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ABSTRACT

Previous field and greenhouse experimental evidence indicated
that field crops showed differential responses to band applications
of fertilizer phosphorus. An investfgation including field and
greenhouse experiments was conducted to study the phosphorus feeding
habits of three field crops: 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. All crops were able to extract phosphorus from dilute 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 fertilizer phosphorué.

Qats was shown to be the strongest soil phosphorus feeder.
Flax and rapeseed have about equal soil phosphorus feeding powers.

VWA values, measures of available soil phosphorus, determined
for the three crops with band applications of phosbhorus fertilizer
decreased in the order flax, oats, rapeseed. It was suggested that
the "Al' value determination may in the future be used as a method of
estimating the responsiveness of crops to band applications of fertilizer

phosphorus.



INTRODUCTION

Bo plants vary in their ability to feed on insoluble or
difficultly soluble nutrients?

In a review article written in 1930 entitled "The Feeding Power
of Plants' W. Thomas (32) stated: ‘'the evidence isvoverwhelming that
different plants growing in media of identical composition not only
exhibit differences in composition that can only be interpreted to
indicate marked differences in type of absorption, but that they also
exhibit differences in what has been frequently designated in the
literature by the term 'feeding power' or ability to utilize insoluble
soil constituents to different degrees which are characteristic of
the speciestt.

The question of differential plant feeding power particularly
with respect to soil phosphorus and a wide range of phosphate ferti-
lizers has commanded the attention of a large number of workers 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
possible,

Workers at the University of Manitoba became interested in the
phosphorus feeding habits of different plants during the summer of
1961 when it was observed that of four field crops; flax, rapeseed,
cats and corn grown ih a plot in the Portage la Prairie, Manitoba,

area, only rapesced 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 similar conditions of soil and
climate the results obtained were interpreted to imply a real differ-
ence between the phosphorus feeding habits of rapeseed and the other
three crops.

To study the phosphorus feeding habits of some field crops
Webber (33) conducted a greenhousé experiment in which he grew three
crops on three soils (two of them Portage soils) fertilized with
phosphate fertilizer containing tracer P32. He grew rapeseed, oats
and flax. Rapeseed was grown because of the interesting field data
previously obtained. Flax was grown because to that date flax grown
in Manitoba had shown only very variable responses to phosphate
fertilizer. Oats was grown because some data had previously been
collected concerning the phosphorus feeding habits of oats (8, 9,
16, 223. 1t was felt that the data obtained for oats might serve
as a standard to which the flax and rapeseed data could be compared.

O6n the basis of experimental data WebBer (33) concluded that
when grown on soils having low amounts of plant available phosphorus
rapeseed ﬁakes more efficient use of fertilizer phosphorus than does
oats, Flax makes very inefficient use of fertilizer phosphorus.

A" values determined for the Portage soils decreased in the order
fléx, oats, rapeseed. These data imply that the amounts of soil
phosphorus available for use by the growing crops is largest for
flax, smaller for oats and least for rapeseed.

The data obtained from the greenhouse experiment supported the



belief that crops differ in their ability to feed on insoluble or
relatively unavailable forms of phosphorus in the seil. Since flax,
oats and rapeseed are economically important crops in Manitoba it

was felt that furtherbknowledge concerning their abilities to extract
soil phosphorus and to use fertilizer phosphorus would be of value in

making fertilizer recommendations for these crops.



LITERATURE REVIEW

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-specific differences in
the phosphorus feeding powers of plants, the question; "are inter-
specif}c differences in the phosphorus feeding power of plants great
enough to be of significance to agriculture?" has remained largely
unanswered.

As early as 1898 Merrill (21) reported that the influence of
rock phosphate on growth of plants varied with the species.

Ballard and Dean (1) reported that the rate and total uptake
of radiocactive phosphorus added to soils vary with the soil and the
species of plant grown.

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 whether they are
due to some forms 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 common source.

Russell (27) in his book "Soil Conditions and Plant Growth!!
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. Oats growing with Lupins or white
clover can take up more phosphorus from an insoluble phosphate than

if growing alone; or a cereal following buckwheat manured with an
insoluble phosphate will take up more phosphorus than if the preceding
crop were another cereal,

Gerretsen (11) grew oats, mustard, rapeseed and sunflowers
under sterile and infected conditions to study the influence of
microorganisms on phosphate uptake by these plants. The plants were
grown in sandvto which insoluble or difficultly soluble phosphates
had been added. It was concluded that microorganisms 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 infected cultures, was
quite considerable. He thought these data definitely proved that in
‘the absence of microorganisms plant roots may take an active part in
dissolving difficultly soluble phosphates.

Dean and Fried (3) reported that, in general, the most efficient
users of rock phosphate were lupins, buckwheat, sweet clover, mustard,
swiss chard, vetch, and to a lesser extent, alfaifa, peas, rapeseed
and cabbage. Cotton, cowpeas, bur, clover, rice, oats, barley,
millet, 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 grass on three soils to study the utilization



of phosphorus added as monocalcium 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 compiexes similar to
those in the soil may have been responsible for the observed simitlarity
among species.

In a second experiment buckwheat, alfalfa, crotolaria, oats,
beets and a perennial ryegrass were grown on a soil to which had been
added radioactive monocalcium phosphate at a rate of 100 1bs. of P20z
per acre and inactive 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 monocalcium phosphate relative to soil phosphate, the differences
between spécies 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 available 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 also differences in specific species-source interactions.



Jenkins (15} studied phosphorus utilization by grasses and
clovers from two soils, one of them being phosphate deficient. At
first 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. 1t 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, Zamyatina and Glazunova (16) grew crops of buckwheat
and oats to study plant utilization of phosphorus from soddy podzolic
soils differing in degree of fertility and texture. Buckwheat absorbed
more soil phosphate than did oats.

Russell, Russelland Marais (28) grew barley, rye and cabbage and
measured the labile soil phosphate for several soils by the Larsen
method (19). For some soils, the "'L'' values determined with rye and
cabbage were higher than those determined with barley. It was
suggested that rye éna cabbage have a greater ability than has
barley to lower the free energy of phosphate in the external medium
(i.e. the soil solution).

Webber (33) grew flax, rapeseed and oats and measured the labile
soil phosphate for three soils by the phosphorus fertilizer band "A"
value method. It was observed that when grown on soils having a
relatively low level of sodium bicarbonate-extractable phosphorus
the "A" values for the three crops decreased in the order flax, oats,

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

It was suggested that the differences between "A" values for
the crops which resu]téd from differences in the ratio of fertilizer
phosphorus to soil phosphorus in the plant material may have been due
to one or more of several factors:

I. Flax, oats and rapeseed differ in their ability to utilize
relatively unavailable soil phosphates.,

2. Flax, oats and rapeseed differ in their manner of phosphate
utilization. Flax, it was postulated, may require small amounts of
phosphorus throughout 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
fevel 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 (24} 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 agriculturally insignificant. Marked differences which

occurred in the total phosphorus uptake by the crops were attributed
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to differences in the extensiveness of root absorbing surfaces and to
unequal rates of phosphorus uptake at a given level of phosphate
activity in the root envirnoment,

In another study Nye and Foster (25) grew members of the families
Leguminosae, Cruciferae, Graminae and Solonaceae to determine LY
values (19} measures of labile soil phosphorus, for three soils Tow
in plant available phosphorus. When plants having small seeds were
grown it was shown that the VL# values determined were essentially the
same for all plant species used or that only agriculturally insignificant
differences could be found in the proportion of soil phosphorus to added
tracer P32 taken up by the plants.

Smith (30} 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 (18) reported that three varieties of Reids Yellow Dent
corn, when compared with one another, showed capacities for absorbing
phosphorus from cultures of similar concentration in the ratio 3:5:7.

A high correlation 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.



P32 tracer has enabled workers in soil science to study the
efficiency with which field crops utilize applied fertilizer phos-
phorus. Agriculturally significant differences in efficiency of
fertilizer use between species and between varieties of some species
have been elucidated.

Mitchell, Dion, Kristjanson and Spinks (22} used P32 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 significantly 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 in the
capacities of four flax varieties to use fertilizer phosphorus.

Krantz, Nelson, Welch and Hall (17} compared the utilization
of fertilizer phosphorué by corn, potatoes and soybeans grown on two
Bladen soils, one having a high and the other a low level of available
soil phosphate. Corn and cotton were similarly 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 percéntage of phosphorus in 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



fertilizer phosphorus throughout the growing season,

Comparison of corn and cotton showed that corn absorbed the
most fertilizer phosphorus and also the greatest total amount of
phosphorus.

Frey, Robertson, Cook and Down (9) reported that barley varieties
show differential responses to fertilizers of varying analyses. They
suggest that on the basis of past literature, in general, crops in
which one variety has a small area of adaptation (e.g. corn) tend to
show a significant variety by fertility interaction, whereas those
crops in which any one variety has a large area of adaptation (e.g.

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



METHOBS AND MATERIALS

Determination of nitrate nitrogen in the soil profile

In the field experiments, soil samples were taken from the 0-40
treatment soils of each crop in the five replicates at each harvest
date. Five samples, one of each of the 0161, gn-121, 12mophn
241361 and 361480 depths were taken at each site. The colorimetric
phenoldisulphonic acid method as modified by Harper (12) was employed
to determine the quantity of nitrate nitrogen in parts per million in
each soil sample. The quantity of nitrate nitrogen in 1bs. per acre
to a depth of four feet at each sampie site was calculated using soil

bulk density measurements.

Determination of total nitrogen in plant material

The Kjeldahl procedure as modified by Winkler (34) was employed

to determine the nitrogen content of plant material samples.

Jetermination of total phosphorus in plant material

Ashing Procedure. Plant material samples for total phosphorus

determinations and for radioactive counting by the solution method
were wet ashed using a modification of the procedure outlined by
Jackson (14)., The suggested predigestion with concentrated HNO3
before addition of the ternary acid mixture was omitted.

Total phosphorus determination. The colorimetric method out-

lined by Barton (2) was used to determine the quantity of phosphcrus

in the ash solutions.
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Preparation of radioactive fertilizer solutions

Carrier free P32 for use as a tracer in greenhouse experiments
was obtained in one millicurie quantities as a NaHpPOL solution from
Charles E. Frosst and Co., Montreal. The quantity of solution received
was diluted to one litre to produce a solution originally containing
1 uc of P32 per 1 mi. of solution.

Greenhouse experiment I. One litre of a radioactive fertilizer

solution containing 720 uc of P32 and 1.8 gm. of P31 was prepared.
10 ml. of the solution added to 1800 gm. of air dry soil delivered
10 ppm of P31 and 7.2 uc of P32 to the soil.

Greenhouse experiment 1I. One litre of a radioactive fertilizer

solution containing 900 uc of P32 and 1.8 gm. of P31 was prepared.
10 ml. of the solution added to 1800 gm. of air dry soil delivered
10 ppm of P31 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 in polyethylene
containers to be used as standards against which thé counts of the

respective plant materials might be compared.

Method of counting radioactive P32

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 Model 161 A Basic Binary scalar. By comparison witE the

appropriate standard, the activity (c.p.m.) of the test samples was
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converted to microcuries of P32 taken up or to per cent utilization

of added fertilizer phosphorus.



FIELD EXPERIMENTS

Webber (33) suggested that the observed differences between the
phosphorus feeding habits of flax, oats and rapeseed might be due tos

l. Differences between the crops with respect to their rates
of phosphorus utilization at certain stages of growth.

2. WDifferences between the crops with respect to the extents
of their root systems.

3. Differences between the crops with respect to the total
quantities of phosphorus required for growth to maturity.

L, Differences between crops with respect to their abilities
to utilise phosphorus from a phosphate fertilizer band.

With 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
fallow and on a stubble site and a study of the three crops was con-
ducted to determine and compare:

1. 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.

L, 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 development at several stages of growth.
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The field plot design was a split plot ramdomized block experiment
containing five replicates. Each replicate contained six harvests of
four fertilizer treatments for three crops. The fertilizer treatments
of each crop were 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 replicate,

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 were:

1. Check treatment (no fertilizer added) 0-0.

2. 60 Ibs. per acre of nitrogen broadcast in the form ammonium
nitrate (60-0).

3. L0 1bs. per acre of Pp0Og in the form of monocalcium phosphate
drilled in with the seed (0-40).

L, 60 1bs. per acre of nitrogen broadcast and 40 1bs. per acre
of Féﬂ5 drilled in with the seed.

The two field experiments were located approximately four miles
apart in the Portage area. The fallow site, a Portage loam soil (k),
was situated on the McAllister farm; the stubble site, a Portage fine
sandy loam (4) was situated on the Yuill farm. A characterization of
the soils is given in Table I.

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



TABLE I

SGME CHARACTERISTICS QF THE FALLOW AND STUBBLE PLOT SOILS

Fallow soil

Stubble soil

Conductivity of satn. extract (mmhos per .84

cm. )
Texture L.
% orgaﬁic carbon L.90
% organic matter 8.45
% inorganic carbonate 1.71
CaC&3 equivalent (%} 2.86
NaHC@3-extractable phosphorus (ppm} 9.80

Exchangeable potassium (ppm) 332.0

7.65
2
F.S.L.

468
8.06
.26
il
6.17

502.0
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seed or seed and phosphate fertilizer was placed uniformly along tyn
belts to plant a 30 foot row, i.e. one treatment. When the seeder
moved forward the seed or seed and fertilizer mixture was evenly
metered out along the length of the row. Nitrogen fertilizer was
broadcast by hand on the appropriate treatments after seeding was
completed.

The fallow and stubble plots were seeded on June L and 5 respec-
tively. Selkirk wheat was planted at a rate of two bushels per acre,
Golden rapeseed at a rate of six lbs. per acre and Marine flax at a
rate of 40 1bs. per acre.

Harvests to determine the yields in pounds per acre of oven dry
plant material and utilization in pounds per acre of nitrogen and
phosphorus were 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 soil of each crop for
per cent moisture determinations and nitrate nitrogen analyses. The
first four harvests were taken 21, 36, 49 and 62 days after the seed-
ing date. The fifth and final harvest was 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 from 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 material from
each treatment was bagged, dried in an oven at 900 C. and weighed. The
yield of oven dry plant material in pounds per acre was calculated 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 were ground in a
Wiley mill so that representative samples might be obtained for total
phosphorus and total nitrogen analyses. The amounts of nitrogen and
phosphorus in 1bs. per acre in the plant material were calculated for
each treatment of the three crops at the five harvest dates.

On 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 was necessary to har-
vest that crop somewhat before all 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 several stages of growth by
determining to what depth NO3-nitrogen and moisture had been removed
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 NO3-nitrogen in the soil profile by leaching

and practically no depletion of soil moisture at any depth.
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Results and Discussion

Nitrate nitrogen in the soil profile

The contents of nitrate nitrogen in 1bs. 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.

Fallow plot., The average quantity of nitrate nitrogen in the
fallow sofl prior to seeding was 345 1bs. per acre, a surprisingly
large amount. Soper (31} states that fallow sites sampled in the
early spring in Manitoba contain on the average 100 lbs. per 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 Manitoba soil.

Soil samples taken before seeding and subsequent samples taken
during the summer clearly indicated that the quantities of nitrate
nitrogen in the soil profile varied widely within a small area of
soil., The wide variation was probably not a critical factor in crop
growth since all sites sampled in the spring contained more than 100
Ibs. per acre of nitrate nitrogen. Huang (13) stated that if the
amount of nitrate nitrogen accumulated in the four foot soil profile
exceeded 80 lbs. per acre in the early spring, nitrogen fertiliza-
tion is nof considered necsssary for cereal crops.

In general, there was a decrease in the nitrate nitrogen

content of the fallow soil with continued plant growth throughout



TABLE 1T

LBS., PER ACRE OF NITRATE NITROGEN IN THE FALLOW SGIL TG FOUR FEET

Before seeding Crop Replicate Harvest I  Harvest II  Harvest III  Harvest IV  Harvest V
N. W. corner of plot 362.0 Wheat I Lit.4L 190.6 125.5 L43h, b 232.3
S. W. corner of plot 226.8 I1 254.0 179.5 345.6 210.0 100.4
N. E. corner of plot 231.5 I11 183.7 L56.8 103.4 331.4 78.6
S. E. corner of plot 1439.1 Iv 250.1 65.2 66.1 37.1 L5.9
W. center of plot L22.1 v L431.9 96.4 45,7 L3.6
E. center of plot 387.2 Average 306.2 223.0 1h7.4 231.7 100.1

Average 344.8

Rapeseed I 306.4 201.7 89.8 204.9 104.5
11 543.9 2L7.6 Lo.3 169.2 24,8
I11 356.2 89.8 23.7 116.8
IV 149.3 184.5 131, 123.4 121.8
v 268.0 27.8 215.3 4.8
Average 338,9 211.2 77. 147.3 76.5
Flax I 291.8 320.6 69.9 343.8 139.2
. 11 333.4 231.5 96.5 275.1 27.6
II1 147.6 121.7 13.0 60.8 263.4
1V 607.3 178.1 159.6 341.0 61.0
: v 257.5 302.5 172.8 176.7
Average 345.0 212.9 128.3 238.7 133.6

|

i

H
|
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the growing season. The increase observed at harvest IV was con-
sidered to be a result of the hailstorm. During the two-week period
following the storm the crops recuperated and it would appear that
they used decreased amounts of nitrogen. At the same time, conditions
of moisture and temperature were ideal for nitrification and large
amounts of nitrate nitrogen were elaborated.

The nitrate nitrogen data suggested that rapeseed may require
more nitrogen for its growth than does flax or wheat. On the average
the nitrate nitrogen contents of soils on which rapeseed grew were
vlower than those on which wheat and flax were grown.

Stubble plot. The average quantity of nitrate nitrogen in the

stubble soil prior to seeding was 102.5 lbs. per acre. Similar to the
fallow soil, the stubble soil showed a wide variation in nitrogen
content within a small area. Particularly large variations are
noted in the results obtained from replicate 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 material

The total yields of plant material in ibs. per acre of oven dry
weight for each crop at each harvest and the yields of seed in 1bs.
or bus. per acre for the fallow and stubble soils are listed in Tables

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



LBS. PER ACRE OF NITRATE NITROGEN IN THE STUBBLE SOIL TO FOUR FEET

TABLE III

Before seeding Crop Replicate Harvest I  Harvest IT  Harvest III  Harvest IV  Harvest V
N. W. corner of plot 78.6 Wheat 1 106.2 139.7 Li,2 5k, 6
S. W. corner of plot 76.9 II 110.9 105.9 187.4 157.4
N. E. corner of plot 158.6 IIT 138.8 110.6 L.3 63.3
S. E. corner of plot 58.2 IV 23.6 89.7 1.6 2.4
South center of plot 59.8 ] 24,7 2.8 Li, 6 1.9
North center of plot 183.1 Average 80.8 109.7 75.8 55.9

Average 102.5

Rapeseed I 96.2 110.0 3.4 123.9
II 6L.7 198.6 336.2 6L.0
IIT 183.1 86.7 24,9 23.9
Iv 33.1 3.3 .7 4.8
v 50.4 3 6.9 8.4
Average 85.5 79.8 7h. 4 L5,0
Flax I 122.5 215.8 36.6 77.0
11 194, 3 151.3 315.8 170.2
ITT 2L7.1 50.4 16. 4 87.1
IV 41.6 52.9 10.5 L5
v 32.0 L,2 30.9 L.6
Average 127.5 9L.9 82.0 68.7

¢



25
growth for the crops and the total quantities of plant material pro-
duced by each crop grown on the fallow and stubble soils are shown
in Figures 1 and 2 respectively,

Fallow plot. The fallow plot yield data indicate that when
the supply of required nutrients is plentiful rapeseed has the capacity
to produce much larger quantities of plant material than has wheat
or flax. Rapeseed prodﬁced slightly more than five tons per acre of
oven dry plant material as compared to three tons per acre of wheat
plant material and approximately two and one-half tons per acre of
flax plant material.

The growth patterns for the three crops exhibit well defined
differences. Wheat 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
21-62 day period, however, at approximately 60-65 days vegetative
growth stopped and there was little increase in the weight of plant
matter produced thereafter until the final harvest. Rapeseed initially
grew more slowly than did wheat, however, during the 21-65 day period
its growth rate approximately equalled that for wheat. Beyond 65 days
wheat stopped growing 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 70 days after seeding.
The final yield of rapeseed plant material was one and two-thirds

times that of wheat. Although flax initially grew even more slowly



TABLE IV

THE AVERAGE YIELDS OF PLANT MATERIAL IN LBS. PER ACRE AND THE YIELDS OF SEED GROWN ON THE FALLOW SOIL

Crop Treatment Harvest I Harvest I Harvest III Harvest 1V Harvest V Seed
Wheat 0-0 278.2 1896.9 3909.3 5530.6 5925.6 18.6 bus/acre
0-40 329.2 1761.2 L4090.3 5793.9 6147.8 18.6
60-0 353.9 1851.8 L098.5 5835.1 6213.7 20.1
60-Lo 376.9 1909.4 4329.0 6123.1 6147.8 18.9
Rapeseed 0-0 76.5 1061.7 2032.8 3876.3 7835.0 1012.3 #/acre
0-40 85.6 979.4 2921.7 5086.1 10764.8 1860.0
60-0 91.4 1127.5 3275.5 Le7h.6 10090.0 1753.0
60-40 89.7 1415,6 3185.0 5143.8 10114, 7 1703.6
Flax 0-0 85.6 559.6 1687.2 3456.6 L172.6 15.7 bus/acre
0-4o 82.3 567.9 1761.2 3193.2 3555.4 13.8
60-0 106.2 658.4 1670.7 3341.4 LLEO.7 18.2
60-40 7h.1 592.6 1670.7 3135.6 Lh6o,7 13.4

9¢
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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 final yield of
flax plant material 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 in 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
delayed.

Rapeseed showed a greater response to phosphate fertilizer applied
alone than did wheat. The 0-40 treatment rapeseed plant material and
seed yields at harvest V were respectively 38 per cent and 84 per cent
greater than the corresponding check yields. The 0-40 treatment plant
material yield of wheat at the same harvest was 4 per cent greater
than the corresponding check yield. The yield of wheat seed was
neither increased or decreased by the application of phosphate ferti-
lizer. The band application of 40 lbs. per acre of P205 with the
seed reduced the germination 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 nitrate nitrogen data it was 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 readily available to the relatively small
root systems of the seedling plahts and was rapidly consumed early
in the growing season. As the plants grew their root systems elon-
gated and thickened enabling them to use the native soil nitrogen
located at greater depths in the soil profile. In effect, it is
felt that the application of nitrogen fertilizer 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 equaliy well to nitrogen or
phosphorus supplied alone as to nitrogen and phosphorus applied in
combination.

Stubble plot. The harvest V total yields of plant material

produced on the stubble soil were approximately one-half the corres-
ponding yields produced on the fallow soil. The data show that, as
was the case for the fallow soil, the total yield of oven dry rape-
seed plant material was larger than that for wheat and flax., The
total yield of rapeseed plant material was approximately two and one-
half tons per acre as compared to two tons per acre of wheat plant
matter and one and one-quarter tons per acre of flax plant matter.
The growth patterns for flax, wheat and rapeseed érown on

the stubble soil were similar to those for the corresponding crops



TABLE V

THE AVERAGE YIELDS OF PLANT MATERIAL IN LBS. PER ACRE AND THE YIELDS OF SEED GROWN ON THE STUBBLE SOIL

Crop Treatment Harvest I Harvest IT Harvest IIT Harvest 1V Harvest V Seed
Wheat 0-0 176.1 839.5 2148.0 3102.7 3267.3 4.k bus/acre
0-4o 181.1 913.5 © 2551.3 3827.0 3193.2 14.8
60-0 209.0 1020.5 2353.8 3086.3 3382.5 15.1
60-40 245.3 1201.6 3012.7 Ly06.8 3950. 4 18.0
Rapeseed 0-0 42,0 535.0 1604.9 2403.2 3629.4 707.8 #/acre
0-40 Lh L 609.0 1917.6 3292.0 4082.1 86L.2
60-0 56.0 609.0 1662.5 2757.1 5176.7 1.1
60-40 51.9 666.6 28L7.5 3999.8 5259.0 1316.8
Flax 0-0 82.3 658.4 1753.0 244, 3 2452,5 10.5 bus/acre
0-40 58.4 L85.6 1547.2 2329.1 2304, 4 9.8
60-0 8L4.8 707.8 1901.1 ' 2872.3 28L7.6 11.6
60~40 45,3 641.9 1851.8 2345.6 2501.9 10.5

o€
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grown on the fallow soil. The total plant material yields of wheat
were larger 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. Buring the 36-62 day period the rate of growth of rapeseed
approximately equalled that for wheat. Beyond 60-65 days wheat
stopped growing. Rapeseed continued to grow at a somewhat reduced
rate. The yields of flax and rapeseed plant materials were equal
until about 40 day§ after seeding. Beyond 40 days, the rate of
growth of flax decreased relative to that for rapeseed. Similar to
wheat, flax nearly completed its vegetative growth by 62 days after
seeding. The total plant material yield of flax was greater than one-
half that for wheat and less than one-half that for rapeseced.

The yields of plant material and seed indicate that wheat
grown on the stubble soil showed a much larger response to the applica-
tion of nitrogen and phosphorus fertilizers in combination (60-40
treatment} than to either nitrogen fertilizer (60-0 treatment) or
phosphorus fertilizer (0-40 treatment) 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
fertilizers 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 show how the applications of nitregen
and phosphorus fertilizers alone and in combination affected the
yield of rapeseed plant material. The 60-40 treatment produced one
and one-half times as much plant material as did the check treatment.
The 0-40 treatment produced a slight increase in the plant material
yield over the check treatment yield. Buring the 0-62 day period
the rate of growth of rapeseed for the 0-40 treatment nearly equalled
that for the 60-40 treatment. Beyond 62 days the 0-40 treatment growth
rate decreased more quickly than did that for the 60-L0 treatment
indicating that the supply of nitrogen was more limited on the 0-40
than on the 60-40 treatment. The 60-0 treatment rapeseed grew at a
nearly constant rate during the 21-108 day period. 1Its growth rate
was somewhat smaller than that for the 60-40 treatment 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
summer the supply of phosphorus limited the rate of growth of rapeseed
for the 60-0 treatment soil. 1In 108 days, however, the soil was
abile to supply rapeseed with its total phosphorus requirement and
the 60-0 treatment plant material yiéld approximately equalled that
of the 60-40 treatment.

Phosphorus fertilizer alone increased the seed yield of rapeseed
only slightly. WNitrogen fertilizer alone increased the seed yield
by approximately 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 cent nitrogen in the plant material

Total 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.

Fallow plot. The nitrogen contents of the flax, wheat and
‘rapeseed plant materials decreased steadily throughout the growing
season. Whereas 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 contenté of rapeseed and flax seed were approximately equal
and were greater than that of the wheat seed. The data indicate that
adding nitrogen fertilizer to the fallow soil produced little or no
change in the 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



TABLE VI

THE PER CENT NITROGEN AT EACH HARVEST IN THE PLANT MATERIALS GROWN ON THE FALLOW SOIL

Harvest V
plant material
other than seed

Seed

Harvest II Harvest III Harvest IV

Harvest 1

Treatment

Crop
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TABLE VII

THE PER CENT NITROGEN AT EACH HARVEST IN THE PLANT MATERIALS GROWN OGN THE STUBBLE S@IL

_ Harvest V
Crop Treatment Harvest I Harvest II - Harvest III Harvest IV plant material Seed

‘other than seed

Wheat 0-0 L.3 2.5 1.7 1.3 o7 2.7
0-Lo 4,5 3.1 1.8 1.4 .7 2.6

60-0 4,9 3.5 1.8 1.5 .8 3.0

60-4o 5.2 3.7 1.9 1.5 .8 2.8

Rapeseed 0-0 5.5 3.8 2.7 2.1 .8 3.4
0-40 5.7 L,o 2.2 2.0 o7 3.3

60-0 5.7 5.0 3.4 2.4 .9 3.5

60-40 5.8 5.1 2.9 2. .8 3.4

Flax 0-0 L,7 3.2 1.8 1.4 .8 3.7
0-4o 5.1 3.6 2.0 1.5 .9 3.8

60-0 5.1 4,0 2.2 1.7 1.0 L,2

60-4L0 5.1 L,2 2.3 1.7 1.0 L1

LE
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flax and wheat plant materials were nearly the same at corresponding
harvest dates. The nitrogen content of rapeseed plant material was
somewhat larger at each date than were those of flax and wheat.
Addition of nitrogen fertilizer increased the nitrogen content of

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

Absolute amounts of nitrogen in the plant materials

Data for the fallow and stubble plots showing the absolute
amounts of nitrogen in Ibs. per acre in the plant materials at each
harvest date and in the seed are listed in Tables VIII and IX respect-
ively. Graph§ showing a comparison of the nitrogen 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
in Figures 4 and 8 respectively. Graphs comparing the effects of the
various fertilizer treatments on nitrogen utilization by flax, wheat
and rapeseed grown on stubble soil are shown in Figures 5, 6 and 7
respectively.

Faliow plot. The environment in the fallow 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 at no time a
factor Timiting plant growth. This being the case it was assumed
that if flax, wheat and rapeseed do differ in their capacities to
utilize large quantities of nitrogen, the differences should be

expressed in the fallow plot data.
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The nitrogen utilization data in Table VIII indicate that
rapeseed has a much greater potential to use large quantities of
nitrogen than has wheat or flax. The 60-40 treatment flax, wheat
and rapeseed took up 80, 125, and 230 lbs. per acre of nitrogen
respectively for their growth. Rapeseed thus used two times as much
nitrogen as did wheat and about three times as much nitrogen as did
flax.

The three crops differ in the periods 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 nitrogen 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 its growth. Three-fourths of the nitrogen was taken up prior
to 60 days after seeding and one-fourth was taken up between 60 and
125 days after seeding.

On 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 contained approximately 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 VIIT

THE AMOUNT OF NITROGEN IN LBS. PER ACRE AT EACH HARVEST IN THE PLANT MATERIAL GROWN OGN THE FALLOW SOIL

Nitrogen in the seed

Harvest Harvest Harvest Harvest Harvest V Harvest V as a % of the total N.
Crop Treatment : plant material Seed . .
I 11 111 1V Total  other than seed in the plant material

Wheat 0-0 13.7 72.3 99.3 108.4 96.6 63.4 33.2 3b.b
0-40 16.8 67.1 99.4 118.8 103.6 70.4 33.2 32.0
60-0 18.2 72.4 105.7 123.2 105.6 69.1 36.5 3L.6
60-40 19.8 7h.7 109.9 125,5 106.2 72.2 34.0 32.0
Rapeseed 0-0 L,2 50.8 80.5 122.1 1644 120.8 L3.6 26.5
0-40 L,9 Le.8 113.1 168.8 205.7 125.7 80.0 38.9
60-0 5.3 56.0 132.7 148.2 222.4 146.7 75.7 34,0
60-40 5.3 70.3 127.4 169.3 228.7 154.8 73.9 32.3
Flax 0-0 Lo 2k.9 Ls.9 68.5 78.5 4o.8 37.7 L0.8
0-40 Lo 24,8 Ls L 63.9 66.3 33.7 32.6 Lo, 2
60-0 5.8 29.1 L5.9 68.2 84.9 Lo.9 Ll o 51.8
60-40 3.7 27.9 Lk, 9 63.3 80.5 L3.6 31.9 39.6

o
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Stubble plot. HNitrate nitrogen analyses of soil samples

taken at each of the five harvest dates during the summer indicated
that probably in most areas of the plot the supply of available
nitrogen was a factor limiting plant growth for at least a portion of
the growing season. This being the case, large differences in nitrogen
uptake were expected between crops and between the various fertilizer
treatments of each crop.

The nitrogen uptake data indicate that the total quantities of
nitrogen used by the three crops when grown on the fallow soil were
approximately two times 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 1bs. per
acre of nitrogen respectively. The corresponding values for the
stubble soil were 49, 60 and 97 ibs. per acre of nitrogen. The values
cited are the maximum nitrogen uptake values determined for each
crop. Those given for wheat grown on the fallow soil and rapeseed
and wheat grown on the stubble soil were determined at harvest IV.
All other values were determined at harvest V.

The graphs in Figures 5, 6 and 7 show how adding nitrogen
and phosphorus fertilizers affected nitrogen utilization by filax,
wheat and rapeseed respectively., The 60-40 and 60-0 flax treatment
total plant materials at harvest V contained 15 1bs. per acre more
nitrogen that did the 0-0 and 0-40 treatment materials. 1In all
treatments flax took up nearly all the nitrogen it required by 60

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



TABLE. IX.

THE AMOUNT OF NITROGEN IN LBS. PER ACRE AT EACH HARVEST IN THE PLANT MATERIAL GROWN ON THE STUBBLE SOIL

Nitrogen in the seed

Harvest Harvest Harvest Harvest Harvest V Harvest V as a % of the total N.
Crop Treatment : ~ plant material Seed . .
I IT III 1v Total other than seed n th:tpazzseZitsrlal
Wheat 0-0 7.6 21.0 36.6 39.7 Lo.5 17.5 23.0 56.8
0-L4o 8.2 28.1 Le. L 52.0 39.8 16.6 23.2 58.3
60-0 10.1 36.1 L2.4 L5, 1 L6.3 19.6 26.7 57.7
60-40 12.8 Lk, 7 56.9 60.0 53.1 22.7 30.4 57.3
Rapeseed 0-0 2.3 20.1 43,8 L4o.5 L6, 3 22.5 23.8 51.4
0-40 2.5 24,4 41.8 6L.5 Ls.3 17.1 28.2 62.3
60-0 3.2 30.4 56.5 67.0 76.3 37.4 38.9 51.0
60-40 3.0 33.L 82.6 96.8 74.9 30.4L L, 5 59.
Flax 0-0 3.9 2141 31.7 35.0 36.2 4.5 21.7 59.9
0-4o 3.0 17.6 30.2 35.2 36.6 15.8 20.8 56.8
60-0 Lob 28.5 Li.1 Lg.6 Lg.9 21.8 27.1 55.4
60-40 2.3 26.8 b2.0 39.2 kg .1 25.0 24,1 ho.1

€



