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ABSTRACT

The effect of placement, rates of application, time
of application, and split application of nitrogen fertilizer
upon growth, yield, crude protein content, and symblotic
nitrogen fixation in fababeans were studied in field and
growth chamber experiments. Tracer lSN was used in some
experiments to determine the amount‘of nitrogen fertilizer
taken up by fababeans.

Regardless of rate of nitrogen application (up to
300 kg N/ha), method of application (drilled in with the
seed or surfacé broadcast), or time of application, yield
and quality of nodulated fababeans were generally unaffec-
ted, Yields and protein content of unnodulated fababeans
and/or barley weré increased by nitrogen fertilization on
all but one site which was very high in available nitrogen.

Evidence indicates fababeans were as adept as barley
in recovéring applied nitrogen fertilizer, and in adsorb-
ing soil nitrogen. Late season fertilizer nitrogen addi-
ﬁions were more efficiently recovered by effectively nodu-
lated fababeans than fertilizer nitrogen applied at seeding.
Accumulated evidence indicate fababeans preferentially
feed from soil and/or fertilizer nitrogen sources,

Fababeans were shown to be capable of symbiotically
fixing substantial quantities of nitrogen. Nodulated
fababeans grown in control treatments in field trials
symbiotically fixed 54% of their above=-ground nitrogen

content, Values in individual trials ranged from O to 71%,




however five out of seven plots had values in the range of
63 to 71%. Fababeans grown in the control treatment in a
growth chamber experiment symbiotically fixed 87.1% of
their plant nitrogen, or 708.3 mg N/Plant. In a growth
chamber experiment fababeans were found to have symbioti-
cally fixed at least 28% of their nitrogen from eérly pod=
fiil to senescence., Fertilizer nitrogen applications were
found to decrease the amount of nitrogen symbiotically
fixed by fababeans. Evidence indicates the decrease was

inversely proportional to the quahtity of so0il and ferti-

lizer nitrogen taken up into the fababeans:

Results indicate that effectively nodulated faba-
beans were efficient symbiotic nitrogen fixers, and that
fertilizer nitrogen additions tended to decrease symbiotic
nitrogen fixation while having no effect upon grain yield
and protein content. Therefore, in Manitoba, nitrogen
fertilization of effectively nodulated fababeans is not

recommended.,
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I INTRODUCTION

In 1973 the Faculty of Agriculture at the Univer-
sity of Manitoba commenced a three year multi-disciplinary
project in which the precduction, utilization, and market-

ing of Vicia faba L. var. minor was studied. This project

represents part of the contribution made by the Depart-
ment of Soil Science.

Fababeans (Vicia faba L. var. minor) have a poten-

tially high seed yield and protein content, and under
favorable conditions can produce as much protein per hec-
tare as soybeans. Protein contained in fababean seed is
similar to soybean seed protein and hence.replacement of
U. S. grown soybean seed meal by Canadian grown fababean
meal is feasibles Fababeans are a member of the

Leguminosae family and are capable of establishing a sym-

biotic relationship with bacteria of the genus Rhizobia, a
relationship in which elemental nitrogen is transformed
into plant'available nitrogen. As a result of this rela-
tionShip,supplemental fertilizer nitrogen additions have
been considered unnecessary for attainment of maximum seed
yield and protein content. In 1972 fababean field trials
conducted by the Manitoba Department of Agriculture, found
that fababeans which were grown in non-fallow land respon-
ded to supplemental fertilizer nitrogen additions, indi-
cating that fababean symbiotic nitrogen production was not
sufficient for plant needs (Rogalsky, 1972).

In order to elucidate fababean nitrogen require-



ments, the effects of various rates, methods of applica-
tion, and times of nitrogen fertilizer addition upon

yield, percent protein content, and symbiotic nitrogen

fixation in fababeans were studied.



ITI LITERATURE REVIEW

Fababeans (Vicia faba L. var. minor) were intro-

duced into Manitcba in 1970 in an attempt to alleviate
local crude protein shortages and to diversify Manitoba
agriculture. Fababeans are tall, upright, annual grain
legumes capable of achieving grain protein contents
ranging from 23 to 32 %. (protein contents were based on
oven dry moisture basis, Percent protein = 6.25 x %N),
(Evans et al,, 1972). Fababeans possess the potential to
form a symbiotic relationship with bacteria of the genus
rhizobia, in which elemental nitrogen is reduced to NH3
which is readily incorporated into plant proteihe This
is termed symbiotic nitrogen fixation, and occurs in
nodules initiated and inhabited by rhizobia. The nodules
are 1ocated in some of the legume'’s roots,

Since most legumes have high‘protein contents, the
plant exerts a large demand upon available sources of
nitrogen. The production of a 4820 kg/ha grain yield of
fababeans required 229 kg N/ha (McEwen, 1970). A 3362

kg/ha crop of soybeans (Glyecine Max L. var. merrill)

required 314 kg N/ha of which one-third to one-half of the
plant nitrogen was derived from symbiotic nitrogen fixa-
tion (Ohlrogge, 1963). Weber (1966) calculated that a
2750 kg/ha crop of soybeans removed 215 kg N/ha of which

4L0% was symbiotically fixed.

Lathwell and Evans (1951) reported that approximately



50% of nitrogen in mature soybeans was in the pods.
DeMooy et al, (1973) stated that 80% of soybeans'
total symbiotically fixed nitrogen was fixed during the
floral initiation to senescence stages, with the greatest
requirement for nutrients occurring during the full bloom
to full pod stages (Saltanov et 3;; 1974). Thus in soy-
beans the majority of the total seasonal nitrogen uptake
occurs during a relatively short time, and in some
- cases the demand for nitrogen exceeds the supply, result-
ing in nitrogen deficient planﬁso

Nitrogen is an intrinsic component of yield and
protein content of legumes. Since symbiotically fixed
nitrogen is the major source of legume nitrogen, adverse
environmental factors which affect legume nodulation and/
or subsequent nodule functioning may also affect the
probability of legume responses to nitrogen fertilization.

Soil pH has been reported to have multifold affects
upon iegume nodulation. Soil acidity has been shown to
be one of the factors most limiting rhizobia viability in
the rhizosphere. Provided Ca is adequate failure of
legumes.growing in acid soils to nodulate has been found
to be due mainly to poor survival and/or proliferation of
the rhizobia in the rhizosphere (Vincent, 1965). Lucerne
and red clover have been reported to grow well in soil
of pH 6 or higher, though some white clovers and subter-
ranean clovers have been shown to be capable of fixing

nitrogen in soils of pH 4.2 to 4.5 (Russell, 1973). The



optimum pH for soybean growth based on multiple regression
equations involving yield and scil pH observations was
calculated to be 6.2 (de Mooy et al, 1973). In Alberta,
Penny (1974) reported fababean symbiotic nitrogen fixation
was reduced when fababeans were grown in a soil with a pH
of 5.7, however yield of fababeans was not increased by
nitrogen fertilization, suggesting that other environmen-
tal factors were limiting yield. Adverse soil reaction
also affects the availability of nutrients important to
the fixation process. Low soil pH renders molybdenum
unavailable, thus legumes grown in acid soils have been
occasionally found to be hitrogen deficient., Soil pH also
affects the availability of phosphorus to legumes thus
indirectly affecting legume nodulation. Thus it appears
that the main effects of adverse soil pH upon symbiotic
nitrogen fixation are upon rhizobia survival and upon
nutrient availability.
Soil . temperature has been found to be a controlling

factor in symbiotic nitrogen fixation. In trifolium
species the optimum soil temperature was shown to be 20°C.
lIncreasing soil temperature resulted in increased nodu-
lation but in reduced symbiotic nitrogen fixation. This
was attributed to high soil temperature disturbing the
proper functioning of the nitrogen enzyme system (Stewart,
1966). Nitrogen fixation, plant dry weight9 and net photo-
synthesis in three week 0ld soybeans were increased when

soil temperature was raised to 27° from 15.6°C, however



soil temperatures higher than the optimum of 27°C resulted
in decreased symbiotic nitrogen fixation (Kuo and Boersma,
1971}, Soil temperatures of 4 to 5°C have been reported

to delay nodulation and nitrogen fixation in Vieia faba L.

by 12 to 52 days (Korvin et al, 1966), however V. faba
symbiotically fixed some nitrogen at all temperatures in
which it could grow. Korvin's study indicated that
V.faba plants grown in low soil temperature environments
were not nitrogen deficient, thus the probability of ob-
taining a response to applied nitrogen fertilizers due to
reduced symbiotic nitrogen fixation resulting from adverse
soil temperature is low.

Soil moisture was reported to have a major influ=-
ence upon fababean production in Manitoba (Keatinge, 1975).
Kuo and Boersma (1971) decreased the rate of nitrogen fix-
ation in three week old soybeans by 41.5% by increasing
soil moisture tension from 0.35 bars to 2.5 bars. They
also recorded a corresponding 56% decrease in dry matter
production. Lyons and Early (1952) inefeasedyyield of
field grown soybeans during a hot, dry summer by adding
nitrogen fertilizers, though nitrogen appiied to soybeans
grown during a summer with normal precipitation patternms
had no affect upon grain yield. Soil moisture stress
appeared to have affected symbiotic nitrogen fixation be-
fore affecting potential plant growth. Many investigators
reported that nitrogen fertilizers increased yield and pro-

tein content of soybeans grown during the dry summer of



1967 in U.S.A. (deMooy et al., 1973). Thus legumes grown
in semi-arid areas may occasionally require supplemental
nitrogen fertilization.

Soil salinity affects nodulation and nitrogen fix-
ation in legumes. Bernstein and Ogata (1966) studied the
effects of various levels of salinity upon nodulation,

nitrogen fixation, and growth of Medicago sativa cv

 Common and Glycine max cv Lee. They found that salinity

specifically inhibited nodulation of these cultivars,
even when root growth approximatéd a normal level. Nod-
ule weight of soybeans was depressed to 23% of control,
while nodule weight of alfalfa was depressed to 80% of

control. When N03 was applied to soybeans the relative

decrease in aerial yield due to increased salinity levels was

less than for control soybeans which had received no supple-
mental nitrogen. Thus yield of soybeans grown in saline
soils were increased by nitrogen fertilization.

High symbiotié nitrogen fixation occurs only when
the legume is adequately supplied with all the esseﬁtial
nutrients, however rhizobia bacteria have a specific
demand for some nutrients which exceeds plant demand. Cal-
cium was found to be an important factor in controlling
legume nodulation. The concentration needed for adequate
nodulation was shown to be higher than the concentration
needed for maximum rhizobia and plant growth (Vincent,

1965). Legumes require large quantities of Mo, most of



which is used by the nodules to produce leghaemoglobin.
Soil deficiencies of molybdenum initially affect nodule
functioning by causing a lack of leghaemoglobin, hence
reducing nitrogen fixation (Vincent, 1965). Severe
molybdenum deficiencies result in physiological defi-
ciency symptoms being observed on the plant. Thus super-
ficially the molybdenum deficient legume appears to be
nitrogen deficient and in fact Parker and Harris (1970,
from deMooy et al., 1973) found that molybdenum deficien-
cies in soybeans grown in an acid soil (pH of 5.3) were
equally corrected by 70 g/ha of sodium molybdate or 134 kg
N/ha. Boron deficiencies interfere with nodule function-
ing by limiting the development of the vascular tissue
between the nodule and root hence interrupting the transfer
of fixed nitrogen into the plant (Russell, 1973). Legumes
require large quantities of phosphorus for adequate nodule
developmént@ Soybean nodule number and weight have been
increased by a factor of 2 to 22, with the nitrogen fix-
ing activity of the nodules being increased by 2.5 fold

at the end of flowering when phosphorus was applied at
seeding (deMooy and Pesek, 1966). Deficiencies of many nu-
trients adversely affeect nodulation and/or nodule func-
tioning before affecting plant growth per se, hence le-
-gumes express nitrocgen deficiency as a direct result of the
unavailability of some nutrient needed in the formation
and/or functioning of the legume's nodules. In these

cases deficiency can be corrected by nitrogen fertiliz-



ation or by the addition of the deficient nutrient,
Inorganie soil nitrogen can affect legume nodula-

tion. ‘Low concentrations of inorganic soil nitrogen have

been shown to stimulate legume nodulation (Beard and Hoover,

1971; Richardson et al, 1957). Medium concentrations of
inorganic soil nitrogen have had no consistent effect upon
nodulation, though high concentrations of inorganic soil
nitrogen have been reported to have deleterious effects

upon legume nodulation.

High concentrations of inorganic nitrogen have been

reported to initially reduce size and weight of legume
nodules, with further additions causing a reduction in
nodule number (Weber 1966; Ham et al, 1975). Thus Weber
(1966) reported that the application of 56, 112, 168 kg
N/ha at seeding caused a progressive reduction in nodule
tissue formed in field grown soybeans., When 4370 kg/ha
of ground corn cobs (Zea Mays L.} were added to the soil
in an attempt to immobilize some of the soil inorganic
nitrogen, 672kg N/ha fertilizer had to be added in order
to give the same degree of inhibition 168 kg N/ha had
previously given when no corn cobs were mixed into the
soil,

Inorgénic nitrogen additions have reduced nodula-
tion of fababeans grown in growth chamber experiments
(Moukova et al,, 1968; Kralova et al, 1974). Application
of 336 kg N/ha surface broadcast at seeding decreased

nodulation in field grown fababeans by 50% (McEwen,1970).
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Application of nitrogen at seeding significantly reduced
numbers, size and distribution of nodules in soybeans,
lespezda and sweet clover'grown in ﬁotso Midseason nitro-
gen applications however had no affect upon nodule mass,
but did significantly increase aerial soybean yield,
indicating that soybeans could not fix all their nitrogen
requirements during the later stages of growth (Thornton,
1946). Allos and Bartholomew,(1959) observed that the size
and number of nodules were not decreased by combined
nitrogen until the combined nitrogen additions approached
the amount of nitrogen needed by the plant for maximum
growth. .

Beard and Hoover (1971) reported that 112 kg N/ha
broadcast at flowering onto soybeans had no effect upon
nodulation, while the application of 56 kg N/ha at seeding
decreased nodule nﬁmbere Therefore literature indicates
that only high concentrations of inorganic nitrogen pre-
sent in the nodulating zone during nodule initiation
stages are deleterious to nodule mass, therefore mid-
season nitrogen applications have had no consistent effect
upon nodule mass. An inverse linear relationship signi-
ficantly at 1% probability level between number of nodules
formed and the rate of nitrogen application was found to
exist in soybeans (Beard and Hoover, 1971). A similar

relationship was observed in Phaselous vulgaris L. where

nodule number was inversely correlated to levels of soluble

and inorganic nitrogen compounds in the plant tissue
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(Cartwright, 1967).

Quantitieé of nitrogen symbiotically fixed by soy-
beans were found to be closely correlated (r=0.9) to
nodule mass (Weber, 1966). Since the number of nodules
formed in soybeans were shown to be inversely proportional
to the quantity of inorganic soil nitrogen present (Beard
and Hoover, 1971), it can be postulated that the quantity
of inorganic nitrogen symbiotically fixed by soybeans is
inversely proportional to the quantity of nitrogen present
in the rhizosphere, and indeed this was reported to occur
in soybeans (Allos et al, 1955). Thus after the legume's
nitrogen requirements were satisfied addition of inorganic
nitrogen only resulted in decreased symbiotic nitrogen
fixation.

Methods of nitrogen fertilizer placement affect
nodulation to different degrees. The method of placement
which results in the highest inorganic nitrogen concentra-
tion in the nodulation zone appears to cause the greatest
degree of inhibition of nodulation. McEwen (1970) showed
that sidebanded nitrogen fertilizers were more deleterious
to field grown fababean nbdulation than surface broadcast
fertilizer nitrogen, indicating that the sidebanded nitro-
gen application resulted in an initially higher inorganic
nitrogen concentration in the nodulation zone than did
surface broadcast nitrogen method of placement. Harper
and Cooper (1971) showed that deep placed nitrogeﬁ ferti-

lizer was less deleterious to nodulation of soybeans
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than nitrogen which had been mixed uniformly throughout
the nodulation zone, thus indicating that the deep placed
nitrogen was effectively below the nodulation zone.

The form of the nitrogen fertilizer used has also
been shown to influence nodulation of legumes. Nitrate
or nitrite forms of nitrogen have been shown to have a
more inhibitory effect upon nodulation than ammonium
(Dialtoff, 1968; Richardson et al, 1957). Dialtoff (1968)
reported that 168 ppm of NO3 inhibited nodulation of
excised SOybean roots, while 224 ppm NH@ caused only
partial inhibition. KNO3 was feported to have inhibited
fababear podulation to a greater extent than did (NH4)2504
(Mouchova,et al., 1974). |

The mode of inhibition is uncertain. In the past
carbohydrate to nitrogen ratios were regarded as the most
important factor governing inhibition of nodulation. The
theory postulated that the attraction of rhizobia to
plant roots was caused by éxcretion of carbohydrates from
the host plant's roots into the rhizosphere. Failure of
host legumes to nodulate when grown in environments con=
‘taining high quantities of inorganic nitrogen was attri-
buted to large quantities of nitrogen being assimilated
by the plant which tied up plant carbohydrates by forming
proteins, thus preventing carbohydrate excretion from the
roots. Recently, it has been considered that nodule inhi-
bition is caused by external localized factors, and not by

internal factors such as carbohydrate to nitrogen ratios.
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Raggio, Raggio and Torry (1957) observed that when NOj

was added to a bathing medium containing excised roots
reduced nodulation occurred. However when nitrogen was
introduced direétly into the root via the base no decrease
in nodulation occurred, indicating that the carbohydrate
to nitrogen ratio theqry was invalid. Tanner and Anderson
(1963) advanced a theory which attributed the decrease in
nodulation to specific localized effects. They considered
that NO, which had been reduced from NOy by the rhizobia
led to the destruction or reduction in the formation of
indole acetic acid, an auxin which is thought to play a
prominent role in the invasion of the legume's lateral
roots by the rhizobia.

Rapid initial growth of legumes is partially depen-
dent upon the presence of sufficient available hitrogen in
the growth media (Hatfield et al, 1974, Russell, 1973).
Low rates of nitrogen application have increased growth
rate and nodulation of legumes grown in nitrogen deficient
media (Hatfield et al, 1974; Richardson et al, 1957)3‘ In
growth chamber experiments fast growing legumes, such as
pisum and vicia spp., grown in soils containing less than
20 to 25 mg N/kg. soil had their initial growth increased
by the addition of small quantities of nitrogen at seeding
(Trepachev et al, 1973). Low nitrogen application rates
had no effect upon the growth rate of deep rooted, slow
growing legumes such as lupin and clover, indicating that

the nitrogen fertilizers were used to supply the fast grow=
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ing legume with nitrogen before symbiotic nitrogen fixation
was occurring rapidly.

Low rates of nitrogen fertilizers applied to legumes
at seeding have been reported to increase total plant
nitrogen by more than the quantity of nitrogen applied.
Allos and Bartholomew (1959) reported that the addition
of 80 mg nitrogen at seeding increased the nitrogen con-
tent in soybeans by 121 mg N, in alfalfa by 98 mg N, and
in ladino clover by 109 mg N. Presumably this starter
effect was caused by the inérganic nitrogen fertilizer de-
laying legume nodulation during the early stages of legume
growth. While nodulation was delayed the legume root
grew in an environment containing adequate nitrogen, thus
when nodulétion occurred there were more potential sites
for bacterial invasion to occur (Vincent, 1965). Recently,
Hatfield et al, (1974) reported that soybeans which had
to rely entirely on seed and nodule nitrogen exhibited
lower dry weight, and nitrogen uptake than did soybeans
which had received low amounts of combined nitrogen at
seeding. Low rates of nitrogen fertilization have increased
nodulation and total nitrogen in fababeans grown in sand
cultures (Nowtony et al,, 1972); in six-week old alfalfa
(Richardson et al, 1957}, and have been useful in the amel-

ioration of retarded symbiosis in Glycine weightii, a

small seeded legume, grown in nitrogen deficient media
(Dialtoff, 1974). Thus nitrogen applications at seeding

have increased the initial growth, nodulation and hence
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symbiotic fixation in legumes. The increase appears to be
more pronoﬁnéed in sméller seeded legumes which contain
only limitéd quantities of seed nitrogen. Data indicatethe
‘degree of response is partially correlated to the quantity
.of nitrogen initially available tb the nodulating legume.
Therefore faster groking, deeper rooting legumes, and/or
legumes possessing small seeds and/or legumes in which nod-
ulation oceurs slowly appear to profit from nitrogen
fertilizatiohahv

Yield and grain protein content of field grown soy-
beahS‘were increased by small quantities of nitrogen
applied at seeding in Minnesota (Ham gt al, 1975). In
Western NigeriaIBO‘kg N/ha applied at seeding to field
grown soybeans were required for attainment of maximum
yield (Kang, 1975). However in Illinois nitrogen ferti-
lizers applied at different rates at seeding and at other
times during the growing season, and by different methods
of application significantly increased soybeans' grain

yield in only 3 out of 133 instances (Welsh et al., 1973).

Seed yield of Pisum sativa L. in Manitoba was not affected
by nitrogen fertilizers applied af.seéding though applica-
tion of fertilizers significantl& decreased plant popu-
lation (Racz, 1970). Thus low quantities of nitrogen
applied at seeding have had variable effects upon legume
grain yield. When nitrogen fertilization of annual grain
legumes was not beneficial it was considered that soil

nitrogen was ample enough to meet the grain legume demand
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for supplemental nitrégen (Ham et al., 1975),

Effectively nodulated legumes can not symbiotically
fix their total nitrogen demand. Norman and Krampitz (1946)
reported that soybeans did not achieve maximum yield when
relying predominantly upon symbiotic nitrogen fixation to
supply their nitrogen demands. Ham et al., (1975) considered
that seed yield and/or protein contents of higher yielding
-soybean varieties may be increased by nitrogen fertiliza-
tion. Trepachev et al., (1973) reported that annual legumes
grown in a nitrogen deficient soil but in an otherwise
normal environment symbiotically fixed 90 %o 95% of their

total nitrogen demand. In smaller seeded legumes such as

alfalfa and Glycine weightii the greatest demand for
supplemental nitrogen has been found to occur during the
initial stages of growth, while in larger seeded legumes
such as soybeans this demand occurred during the floral
initiation stages (Thorgton, 1946)

Legumes appear to preferentially feed from combined
nitrogen sources. That is, nitrogen which is associated
with another element or compound. The proportion of plant
nitrogen derived from symbiotic nitrogen fixation has been
shown to decrease as soil nitrogen increases, the decrease
being inversely proportional to the amount of inorganic soil
nitrogen present (Allos and Bartholomew, 1955, 1959).

When corn cobs were added to Iowa soils in an attempt to
decrease soil inorganic nitrogen soybean symbiotic nitro-
gen fixation was increased from 159 kg N/ha to 179 kg

N/ha (Weber, 1966). Sears and Lynch (1951) reported that
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soybeans fixed 20% of their total nitrogen requirements
when grown in soils containing high concentrations of
available nitrogen. Upon the addition of ground oat straw

(Avena sativa L.} the proportion of soybean nitrogen de-

rived from symbiotic nitrogen fixation was increased to 66%.
Large variances in the estimation of the quantity
of nitrogen symbiotically fixed by annual grain legumes
exist due to differences in patterns of soil nitrogen
release, and differences in the microenvirohments of the
experiments. In temperate climates field grown soybeans
have been consistently reported to fix approximately 50%
of their nitrogen requirements. Weber (1966) reported
that soybeans grown in soil of normal inorganic nitrogen
contents'in Iowa symbiotically fixed 40% of ﬁheir nitrogen
requirements on the average. Values from individual plot
sites ranged from 1 to 70%, with the variation in symbiotic
nitrogen contribution to total plant nitrogen being depen-
dent upon quantity and availability of soil nitrogen and
water., Norman (1944); and Norman and Krampitz (1946)
using 15N determined that soybeans grown in a prairie soil
of average fertility in Iowa (about 112 kg N/ha is nitri-
fied in a growing season) derived 25 to 35% of their
nitrogen requirements from symbiotic fixation. Differences
in Iowa soybean yields, they reasoned, were due to changes
in the available nitrogen content of the soil, and in the
patterns of nitrogen release,

Lyon (1936}, in a classic field experiment reported
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that soybeans, f£ababeans, and peas grown for grain sym-
biotically fixed between 123 to 246 kg N/ha, which was
approximately the amount of nitrogen removed in the grain.‘
Lyon observed that all grain legumes depleted soil nitrogen
reserves to the same extent cereal crops did. McEwen (1970)
stated that the nitrogen in fababean grain was equal to the
amount of nitrogen symbiotically fixed, which was 146 to

212 kg N/ha in his experiments.,

The amount of nitrogen which Can‘be~symbiotically
fixed by a legume crop is highly deﬁendent upon the longe-
vity of its nodules. Since nitrogen availability during
later growth stages has been found to increase pod set
and hence grain yield in soybeans (Lathwell and Evans,
© 1951, Stamp, 1972, Sinclair and deWit, 1976), and in

Phaseolus vulgaris L. (Asif, 1972} determination of the

time of nodule senescence, and subsequently factors . which
prolong nodule functioning are of great agronomic interest.
Symbiotic nitrogen fixation in a number of grain
legumes ceases during flowering and early pod-filling
stages (Russel, 1973). This is accompanied by leaf drop
and a corresponding decrease in plant carbohydrates
(Lathwell and Evans, 1951, Pate and Dart, 1961). Pre-
sumably the developing pods become the major available
nitrogen and photosynthate sink, thus resulting in nodule
senescence (Thibodeau, et al, 1975). This results in
breakdown of foliar proteins causing a metabolic slow down

which decreases uptake and translocation of essential
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nutrients from soil to developing pods, thereby resulting
in reduced yield and/or protein content at time of crop
maturity. Recently, Sinclair and deWit (1976) postulating
that soybean seed yield was limited by the translocation
of available nitrogen from vegetative tissues to the
developing seeds, developed a dynamic simulation model
which accounted for the availability of nitrogen and
photoéynthate within soybeans during the pod-filling stage.
The simulation model showed that duration of seed fill
was limited by intra-soybean nitrogen translocations, and
that increased levels of available nitrogen within the
soybean plant during pod-=filling stages were required for
increased soybean yields,

Annual grain legumes have been shown to have their
greatest requirement for nutrients dufing the bloom to
full pod stageé (Saltanov and Kugzin, 1975; Hanway and
Weber, 1971). In soybeans 50% of the total plant nitrogen
was located in the pods at maturity (Lathwell and Evans,
1951) . When supplemental nitrogen was not applied during

pod formation large quantities of nitrogen were drained

from the leaves and stems to the pods, resulting in

reduced yield. 1In other attempts to increase the longe=
vity of nodules in field grown soybeans large quantities
of nitrogen were applied at mid-pod stage, however trans-
location of nitrogen from leaves and stems to the develop-
ing pods occurred. The translocation of nitrogen within

the soybean plant during pod formation was observed to
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occur even when soybeans were grown in soils coﬁtaining
large quantities of available nitrogen (Hanway and Weber,
1971). Recently, split foliar fertilization of soybeans
with a N,P,K,S mixture during pod set stages has been
found to decrease leaf drop, and increase yields of seed
(JoJ. Hanway, pers. comm., 197615 Garcia and Hanway, 1976)
with the increased grain yield being mainly attributed to
increased nodule longevity.

The situation as to the time of nodule senescence
in fababeans remains confused, Candlish and Clark (1975),
employing acetylene-ethylene reduction techniques deter-
mined that fababeans had the potential to fix nitrogen
after pod formation. Cojeneau et al., (1968) found a signi-
ficant reduction in fababean nodule numbers occurring during
the flowering and beginning of pod formation stages.

A few investigators have reported fababeans not to be
particularly efficient in fixing nitrogen. Rogalsky (1972)
in Manitoba and Sadler (1975) in Saskatchewan reported that
fertilizer nitrogen surface broadcast at seeding signifi-
cantly increased fababean seed yield. Kralova and Mouchova
(1974) reported that maximum aerial yield of fababeans
harvested at flowering occurred when 105 to 210 mg N/kg
soil were added. They also observed that fababeans grown
in higher nitrogen application treatments had less nodules

than fababeans grown in control treatments.

L J.Jo. Hanaway. Prcfessor of Agronomy.
Iowa State University. Ames, Iowa. U.S.A.
50011
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Most reports; however, suggest that fababeans are
efficient symbiotic nitrogen fixers. DMcEwen (1970) reported
that 112 and 224 kg N/ha surface broadcast at seeding had
no effect upon fababeanvseed yield and crude protein content.
High rates of nitrogen fertilizer 336 kg N/ha), in excess of
that which could be symbiotically fixed by fababeans,
resulted in seed yield increases of less than 10%, and had
no effect upon crude protein content. Single large (112,
224 and 336 kg N/ha) late season fertilizer nitrogen appli-
cations, and split applications of fertilizer nitrogen had
no effect upon fababean seed yield and crude protein content,
McEwen concluded that in the environmental conditions
encountered during the course of the experiment, symbiotic
nitrogen fixation in fababeans was not limiting seed yield
and crude protein content. Bailey (pers.comm., 1976)* in
Manitoba, Penney (1974) in Alberta, and Bishop et al.
(1976) in Nova Scoﬁia reported that no rate of nitrogen
fertilizer applied at seeding had an effect upon yield and
protein content of field grown fabsbeans.

Moukova {(1968) reported that increasing increments
of nitrogen applied at seeding to fababeans grown in pots
had no éffeCt upon aerial yield at flowering° In field and
growth chamber experiments neither nitrogen applied at seed-

ing, in split applications, or in large applications at

1 L.D. Bailey, Plant Science Section,
Agriculture Canada Research Station,
Box 610, Brandon, Manitoba, Canada
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flowering or at pod formation had beneficial effects upon
yield and protein content of fababean seed (Rinno et al.,
1973). However, in identical experiments conducted with

Pisum sativum L. and Pisum arvense L. aerial yields were

significantly increased by single large applications of
fertilizer nitrogen at flowering and pod formation stages.
It was concluded that fababeans were more efficient sym-
biotic fixers than other legume species, and appeared to

fix nitrogen throughout their growth cycle.
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IIT METHODS AND MATERIALS

A, FIELD TRIALS

Field experiments where the effects of placement,
rates of application, split applications and time of nitro-
gen application on yield, protein content and symbiotic
nitrogen fixation in fababeans were conducted during the
summers of 1973, 1974 and 1975. A nine-row, double disk,
Allis Chalmers press drill with an eighteen centimeter row
spacing was used to seed fababeans. Fababeans were
seeded at a rate of two hundred kilograms of inoculated
seed per hectare and were seeded to a depth of seven to
ten centimeters. In order to insure adequate nodulétion

Nitrogin Corporation Q culturel

inoculum was applied in a
slurry at the recommended rate of 418 grams per 100 kg
fababean seed prior to seeding. All 1973 experimental
sites and the Altona site in 1974 were seeded to Ackerperle
variety fababeans. Diana variety fababeans were sown at
the remaining 1974 sites and at all sites in 1975,
Phosphorus was drilled in with the seed. In 1973 phos-
phorus as monoammonium phosphate was drilled in with the
seed at 10 kg P/ha. In 1974 and 1975 phosphorus as triple
super phosphate was drilled in with the seed at a rate of
15 kg P/ha and.20 kg P/ha respectively. In 1975 potas-

sium as KCl was surface broadcast at a rate of 100 kg

K/ha at experimental sites where soils contained less

1 Supplier: Nitrogin Co., Milwaukee, Wisconsin,
53209, U.S.A.
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than 100 ppm NaQhc exchangeable potassium. Sulfur as
’GaSBgéZHZO was surface broadcast after seeding at a
rate of 30 kg S/ha at the Teulon site in 1975 as initial
soil testing data indicated that the soil at Teulon was
low in 80,-S.

Field trials were of a randomized complete block
design consisting of five replicatesg Blocks were éepa==
rated by a 1.5 meter roadway. In the 19¥3 and”1l974 field
trials individual plots were nine rows (1.62m) wide and
six meters long. In 1975 individual plots were nine rows
(1.62m) wide and nine meters long, enabling frequent sampl-
ing of individual plots throughout the growing season.

Scils at experimental sites were sampled at seed-
ing in order to determine soil chemical characteristics.
Soils were sampled at the four corners of the experimental
plot and in several random locations wiﬁhin the experi-
mental plot in the following depth increments: O0-15 cm,
15-30 cm, 30=60 em, 60-90 cm, and 90-120 cm. Soils were
placed in plastic bags, and several drops of toluene
were added to each sample to arrest nitrification. Soils
were later subdivided, with one subsection being air dried,
and the other subsection being oven dried at 105° C. When
oven space was not immediately available soils were frozen.
Oven dried soil samples were used for nitrate-nitrogen
and moisture determination, and air dried samples were
used to determine other soil chemicél properties. Descrip-

tion of methods used in soil analysis are presented in the
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Analytic Procedures subsection.

FIELD TRIALS - 1973

In 1973 three field experiments were sown to Acker-
perle fababeans in early May. The objectives of the field
experiments were: |

l, To determine yield and protein content of
fababeans at various rates and placements of
nitrogen, phosphorus, potassium, and sulfur
fertilizerss'

2. To study the effects of carbonated and non-
carbonated soils upon yield response of faba-
beans to nitrogen, phosphorus, potassium, and
sulfur fertiliszers,

3. To determine nutrient uptake by fababeans.

4, To study the effect of drilled compared to
broadcast potassium on fababean germination
and yield. .

In order to achieve the desired objectives three

field experiments, two located on non-carbonated soils
and one located on a carbonated soil were sown. However

due to severe wild mustard (Brassica nigra L.) one of the

experiments on a non-carbonated soil was abandoned.
The experiment consisted of fifteen:fertilizer treat-
ments, containing various combinations of nitrogen,
phosphorus, potassium and sulfur fertilizer (Table 1),
Since only the effect of nitrogen fertilizers upon

fababean growth performance was of immediate concern
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TABLE 1

Fababean Fertility Treatments used in
1973 Field Trials.

Treatment

number

1

YV 0 3 O s WwWwon

o
& WO = O

15

Nutrient Applied (kg/ha)

nitrogen phosphorus -~ potassium sulfur
0 o 0 o
0 10pt 84D 208°
34B 10D 84D 20B
67B 10D 84ﬁ ' 20B
202B -' 10D 84D 20B
34D 10D 84D 20B
67D 10D 84D 20B
348 0 84D 20B
34B 20D 84D 20B
34B 10D _ 84D 0
34B 10D 0 20B
34B 10D 14D 20B
34B 10D 28D 20B
34B 10D 28B 20B
BABF 10D ~ 56B 20B

1: D designates fertilizer drilled in with the seed

2: B designates fertilizer surface broadcast after seeding



to this study the results of only six treatments are dis-
cussed, The treatments considered were numbers 2, 3, L,
5, 65 7o Nitroéen fertilizers, as NHQNOB, were either
surface broadcast at seeding at 34, 67 and 202 kg N/ha

or were drilled in with fababean seed at rates of 34 and
67 kg N/ha. Since a control treatment (#2) was also
included in the experimental paragin, the effect of rates
and placement of nitrogen fertilizers on fababean seed
yield, protein content, and total nutrient uptake were
determined from data obtained from two experimental sites.

FIELD TRIALS - 1974

The objectives of the 1974 field program were:

1. To determine yield and proteih contents of
fababeans at various rates of nitrogen fertil-
izer.

2., To determine seasonal nutrient uptake patterns
‘and dry matter accumulation by fababeans, and
to study the effect of Tertilizer nitrogen
upeon these characteristics.

3, To determine efficiency of fertilizer nitrogen

uptake by fababeans.

=
°

To determine the effect of nitrogen fertilizer
upon yield and protein contents of uninoéula@ed
fababeans, and to compare seasonal nitrogen up~
take by uninoculated fababeans to that of barley
grown in similar fertility treatments.

5, To determine the quantities of nitrogen symbio-
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tically fixed by fababeans, and elucidate the
effect of nitrogen fertilizer upon fababean
nitrogen fixation.

In order to achieve the desired objectives thres
field trials located at Altona, Pilot Mound and Seven
Sisters were sown to fababeans on May 27 at Altona, June 1
at Pilot Mound, and June 10 at Seven Sisters, dates later
than recommended. The late seeding was caused by an
unfavorably wet spring, and the need to share seeding
equipment,

Rates of nitrogen, as NH NO,, surface broadcast at
seeding were used to determine the effect of various
levels of nitrogen on fababean yield and protein content.
The rates used are presented in Table 2a. These treat-
ments were located at all three experimental sites. In
.order to study the effect of rates of nitrogen on faba-
bean nutrient uptake and dry matter accumulation, these
treatments were sampled forty (40) and seventy (70) days
after seeding and at maturity. Fababeans harvested forty
days after seeding were in the floral initiation to pre-
bloom growth stages, and fababeans harvested seventy days
after seeding were in the post-bloom to early pod-filling
stages. These harvest times were selected on basis of
soybean data which indicate these stages are "nitrogen
critical stages", stages in which growth and nitrogen
uptake ' are at a maximum.

In order to determine the effect of nitrogen fertil-
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TABLE 2a

General Fababean Fertility Treatments Used in
1974 Field Trials.

Nitrogen Applied

Treatment Number (kg N/ha)
1 0
2 30%
3 60
b o0*
5 150
6 300

* indicates nitrogen fertilizer enriched with N at Altona.

TABLE 2b

Continuous Sampling Treatments Included in Experimental
Paragin in Altona and Seven Sisters Field Trials 1974.

Harvest Time

Treatment Nitrogen Applied (days after seeding)
Number (kg N/ha]) Seven Sisters Altona

7 0 25 27

8 0 38 41

9 0 52 55

10 0 71 69
11 0 78 75
12 0 109 97
13 90 25 27
14 90%* 38 L1
15 90%* 52 55
16 90 71 69
17 90* : 78 75
18 90 109 97

* indicates nitrogen fertilizer enriched with 1°N at Altona

TABLE 2c¢

Non-nod Fababean Fertility Experiment in Altona
and Seven Sisters Field Trials 1974,

Nitrogen Applied

Treatment Number (kg N/ha)
19 0
20 90

21 v 300
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‘ization on fababean dry matter accumulation and nitrogen
uptake five additional O and 90 kg N/ha treatments were
inserted into the experimental paragin at Altona and
Seven Sisters (Table 2b). Commencing three weeks after
seeding and continuing bi-weekly throughout the growing
- season these treatments were sampled for dry matter accumu-
lation and nutrient uptéke"dataa Times of harvest are
presented in Table 2b.

In order to determine percent nitrogen fertilizer
utilization by fababeans 15N=—labelled fertilizers were
used in the 30 and 90 kg N/ha application rates in the
general study (Table 2a) and in three of the 90 kg N/ha
continuous sampling treatments (Table 2b) at Altona. Per-
cent fertilizer nitrogen recovery into fababean aerial
- portions was determined by 15N in fababean forége harvested
41, 55 and 75 days after seeding and in fababeans harvested
at maturity. Enrichments used, methods of application and
plant sampling techniques are discussed in the 15N sub-
section, pages 37 and 38,

Uninoculated fababeans were sown at Altona, and
Seven Sisters in order to determine the quantity of soil
nitrogen taken up’into fababean above-ground plant parts.
In order to minimize the possibility of accidental inocu-
lation of fababeans this experiment was seeded as a sepa-
rate entity, and was separated from other fababean experi-
ments by nine inoculated fababean guard rows (1l.6m) and
twenty-seven uninoculated fababean guard rows (4.9m). On

the other side of the uninoculated fababean experiment
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barley was sown; Barley and uninoculated fababeans were
separated by 18 uninoculated fababean guard rows (3.24 m)
and 18 barley guard rows (3.24 m). The uninoculated faba-
bean experiment consisted of nitrogen surface broadcast

at seeding at rates of 0, 90, 300 kg N/ha (Table 2¢), the
highest rate was applied in an attempt to fully supply
fababean's potential nitrogen uptake by inorganic-nitro='
gen sources.

Barley (Hordeum vulgare var Conquest) was sown at

all three experimental sites at a rate of 100 kg/ha and
a depth of 3 to 5 cm. Barley was sown in order to compare
aerial nitrogen uptake of a cereal to aerial nitrogen of
uninoculated fababeans. The experiment consisted of six
fertility treatments (Table 3) composed of various combin-
ations of nitrogen and phosphorus fertilizers. The results
only of treatments 24 and 25 (Table 3) which were O and 90
kg N/ha surface broadcast at seeding in conjunction with 15
kg P/ha drilled in with the seed will be used in this report.
TABLE 3
BARLEY FERTILITY TREATMENTS USED IN 1974 FIELD TRIALS

nutrient applied (kg/ha)

Treatment

Number Nitrogen Phosphorus
22 0 3 0
23 90B- 0
21, 0 15D2
25 90B 15D
26 0 ' 30D

27 90B 30D

1: B designates fertilizer surface broadcast at seeding

2: D designates fertilizer drilled in with the seed
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FIELD TRIALS - 1975

The objectives of the 1975 field pregram were:

1. To.study the effect of rates of nitrogen fertil-
izer. applied at seeding on fababean yield and
protein content. | .

2., To study the effect of single large quantities
of nitrogeq:applied during later growth stages on
fababean g;cwth performance.

3. To study’theAeffect of split applications of
nitrogen fertilizer on fababean growth perfor-
mance.,

he To further elucidate fababean nitrogen uptake
patterns.

5. To determine quantities of nitrogen symbioti-
cally fixed by fababeans.

In order to achieve thé desired objectives four
field experiments located at Teulon, Carman, Zhoda, and
St. Claude were sown to fababeans (variety Diana ) on
May 11 and 12 at Carman, May 14 at St. Claude, May 23 at
Zhoda, and May 31 at Teulon. The experiments consisted of
a general rate study which investigated the effect of
rates of nitrogeh fertilizer surface broadcast at seeding
upon fababean growth performance. The rates of nitrogen
fertilizer employed were O, 30, 90 and 150 kg N/ha
(Table La). Single dressings of 90 kg N/ha were surface
broadcast at full bloom and early pod-fill stages on to.

plots which previously had received no nitrogen,
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In order to further elucidate fababean nutrient and
dry matter accumulation five additional O and 90 kg N/ha
treatments were inserted into each replicate in the Carman
field trial (Table 4b). Commencing three weeks after seed-
ing and continuing bi-weekly throughout the course of the
experiments, fababeans from these treatments were sampled
for yield and nutrient uptake data. In addition, soils
from these treatments were sampled to 120 cm for NO3-N
and soil moisture data., Times of harvests are presented
in Table 4b. Two of the 90 kg N/ha fababean continuous
sampling treatments had square meter areas in which
NH,NO3 was enriched with 15N. These treatments were har-
vested 49 and 77 days after seeding (Table 4b). General
harveéts of the 0, 30, 90 and 150 kg N/ha fababean treat-
ments and the 0 and 90 kg N/ha barley treatments were
conducted 50 and 80 days after seeding and at maturity at
all experimentai sites.

TABLE 4a

GENERAL FERTILITY TREATMENTS USED IN FABABEAN
FERTILITY FIELD EXPERIMENTS 1975,

Nitrogen appliéd

Treatment Number (ke N/ha)
1 0
2 30
3 Q0 8%
b 150 S
5 90 F
6 90 P

S designates nitrogen fertilizer surface broadcast at seeding

F designates nitrogen fertilizer surface broadcast at full
bloom :

P designates nitrogen fertilizer surface broadcast at early
to mid-pod-filling stage

* designates nitrogen fertilizer: enriched with 15N at Carman
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TABLE 4b

CONTINUOUS SAMPLING TREATMENTS INCLUDED IN EXPERIMENTAL
PARAGIN IN CARMAN FIELD TRIAL 1975

Treatment Nitrogen applied harvest time
number (kg N/ha? days after seeding
8 0] _1l
9 90 Rl
10 0 35
11 ‘ 90 35
12 0] 49
13 90* - 49
14 0 | 63
15 90 63
16 0 77
17 90%* 77

* indicates nitrogen fertilizer enriched with 15N

In order to study the effect of split applications
of nitrogen fertilizer on fababean yield, protein content
and fertilizer recovery a 15N-1abelled single fertility
treatment as described by Fried et 2l.(1975) was incorpor-
ated into the experimental paragin at Carman. Nitrocgen
fertilizer applied in three split applications of
30 kg N/ha at seeding, full bloom and-early pod=fill
stage. In order to determine fertilizer uptake into
fababean aerial portions from each application time three
%reatments existed. These treatments differed only in
the time of 15N~labelled fertilizer addition (Table 4c),
at seeding in 7a, at full bloom in 7b and at early pod-
fill in 7e¢. Physiologically these treatments were identi-
cal but isotopically these treatments differed and hence
gquantitative determination of the recovery of nitrogen

fertilizer applied at various growth stages was accomplished.
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TABLE Lc

ILLUSTRATION OF 15N-LABELLED SINGLE FERTILITY
TREATMENT AT CARMAN FIELD TRIAL 1975.

Nitrogen applied (kg N/ha)

Time of nitrogen application

Treatment Seeding Full Bloom early to
number Mid-pod filling
7a 30% 30 30
7o 30 30* 30
7¢ 30 30 30%

* designates nitrogen fertilizer enriched with 15x

Barley was sown at all field trials in conjunction
with fababeans enabling estimation of available soil nitro-
gen without a non-nodulating fababean isoline. Barley
treatments consisted of 0 and 90 kg N/ha surface broadcast
at seeding. Nitrogen carrier used was NH@NOBa Phosphorus,
as triple super phosphate was drilled in with the seed at
20 kg P/ha. Seeding rates and other agronomic practices

were similar to those used in 1974 field trials.

- PLANT PREPARATION

In 1973 a three meter by two row strip of individual
plots was sampled at maturity. In 1974 a 1l.5m by four
row strip of all treatments at all sites was sampled at
floral initiation to pre-blocom (40 days after seeding),
at post-bloom to early pod fill (70 days after seeding)
and at maturity. In addition commencing three weeks after
seeding and continuing bi-weekly throughout the growing

season the extra 0 and 90 kg N/ha treatments located at
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Aitona and Seven Sisters were sampled for plant aerial
yield and nutrient uptake data. Owing to the extreme
variability of germination and in size of fababeans in the
seedling state, the sampling area was three meters by four
‘rows during the first sampling. Thereafter the sampling
area used was 3 meters by two rows.

In 1975 all spring application treatments at all
sites were harvested at full bloom (50 days after seeding),
at early to mid pod-fill (80 days after seeding) and at
maturity. Fababeans fertilized with 90 kg N/ha at full
bloom and at early pod-fill, and fababeans grown in the
split application treatment were sampled at maturity.
Sampling area was 3 meters by two rows. At Carman the
0 and 90 kg N/ha continuous sampling treatments of faba-
beans were sampled = for bi-weekly plant yield and
nutrient uptake in the same manner desgribed previously
for 1974 continuous sampling treatments.

Plant samples were air-dried aﬁ 30°C for several
days and then oven dried at 70°C for 24 hours, wéighed,
ground with a Wiley mill so as td pass through a 2 mm sieve.
Mature fababean and barley samples were air dried, weighed
threshed, grain weight recorded, and ground so as to pass
through a 2 mm sieve. Percent moisture content of grain
and straw samples,was determined thus enabling calculation
of oven dry yield. All yields are reported on an oven
dry moisture basis. Total nitrogen (Kjeldahl N) was then

determined using the procedure outlined in the Analytical
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Methods Subsection. Percent protein was then calculated on
an oven dry moisture basis. The factor used to convert
percent nitrogen into percent crude protein was 5.7, that

is: % Protein = 5,7 x %N.

15y FIELD METHODOLOGY
Selected treatments in 1974 and 1975 had 1N en-

riched NH,NO3 fertilizert

applied (Tables 2a, 2b, 4a, 4b,
Le). The material used was doubly labelled NHQNOB having
enrichments of 1.5 and 2.82 atom percent excess 15y at the
90 kg N/ha and 30 kg N/ha rates, respectively. The enrich-
ments of the labelled fertilizer nitrogen applied to faba-
beans were twice as high as the enrichments which would
have been used for cereals. Enrichments were selected on
basis of 1973 fababean nitrogen uptake datavwhich indi-
cated fababeans had a potential nitrogen uptake of more than
double that of cereal Cropse ‘Due to the high cost of 15y
material only one meter squares located in the center of
individual plots were fertilized with 15NH,15NOj. The
l5NH415NO3 was surface broadcast at seeding or in the case
of the 15N=—labelled single'fertility treatments experiment
at full bloom and at early pod-fill (Table 4¢). Simul-
taneously the remaining area of individual.plots was
fertilized with u“Nthl“NOB° In order to avoid border
effects, 15N plant samples were taken from several

plants which had grown in the center of the 15N ferti-

lsupplier: Azote et Produits Chemiques, Division Pro-
‘ duits Industriels. Telex: Agroprochem - Paris
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lized square meter. Yield and protein determinations

were conducted upon plants harvested in the remaining area

of the plots.

B GROWTH CHAMBER EXPERIMENTS

In 1974 the effect of rates of nitrogen at seeding,
single large doses of nitrogen applied at critical stages
of growth, and the effect of split applications of nitro-
gen on fababean aerial yield, percent nitrogen content,
aerial nitrogen content and symbiotic fixation were studied
in two growth chamber experiments. The soil used was an
Ap horizon of a Stockton Sil (Ehrlich et al,, 1957). The
soil was neutral in pH, low in soluble salts and avail-
able NO3~N9 Other pertinent soil characteristics are
discussed in Results and Discussion. v

Fertility treatments used in the two growth chamber
Aexperiments were identical., Fababeans (Var;Diana) grown in
experiment one were inbculated'with "Legumaid" Rhiiobiale
These Rhizobia were found to be ineffective and caused great
variability in experiment one data. Hence the experiment
had to be repeated with an effective Rhizobia. Fababeans
grown in experimént two were inoculated with "Nitrogin
Corp." Rhizobia., Growth chamber experiments consis-
ted of thirteen fababean fertility treatments, and two
barley treatments. Each treatment had three replica-

tions. Individual pots contained 3000 grams of soil which

lsupplier: Ag. Labs. Inc., 1445 Chesapeak Ave.,
Columbus, Ohio, 43212, U.S.A.
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had been previously ground to pass through a 2 mm sieve.
In order to assure an adeguate supply of macro=nutrients
50 ppm of P as KHpPO, , 50 ppm of S as KZSGQ and 185 ppm
of K as KHQPOQ and K2504 were mixed throughout the soil
in each pot one week before planting fababean seeds.

Growth chamber ambient temperatures were changed
weekly to adjusted mean day and night temperatures recorded
at Brandon, commencing on a simulated May 1 and ending on
a simulated August 23 (115 day growing period). The
formulas used to derive the adjusted mean day and night
temperatures are: |

T day = MT + 2/3 (Mp - MT)

T night = MT - 2/3 (MT - M)

Where: MT = ML * M2

2
T day = Adjusted mean day ambient temperature
T night = Adjusted mean night ambient temperature
Ml = Minimum ambient temperature

M2

I

Maximum ambient temperature

The resulting adjusted mean temperature values are
presented in Appendix I A, The adjusted mean temperature
formula negated the effect of’diurnal temperature fluctu-
ation which occur in the field and which could not be
simulated in the growth cabinets. Thus average seasonal
heat units in the growth chamber were identical to average
seasonal heat units received in Brandon during the selected
growing seasohe The photoperiod used during the course

of the experiment was sixteen hours of day light and eight
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hours of night.

Eight inoculated fababeans were sown at a depth
of three centimeters into each pot. After seeding the
soils were watered to field capacity, which had been
previously determined to be 24.5% moisture content based
on oven dry soil weight. Thereafter soil moisture content
was maintained between 15% moisture and 24.5% moisture
(F.C.) based on oven dry soil weight. At the time of 50%
plant emergence fababeahs were thinned to two plants per
pot, and seeds of all other fababeans wére removed, dele-

ting a potential source of nitrogen from the growth media.

FERTILITY TREATMENTS

One week after seeding, nitrogen fertilizer in the
form of NH,NO3 was applied to appropriate treatments
with the irrigation water. Nitrogen fertilizer was applied
at this time rather than at seeding in an attemptvto mini-
mize antagonistic effects between NH1++ arid the K fertili-
zer ions which had been added one week prior to seeding.
Fertility treatments used are presentedlin Table 5;
Experiments consisted of four parts, a general rate study,
a time of nitrogen application study, a split N applica-
tion study, and a barley study. All nitrogen fertiliza-
tion treatments were tagged with l5No Fertilizer
nitrogen was applied at rates of 0, 75, 150, 300, 600

and 900 mg N/Pot.at seeding. An attempt was made
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to determine if fababeans could effectively use more
nitrogen than they could symbiotically fix. The stimula-
tory effect which small amounts of nitrogen have been
reported to have upon symbiotic fixation in legumes was
studied by the 75 mg N/Pot treatment. The 900 mg N/Pot
treatment was used to determine the maximum quantity of
nitrogen which potentially could have been assimilated by
fababeans. The use of 15N fertilizer permitted quantita-
tive determination of the proportion of plant nitrogen
derived from fertilizer nitrogen and from symbiotic and
soil nitrogen. Thus the effect of increasing increments
of nitrogen fertilizer upon fababean symbiotic nitrogen
fixation was quantitatively determined.

The effect of split applications of nitrogen
fertilizer upon yield, symbiotic perfcrmance and fertil-
izer utilization was studied by four 75 mg N/Pot applica-
tions of nitrogen applied at seeding, 6 weeks after seed-
ing, full bloom‘and early pod stages. The times of nitro-
gen applications were selected in response to U.S. soybean
literature which had indicated that nitrogen applied at
these'"physiologically critical nitrogen stages" could be
effective in inducing yield responses. In order to
quantitatively determine nitrogen fertilizer uptake for
each nitrogen application period a 15N-1abelled single
treatment fertility experiment as described by Fried
et al, (1975) was used. The plan is shown in Table 5,

Thus at seeding subtreatment 7a received lsN labelled



TABLE 5

NITROGEN FERTILITY TREATMENTS USED IN GROWTH CHAMBER

EXPERIMENTS ONE AND TWO.

Nitrogen applied (mg N/Pot)
time nitrogen applied

atom % 1oy
excess in
fertilizer

6 weeks early

after pod-

Crop Treat, seeding seeding bloom fill
Fapa- 1 0 .0 0 0
" 2 75% 0] 0 0]
" 3 150% 0 0 0
" A 300% 0 0 0
" 5 600% 0 0] 0
" 6 900%* 0 0 0]

" 7a 75% 75 75 75
" 7b 75 75% 75 75
" 7¢ 75 75 75% 75

n 7c 75 75 75 75%
" 8 0  300% 0] 0
" 9 0 0 300% 0

" 10 0 0 0 300%*
Barley 11 0 0] 0 0]
" 12 300%* 0 0 0

0
8.14
3.64
2.12
2,12
0.81
8.14
8.14
8.14
8.14
2.12
2,12
2,12

0
R.12

* indicates fertilizer labelled with 1°N.
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subtreatments b, ¢, d receivedvunlabelled fertilizer.
At the 6 week application time only 7b received 15y-
labelled fertilizer, full bloom only 7c¢ received Loy-
labelled fertilizer and at early pod only 7d reeeived
%SNslabelled fertilizer@ The four subtreatments were
physiologically identical, though each subtreatment had
15y applied at a different time. Thus quantitative
determination of nitrogen fertilizer efficiency for each
application time could be determined.
The effect of adding single large applications

of nitrogen on fababean performance was studied by adding
BCO mg N at the same growth stages split N applications

were added (Table 5). The fertilizer used was labelled
with lSN, thus it was possible to compare the effect of
time of nitrogen application upon nitrogen uptake from
split and single applications,

Barley (Hordeum vulgare var. Conquest) was also

grown at two levéls of nitrogen, O and 300 mg N/Pot applied
at;seeding° Barley was used to measure the quantity of
soil nitrogen that was available to fababeans during the
experiment°

Fababeans were harvested 115 days after seeding
-and barley 90 days after seeding. In addition faba-
bean leaves which abscised during the course of the
experiment were collected and added to the harvested plant
 material at harvest time. Plants were oven dried (70°C

for 24 hours), weighed, and ground to pass through a
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2 mm sieve, Both total nitrogen and 15N were determined

in the plant material.
G: ANALYTIC PROCEDURES

- SOILS

The following analytic methods were used to deter=-
mine characteristics of the experimental site soils. The
majority of the methods employed were those currently

used by the Manitoba Provincial Soil Testing laboratory.

a} N03~N determination:

Soil NO3-N concentrations were determined by
hydrazine reduction using a modification of the automated
colorimeteric procedure of Kamphake et al. (1967), the
method currently used by the Provincial Soil Testing
laboratorya Bulk density data were used to convert

ppm NO3=N into kg NO3-N/ha.

b} Phosphorus

NaHC03 extractable soil phosphorus Qas colori-
metrically determined by a modified Olson et al. (1954)
method using asorbic acid as the reductant for the
phosphomolybdate éomplexe Results are expressed in ppm

phosphorus.

¢) Potassium
NHQOAC extractable potassium concentrations were

determined by flame photometry using lithium as an
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internal standard. Results are presented in ppm potassiume.

d} Sulfate = Sulfur

Water soluble sulfate-sulfur was determined by the
turbidmetric method described by Bardsley and Lancaster
(1960) . Bulk density data were used to convert ppm 804'
into kg 50,,-S/ha.

e) Soil pH

The electrometric method of measuring pH of a
soil-water suspension described by Peech (1965) was used.
pH was measured with a Fisher Combination Electrode on a
Radiometer pH meter.

f) Soil conductivity

The same soil-water suspension used for the soil
pH determination was used for soil electrical conductivity
analysis. Electrical conductivity was measured using a
Fisher Combination electrode on a Radiometer conductivity
meter. Results are expressed in mmhos/cme

g) Soil Organic Matter Content

Walkley and Black's dichromate oxidation method
described by Allison: (1965) was used to determiné soil
organic matter. Results are expressed in percent organic
matter,

~ 1) Field Capacity

Field capacity of the soil used in growth chamber
experiments one and two was determined using plastic
cylinders into which air dried soil had been placed. The

top portion of scil in the cylinder was saturated with
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water. After twenty-four hours the water percentage of
the wet portion of the soil was determined on an oven
dry basis. Hence results are expressed as percent moisture

in oven dry soil,

PLANT MATERIAL ANALYSIS

a) Total nitrogen content

Total plant nitrogen was determined by the modified
Kjeldahl - Gunning method described by Jackson (1958).
The digestion accelerator used was a Kelpak1 No. 2, which
contained 0.3 g CuSO, and 10.0 g KS0,. .

b) Excess atom % 1°N

Abundance of tracér 15N in a plant sample was
determined by mass Spectrdmetric analysis of enriched
plant material using a modification of the'method descri-
bed by Bremner‘(1965). Ammonium released from plant
material during a Kjeldahl determination was distilled
into 25 to 50 ml of O.1N H»30, containing methyl red
indicator,ammonium content wgs determined by back titra-
tion with standardized O,1K NaOH. The distillate was then
acidified with a drop of concentrated H2304» and then
evaporated on a hot plate, or in an oxen, until the solu-
tion volume wgs reduced to five milliliters. If all liquid
in-the.distillaté. evaporated several ml of distilled
water were added, and the NH, S0, was redissolved. The

sample was placed in a numbered test tube, capped with a

lgupplier: Canadian Lab. Supplier, Ltd.
80 Jutland Road, Toronto, Ontario.
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rubber stopper and stored in a refrigerator set at 4 to 5° C
prior to further analysis,.

Nitrogen gas was manufactured by sodium hypobromite
oxidation of the ammonium solution. The apparatus used
was similar to that used by Pang (1969) Fehr (1969) and
McGill (1972}, and the method used to prepare elemental
nitrogen gas was a modification of the method described
by Bremner (1965), Thé modifications consisted of dis-
carding the use of liquid nitrogen around the Rittenberg
reaction vessel after mixing of the enriéhed 15N solutioh
and sodium hypobromite solution and prior to releasing the
nitrogen gas into the evacuated collection vessel. The
use of liquid nitrogen lowers partial pressure of water and
thus prevents gaseous water from entering into the mass
spectrometefe Since the use of liquid nitrogen was
cumbersome and time consuming, a new method of removing
H,0 vapor from the gas sample was suggested by C.M. Chole
The method consisted of adding several KOH crystals to the
gas collection tube. Since KOH is a strong desiccant water
vapor was removed from the gas sample inside the gas
collection tube, therefore greatly expediting gas pre-
paration.

A MAT GD 1500 mass spectrometer was used., Since
only ion intensities of mass 28 and 29 were measured

the formula used to convert ratios of

1 ¢c.M. Cho. Professor. Department of Soil Science,
University of Manitoba. Winnipeg, Manitoba.
R3T 2N2
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mass 28 and 29 to atom % 15 N was the formulz described

by Bremner (1965);

Where: Atom % Ly = 100
: 2 (ll"Nll""N) +1
(Lhyion)

This equqtlon is only valid when the system
14N2 + 15y, = 2 Lhy15y is in equilibrium:

(Lby15y)2
ie — ) = K=
(thzl(}5N2)

The equilibrium value of four has been verified on the

apparatus used in previous works (Pang 1969, Fehr 1969).

ANALYSIS OF 15N STANDARDS

Samples of 1°N fertilizers used in all experiments
underwent mass spectrometric analysis for 15N enrichment.
Since NH4N03 was the nitrogen carrier used in all experi-
ments it was nécessary to reduce the NO3 to NHA before
gas preparation. NHANOB fertilizers were dissolved into
water and sufficient quantity of solution which contained
80 mg N was drawn off and placed in a 700 ml Kjeldahl
flask, 270 ml distilled Hy0 and 1.0 to 1.5 grams of
Devarda's alloy (45% Al, 50% Cu, 5% Zn) a reducing agent
Qefe-édﬁéd, The resulting mixture was distilled into 40 ml
of'O¢1NfHZSOh until approximately 180 ml solution was
distilled. Percent nitrogen was then determined by titra-
tion with O.1 N NaOH. Samples were then treated in same

manner as described for plant material 15y determinations.
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15y carcuLaTIONS

15N and 14N, by virtue of the tracer theory are
assumed to be chemically and physically indistinguishable
in the soil. Therefore, only simple dilution calculations
were required to convert determined plant Loy concentra=-
tions into total fertilizer nitrogen concentrations in
the plant. Natural abundance was assumed to be 0,375
atom % 15y,  Atom % excess 158 in plant material was
calculated by subtracting percent natural abundance from

percent 1oy in plant material considered. The formula

used to convert atom % excess 15N into lSN uptake was:
1) lSN - % 15N excess in plant tissue x yield x % N
Uptake ‘ 104

From this calculation percent recovery of applied fertil-

izer was calculated by:

% nitrbgen Total 17N uptake (from equation one)
2) fertilizer = atom % 15N excess in fertilizer x 10”4
recovery x fertilizer rate

CALCULATION OF QUANTITY OF NITROGEN SYMBIOTICALLY FIXED
BY THE FABABEAN

Quantity of‘nitrogen symbiotically fixed by faba-
beans was determined by subtracting quantity of aerial
nitrogen dérived from soil and fertilizer sources from
total above ground fababean nitrogen. That is:

V.8f N, = T,VeNe_— S.N, = F.N,
Where: V.Sf.N. = quantity of fababean aerial nitrogen de-
rived from symbiotic nitrogen fixation

T.V.N, nitrogen uptake into fababean aerial

portions
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S.N. = quantity of fababean aerial nitrogen
derived from soil nitrogen
F.N. = quantity of fababean aerial nitrogen
‘derived from nitrogen fertilizers
Nitrogen uptake into fababean aerial portions was cal-
culated by multiplying oven dry aerial yield by oven dry per-
cent nitrogen content. Quantity of fababean aerial nitrogen
derived from soil nitrogen was determined by non nodulating
fababeans and/or barley aerial nitrogen uptake. Quantity of
fababean aerial nitrogen derived frbm'nitrogen fertilizers
was determined directly by 15N techniques, and indirectly by
non nodulating fababean and/or barley fertilizer nitrogen

uptake.

STATISTICAL METHODS

Since all field experiments were of a random block
design analysis of variance was conducted by computerized
methods, Two way analysis of variance, measuring treatment
variance and replicate variance was conducted in the manner
described by Steel and Torrie (1960), Intratreatment
significance was determined by Duncan's New. Multiple Range
test using a 95% probability level as the significance level.

Growth chamber experiments were of a comﬁletely
randomized: design, and hence analysis of variance was cal-
culated in the manner described by Steel and Torrie for
randomized experiments. Intratreatment significance was
calculated and illustrated by Duncan's multiple range

test using the 95% significance level.,
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IV RESULTS AND DISCUSSION
FIELD TRIALS - 1973

Work conducted in Manitoba showed that yields of
fababeans grown on non-fallowed land were significantly
increased by the addition of nitrogen fertilizers at
rates up to 67 kg N/ha surface broadcast at seeding, and
that yield of fababeans grown on fallow land was unaf-
-fected by all rates of nitrogen fertilizers surface broad-
cast at seeding (Rogalsky, 1972}. Experimental data
suggest that these fababeans were incapable of symbioti-
cally fiiing sufficient nitrogen for optimum grbwth, and
hence were incapable of achieving potential seed yield
when relying predominately upon symbiotic nitrogen fixa-
tion. Rogalsky (1972) alsc noted that nitrogen fertilizers
placed with fababean seed had no adverse effect upon faba-
bean germination and subsequent seed yield.

In order to elucidate fababean fertilizer, and total
nitrogen"requirements more fully three field trials were
conducted during the summer of 1973. However, due to in-
festation of wild mustard (Brassica nigra L.) one of the
trials was discarded. Field trials were located at
Carman and Carberry. The legal description of the Carman
site was SW 9-7-4W, and the legal description of the
Carberry trial was NE 8-12-15W, The objectives of the
field trials were:

l. To determine yield and protein content of

fababeans at various rates and placements of nitrogen,



phosphorus, potassium and sulfur fertilizers.

2, To study the effects of carbonated and non-
carbonated soils upon yield response of fababeans to nitro-
gen, phosphorus, potassium and sulfur fertilizers,

3. To determine nutrient uptake by fababeans.

Le To study the effect of drilled compared to
broadcast nitrogen on fababean germination and yield.
Methods used to achieve these objectives are described in

the Methods and Materials section.

SOILS

The soil at the Carman experimental site was a
gleyed Rego Black developed on coarse textured lacustrine
deposits and was mapped as an Almasippi very fine sandy loam
- (Ellis et al, 1943). The soil at Carberry was an Orthic
Black developed on sandy outwash and was mapped as a
Stockton fine sandy loam (Ehrlich et al, 1957). Soils
at both experimental sites had been cropped the previous
year. At seeding, N03 content of the Stockton FSL was
low according to Provincial Soil Testing Laboratory guide-
lines, while the.Almasippi'VFSL contained medium quanti-
ties of NO3. Other pertinent soil characteriétics are

presented in Table 6.

RESULTS
Seed and straw yields were high with little vari-
ation occurring among treatments at both experimental sites.

- Data indicate that application of nitrogen fertilizer



TABLE 6

Some Characteristics of Soils in 1973 Field Trials

NaHCO
conduc= Nitrate-Nitrogen extract- Exchange-
tivity Content (kg/ha) able able
Site Soil Name Texture pH mmhos/ecm 0-60cm 0-120cm  P(ppm}  K(ppm)
Carman Almasippi VFSL 7.8 0.7 L3 53 8.0 L74
(Gleyed
Rego
Black)
Carberry Stockton FSL 7.6 0.5 19 25 bo? L8l
(Orthic
Black)

34
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surface broadcast at seeding at rates up to 202 kg N/ha, and
nitregen placed with the seed at rates up to 67 kg N/ha had
no significant affect upon fababean seed and straw yiélds
(Table 7). Percent protein content of fababean seed and
straw (Table 8) and nitrogen uptake into above ground
fababean plant material (Table 9)‘appeared to have been
unaffected by nitrogen fertilization, but due to sampling
procedures used, analysis of variance of these data could
not be conducted and therefore statistical verification of
these observations was not possible. These dataAare in
agreement with Furopean reports (Moukova et al., 1968,
McEwen, 1970, and Rinno et al, 1973) which state that yield
and percent protein content of fababeans were not affected
by rates of nitrogen fertilizers surface breadcast at seed=
ing. These data however are not in full.agreement with
Rogalsky's work (1972) which indicated maximum seed yield

of fababeans grown on non-fallowed soil in Manitoba was

not obtained without éupplemenial nitrogen additions. The
reason for this discrepancy is not apparent but could be

due to poor nodulation in Rogalsky's fababeans.

Grain yield to straw yield ratios were vnaffected- by
nitrogen applications, and were calculated to be 0.95:1 at
Carberry, and 1.04:1 at Carman. These ratios are similar
to grain : straw ratios obtained in cereals grown in
)l

Manitoba (Racz, 1976 per. com.

1g.4J. Racz, Professor, Department of Soil Science,
University of Manitoba. Winnipeg, Manitoba.
R3T 2N2



TAB

LE 7

EFFECT OF NITROGEN FERTILIZER~ ON GRAIN AND STRAW YIELDS

OF FABABEANS IN FIELD TRIALS 1973.

Yield (kg /ha.)

Field Trial Location

Nitrogen Carberry
applied
(kg N/ha ) Grain Straw
0 3476a 3432a
34B 36L5a 3687a
67B 3274a 3374a
202B 3339a 3735a
34D 3011a 3500a
67D 3443a 3517a

Carman
Grain Straw
2871a 2771a
2719%a 2402a
2971a 2783 a
2910a 2837a
2593a 2615a
2456a 24,58a

B = nitrogen surface broadcast after seeding

D = nitrogen drilled in with seed.

(numbers followed by same letters in columns are not significantly

- different at P = 0,05 by Duncan's Multiple Range.)

19



TABLE 8

EFFECT OF NITROGEN FERTILIZATION ON PERCENT PROTEIN CONTENT IN SEED
AND STRAW OF FABABEANS IN FIELD TRIALS 1973,

1

Percent Protein— Content

Field Trial Location

Nitrogen Carberry ' ~_Carman

applied. A o _
(kg N/ha. )} Grain  Straw Grain  Straw
O 31@8 660 3009 7ol
34B 30.8 5.6 29.8 7.1
678 30.4 507 29.6 75
202B 31.7 6.7 28,6 75
34D 30.7 6.0 30,1 - 8.0
67D 30.7 567 28.9 8.1

B¥nitrogen surface broadcast after seeding
D®nitrogen drilled in with the seed,

1: Protein content of grain based on oven dry moisture cocntent,
Protein content of straw based on air dry moisture content.
Protein factor = 5.7 x %N :

9¢



TABLE 9

EFFECT OF NITROGEN FERTILIZATION ON NITROGEN UPTAKE INTOQ
FABABEAN SEED AND STRAW IN FIELD TRIALS 1973,

Nitrogen Uptake (kg N/ha) into Fababean Seed and Straw

Field Trial Location

Nitroegen Carberry N v Carman
applied

(kg N/ha ) Grain Straw Tot al Grain  Straw Total
0 178 36,0 214.0 150 344 184.4
34B 181 36.1 217.1 131 0.0 161.0
67B 161 34,1 195.1 141 36,5 17745
202B 172 43,7 215.7 _ 134 37.2 171.2
34D 149 36.8 185,.8 126 36.6 162.6
67D 170 35.5 205.5 114 35.1 149.1

B = nitrogen fertilizer surface broadcast at seeding
D = nitrogen fertilizer drilled in with seed.

LS
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Percent crude protein in fababean seed was high acéording
to levels mentioned by Evans et al.(1972). Nitrogen
uptake (Table 9) intc above ground fababean portions was
high, ranging from 149 to 187 kg N/ha in_Carmaﬁ fababeans,
and from 185 to 217 kg N/ha in Carberry fababeans. The
distribution of nitrogen in fababean aerial plant portions
was calculated. At Carberry 80.5% of fababean aerial
nitrogen was located in the seed and 19.5% in other plant
parts. At Carman 82% of the fababean aerial nitrogen was
located in the seed and 18% in other plant parts. These
figures do not take into account nitrogen contained in
abscised leaves which could not be determined, and hence
the ratios are somewhat biased in favor of seed produc-
tion at the expense of leaf production.

Results showed that nitrogen fertilizer had no
effect upon yield, and protein content of fababeans grown
i;msoils which contained low and medium contents of avail-
able NO3 at seeding. Data indicate fababeans which were
grown in these field trials were not nitrogen deficient,
suggesting that they symbiotically fixed sufficient nitro-
gen for attainment of maximum yield and protein contents
possible when grown in environmental conditions which
prevailed during the course of the experiment. Thus yield
and protein content of fababeans were independent of content
of available inorganié soil nitrogen. The Almasippi VFSL
at Carman contained 2.1 times more N03 to 120 cm than did

the Stockton FSL at Carberry (Table 6), however the
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average fababean seed yield at Carberry was 23% higher
than at Carman. These data suggest that fababeans fixed
adequate nitrogen, in agreement with McEwen (1970) who
reported that seed yield of fababeans was not limited by

low contents of available inorganic soil nitrogen.

FIELD TRIALS - 197L

Fababeans grown in 1973 field trials did not
respond to nitrogen fertilizer applied in vafious rates
and placements when grown in soils containing low and
medium NO3 contents at seeding. Lack of response was
attributed to sufficient symbiotic nitrogen fixation for
plant needs. These data did not agree with Rogalsky's
(1972) report which indicated fababeans required supple-
mental nitrogen additions in order to achieve potential
seed yield when grown in non-fallow Manitoba soils. In
order to resolve this discrepancy three field trials were
conducted during the summer of 1974. The objectives of
the field program were:

l. To determine the effect of rates of nitrogen
applied at seeding on nodulated fababean yield, percent
protein content and nitrogen uptake,

2. To determine the effect of nitrogen fertilizer
applied at seeding on nonnnbd fababean yield, percent
protein content, and nitrogen uptake.

3. To determine the effect of nitrogen fertiligzer
on fababean dry matter accumulation and aerial nitrogen

uptake.
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4o To determine the quantity of fababean aerial
nitrogen derived from symbiotic nitrogen fixation.
Experimental designs and methods are discussed in the
Methods and Materials section.

In 1974 field trials were conducted at three sites;
Altona, Pilot Mound, and Seven Sisters. The soil at the
experlmental site at Altona was an Orthlc Black developed
on sandy lacustrine and deltaic deposits and was mapped
as an Altona FSL (Ehrlich et al, 1953). The soil a; Pilot
Mound was an Orthic Black developed on mixed till and water
deposits and was mapped as a Snowflake CL (Ellis et al, 1943)
The soil at Seven Sisters was a Gleyed Dark Grey developed
on lacustrine clay over strongly calcareous silty deltaic
deposits and was mapped as a Framnes CL (Smith et al, 1967).

Soil sampling at seeding showed that all soils were
base saturated’and had low soluble salt concentrations
(Table 10). Available phosphate (NaHCO3 extractable) con-
centrations rated by Provincial Soil Testing Laboratory
guidelines were very low in the Snowflake CL and Framnes
CL and low in the Altona FSL. Potassium (NaOAc exchange-
able) concentrations were high in all experimental sites.
Water soluble sulfate contents in the O.to 60 cm depth
increment were adequate at all sites except Seven Sisters
where sulfur fertilizers would have been recommended for
rapeseed production. All sites had medium contents of N03

in the O to 60 cm depth increment according to Provincial



Some Characteristics of Soils in 1974 Field Trials

TABLE 10

Conduc- Nitrate Nitrogen NaHCO, Exchange- Sulfate Sulfur

‘ Tex- tivity content (kg/ha) Ext. able content (kg/ha)
Location Soil Name ture pH mmhos/cm ~U=60cm O-120cm  P(ppm) K(ppm) 0-60 cm O-120am
Altona Altona " FSL 8.0 Ooly 31 Ll .2 265 31 184
(Orthie .
Black) -
Pilot Snowflake CL 6.9 0.3 -35 53 4.8 356 140 381
Mound (Orthic
Black)
Seven Framnes CL 7.0 0.3 ;28 64 1.8 154 17 26
Sisters (Gleyed . N ,
Dark
Grey)

19
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Soil Testing Laboratory guidelines (Fehr, 1974).

EFFECT OF NITROGEN ON YIELDS OF NODULATED FABABEANS

Climatic conditions in 1974 were unfavorable for
good fababean growth. A wet spring delayed seeding and
thus the seeding dates were May 29 at Altona, June 1 at
Pilot Mound, and June 10 at Seven Sisters. Hotidry wegther
encountered in July resulted in lower than average pod
set and premature senescence of the plants at the Altcna
site. Fababeans grown at Seven Sisters and Pilot Mound
were killed by frost in late August, resulting in reduced
grain yields due to the presence of a large quantity of
unfilled seeds.

Yield of fababeans harvested during floral initia-
tion to pre-bloom stages (40 days after seeding) and during
post bloom to early pod-fill stages (70 days after seeding)
was generally unaffected by rates of nitrogen fertilizer
applied at seeding (Table 11). Exceptions occurred at
Pilot Mound where the 60 kg N/ha treatment significantly
increased yield of pre-bloom fababean forage, and at Altona
where the 300 kg N/ha treatment significantly increased
yield of fababeans harvested during early pod-filling
stages. Yield of fababeans harvested biweekly throughouﬁ
the growing season was. unaffected by the application of
90 kg N/ha at seeding, substantiating general harvest data.
The period of maximum dry matter accumulation was found to

occur during early to mid pod-filling stages of fababean



TABLE 11

EFFECT OF NITROGEN FERTILIZER® ON AERIAL YIELD OF NODULATED
FABABEAN FORAGE HARVESTED 4O. AND 70 DAYS AFTER
SEEDING IN FIELD TRIALS 1974.

Yield of Forage (kg /ha )

Field Trial Location

Nitrogen Pilot Mound - Seven Sisters Altona
applied , .
{kg N/ha )} 40 d 70 d 40 d 704 40 d 70 d

0] ~ 824a 3521a 896ab 3810a 791a 2201ab
30 992ab 2975a _ 802ab L226a 915a 2488ab
60 1179b 2982a 762a 4,828a 92l1a 2350ab
90 913ab 2934a 830ab 3923a 1020a 1925a
150 1129ab 3886a 841ab 4543a 1048a 2122ab
300 1040ab 3399a 1021b 4300a 987a 2798b

(numbers followed by same letters in columns are not significantly different
at P = 0,05 by Duncan's Multiple Range.)

£9
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growth. During this growth period rate of dry matter accum=
ulation tended to be greater, though not significantly
greater in fababeans fertilized with 90 kg N/ha than in
control fababeans. Thus at Seven Sisters maximum dry matter
““““ production was 259 and 321 kg dry matter/ha/day by un-
fertilized and fertilized fababeans respectively. At
Altona unfertilized fababeans produced 92 kg dry matter/ha/
day, and fertilized fababeans produced 143 kg dry matter/

ha/day . during their period of maximum growth,

Fababean seed and straw yields were low and vari-
able in 1974 field trials. No rate of nitrogen fertili-
zer employed consistently increased seed and straw yields
(Table 12), however significant effects occurred at Seven
Sisters where the lowest nitrogen application rate em-
ployed (30 kg N/ha) significantly increased seed but not
straw yields, the 60 and 90 kg N/ha significantly increased
straw but not seed yields, and the 300 kg N/ha treatment
significantly increased both seed and straw yields. At
Altona and Pilot Mound all treatments had similar seed and
straw yields. These data are in general agreement with
1973 data which'indicaﬁed neither rate nor placement of
nitrogen fertilizer affected fababean seed and straw

s yields. Seed to straw yield ratios were calculated to

| be 0.66:1 at Pilot Mound, 0.26:1 at Seven Sisters, and
O.41:1 at Altona. These ratios are considerably lower than
those calculated from 1973 data and were due to premature

senescence caused by fall frosts. It was observed that



TABLE 12

EFFECT OF NITROGEN FERTILIZATION ON INOCULATED FABABEAN

SEED AND STRAW YIELDS IN FIELD TRIALS 1974.

Nitrogen
applied
(kg N/ha }

0]
30
60
90

150
300

Yield

(kg /ha )

Fieid Trial Location

Pilot Mound

Grain - Straw
1669ab 2574ab
1307a 1901a
1863b 27200b
1246a 1987a
1562ab 2404ab
1562ab 2281ab

‘Seven Sisters
Grain Straw

- 148la 5427a
1876b 6504ab
1717ab 6604b
1483a 65800b
1708ab 6370ab
18590 6899b

Altona
Grain Straw
745a 1890a
670a 1894a
950a 2211a
850a 2122a
975a 2209a
970a 2161a

{numbers followed b
at P = 0,05)

y same letters in columns are not significantly different

59
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fababean seeds produced in 1974 were smaller than those

produced in 1973 field trials indicating fababean seeds did

not have the opportunity to fill out fully in 1974. Thus
it appears that low seed yields encountered in 1974 were
not due to a lack of available nitrbgens but‘to environ-
mental factors.,

EFFECT OF NITROGEN FERTILIZERS UPON PERCENT CRUDE PROTEIN
IN NODULATED FABABEANS:

Percent crude protein contents of fababean forage
were generally unaffected by nitrogen fertilization (Table
13). HoweVer, at Seven Sisters the 60 kg N/ha treatment
significantl& increased percent crude protein in pre-bloom
fababean forage, though in subsequent harvests this effect
disappeared. At Seven Sisters, percent protein content
of fababeans harvested during mid-pod stages were signifi-
cantly increased in 300 kg N/ha treated fababeans.

Percent fababean crude protein content decreased
with advancing crop maturity (Table 13). Percent protein
content of fababean forage groWn in the control treatment
at Seven Sisters decreased from 24.6% when harvested 25
days after seeding to 17,0%.when harvested 71 days after
seeding. The trend of decreasing plant protein content
with advancing crop maturity has been well documented in
alfalfa (Barnes and Gordon, 1972) and in soybeans (Hanway
and Weber, 1971).

Percent protein content of mature fababean seed

remained unaffected by all but the highest rate of nitrogen




TABLE 13

EFFECT OF NITROGEN FERTILIZATION ON PERCENT PROTEIN CONTENT OF
NODULATED FABABEAN FORAGE AT 40 AND 70 DAYS AFTER
- SEEDING IN FIELD TRIALS 1974,

Percent Proteinl in Fababean Forage

Field Trial Location

Nitrogen Pilot Mound Seven Sisters Altona
applied o . '
(kg N/ha. ) 40 d 70 d 40 d 70 d 40 d 70 d-
0 o 20, 4ab 12,7a 21.2a 16.7ab 20.0¢ 12.7a
30 19.6a 11.9a 22.2ab 16.1a 19.9¢- 15.1b
60 21.3b = 12.0a 24.1b 16.4ab 18.9bc  15.3Db
90 20.6a 14.0a 22.2ab  18.0be 17.6a 13.9ab
150 21.1b 13.3a 22.6ab  17.1b 18.7ab  1li4.4ab

300 19.6a 13.2a 22,3ab  20.6¢c 17.8ab 15.6b

(numbers followed by same letter within a column are not significantly
different at P = 0.05 by Duncan's Multiple Range.)

1l: Protein reported on oven dry moisture content, Protein factor = 5.7 x %N

L9
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employed (Table 14). At Seven Sisters and’Altona_the 300
kg N/ha treatment significantly increased percent protein
content of fababean seed. At Altona application of 30

kg N/ha significantly decreased percent protein of faba-
bean seed. Percent protein contents of fababean seed
grown in 1973 field trials were higher than those encoun-
tered at Seven Sisters and Pilot Mound and similar to
protein contents obtained at Altona. However all seed
protein contents are within the range reported for Mani-

toba by Evans et al.(1972).

EFFECT OF NITROGEN ON NITROGEN UPTAKE INTO FABABEANS

Aerial nitrogen uptake into fababean forage was not
affected by nitrogen fertilizers. Therefore above ground
nitrogen contents of all fababean treatments were generally
similar (Table 15). Due to large variability in yield and
percent nitrogen contents some exceptions occurred. At
Pilot Mound nitrogen uptake into forty day fababeans was
significantly increased in the 60 and 150 kg N/ha treat-
ments. At Altona nitrogen uptake into seventy day faba-
bean forage was increased in the 30 and 300 kg N/ha treat-
ments. These data are confirmed by biweekly determination
of nitrogen uptake into fababean forage which demonstrated
that unfertilized and fertilized fababeans contained
similar quantities of nitrogen throughout the growing
.season. At Altona fababeans appeared to lose nitrogen-

during the 55 to 67 day period. This dip in the nitrogen



TABLE 14

EFFECT OF NITROGEN FERTILIZERS ON PERCENT PROTEIN CONTENT OF SEED
AND STRAW OF NODULATED FABABEANS IN FIELD TRIALS 1974.

Percent Proteinl! Content of Fababean Seed and Straw

Field Trial Location

Nitrogen Pilot Mound Seven Sisters . ‘ Altona
applied : ' _
(kg N/ha ) Grain Straw Grain  Straw Grain = Straw
0] 22,7ab Lo3 29.1a 10.6 31.8bc 11.3
30 22,.1a 563 29.3ab 8.9 28.6a 9.9
60 - 21.7a Lo7 29,.5ab 8.0 ' 30.5b 10.8
90 243D 50l 29.5ab 9.2 32.4¢ 11.5
150 - 23.3ab 562 29.6ab 9.1 32.6¢ 10.8
300 22.5ab 6.2 30.3Db 10.5 33.1d 11.3

(numbers followed by same letters in columns are not significantly different .
at P = 0,05 by Duncan's Multiple Range.) '

1: Protein reported on oven dry moisture content, Protein factor = 5,7 x %N

69



TABLE 15

EFFECT OF NITROGEN FERTILIZATION ON AERIAL NITROGEN UPTAKE
INTO NODULATED FABABEAN FORAGE HARVESTED 40 AND 70 DAYS
AFTER SEEDING IN FIELD TRIALS 1974.

Nitrogen uptake (kg N/ha )} into Fababean Forage

Field Trial Location

Nitgoggn Pilot Mound Seven Sisters Altona
applie : v
(kg N/ha ) 40 d 70 d _ 40 d 70 4 40 d 70 d
0 29.4a 77.32ab 33.1a 118.9a 28.1a L7.7a
30 34.2ab  62.4a 31.1a 119.8a 32.1la 65.9bc
60 4L3,7b 82,6ab 32.4a 137.8a 31.8a 63.3abc
90 30.9a 72.1lab 32.3a 128.5a 33.8a L4bH.Ra
150 _ 41.6b 90,.7b 35.0a 131,.5a 32.7a 53.0ab
300 35.7ab 76 .9ab 40.7a 152.3a 30.7a 76.7¢

(numbers followed by same letters in columns are not significantly different
at P = 0.05 by Duncan's Multiple Range.)

oL
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uptake curve (Fig.l) was caused by large quantities of
leaves beingab5018@@  due to dry, hot climatic conditions.
- Since leaves were not collected from the ground at the
time of harvest nitrogen content of 67 day old fababeans
was'less.than 55 day fababean nitrogen content. At Seven
Sisters application of 90 kg N/ha at seeding had no

effecﬁ upon nitrogen uptake into fababean aerial portions,
and hence cufves for nitrogen uptake into control fababeans
and fababeans'fertilized with 90 kg N/ha were similar
(Fig.Z). Due to more favorable growth conditions at

Seven Sisters, nitrogen uptake into nodulated fababeans
continued'progressively during the course of the experi-
ment. Maximum rate of nitrogen uptake occurred during
post bloom to early pod-filling stages. These data are

in agreemént'with soybean data (Hanway and Weber, 1971)
which indicated maximum nutrient accumulation occurred
between full bloom to late pod-filling stages, closely .
approximating rates of dfy matter accumulation.

| Seascnal nitrogen uptake into fababeans determined
by summation of seed and straw nitrogen contents was lower
in fababeans grown in 1974 field trials than in fababeans
grown in 1973 field trials (Tables 8 and 16). Since
nitrogen contents of straw samples were determined on a
composite sample obtained at the time of threshing, analy-
sis of variance could not be deﬁerminedo However, at Seven

Sisters data indicate nitrogen uptake into fababean seed
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FIGURE 1: Effect of 90 kg N/ha surface broadcast at seed-
ing on seasonal nitrogen uptake into aerial
portions of fababeans in Altona field trial 1975.
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}Effect of 90 kg N/ha surface broadcast‘at seed-

ing on seasonal nitrogen uptake into aerial
portions of fababeans grown in Seven Sisters
field trial 1975.



TABLE 16

EFFECT OF NITROGEN FERTILIZATION ON NITROGEN UPTAKE INTO

SEED AND STRAW OF INOCULATED FABABEANS
IN FIELD TRIALS 1974.

‘Nitrogen Uptake into Fababean Seed and Straw (kg N/ha)

Field Trial Location

Nitrogen Pilot Mound Seven Siéters Altona
applied ' o
(kg N/ha ) Grain Straw Total Grain Straw Total Grain Straw Total
0 66.4b 19,3 85,7 75.3a 101 176.3 L1l.2a 37.6 78.8
30 50.1a 17.7 67.8 96.6b 102 198.6 33.5a 33.0 66,5
60 70,.8b 22.3 93.1 86.6ab 92.5 179.1 50,.8a 42,0 92,8
90 51.5a 18.7 70,2 76.7a 107 183.7 - 48.1a 42,9 91.0
150 58 .8ab 22,1 80.9 86,7ab 102 188.7 56.0a L2,.0 98.0
300 6l.8ab 24,6 86.4 98.6b 127 225.6 55.6a  42.8 98,4

(numbers followed by same letters in columns are not significantly different

at P = 0.05 by Duncan's Multiple Range.)

1L
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and straw increased with increasing increments of nitrcgen
fertilization. Nitregen uptake into fababean seeds was
increased by all levels of nitrogen fertilization, though
significant increases occurred only in 30 and 300 kg N/ha
treated plots (Table 16). Total‘aerial nitrogen uptake
into Altona and Pilot Mound fababeans was considerably
lower than nitrogen uptake into fababeans grown at Seven
Sisters. Nitrogen uptake into fababeans grown at Pilot
Mound was. similar in all treatments. At Altona total
aerial nitrogen uptake appeared to have been increased
by nitrogen fertilization, though seed nitrogen data
suggest that these increases were not significant\(Table_
16},

Total aerial nitrogen contents of‘Seven Sisters
fababeans were similar to the quantities reported for
1973 field trials. However, the distribution of nitrogen
within plant parts was different. At maturity 45% of
above-ground nitrogen was located in fababean seed in
Seven Sisters field trials, iﬁ 1973 field trials 81.3%
of the total aerial nitrogen was contained in fababean
seed. These data indicate that fababeans grown at Seven
Sisters suffered premature senescence which resulted in
cessation of nitrogen translocation from vegetative to
seed plant parts. This effect also occurred at Altona and
Piiot Mound where percentage total aerial nitrogen located
in fababean seed was calculated to be 54% at Altona and

74% at Pilot Mound.
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Yield, percent protein content, and nitrogen uptake
data indicate that fababeans grown in 1974 field trials
were not nitrogen deficient at any stage of growth there-
fore ' indicating that soil inorganic nitrogen contents and
symbiotically produced nitrogen were sufficient to meet
fababean'requirements. If fababeans had been nitrogen
deficient, biweekly fababean yield and nitrogen uptake
determinations would have revealed time and severity of
the deficiency. Since fertilizing fabaﬁeans had no
significant effect upon nitrogen uptake into aerial faba-
beans throughout the growing season (Fig. 1 and 2) faba-
beans were assumed to have had sufficient nitrogen during

all growth stages.

EFFECT OF NITROGEN FERTILIZERS UPON NON NODULATED FABABEANS

Uninoculated fababeans were sown in conjunction with
inoculated fababeans at Seven Sisters and Altcna field
trials in the manner described in Methods and Materials.
It was assumed that experimental soils did not contain
naturalized rhizobia species capable of nodulating faba-
beans, as it was imperative that no nodulation should
occur. It was considered thatnodules which were inefféc-
tive but present would cause erroneously low values of
“nitrogen uptake into above ground portions due to parasi-
tic effects, while presence of unwanted effective nodules
would have resulted in erroneously high nitrogen uptake

values due to the occurrence of unwanted symbiotic nitrogen



77

fixation. Non nodulated fababeans were used»to measure soil
and/or fertilizer nitrogen contributions to fababean nitro-=
gen nutrition in the same manner non-nod soybean isolines
have been used (Weber, 1966). The quantity of symbioti-
cally fixed nitrogen contained in nodulated fababean aerial
portions was estimated by subtracting the quantity of
nitrogen contained in non nodulated fababean plant material
from nitrogen contained in nodulated fababeans grown on
similarly treated fertility plots. This method makes no
allowances for differentially larger nodulated fababean
root growth which could result in more soil nitrogen up-
take into nodulated control treatment fababeans than into
non nodulated control treatment fababeans. Non nodulating
fababeans also permitted direct comparison between combined
nitrogen uptake into bérley and non nodulating fababeans.
Non nodulatihg fababeans grown in the control treatment
became chlorotic within four weeks after emergence, and
shortly after were observed to be shorter thén fababeans
in the 90 and 300 kg N/ha treatments. At time of the
40 day general harvest all treatments could be visually
identified, with the O kg N/ha being the shortest and
most chlorotic and the 300 kg N/ha treatment being the
tallest and least chlorotic. At no time during the season
were 300 kg N/ha non nodulated fababeans as tall as or as

green as fababeans grown in the nodulated control treatment.
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EFFECT OF FERTILIZER NITROGEN UPON YIELD OF NON NODULAT-
ING FABABEANS

Increasing rates of nitrogen applied to non nodu-
lating fababeans resulted in a corresponding increase in
plant health, however significant yield increases of faba-
bean forage were obtained only in 70 day fababeans grown
at Altona (Table 17), though non-significant response
trends were observed in Altona 40 day fababean forage,
and in 70 day Seven Sisters fababean forage. Seed yields
at Seven Sisters were increased by nitrogen with increas-
ing levels of fertilization causing further significant
yield increases (Table 17). Seed yields at Altona were
increased by all levels of nitrogen used, though signi-
ficant yield increases were obtained only in the 300 kg
N/ha treatment. Straw yields in both field trials were
significantly increased by all rates of nitrogen (Table
17). Seed and straw yields of non nodulated fababeans
grown at Seven Sisters fertilized with 300 kg N/ha were
similar to yields of nodulated control fababeans (Tables
12, 17}, while at Altona seed and straw yields of non nodu-
lated fababeans grown in the 300 kg N/ha treatment were
less than yields of nodulated control fababeans. These
data indicate that the quantity of nitrogeﬁ symbiotically
fixed by nodulated control fababeans was equivalent to

a 300 kg/ha application of fertilizer nitrogen.



TABLE 17

EFFECT OF NITROGEN FERTILIZATION ON YIELD OF NON NODULATED
FABABEANS IN FIELD TRIALS 1974.

" Yield of Non-Nod Fababeans (kg /ha)

Field Trial Location

Nitrogen A Seven Sisters Altona
applied Forage Mature Forage Mature
(kg N/ha ) 10 d 70 d Grain OStraw LOd 70 d Grain Straw
0 912a 3085a 645a 3849a Ll5a 722a 73a 1002a
90 ‘ 985a 3292a 1145b 51650 698a 1257b 190a 1349Db
300 963a 3528a 1592¢ 6030c 712a 1994c 513b 1790c¢

(numbers followed by same letters in columns are not significantly different
at P = 0,05 by Duncan's Multiple Range.,)

6L



80

EFFECT OF FERTILIZER NITROGEN UPON PERCENT PROTEIN IN
NON NODULATED FABABEANS

Percent protein contents of fababean forage were
generally increased by nitrogen fertilization (Table 18).
Percent protein contents of 4O day fababean forage at
Altona and 70 day fababean forage at Seven Sisters were
significantly increased by both rates of nitrogen fertilizer
applied. Thus, application of 300 kg N/ha resulted in signi-
ficantly higher percent protein contents than did applica-
tion of 90 kg N/ha, and 90 kg N/ha apélied to fababeans
resulted in percent protein contents which were signifi-
cantly higher than those which occurred in control treat-
ment fababeans. Percent protein content of fababean seed
grown at Seven Sisters was significantly increased by both
rates of fertilization, with each increase being signifi-
cantly higher than the othsr. At Altona percent protein
of seed was‘significantly increased by only the 300 kg
N/ha treatment. Although fababeans grown in the 90 kg N/ha
treatment had higher ssed protein contents than did
fababeans grown in the control treatments, the difference
was non=-significant. At both Altona and Seven Sisters
non nodulated fababeans treated with 300 kg N/ha and control
nodulated fababeans had similar percent protein contents
in the seed.

EFFECT OF FERTILIZER NITROGEN ON NITROGEN UPTAKE INTO
NON NODULATED FABABEANS

Increasing rates of nitrogen fertilizer generally



TABLE

18

EFFECT OF NITROGEN FERTILIZATION ON PERCENT PROTEIN CONTENT OF
NON-NOD FABABEANS IN ALTONA AND SEVEN SISTERS

FIELD TRIALS 1974.

Percent Protein

of Non-nod Fababeans

Field Trial Location

Nitrogen | Seven Sisters Altona
applied Forage Mature Forage Mature
(kg tha 2 40 d 70 d Grain Straw L0 d .70 d Grain Straw
0 20.23a 9.46a 24.32a 565 12.03a 10.43a  28.67a 12.4
90 20,00a 14.19b 26,790 6.0 13.68p 1l.51a 28.84a 13.6
300 22.74b 20.52¢ 30.50¢ 10.1 16.13¢ 13.91a 31,980  lho&

(numbers followed by same letters in columns are not significantly different

at P * 0,05 by Duncan's Multiple Range.)

1 Protein reported on oven dry moisture content. % Protein = %N x 5.7

18
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significantly increased nitrogen uptake into non nodulated
fababean forage harvested 40 and 70 days after seeding, and
into mature fababean seed (Table 19}, However, exceptions
occurred. At Seven Sisters nitrogen uptake into fababean
forage harvested 40 days after seeding was significantly
increased by only the 300 kg N/ha rate, and at Altona only
the 300 kg N/ha rate significantly increased nitrogen up-
take into fababean seed. At Seven Sisters and Altona nitro-
gen uptake into mature aerial fababean portions of non nod-
ulated fababeans treated with 300 kg N/ha at seeding, and
into control nodulated fababeans were similar. These data
indicate that non nodulated fababeans were severely nitro-
gen deficienﬁ, and that application of 300 kg N/ha at
seeding was required to alleviate these deficiencies.

Hence data suggesé that nodulated fababeans were efficient

symbiotic nitrogen fixers.

BARLEY

Barley was grown at all field trials. Yield of
barley was significantly increased by nitrogen fertiliza-
tion at all harvests at Altona and Pilot Mound {Table 20),
however at Seven Sisters yields of barley grown in control
90 kg N/ha treatments were similar. At Altona, and Pilot
Mound final nitrogen uptake into barley aerial portions
was significantly increésed by nitrogen fertilization,
however at Seven Sisters no effect occurred (Table 21).

Since at Seven Sisters barley yields, and percent protein



TABLE 19

EFFECT OF NITROGEN FERTILIZERS ON NITROGEN UPTAKE INTO NON-=-NOD
FABABEANS IN ALTONA AND SEVEN SISTERS
FIELD TRIALS 1974.

Nitrogen Uptake into Non-nod Fababean Aerial Portions (kg N/ha )

Field Trial Location

Nitrogen Seven Sisters Altona
applied Forage ' Mature , Forage Mature
(kg N/ha )} 40 d 70 d ‘Grain Straw Total 40 d 70 d Grain Straw Total
0 32,38 60.5a 27.3a  37.3 64.6  8.la 12.6a  3.7a 21.8 25.5
90 34.3ab  87.9b 53.3b 54,2 107.5  16.7b 25.4b 9.82 32,1 41.9
300 38.2b  124.7c¢ 86.7c 106.8 193.5 20.0c 48.lc 28.8b L45.1 73.9

(numbers followed by same letters in columns are not significantly different
at P = 0.05 by Duncan's Multiple Range.)

£8



TABLE 20

EFFECT OF NITROGEN FERTILIZATION ON FORTY-DAY FORAGE YIELD AND
YIELD OF GRAIN AND STRAW OF BARLEY IN FIELD TRIALS 1974.

Yield (kg /ha )

Field Trial Location

Nitrogen ’
applied Pilot. Mound Seven Sisters Altona
(kg N/ha } L0 d  Grain Straw L0 d Grain Straw 40 d Grain Straw
| 0 630 1461 1205 1064 1623 2041 300 865 952

90 1411 2443 2048 1168 1581 1581 409 1648 1648

- TABLE 21

EFFECT OF NITROGEN FERTILIZERS ON NITRCGEN UPTAKE INTO AERIAL
BARLEY PORTIONS IN FIELD TRIALS 1974. :

Nitrogen Uptake (kg.:N/ha ) into Barley

Field Trial Location

Nitrogen _
applied Pilot Mound Seven Sisters Altona
{kg N/ha ) _ L0 d Final : 40 d  Final 40 d Final
0 11 28 37 37 13 15
90 _ 21 L 45 39 28 32

8
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contents were high;, it must be assumed that the soil
supplied sufficient quantities of nitrogen to barley.
Control non-nod fababeans and control barley'plants

had similar aerial nitrogen uptake values (Tables 19, 21).

Due to fababeans higher potential nitrogen uptake capabili-

ties, non-nod fababeans fertilized with nitrogen grown at
Seven Sisters extracted more nitrogen than did barley
grown in similarly treated plots. The lack of barley
response to nitrogen fertilizers suggests barley's nitro-
gen requirements had been satisfied by soil nitrogen.
These data also indicate that non-nod fababeans were
indeed non-nodulated since any contribution of symbiotic
nitrogen to plant growth would have resulted in differf
ences between barlgy and non-nod fababean aerial nitrogen
uptake, Therefore data indicate that eitherbarley or non-
nod fababeans can be used to measure quantitieé of soil
nitrogen and fertilizer nitrogen which would be availéble

to nodulated fababeans.

FABABEAN FERTILIZER NITROGEN UPTAKE

Fababean fertilizer nitrogen uptake was determined
directly by 1°N techniques at Altona and indirectly by the
difference method using non-nod fababeans and/or barley at
all experiment sites. Tracer 15N permits quantitative
determination of fertilizer nitrogen uptake by nodulated

fababeans. 15N subplots in 90 kg N/ha plots were sampled

in forage harvests conducted 41, 55 and 75 days after seed-



86

ing and at crop maturity. Data indicate (Table 22) that the
efficiency of fertilizer nitrogen recovery by aerial por-
tions of nodulated fababeans was low. At maturity above
ground fababean portions grown in 90 kg N/ha treatment re-
covered 8,7 kg N/ha or approximately 10% of the applied
fertilizer. Fababeans treated with 30 kg N/ha at seeding
recovered 6.4 kg N/ha or 21% of applied fertilizer in above
ground plant portions. The low efficiency of nitrogen fer-
tilizer recovery by fababean aerial portions was attributed
to the extremely dry conditiong which possibly prevented
proliferation of fababean roots in the fertilizer zone.

Continuous sampling 15§ data indicate nodulated
fababeans adsorbed nitrogen fertilizer throughout their
entire growth pefiod, with 54% of their total nitrogen
fertilizer uptake occurring during the 75 to 97 days
after seeding time period, corresponding to the post
bloom to senescence periods of plant growth. Nitrogen
fertilizers adsorbed during the post bloom to senescence
growth periods appear to have been used mainly by the
developing seed, and hence at maturity 98% of the nitro-
gen fertilizer adsorbed during this time interval was
iocated in the seed.

The efficiency of fertilizer nitrogen recovery non-
nod fababeans and barley was determined by the difference
method. The formula used was:

P.N.U. = F.Npo = U.Np x 100
FGRO




TABLE 22

EFFICIENCY OF NITROGEN UPTAKE I?gO NODULATED FABABEANS AT VARIOUS
HARVEST TIMES AS MEASURED BY +“’N IN ALTONA FIELD TRIAL 1974.

Percent fertilizer nitrogen recovered by fababean
aerial portions

Harvest time (days after seeding)

Nitrogen

applied ' Forage Mature

(kg N/ha) 41 d 55 d 75 d Grain Straw Total
30 - = - 12017 9013 21930
90 1.93 2,71 Lok7 5,13 Lo65 9.78

L8
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where: P.N.U, percent nitrogen fertilizer recovered into

aerial plant portions

i

F.Ngp. = nitrogen uptake into fertilized non-nod
(or barley) aerial portions

U.Np. = nitrogen uptake into unfertilized non-
nod (or barley) aerial portions

F.R. = nitrogen fertilizer application rate
Theefficiencies of nitrogen fertilizer uptake into non-nod
fababeans and into barley as determined by the difference
méthod are shown in Table 23,

Efficiency of nitrogen fertilizer recovery at Seven
Sisters was higher in fababeans than in barley (Table 23).
This was caused by the presence of a high amount of soil
nitrogen which was sufficient for barley gfowth, thus un-
fertilized and fertilized barley had similar total qﬁanti-
ties of aerial nitrogen. Barley was therefore estimated to
have recovered 0% of the applied fertilizer nitrogen, while
non-nod fababeans, a specieswith a higher nitrogen demand,
recovered 48% of the nitrogen applied in the 90 kg N/ha
rate and 43% of the nitrogen applied in the 300 kg N/ha
rate. These data indicate that fababeans possess a high
nitrogen demand, and when grown in a soil containing high
amounts of inorganic nitrogen were capable of extracting
more nitrogen than could barley.

Efficiency of fertilizer nitrogen recovery by non-
nod fababeans and by barley grown at Altona were low but
similar. Aerial portions of barley treated with 90 kg
N/ha recovered 23% of the applied fertilizer, while non-nod

fababeans recovered 18% of the nitrogen applied in the



AND BARLEY AT VARIOUS HARVESTS AS DETERMINED BY THE
DIFFERENCE METHOD IN FIELD TRIALS 1974.

TABLE 23
EFFICIENCY OF FERTILIZER NITROGEN UPTAKE INTO NON-NOD FABABEANS

Nitrogen
applied
(kg N/ha. )

Barley 90
non= 90

nod
beans 300

Percent Fertilizer Nitrogen Recovered in Aerial Plant Portions

Field Trial Location

Pilot Mound

40 d Mature

11.4 27.8

ma e

o o

Seven Sisters

Altona

40 d 70 d Mature
8.2 - 0
0 31.2 47.7
0 21.4 43.0

0 d 70d Mature
17.2 - 22,9
9.5 14,2 18,2
L0 11.8  16.3

68
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300 kg N/haAratee At Pilot Mound aerial barley portions
recovered 28% of the 90 kg N/ha fertilizer application.
In Manitoba average percent recovery of applied nitrogen
fertilizers into aerial portions of cereal crops has been
reported to be 52% (Soper et al., 1971). Efficiency of
nitrogen fertilizer uptake into crops grown in 1974 field
trials were considered to be low as a result of the dry
soil conditions predominating throughout the course of the
experiments which rendered applied nitrogen fertilizers
unavailable. ,ﬁow efficiency of nitrogen fertilizer util-~
ization was observed in othef field trials conducted in
Manitoba during the summer of 1974 (Racz, per. comm. 1976)1,
Experimental data indicate that fababeans and barley
recover similar quantities of combined nitrogen.

Comparison of the recovery of nitrogen fertilizer as
calculated directly by l5N techniques and indirectly by
the differenée method showed that the difference method
consistently gave higher values than did the l5N method.
This phenomenea also was reported to occur in cereals
grown in Manitoba soils (McGill, 1972), and in other crops

throughout the world. The discrepancy has generally been

1 Racz, G.J., Professor, Department Soil Science,
University of Manitoba, Winnipeg, Manitoba.
R3T 2N2 ~



o1

attributed to the priming effect that nitrogen fertilizers
have upon nitrification of soil organic matter and/or dif-
ferential growth of roots as a result of nitrogen fertiliz-

ation.

QUANTITY OF NITROGEN SYMBIOTICALLY FIXED BY FABABEANS

Non-nod fababeans and/or barley were used to esti-
mate the quantity of soil and fertilizer nitrogen which was
available to ncdulated fababeans. It was assumed that
combined nitrogen uptake into non-nod and nodulated faba-
beans were similar. At Seven Sisters'and Altona quénti~
ties of symbiotic nitrogen cbntained in above ground
plant portions were calculated by subtracting nitrogen
uptake intc non-nod fababeans from nitrogen uptake into
nodulated fababeaﬁs grown in similarly treated fertility
plots. Non-nod fababeans were not seeded at Pilot Mound
and thus nitrogen uptake into barley shoots was used to
estimate quantities of combined nitrogen available to nodu-
lated fababeans. The formula used in these calculations
was:

T nod = T non-nod x 100
T nod

% N.S.F., =

where: % N.S.F, Percent fababean aerial nitrogen derived

from symbiotic fixation

T ned = Total aerial nitrogen uptake intc nodu-
lated fababeans

T non-nod = Total aerial nitrogen uptake into non-
nod fababeans

Mature unfertilized fababeans derived approximately
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two=-thirds of their aerial nitrogen by symbiotic nitrogen fix-
ation (Table 24)., Variation among experimental sites was low,
ranging from 63% at Seven Sisters to 68% at Altona. However,
though the proportion of fababean aerial nitrogen derived
from symbiotic fixation was similar among field trials, the
actual quantity of nitrogen symbiotically fixed was not
similar (Table 24). At Seven Sisters unfertilized fababeans
symbiotically fixed 112 kg N/ha, at Pilot Mound 58 kg N/ha,
and at Altona 53 kg N/ha. Thus unfertilized fababeans which
exhibited the largest growth symbiotically fixed the most
nitrogen, and fababeans which exhibited the smallest growth
symbiotically fixed the least amount of nitrogen. Similar
results for five different legume species were reported by
Allos and Bartholomew (1955).

Addition of nitrogen fertilizer . decreased the
amount of nitrogen symbiotically fixed by fababeans.
Therefore symbiotic nitrogen fixation was decreased from
63% to 41% by the application ofb90 kg N/ha, and subse-
quently to 14% by the application of 300 kg N/ha (Table 24),
At Seven Sisters syﬁbiotic nitrogen fixation contri-
buted 112 kg N/ha to aerial portions of control fababeans,
76 kg N/ha to aerial portions of fababeans treated with
90 kg N/ha, and 32 kg N/ha to aerial portions of fababeans
treated with 300 kg N/ha. Results from Altona and Pilot
Mound (Table 24 )were similar. These data are consistent

with results reported by Allos and Bartholomew (1955, 1959),



TABLE 24

EFFECT OF NITROGEN FERTILIZERS ON PERCENT OF TOTAL ABOVE
GROUND FABABEAN NITROGEN DERIVED FROM SYMBIOTIC
NITROGEN FIXATICN IN FIELD TRIALS 1974.

Percent of aerial fababean nitrogen derived from symbiosis

Field Trial Location

Nitrogen Pilot Mound Seven Sisters Altona
applied Harvest time Harvest time Harvest. time
(kg N/ha } L0 d Final L0 d 70 d Final 40 d 70 d Final
0 62 68 0 49 63 71 Th 68
90 31 37 0 32 L1 51 L5 54
300 - - 0 18 14 35 37 25

€6
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and Weber (1966) which indicate application of nitrogen
fertilizers to soybeans results. in decreased symbiotic
nitrogen fixation, the decrease being inversely proportional
to quantity of fertilizer nitrogen applied.

Data appear to indicate that fertilizer nitrogen
had a greater effect upon fababean symbiotic nitrogen
fixation than did the quantity of inorganic soil nitrogen
available at seeding. Seven Sisters fababeans symbioti-
cally fixed a lérger quantity of nitrogen than did faba-
beans grown at Altona and Pilot Mound, yet the Framnes CL
soil at Seven Sisters contained more N03=N to 120 cm at
seeding than did the soils at other experimental sites.
Addition of fertilizer nitrogen to Seven Sisters fababeans
decreased symbiotic'nitrogen fixation in a similar manner
to the decrease observed at Pilot Mound and Altona, sugges-
ting fértilizer nitrogen had a more inhibitory effect
upon the.symbiotic process than did inorganic soil nitro-
gen. However, this»observation is not valid since it
assumes that combined nitrogen concentrations were the
factors which had the greatest effect upon fababean
symbiotic nitrogen fixatio_na Keatinge (1975) reported
that climatic factors were the most important parameters
affecting fababean yield, and that fababeans grown ét
Seven Sisters_outyielded fababeans grown at Altona and
Pilot Mound because of the more favorable climatic condi-
tions which prevailed at Seven Sisters. Since fababeans

grown at Altona, and Pilot Mound did not respond to nitro-
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gen fertilizers, the quantity of nitrogen symbiotically
fixed in conjunction with available inorganic socil nitfom
gen appeared to have been sufficient for plant needs.
These data indicate that low symbiotic nitrogen fixation
was caused by environmental conditions which reduced
fababean growth per se , and was not due to factors which

influenced functioning of fababean nodules.

FIELD TRIALS: 1975

Fababeans grown in field trials in 1973 and 1974
on soils contéining low to high quantities of NOB at
time of seeding wefe unaffected by rate and placement
of nitrogen fertilizers. Fababeans in 1974 field trials
were‘found to have derived approximately two-thirds of
their total nitrogen from symbiotic nitrogen fixation. The
1974 field trial results also indicated that fababeans
could symbiotically fix adequate quantities of nitrogen
when grown in adverse environmental conditions. However
insufficient data wefe generated from these field trials
concerning the ability of fababeans to symbiotically fix
adequate nitrogen when grown in more favorable conditions.
Therefore, in an attempt to further elucidate fababeans
symbiotiec nitrogen fixation capacity additional field trials
were conducted during the summer of 1975. The methods
used to conduct these experiments are described in the

Methods and Materials section.
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 S0ILS

In 1975.field experiments were conducted at Carman,
St. Claude, Teulon and Zhoda. The soil at Carman was an

Orthic Black developed on light to medium textured
deltaic and lacustrine deposits and was mapped as an
AltonaVFSL (Ellis et als 1943). The soil at St. Claude
was an Qrthic Black developed on coarse textured lacus-
trine déposits and was mapped as an Almasippi loamy sand
(Enrlick et al, 1957). The soil at Teulon was a Gleyed
Regq Black, developed on medium to moderately coarse tex-
tured deltaic deposits and was mapped as a Plum Ridge
(Pratt et é;” 1961). The soil at Zhoda was an Eluviated
Gleysol developed on sandy textured outwash deposits on
Calcareous till and was mapped as a Pine Ridge sandy loam
(Ehrlick et als, 1953). |

Soil sampling donducted at seeding showed that all
soils were base saturated and had low soluble salt concen-
trationse .NaHC03 extractable phosphorus concentrations
were very low at Zhoda, and at Teulon, low at St. Claude
and medium at Teulon based on rangés used by Provincial
Soil Testiﬁg Laboratories (Fehr 1974). NaOAc exchange-
able potassium contents ranged from very low at Zhoda to
very high at Carman (Table 25). Water soluble SO@ in
the 0 to 60 cm depth increment waé adequate at all sites
except at Teulon where sulfur fertilizers would have been
recommend@d for rapeseed production. Nitrate-nitrogen

contents in the O to 60 cm depth increment were low at



TABLE 25
Some Characteristics of Soils in 1975 Field Trials,

Conduc- Nitrate Nitrogen NaHCO, Exchange- Sulfate Sulfur
Tex- tivity content (kg/ha) Ext, able = content (kg/h3d
Location Soil Name ture pH mmhos/cm ~0-60cm 0-120cm P(ppm) K(ppm) 0-60 cm 0-120am

St.Claude Almasippi LFS 8.00 0.1 . 20.37  55.64 5.4 51.0 32,9 58,6
(Orthic _ A
Black)

Carman Altona VFSL 7.98 0.3 125.2 184.9 9.7 169.0 130.7 511.6
(Orthic
Black}

Teulon Plum Ridge VFSL 7.90 0.3 15.3° 24,8 - 3.0 bl 19.3  53.5
(Orthic - ”
Black)

Zhoda Pine Ridge SL 7 .20 0.3 29.3 L0.1 3.9 40,2 27.2 58,2
(Eluvi-
ated
Gleysol)

L6
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' St, Claude and Teulon, and medium in the Pine Ridge soil
at <Zhoda. waever the O to 120 cm depth increment at Ste
Claude the Almasippi EFS had higher quantities of NOB than
did the Pine Ridge soil at Zhoda. The Altona VFSL at
Carman contained very high amounts of NO3 in both the O to
60 em and O to 120 cm depth increments, such that cereal

response to added nitrogen fertilizers were not predicted.

EFFECT OF NITROGEN FERTILIZERS UPON FABABEAN YIELD

Nitrogen fertilizer  surface broadcast at seeding

| at rates up to 150 kg N/ha had no significant effect upon
the forage yield of fababeans harvested 50 and 80 days
after seeding (Table 26). Dry matter production by
unfertilized and fertilized fababeans harvested biweekly
throughout the season were similar (Fig.3). These data

are in agreement with previous results reported for 1974
field trials though data from 1975 field trials were much
more uniform than the data from 1974 field trials. Maxi-
mum rate of dry matter production occurred during the full
bloom to mid pod-fill stage (63 to 76 days after seeding

at Carman), the same time which maximum growth in 1974 field
trials was observed., Unfertilized fababeans had a maximum
growth rate of 75 kg plant material/ha/day and fertilized
fababeans had a growth rate of 77 kg plant material/ha/day.
These growth rates are considerably lower than those re-
corded in 1974 field trials, and could possibly be due to

the more adverse growth conditions which occurred at the



TABLE 26

EFFECT OF NITROGEN FERTILIZATION ON TOTAL ABOVE GROUND YIELD
OF FABABEAN FORAGE HARVESTED 50 AND 80 DAYS
- AFTER SEEDING IN FIELD TRIALS 1975.

Yield of Forage (kg /ha )

Field Trial Location

Nitrogen :
applied Carman St., Claude Teulon Zhoda
(kg N/ha ) ' 50 d 80 d 50 d g0 d 50 d 80 d 50 d
0 802a 2273a. 557a  2226a 925a 334la 800a

- 30 _ 859a 3322a 606a 2312a 832a 3347a 1171a
90 1003a 3259a 695a  2415a 778a  3563a 1021a
150 - 964a  3232a 558a 258L4a 877a 3078a 857a

(numbers followed by same letters in columns are not significantly different

at P = 0,05 by Duncan's Multiple Range.)

66
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FIGURE 3: Effect of 90 kg N/ha surface broadcast at seed-
ing on seasonal aerial dry matter accumulation
in Carman field trial 1975.



101

Carman field trial in 1975. |

Seed and straw yields in 1975 field trials were
similar to values reported for 1974 field trials (Tables 12,
27, 28}; Nitrogen fertilizer applied at seeding, in
single large late season doses, or in split applications
(Table 28) had no effect upon seed or straw yields of
1975 fababeans. These data are in agreement with previous
field trial data which showed that neither rate, nor
placement of nitrogen fertilizer had a significant effect
upon fababean seed and straw yields. Ratios of seea.to
straw yields were 0.64:1 at Carman; 0.76:1 at St. Claude;
0.64:1 at Teulon and O.44:1 at Zhoda. These ratios are
similar to ratios obtained in 1974 field trials, and
possibly indicate_that fababean seed yields were again
restricted as a result of adverse environmental conditons,
as the ratios were considerably lower than ratios ob-
tained from 1973 field trials when seed yields were high.

EFFECT OF NITROGEN FERTILIZATION UPON PERCENT PROTEIN
CONTENT OF FABABEANS

Percent protein content of fababeans forage har-
vested during full bloom and early to mid-pod filling
stages (50 and 80‘days after seeding respectively) were
variably affected by nitrogen fertilization (Table 29).
Percent protein content of fababeans grown in one or more
nitrogen fertilization treatments were'significantly in-
creased in fababean forage harvested 50 and 80 days after

seeding at Carman, in fababean forage harvested 80 days



TABLE 27

EFFECT OF NITROGEN FERTILIZATION ON YIELD OF FABABEAN SEED
AND STRAW IN FIELD TRIALS 1975.

901
902

Yield (kg/ha)

Field Trial Location

St, Claude
Grain Straw
1407a 1760a
1309a 1528a
1298a 1731a
1275a 1693a
1394a  1794a
1160a 1801l1a

Teulon
Grain Straw
1582a 2758a
1527a 24482
1587a  2650a
1421a 2342a
14472  2476a
1484a 2590a

Zhoda
Grain Straw
729a 1522a
6liha 1348a
629a 1292a
60la 1847a
731la 1758a
670a  1478a

(numbers followed by same letters in columns are not significantly different
at P = 0,05 by Duncan's Multiple Range.)

1 fertilizer applied at full bloom stage

2 fertilizer applied at éarly to mid pod fill stage

2ot



TABLE 28

EFFECT OF NITROGEN FERTILIZERS ON YIELD OF FABABEAN SEED
AND STRAW IN CARMAN FIELD TRIAL 1975.

Nitrogen Applied (kgN/ha)
Time of Nitrogen Application

Seeding Full bloom Early pod fill

0 - -

30 - -
90* - -
150 - -

- 90 o

= - 90
30% 30 30

- 30 30% 30
30 30 30%

Yield (kg/ha)

Grain Straw
1110a 1439%a
1053 a 1547a
1167a 1483a
994a 1465a
1186a 1700a
1165a 1710a
914a 1449a
1048a 1571a
1100a

1666a

* Nitrogen fertilizer enriched with 15N

(numbers followed by same letters in columns are not significantly

different at P ® 0,05 by Duncan's Multiple Range.)

€01



EFFECT OF NITROGEN FERTILIZER' ON PERCENT PROTEIN CONTENT OF
FABABEAN FORAGE HARVESTED 50 AND 80 DAYS AFTER
SEEDING IN FIELD TRIALS 1975.

TABLE 29

Percent Protein

1

Content of Forage

Field Trial Location

Nitrogen
applied Carman
(kg N/ha ) 50 d 80d
0 2l,2a 15.4a
30 23.2ab 20.2b
90 2L.4b  19.1ab
150 24L,6b  19.1ab

St

Claude

50 d

80 d

23.7a
23.2a
22.6a
24 ,0a

13,0ab

15.2bc
9.6a

18.6¢

Teulon

50 d

80 _d

2L.5a
2h.32a
26,3b
26.7b

18.4a
18.7a
18.3a
18.9a

(numbers followed by same letters in columns
at P = 0,05 by Duncan's Multiple Range.)

1
Protein factor = 5,7 x %N,

Protein content expressed on oven dry moisture content.

are not significantly different

70T
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after seeding at St. Claude, and in fababean forage har-
vested 50 days after seeding at Teulon (Table 29). These
data are consistent with results from 1974 field trials
which indicated that nitrogen fertilization had variable
effects upon percent protein content of fababean forage.
Percent protein content of fababean forage decreased with
advancing crop maturity, as in 1974 field trials.

Percent protein content of fababean seed was un-
affected by all rates, times and application methods of
nitrogen fertilizer (Table 30). The only exception which
occurred was atTeulon where the two highest spring applica-
tion rates used (90, 150 kg N/ha) significantly reduced
percent protein in fababean seed. These data concur with
data obtained from 1973 and 1974 field trials (Tables 8
and 14). Percent protein contents of fababean seed from
Carman and St. Claude were similar to values reported in
previous years, However percent protein content of faba-
bean seed grown at Teulon and Zhoda were higher than any
previously obtained. Percent protein content of fababean
straw appeared to have been increased by nitrogen fertil-
izers. However, due to method of obtaining straw samples
for crude protein analysis, statistical verification of
this trend was not accomplished.

EFFECT OF NITROGEN FERTILIZER ON NITROGEN UPTAKE INTO
FABABEAN AERIAL PORTIONS

Total aerial nitrogen uptake into fababean forage

was not affected by various rates of nitrogen surface broad-



TABLE 30

EFFECT OF NITROGEN FERTILIZER. ON PERCENT PROTEIN CONTENT
IN SEED AND STRAW OF FABABEANS IN
FIELD TRIALS 1975,

Percent Proteinl Content

Field Trial Loecation

Fertilizer
applied Carman St. Claude Teulon Zhoda
(kg N/ha) Grain Straw Grain otraw Grain Straw Grain OStraw
0 28 ,9a bhoT73 30.1a 7e5 33.1b 6.8 32.1a 8.3
30 29,.8a 5,38 29.3a 8.2 33.2b 7.6 31.0a 8ol
90 30.0a L2 29.1a 73 31.8a 6.7 32.3a O.ly
1502 31l.1a 5,26 29.8a 10.7 31.6a 8.0 33.4a Qoly
903 29.4a 5,00 30.0a 9,0 33.0b 8.3 32,.8a 7.9
90# 29.5a L.36 29.9a 7.9 33.9b g.0 32.6a 9.1
90 30.2a L. 89 - - - - - -

(numbers followed by same letters in columns are not significantly different
at P = 0.05 by Duncan's Multiple Range.)

Protein content expressed on oven dry moisture content % Protein = 5.7 x %N
Fertilizer applied at full bloom

Fertilizer applied at early pod-fill

Split appllcatlon of nitrogen fertilizer at seeding, full blooms and

early pod

&Wpo
09‘ LX)

et oo

901
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cast at seeding (Table 31), except in fababean forage
harvested eighty days after seeding at Carman,.@here all
fertilizer rates used substantially increased fababean
aerial nitrogen uptake. Nitrogen uptake into fababean
seed and straw was unaffected by all rates and times of
nitrogen fertilizer application (Table 32). Quantities

of nitrogen contained in above-ground fababean plant
material at maturity in 1975 were similar to 1974 fababean
nitrogen uptake values, (Table 16), and lower than 1973
fababean nitrogen uptake values (Table 9).

Results obtained from biweekly sampling of control
and 90 kg N/ha treated fababeans grown at Carman indicate
fababean above ground nitrogen content was higHest in
fababeans harvested at mid pod-fill stage (Fig.L). Faba-
beans appeared to lose nitrogen during the mid pod-fill
to senescence harvests., Nitrogen uptake into fababeans
treated with 90 kg N/ha at seeding appeared to be greater
than into control fababeans throughout most of the growing
‘season (Figeh). Though in later growth stages the differ-
ences appear to be large, the differences between nitrogen
uptake into contrcl and 90 kg N/ha treated fababeans are.
non-significant. Other treatments at Carman also lost nitro-
gen during these growth periods (Tables 31, 32).

Distribution of nitrogen within mature fababean
aerial portions was calculated. The percent of total

aerial nitrogen contained in fababean seed with 81% at



TABLE 31

EFFECT OF NITROGEN FERTILIZATION ON NITROGEN UPTAKE INTO
FABABEAN FORAGE HARVESTED 50 AND 80 DAYS AFTER
SEEDING IN FIELD TRIALS 1975,

Nitrogen Uptake (kg N/ha )

Field Trial Location

Nitrogen ‘
applied Carman St. Claude Teulon Zhoda
(kg N/ha ) 50 d &0 d 50 d 80 d 50 d 80 d 50 d
0 30.3a 62.32 23.32  51.4a 39,4a 105.7a 29,.6a
30 35.3a 119.8b 2L.5a 60.6ab 35.4a 109.8a 43.5a
90 42,72 110.1lb 27.72 39.4a 35.9a 115.3a Ll.4a

150 Ll.7a  109.5b 23.6a 83.1b 4l.0a 100.la 32.3a

(numbers followed by same letters in columns are not significantly different
at P = 0.05 by Duncan's Multiple Range.)

80T



EFFECT OF NITROGEN FERTILIZATION UPON NITROGEN UPTAKE INTO SEED

TABLE 32

AND STRAW OF FABABEANS IN FIELD TRIALS 1975,

Nitrogen Uptake

(kg N/ha)

Field Trial lLocation

Nitrogen
applied Carman St. Claude Teulon Zhoda
(kg N/ha) Grain Straw Total Grain Straw Total Grain Straw Total Grain Straw Total
0 54.6a 11,9 66.5 73.4a 23.3 96,7 9l.7a 30.9 122.6 40.9a 22,2 63.1
30 55.2a 14.6 69.8 67.la 22,1 89.2 89.2a 30.5 119.8 "33.,3a 20.0 53.3
90 6l.42 11.0 72.4 65.0a 22.3 87.3 88.65a 24,5 113.1 35.5a 21.3 56,
150 54.1a 1h.5 68.6 66.9a 24.7 91.6 78.8a 30.7 109.5 34.7a 30.5 65.2
901 6L.4ba 14,9 78.8 72.8a 28.5 101.3 83.7a 33.7 117.4 4l.6a 24,3 65.9
902  60.,5a 13,1 73.6 60.8a 24,.8 85.6 87.7a 38.3 126.0 38.2a 61.8

903 58.2a 13.5 71.7

am

23,6

(numbers followed by same letters in columns are

= 0,05 by Duncan's Multiple Range.)

fertilizer applied at full

bloom

P
1 _
2: fertilizer applied at early pod-fill _
3: fertilizer applied in split application of 30 kg N/ha at seeding, at full bloom

and at early pod-fill stage

not significantly different at

60T
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Carman, 74% at St. Claude, 73% at Teulon, and 63% at Zhoda.
The remainder of plant nitrogen was located in plant
leaves, stems, and pods. These values are somewhat higher
than obtained in 1974 field trials, and except for Carman
are lower than 1973 field trial results. Vaiues indiéate
1975 fababeans were more mature than 1974 fababeans at
senescence, confirming previous observations that 1974

fababeans were killed by frost.

EFFECT OF NITROGEN FERTILIZER. ON BARLEY

Nitrogen fertilizer applied to barley at seeding
significantly increased forage yields, and yields of seed
and straw in all 1975 field trials except Carman (Table 33).
Due to a misunderstanding‘mature bariey samples from Carman
were not thfeshed, and hence grain and straw data are
_unavailablee However thé final nitrogen uptake into
barley was high, as were vegetative yields, indicating
that the lack of barley yield response to applied nitro-
gen fertilizers was due to presence of sufficient quanti-
tiesvof available soil inorganic nitrogen. Due to the
cooperator accidentally swathing the barley experiment
before final yield samples were taken at Teulon, grain
and straw data are unavailable. Vegetative barley
samples harvested the week prior to the planned mature
harvest date were used in lieu of mature samples. Gener-
ally nitrogen uptake into barley closely followed yield

trends, and therefore significant nitrogen uptake increases



TABLE 33

EFFECT OF NITROGEN FERTILIZATION ON FORAGE YIELD OF BARLEY

IN FIELD TRIALS 1975.

Nitrogen
applied

Barley Yield (kg /ha )

Field Trial Location

Carman

St., Claude Teulon Zhoda

0
90

50 d 80 d

50.d 80d Grain Straw 50 d 80 d 50 d Grain Straw

2687b 5674a
2113a 5321a

1189a 3287a 957a 1360a 1558a 2295a l978a 14742 1716a
2365b 5050b 1714b 2499b 2661b 3707b 27570 1947b - 3180b

(numbers followed by same letters in columns are not significantly different at
P = 0,05 by Duncan's Multiple Range.)

TABLE 34

EFFECT OF NITROGEN FERTILIZATION ON NITROGEN UPTAKE INTO
AERIAL BARLEY PORTIONS IN FIELD TRIALS 1975

Nitrogen Uptake into Barley (kg N/ha )

Nitrogen

Field Trial Location

applied

Carman

St, Claude “Teulon Zhoda

(kg N/ha J750 d 80 d

50 d 80 d Grain Straw Total 50 d 80 d 50 d Grain Straw Total

0] 89.4b 95.2a 22.4a 49.6a 20.8a 7.8 28.5 23.4La 30.7a 29.0a 32.1la 7.8 39.8
90 62.0a 97.4a 56.5b 83.6b 40.0b 15.5 65.5 56.3b 60.0b 60.3b 50.2b 22,0 72.8

(numbers followed by same letters in columns are not significantly different at
P = 0,05 by Duncan's Multiple Range.)

rANN
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into barley as a result of nitrogen fertilization occurred
at all sites except Carman (Table 34). At Carman nitrogen
uptake into unfertilized barley was similar to that into
fertilized barley.

Experimental data obtained from 1974 field trials in-
dicated that non-nod fababeans and barley had similar aefial
nitrogen uptake values. Therefore,in 1975 field trials
barley was used to measure the quantity of soil and ferti-

lizer nitrogen which was available to nodulated fababeans.

FABABEAN NITROGEN FERTILIZER UPTAKE

Fertilizer nitrogen uptake into fababeans was
measured by 15N techniques at the Carman field trial.
Tracer 15y subplots consisted of three labelled 90 kg
N/ha subplots which were harvested 50 and 80 days after
seeding and at maturity. A 15N-1abelled single fertility
treatment described by'Fried et al. (1975) was incorpor-
ated into the experimental paragin. The treatment con-
sisted of three applications of 30 kg N/ha applied at
seeding, fﬁll bloom and mid pod-fill stages. The treat-
ment was repeated three times in each replicate, such that
one of the treatments had labelled fertilizer nitrogen
applied and the other two unlabelled fertilizers in each
application time. Each of the three treatments had lSN
fertilizers applied once, at seeding in treatment 7a, at
full bloom in 7b, and at mid pod-fill in 7c¢ (Table 4c}.

Since these treatments only differed in time of 1oy
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application determination of percent fertilizer recovery
by fababean aéfial portions for each application was
possible. .

Fertilizer uptake into fababeans grown at Carman
was low, as determined by 15y techniques (Table 35).
Aerial portions of fababeans fertilized with 90 kg N/ha
surface broadcast at seeding recovered 12% of the applied
fertilizer at senescence. Data indicate fababeans had
completed most of their fertilizer nitrogen uptake at the
time of theififty day harvest, and_all at the time of the
80 day harvest. Quantity of fababean aerial nitrogen
derived from fertilizer sources appears to have decreased
during the interval between mid pod-fill and maturity
(Table 35). These data agree with total nitrogen uptake
data which showed that the maximum fababean aerial nitro-
gen content occurred during_the mid pod=fill stages, and
that fababean aerial nitrogen content decreased during the
mid pod=fill'to senescence growth periods. The decrease
was attributed to leaf abscision. These data are not con-
sistent with 1974 field trial data in which maximum fertil-
izer nitrogen uptake into fababean aerial portions
ocqurred during the_interval from earlyApod-fill to sene-
scence. This discrepancy could haveAbeen caused by the
dry environmental conditions encountered during the early
fababean growth stages in 1974 field trials which reduced
the availability of surface applied nitrogen fertilizers.

Data indicate that nitrogen fertilizer applied
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TABLE 35

Utilization of 90 kg N/ha Surface Broadcast at Seeding
by Aerial Portions of Fababeans Harigsted at
Various Times as Determined by ~“N in
Carman Field Trial 1975.

Aerial fababean Percent ferti-
Time of harvest nitrogen derived lizer recovered
(days after from fertilizer by aerial faba-
seeding) nitrogen (kgN/ha) bean portions
50 days
(full bloom stage) 14 16.1%
80 days
(mid pod stage) 17 19.0%
90 days .
(senescence) grain 10.1 14.6%
straw 1.9
total 2.0
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at seeding, though taken up into the plant mainly before
full blcom stage, were readily translocated to the seed
during pod-fill stages., Thus it appears that even when
fababeans were grown in an environment which contained
high amounts of available nitrogen, translocation of nitro-
gen from vegétative plant parts to the developing pods
occurred. Hence at maturity, 84% of the tdtél fertilizer
recovered by fababean aerial portions was located in the
fababean seed. High rates of nitrogen translocation from
leaves to developing seeds have been shoWn to cause pre-
mature leaf abscission in soybeans (Lathwell and Evans,
1951), resulting in premature nodule senescence and hence
reduced yield (Sinclair and deWit, 1976). Amelioration
of premature nodule senescence has been accomplished by
growing soybeans in media containing high quantities of
available nitrogen (Lathwell and Evans, 1951) and by foliar
application of N:P:K:S5 solution during the pod-filling
stages (Garcia and Hanway, 1976). In fababeans grown in
the Carman field trial intra-plant nigrogen translocation
occurred, indicating that in fababeans nitrogen trans-
location within the plant was' independent of soil inor-
ganic nitrogen contents. These results suggest that
fababeans behave similarly to soybeans in terms of nitro-
gen nutrition during the later stages of growth.

Results from 15N=labelled single fertility treat-
ment are presented in Table 36. Recovery of fertilizer

nitrogen was highest when fertilizer was applied at seeding



TABLE 36

EFFECT OF SPLIT APPLICATIONS OF NITROGEN FERTILIZER ON FERTILIZER NITROGEN
UPTAKE AND DISTRIBUTION WITHIN MATURE FABABEAN AERIAL PLANT
PARTS AS DETERMINED BY 15N-LABELLED SINGLE FERTILITY
TREATMENT IN CARMAN FIELD TRIAL 1975.

nitrogen fertilizer
applied (kgN/ha)

nitrogen distribution
within fababean

time of nitrogen application % fababean kgN/ha in’
nitrogen derived fababean aerial % nitrogen
from fertilizer portions de- fertilizer
rived from recovered by
full early fertiligzer fababean aer-
seeding bloom pod fill grain straw grain straw ial portions
30% 30 30 7.2 7ok 3.6 0.8 14.7
30 30% 30 5.8 3.8 3.2 0.5 12.3
30 30 30* 2&[9— 009 l@ld» Oel 290‘
Total seasonal 8,2 1.4 10.7

* nitrogen fertilizers enriched with L°N

LTT
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and lowest when fertilizer nitrogen was applied at mid-pod
filling stage. FababeansyreCOVered 14.7% of nitrogen
fertilizer applied at seeding, 12.3% of nitrogen fertilizer
applied at full bloom stage, and 5:0% of fertilizer nitro-
gen appligd at mid pod. The total quantity of fertilizer
nitrogen added in three applications was 90 kg N/ha of
which fababean above»groqnd portions recovered 9.5 kg
N/ha, the overall efficiency of fertilizer utilization
being’lO,7%5 Fababeans fertilized with 90 kg N/ha at seed-
ing recovered 19% of the applied fertilizer in above
ground pqrtions harvested ab mid pod-filling stage, (Table
35). These results were unexpected because it is usually
considered that split applications of fertilizer are more
effiqiently reqovered_by crops than_single applications
at seeding, due to the plant's higher ability to extract
inqrganic nityogen during later growth stages, and due to
the plant's increased need for nitrogen during later growth
stages. Examination of the data (Table 36) indicates that
low overall recoveries in split application treatmehts
were caused by extremely_low nitrogen fertilizer uptake
during later growth stages. This could have been caused
by dry soil conditions and low precipitation which reduced
availability to fababeans of surface applied fertilizers,
and/or by inability of fababean plant itself to extract
fertilizer nitrogen during later growth stages.

_ Comparisqn of the percent seed and straw nitrogen

derived from the fertilizer (Ndff) in the three split
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application (Table 36), show that straw NdFF values are
somewhat higher than seed values when nitrogen was applied
at seeding. However, seed NdFF values are larger than
straw NdFF values when nitrogen was added at full bloom,.
and even larger when nitrogen was added at mid pod-fill
stage. These data are in agreement with wheat results
which indicate late season nitrogen applications were
preferentially adsorbed into the grain (Soper and Rennie,

1974, Mouchova et al., 1974).

BARLEY FERTILIZER NITROGEN UPTAKE

Utilization of fertilizer nitrogen by barley grown
in 1975 field trials, except for the Carman site was
higher than in 1974 (Table 37). This was probably caused
by more favorable growing conditiéns encountered in 1975,
Since recovery of fertilizer nitrogen into barley shoots
was calculated by the difference method, and since appli-
cation of 90 kg N/ha had no effect upon aerial nitrogen
uptake into barley, the percenﬁ utilization of applied
fertilizer was calcuiated to be zero at Carman.

EFFECT OF NITROGEN FERTILIZERS ON FABABEAN SYMBIOTIC
NITROGEN FIXATION

Data from field trials indicate that mature unfer-
tilized fababeans derived from O to 71% of their total
aerial nitrogen content from symbiotic nitrogen fixation
(Table 38). Fababeans grown at Carman were calculated

to have fixed zero percent of their aerial nitrogen contents.



TABLE 37

EFFICIENCY OF FERTILIZER NITROGEN RECDVERY BY BARLEY
IN FIELD TRIALS 1975.

% Fertilizer Nitrogen Recovered
Field Trial Location

Carman St. Claude Teulon Zhoda

50 4 80 d 50 4 80.d  Final T0d  80d 50 4  Final
0% 0% 37.8  37.8 41,1 36.6  32.6 3408 36.7
TABLE 38

EFFECT OF NITROGEN FERTILIZER APPLICATION ON PERCENT OF TOTAL FABABEAN
AERIAL NITROGEN DERIVED FROM SYMBIOTIC NITROGEN FIXATION
IN FIELD TRIALS 1975.

Percent of Fababean Aerial Nitrogen Derived from Symbiosis

Nitrogen Field Trial Location

applied

(kg N/ha) Carman St. Claude Teulon Zhoda
0 - 0% 71% 71% 37%

90 0% 25% L8% 0%

0T
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This waé due to the high soil inorganic nitrogen contents
and low fababean yields which resulted in a nitrogen
demand which was adequately supplied by the soil reserves.
However, fababeans grown at Carman were well nodulated,
and since the difference method is not always totally
correct, it can be postulated that fababeans did fix

some nitrogen and that the quantity fixed was small.
~Addition of 90 kg N/ha of nitrogen decreased symbiotic
nitrogen fixation in fababeans grown at Zhoda from 37%

to zero percent of aerial nitrogen. This effect also
occurred at Teulon and St. Claude where 90 kg N/ha ferti-
lizer decreased symbiotic nitrogen éontribution from 71%
of total aerial nitrogen to 25% at St. Claude, and to

48% at Teulon. ‘Though unfertilized fababeans in St. Claude
and Teulon field trials symbiotically fixed the same pro-
portion of aerial nitrogen, the'quantities of nitrogen sym-
biotically fixed were not similar. Control fababeans at
St. Claude symbiotically fixed 69 kg N/ha, while control
fababeans grown in the Teulon field trial symbibtically
fixed 87 kg N/ha in aerial plant portions. The estimates
of proportion of plant nitrogen symbiotically fixed were
calculated on aerial fababean portions only and may be
subject to some variation if total plant (aerial * root
.nitrogen) nitrogen is considered. Proportions of aerial
plant nitrogen derived from symbiotic nitrogen in 1975
field trials are similar to the proportions calculated

from 197, field trial data,
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Fababeans were found to be efficient symbiotic
nitrogen fixers. Based on results obtained from seven
field trials conducted during the summers of 1974 and
1975, fababeans were calculated to have derived 54% of
their nitrogen from symbiotic fixation, with five of the
seven trials having fixed 63 to 71% of their aerial nitro-
gen contents. The assumption that fababeans are efficient
symbiotic nitrogen fixers is also supported by evidence
from 1973 field trials in which high aerial yields and
nitrogen uptake into aerial portions occurred but in
which no response to appligd.nitrogen.fertilizers occurred.
Since these field trials were conducted in soils which
did @ot contain sufficient inorganic nitrogen to achieve
these high results, it must be assqmed that symbiotic nitro-
gen fixatibn was producing sufficient quantities of nitrogen.
Fababeans also appear to have had sufficient nitrogen in
later growth stages, as nitrogen applications during full
bloom and/or mid pod stages had no_effect upon fababean
growth performance. These data are in agreement with
MeEwen (1970), who reported that yield of fababeans was.
affected by only high (336 kg N/ha) applications of nitro-
gen at seeding, and that the response was generally less
than 10%. McEwen considered that symbiotic nitrogen fix-
ation in fababeans produced quantities of nitrogen which
were sufficient for-piént needs. These data also concur
wiih reports by Rinno'gg ale (1973) in which neither low

rates at seeding, nor heavy late applications of nitrogen
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fertilizer had an effect upon fababean growth. They
considered that fababeans fixed sufficient quantities of
nitrogen throughout their entire growth cycle, unlike

Pisum arvense and Pisum sativa which responded to late

heavy nitrogen fertilization.

GROWTH CHAMBER EXPERIMENT ONE:

Two growth chamber experiments were conducted in which
the effects of rates and times of nitrogen fertilization
upon aerial yield, percent protein, and upon symbiotic nitro-
gen fixation in fababeans were studied. Growth chamber ex-
periment one and two differed only in that fababeans grown
in experiment one were inoculéted with an ineffective
Rhizobia strain while fababeans grown in growth chamber
experiment two were inoculated with an effective Rhizobia
strain. Experimental design and procedures are outlined
in the Methods and Materials section.

Fababeans grown in growth chamber experiment one
exhibited large variations in measured characteristics
’both among treatments and among replicates. Throughout
most of the experiment nitrogen treatments could be visu-
ally identified. Increasing rates of nitrogen fertiliz-
ation increased growth and decreased chlorotic plant
tissue in fababeans. ©Since only scattered nodule initi-
étion was observed in some fababean roots when plants were
thinned four weeks after seeding, ineffective inoculum was
suspected. This suspicion was confirmed at harvest when

roots were separated from soil and inspected. Scattered,
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poor nodulation was observed, nodules when present were
mainly located in smaller lateral roots instead of in the
larger main roots. Presence of small nodule clusters was
also observed in many roots. It was assumed that these
nodules wereAgenerally_ineffective,

Fababeans became nitrogen deficient early in their
life cycle. Nitrogen deficiency symptoms were first ob-
served in control treatment when’fababgans attained plant
height of 10 to 12 cm which corresponded to the 8 to 12
leaf stageg It was postulated that the control treatments
had depleted seed and sqil nitroggn reserves and were not
aqtivgly fixing sufficient nitrogen. In time all treatments
became chlorotic, the time at which the plants became
chlorotic bqing re;ated to the rate of nitrogen applica-
tion. Hence fababeans grovin in treatments whi¢h received
low ratgs_ofvfertilizer became chlorotic before treatments
which received higher rates of nitrogen. .With increasing
severity of nitrogen Qeficiency oldet 1eayes became yellow
and abscised prematurely. In extreme cases of nitrogen
deficiency all leaves except those contained in the growing
point abscised. Leaveé in growing points of nitrogen defi-
cient fababeans were observed to be more profuse and smaller
than those contained in more normal plants. When nitrogen
was_applied to chlorotic'plants the younger leaves became
greener, this was fo;lowed by a general greening of the
older leaves, and then by a pfoliferation of leaf growth.
The extreme experimental variability was well illustrated

in the case where one plant in a pot was severely N defi-
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cient and the other plant was normal, indicating that
nodulation and hence nitrogen fixation of fababeans grown

in this experiment was sporadic.

SOILS USED IN GROWTH CHAMBER EXPERIMENT

Soil used was an Ap horizon of a Stockton SI
(Ehrlich et al.,1957). The soil was neutral in reaction
and had a low calcium carbonate equivalent (Table 39).
Soluble salt concentration as measured by electrical
conductivity was low. Percent organic matter, as deter-
mined by Wakley—BlackAdichromate oxidation method, was
4.3%, a value which is high for a Stockton Ap. The soil
was moderately well supplied with NaHCOj extractable
phosphorus, and NH#OAC exchangeable potassium,; but con-
tained low concentrations of available N03°N@ Percent
water content of the scil on an oven dry basis when at

field capacity was determined to be 24.5%.

TABLE 39

SOME CHARACTERISTICS OF SOIL USED IN GROWTH
CHAMBER EXPERIMENTS I AND II

Soil type Stockton
Soil texture SL
Soil pH 6.6
Conductivity (mmhos/cm) 0.1
NO3;=N (ppm) 1.5
NaHCO3 extractable P(ppm) 9.9
Exchangeable K(ppm) 329
Percent organic matter Lo3
Percent calcium carbonate

equivalent 0.77
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EFFECT OF NITROGEN FERTILIZER UPON FABABEAN GROWTH
PERFORMANCE

Results from this experiment were extremely variéble,
hence only generalized trends can be discussed. Applica- |
tion of nitrogen fertilizer increased fababean aerial
yield, with the increase being proportional to increased
application rate (Table 40). Thus lowest aerial yield
was obtained in fababeans which grew in the control treat-
ment, while the highest yield was obtained in fababeans
which were grown in the 900 mg N/éot treatment, the high-
est rate of application employed. Fababeans which received
split applications of nitrogen and fababeans which received
the same quantity of fertilizer in one application at seed-
ing or six weeks after seeding had similar aerial yields.
However fababeans which received 300 mg N/Pot of nitrogen
at floral initiation and/or early pod filling stage had
significantly lower aerial yields than fababeans which
received 300 mg N/Pot at seeding or six weeks after seeding
(Table 40), suggesting that fababeans fertilized in mid-
season were not capable of efficiently using combined
nitrogen for aerial dry matter production.

Percent nitrogen content of fababean aerial tissues
was variably affected by nitrogen fertilization (Table 40),
Values ranged from 1.47% nitrogen to 2.30% nitrogen (oven
dry moisture basis). Due to high variability no treatment
effect could be discerned. Values obtained were much lower

than results reported in field trials, and indicate faba-



TABLE 40

_EFFECT OF NITROGEN FERTILIZATION ON YIELD, PERCENT NITROGEN
CONTENT, AND NITROGEN UPTAKE INTO AERIAL FABABEAN
PORTIONS IN GROWTH CHAMBER EXPERIMENT I.

Nitrogen applied (mg N/Pot) Aerial fababean

time nitrogen applied

0 weeks oven dry nitrogen nitrogen
after pre- early yield content uptake
erop seeding seeding  bloom pod-fill g/Pot N mg N/Pot
Fababean 0 0 0 14,00a 1.68abe 223a
" 75% 0 0 21.97ab  2.30e 565abe
" 150% 0 0 21.97ab 2.17de 539abe
" 300% 0 Q 35.10bc  1.97cde 710bcd
" 600* 0 0 31.07ab  1l.47abe L55abce
" 900%* 0 0 50.83¢ 1.75abed 945d
" 75% 75 75 :
" 75 75% 75 34.73b 2.14de 699bed
" 75 75 - 75
" 75 75 75
" 0] 300% 0 39.90bc  1.93bcde 758cd
n 0] 0 300%* 26.53ab 1.30a 345ab
" 0 0 0 28.03ab  2,30de 634bed
Barley 0] 0 0 Q Lol7 0.97 39
" 300% 0 0 0 0,71 269

36097

* Nitrogen fertilizers enriched with 15y
*% 9N determined on oven dry moisture content

(numbers followed by same letters in columns are not significantly different

at P = 0.05 by Duncan's Multiple Range.)

L2T
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beans grown in growth chamber experiment one were nitrogen
deficient.

Nitrogen uptake into fababean aerial'portions was
apparently increased by all rates of nitrogen fertilization
used, though due to large experimental error only the 900
mg N/Pot treatment significantly increased nitrogen uptake
(Table 40}. The 300 mg N/Pot application at seeding
increased nitrogen uptake into fababean aerial portions
by 314%, but the increase was not significant. These
data illustrate the extreme variability which plagued

this experiment.

SYMBIOTIC NITROGEN FIXATION

In order to quantitatively determine symbiotic
nitrogen fixation_specific values were determined for
sources Qf nitrogen. The sources of nitrogen which were
available to fababeans were seed nitrogen, combined soil
and/or fertilizer nitrogen, and symbiotic nitrogen. Seed
nitrogen contributiqn to fababean aerial nitrogen content
was determined to be 20,0 mgN/Pot or 10 mg N/ plant.
This was cal¢ulated by multiplying the nitrogen content
of two fébabean seeds (22.5 mg) by the proportion of
nitrogen located in fababean aerial portions (81%), a
value determined in growth chamber experiment two.

Barley (Hordsum vulgare L. var. conquest) was used

to determine quantities of mineralized nitrogen which were

available to fababean aerial portions. Nitrogen fertilizer-
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applied to barley were tagged with 15§ thus allowing direct
determination of the quantity of soil nitrogen contained

in barley shoots. Total uptake of nitrogen into fertilized
barley shoots was determined to be 269 mg N/Pot of which
180 mg N/Pot was derived from fertilizer (Table 41).

Hence soil nitrogen qontributed 89 mg N/Pot to barley
shoots. Aerial barley portions of control barley plants
contained only 39 mg N/Pot. This discrepancy could have
been caused_by the stimulation.nitrogen fertilizers have
been reported to have upon mineralization of soil organic
matter or to poor growth of unfertilized barley resulting
in a high root to shoot nitrogen ratio. Since barley was
used to measure'quantity of nitrogenvavailable to faba-
beans which were supposedly not suffering nitrogen
defiqiencies as severe as those encountered in control
barley treatment, the contribution of soil nitrogen to
aerial nitrogen content of fertilized barley was assumed

to be equal to that which was available to fababeans.

TABLE 41

EFFECT OF NITROGEN FERTILIZATION ON NITROGEN UPTAKE
INTO BARLEY SHOOTS IN GROWTH CHAMBER EXPERIMENT ONE.

Percent

barley aerial nitrogen nitregen
' derived derived fertilizer

Nitrogen Total . from from recovered
applied Uptake fertilizer Soil by barley
(mgN/Pot) (mgN/Pot) _(mgN/Pot) (mgN/Pot ) shoots

0 39 - 39 =
300 269 180 89 60.00
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Determination of quantity of fertilizer nitrogen
contained in fababean aerial portions was accomplished by
15y techniques. Therefore quantity of symbiotic nitrogen
contained in aerial fababean portions was determined by
subtracting‘seed nitrogen, soil nitrogen and fertilizer
nitrogen from total plant nitrogen,

Superficially symbiotic nitrogen fixation appears
to have been progressively increased by the three lowest
nitrogen fertilization rates used (Table 42), while the
second highest rate (600 mg N/Pot) appears to have decreased
symbiotic nitrogen fixation. However, due to the increased
growth which accompanied application of the first three
rates, the percent of plant nitrogen derived from symbiotic
nitrogen fixation remained unchanged., However, since these
data were variable symbiotic nitrogen fixation results can

not be interpreted,

RECOVERY OF NITROGEN FERTILIZER

Percent fertilizer nitrogen uptake into fababean
aerial portions was extremely low (Table 42)., Percent
recovery of nitrogen fertilizer into fababean aerial
portions was rate dependent, ihcreasing with increasing
fertilization rate, Aerial portions of fababeans grown
in the 900 mg N/Pot treatment recovered 2.6 times more of
the applied nitrogen than did aerial portions of fababeans
grown in the 75 mg N/Pot treatment. Delaying time of nitro-
gen application generally increased percent fertilizer

nitrogen recovery, thus 77% of the 300 mg N/Pot rate



TABLE 42

Effect of Nitrogen Fertilization on Nitrogen Fertilizer Uptake
and Symbiotic Nitrogen Fixation in Aerial Portions of
Fababeans in Growth Chamber experiment one.

‘ percent

nitrogen applied (mg N/Pot) fertilizer
time nitrogen applied aerial fababean nitrogen nitrogen

6 weeks early derived from derived from ‘recovered
- after pod fertiliger fixation by faba-

seeding seeding pre-bloom fill (mg N/Pot) mg N/Pot Percent bean shocts

0 0 0 0 - 114 51.1 -
75% 0 0 6] 14 L42 78.2 18.2
150%* 0 0 0 55 377 69.9 36.4
300+ 0 0 Q 119 482 67.0 39.6
600% 0 0 0 280 66 1k.5 146.6
900* 0 0 0 420 L16 44 .0 46.7
75% 75, 75 75 15 o 20.0
75 75% 75 75 27 565 80.8 36.0
75 75 75% 75 39 52.0
75 75 75 75% 18 Lol
0 300* 0} 0 162 384 50,7 54,0
0] 0 300% 0 146 .90 26,1 4L8.7
0 0 0 300% 230 295 46.5 76.9

* nitrogen fertilizers enriched with 15y

T€T
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applied during early pod stages was taken up into fababean
aerial portions, while only 40% of the 300 mg N/Pot rate
applied at seeding was taken up into fababean aerial
portions. Since aerial yield of fababeans grown in the 300
mg N/Pot application at seeding treatment were higher than
aerial yield of fababeans grown in the 300 mg N/Pot appli=-
cation at early pod stages, data indicate that fababeans
grown in late season application treatments were incapable
of efficiently using fertiiizer nitrogen for increased
aerial yield even though they managed to take up a large
portion of applied fertilizer into aeriél poftionso Delay-
ing time of addition to six weeks after seeding resulted

in a 35% increased fertilizer recovery over that obtained
in the application at seeding.

Split nitrogen applications were performed in the
manner outlined by Fried et al. (1975). 15N-1abelled single
‘fertility treatments consisted of four 75 mg N/Pot additions
applied at seeding, six weeks after seeding, floral initi-
ation, and early pod-fill. Experimental design was such that
fababean nitrogen fertilizer recovery for each‘application
time was determined. Percent fertilizer nitrogen recovery
by fababeans for ﬁitrogen applied at seeding for the split.
application treatment and for 75 mg N/Pot applied at seeding
were low but similar (Table 42). Recovery of fertilizer ni-
trogen into fababean aerial portions was higher when applied
six weeks after seeding, and at floral initiation than when

applied at seeding and early pod-fill. Efficiency of
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recovery of the total 300 mg N/Pot applied in the split
application was determined to be 33%, the lowest recovery
obtained in any 300 mg N/Pot treatment. Efficiency of
recovery of 300 mg N/Pot applied at seeding into barley
shoots was 60.0%.

SOILS

Soils in all pots were sampled upon termination of
the experiment, and were analyzed for NOB-N concentrations.
Data indicate (Table 43) that soils in which fababeans
grew had virtually no N03=N present at harvest time. Data
indicate that nitrogen fertilization had no effect upon
concentration of available N03 present in soil at harvest,
hence NO3-N concentrations of soils in which 900 mg N/Pot
was added were similar to N03=N concentration in-control
treatment soils. Since virtually no available inorganic
soil nitrogen was present in the soils at time of harvest,
low uptake of nitrogén fertilizers into fababean aerial
portions could have been due to lack of translocation
of absorbed nitrogen from roots to shoots. However root
data for this experiment was not determined, hence this
theory éan not be substantiated. Low‘uptake of ferti-
lizer nitrogen into fababean aerial portions could also
have been caused by losses such as denitrification and/or
immobilization, though this seems unlikely as barley shoots
in experiments one and two recovefed similar quantities

of fertilizer nitrogen,
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TABLE 43

NITRATE~-NITROGEN CONCENTRATIONS IN SOILS OF TREATMENTS
USED IN GROWTH CHAMBER EXPERIMENT ONE
AT TIME OF HARVEST '

Treatment : mg N
number added/Pot ppm NO3-N
1 0 2.2
2 75 1.9
3 150 1.5
L 300 1.5
5. ' 600 1.2
6 ' 3900 1.3
7a 300 1.8
7b 300 1.8
7¢ 300 1.9
7d 300 1.4
8 300 1.6
9 300 1.6
10 300 1.5

GROWTH CHAMBER EXPERIMENT TII

The inoculum used in growth chamber expériment 1I
(Nitragin Corp Q culture) proved to be effective, hence the
large variability in yield, protein content (%) and other
plant characteristics which occurred in growth chamber
experiment I did not occur in growth chambér experiment II.
As mentioned previously methodology used in experiment I
and experiment II were identical.

Fababeans germinated seven to ten days after seeding,
with 50% emergence occurring 12 days after seeding. Pro-
fuse nodule initiation was’observed at the time of thinning,
four weeks after seeding. Fababeans grew well throughout

the experiment, with only the control treatments exhibiting
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nitrogen deficiency symptoms. These symptoms were mild,
appearing 3% to 4 weeks after seeding, and disappearing
approximately ten days later. No other visual treatment
differences could be detected throughout the remainder of
the experiment@ Floral initiation was observed L9 days
after seeding, with full bloom stage occurring ten days
later. First pods were obéerved 75 days after seeding.
Upon termination of the experiment fababeans had grown to
a height of approximately one meter with little variation
occurring among pots. Nodulation was examined visually and
no significant differences among tfeatments were observed.,
Fababean root growth, however was observed to be much more

variable than aerial plant portions,

RATES OF FERTILIZER NITROGEN APPLIED AT SEEDING

Nitrogen fertiliger, as NH@NOBs were applied at
75, 150, 300, 600 and 900 mg N/Pot to fababeans at seeding.
The general rates used were selected to study several
phenomena. The two lowest rates (75 and 150 mg N/Pot)
were used to investigate starter effect fertilizer nitrogen
has been reported to have upon fababean symbiotic nitro-
gen fixation. The deleterious effects which high concen-
trations of inorganic soil nitrogen have been reported
to havé upon legume nodulation and symbiotic nitrogen fix-
ation were investigated by higher rates 150, 300, 600,
and 900 mg N/Pot of nitrogen applied at seeding.

Nitrogen fertiligzer applied at O, 75, 150, 300 and

600 mg N/Pot at seeding had no significant effect upon faba-
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bean aerial yield (Table 44). The highest rate employed
(900 mg N/Pot) caused a significant increase in fababean
aerial yield, the increase being 13.7% of the control
treatment yields. Percent protein content and nitrogen
uptake (mg N/Pot) into aerial fababean portions were un-
affected by all rates of nitrogen fertilizer applied at
seeding (Table 44). Percent nitrogen contents of fababeans
grown in experiment two were higher than percent nitrogen
contents of fababeans grown in experiment one (Table 40).
Aerial tissues of fababeans grown in the control treatment
in.experiment one contained 1.68% nitrogen (on oven dry
basis), while aerial tissue of control treatment fababeans
grown in experiment two contained 2.45% nitrogen., Nitro-
gen fertilizer applied to fababeans grown in experiment
one had no effect on fababean nitrogen contents, but did
increase aerial yields substantially, such that oven dry
aerial yield of fababeans grown in the 900 mg N/Pot treat-
ment in experiment one was similar to oven dry aerial
yields of fababeans grown in experiment two. Since the
only difference between experiment one and two was that an
ineffective inoculum was used in experiment one, and an
effective inoculum was used in experiment two, it can be
postulated fababeans grown in 900 mg N/Pot treatment had
approached their aerial yield potential. Since nitrogen
contents of aerial tissues of fababeans grown in 900 mg
N/Pot treatment were not significantly different from the

control treatment in experiment one, but were lower than



TABLE Lk

EFFECT OF NITROGEN FERTILIZATION ON YIELD, PERCENT NITROGEN
CONTENT, AND NITROGEN UPTAKE INTO AERIAL FABABEAN
PORTIONS IN GROWTH CHAMBER EXPERIMENT II

Nitrogen applied (mg N/Pot) Aerial fababean
time nitrogen applied
6 weeks oven dry Nitrogen nitrogen
after pre- early yield content uptake
crop Seeding Seeding bloom pod-fill g/Pot PN H mg N/Pot
Fababean 0 0 0 0 50,.50a 2.45a 1237a
" 75% -0 0 0 48.04a 2.55a 1227a
" 150% 0 0 0 4,8,.86a 2.66a 1297a
" . 300% 0 0 0 51,61ab 2.53a 1300a
w 600% 0 ¢} 0 52:54ab 2.59a 1347a
" 900%* 0 0 ¢ 57.17b 2.42a 1380a
" 75% 75 75 75
" 75 75% 75 75 49.11a 2.51a 1228a
" 75 75 75% 754
N 75 75 75 75%
" 0 300% 0 0 53.58ab 2.50a 1357a
" 0 0 300% 0 47.02a 2.50a 1173a
" 0 0 0 300%* 49.11a 2.56a 1257a
Barley 0 0 0 0 2,76 1.47 40
19 3 o0* 0

0 0 36.95 1.27 343

* indicates nitrogen fertilizers enriched with 15y
*% %N determined on oven dry moisture content

(numbers followed by same letters in columns are not significantly different
at P = 0,05 by Duncan's Multiple Range.)

LET
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those obtained in experiment two, it can be postulated
that in fababeans, a competitive effect between yield and
percent nitrogen content exists such that in nitrogen
deficient fababeans supplemental nitrogen additions tend
to increase aerial yield before nitrogen content. Percent
nitrogen content, it appears, will be increased only after
nitrogen demands for potential yield have been satisfied.
Quantities of nitrogen symbiotically fixed by faba-
beans were calculated in the same manner described pre-=
viously in growth chamber experiment one. Hence barley was
again used to measure quantities of soil nitrogén mineralized
during the experiment. Total nitrogen uptake into.barley
shoots was determined to be 343 mg N/Pot, of which 203 mg
N/Pot was derived from fertilizer sources as measured by
15No Thus soil contributed 140 mg N/Pot to barley shoots
(Table 45). Again as was the case in experiment one
(Table 42) nitrogen uptake into control treatment barley
shoots was less than the soil contribution to fertilized
barley shoots. However, the value used for fababean nitro-
gen uptake from soil nitrogen was 140 mg N/Pot, as it was
considered that comparison of two species grown in the
presence of sufficient or nearly sufficient nitrogen would
be more valid than comparison of one species grown in nit-
rogen deficient media to another species grown in environ-

mental conditions which contained adequate nitrogen.
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TABLE 45

EFFECT OF NITROGEN FERTILIZATION ON NITROGEN UPTAKE
INTO BARLEY SHOOTS IN GROWTH CHAMBER EXPERIMENT TWO

Percent
barlev aerial nitrogen nitrogen
Total derived derived fertilizer
Nitrogen Uptake from from recovered
applied fertilizer Soil by barley
{mgN/Pot) (mgN/Pot) (mgN/Pot) (mgN/Pot ) shoots
0 40 o= 40 -
300 343 203 - 67.7

The quantity of symbiotically fixed nitrogen was cal-
éulated and results are depicted in Table 46. Results ob-
tained, as were all results obtained in this experiment,
were subject-ta low variability, suggesting uniform Rhizobium
and fababean material were used. Control treatment faba-
beans derived 87.1% or 538.5 mg N/Plant of their aerial
nitrogen from symbiotic nitrogen fixation. Roots of these
fababean plants contained 195 mg N/Plant (Table 47). Assum-
ing that 87.1% of root nitrogen was derived from symbiotic
nitrogeh fixation, fababeans grown in the control treatment
symbiotically fixed 708.3 mg N/plant. This is similar to
the result obtained by Candlish and Clark (1975), who
reported'fababeans grown in their second greenhouse experi-
ment symbiotically fixed 840 mg N/plant.

Application of nitrogen fertilizer . caused a de-
crease in the quantity of nitrogen symbiotically fixed by
the fababean. The decrease in the quantity of nitrogen fixed

symbiotically appeared to be inversely proportional to the



TABLE 46

Effect of Nitrogen Fertilization on Nitrogen Fertilizer Uptake
and Symbiotic Nitrogen Fixation in Aerial Portions of
Fababeans in Growth Chamber Experiment Two.

percent
nitrogen applied (mg N/Pot) fertilizer
time nitrogen applied aerial fababean nitrogen nitrogen
6 weeks early derived from derived from recovered
after pod fertilizer fixation by faba-
seeding seeding pre-bloom £fill (mg_N/Pot) mg N/Pot Percent bean shoots
0 0 0 0 - 1077 87,1 -
75% 0 0 0 32 1035 8L 4 42,2
150% 0 0 0 105 1032 79.6 69.5
300% 0] 0 0 195 945 72,6 65.0
600%* 0 0 0 417 768 57.0 69.6
900f 0] 0 0 642 578 41.9 71.3
75% 75 75 75 47 63.2
75 75% 75 75 52 864 70.6 68.9
75 75 75% 75 49 65.3
75 75 75 75% L6 Tho7
0 300% 0 0 215 981 72.3 71.9
0 0 300* 0 191 822 70,0 63.7
0 0 0] 300% 239 858 68.3 79.6
* nitrogen fertilizers enriched with 1oy

oYt
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quantity of nitrogen fertilizer taken into the fababean.
Thus symbiotic nitrogen fixation accounted for 87.1%

of aerial nitrogen in control fababeans, 72.7% of the
aerial nitrogen in the 300 mg N/Pot treatment and 41.9%

of the aerial nitrogen in the 900 mg N/Pot treatment. This
phonomenom is illustrated in Figure 5. Data indicate
every milligram fertilizer nitrogen used by the fababean
replaced one milligram of symbiotically produced nitrogen.
These data suggest fababeans grown in experiment two were
capable of symbiotically fixing the majority of their
nitrogen demand. These data are in agreement with results
reported by Allos and Bartholomew (1955), which indicated
supplemental nitrogen applied to legumes in excess of the
total quantity needed for maximum growth tended to reduce
symbiotic nitrogen fixation, the reduction being inversely

proportional'to the quantity of nitrogen applied.

15N=LABELLED SINGLE FERTILITY TREATMENT

Nitrogen, in four split applicatioris each consisting
of 75 mg N/Pot added at seeding, 6 weeks after seeding,
floral initiation and at early pod-fill had no effect upon
fababean aerial yield, percent protein content, and nitro-
gen uptake. Times of nitrogen application were selected
on basis of.soybean data and are discussed more fully in
the following section. Split application of nitrogen
treatments were inserted into the experiméntal paragin in
order to determine symbiotic nitrogen fixatioﬁ in plants

- which had been supplied with combined nitrogen at several
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fababeans grown in growth chamber experiment
two,
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critical growth stages.

Since aerial yield, percent protein content and nitro-
gen uptake intc fababeans grown in split application treat-
ments were similar to values obtained in check treatments,
data suggest fertilizer nitrogen uptake decreased symbiotic
nitrogen fixation. Hence quantity of aerial fababean
nitrogen derived from symbiotic nitrogen fixation was de-
creased from 1077 mg N/Pot (538.5 mg N/Plant) in control
treatment fababeans to 864 mg N/Pot (432 mg N/Pot) in
fababeans grown in split nitrogen application treatments.
That is, 300 mg N/Pot added in four applications of 75
mg N/Pot each?decreased percent aerial nitrogen derived
from symbiotic nitrogen from 87.1% to 70.6%.

Nitrogen was added to fababeans in single applica-
tion of 300 mg N/Pot at seeding, six weeks~after seeding,
pre-bloom to bloom and early pod-fill stages. These
treatments had no effect upon yield, protein content and
nitrogen uptake into aerial fababean portions (Table 44).
These treatments, though physically identical, differed
in their physiological effect upon fababean growth.

Application of 300 mg N/Pot at seeding could reduce and/or
.delay fababean nodulation possibly resulting in decreased
yields and/or protein content. .Application of 300 mg N/Pot
six weeks after seeding would not affect nodulation, but
would supply the fababean with adequate nitrogen during the
initial growth stages when fababean nitrogen demand may |

exceed nitrogen supply. Soybeans have been reported to be
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occasionally lacking available nitrogen during floral
initiation to full bloom stages, and application of fertil-
izer nitrogen at these times has been at times beneficial
(Lathwell and Evans, 1951, de Mooy et al., 1973, Lawn and
Brﬁn9 1974). In order to determine if fababean symbiotic
nitrogen fixation was adequate for plant needs during‘these
growth stages, 300 mg N/Pot was added to fababeans at pre-
bloom to bloom stages. In soybeans maximum rates of sym-
biotic nitrogen fixation have been reported to occur during
early to mid pod-filling stages, and shortly after have
“been observed to decrease rapidly (Thibodeau et al., 1975).
In order to determine if fababeans could symbietically

fix suffiéient nitrogen during pod=fill stages, 300 mg
N/Pot was applied at early pod-fill.

Aerial fababean yield, percent protein content ahd
nitrogen uptake were unaffected by 300 mg N/Pot applied to
fababeans at the four selected stages. These results
suggest that available soil and symbiotically produced
nitrogen were sufficient for plant needs during all growth
periods., Data indicate that nitrogen fertilizers applied
to fababeans were efficiently recovered by aerial portions
(Table 45), suggesting fertilizer nitrogen contained in
plant tissues merely substituted for symbiotically pro-
duced nitrogen. Percent of aerial nitrogen derived from
symbiotic fixation was reduced from 87.1% in control treat-
ment fababeans to 72@6% when 300 .mg N/Pot was added at

seeding, to 72.3% when 300 mg N/Pot was added six weeks
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after seeding, to 70.0% when 300 mg N/Pot was added at pre-
bloom, and to 68.3% when 300 mg N/Pot was added at early
pod-fill. |

The symbiotic process in fabébeans occurred rapidly
and was able to satisfy fababean nitrogen requirements
throughout its entire growth cycle. Data indicate faba-
beans symbiotically fixed nitrogen during the early pod-
£ill to senescence period of growth. Since control treat-
ment fababeans and fababeans fertilized with 300 mg N/Pot
at early pod-=fill had similar aerial yields, percent protein
content and nitrogen uptake values; it can be assumed that
every milligram of fertilizer nitrogen located in fababean
aerial tissues replaced an equal amount of symbiotically
fixed nitrogen. Since fababeans fertilized with 300 mg
N/Pot at early pod-fill contained 239 mg N/Pot in their
aerial tissues from the fertilizer, it can be assumed that
at least 239 mg N/Pot would have been symbiotically fixed
during early pqd to senescence periods of growth. This
represents 28% of the nitrogen symbiotically fixed in this
treatment. Hence data indicate at least 28% of fababean's
symbiotic nitrogen was fixed during the early pod-fill to
senescence growth period. These data are in agreement with
Candlish and Clark (1975) who reported fababeans symbioti=

cally fixed nitrogen after pod formation.

PERCENT FERTILIZER NITROGEN RECOVERED BY FABABEAN AERIAL
PORTIONS

Percent of applied nitrogen fertilizer taken up

into fababean aerial portions, and into the whole plant
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appeared to be unaffected by various rates of nitrogen
fertilizer applied atvseedimga Percent of applied fertil-
izer recovered by fababean aerial tissue as determined
by 15N was high (Table 46) ranging from 42.2% recovery of
75 mg N/Pot rate to 7193% recovery of the 900 mg N/Pot
rate. The recoveries obtained in this experiment were
generally much higher than those encountered in experiment
one where aerial portions of fababeans recovered 18,2%
of 75 mg N/Pot applied at seeding and 46.7% of 900 mg
N/Pot applied at seeding. Differences in aerial recovery
of applied nitrogen fer%ili?ers between the experiments
was probably caused by different root to shoot ratios of
plant nigrogen, but unfortunately root data from experi-
ment one is unavailable and this theory can not be vali-
dateda

Efficiency of recovery of 75 mg N/Pot applied at
seeding by fababean aerial portions was lower than fababean
- efficiency of recovery from other fertilizer nitrogen
treatments. Aerial fababean portions recovered 42.2% of
the 75 mg N/Pot applied at seeding while aerial portions
of fababeans grown in the split treatment in which 75
mg N/Pot was added at seeding, six weeks after seeding,
floral initiation, and early pod-filling stage recovered
63.2% of the 75 mg N/Pot applied at seeding. This dis-
crepancy also existed in_roots, therefore shoots and roots
of fababeans grown in 75 mg N/Pot application at seeding

contained 59.6% of applied fertilizer, while fababeans
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grown in the split treatment recovered 78.8% of the‘75
mgN/Pot applied at seeding in their shoots and roots.
Since the fertilizer solution used in both treatments was
the same, no explanation can be advanced for this discrep-
ancye

Data from split application treatments and from
the 300 mg N/Pot mid-season applications indicaté efficiency
of nitrogen fertilizer utilization by fababean aerial por-
tions was highest when fertilizer was applied at early
pod=fill and lowest when fertilizer was applied at seeding
(Table 46). Hence aerial fababean portions fertilized
with 300 mg N/Pot at early pod recovered 79.6% of the
applied fertilizer, and analysis of root data (Table 47)
indicate that roots and shoots of these fababeans recovered
89.9% of the applied fertilizer. These data are in agree-
ment with results obtained from growth chamber experiment
one in which utilization of applied fertilizer was highest
in late applications, and lowest in early applications.
Data are in agreement with results reported for wheat
grown in similar experiments (Soper and Rennie, 1974) and
for fababeans (Mouchova et al., 1974), in which efficiency
of fertilizer recovery was higher when nitrogen was applied
in split applications than when the same amount of nitrogen
was applied at seeding. The higher efficiency of nitrogen
fertilizer utiliéation was attributed to more efficient
extraction during the later growth étagese

Fababeans were as adept as barley in extracting
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fertilizer nitrogen. Aerial portions of barley recovered
67.7% of the 300 mg N/Pot applied at seeding, while aerial
fababean portions recovered 65.0% of the 300 mg N/Pot
applied atbseedinga These date indicéte fababeans pre-
ferentially fed from combined nitrogen (fertilizer and
inorganic scoil) sources. Hence data suggest fababeans
symbiotically fix nitrogen only when grown in media which
does not contain sufficient available inorganic nitrogen
for optimum growth. Fababeans appear to fix only the amount
of nitrogen needed to insure maximum growth in prevailing

environmental conditions.,

FABABEAN ROOTS

Extremely high variability occurred among fababean
root yields. Variability was caused in part by the diffi-
culty encountered in separating fababean roots from the
soil, resulting in loss of a large proportion of fine root
hairs. Root data were used to measure total quantity of
fertilizer nitrogen adsorbed into the whole fababean plant.
Data indicate that 87% of the fertilizer applied to faba-
beans was adsorbed into the whole fababean plant (Table 47).
Due to high root variability no treatment effect could be
discerned. The average root : shoot nitrogen ratio was
determined to be 0.19 to 0.81. Thus at senescence 19% of
- the total plant nitrogen was located in fababean rcots

and 81% was in fababean shoots.

SOILS

Soils in all pots were sampled at completion of



TABLE 47

EFFECT OF NITROGEN FERTILIZATION ON YIELD, PERCENT NITROGEN
CONTENT, AND NITROGEN UPTAKE INTO FABABEAN ROOTS
"IN GROWTH CHAMBER EXPERIMENT II.

Nitrogen applied (mgN/Pot) _ Fababean roots
time nitrogen applied fertiligzer
6 weeks oven dry nitrogen nitrogen nitrogen
after pre- early yield content uptake uptake
seeding seeding bloom pod-fill _ (g/Pot) (ZN)**  (mgN/Pot) (mg N/Pot)
0 C 0 0 20,31 1.86 390 0
75% 0 0 0 20,01 1.13 222 12.7
150% 0 0 0 21,39 1.40 292 - 37.0
300% 0 0 0 2L .81 0.95 230 46,2
600%* 0 0 0 30,08 1.3% 389 121@5
900* 0 0 0 18.61 1.64 288 ,
75% 750 75 75 18,16 1.44 218 lZ@l
75 75% 75 75 16,87 1.21 307 11.%
75 75 75% 754 250,54 1.81 478 2.9
75 75 75 75% 21.13 1.18 246 12.1
0 300% 0 O 20,91 1.51 298 57.6
0 0 300* 0 18.39 1.04 181 30.2
1.12 225 30.5

0 0 0 300% 20,00

* nitrogen fertilizers enriched with 15y

**#9N determined on oven dry moisture content

641
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experiment and werelanalyzed for NO3-N concentrations. The
data are presented in Table 48. The results were similar
'to those obtained in growth chamber experiment one which
revealed that virtually no available nitrogen was containéd
in fababean and barley soils upon completion of the experi-
ment. These data confifm 15N data which indicate that
fababeans feed preferentially from combined nitrogen and
appear to symbiotically fix nitrogen only when inorganic
soil and fertilizer nitrogen availability is below that

needed for maximum growth.
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TABLE 48

NITRATE-NITROGEN CONCENTRATIONS IN SOILS
OF TREATMENTS USED IN GROWTH CHAMBER
EXPERIMENT TWO AT TIME OF HARVEST

nitrogen NO,; =N
Treatment applied Concentration

Crop number mg_N/Pot (ppm)
Fababean 1 0 2,2
2 75 2.1

3 150 1.3

L 300 0.7

5 600 1.2

6 900 1.1

7 300 1.8

8 300 1.2

9 300 1.7

10 300 3.3

Barley 11 0 5.6
12 300 7ok




152

V SUMMARY AND CONCLUSIONS

Results obtained from nine field experimeﬁts and
two growth chamber experiments showed that yield and pro-
tein content of effectively nodulated fababeans were not
increased by addition of fertilizer nitrogen, even when
fertilizers were applied at substantial rates. No evi-
dence was found to indicate fababeans required additional
nitrogen to that supplied by the soil and seed during
" their initial growth stages. Small amounts of nitrogen
applied to fababeans at seeding in an attempt to induce
a starter‘effedt had no effect upon aerial yield or
protein content of fababeans grown in soils with available
nitrogen contents ranging from very low to very high at
seeding. In a gfowth chamber experiment fababeans which
recéived'?S and 150 mg N/Pot at seeding and control faba-
beans had similar aerial yields and protein contents at
maturity. Since the soil'used in these experiments had
a very low N03~N concentration at seeding, it can be con-
cluded that initiation of fababean éymbiotic nitrogen fix-
ation occurred rapidly, and that'sméll amounts of nitrogen
fertilizer applied at seeding were not required for achieve-
ment of maximum yield.

Medium rates of spring applied fertiliZer\nitrogen
had no consistent effect upon fababean aerial yield and
protein content. In two 1974 field trials, and in one
1975 field trial, biweekly sampling of fababeans from seedﬂ

ing to maturity showed that the application of 90 kg N/ha
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at éeeding had no significant effect upon dry matter
accumulation and percent protein content in nodulated
fababeans. Maximum rate of dry matter accumulation and
maximum rate of nitrogen uptake into fababeansoccurred
during the full bloom to mid pod-fill stages.

Large rates of fertilizer nitrogen applied to faba—
beans at seeding in an attempt to satisfy the majority of
fababeans' nitrogen requirements by inbrganic nitrogen
sources generally had no effect upon aerial yield and
protein content. In 1974 application of fertilizer nitro-
gen at rates in excess of that needed for aerial growth
(300 kg N/ha) significantly increased fababean seed yield
in only one out of three field trials. In growth chamber
experiments aerial fababean yield was increased by 13.7%
by application of 900 mg N/Pot at seeding, however nitro-
gen uptake intd aerial fababean portions was unaffected.
These results suggest that soil and symﬁiotically pro-
duced nitrogen was generally present in sufficient
quantities for plant needs. _

Field trial data showed that 34 and 67 kg N/ha, as
NH&NOB placed in direct contact with fababean seed had no
effect upon fababean yield, nitrogén uptake. These field
trials were located on soils containing low and medium
quantities of available nitrogen at seeding. Since
seasonal nitrogen uptake into fababean seed and straw was
high, it must be concluded that fababeans symbiotically

fixed large quantities of nitrogen, thus indicating faba-
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bean rhizobia was able to effectively nodulate fababeans
when in direct contact with fertilizer nitrogen.

Single applications of 90 kg N/ha applied at full
bloom or early pod-=fill had no effect upon fababean seed
yvield and protein content. Nitrogen application times
were selected on the basis of 1974 field trial data which
indicated full bloom to early - mid pod-fill were periods
of maximum fababean growth and nitrogen accumulation.
Since no response occurred results indicate soil and sym-
biotic nitrogen were sufficient for plant needs during
periods of maximum growth. In growth chamber experiments
300 mg N/Pot applied six weeks after seeding, or at pre-.
bloom cr at eariy pdd“fill showed fertilizer nitrogen had
no éffect upon fababean yield, and protein content, even
though 15y measuremeﬁts indicated fertilizer nitrogen had
been efficiently recovered by fababeans. Since these
fababeans were grown in soils containing very low concen-
trations of NO3-N, it can be concluded fababeans symbio-
tically fixed sufficient quantities of nitrogen for plant
growth throughout the growing season.

Fertilizer nitrogen applied to uninoculated faba-
beans and/or barley increased aerial yield and protein
content at all sites except one thch had very high con-
tents of available nitrogen at spring. Results showed non-
nodulated fababeans required 300 kg N/ha in order to
approach aerial yield and protein content of nodulated

control fababeans., In growth chamber experiments aerial
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yields of ineffectively nodulated fababeans were increased
by nitrogen fertilization. Aerial yield of ineffectively 3
nodulated fababeans fertilized with 900 mg N/Pot at seed-
ing approached aerial yield of effectively nodulated con-
trol treatment fababeans. However, aerial portein content
of the ineffectively nodulated fababeans fertilized with
900 mg N/Pot was lower than protein content of effeétively
nodulated control fababeans. These results suggest a
competitive effect between yieid and protein content
exists in fababeans. Evidence indicates nitrogen fertilizer
applied to nitrogen deficient fababeans was preferentially
used for increased yield, and that fertilizer nitrogen
increases fababean protein content only after nitrogen
demand for yield has been satisfied, A

Fababeans were found to be capable of efficiently
recovering applied nitrogen fertilizer . In growth
chamber experiments aerial portions of»fababeans;and
barley extracted similar quantities of fertilizer nitrogen,
In fact roots and shoots of mature fababeans grown in
growth chamber experiments were found to contain 87% of
applied fertilizer. Efficiency of fertiliger nitrogen up- *
take into aerial fababean portions was higher for mid-
season applications than for nitrogen applications at
seeding. Fababeans which received 300 mg N/Pot at early
pod-fill recovered 79.6% of the applied fefﬁilizer in
their aerial portions, while aerial portions of fababeans

which received 300 mg N/Pot at seeding recovered 65.0% of
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the applied fertilizer. Analysis of soils used in growth
chamber experiments indicated fababeans absorbed virtually
all available N03=-Ne Results indicate fababeans prefer-
entially fed from combined nitrogen sources, fixing nitro-
gen only when combined hitrogen was -insufficient for plant
needs.

Evidence obtained indicate fababeans were efficient
symbiotic nitrogen fixers. No response was obtained from
starter amounts of fertilizer nitrogen applied nor from
large mid-season applications of fertilizer nitrogen.
Results indicate fababeans were capable of symbiotically
fixing sufficient nitrogen throughout their entire grow-
ing period. Fababeans appear to be capable of fixing a
large portion of their nitrogen requirements. Control
fababeans grown in a growth chamber experiment symbioti-
cally fixed 87.1% of their nitrogen requirements, corres-
ponding to 708.3 mg N/Plant. Fababeans grown in seven
field trials Symbiotically fixed, on the average, 54% of
their nitrogen requirements with individual values ranging
from O to 71%, however five of the seven field trials had
values ranging from 63 to 71%. Since fababeans preferen-
tially feed from combined nitrogen soufces addition of
fertilizer nitrogen was found to decrease symbiotic nitro-
gen fixation in growth chamber experiments. The decrease
in symbiotic nitrogen fixation was shown to be inversely
propoftional to the quantity of fertilizer nitrogen taken

up into fababean tissue, Fababeans appear to be capable
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of fixing considerable quantities of nitrogen in their
later growth stages. In growth chamber experiments faba-
beans were found to fix at least 28% of their symbiotic
nitrogen during the early pod=-fill to Senescence stages of
growth, hence nitrogen fertilization of fababeans during
early to mid pod-fill stages proved to be ineffective in
increasing yield and protein content of fababean aerial
portions.

| The proportion of nitrogen contained in roots, straw
and seed at maturity was calculated to be 0.2 : 0.2 : 0,6
based on field trial data and growth chamber data. Since
field trial data indicate fababeans symbiotically fixed
54% of their nitrogen requirements, the quantity of nitro-
gen contained in fababean seed appears to be a good esti-
mate of the quantity of nitrogen symbiotically fixed by
fababeans. Using the derived nitrogen distribution ratio,
it was calculated that a 2000 kg/ha fababean seed yield
containing 30% protein would require 194 kg N/ha, of which
116 kg N/ha is contained in the seed, 39 kg N/ha is con-
tained in the straw, and 39 kg N/ha is contained in the
roots., '

Evidence obtained from experiments showed faba-
beans did not require supplemental fertilizer nitrogen in
order to achieve potential yield and protein content.
Therefore, in Manitoba, nitrogen fertilization of faba-

beans is not recommended.
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TABLE I A

ADJUSTED MEAN BRANDON TEMPERATURES USED
IN GROWTH CHAMBER EXPERIMENTS
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Date
May 7
14
21
28
June 4
11
18
25
July

N

16
23
30
Aug. 6
13
20
27
Sept. 3

Week

1

O 8 3 O W

R e r i o i o =
(s RN (¢ )N TR - CUR O S O

Temp. © C
Day Night
13,1 o2
14,2 Le6
16.3 6.7
17.7 7.9
18.9 9.6
19.2 10.3
21.0 11.8
21.7 12.2
22.5 13.4
23.8 14.5
21,6 15.0
25,1 15.2
24,7 14,5
2.l 144
23.6 14.3
23.0 13.0
22.3 12.6
20.5 11.2
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TABLE II A

- AERIAL FABABEAN YIELD AT SUCCESSIVE HARVEST DATES
IN SEVEN SISTER FIELD TRIAL 197L4.

oven dry aerial yield (kg/ha)

H?ggiztagégg treatment

seeding) control 90 kg N/ha
25 197.4 169.1

38 895.4 831.3

52 | 2090.6 2085.0

71 38160h 3923.0

78 5622.4 6172.3

109 7039.5 8087.1

TABLE III A

AERIAL FABABEAN YIELD AT SUCCESSIVE HARVEST DATES
IN ALTONA FIELD TRIAL 1974,

oven drv aerial vield (kg/ha)

Harvest Time . treatment

(days after

seeding) control ' 90 kg N/ha
27 189.9 64,3
41 ' ' 795.7 1019.7
55 1821,.3 1622.0
69 2203.2 1924.6
75 2754.9 2786.3

97 _ 2672.3 2972.0
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TABLE IV A

AERTAL NITROGEN UPTAKE INTO FABABEANS AT SUCCESSIVE HARVEST
DATES IN SEVEN SISTERS FIELD TRIAL 1974.

Nitrogen uptake into fababean aerial
portions (kg N/ha)

H?ﬁzgztégégg Treatment
seeding) Control 90 kg N/ha
25 8.5 7.9
38 33.1 33,3
52 62.4 66,2
71 118.9 128.5
78 167.8 188.9
109 | 182.9 183.3

TABLE V A

AERIAL NITROGEN UPTAKE INTO FABABEANS AT SUCCESSIVE HARVEST
DATES IN ALTONA FIELD TRIAL 1974,

Nitrogen uptake into fababean aerial
portions (kg N/ha)

Harvest Time Treatment

(days after

seeding) Control | 90 kg N/ha
27 6.6 9.9
L1 27,7 - ' 31.5
55 54.5 55.9
69 L7.8 6.3
75 69,5 68.7

97 o 81.4 91.0
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TABLE VI A

AERIAL FABABEAN YIELD AT SUCCESSIVE HARVEST DATES
IN CARMAN FIELD TRIAL 1975.

oven dry aerial yield (kg/ha)

H?ggsztagigg treatment
seeding) control 90 kg N/ha
21 i 5742 54,9
35 239.2 257.2
L 802.1 1004.0
63 1851.2 2081.8
77 2513.0 2642.8
90 , 26520 27214

TABLE VII A

ABRIAL NITROGEN UPTAKE INTO FABABEANS AT SUCCESSIVE HARVEST
DATES IN CARMAN FIELD TRIAL 1975,

Nitrogen uptake into fébabean aerial
‘ portions (kg N/ha)

Harvest Time o Treatment
(days after

Seeding) Control 90 kg N/ha

2 2.88 13,08
35 6.76 ~9.16
49 30.32 ” | 42,71
63 5h.65 73,28
77 72,49 91.39

90 66 . Ll 75.80




