ¡:hosË'l-rcrus def icient non-cêlcei-eoul s soi i and f rorrl tire severel'¡

phas¡:lrorus deficient calcarenus sci l"

Root stuclies indic.rted thai neither Flax, oats ncr ra¡,.eseed

J:,roclucer.l a ncticerabT'r qreater concentra'Lion oj. roots in ihe phos-

plroi-us ferti1i:zer benci anea tíran in otþ,er reqions of the sojI"

ilhcsphorus utilization data surgcesteC thet if ihe supply of avaiiable

phcsphorus in the soi 1 is srnel l al l crÕps can obtain phas¡:i"rorus f rûjïl

a phosi:horus fertiliz*r bancl.
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Ln tire besis ci'experi ¡nenta'l evidence presentecl it was con-

cl uded thet the lhospharus f eeci i nq hebî ts of f I ax. ce!-eê l s enci reFr:-

seecj ere rij f I'ereni " i?apeseecl tal<es ul.1 tnrre phosplrorgs du.ri ne l'ts

qrovltl"¡ il'.-ar: clocs flax or rtireat" FTax encì r,vlieaL tel<r: u¡:, apprcxì*

maicl,,/ equ.:i quanti i:íes af ¡.,hospiroi-us" RapeseEcj encl url.ieet tel<e uc,

a Îerrr',r ;::rûì-rortion oi' their tai:a'i ¡:,irasthorus reqdirerrren.t earlv jn

the qro';,ri n(.r scesoi'l liian cioe s f 1a:<, Fl ax teí,,es r-rp- pircsphcrus at an

alii.rrÐ)iiriiatç: Nrr çç¡qi -¡i' rate i:hrourrlroiit i-he groi.:i rìc se asiln. ilais

ai-rcl ra1:,rserri liave, cai:acities i;c cGnsï.ii:.li,l Ìu)<ur-1., quõ1n-ii,:jes of ¡,:h*s-

;:iic:-u'-." r"¡hc,'l-l:as í'lax j.:licrs uir *n1;r er,i.t.icl-l i.iicsr,iir¡rus t* suÊÌrúrt

[ii:iti]'úLiriÌ r: rcr.¡ti'i " ilf tlie tilre¡.: crõi.s sl,ucl'î ¡:cl . ca-ts js'ii-re i;:csi:

r-,f í'icierli: e'><trectc!-, l-;,r': :,s-r'd is . lcss c,íf ici:ui c;iil-*:ci;ç;r liian

cets eno l=1a;< is iire ii:,ast ef-licic,¡ri-- ex';rectcr oi' pí^rcs;:,1ìûrus sLi [,Fîicíï
in : soluti*n"

Repese,ocl i¡iai<es t¡e rt' r''f I j ci snt uss- åe'is nja:...cs 1*:ss eÊi.i ci en.¿

use then r¡i;eseei;i ,- end í'l.rx rnakes 'l east etf icient use r:f ¡:h*snhorus

su¡::¡1je¡l ìn a ¡:hcsphorr-ls f ei-i-i iizer lj.lncl . Tlrus, ii rr'ouicl a¡:peai- i:iiei

ra[ieseed 1]rcfers tû oi:tein i:þ;oscirrrus from;ìn area af'rer1e'rirzeiv iii¡ii

¡:i':cs,:hate ccncentration; th,: fci-'lì lizr-r iranc! , vrhereas .Í.iax rrelers

Lc cl-.ta j n 1:,hos¡-,lrc'rus Frc,,i en area of rel at j vr.:1.,, i cr.r i,hcsphate con*

ccnt rat'î *n; t i'rc soi i .

ll¡ta ccncei-ni ng the soi 1 ptros¡:lrc'r-urs f eedi nc irrf,r,Jers cf the crci--s

siior,r¡erl ihat cats is 'cl-ie strong.-:s'i sc,il pl-iosi:rhorus í'eecle:r" Flax

encì re¡:eseecl !-ieve a¡:i:rox'i ¡ilaì:r: I v eqLie i sci 1 phosphcrus i'i:erj i n3 ilûv.¡srs.

-fhr:se date ccupie;i wirlr the 'iertilizer ¡:rlros¡,.i¡ç¡t!s uti ljz-aticn çlata
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expîain r..,l-iy 'r¿1''¡ values deferi¡¡ined fcr Lire crops decreased in the

c¡-cìer flsx, oats. repeseecì, Rapeseeci tcoi< u¡r lerce ciuêntities cf

Fert'i iizer i-:l':osÌ:horus ancl relativelii littie soil ahosphorus. iats

toak up t;lore soil phosr;ircrus end sciner,':hat le.ss i=ertilì¿er plros¡:horus

than di cl rar;e seei" Fl ex tcol< up about the sai,'rc aincunt of sci 'l nlirrs-

phorus as ci icl ra¡:cseerj - ha'¡rev¡=i-" i.l tccl< u¡r sme.j lcr .lr¡cunts cf

Íer'¿i .lizer 
¡rhos¡ii'rorus ilra¡r cicl eitiier ceis sr râlleser:d.

iìai:escc:cj sho'.+cd the createst rcsfrsns¡:, câts resp*nciei to a

1'-sscl- ci¡--.:'rc: and Fia:< -shûr..,ecl Ërûctica'i i\/ nÕ rersFrìisri t* banced

fer'¡j 1i:¿;r ¡rhosr,ri-,cr-us" -iiie juvÊTS.: :-e1¡'iicnsl',.i ,: t-t,;teii bet¡iec,l nj-i!r

',,â'l u'1s cle'Lenäjnl.d witir th¿ cì-*i-:s and cleci-e¡:s s1= T-spGns,¿ çf, ti'¡ç:

crG!:,s tc iianci ¡lci f erii'liz.r ;-l-rcs': i.i*i-ri s jnCicate Ih¿¡t l-r-r(' ¡riin r7¡1 lçt::

de'Le r;¡ínaiicn in,r" ¡ii or-cl r ;,.cîsirr-,: rs'i iltz r.esi.:ongiv{rlÊss *f, cr*¡,s
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