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ABSTRACT
Sora, Molu Dika. M.Sc., The University of Manitoba, October,

1994. Agronomic practices for alfalfa seed production and
nitrogen fixation in the establishment year. Major Professor:
Dr. S. Ray Smith, Jr., Department of Plant Science.

Alfalfa (Medicago sativa L.) seed production in western
Canada involves establishing the crop during the first year and
harvesting seed during the subsequent years. Therefore, seed
production has been restricted almost exclusively to winterhardy,
fall dormant cultivars. Moderately dormant and non-dormant
cultivars rarely survive the winter in western Canada, therefore
seed production from these cultivars may not be possible under
current management practices. The development of a production
system that allows seed production during the year of
establishment is required if these cultivars are to be grown for
commercial seed production in western Canada. There is a lack of
information on N,-fixation and the agronomic practices for
establishment year seed production. Field experiments were
conducted in 1992 and 1993 to determine how cultivar, seeding
rate and stage of plant development affect seed yield, dry matter
production and N,-fixation. An additional experiment was
designed to determine the effect of cultivar, seeding rate and
clipping management on alfalfa seed yield components when managed
for establishment year seed production.

The first experiment was established in a split plot design
with five alfalfa cultivars: Algonquin, Saranac, Saranac-In,
Nitro and CUF 101 at two seeding rates (3.36 kg ha'! and 16.8 kg

ha™). N,-fixation was determined using the difference method on



intact excavated plants at different stage of plant development.
A wheat crop was seeded over the 1992 experimental plots to
estimate the actual N contribution to subsequent crops. Results
from the first experiment showed that the high seeding rate
showed better agronomic production than the low seeding rate for
most of the traits measured including seed yield. The dormant
cultivar, Algonquin, and the moderately dormant cultivar,
Saranac, had the highest seed yield. The total N yield ranged
from 97 to 139 kg N ha' and root plus crown N yield ranged from
42 to 60 kg N ha' during the mature seed stage. During both
years all cultivars had an equivalent quantity of N,-fixed.
Furthermore, depending upon stage of growth, N,-fixed comprised
37% to 59% of the total N in the crop, corresponding to 23 kg N
ha™ to 74 kg N ha’. The average biomass in the root plus crown
portion at the mature seed stage ranged from 1,841 to 2,485 kg
ha™ dry matter, and the root plus crown N yield available for
fall incorporation was 44 to 66 kg N ha!. Wheat yield was not
increased by planting it following any of the alfalfa cultivars
at either seeding rate.

The second experiment was established with three cultivars
(CUF 101, Cimarron VR, and Algonquin) at two seeding rates, 1.12
kg ha™ and 3.36 kg ha?! and subjected to two clipping treatments
(clipped and unclipped). This experiment showed that flowering
percentage and racemes per metre of row were highest for Cimarron
VR. Furthermore, there was no influence of clipping treatment or
seeding rate on plant height, number of racemes per metre of row
and number of pods per raceme and seed yield. Clipping reduced

lodging, but also delayed flowering. Cultivars produced similar

ii



seed yields, but the overall yield wag much lower than long term
averages in Manitoba. Seed yield components are predictors of
the potential seed yield. Measurements of seed yield components
was important in both years of this study because adverse
environmental conditions directly influenced pollination, seed
set, seed development, seed maturation and final seed yield.

In conclusion, the adverse environmental conditions during
1992 and 1993 affected N,~fixation and seed production. N,-
fixation continued during alfalfa seed production and provided
supplemental nitrogen to subsequent crops. Although
establishment year seed production was low in this research,
actual yields were equivalent to the provincial average on
established stands in 1992 and 1993. Therefore, further research
should be conducted to determine if establishment year seed

production is possible in western Canada.
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INTRODUCTION

Alfalfa (Medicago sativa L.) is a perennial forage legume
that is grown for stored feed, pasture and sgeed production. In
addition, it ig an important component of many crop rotations,
where it is known to increase soil nitrogen (N) and organic
matter (Sheaffer et al., 1989). 1In the western Canadian
provinces of Manitoba, Saskatchewan, and Alberta alfalfa seed
production is an important enterprise (Fairey and Lefkovitch,
1992: Smith, 1992) worth 25 million dollars annually.

Alfalfa seed production in western Canada involves
establighing the crop during the first year and harvesting seed
during the subsequent years. Therefore, seed production has been
restricted almost exclugively to winterhardy, fall dormant
cultivars (Fairey and Lefkovitch., 1991, 1992). Moderately
dormant and non-dormant cultivars rarely survive the winter in
western Canada, therefore geed production from these cultivars
may not be possible under current management practices. The
development of a production system that allows seed production
during the year of establishment is required if these cultivars
are to be grown for commercial seed production in western Canada.
There is a need for research to determine the optimal agronomic
practices for such a production system.

Traditional farming systems in western Canadian prairies
are mainly directed towards grain production. Alfalfa seed
production has became a important cropping option in recent years
with 22,516 ha in Manitoba in 1991. Successful establishment
year alfalfa seed production would allow alfalfa to be used as an

"annual" in rotations with other cereal and oilsgeed Crops.



Although alfalfa seed gtands are a potential source of N
and form a part of many crop rotations, previous research on N,-
fixation in the USA and Canada has focused exclusively on alfalfa
grown for forage (Vance et al., 1988). Therefore, there ig a
lack of information on N, fixation during seed production and a
need for estimates of the N contribution from a alfalfa seed
stands.

Information on the effect of planting demnsity on N, fixation
is also limited. Aalfalfa hay and seed stands differ
significantly in their population density. Alfalfa stands for
hay production are normally established using high seeding rates
(11.2 to 22.4 kg ha'), whereas, stands grown for seed are
normally established at much lower seeding rates (1.12 kg ha?) to
maximize seed yield (Rincker et al., 1988). Plant density is
positively correlated with dry matter vield (Porter and Reynolds,
1975), which is positively correlated to N yvield and N,-fixation
(Heichel et al., 1984). Therefore, the influence of alfalfa
stand density on amount of N, fixation should be investigated.

Two separate studies were conducted in 1992 and 1993 growing
season in southern Manitoba. The first study was initiated with
the working hypothesis that substantial quantities of N, are
fixed by alfalfa during the reproductive phase in the year of
establishment. The hypothesis is based on results obtained from
other non-harvested forage stands that have entered the
reproductive phase (Groya and Sheaffer, 1985; Sparrow et al.,
1991). The second study was initiated with the working
hypothesis that alfalfa seed production during the establishment

year is possible in western Canada. This hypothesis is based on



an assessment of the average environmental conditions in the
primary alfalfa seed producing regions including growing degree
days, growing season, temperature, solar irradiance and
precipitation.

The specific objectives of these research were asg follows:
1) to compare seed yield and dry matter production of non-
dormant, moderately dormant and early fall dormant cultivars
during the establighment year, 2) to determine the effect of
seeding rate and clipping management on alfalfa seed vield and
seed yield components during the establishment year, 3) to
determine how cultivar, plant density and stage of plant
development affect N, fixation in a seedling year stand of

alfalfa.



Literature Review

2.1. USE AND ADAPTATION OF ALFALFA

Alfalfa (Medicago sativa L.) is often referred to as the
“Queen of forage crops" because of its unrivalled adaptability,
forage yield, and nutritional quality for livestock. Alfalfa is
well adapted to marginal land, maintains productivity for several
years, fixes atmospheric nitrogen, and fits well in crop
rotations (Richards, 1984; Olson et al., 1991; Hesterman et al.,
1986a).

Alfalfa has a wide geographical distribution due to its good
tolerance to drought, moderate tolerance to salinity and its
remarkable adaptability to a wide range of climatic conditions
(Pederson and McAllister, 1955). Gist and Mott (1956) attributed
alfalfa’s drought tolerance to its deep and extensive root
system.

Alfalfa originates from the Near East and Central Asia with
its geographical center most probably occurring in Iran. Alfalfa
was first introduced into Canada in 1871 in the province of
Ontario. However, successful alfalfa culture in western Canada,
with its severely cold winters, began with the introduction of
the cultivar ‘Grimm‘ in 1908 (Bolton et al., 1972). Alfalfa is
nOwW grown in every province of Canada. Although there is no
reliable estimate of total acreage, its probably grown on 4-5
million ha in Canada (Goplen et al., 1982). Most of this area is
used for hay and pasture. In addition, a substantial area of the
crop is devoted to silage, dehydration products, green manure and

seed production. According to 1991 Statistics Canada Census data



alfalfa is grown for seed production on about 60,284 ha in
Canada, of which 22,516 ha is grown in Manitoba.

In western Canada alfalfa cultivars must be very winterhardy
to survive the long, cold winters, variable snow cover, and often
dry conditiong. The ability of alfalfa to become dormant in the
fall is an important adaption that enables the crop to succeed as
a perennial in temperate climates. Fall dormancy refers to the
ability of an alfalfa plant to reduce above-ground growth during
the later part of the growing season in order to increase
carbohydrate storage in the roots for overwintering. The alfalfa
gseed trade uses a 1 to 9 rating system describing fall dormancy,
with "1" designating those cultivars that produce the least
amount of growth during the fall and "9" those cultivars that
produce the most (Barmes et al., 1991). Fall dormancy is
influenced by a number of environmental factors, primarily
temperature and day length. Although there is a positive
correlation between early fall dormancy and increased winter

survival, this association is not absolute for all cultivars.

2.2. AGRONOMY OF ALFALFA SEED PRODUCTION

Alfalfa seed production is an important enterprise in
western Canada and has increased dramatically in importance in
recent years (Fairey and Lefkovitch, 1991, 1992; Smith, 1992).
Successful seed production is the product of a complex
interrelationship among climatic, genetic and agronomic variables
(Pederson and Mcallister, 1955; Pederson et al., 1959) and
consequently requires fairly intensive management (Bolton,1956;

Goplen et al., 1982). Although climatic factors can not be



modified to any major extent, excellent alfalfa seed production
can be obtained through adequate pollination, the use of high-
vielding cultivars, and by adjusting management practices for
local conditions (Pederson and Mcallister, 1955; Pederson et al.,
1959; Rincker et al., 1988).

Alfalfa seed production in western Canada has been
restricted almost exclusively to the use of early fall-dormanct,
winterhardy cultivars (Fairey and Lefkovitch., 1991, 1992). Less
winterhardy, non-dormant cultivars have been virtually excluded
since only winterhardy cultivars can survive the three or more
production seasons that are generally accepted as required for
economical for seed production (Bolton, 1956; Goplen et al.,
1982; Beacon et al., 1991). Current seed production practices on
the Canadian prairies involve two distinct phases: proper crop
establishment in the first year and harvesting of the seed in
subsequent years (Plews, 1973; Goplen et al., 1982; Fairey and
Lefkovitch, 1992). Seed production during the establishment
yvear, though not common, is possible for all fall dormancy
classes, but requires different management practices (Smith,
1992).

The potential to grow less winterhardy cultivars (semi-
dormant and non-dormant cultivars) in western Canada is realistic
using shorter-term stands (Fairey and Lefkovitch, 1992). Short-
term production systems (1 to 3 years) may provide opportunities
for alfalfa seed production from cultivars not adapted for
longterm winter survival in western Canada.

The development of a system that allows seed production

during the establishment year from all alfalfa cultivars would be



beneficial. Development of guch a system would allow western
Canada to participate in the multi-million dollar seed
multiplication industry for non-dormant alfalfa cultivars.
Although these cultivars do not dependably survive western
Canadian winters they comprise over 50% of the cultivars grown on

a worldwide basgis.

2.2.1. STAND ESTABLISHMENT
2.2.1.1. Time of Planting

The appropriate seeding date for alfalfa establishment
varies with location, management, and with environmental
conditions (Bolton, 1956; Goplen et al., 1982). In western
Canada, establishment practices for alfalfa are influenced by the
need to increase winter survival. As a general rule, at least
sixty days of good growing conditions prior to the first killing
frost (-4°C) are required for winter survival following
establishment (Huebner, 1992). The best stands are usually
obtained from early spring seeding as soon as the seed bed can be
brepared. Early planting takes advantage of spring moisture and
allows alfalfa seedlings to emerge and establish themselves
before the first flush of weed growth (Goplen et al., 1982). 1In
addition, Goplen et al. (1982) noted that seeding in late summer
(mid-August) in the Prairie Provinces gives less than a 50%
chance of a successful stand establishment. They attributed poor
stand establishment to lack of adequate moisture and possible
killing frosts in early September. Arakeri and Schmid (1949)

reported that seeding too early in the spring or too late in the
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fall can be hazardous, since alfalfa seedlings are susceptible to
frost injury.

Alfalfa grown for establishment yvear seed production should
be planted as early as possible in the spring to ensure seed
maturation before fall frost. Pedersen and McAlister (1955)
concluded that in Utah (U.S.A.), spring planting was best, and
that should be early enough to take advantage of the residual
winter moisture and spring rains. In Washington (U.S.A), Rincker
(1976) reported that late gpring planting resulted in lower seed

yvields in the establishment year.

2.2.1.2. 8S0il Nutrients

Soil conditions are seldom ideal at seeding. Many factors
affect the germination and growth of legume seedlings (Bass et
al., 1988). These include soil moisture and temperature, soil
nutrients, depth of seeding, and time of seeding. Adequate
levels of soil phosphorus (P), potassium (K), and sulphur (8),
and other micronutrients at planting are essential in
establishing productive alfalfa stands (Bolton, 1956; Goplen et
al., 1982; Beacon et al., 1991). Potagsium and sulphur enhance
N, fixation and increase protein content of the forage (Goplen et
al., 1982). sanderson and Jones (1993) observed that without
adequate levels of P, root mass is concentrated in the upper 20
cm of soil, whereas under adequate to high levels of P, root mass
is distributed throughout the upper 50 cm. They further noted
that P incorporated prior to crop establishment increases alfalfa

dry matter yields to a greater extent than by broadcasting.



During its establishment vyear, alfalfa can obtain a
significant portion of its N requirements from mineralizable soil
N (Heichel et al., 1981). Residual N from the soil, fertilizer,
and animal manure often makes establishment vear alfalfa less
dependent on N, fixation than older stands (Heichel et al.,
1984a). Aalthough small levels of soil N may be good for alfalfa
crop establishment, high levels may reduce nodulation. Like
other legume species, alfalfa uses available soil N before
nodulating and fixing N, symbiotically (Stewart et al., 1968;
Heichel et al., 1984a). Heichel et al. (1979) reported that
nitrate-N could depress nodule formation in alfalfa and reduce
symbiotic N, fixation.

Alfalfa seeds require inoculation, which is the process of
applying bacteria to leguminous seeds or to soils (Vance et al.,
1988). Soils may contain Rhizobium spp. from previous crop, but
seed inoculation ensures nodulation (Vance et al., 1988).
Inoculation in alfalfa is done by coating the seed with a
prepared culture of the appropriate strain of Rhizobium meliloti
(Dang) bacteria. Seed should be inoculated immediately before
sowing to avoid drying and re-refrigerated if not immediately

planted (Goplen et al., 1982; vance et al., 1988)

2.2.1.3. Seeding Depth

Beveridge and Wilsie (1959) reported that percent seedling
emergence of three varieties of alfalfa decreased as seeding
depth increased beyond 2.5 cm. Alfalfa has small seedlings that
have difficulty emerging through the goil if seeds are planted

deep to reach moisture. Beveridge and Wilson (1959) recommended
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seeding at 1.25 cm (0.5 inch), although under poor moisture
conditions a 2.5 em (1.0 inch) could be more satisfactory. Also,
Goplen et al. (1982) recommended a seeding depth of 1 to 2 cm,
because shallow geeding ensures good stands. Lack of adequate
soil moisture conditions, improper seedbed preparation and
seeding too deep are some of the factors that may cause poor

emergence.

2.2.1.4. Plant Density

Plant density is one of the few management practicesg that
hag a great impact on seed yield. Rincker et al. (1988) reported
that optimum seeding rates vary considerably among cultivars,
type of pollinator, soil types, soil moisture conditions, and
number of frost-free days.

Engelke and Moutray (1980) noted that seed production is
favoured by lower plant populationg that allow for maximum plant
development and seed production. They reported that seeding
rates averaging 10% to 20% of the recommended forage production
rates produce the highest seed yields for both grasses and
legumes. Pedersen et al. (1959) in Utah (U.S.A) found that a low
seeding rate (33 seeds per metre of row or 0.7 kg ha') produced
more seed than a high seeding rate (133 seeds per metre or 2.7 kg
ha™') in all row spacings. In contrast, Moyer et al. (1991)
reported that alfalfa plant densities slightly higher (3 kg ha™?)
than the currently recommended ones (1.7 to 2.2 kg ha™') usually
produce the largest seed yields and the lowest weed infestations.

Cooper et al. (1979) reported that as seeding density within

a row increases, more seedlings are lost due to competition.
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They also observed that the number of seeds planted and the
number of seedlings emerging per metre of row length are
positively correlated. Suzuki (1991) observed large seedling
losses during establishment of alfalfa in eastern Canada. Plant
density declined from 600 plants m™? after planting in May to 300
plants m? by late fall. Plews (1973) found that at plant
densities of 22,000 plants acre’, plants had the highest number
stems, racemes, pods per stem and flowers per square foot than
Plants at either higher or lower plant densities. Seed yields
were also higher at thisg demsity than either the lower or higher
plant populations.

The appropriate row spacing for alfalfa seed production is
influenced by soil depth, texture and salinity, total water
availability, length of growing season, desired length of stand,
pollinator type, and cultivar (Rincker et al., 1988). Mueller
(1892) reported that in California (U.5.A.) hill plantings of
alfalfa improves seed yields during the establishment year,
compared to solid or thinned plantings. Pederson and McAllister
(1955) reported that the crowding of alfalfa plants is harmful to
seed production because the reproductive processes involving
pollination and seed development are inhibited in dense stands.
They indicated that the best practice for Californian conditions
included 60-cm row spacing and a seeding rate of 1.12 kg ha™.
The low seed production on dense hay-type stands is probably due
to low nectar production, unattractiveness to pollinating beeg
and increased ovary abortion (Pederson and McAllister, 1955).

The seed yield of alfalfa grown under irrigation is also

affected by within-row spacing (Abu-Shakra et al.(1969). In a
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gstudy conducted at Tilley and Lethbridge, Alberta, Moyer et al.
(1991) obtained maximum alfalfa seed yvields with either a 36-cm
row spacing or with a 3.0 kg ha! broadcast seeding rate. Seed
yields were similar in row-seeded and broadcast-seeded alfalfa.
Although recommended seeding rates vary according to

management practices and among geographic regions, researchers
generally agree that a relatively low seeding rate (0.5 kg ha™! to
1.12 kg ha?') is required for maximum alfalfa seed production.
Additionally, seeding alfalfa in rows facilitates the application

of herbicides, insecticides and drying agents.

2.2.1.5. Companion Crop

In the north central and northeastern U.S.A., spring
established alfalfa is often sown with a small grain companion
crop, primarily oats, (Goplen et al., 1982; Tesar and Marble,
1988). Companion crops are used to provide some crop return in
the year of alfalfa establishment (Goplen et al., 1982; Fairey
and Lefkovitch, 1992), to help suppress weeds and to reduce the
risk of soil erosion (Tesar and Marble, 1998). However, since
companion crops compete with alfalfa seedlings for light, soil
nutrients and moisture they can be detrimental to alfalfa growth
during establishment (Schmid and Behrens, 1992; Hansen and
Krueger, 1993). 1In western Canada, companion crops are
associated with alfalfa stands grown for seed. In Manitoba, the
most prevalent companion crops are flax and wheat, although
barley, oats, and canola are occasionally used (Smith et al.,

15883).
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2.2.1.6. Clear Seeding

Clear seeding of alfalfa involves herbicide incorporation
into the soil prior to planting, thereby eliminating the need for
a companion crop to reduce weeds (Curran et al., 1993). During
the establishment year, alfalfa forage yields are usually greater
for clear seeding than for companion crop establishment systems
(Schmid and Behrens, 1972; Genest and Steppler, 1973; Sheaffer et
al., 1988a). The primary limitation to clear seeding, however,
is the greater risk of soil erosion (Curran et al., 1993).
Curran et al. (1993) suggested that the selection of an
establishment technique should be based upon the unique
environmental comnstraints in a particular field and the intended
use of the crop during the establishment yvear. Clear seeding has
been the preferred technique for maximizing establishment year
alfalfa forage production in California. This is because alfalfa

seed yield is harvested during the yvear of establishment.

2.2.2. STAND MANAGEMENT
2.2.2.1. Clipping Management

Cutting alfalfa to a stubble height in early spring to
equalize any uneven plant growth resulting from irregular
planting or frost injury is not uncommon in Utah (U.S.A) (Taylor
et al., 1959). This practice also aids in weed control since
annual weeds are clipped before they set seed (Person and
Mcallister, 1955; Goplen et al., 1982). Perennial weeds are also
disadvantaged gince the rapid alfalfa regrowth allows the stand

to out-compete most weeds.
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Clipping stimulates stem production and can make flowering
more uniform by allowing all stems to develop at the same rate.
Clipping also reduces the potential for lodging since mid-summer
regrowth is typically not as tall as spring growth (Pedersen et

al., 1955).

2.2.2.2. Weed Control

Early weed control is essential for successful stand
establishment and subsequent seed production (Beacon et al.,
1991). Annual weeds can strongly compete with geedling stands,
and are especially difficult to control at low seeding rates.
Moyer et al. (1991) reported that weed dry matter yields
decreased as row spacing decreased or as broadcast seeding rates
increased for alfalfa geed crops. Mowing, cultivation, and
chemical controls are recommended for weeds under the low seeding
rates (Pederson and McAllister, 1955; Goplen et al., 1982).
Moyer et al. (1991) related Canada thistle densities to alfalfa
seed yield. Compared to stands in which thistles were
controlled, average yield losses were more than 34% and 48% when
thistle densities reached 10 and 20 shoots m?, respectively. The
control of annual weeds and sweet clover in alfalfa is also
important in terms of seed quality. A high weed seed content in
harvested alfalfa seed may result in the seed being degraded or

rejected (Boltom, 1956).




15

2.2.2.3. Insect Control

Many insects can cause reductions in alfalfa seed yields.
The mogt common and generally destructive are the pea aphid
(Acyrthosiphon pisum) [Harrig], the alfalfa plant bug
(Adelphocoris lineolatus, Goeze), lygus bug (Lygus spp.), and
grasshoppers (Bolton, 1956, Goplen et al., 1982). 1Insecticides
should be used on seed crops only when insect populationg are
high enough to cause economic levels of damage. Bees are very
sensitive to most insecticides, and so caution must be exercisged
in the timing and rates of insecticide application (Richards,
1984). Dylox [dimethyl (2,2,2-trichloro-1-hydroxyethyl)
phosphonate] and Dimethoate [o,0-dimethyl s-
(methylcarbamoylmethyl) phosphorodithiocate] are recommended for

insect control in alfalfa seed stands that are being pollinated.

2.2.3. POLLINATION
2.2.3.1. Mode of Pollinmation

The successful production of alfalfa seed depends on cross-
pollination by bees (Bolton, 1956; Goplen et al., 1982; Richards,
1984). Self-pollination is rare in alfalfa. Tts unique flower
morphology requires "tripping" for pollen release (Bolton, 1956)
which occurs with the release of the staminal column from within
the keel petals. When self-fertilization occurs the resulting
seed often shows poorer germination (Palmer and Foster, 1965) and
lower seedling vigour than with cross pollination (Poehlman,

1959; Bolton, 1962).
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2.2.3.2. Pollination by Bees

Several bee species, including honey (Apis mellifera L.),
alkali (Nomia melanderi Cockerell) and leafcutting (Megachile
rotunda Fabricus) bees, are used as pollinators for alfalfa seed
production (Pederson et al., 1955, 1959; Goplen et al., 1982 ).
There are generally not enough native pollinators to ensure
adequate pollination for maximum seed yields (Richards, 1984).
Alfalfa plants flower over a period of approximately 7 weeks, and
if pollination occurs, seed pods are set throughout this period
(Ahring et al., 1984).

Honey bees frequently visit alfalfa flowers to collect
nectar, but seldom cause the release of pollen that ensures
successful pollination. Seed production is greater with
leafcutting bees because they almost always “trip" flowers and
cause pollen release (Pederson, 1967). Alfalfa leafcutting bees
(Megachile rotunda (Fabricius), of Eurasian origin, are the
principal pollinators for seed production in the Pacific
northwest of the U.S. (Rincker et al., 1988).

The introduction of alfalfa leafcutting bees has revived the
alfalfa seed industry in Canada (Goplen et al., 1882; Richards,
1984). Besides increasing seed yields, the bees themselves are a
valuable commodity particularly when the incidence of chalkbrood
disease is kept low. Under favourable conditions, bee
populations can be increased, and there is generally a ready
market for surplus bees (Goplen et al., 1982; Richards, 1984).

Row spacing, seeding rate, and the resultant flower density
influence the foraging behaviour of the alfalfa leaf cutting bee

(Richards, 1984). Large row spacings together with low seeding
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rates lead to less dense, more open, erect plants that favour
light penetration, higher soil and air temperatures and lower
relative humidities, all of which favour nectar secretion and

increased pollinator activity.

2.2.4. GROWTH AND ENVIRONMENT
2.2.4.1. Seedling Vigour

Seedling vigour in alfalfa is difficult to define or
meagure. As a congsequence, geveral criteria have been used in an
attempt to measure it. Walter and Jensen (1970) used seedling
weight (mg per plant), root and shoot length (cm), plant volume,
rate of emergence, and day of appearance of cotyledons,
unifoliate leaf, and first trifoliate leaf. High seedling vigour

increaseg the competitive ability of alfalfa relative to weeds.

2.2.4.2. Lodging

Lodging is a problem in alfalfa stands as it interferes with
seed set. Photoassimilates are not translocated in lodged stems,
and, therefore are not utilized for seed yield. Lodging
potential can be reduced by low seeding rates that promote large
blants with strong stems (Bolton, 1956; Pederson and McaAllister,
1955). Abu-shakra et al. (1969) reported that plants spaced 25
cm apart within a row were taller than those spaced at 50 cm.
Reduced lodging makes alfalfa plants more open and erect and the
flowers more exposed and accessible to bees for pollination
(Pederson and McAllister, 1955). Tysdal (1946) attributed the
reduction in seed yield of frequently irrigated plotg to the

greater regrowth and inter-plant competition in the lodged crop.
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Regrowth following lodging diverts resources from seed
development reducing carbohydrate reserves which, in turn,

reduces winter survival and stand longetivity.

2.2.4.3. Environmental Factors

Alfalfa produces higher seed yields when temperatures are
higher, relative humidity is lower, and soil moisture is less
than what is regarded as optimal for hay production (Pendersen et
al., 1955, 1959). Pederson and Nye (1962) observed reduction in
nectar sgecretion, honey bee populations and seed vield in stands
subjected to high soil moisture, low temperatures and high
precipitation.

Changes in the relative humidity, temperature, and light
benetration associated with thin stands were beneficial to
alfalfa seed production (Pederson et al., 1959; Pederson and Nye,
1962). 1In thin stands air movement and light penetration into
the canopy is increased, and the stand becomes more attractive to
pollinators since blooms are abundant and more accessible
(Pedersen et al., 1955, 1959; George and Mott, 1956; Plews,

1973).

2.2.5. SEED YIELD COMPONENTS AND SEED YIRELD

Seed yield components in alfalfa tend to be compensatory.
For example, if there are fewer stems per unit area, the stems
have more racemes. Cowett and Sprague (1962) reported that
increasing stand density of alfalfa from 11 plants m? to 89
plants m?® decreased the number of stems per plant. Pedersen and

Nye (1962) found that cultural practices did not significantly
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affect the number of racemes or flowers per hectare, and that
there was a compensating effect between racemes per stem and
stems per hectare.

Liang and Riedel (1964) reported that seed size, fertility,
and number of tillers per plant were positively correlated with
seed yield in alfalfa. Fertility showed the largest direct
effect upon seed yield versus number of tillers. Seed size had a
small negative effect.

Alfalfa seed crops must produce sufficient seed vield per
acre to ensure economic competitivenesgss with other annual crops.
Rincker et al. (1988) reported alfalfa seed yields ranging from 0
(crop failure) to 2,110 kg ha? of clean seed. In the southern
prairie region of Canada, seed vields of 300 to 900 kg ha™ can be
attained under irrigation, whereas, without irrigation, seed
yields of 150 to 300 kg ha™ may be considered satisfactory
(Goplen et al., 1982). Experiments conducted at Glenlea,
Manitoba involving eight alfalfa cultivars representing the full
range of fall dormancy classes had an establishment year alfalfa

seed yield ranging from 197 to 418 kg ha?* (Smith, 1992).

2.2.6. SEED HARVEST

Alfalfa seed crops are harvested when most of the seed pods
have changed to dark brown and before the pods have begun to
open. This process can be accelerated with the use of chemical
desiccant such as Diquat (Reglone), Dinoseb, Endothall or
Harvest. Complete foliar coverage by the desiccant is essential,
as incomplete coverage in a dense, green stand will only kill

parts of the plants contacted and regrowth will occur (Pedersen
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et al., 1972). Swathing ig not economical in many seed-growing
areag because of the problems caused by high winds. Usually
straight combining occurs one week after desiccation (Goplen et
al., 1982). cCareful attention to adjustment of settings on the
combine is important, as seed can be lost. in the harvesting

operation.

2.3. SYMBIOTIC N,-FIXATION
2.3.1. IMPORTANCE

Smith (1992) reported that establishment year seed
production is possible in Manitoba from cultivars covering the
range of dormancy types. This provides a feasible alternative
management system for introducing alfalfa as an "annual® in
rotations while allowing the production of an alfalfa seed crop
in one year. Growing a perennial legume as an "annual" crop in
rotations reduces fogsil fuel consumption by returning N to the
soil for succeeding grain crops in a short amount of time
(Heichel, 1978; Sheaffer et al., 1989). Alfalfa has been
recognized as being one of the most important soil-improving
crops, yet it is seldom used exclugively as a cover or green
manure crop (Goplen et al., 1982).

Alfalfa, with its symbiont bacterium Rhizobium meliloti
(Dang), has the potential to fix more N, per season than other
legumes species. This superior N, fixing ability makes it an
energy efficient crop (Sheaffer et al., 1989; Heichel and Barnes,
1984). The net amount of symbiotically fixed-N that is returned
to the soil in the legume residue depends on the degree of

gymbiotic activity, the amount and type of residue left in the
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soil, and the availability of soil-N (Heichel and Barnes, 1984).
It is important to note that only the percentage of N in the
plant that results from symbiotic N, fixation represents a net
input into the soil-plant system. The soil N contribution to
alfalfa N content represents a temporary storage until it ig
recycled to the soil N pool. Symbiotic N,~-fixation represents a
net gain beyond that needed for alfalfa growth, and it represents
an "energy credit" that can be allocated to a subsequent crop
(Heichel, 1978).

Soil N and symbiotically fixed N, may be partitioned
differently in the plant. In alfalfa, a large proportion of
bioclogically fixed N remains in the roots and shoots, while in
grain legumes such as soybean, symbiotically fixed N is
preferentially partitioned to developing pods and shoot meristems
(Henson and Heichel, 1984a). This is mainly because the alfalfa
pods are smaller than the grain pods and therefore probably have
less demand for N.

The amount of plant N derived from biological N,- fixation
is influenced by environmental and crop management factors
(Gibgon, 1977). Heichel and Barnes (1984) reported that the
proportion of available N derived from symbiogis varies with
legume species, stage of growth and environment, and that the
proportion of symbiotic N,-fixation may vary from 28% to 81% of
total N. Heichel et al. (1981) initiated field experiments using
N as a tracer of N metabolism to determine the N,-fixation
capabilities of two alfalfa populations in the seeding year.

Both populations obtained about 43% of their N needs from
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symbiosis and fixed an average of 148 kg ha?! of N during the
growing season.

Alfalfa has been reported to fix 160kg N ha™ to 177 kg N
ha™* during the year of establishment, and as much as 224 kg N ha’!
in the best year of a four-year stand managed for hay (Heichel et
al., 1984a). The corresponding proportion of N derived from
symbiosis was 55.9% to 62.4% of the total plant N for the year of
egtablishment, and 78.2% for the best yvear of the four-year stand
managed for hay. Depending upon stage of growth and the age of
the stand, fixed N, comprised 33 to 78 % of the total N in the
crop.

The amount of N, fixation in a perennial legume crop varies
with the herbage yield; the yield of roots plus crown, and the
concentration of total N in the above-and below-ground phytomass
(Heichel et al., 1984b; Heichel et al., 1985).

The rate of N,-fixation has seldom been a factor in the
choice of legume species for usge in rotation or on set-aside
cropland, although knowledge of N,~fixation capability is
important when estimating the replacement of fertilizer N by
legume N (Baldock et al., 1981; Heichel and Barnes, 1984b). The
potential exists to reduce N fertilizer requirements in cropping

systems through soil improvement by legumes (Heichel, 1979).

2.3.2. BENEFITS OF LEGUMES TO SUBSEQUENT CROPS

The introduction of a legume crop into a continuous cropping
system reduces financial risk and uncertainty (Campbell et al.,
1990). Alfalfa rotated with shallow-rooted crops helps prevent

much of the nitrate leached below the root zone of shallow rooted
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crops from reaching the water table (Stewart et al., 1968). The
benefit of alfalfa-derived N in a crop rotation depends on the
rate of N mineralization and its recovery by the subsequent crop.
Residual N remaining in the soil after alfalfa decreases the
levels of fertilizer N required for a succeeding non-legume crop
(Heichel, 1978; Peterson and Barnes, 1981). It is important that
producers recognize the fact that N is supplied to the soil by
legumes and that they must reduce fertilizer N application rates
accordingly for a succeeding crop (Peterson and Russelle, 1991).

Hesterman et al. (1986) reported that over a range of soil
and climatic conditions an alfalfa-corn rotation with alfalfa
grown and harvested during the establishment year was a more
profitable cropping practice than continuous corn and soybean-
corn systems. In their research, they used a non-dormant alfalfa
cultivar that was established yearly because of excessive
winterkill. They further suggested that if these non-dormant
cultivars were grown in environments with milder winters and
managed as a perennial crop, the profitability of these rotations
would be increased because alfalfa production could be allowed
for an additional one to three years thereby distributing the
cost of establishment over a longer period of time.

The contribution of N by legumes in a rotation can be
measured using the fertilizer N replacement value. This method
determines the amount of inorganic fertilizer that would be
required to produce an equivalent vield under otherwise
comparable test conditions. Fox and Piekielek (1988) estimated
the three-year total fertilizer N equivalence (fertilizer N

required to achieve the same yield in continuous non-legume crop
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as was attained by non-fertilized non-legume crop that followed a
legume) of alfalfa, birdsfoot trefoil, and red clover to be 187,
169, and 147 kg ha™’, respectively. The proportion of N
contributed each year to subsequent crops averaged 70% in the
first, 20% in the second and 10% in the third year for alfalfa
and red clover, and 55%, 30%, and 15% for birdsfoot trefoil in
those same years, respectively. Bruulsema and Christie (1987)
reported fertilizer N replacement values of 90 to 125 kg N ha't
from a seeding year legume for a succeeding corn crop. Research
on legume-corn rotations by Hesterman et al. (1987) in Minnesota
(U.S.A) established that the uptake of fixed N, by corn was
greater following alfalfa than soybean.

Typical values of incorporated alfalfa N range from 52 to 78
kg N ha' when only fall regrowth, roots, and crowns are
incorporated (Fribourg and Johnson, 1955 ; Smith, 1956; Stickler
and Johnson, 1959; Groya and Sheaffer, 1985) to 300 kg N ha! when
herbage is harvested several times during the season and retained
on the soil surface for fall incorporation (Groya and Sheaffer,
1985). In Ontario, Canada, direct-seeded alfalfa and red clover
harvested in late July during the establishment yvear and allowed
to regrow until fall plowdown can furnish a plowdown N yvield of
140 kg N ha™ (Bruulsema and Christie, 1987)

Yield enhancing effects, not directly associated with the N
contributions of previous crops are referred to as rotation
effects. As much as 25% of yield increases in rotationg can been
attributed to rotation effects (Baldock et al., 1981). Sheaffer
et al. (1989) attributed a number of benefits from alfalfa to

subsequent crops in addition to extra N. These included the
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rotational benefits of disease and weed control, reduced soil
erogion, and improved soil tilth and soil water holding capacity.

The proportion of legume N that ig mineralized and made
available to a succeeding crop has not yet been established with
certainty. Incorporation of alfalfa residues in the spring prior
to corn planting allowed a better synchronization of N
mineralization and uptake by plants and led to a greater recovery
of alfalfa residual N than did residue incorporation in the
preceeding fall (Harris and Hesterman, 1990). The recovery of N
from legume residues in the first vear by succeeding non-legume
crops has been surprisingly low (15% to 43%) when estimated using
N isotope techniques (Hesterman et al., 1987; Harris and
Hesterman, 1990).

RKroonje and Kehr (1956) measured N uptake in barley crops
that were preceeded by a number of non-dormant and dormant
alfalfa cultivarg subjected to three different harvest schedules.
The average N uptake was numerically higher for barley preceded
by non-dormant cultivars. Grain yield of corn following red
clover plowdown was 7% greater than that following alfalfa
plowdown. However, the whole plant N concentration of corn was
7% higher following alfalfa (Bruelsema and Chrigtie, 1987).

These results differ from those of Groya and Sheaffer (1985) who
reported no differences in dry matter vield or in N uptake of
sorghum-sudangrass mixtures following alfalfa compared to that
following red clover plowdown. However, neither yield nor N
uptake responded to fertilizer N, indicating that soil N supply

was less limiting. The response of crops following alfalfa and
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other legumes in crop rotations comnstitutes an important aspect
of the N dynamics of cropping systems.

Alfalfa can average 50% more N,-fixation in the
establishment year than birdsfoot trefoil, and 26% more than red
clover (Heichel et al., 1984a; Heichel et al., 1985). Research
evaluating the influence of time and number of harvests on the
dry matter and N production of legumes in the seeding year has
demonstrated that harvesting decreases the total dry matter
vields of sweet clover, but increases the dry matter and N yields
of alfalfa, red clover, and ladino white clover (Stickler and
Johnson, 1959). Harvesting for hay can change individual plant
development by eliminating weed competition.

Groya and Sheaffer (1985) reported that in the establighment
year, alfalfa and red clover contributed 68% more N at fall
Plowdown when they were not harvested than when they were
subjected to a two-cut conventional management gystem with
herbage regrowth and roots incorporated. Direct-gseeded alfalfa
and red clover not harvested during the establishment year will
produce a plowdown N yield of 198 kg N ha™ and 129 kg N ha?,
respectively (Bruulsema and Christie, 1987). 1In a three-year
study using *°N, Heichel et al. (1984, 1985), observed that
alfalfa, red clover, and birdsfoot trefoil fixed an average of
155 kg ha™' year™, 96 kg ha! year?, 86 kg ha™’ year™?,
respectively. This suggests a greater potential of residual N

from alfalfa than from the other two species.
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2.3.3. FACTORS AFFECTING AMOUNT OF N,-FIXED IN THE FIELD
2.3.3.1. Plant Density and Dry Matter Production

Many experiments, including those conducted in the field,
give results only as mg N per plant, percentage N of yield, or
percentage plant N derived from fixation. In the absence of
information about yield per unit area or planting density, it is
impossible to calculate the amount of N,~-fixed on a per unit area
basis.

Alfalfa dry matter is known to be influenced by plant
density which is a function of seeding rate. A seeding rate of
6.7 kg ha? giveg lower forage yields than rates of 13.4 kg ha™
(Belzie and Rioux, 1984; Belzie, 1984). Moyer et al. (1991)
obgserved that in the establisghment vear alfalfa dry matter yield
decreases as the row spacing increases or the rate of broadcast
seeding decreases. In Knoxville, Tennessee (U.S.A), plant
density of a second-year alfalfa stand was pogitively correlated
with dry matter yield among cultivars when averaged over all
harvests (Porter and Reynolds, 1975). Friborg and Johmnson (1955)
evaluated the relationship between the herbage and root dry
matter and N yields of alfalfa, sweetclover, and red and ladino
cloversg, in the fall of seeding yvear. When species were
combined, they found a significant linear relationship (r=0.98)
between total (herbage and root) dry matter yield and total N
vield.

Heichel et al. (1984b) reported that N,-fixation on a per
plant basis is highly correlated with mean herbage yield within

and across years. Farnham and George (1993) observed that N,
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fixed per unit area of land of red clover decreases as the amount

of dry matter yield decreases.

2.3.3.2. Fall Dormancy and Cultivar Effect

Heichel et al. (1981) reported that changing field
environmental conditions and the onset of fall dormancy affect
the rates of N,-fixation of field-grown plants. Nitrogen
fixation varies among fall-dormant and non-dormant cultivars
during the growing season because of different growth patterns,
regrowth ability, and spring and fall dormancy (Hoffman and
Melton, 1981). Varietal dormancy characteristics influence the N
contributions to a subsequent crop (Sheafer et al., 1989; Heichel
et al.,, 1989).

The advantages of using non-dormant alfalfa include more
vigorous seedling growth, faster regrowth after harvest, and
greater herbage production and N,-fixation in the fall (Heichel
et al., 1989). The cultivar ‘Nitro’ is an example of a non-
dormant cultivar that can be used in short rotations, because of
its greater N,~-fixation capability compared to other alfalfa
varieties (Sheafer et al., 1989). Research results from Iowa
(U.S.a) indicate that two southern, non-dormant alfalfa
cultivars, ‘Indian’ and ’African’, are superior in dry matter and
N yielding ability than the hardier variety ‘Ranger’ (Stickler
and Johnson, 1959). Total N yields obtained for Indian, African,
and Ranger were 90 kg ha?, 84 kg ha™?, and 62 kg ha'?,
respectively. Differences in dry matter and N vields were
attributed to a more rapid growth rate and lack of hardening

among the southern cultivars in late fall prior to harvest.
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Sheaffer et al. (1989) have suggested that non-dormant alfalfa
cultivars are superior to dormant alfalfa cultivars in short-term
rotations.

Fall dry matter and N yields are higher for moderately
dormant and non-dormant cultivars than for dormant cultivars
(Sheaffer et al., 1988b; 1989). Sheaffer et al. (1988b) measured
average fall plowdown N values of 144 kg ha™! and 132 kg ha! , for
Nitro (non-dormant) and ‘Saranac AR’ (dormant), respectively,
when these cultivars were allowed to accumulate in gsitu until the
fall. Experimentg with non-dormant (‘CUF 101’ and ‘Ardiente’)
and dormant (’Saranac’ and ‘Agate’) alfalfa cultivars revealed
plowdown averages of 184 kg ha™* and 207 kg N ha' for the non-
dormant and dormant cultivars, respectively, when the forage was
allowed to accumulate over the growing season (Groya and
Sheaffer, 1985). The root mags of Nitro and other non-dormant
cultivars is greater than that of the dormant cultivars (Heichel

et al., 1989).

2.3.3.3. stage of Plant Development

The proportion of fixed N, to total N yield in alfalfa is
highest during midseason (Heichel et al., 1981; Henson and
Heichel, 1984a). Heichel et al. (1981) reported that the N,-
fixation of alfalfa stands increases in the seeding year from the
first to the second or third harvest, but declines in the fourth
harvest. Alfalfa grown for seed develops through the seedling,
vegetative, bud, flower, pod, and seed maturation stages.
Alfalfa grown for hay is harvested when the crop reaches the late

vegetative or early bloom stage. Root and herbage samples taken
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from the late vegetative to geed maturity stages will show

variation of N,-fixation over these developmental stages.

2.3.3.4. Environmental Effects
2.3.3.4.1. So0il N

The most important envirommental factor affecting N,-
fixation under field conditiong is likely soil N level and water
logged conditions. Like other legume species, alfalfa uses
available soil N before nodulating and fixing N, symbiotically
(Stewart et al., 1968; Heichel et al., 1984a). During its
establishment year, alfalfa can obtain a significant portion of
its N requirements from mineralizable soil N (Heichel et al.,
1981). Residual N from the soil, fertilizer, and animal manure
often make establishment year alfalfa less dependent on N,-
fixation than older stands (Heichel et al., 1984a). The
contribution of symbiotically fixed N, to the soil by alfalfa can
come either directly through mineralization of plant residues and
accretion from growing plants or indirectly through the recycling
of manure from animals fed alfalfa (Peterson and Russelle, 1991).

Heichel and Barnes (1984) reported that a substantial amount
of the total N in legume plants often comes from soil N, but that
selection for increased N,-fixation increases the proportion of
plant N derived from fixation and decreases the N derived from
the soil. Alfalfa and soybean derive significantly more N from
fixation under conditions of low soil N than under high soil N
(Henson and Heichel, 1984b). Trimble et al. (1987) reported that
soil N levels influences herbage and root vield, root morphology,

and nodule mass score of alfalfa. They observed that under high
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soil N conditiong herbage yield was increased during the

establishment year, root yield is reduced, nodulation is limited
and roots become more branéhed or fibrous. Heichel et al. (1979)
reported that nitrate-N could depress nodule formation in alfalfa

and reduce symbiotic N,-fixation.

2.3.3.4.2. oOther environmental factors

The physiological and biochemical processes involved in
plant growth and development exhibit coordinated responses in N,-
fixation in response to many biotic and abiotic environmental
factors (Barnes et al., 1984). For example, N,-fixation capacity
is influenced by temperature (Viands et al., 1981), dormancy
caused by daylength fluctuations (Heichel et al., 1983) and soil
moisture (Carter and Sheaffer, 1983). The ability of alfalfa to
fix N is further influenced by growth stage (Vance, 1979; Heichel
et al., 1981), and is strongly dependent upon specific host-
rhizobial combinations (Hardarson et al., 1982). The genomes of
both the host plant and the Rhizobium meliloti (Dang) symbiont
determine the effectiveness of symbiotic N,-fixation in alfalfa

(Barnes et al., 1984).

2.3.3.5. Management Effect

The potential benefit of using a perennial legume in
rotation to help replace inorganic fertilizers strongly depends
on the manner in which the legume is managed. In Minnesota
(U.S.2), when alfalfa is managed for maximum hay production with
upto three to four harvests, there ig little net N input into the

g0il during the seeding year (Heichel and Barnes, 1984).
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However, if seed production from an establishment year is
desired, then more net N input should be expected since plant
material is not harvested.

Herbage management of legumes affectsg the quantity of N
returned to the soil and consequently influences subsequent crop
yields (Hesterman et al., 1986b). Sheaffer et al. (1991)
reported that not harvesting forages until fall congigtently
resuits in greater amounts of dry matter and N for fall
incorporation than a conventional harvest management which
removes a significant amount of forage each year.

The accumulation of alfalfa forage in situ gives greater
fall herbage and root N yields than when alfalfa is cut during
the seeding year (Groya and Sheaffer, 1985; Sheaffer et al.,
1988b). Sparrow et al. (1993) estimated the amount of fixed N,
in the herbage of cultivar Nitro when the forage was allowed to
accumulate over the season in a subarctic environment during
establishment year. Over the growing season Nitro fixed an
average of 45 kg N ha' (measured in the herbage only). This
ranked lowest among all of the other green manures examined.
Harvest management has a greater effect than cultivar on fall N
available for incorporation (Hesterman et al., 1986; Sheaffer et
al., 1988c ). Research has indicated that there is a relatively
low partitioning of alfalfa dry matter to roots plus crown and a
low N concentration in the roots in comparison to foliage.
Adoption of management practices that allow the fall plowdown of
a large amount of the alfalfa herbage in addition to the
incorporation of rootsg and crowns is necessary for the greatest

net return of N to the soil (Heichel et al., 1984a).
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Generally, the straw coming ocut of combine is physically
removed after seed harvestor subjected to a spring burn in
Manitoba. Therefore, only the roots plus crown (including
stubble) dry matter and N yield are available in the fall for
plowdown from an alfalfa seed stand. However, where farmers burn
the straw, the mineral N is made available to the plants. Underxr
such circumstance the herbage N nitrogen does contribute to
subsequent year crop.

2.3.6. METHODOLOGY OF MEASURING NITROGEN FIXATION

The assessment of N,-fixation in artificial environments
such as glasshouses may be an unreliable indicator of field
performance (Viands et al., 1981). Larue and Patterson (1981)
have suggested that most estimates of N,-fixation are excessive
because they were obtained from controlled conditions on small
experimental plots.

The difference method has been used extensively to estimate
N,-fixation (Larue and Patterson, 1981). Thig method is based on
the assumption that the fixing and non-fixing systems assimilate
identical amounts of soil and fertilizer N. The difference
method of estimating N,-fixation (William et al., 1977) uses
fewer materials and has lower analytical costs than the isotope
dilution technique that uses N (Talbot et al., 1982; Heichel et
al., 1989).

Measurements of N,-fixation using the isotope dilution or
the difference method are often done on aerial plant parts but
reported as ‘whole plant’ valueg (Talbot et al., 1982; wWagner and
Zapata, 1982) on the assumption that excluding root systems

introduces inconsequential error. However, observations of
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differential allocation of fixed N, between shoots and roots
(Ruschel et al., 1979; Henson and Heichel, 1984b) suggest that
whole plants should be analyzed to accurately measure total N,-
fixation. 1In a study comparing the N isotope dilution technique
and the difference method, the N technique measured more N,-
fixation than the latter in all treatments (Henson and Heichel,
1984b). This suggests that the non-fixing controls may recover
disproportionably more soil N resulting in an underestimation of
N,-fixation by the difference method.

The discovery and release of non-N,-fixing strains of fall-
dormant alfalfa (Viands et al., 1979; Peterson and Barnes, 1981;
Barnes et al., 1988) has provided a means of measuring N,-
fixation in alfalfa germplasm under field conditions using the
inexpensive difference method. ‘Ineffective Saranac’, a non-N,-
fixing alfalfa germplasm (Barnes et al., 1990), was developed
from Saranac (Peterson and Barmes, 1991) and provides a suitable
control for both the isotope dilution technique and the
difference method (Henson and Heichel 1984b). The difference
between the total N content of effective and ineffective N,-
fixing cultivars is assumed to be the amount of N, fixed (Henson
and Heichel 1984b). The accumulation of dry matter and
photosynthate in above-ground organs is similar for the
symbiotically dependent alfalfa Saranac and the ineffectively
nodulated Ineffective Saranac supplied with combined N (Cralle
and Heichel, 1986). Peterson and Barnes (1981) reported that
non-fixing plants were small and chlorotic with white nodules,
while plants with effective nodules were vigorous, dark green and

bore pink nodules.
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3. N,-FIXATION AND DRY MATTER PRODUCTION DURING ALFALFA SEED

PRODUCTION

3.1. ABSTRACT

Alfalfa (Medicago sativa L.) grown for seed production forms
part of the crop rotation for many producers in western Canada.
Although alfalfa seed stands are an important source of N, there
is an absence of information on N,-fixation during seed
production. This research was designed to determine how seed
yield, dry matter production and N,~-fixation were affected by
cultivar, seeding rate and stage of plant development. Seed
production experimentg were conducted at Glenlea and Homewood in
southern Manitoba in 1992 and 1993. The experiments were
established in a split plot design at two seeding rates (3.36 kg
ha' and 16.8 kg ha™?) with five alfalfa cultivars: Algonqguin,
Saranac, Saranac-In, Nitro and CUF 101. N,-fixation was
determined using the difference method with intact excavated
plants at different stage of plant development during
establishment year. A wheat crop was seeded over the 1992
experiment to provide an estimate of the actual N contribution to
subsequent crops. The results suggested that the stand
establighed at the higher seeding rate performed better than at
the low seeding rate for most of the traits measured including
seed yield. The dormant cultivar, Algonquin, and the moderately
dormant cultivar, Saranac, had the highest seed yield. The total
N yield for all cultivars ranged from 97 to 139 kg N ha' and root

Plus crown N yield ranged from 42 to 60 kg ha' during the mature
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seed stage. During both years cultivars produced an equivalent
quantity of N,-fixed. Depending upon stage of growth, N,-fixed
comprised 37% to 59% of the total N in the crop, corresponding to
23 kg N ha to 74 kg N ha'. The average phytomass in root plus
crown at the mature seed stage was about 1841 to 2485 kg ha™™ dry
matter, and root plus crown N yield available for fall
incorporation ranged from 44 to 66 kg N ha'. Wheat yield was not
influenced by previous year cultivar or seeding rate effects. 1In
summary, this research indicated that N,-fixation continues
during alfalfa seed production and would provide only a
supplemental amount of nitrogen for subsequent crops. Seed
production was not practical from establishment vear stands in
1992 and 1993, but was similar to that from established fields in
Manitoba suggesting that the environmental conditions were the

primary factor influencing seed production.

3.2. INTRODUCTION

Alfalfa (Medicago sativa L.) is a perennial forage legume
that is grown for stored feed, pasture and seed production.
Alfalfa acreage is limited by the economic return and end use of
the crop, but alfalfa is also an important component of rotations
that include cereal and oilseed crops.

Traditional farming systems in western Canadian pPrairies are
directed towards grain production. Alfalfa seed production has
became an increasingly important cropping option in recent years
with 22,516 ha in Manitoba in 1991. Alfalfa seed in western
Canada has a major limitation in that it is restricted almost

exclusively to winter hardy, early fall dormant cultivars (Fairey
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and Lefkovitch, 1991, 1992), sgince seed is normally not harvested
during the establishment year. Successful establishment-year
alfalfa seed production would allow alfalfa to be used as an
"annual" in rotationg with other cereals and oilseed crops. This
type of rotation system would provide the additional benefit of
increased soil N and organic matter (Sheaffer et al., 1984).
Although alfalfa geed stands are a potential source of N

and form a part of many crop rotations, previousgs research on N,-
fixation in the USA and Canada has focused exclusively on alfalfa
grown for forage (Vance et al., 1988). Therefore, there is an
absence of information on N, fixation during seed production.
The literature also containg a limited amount of information on
the effect of varied planting densities on N, fixation. Alfalfa
hay and seed stand differs sigmificantly in their population
density. Alfalfa for hay is normally established at high seeding
rates (11.2 to 22.4 kg ha') while seed crops are normally
estéblished at much lower seeding rates (1.12 kg ha?!) to maximize
seed yield (Rincker et al., 1988). Plant density has been
closely associated with dry matter yield (Porter and Reynolds,
1975), which has been correlated to N yield and N,-fixation
(Heichel et al., 1984). Therefore, since N, fixation is a
affected by dry matter yield, alfalfa stands established at
different planting densities would be expected to differ in the
amount of N, fixation.

A study was conducted in the 1992 and 1993 growing seasons
at two locations, Homewood and Glenlea, in southern Manitoba.
This research was initiated with the working hypothesis that

substantial quantities of N, are fixed by alfalfa during
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reproductive phase in the year of establishment. The hypothesis
is based on results obtained from non-harvested forage stands
that have entered the reproductive phase. The specific
objectives of this research were as follows:1l) to compare seed
yield and dry matter production of non-dormant, moderately
dormant and dormant alfalfa cultivars during the establishment
year; 2) to compare how cultivar, plant density and stage of
plant development affect nitrogen fixation of alfalfa and 3) to

estimate N contribution to subsequent crops.

3.3. MATERIALS AND METHODS

A series of field experimentg were conducted to study the
effects of seeding rate and cultivar on dry matter and N vield of
alfalfa. The experiments were establigshed in the spring of 1992
and 1993 at two sites in Manitoba: Homewood (56 km southwest of
Winnipeg) and Glenlea (15 km south of Winnipeg). The soil type
at Homewood was Sperling mixed loam and at Glenlea was Red River
clay (lacustrine fine clay). Soil tests were conducted at each
experimental site during fall 1991 and 1992 to determine the
nutrient requirements of an alfalfa seed crop. Phosphorus was
applied as 0-46-0 fertilizer at a rate of 20 kg ha? of P,0s . Imn
addition sulphur was also applied at soil test recommendations.

The alfalfa seed industry uses a 1-9 rating system to
differentiate the fall dormancy of individual cultivars with 1
designating those cultivars that show the least growth during the
fall and 9 those cultivars that show the most fall growth (Barnes
et al., 1991). The term fall dormancy refers to the tendency of

alfalfa plants to enter a state of dormancy during the later part
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of the growing season and has been related to winter survival.
For the purpose of this experiment cultivars with fall dormancy
ratings from 1-3 were considered dormant, 4-5 moderately dormant
and 6-9 non-dormant.

The experiments were established on .7 May at Homewood and 13
May, 1992 at Glenlea, and at the same sites on 12 May and 5 May
1993, respectively. These plots were established at two seeding
rates, 3.36 kg ha™ and 16.8 kg ha® with five alfalfa (Medicago
sativa L) cultivars representing a range of fall-dormancy
classes. The cultivars and their fall dormancy classes (in
brackets) are as follows: ‘CUF 101’ (9), a non-dormant cultivar
of Indian and African origin (Gilchrist et al., 1982);
‘Algonquin’ (2), a winterhardy, dormant, 16-clone synthetic
developed at the Agriculture Canada Research Station, Ottawa,
Ontario (Baenziger, 1975); ‘Nitro’ (8), a non-dormant cultivar,
selected for high root N accumulation (Barnes et al., 1988);
‘Saranac’ (4), a moderately dormant cultivar (Peterson and
Barnes, 1991); and ‘Ineffective Saranac’(4), an ineffectively
nodulating, moderately dormant cultivar developed from Saranac
(Barnes et al., 1990).

The experimental design was a randomized complete block
design with a split-plot treatment arrangement and four
replications. Seeding rates were assigned to the main plot and
cultivars assigned to the sub-plot. Each sub-plot was 1.8 m * 7
m, with 30 cm row spacing. Seeding rates of 3.36 kg ha' and 16.8
kg ha™ were included in this study to evaluate the N,-fixation
from an alfalfa seed stand seeded at a low rate in comparison to

traditional forage crop establishment where seeding rates are
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much higher. The seeds were inoculated before planting with
Rhizobium meliloti L. Dang.

In this experiment, weed control was accomplished using a
combination of chemicals, cultivation and hand weeding. Specific
herbicides included: 1) Pre-emergence herbicides: Edge 50 DF
(Ethalfluralin) or [N-ethyl-N-(2-methyl-2-propenyl)-2,6-dinitro-
4- (trifluoromethyl)benzenamine] and Treflan (Trifluralin) or
{2,6-dinitro-N,N-dipropyl-4- (trifluoromethyl)benzenamine}; 2)
Post-emergence: Pursuit (Imazethapyr) or {2-[4,5-dihydro-4-
methyl-4- (1-methylenthyl)-5-oxo-1H-imididazol-2-y1]-3-
pyridinecarboxylic acid}, Poast (Sethoxydim) or {2-[1-
(ethoxyimino) ]-5-[2-(ethylthio)propyl]-3-hydroxy-2 cyclohexen-1-
one} and Roundup (Glyphosate) or {isopropylamine galt of N-
(phosphono-methyl) glycine}. These herbicides were used to
control annual grassy and broadleaf weeds with exception of
Roundup, which was spot applied in both years to control Canada
thistle. Ethalfluralin and Trifluralin are applied in the spring
and incorporated with a bidirectional cultivation one week before
planting. Pursuit was applied on 2 June and 11 June, 1992 at
Homewood and Glenlea, respectively. Poast was applied on 7 July
and 9 July, 1993. The herbicides were applied at recommended
rates, except in 1993, where Pursuit was accidentally applied at
ten times the recommended rate.

Scouting for insects was done frequently to check for any
alfalfa pests. Lygus bug, alfalfa plant bug, pea aphid, and
other insect control was achieved with Dimethoate [0,o0-dimethyl
S-(methylcarbamoylmethyl) phosphorodithicate] and Dylox

(trichlorfon) or [dimethyl (2,2,2-trichloro-1-hydroxyethyl)
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phosphonate]. Many insecticides are harmful to alfalfa
leafcutting beeg, therefore Dimethoate was sprayed one week
before bee release and Dylox was applied at night when the bees
were dormant in their shelters. Dimethoate was applied on 26
July, 1992 at both sites and 5 July and 9 July, 1993 at Homewood
and Glenlea, respectively and Dylox was applied on 29 July, 1993.
The control of these insects was effective and insect damage had
no influence on seed production, as subsequent sgcouting showed
that the insects were below the threshold level that may cause
any substantial damage.

Alfalfa leafcutting bees were used for pollination in both
years. Six leafcutter shelters were placed around the periphery
and in the centre of the entire area which included two other
experiments. Incubation trays containing recently emerged bees
were placed in each shelter when the flowering averaged 25%
across experiments. Additional leafcutter bees were placed on
the experiments at the 100% flowering stage. In both years
adverse weather delayed bee releagse and bee mortality occurred
during these holding periods.

Morphological traits associated with alfalfa seed yvield were
measured and included: seedling vigour score, plant height, %
flowering, lodging, height of vegetative regrowth following
lodging and plant counts. Seedling vigour scores were taken
twice on 10 June and 22 June, 1992 and on 10 June, 1993 at both
locations. Scoring was based on a 1 to 5 scale with "1w
corresponding to least vegetative growth and "5w corresponding to
the greatest vegetative growth. Plant height was measured at

approximately 7, 9, 11 and 14 weeks after planting beginning 28
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June, 1992 and 29 June, 1993. Fifteen stems were randomly
selected from each sub-plot for plant height measurements in
1992, and ten stems per sub-plot in 1993.

Starting in mid-July in 1992 flowering percentage (number of
stems with flowers) was recorded at weekly intervals until plants
reached 100 % bloom. In 1993, flowering percentage was not
recorded due to the destructive sampling procedure used for the
whole plant harvest. In 1992, cool temperatures and adequate
moisture provided ideal growing conditions, which resulted in
lodging at both locations. Lodging was scored in mid-September
with scores ranging from 1 to 5, with: "1"= 0%-20% of stem lodged
in horizontal position, "2"= 21% to 40% of stem lodged in
horizontal position, "3"=41% to 60% of stem lodged in horizontal
position, "4"= 61% to 80% of stem lodged in horizontal position
and “5" indicating that over 80% of stems were lodged in a
horizontal position. In 1993, there was very little lodging and
lodging score was not recorded.

The desiccant Harvest [2~amino-4- (hydroxymethylphosphinyl)
butanoic acid] was sprayed at Homewood and Glenlea on 28 and 30
September, 1992, respectively. Two inner rows from each plot
were direct-harvested with a Hege-plot combine in Homewood and
Glenlea on 7 October and 9 October 1992, respectively, to
determine total seed yield. In 1993, dry matter and nitrogen
fixation determination involved destructive sampling. Seed yield
for 1993 was obtained from the plants removed during the last
sampling period by removing pods to provide a seed sample. The
pods were dried, threshed and screened to obtain a clean seed

sample. The harvested seed was measured and both seeds and pods
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were then returned to their original sample to be include in the
dry matter yield and N,-fixation measurements.

During the 1992 season N,-fixation was determined from whole
plant samples which were harvested at 3-to 4-week intervals. The
first harvest was taken during the bud stage of growth and
subsequent harvests occurred at the 10% bloom to 20% bloom, 50 %
bloom to full bloom and the mature seed stage. This corresponded
to 13 July, 5 August, 25 August and 30 September in 1992 and 15
July, 10 August, 31 August and 23 September in 1993. In 1992,
two 0.5 m row gsections were excavated from each plot at each
sampling date. 1In 1993, a mechanical harvester (Dean’s Vibra
Digger) was used to remove 0.6 m from each of the four inner rows
from each plot. 1Individual plant counts were made from the
harvested plants and roots were carefully washed for subsequent
dry matter and N,-fixation measurementsg.

During both years the samples were separated into two
fractions: 1) shoots cut 7 em above the soil surface and 2) crown
and roots trimmed 12 cm below the soil surface. Dry weight was
determined from each fraction after drying at 80 °C for 48 hours.
Each sample was ground in a Wiley mill, passed through a 2 mm
screen, then thoroughly mixed and a sub-sample was taken for
determination of N concentration using a LECO N determinator
(Model FT 428, Mississauga, Ontario).

The amount of N,-fixation was determined using the simple
technique called "the difference method" (Weber, 1966; Ham et
al., 1975; Talbott et al., 1982; Barnes et al., 1990; Hensen et
al., 1984). The amount of N,-fixed through symbiosis is the

difference between the total N content of a fixing (‘effective’)
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cultivar and the total N content of a non-N,-fixing
(“ineffective’) cultivar of the same species (Hensen and Heichel,
1984).

‘Ineffective’ Saranac was used as the non-N,-fixing control
to estimate N,-fixation by the difference method (Henson and
Heichel, 1984). The apparent symbiotically fixed N, was
calculated by subtracting the N yield for ‘TIneffective Saranac’
(non-fixing reference crop) from the N vield of each fixing
cultivar within a subplot. Dry matter, total nitrogen content
and nitrogen fixed by symbiosis were presented on land area basis
(Tabolt et al., 1982; Rennie, 1984). The percentage of N derived
from atmosphere (%NDFA) was determined following the equation:
%NDFA = {[%N, x DM,) - (%N, x DM.)] =+ %N.*DM.)} x 100%, where: %N, =
N concentration in N,-fixing alfalfa cultivar, DM_= dry matter
vield of N,-fixing alfalfa cultivar, %N,= N concentration in non-
N,-fixing alfalfa cultivar (Saranac-In) and DM = dry matter yield
of non-N,~fixing alfalfa cultivar. The amount of N fixed was
determined by the equation: amount N, fixeds= %N, x DM_) - (%N, x
DM,) or N yield (fixing alfalfa cultivar) - N vield (non-fixing
alfalfa cultivar).

Wheat was included in the experiments in both years as a
second non-fixing control crop. On 26 May 1993, a wheat crop was
grown across the entire 1992 experimental areas to determine if
the previous year’s treatments (cultivars and seeding rate) had
any influence on the wheat straw dry matter, N and grain yield.
Nitrogen was mistakenly applied at 70 kg ha_; at Homewood by the
producer cooperator in 1993. This applied N raises questions

about the validity of the wheat data from this site. At both
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sites all other nutrients were applied at the recommended rate.
At Glenlea, there was regrowth of some alfalfa despite tillage
and Canada thistle was a problem weed in some plots. Both the
alfalfa regrowth and Canada thistle were controlled by the
herbicide, clopyralid (Lontrel) or [3,6-dichloro-2-
pyridinecarboxylic acid].

Wheat straw dry matter yield and grain yvield were taken from
the subsequent year wheat crop experiment in mid-September, 1993.
A hand sickle was used to harvest an area of 1 m x 0.5 m from the
centre of each plot on 15 September and 16 September, 1993 at
Homewood and Glenlea, respectively. The 1 m length was parallel
to the length of the plot. Each sample was dried at 80°C and
weighed to obtain total dry matter (straw and grain) yield. Each
sample was threshed using a Vogel thresher to separate the grain
which was cleaned using a small clipper weighed. Straw dry
matter weight was determined by the difference between total
(straw and grain) and grain dry weight vield. All straw sub-
samples were ground in a Wiley mill, passed through a 2-mm screen
and grain samples were ground in a Udy cyclone mill to pass
through a 1-mm screen. The samples were then analyzed using a
LECO N Determinator (Model FT428, Mississauga, Ontario) to
measure N concentration in each sample. Straw and grain N vield
were then calculated on land area basis as function of dry matter
yvield.

Analysis of variance (ANOVA) was conducted by GLM procedure
using the Statistical Analysis Systems procedure (SAS Institute,
1988) with all treatments considered fixed effects. Bartlett’s

Chi-square test (Steel and Torrie, 1960) was used to determine
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homogeneity of variance across vears and locations. In all cases
varianées did not meet the criteria for homogeneity across years,
and data transformation did not solve the problem, therefore data
analysis was conducted within each year. Data variances were
homogeneous over locations within years, therefore the data was
pooled over locations in each year. However, in 1993 there were
location*cultivar interactions between some traits (dry matter
and N yield) and hence separate analysis were conducted for each
location. Analyzes were conducted with block, seeding rate, and
cultivars considered fixed effects and location considered a
random effect. Treatment means were compared using Fisher'’'s

protected least significant difference procedure (P<0.05).

3.4. RESULTS

3.4.1. GROWTH HABIT AND SEASONAI: DEVELOPMENT
3.4.1.1. Seedling Vigour

Seedling vigour was measured across alfalfa cultivars and
treatments as an indication of the relative rate of establishment
and ability to compete with weeds. Although there were no
differences for seedling vigour, cultivar ranking from most
vigorous (5) to least vigorous (1) was as follows: CUF 101 (3.8),
Nitro (3.8), Saranac (3.3), Saranac-In (2.9) and Algonguin (2.9)
in 1992 and CUF 101 (4.3), Nitro (3.9), Saranac-In (3.9), Saranac
(3.6) and Algonquin (3.6) in 1993. Location and seeding rate

also did not influence seedling vigour (data not shown).
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3.4.1.2. Plant Height

In 1992, plant height was not influenced by seeding rate nor
were there location*cultivar, rate*cultivar and
location*rate*cultivar interactions (data not shown). However,
there were differences in plant height (P<0.05) at 7 and 9 weeks
after planting (Figure 1). Average plant height was higher
(P<0.05) at Homewood (37 cm and 58 cm) than Glenlea (26 cm and 44
cm) at the 7 and 9 week measurement dates, respectively. At 11
and 14 weeks after planting plant height was similar between the
two gites (data not shown). At 7 weeks after planting, the plant
height of the two non-dormant cultivars, Nitro and CUF 101, was
equivalent, but higher than Saranac (Figure 1). The height of
Algonquin and Saranac-In was equivalent, but lower than all other
cultivars. At 9 weeks after planting Nitro, CUF 101 and Saranac
showed equivalent plant height, but were higher than both

Algonquin and Saranac-In. There were no plant height differences

‘among cultivars at 11 and 14 weeks after planting.

In 1993, there was a location*cultivar interaction for plant
height at the 9 and 11 week growth stages, therefore each
location was analyzed separately. At Glenlea and Homewood, plant
height was influenced (P<0.05) by seeding rate (Table 1). At
Glenlea, both 11 and 14 weeks after planting, plant height was
higher for the low seeding rate than the high seeding rate.

Plant height was similar for the two seeding rates at 7 and 9
weeks after planting. There were cultivar differences (P<0.05)
at 11 and 14 weeks after planting (Figure 2). Plant height
measurements showed that Saranac, Algonquin, CUF 101 and Nitro

had equivalent height at 11 weeks after planting and Saranac-In
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had the lowest plant height, but equivalent to Nitro. At 14
weeks after planting, Saranac had the highest plant height of all
cultivars, with the exception of Nitro. Nitro, CUF 101 and
Algonquin had equivalent height, whereas Saranac-In had the
lowest height. There were no rate*cultivar interactions at any
measurement date.

At Homewood, seeding rate also influenced (P<0.05) plant
height at 9 and 14 weeks after planting (Table 1). At 9 weeks
after planting, plant height was higher for the high seeding rate
than the low seeding rate. However, at 14 weeks after planting,
plant height was higher for the low seeding rate than the high
seeding rate. Plant height was similar for the two seeding rates
at 7 and 9 weeks after planting. Cultivar differences (P<£0.05)
were observed at 9 and 11 weeks after planting at Homewood
(Figure 3). At 9 weeks after planting, CUF 101 and Nitro had
equivalent height, but CUF 101 had a higher plant height than
Saranac-In, Saranac and Algonquin. Nitro and Saranac-In had
equivalent plant height, as did Saranac-In and Saranac.

Algonquin had lowest plant height, but equivalent to Saranac.
Plant height measurements showed that CUF 101, Nitro, Saranac,
Saranac-In had equivalent height at 11 weeks after prlanting and
Algonquin had lowest plant height (Figure 3). There were no

rate*cultivar interactions at any measurement period.

3.4.1.3. PFlowering
Flowering percentage was measured to determine the relative
rate of maturation between alfalfa cultivars, and to assess the

effect that profuseness of flowering had on seed yield potential.
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Location and seeding rate did not influence flowering percentage
and there were no interactions between the treatments for
flowering percentage (data not shown). Flowering percentage
tended to be higher at Homewood verses Glenlea and higher for the
low seeding rate versus the high seeding rate at all measurement
dates (data not shown). There were cultivar differences (P<0.05)
for flowering percentage when measurements were taken on 24 July
and 29 July, but not on 21 July and 5 August (Table 2). Saranac-
In had a higher flowering percentage than Nitro, CUF 101 and
Saranac which had equivalent flowering percentages at both dates
(July 24 and 29). Algonguin had the lowest flowering percentage

at both dates.

3.4.1.4. Lodging and Regrowth

There was no influence of location or seeding rate (data not
shown) on lodging, but there were cultivar differences (P<0.05).
Nitro (4) and CUF 101 (3.3) showed the most lodging followed by
Algonquin (2.6) and Saranac (2.5) whereas Saranac-In (1.2) had
the least lodging. As resgult of lodging, plant crowns were
exposed to sunlight, which in turn stimulated and new shoot
growth from the crown. However, there were no differences
between cultivars in the height of these new shoots. The height
of the newly developed shootg was 50, 49, 43, 41, 31 cm for CUF
101, Nitro, Saranac, Algonquin, and Saranac-In, respectively. In
1993, there was very little lodging and virtually no secondary

regrowth.
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3.4.1.5. Seed Yield
Seed yield was harvested at Glenlea in 1992, but not in

Homewood, because the two inner rows harvested were sampled for
determination of dry matter yield and N,-fixation. Seeding rate
and cultivar both influenced (P<0.05) seed yield. The low
seeding rate produced 47 kg ha' of seed and the high seeding rate
produced 28 kg ha™ of seed. 1In 1992, Saranac and Algonquin
produced higher seed yields than Nitro, CUF 101 and Saranac-In
(Table 3). 1In 1993, there were no cultivar differences for seed
yield (Table 3). Overall seed yield was congiderably lower in
1993 than in 1992, but there was a similar ranking among
cultivars. Location (data not shown) and seeding rate did not
influence seed yield in 1993. Averaged over locations and
cultivars, the seed yield obtained were 12.3 kg ha! and 4.4 kg

ha* for the low and high seeding rates, respectively.

3.4.2. DRY MATTER PRODUCTION AND NITROGEN FIXATION
3.4.2.1. Total dry matter yield

There was no effect of location (Table 1, Appendix) on total
(herbage and root plug crown) dry matter yield across all growth
stages in 1992 nor were there significant interactions between
any of the treatments. Seeding rate had an effect (P<0.05) on
total dry matter yield at the mature seed stage (Table 4). At
this stage the total dry matter was significantly higher for the
high seeding rate than the low seeding rate.

There were differences (P<0.05) between cultivars at the
late vegetative stage (Table 5). At thig stage Nitro produced

the highest total dry matter yield, but equivalent to CUF 101 and
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Saranac. Saranac-In yielded lowest, but equivalent to Saranac
and Algonqguin. CUF 101, Saranac and Algonquin all had equivalent
yvield. At all other growth stages there were no cultivar
differences for total dry matter yield (Table 5).

In 1993 there was a location*cultivar interaction for total
dry matter yield, therefore, separate analyzes were conducted for
each location. At Glenlea there was no effect of seeding rate on
total dry matter yield at any growth stage (Table 6). However,
at all growth stages there were cultivar differences for total
dry matter yield (Table 7). At the late vegetative and mature
seed stages, Saranac-In produced lower total dry matter yield
than all other cultivars. The other four cultivars had similar
total dry matter yield at these two stages. At the 10% to 20%
bloom stage the total dry matter yield (Table 7) was equivalent
for Algonquin and Saranac, but higher than that of Nitro and CUF
101 which had equivalent yield. Saranac-In yielded gignificantly
lower than all the cultivars. At 50% to full bloom stage the
cultivars, Saranac, Algonquin, and Nitro had equivalent total dry
matter yield followed by CUF 10l. Nitro and CUF 101, had similar
total dry matter yield and Saranac-In had the lowest total dry
matter yield.

In 1993 at Homewood, there was no effect of seeding rate at
any of the growth stages (Table 6). Cultivars showed differences
for total dry matter yield at most growth stages with exception
of late vegetative stage (Table 8). At the 10% to 20% bloom
stage Saranac had significantly greater total dry matter vield
than Algonquin, Saranac-In, and Nitro, but was similar to CUF

101. Nitro had the lowest total dry matter yield, but was
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similar to Algonquin and Saranac-In. Algonquin, Saranac-In and
CUF 101 had similar yield. At the 50% to full bloom gtage
Saranac had significantly greater total dry matter yield, but was
gimilar to CUF 101, and Algonquin. Saranac-In had the lowest
total dry matter yield, but had similar yield to Algonquin and
Nitro. CUF 101, Algonquin and Nitro had equivalent yield. At
the mature seed stage the cultivars, Saranac, Algonquin, CUF 101
and Nitro had similar total dry matter yield. Saranac-In yielded
significantly lower than all other cultivars with exception of
Nitro.

When averaged over seeding rate and cultivar, the total
(herbage and root plus crown) dry matter tended to be higher at
Homewood than Glenlea at most growth stages in both years, with
exception of late vegetative and 50% to full bloom stages in 1993
(Table 1, Appendix 1). Similarly, the total (herbage and root
plus crown) dry matter yield tended to be higher at the high
seeding rate (16.8 kg ha!) than the low seeding rate (3.36 kg ha
') (Table 6). However, this trend was not followed at Glenlea at
the 50% to full bloom and mature seed stages.

Changes in total dry matter production over cultivars as
affected by growth stages are shown for each yvear (Tables 5, 7,
and 8). In both years dry matter production increased
considerably as alfalfa matured during the growing season. As
would be expected, total dry matter yield at each growth stage
was increased for most cultivars from the late vegetative to the
mature seed stage in 1992 (Table 5) and at Homewood, in 1993
(Table 8). However, this was not so for Saranac-In in 1992. The

total dry matter yield of this cultivar decreased at mature seed
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stage relative to the 50% to full bloom stage. At Glenlea in
1993, there was a decline in the total dry matter yield of
Algonquin and Saranac between 50% to full bloom and mature seed
stage (Table 7).

Averaged over locations and treatments, the total (herbage
and root plus crown) dry matter yield available for incorporation
at fall (mature seed stage) was 5595 kg ha™ in 1992. In 1993
the average total dry matter vield (herbage and root plus crown)
available for incorporation in the fall was 3853 and 4235 kg ha™?,

at Glenlea and Homewood, respectively.

3.4.2.2. Root plus crown dry matter yield

In 1992, there was no effect of location (Table 1, Appendix)
nor were there interactions between treatments for root plus
crown dry matter (data not shown). Cultivar differences (P<0.05)
were apparent at the late vegetative growth stage (Table 10) and
there was an effect (P<0.05) of seeding rate at the 10%- to 20%
bloom growth stage (Table 4). The root plus crown dry matter at
the 10% to 20% bloom stage was higher at the high seeding rate
than the low seeding rate (Table 4). At the late vegetative
stage Nitro and CUF 101 had equivalent root plus crown dry matter
yield followed by Saranac with Saranac-In and Algonquin producing
the lowest dry matter yield (Table 9). At all other growth
stages the cultivars had similar root plus crown dry matter
vield.

In 1993 a location*cultivar interaction occurred for root
plus crown dry matter yield, therefore separate analysis were

conducted for each location. At Glenlea there was a seeding rate
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effect (P<0.05) at the 10% to 20% bloom stage (Table 6). At this
stage the high seeding rate had higher root plus crown dry matter
yvield than low seeding rate. At all other growth stages root
plus crown dry matter yield was similar.

Cultivar differences were observed at Glenlea at all growth
stages in 1993 (Table 10). At the late vegetative stage the root
plus crown dry matter yield for the Nitro, Algonguin, CUF 101,
and Saranac were equivalent. At this stage Saranac-In had
gsignificantly lower yield than all the other cultivars with
exception of Saranac. At the 10% to 20% bloom and 50% to full
bloom stages the root plusg crown dry matter yield for the
cultivars, Algonquin,'Saranac, Nitro, and CUF 101 were
equivalent. At these two stages Saranac-In had significantly
lower yield than all the other cultivars. At the mature seed
stage Nitro had significantly greater yvield than Algonquin and
Saranac-In, but had similar yield to CUF 101 and Saranac.
Furthermore, at this stage, CUF 101 had significantly greater
yield than Saranac-In, but had similar vield to Nitro, Saranac
and Algonquin. There was no rate*cultivar interaction for roots
plus crown dry matter yield at any growth stage at Glenlea in
1993,

In 1993 at Homewood, there was an effect of seeding rate
(P<0.05) at the 50% to full bloom stage (Table 6). At this stage
the high seeding rate had higher root plus crown dry matter yvield
than low seeding rate. At all other growth stages root plus
crown dry matter yield was similar.

In 1993 at Homewood, cultivar differences were present at

all growth stages with the exception of the late vegetative stage
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(Table 11). At the 10% to 20% bloom stage the root plus crown
dry matter yield for the cultivars Saranac and CUF 101 were
gsimilar, but higher than those of Saranac-In, Algonquin, and
Nitro. At the 50% to full bloom stage the root plus crown dry
matter was significantly higher for Saranac in comparison to
Nitro and Saranac-In. However, with exception of Saranac all
other cultivars had gimilar root plus crown dry matter yield at
this stage. At the mature seed stage the root plus crown dry
matter yield was significantly higher for Algonquin and Saranac
than CUF 101 and Saranac-In which had equivalent yield. Nitro
had equivalent yield to all the cultivars.

There were obvious changes in alfalfa root plus crown dry
matter production over the growth stages (Tables 9, 10, and 11).
In both years root plus crown dry matter production increased
considerably as alfalfa matured during the growing season. In
1992, root plus crown dry matter vield from the late vegetative
to the seed maturity stage (Table 9) increased the most for CUF
101 followed in descending orders by Saranac, Nitro, Algonquin,

and Saranac-In.

In 1993, the cultivars showing the greatest increase in root

plus crown dry matter yield were not consistent between Glenlea
and Homewood (Table 10 and 11). Averaged over locations and

treatments, the root plus crown dry matter vield available for
incorporation in the fall (mature seed stage) was 2,320 kg ha' in
1992, and 1,674 and 1,753 kg ha™, in 1993 at Glenlea and

Homewood, respectively.
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3.4.2.3. Dry matter partitioning

The proportion of plant dry matter yield accumulated in root
plus crown increased from the late vegetative to the mature seed
stage in both years (see below). In 1992, the proportion of root
plus crown dry matter in comparison to total dry matter (herbage
and root plus crown) shifted from 25% at the late vegetative
stage to 42% at the mature seed stage. At Glenlea in 1993, there
was a decrease in the proportion of root plus crown dry matter in
the plants from the late vegetative (40%) to 50%-full bloom stage
(35%) . However, at the mature seed stage seed the proportion
partitioned to the root plus crown increased to 43%. At Homewood
in 1993, there was also a decrease in the proportion of root plus
crown dry matter in the plants from the late vegetative (41%) to
50%-full bloom stage (35%) in 1993. However, at the mature seed
stage, the proportion partitioned to the roots plus crown

increased to 41%.

3.4.2.4. Total N yield

In 1992, total (herbage and roots plus crowns) N vield
of alfalfa was not influenced by location (Table 2, Appendix) nor
were there interactions between any of the treatments (data not
shown). There was no effect of seeding rate on total N yield at
any growth stage, but N yield tended to be higher for the high
seeding rate than the low seeding rate (Table 12). Cultivar
differences were present only at the late vegetative growth stage
(Table 13). At this growth stage the total N yield for the
cultivars, Nitro, CUF 101, Saranac, and Algonquin are equivalent,

but higher than the that of Saranac-In. Averaged over locations,
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seeding rate treatments and cultivars, the total N available for
plowdown in the fall (mature seed stage) was 139 kg N ha™®.

In 1993, there was a location*cultivar interaction for total
N yield, therefore a separate analysis was conducted for each
location. At Glenlea, total N vield was affected by seeding rate
at late vegetative stage (Table 14). At this stage the total dry
matter yield was significantly higher (P<0.05) for the high
seeding rate than the low seeding rate. At all other growth
stages there were no differences between seeding rates for total
N yield. There was a seeding rate*cultivar interaction at
Glenlea for total N yield during the late vegetative growth gtage
(Table 16). At low seeding rate cultivars had equivalent total N
yield. However, at high seeding rate Algonquin and Nitro had
total N yield equivalent to Saranac, but higher than CUF 101 and
Saranac-In. Saranac-In had lowest total N yvield. Gemerally, the
total N yield tended to be lower for the low seeding rate than
the high seeding rate.

Cultivar differences for total N vield were present at all
growth stages at Glenlea in 1993 (Table 15). At the late
vegetative and mature seed stage the total N yvield for Nitro,
Algonquin, Saranac, and CUF 101 were equivalent, but higher than
Saranac~In. At the 10% to 20% bloom stage Algonquin had gimilar
total N yield to Saranac and significantly greater total N yield
than Nitro, CUF 101, and Saranac-In. Saranac had equivalent
total N yield to Nitro, but had higher yield than CUF 101. Nitro
had equivalent total N vield to CUF 101, but both had greater
vield than Saranac-In. At the 50% to full bloom stage the total

N yield for the cultivars Algonguin, Saranac, and Nitro were
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equivalent, but greater than CUF 101 and Saranac-In. Nitro and
CUF 101 had equivalent total N yield, but had greater yield than
Saranac-In.

In 1993 at Homewood, there was no effect of seeding rate
(Table 14) nor was there a rate*cultivar interaction for total N
vield (data not shown). However, cultivars showed differences
for total N yield at all growth stages with the exception of the
late vegetative growth stage (Table 17). At the 10% to 20% bloom
stage Saranac had equivalent total N yield to CUF 101, but had
significantly greater N yield than Algonquin, Nitro, and Saranac-
In. CUF 101 had similar total N yield to Algonquin and Nitro,
but higher than Saranac-In. Algonquin and Nitro had equivalent
total N yield to Saranac-In. At the 50% to full bloom and mature
seed stages the total N yield for the cultivars Saranac, CUF 101,
Nitro and Algonquin were equivalent, but significantly higher
than Saranac-In. Saranac-In was observed to have more N vield in
1992 than in 1993, and more at Homewood than at Glenlea (Tables
13, 15, 17).

In 1993, when averaged over treatments the total (herbage
and roots plus crowns) N yield available for plowdown at fall
(mature seed stage) was 97 kg N ha™ and 101 kg N ha? for Glenlea

and Homewood, respectively.

3.4.2.5. Root plus crown N yield

In 1992, root plus crown N yield of alfalfa was not
influenced by location (Table 2, Appendix) nor were there
interactions between treatments (data not shown). At all growth

stages, root plus crown N yvield tended to be higher for the high
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seeding rate than the low seeding rate, but seeding only had a
significant effect (P<0.05) on root plus crown N yield at the 10%
to 20% bloom stage (Table 12). At this stage the root plus crown
N yield was significantly higher for the high seeding rate in
comparigon to the low seeding rate.

Cultivar differences (P<0.05) for root plus crown N yield
were present at the late vegetative and the 10% to 20% bloom
stages (Table 18). At the late vegetative growth stage Nitro had
equivalent root plus crown N yield to CUF 101 and Saranac, but
was higher than Algonquin and Saranac-In. CUF 101 and Saranac
had equivalent root plus crown N yield, but were higher than
Saranac-In. However, the root plus crown N vield of Algonguin
and Saranac-In were gimilar. At the 10% to 20% bloom stage the
root plus crown N yield for Nitro was higher than Algonquin and
Saranac-In, but equivalent to CUF 10l and Saranac. Saranac-In
yielded less than CUF 101, but had equivalent yield to Saranac
and Algonquin. Whereas, the cuitivars CUF 101, Saranac, and
Algonquin had similar root plus crown N vield. Averaged over
treatments, the amount of root plus crown N vield available for
fall incorporation was 59.6 kg N ha™' in 1992.

In 1993, there was a location*cultivar interaction for root
pPlus crown N yield and therefore a separate analysis was
conducted for each location. At Glenlea, the seeding rate
influenced (P<0.05) root N yield at the 10% to 20% bloom stage
(Table 14). At this growth stage (10% to 20% bloom stage), the
root plus crown N yield was higher for high seeding rate than the

low seeding rate.
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Cultivar differences for root plus crown N vield were
evident at all growth stages at Glenlea in 1993 (Table 19). At
the late vegetative stage the root plus crown N yield for Nitro,
CUF 101, and Algonquin were equivalent, but higher than Saranac-
In. Saranac produced equivalent yield to all other cultivars.
At the 10% to 20% and 50% to full bloom stages the root plus
crown N yield for all cultivars was equivalent with exception of
Saranac-In which produced the least root plus crown N vield. At
the mature seed stage Nitro had significantly greater root plus
crown N yield than Algonquin, Saranac, and Saranac-In, but
equivalent N yield to CUF 101. CUF 101 had equivalent root plus
crown N to Algonquin and Saranac, but higher than Saranac-In.
Saranac-In had the least yield.

At Homewood in 1993, sgseeding rate had an effect (P<0.05) omn
root plus crown N yield only at the 50% to full bloom stage
(Table 14). At this stage the root plus crown N yield was higher
for the high seeding rate than the low seeding rate. Cultivar
differences for root plus crown N vield were present at all
growth stages with exception of the late vegetative stage at
Homewood in 1993 (Table 20). At the 10% to 20% bloom stage the
root plus crown N yield for CUF 101 and Saranac were equivalent,
but significantly greater than Nitro, Algonquin, and Saranac-In.
The later three cultivars also had equivalent root plus crown N
vield. At the 50% to full bloom stage Saranac and CUF 101 had
equivalent root plus crown N yield to Nitro and Algonquin, but
were higher than Saranac-In. The vield of Saranac-In was
equivalent to that of Nitro and Algonquin. At the mature seed

stage the root plus crown N yield for Algonquin was similar to
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Saranac and CUF 101, but higher than Nitro and Saranac-In. The
yvield of Nitro is equivalent to that of Saranac and Algonquin,
whereas Saranac-In produced the lowest vield. 1In 1993 there was
no interaction between seeding rates and cultivars at either

site.

3.4.2.6. % N derived from atmosphere
The amount of root plus crown (including stubble at 7

cm) and total (herbage and root plus crown) percentage N derived
from atmosphere (%Ndfa) were not influenced by seeding rate or
cultivar (Table 3, Appendix) at any growth stage in either years.
However, there was an effect of location (P<0.05) in 1992 at the
mature seed stage for root plus crown and total %Ndfa (Table 21).
The %Ndfa was higher at Glenlea than at Homewood. There were no
interactions between the variables in either vear (data not
shown) .

In 1992, the total (herbage and roots plus crowns) %Ndfa was
37%, 42%, 37%, 43% for the late vegetative, 10% to 20% bloom, 50%
to full bloom and mature sgeed stage, respectively. Whereas, in
1993, the total %Ndfa was 38%, 49%, 60%, 59% for late vegetative,
10% to 20% bloom, 50% to full bloom and mature seed stage,
respectively. In 1992, the root plus crown %Ndfa was 40%, 52%,
40%, 44% for late vegetative, 10% to 20% bloom, 50% to full bloom
‘and mature seed stage, regspectively. Whereas, in 1993, the root
plus crown %Ndfa was 39%, 50%, 55%, 57% for late vegetative, 10%
to 20% bloom, 50% to full bloom and mature seed stage
respectively. These results indicate that more N was derived

from symbiosis in 1993 than in 1992,
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3.4.2.7. Total dinitrogen fixation

The total (herbage and root plus crown) amount of N
derived from gymbiotic fixation tended to be higher at Glenlea
than Homewood throughout the growing season in both years, but
was only significant (P<0.05) at the mature seed stage in 1992
(Table 22). At the mature seed stage, Glenlea had higher total
N, fixed (107 kg ha™) than Homewood (38 kg ha'). In both years
seeding rate had no effect on the amount of N,-fixation with the
exception of geeding rate at the late vegetative stage in 1992
(Table 4, Appendix). At the late vegetative stage the total N,
fixed was significantly (P<0.05) higher for the high seeding rate
(28 kg N ha™') than the low seeding rate (17 kg ha'). At all
other growth stages the N,-fixed wasg sgimilar between the seeding
rates.

There were very few interactions between treatments for
bioclogical nitrogen fixation at all growth stages in both years
with the exception of location*geeding rate at the late
vegetative stage and location*cultivar at the 50% to full bloom
stage in 1993. The location*seeding rate at the late vegetative
stage, showed that the total N, fixed at the high seeding rate
was 50 kg N ha™ and at the low seeding rate was 19 kg N hat' at
Glenlea. Whereas at Homewood, the total N fixed was 12 and 9 kg
N ha? for high and low seeding rates, respectively. At either
seeding rate it seems that N,-fixation was greater at Glenlea.
There was a location*cultivar interaction at 50% to full bloom
growth stage. Therefore, when each location was analyzed
separately in 1993, there were no cultivar differences at either

location at the 50 % to full flowering stage (Table 23).
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Averaged over all cultivars, there was higher total N, fixed at
Glenlea. Cultivars showed differences in ranking at the
different locations.

There were no cultivar differences for total amount of N,
derived from symbiotic fixation at any growth stage in either
year (Table 5, Appendix), though relative cultivar ranking varied
between location in 1992, the total (herbage and roots plus
crowns) symbiotic N, fixation was 23 kg N ha', 64 kg N ha™!, 54 kg
N ha™®, and 74 kg N ha! for late vegetative, 10% to 20% bloom, 50%
to full bloom and mature seed stage, respectively. Whereas, in
1993, the total (herbage and roots plus crowns) symbiotic N,
fixation was 23 kg N ha!, 35 kg N ha?, 67 kg N ha!, and 70 kg N
ha' for late vegetative, 10% to 20% bloom, 50% to full bloom and
mature seed stage, respectively. In 1992, the N derived from
symbiosis was lower when plants were sampled at the 50%-full

bloom stage than at 10 to 20% bloom stage.

3.4.2.8. Root quantities of fixed N,

There was no influence of location (Table 22), seeding
rate (Table 4, Appendix) and cultivars (Table 6, Appendix) for
the amount of root plus crown N, derived from symbiosis at any
growth stage in either year. However, in both yvears the root
plus crown quantities of fixed N, tended to be higher at Glenlea
than at Homewood (Table 22). There were no interactions between
the variables in either year. Although there were no cultivar
differences, CUF 101 and Nitro ranked highest in 1992 and Nitro
highest in 1993 for the amount of symbiotic N, fixation by rootg

plus crown during the mature seed stage (Table 6, Appendix).
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In 1992, the root plus crown symbiotic N, fixation was 4 kg
N ha™*, 23 kg N ha?, 23 kg N ha!, and 33 kg N ha?! for late
vegetative, 10% to 20% bloom, 50% to full bloom, and the mature
seed stage, respectively. Whereas, in 1993, the root plus crown
symbiotic N, fixation was 6 kg N ha™!, 10 kg N ha!, 17 kg N ha’?,
28 kg N ha™ for late vegetative, 10% to 20% bloom, 50% to full

bloom, and the mature seed stage, respectively.

3.4.3. SUBSEQUENT YEAR WHEAT CROP

Previous year seeding rate and cultivar had no effect_
(P<0.05) on grain yield, straw yield or total N vield. However,
there were location*cultivar interactiong for grain yield and N
vield and a rate*cultivar interaction for total N vield (Table
24). Grain yield, straw yield and total N vield were all higher
at Homewood (Table 25). The site at Homewood had 70 kg ha of
fertilizer N applied to it accidentally. The location*cultivar
interaction for straw yield and N yvield resgulted from higher
overall values at Homewood than Glenlea (Table 26). There were
differences in ranking among cultivars for both straw and N yield
between the locations. However, there were no differences
between cultivars within each location. Alfalfa cultivar ranking
for N yields changed with the previous yYear‘s seeding rate except
for Algonquin and wheat (Table 27). Averaged over alfalfa

cultivars the wheat straw yield was 5.1 tonnes ha™l.
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3.5. DISCUSSION
3.5.1. GROWTH HABIT AND SEASONAIL DEVELOPMENT
3.5.1.1. Environmental conditions

The 1992 and 1993 growing season were characterised by
extreme environment conditions, with 1992 being one of the
coolest seasons on record and 1993 being one of the wettest
(Table 7, Appendix). Higher than normal precipitation was
recorded in both years. Moreover, in 1993 there was extremely
high precipitation in the months of July and August when alfalfa
grown for seed production ig in the reproductive phase.

High rainfall events in July and early August (Table 7,
Appendix) led to flooded fields at both sites in 1993. Although
the experimental area at Glenlea had heavier soil it also had
better surface drainage compared to Homewood. As a result water
was left standing longer on experiment plots at Homewood than at
Glenlea. Stress from flooding and saturated soil conditionsg in
1993 reduced overall plant growth and caused leaf and stem
chlorosis. The flood damaged plants continued to lose leaves
after the water receded and some rlants were severely stressed
after waters receeded. Later new leaves developed on the least
damaged plants and stem elongation was re-initiated. Although
lodging in 1992 led to similar leaf losses, the effect was less
dramatic, with exception of mortality of some the lodged stems.

Soil flooding has been observed to stop alfalfa root growth,
with prolonged flooding causing the deterioration of the root
system (Thompson and Fick, 1981). Thompson and Fick (1981)
further suggested that photosynthate normally used for alfalfa

root growth is probably needed to sustain anaerobic respiration
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during flooding and they obsgerved that tops of the plants did not
always grow during the post flooding period.

In 1992 and 1993 adverse environmental conditions included
high soil moisture, low temperatures, high precipitation and low
solar irradiance and previous research has demonstrated that
these conditions depress alfalfa seed vield (Pederson et al.
(1972). These environmental stresses reduced sgeed yvields by
their effect on general plant health, reduced photosynthesis and
seed maturation.

During the months of July and August, 1992 and 1993, average
monthly temperatures were generally lower than long term averages
(Table 7, Appendix). These are the primary months for
pollinating by the alfalfa leafcutter bees. Lower temperature
and high precipitation accompanied by cloudy conditions are
unfavourable for bee activity. Alfalfa leafcutting beesg are
known to be most effective as pollinators during clear, sunny and

warm days ()18°C) with low rainfall and wind (Richards, 1984).

3.5.1.2. Seedling vigour

The seedling vigour of the non dormant cultivar, CUF 101 and
Nitro, tended to rank higher than the other cultivars. Walter
and Jensen (1970) reported that ‘Moapa’ (a non-dormant cultivar)
seedlings emerged faster and were larger than ‘Ranger’ (a dormant
cultivar), when grown under similar conditions. Other studiesg
have also reported that non-dormant and moderately dormant
cultivars show superior plant growth over dormant cultivars

(Heichel et al., 1989).
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However, the superior seedling vigour of the non-dormant
cultivars may have been a disadvantage by actually promoting
lodging through the vigorous growth. Nitro and CUF 101 actually
showed severe lodging during 1992. During crop establishment it
is known that species and cultivars with large, vigorous growing
seedlings have an advantage in early weed competition and,
consequently, initial stand establishment. In alfalfa, seedling
vigour may be particularly important where seed production is
intended from the establishment year crop. Research has shown
that seedling growth and development are typically slower than
regrowth from established plantsg because seedlings lack the
crown, root, and nodule systems of older plants (Pearson and

Hunt, 1972).

3.5.1.3. Plant height

Average plant height was higher in 1992 than in 1993 (Figure
1, 2, and 3). This probably resulted from the flooding stress
that occurred in 1993. Cameroon (1973) reported that plant
height was lower when alfalfa was maintained in the greenhouse
under flooded conditions in comparisong to unflooded conditions.

In 1992, plant height was higher at Homewood than at Glenlea
early in the growing season (7 and 9 weeks after planting)
probably due to higher levels of initial soil N at Homewood (data
not shown). This soil N was available for plant growth before
the plants developed nodules and started fixing atmospheric N,.
Later during the growing season differences between locations
disappeared as the plants actively produced symbiotically fixed

N. At 14 weeks after planting for both locations in 1993
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(Homewood and Glenlea), the plants established at the low seeding
rate maintained a higher plant height (Table 1).

Generally, plant height was higher at lower seeding rate
(Table 1), except for Homewood at 9 weeks after prlanting. This
indicates that less crowded plants may have more light available
than densge plants. Thigs was not surprising since individual
alfalfa stems are typically thicker and more lignified in thinner
stands consequently leading to less lodging.

Earlier in the 1992 growing season the non-dormant (Nitro
and CUF 101) and moderately dormant (Saranac) cultivars had
higher plant height than a dormant cultivar Algonquin (Figure 1).
Later in the season plant height measurements were confounded by
lodging making the true height difficult to determine, as height
meagurement were restricted to upright stems. This means the
older stems were not measured because they have lodged. This
conditions led to measurements of canopy instead of stem length.
In 1993, the cultivar differences for plant height were not
expressed until later in the growing season (Figure 2 and 3).
However, Algonquin still had lower height than the other
cultivars, with exception of Saranac-In at Glenlea. Although
Saranac-In is a moderately dormant cultivar, its lack of
effective nodules probably curtailed its potential growth, except
at Homewood in 1993 (Figure 3) where higher growth could be

attributed to the high soil N.




69

3.5.1.4. Flowering

In 1992, the higher flowering percentage of Saranac-In,
Nitro, and CUF 101 in comparison to Algonquin did not translate
into a higher seed yields (Table 2 and 3). Algongquin had a
higher seed yield in 1992 than most cultivars with exception of
Saranac, despite having a lower flowering percentage early in the
growing season than other cultivars. The higher lodging observed
for Nitro and CUF 101 than Algonguin and Saranac may have
contributed to these differences. However, alfalfa clones that
flowered early produced highest seed yvields in a study conducted
at Kentucky and Washington, U.S (Dade et al., 1967).

Interestingly, a higher flowering percentage (Table 2) and
lack of lodging by Saranac-In did not translate into higher seed
yvield in 1992 (Table 3). This could have resulted from its
inability to fix atmospheric N, leading to N limitations. Thig
was evident later in the growing season as the plants became
chlorotic.

Flower shedding and pod abortion was observed in both years
as result of lodging in 1992 and heavy rain and flooding in 1993.
This phenomenon had been observed in legumes by other
researchers. Flowers and maturing pods in Vicia faba often abort
because of competition for photoagsimilate (McEwen, 1972).
Photosynthate competition is also present in the annual medics,
where the sink at each node apparently dictates flower and pod

survival (Cocks, 1990).
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3.5.1.5. Lodging and growth from crown

Alfalfa plantg produced tall, dense vegetative growth and
were prone to lodging as result of the cool moist conditiong in
1992 (Table 7, Appendix). Higher lodging by Nitro and CUF 101 in
1992 could have resulted from the higher plant height of thesge
cultivars (Figure 1). Lodging stimulated new shoot growth from
the crown (see text above) by exposing the crown to light
penetration. New shoot growth from the crown was consistent with
the ranking for lodging scores among cultivars. These new shoots
either flowered very late in the season or did not flower at all
and they may have negatively affected seed development in
existing pods by influencing nutrient partitioning within the
plant.

Additionally, lodging may have led to decreased air
movement, increased humidity, decreased accesgibility for
pollinating bees and decreased light penetration through canopy.
These conditions negatively influence seed vield (Pederson et
al., 1955, 1959; Plews, 1973). Tysdal (1946) and Taylor et al.
(1959) suggested that excesgsive lodging of alfalfa plants causes
low seed yields through its effect on the micro-environment
around individual plants. Furthermore, Fick et al. (1988)
reported that lodging can affect photosynthesig and photosynthate
partitioning through shading and new regrowth. Stand lodging was
not observed in 1993, therefore it was not a contributing factor

to low seed yields during that year.
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3.5.1.6. Seed Yield

Adverse environmental conditions influenced alfalfa seed
production and algo the expression of seed vield components that
are associated with seed production. In additiom, the depressing
effect of environmental conditiong on leafcutter bee activity was
one of the most important limiting factors for seed vield.
Another serious limitation for seed development was the
subsequent shoot growth that occurred after lodging in 1992 which
may have competed with the developing seed for photogynthate.

The high seeding rate was included in these experiment
because all previous N,-fixation research in alfalfa was
conducted at high seeding rates typical of forage production.

The lower seed yield of the high seeding rate (dénse stand) in
this experiment in comparison to the low seeding rate was not
surprising. Previous research had shown that dense alfalfa
forage stands do not produce optimum seed yields (Pederson and
McAllister, 1955;Engelke and Moutray, 1980; Rincker et al.,
1988). 1In 1992, the least lodged cultivars, Saranac and
Algonquin produced higher seed yields than the most lodged
cultivars, Nitro and CUF 101 (Table 3). In 1993 there were no
differences between cultivars for seed yield, but still Saranac
and Algonquin continued to rank higher thanm other cultivars
(Table 3). These results suggest that a moderately dormant and
dormant cultivars, such as Saranac and Algonquin may have been
favoured under the adverse environmental conditions of these
experiments.

The seed yield (kg ha!) from these experiments were much

lower than yields reported by Ricker (1976) at Prosser,
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Washington, USA, of 214 kg ha?! for an establishment. year stand
seeded at 1.12 kg ha™'. Similarly, research in Manitoba (Smith,
1992) also reported yields that ranged from 197 kg ha' to 418 kg
ha' for an establishment year stand seeded at 3.4 kg ha?*. It is
difficult to make seed yield comparisons with other studies
conducted in western Canada becauge seed is traditionally not
harvested during the year of establishment (Moyer et al, 1991,
Fairey and Lefkovitch, 1992). However, our result was similar to
seed yield obtained by commercial producers in Manitoba. A
survey conducted by Smith et al. (1993 and 1994) showed that the
corresponding longterm yield from commercial field under current
management in southern Manitoba was 261 kg ha™!, whereas a seed
yvield of 46 and 35 kg ha'! was obtained in 1992 and 1993,
respectively. Therefore, the prevailing envirommental conditions
during the growing season, rather than the production system

might have affected the seed yield from our experiments.

3.5.2. DRY MATTER PRODUCTION AND NITROGEN FIXATION
3.5.2.1. Total (herbage and root plus crown) dry matter

Average total dry matter yield did not differ between the
locations in either year, however, it was observed that the vield
tended to be higher at Homewood than Glenlea (Table 1, Appendix).
This was attributed to high initial soil N at Homewood as
compared to Glenlea in both years (data not shown).

The high initial soil N at Homewood was further suggested by
growth of Saranac-In. Saranac-In showed signs of N-deficiency
during both growing seasons. The symptomatic smaller, chlorotic

plants were more evident at Glenlea than Homewood. The initial
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soil N available for plant growth was higher at Homewood than
Glenlea, which provided the alfalfa cultivars with sufficient N
for initial good growth. Later in the growing season the plants
relied more on symbiotically fixed N, at both locations and
corregpondingly Saranac-In expresgsed chlorotic symptoms at this
period.

The total dry matter was not affected by seeding rate at
most growth stages in both years, with the exception of the
mature seed stage in 1992 (Table 4 and 6). The total dry matter
was high for high seeding rate at this growth stage, but
equivalent at the other growth stages. This was not surprising
since dense stands normally produce the highest forage yields.
These results were in agreement with other research (Belzie and
Rioux, 1984), where a seeding rate of 6.7 kg ha' gave a lower dry
matter yield than a rate of 13.4 kg ha'. However, later in the
growing season the two seeding rates produced similar total dry
matter yield because the less dense plants had a tendency to
produce lateral branches with more yield.

When total dry matter yield was pooled across locations in
1992, cultivar differences were only evident at the late
vegetative stage (Table 5). The non-dormant cultivars (Nitro and
CUF 101) performed better than both moderately dormant and
dormant cultivars. These higher yields may have resulted from
superior seedling vigour of these of these two cultivars in 1992
(see above text: seedling vigour). At all other growth stages in
1992, cultivar had similar total dry matter yield (Table 5).
During this year Saranac-In had a good total dry matter yield at

Homewood {(data not shown), such that its combined vield over
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sites did not differ much from other cultivars. The high
variation that existed as indicated by higher CV (%) (Table 5)
could have made it hard for cultivar differences to be detected.
Thig high variation is mainly attributed to environmental effect.

Cultivar performance varied with location in 1993 (Table 7
and 8). At both sites cultivar differences were more evident
during the 10% to 20% bloom and 50% bloom growth stages. During
these growth stages flooding occurred at both locations as result
of high precipitation (Table 7, Appendix). Apparently, alfalfa
cultivars respond differently to the flooding stress. At
Glenlea, Algonquin and Saranac consistently performed better
during this period than Nitrd, CUF 101 and Saranac-In (Table 7),
suggesting that they are more flooding tolerant. However, at the
mature seed stage the total dry matter of Algonquin and Saranac
declined (Table 7). A similar decline was not observed at
Homewood in 1993 (Table 8).

When, total dry matter yield was pooled over location in
1992, dry matter yield of Saranac-In decreased between the 50% to
full bloom stage and the mature seed stage (Table 5). Flooding
damage was probably a factor in the decline of total dry matter
between the 50% to full bloom stage and the mature seed stage for
these alfalfa cultivars in 1993, Saranac-In had the least
lodging in 1992, however the resulting lose of leaves and death
of stems may have had a more pronounced effect as plants are
weaker. These conditions may have led to the lower total dry
matter yield observed at the mature seed stage in comparison to

the 50% to full bloom stage.
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Reduction in growth, leaf chlorosis and leaf loss were
observed at both locations in 1993 as result of flooding stress.
Although lodging in 1992 led to a similar leaf losses, the effect
was less dramatic. In Minnessota, (U.S.A.), Sheaffer et al.
(1988) reported that alfalfa forage stands that were harvested
only in the fall suffer from leaf loss, which affected the dry
matter yield.

At Homewood, Saranac yielded higher than Nitro and Saranac-
In at both 10% to 20% bloom and 50% to full bloom growth stages.
The low yield of Nitro was surprising, however, these results
suggest that Nitro was less tolerant to flooding stress than the
other cultivars. The low dry matter yvield of Saranac-In
particularly at Glenlea as compared to Homewood (Table 7 and 8),
evidently resulted from limited soil N. Under conditions of high
soil N the total dry matter of Saranac and Saranac-In has been
reported to be similar (Henson and Heichel, 1984).

The results indicate that the non-dormant cultivars (Nitro
and CUF 101) had no higher fall dry matter yield than the other
cultivars (Table 5, 7, and 8) in a stand managed for seed
production during establishment year. Apparently, the superior
fall growth potential of non-dormant cultivars is not fully
expressed without a late summer cutting. When managed for forage
production, non-dormant cultivars produced higher fall dry matter
than the fall-dormant cultivar (Sheaffer et al., 1988; Sheaffer
et al., 1989). The total dry matter yield harvested from these
experiments at a mature seed stage is in the range obtained by
Sheaffer et al. (1988)in Minnesota. They reported total dry

matter yields (including roots to 30 cm) ranging from 3,268 to
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8,548 kg ha' when alfalfa stand was harvested once in the fall.
Similarly Kroonje and Rehr (1956) obtained an average of 4,829 kg

ha™™ dry matter in the fall from a single fall harvest.

3.5.2.2. Root plus crown dry matter yield

Although total dry matter yield is important, from a
practical standpoint only the root plus crown remains for
incorporation after desiccation and seed harvest. In these
experiments the average root dry matter vield was similar for the
two locations in 1992 (Table 1, Appendix).

As with the total dry matter yield the dry matter of root
plus crown was either similar between seeding rates or higher for
high seeding rate than low seeding rate (Table 4 and 6). Field
observations showed that the individual plant root was thicker
and likely heavier for the lower seeding rate. However, the high
seeding rate plots had more numerous plants which compensgated for
the smaller individual root gizes.

Cultivar differences were observed only at late vegetative
stage in 1992 (Table 9). These results suggest that the non-
dormant cultivars were better at developing roots. Cultivar
performance seemed to vary with location (there was an
interaction) in 1993 (Table 10 and 11). Although there were no
cultivar differences at late vegetative growth stage at Homewood
(Table 11), there were differences at Glenlea (Table 10). The
lower yield of Saranac-In for this stage at Glenlea could be
attributed to low soil N at this site (Saranac-In more
chlorotic). Saranac-In had either the lowest vield or was among

the cultivars with the lowest yield at all growth stages at
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either site. This was not surprising since Saranac-In wag not
capable of fixing N, through symbiosgis (Barnes et al., 1990).
Nitro, CUF 101 and Saranac seemed to rank high for root plus
crown dry matter yield (Table 9 and 10). One of the main
criteria in developing Nitro was selection for large root mass
(Barnes et al., 1988). The root dry matter yields measured were
within the range obtained by Sheaffer et al. (1989). They
reported a root yields of 1,760, 1,760, and 1,760 kg ha! for
Nitro and representative non-dormant and dormant cultivars
regpectively. However, Sheaffer et al. (1989) harvested the crop
three times during summer before harvesting the rootg in the
fall. The result from this experiment is also similar to that of
Rroonje and Rehr (1956). They reported an average root yield of
1510 kg ha™ when no summer harvest was taken and rootsg excavated
to a depth of 15 em. Similarly, Sheaffer et al. (1988) reported
a root dry matter yield ranging from 2,011 kg hat to 3,520 kg
ha'. However, they excavated the roots to a depth of 30 cm and

recovered more roots.

3.5.2.3. Dry matter partitioning

The proportion of plant dry matter partitioned to roots plus
crown was about 40% of the total dry matter vield. This
proportion was higher than that reported by Trimble et al.
(1987), where they observed dry matter partitioning to roots plus
crown at 31%, when they sampled to a depth of 25 e¢m. Although we
only sampled to a depth of 12 cm, because our measurements
included 7 cm of stubble our proportion partitioned to roots plus

crown is higher. Trimble et al. (1987) only included 5 cm of
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stubble. A decrease in the proportion of the roots plus crown
dry matter yield was observed in 1993. Thig resulted from high
precipitation and flooding. Flood stress curtails plant growth
particularly the root growth (Thompson and Fick, 1991; Ficks et
al., 1988). At the late vegetative stage more photosynthate may
go to herbage versus roots because the plants is establighing its
photosynthesis capacity by developing more leaves. The regrowth
occurring after floods receeded may have depleted root reserves
at full flowering. At the mature seed stage the dry matter
partitioned to roots increased as plants stored resources in

preparation for winter.

3.5.2.4. Total (herbage and root plus crown) N yield

Total N yields consistently ranked higher at Homewood than
at Glenlea, although differences between locationg were not
significant (Table 2, Appendix). Higher goil N levels at
Homewood in comparison to Glenlea offer the most plausgible
explanation for this trend. The higher N uptake values for non-
N,-fixing reference crop (Saranac-In) at Homewood compared to
Glenlea confirm this explanation (Table 16 and 18).

Seeding rate did not influence the totél N yield, except
during late vegetative growth stage at Glenlea in 1993 (Table 12
and 14). At this growth stage the denser stands yielded more
total N. This is not surprising in that stand density relates to
dry matter which, in turn, relates to N yield (Friborg and
Johngon, 1975; Porter and Reynolds, 1975; Belzie and Rioux,
1984). Friborg and Johnson (1955) evaluated the relationship

between the herbage and root dry matter and N vields of alfalfa,
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sweetclover, and red and ladino clovers, in the fall of the
establishment year. Even when species were combined, they found
a significant linear relationship (r=0.98) between total (herbage
and root) dry matter vield and total N vield.

The amount of total N fixed by alfalfa in this study closely
followed the amount of the dry matter yvield at each growth stage.
As alfalfa dry matter generally increased with the growth stage,
it was also observed that N yield increased similarly. Heichel
et al. (1984) reported that N-fixation on a per plant basis was
highly correlated with mean herbage yield within each year and
across years.

Cultivar differences for total N yield were only present the
late vegetative stage in 1992 (Table 13). The lower N yield of
Saranac-In presumably resulted from its low dry matter yield at
this growth stage (Table 5). At all other growth stages in 1992,
there were no cultivar differences for total nitrogen yield
(Table 13) which in turn correspond to the lack of differences
for total dry matter yield (Table 5).

Cultivar performance was variable across locations in 1993
(Table 15 and 17). At Glenlea cultivar differences were present
for all growth stages (Table 15). These cultivar differences for
total N yield closely followed the differences observed for total
dry matter (Table 7). Among all cultivars Algonquin and Saranac
tended to produce high N yields at all growth stages in 1993.
This trend suggests that this cultivar had more tolerance to
flooding stress and possibly shows less leaf loss as a result.
The two non-dormant cultivars Nitro and CUF 101 tended to be most

vulnerable to flooding damage.
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At Homewood, cultivar differences were present for all
growth stages with exception of the late vegetative stage (Table
18). These cultivar differences for total N yvield were also
closely related to observed differences for total dry matter
vield (Table 8). Saranac performed exceptionally at most growth
stages, particularly after flooding occurred (at 10% to 20% bloom
stage). As expected, Saranac-In had the lowest total N yield at
most growth stages, especially toward the end of the growing
season. These results indicate that soil N was limiting at this
time.

Non-dormant cultivars have been promoted for their high N
vield potential during the fall, but their potential was not
expressed in these experiments. It is critical to note that
these experiments were managed for seed production in the
establishment year, therefore no harvest was taken during the
summer. Other research supported this finding in that in non-
harvested (not harvested during summer) alfalfa stands, cultivars
did not show differences for the total N yield (Fribourg and
Johnson, 1955). The average total N yield over all treatments
was 139 kg N ha™® in 1992. In 1993 they were 97 kg N ha? and 101
kg N ha™ at Glenlea and Homewood, respectively. Again, these
results fall within the range reported for alfalfa stands that
were not harvested in summer, but only once in the fall (Sheaffer
et al., 1988; Sparrow et al., 1993).

In an experiment comparing different green manure Ccrops in
Alaska, Nitro accumulated an average of 127 kg N ha* (Sparrow et
al., 1993), but root N yield was not included their results.

Stickler and Johnson (1959) reported slightly higher fall N
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yields in two non-dormant alfalfa cultivars compared with a
dormant cultivar, with measured N yields of 90 kg N ha?, 84 kg N
ha™ and 62 kg N ha™' for Indian, African and Ranger alfalfag,
respectively. However, the value in this experiment is lower
than reported in an experiment with non-dormant (CUF 101 and
‘Ardiente’) and dormant (Saranac and ‘Agate’) alfalfa, which
produced N yields of 184 kg N ha™' and 207 kg N ha'?,
respectively, when forage was allowed to accumulate over the
growing season (Groya and Sheaffer, 1985).

Other studies with one summer harvest also showed a variable
N yields. In a study at Guelph, Ontario, Bruelsema and Christie
(1987) reported a average plowdown N yield of 198 kg N ha? for 2
alfalfa cultivars. In a second experiment they reported a
plowdown N yield of 140 kg N ha! for 20 alfalfa cultivars with
varying levels of fall dormancy. They harvested once in late
July and allowed the stand to regrow until early November for
fall harvest. 1In other studies, Heichel et al. (1981) reported
that during the seeding year two alfalfa propulationsg (similar to
‘Vernal’ and ‘Ranger’ in fall dormancy and winter hardiness: that
is dormant) had fixed an average of 148 kg ha™' of N during the
growing season.

The interaction between seeding rate and cultivar (Table 16)
resulted from the fact that cultivar rerformed differently at the
two seeding rates. Cultivars had equivalent total N yield at the
low seeding rate, but at the higher seeding rate, Algonquin,
Nitro and Saranac produced a higher total N yield than CUF 101
and Saranac-In. This suggests that performance by CUF 101 and

Saranac-In is not fully expressed at higher seeding rates. The
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competition at the higher seeding rate among plants might have
more detrimental effects on these two cultivars. In addition,
all cultivars with exception of Saranac-In performed well when
established at the high seeding rate as compared to the low
seeding rate. This suggests that in order to maximize the total
N yield of alfalfa the stand should be established at the high
seeding rate. However, for a cultivars like Saranac-In with
‘ineffective nodules’ it is advisable to establish them at low
seeding rate. This would limit competition for nutrients among
prlants. Alfalfa seed stands are always established at low
seeding rates and therefore the above result suggests that

alfalfa seed stands may not vield as high N as forage stand.

3.5.2.5. Root and crown N yield

Normally farmers remove or burn off the straw and chaff that
remaing after seed harvesting for ease of management and to
control disease and insect pests (Rincker et al., 1988).
Therefore, available dry matter and N for incorporation is
restricted to the root plus crown (including any regrowth).

In 1992, the root plus crown N yield was similar between the
two locations (Table 2, Appendix), however, N yield was higher
for the high seeding rate than the low seeding rate at the late
vegetative stage (Table 12). A higher N yield for the high
seeding rate indicates the advantage of high stand density for a
green manure crop that will be incorporated during the vegetative
growth stage. Cultivars produced different yields at the two
locations in 1993 (Table 20 and 22). At Glenlea, for example

cultivar differencesg at the late vegetative and 10% to 20% bloon
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stages suggested a greater potential for the non-dormants (Nitro
and CUF 101) as a green manure crop (Table 19). At Homewood, low
N yields for Nitro and CUF 101 root plus crown N yield provided a
further indication that the cultivars were more affected by
flooding stress in 1993 (Table 20). N yield of Saranac-In was
low because the contribution to the N yield is from soil N only.
In these experiments, we obtained a root plus crown N vield
at fall harvest (mature seed stage) of 60 kg ha? in 1992 and 42
kg hat in 1993. The root and crown N yield obtained in these
experiment at the mature seed stage in both years was within the
range obtained by Sheaffer et al. (1988), where herbage was
accumulated in situ until fall harvest. However, Sheaffer et al.
(1988) gampled the roots plus crown to a depth of 30 cm compared
to 12 cm for our measurements. Stickler and Johnson (1959)
reported a slightly higher fall nitrogen yields in two non-
dormant alfalfa cultivars compared with a dormant cultivar, when
they measured nitrogen yields of 90, 84, and 62 kg N ha’ for
Indian, African and Ranger alfalfa, respectively. They sampled

the roots to a depth of 75 cm.

3.5.2.6. % N derived from atmosphere (%Ndfa)

In 1992, there was location effect on %Ndfa at the mature
seed stage (Table 21). At this growth stage, the %Ndfa was
higher at Glenlea than Homewood. At all other growth stages
there were no differences for %Ndfa, although Glenlea
consistently ranked numerically higher than Homewood at all
growth stages in both years. However, it was not surprising to

have high %Ndfa at Glenlea because of the apparent low soil N
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(Saranac-In was more chlorotic). In this experiment the alfalfa
N derived from symbiosis (%Ndfa) ranged from 25% to 65 % in 1992
and 18 % to 70% in 1993. The %Ndfa was not consistent over
growth stages, suggesting that it was more affected by prevailing
environmental conditiong than by growth stage.

These results were gimilar to those reported in other
studies. Heichel et al. (1981) reported that during the seeding
year two alfalfa populationsg (éimilar to ‘Vernal’ and ‘Ranger’ in
fall dormancy and winter hardiness) had 43 % of their N needs
supplied from symbiosis during the growing season. Heichel and
Barnes (1984) reported that alfalfa derived 30% to 60 % N from
symbiosis. In 1992, %Ndfa was lower when plants were sampled at
50 % to full bloom stage than when plants were sampled at 10-20%
bloom stage at Glenlea (Table 21). Similarly, at Homewood plants
sampled at the 10% bloom and the 50% to full bloom stages had
lower %Ndfa than at the late vegetative stage and mature seed
stage, respectively (Table 21). Stress from lodging and
resulting growth during the later part of growing seasons may
have contributed to this decrease in %Ndfa or N,-fixation
efficiency. However, at the geed maturity stage the plants

seemed to overcome this stress.

3.5.2.7. Total N,-fixed

There was no influence of cultivar on total (herbage and
root plus crown) N, fixed (Table 5, Appendix), but location and
seeding rate influenced N,-fixation at the late vegetative stage
(Table 22, Table 4, Appendix). The total N,-fixed was higher at

Glenlea than at Homewood (Table 22), indicating that N was more
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limiting at the latter location. The high seeding rate stands
also fixed more N, at the late vegetative stage (Table 4,
Appendix), suggesting that dense stands are superior for total N,
fixation on land area bagis.

There was an interaction between the location and seeding
rate at the late vegetative stage for total dinitrogen fixation
(see result section). At Glenlea the two seeding rates fixed N,
at quite different levels with the high seeding rate fixing
higher N, than the low seeding rate. However, at Homewood the N,-
fixed was quite similar for the two seeding rates. Generally,
the total N,-fixed had the tendency to be higher at Glenlea than
at Homewood for both gseeding rateg. These result suggest that
higher total N, yield could be obtained from Glenlea if plants
are established at high seeding rate. However, the problem is
that it is hard to produce seed at higher seeding rates. The
‘site at Glenlea has lower soil N (more chlorosis of Saranac-In
observed here) than at Homewood. Therefore, it isg not surprising
to obgerve high N,-fixation at Glenlea when plants were
established at either seeding rates.

The interaction between location and cultivar (Table 23) for
total N,-fixation resulted from variable cultivar ranking over
locations. 1In addition, all cultivars showed higher N,-fixation
at Glenlea than at Homewood. Obviously soil N was less limiting
at Homewood which was confirmed by the less chlorosis of Saranac-
In at Homewood.

Soil N is the single most important environmental factor
which affects N, fixation under field conditionms. Alfalfa is not

unlike other legume species, in that it uses available soil N
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before nodulating and fixing N, symbiotically (Stewart et al.,
1968; Heichel et al., 1984a). A serious stress on symbiotic N,
fixation was the shoot regrowth that occurred from the crown
following lodging. These new shoots may have negatively affected
N, fixation during seed development by influencing nutrient
partitioning within the plant. The mosgt lodged cultivars (Nitro
and CUF 101) also had the most vigorous seedling growth and
regrowth. Previous research reported that non-dormant cultivars
have good seedling vigour, faster regrowth after harvest, greater
herbage production and good N, fixation ability during the fall
(Heichel et al. 1989). Regrowth was not desirable because it
affected seed yield by competing for nutrients with the pods and
seeds. 1In 1992, total symbiotic N,-fixation was lower when
plants were sampled at the 50 % to full bloom stage than when
plants were gampled at the 10-20% bloom stage (Table 22). These
declines may have resulted from the excessive lodging that
occurred and stimulation of new shoots growth from exposed crown.
Later, by the mature seed stage, N,-fixation capability had
recovered because the new shoots had established themselves as
the primary stems. The decline of total N,-fixed that occurred in
both years showed that N,-fixation of alfalfa changes with
prevailing climatic and plant growth conditions.

CUF 101 and Nitro showed the highest regrowth and
consequently also ranked high for the amount of symbiotic N,
fixation later at the mature seed stage (Table 5, Appendix). In
1993, with the influence of flooding, CUF 101 and Nitro ranked
lower for the amount of dry matter and N yield during mature seed

stage at Homewood (Table 8 and 17). Field observations showed
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that CUF 101 and Nitro were more affected by the 1993 flood than
the other cultivars (Algonquin, Saranac, Saranac-In), with more
leaf loss and plant mortality. Carter and Sheaffer (1983)
reported that extreme soil moisture affects N,-fixation.
Patterns of N, fixation have been thought to be related to
factors such as mineral soil N and availability and seasgonal
precipitation (Heichel et al., 1984a).

In thig study the adverse environmental conditiong during
the growing season may have made it difficult for proper
estimation of N,-fixation capacity. The lodging and new shoot
growth from the crown in 1992, and extremely high precipitation
and flooding stress in 1993 were major limiting factors to N,-

fixation.

3.5.2.8. Root quantities of fixed N,

There was no influence of location or seeding rate or
cultivar differences for root quantities of N,-fixed in both
years (Table 22, Table 3 and 5, Appendix). There was a high
variation among the data as indicated by high C.V (%) that might
have made difficult for cultivar differences to be detected
(Table 6, Appendix). This high variation is caused by the
environment effect. However, CUF 101 and Nitro ranked higher for
root quantities of N,-fixed.

The root quantities of fixed N, at the fall harvest (mature
‘seed stage) was 28 kg N ha™ and 33 kg N ha' in 1992 and 1993,
respectively. Kelner (1994) reported that non-dormant cultivar
(Nitro and CUF 101) had a higher quantity of fixed N, than

‘Excalibur’, Algonquin and Saranac. In his study, he cut the
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alfalfa stand twice for hay, sampled the upper 10 cm of the roots
in fall and obtained the quantity of N,-fixed ranging from 27.9
to 102.2 kg N ha'. These values are substantial considering that
this N was fixed through symbiosis and is a net contribution to
the soil N system from an alfalfa seed stand in an establishment
year. The quantities of root N,-fixed presented in this
experiment are limited only to the upper 12 cm of the root and

thus the actual contribution by roots system could be higher.

3.5.3. SUBSEQUENT YEAR WHEAT CROP

In this experiment, the average amount of root plus crown
dry matter available for fall (mature seed stage) incorporation
in 1992 was 2,320 kg ha! (Table 4, when averaged over seeding
rate). Although higher N, fixation took place at Glenlea than
Homewood at the mature seed stage (Table 22), the amount of
available N during fall incorporation was similar between the
sites (Table 12). The average root plus crown N yield available
for fall incorporation was 60 kg N ha! at both sites (Table 12,
when averaged over seeding rate). However, not all of the
incorporated N will be recovered by a subsequent crop. Janzen et
al. (1990) reported only 11-27% of annual legume green manure N
was recovered by a subsequent year spring wheat crop grown on a
dark brown Chernozemic soil. Bruelsema and Christie (1987)
reported yield contribution to a succeeding corn crop to be
between 90 and 125 kg N ha'l. They suggested that N availability
from red clover and alfalfa is 65% and 71%, respectively.

Wheat straw, grain, and N yield was influenced by location

(Table 24). The Homewood location was more thoroughly tilled
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providing more complete control of the alfalfa regrowth and other
weeds. Furthermore, the Homewood location was fertilized
accidentally with N and obviously this biased the final wheat
yvields. 1In this experiment alfalfa regrowth was a major problem
at Glenlea. The regrowth competed with wheat and caused a
reduction in growth early in the season. However, the alfalfa
regrowth was controlled effectively by herbicides later in the
growing season. The straw yield, grain yield, and N yield at
Glenlea were lower than Homewood (Table 25). This could be
attributed to competition from alfalfa regrowth and Canada
thistle early in the growing season at Glenlea and N
fertilization of the plots at Homewood. Recurrence of alfalfa in
the second cycle of rotation was a contributing factor to low
straw yield of barley following alfalfa (Rice et al. (1983).

When the alfalfa stand field was well tilled and fertilized
(Homewood) the grain yield ranked higher for all plots previously
planted with alfalfa cultivars than those planted with wheat
(Table 26). This might indicate that wheat following alfalfa had
some advantages. At both locations alfalfa and Wheat stubble
were not incorporated until the early spring, therefore less
mineralizable N was available for the wheat during the growing
season.

In this experiment, previous year seeding rate (stand
density) and cultivar had no effect on grain yield, straw yield
or total N yield (Table 24). This was not surpriging as there
was no effect of seeding rate at the mature seed stage (fall
period) the previous year for root dry matter, root N yield, and

root quantities of symbiotic N,-fixed (Table 4, 12 and Table 4,
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Appendix). The high subsequent vear wheat yield on the plots
cropped to wheat in Glenlea was probably due the absence of
alfalfa regrowth in their plots. Aalthough the symbiotically N,-
fixed (kg ha™!) available for incorporation was higher at Glenlea
than Homewood (Table 22), the fertilization and better tillage of
the field at Homewood made it impossible to quantify any
advantage from previous year symbiotically fixed nitrogen.

When the effect of previous year alfalfa cultivars and
wheat were compared they showed similar effect on the yields of
subsequent year wheat. This type of response of different
cultivars belonging to different dormancy clasgses has not been
uncommon. Kroonje and Kehr (1956) reported that barley grain
vields following various alfalfa cultivars (2 non-dormant and 4
dormant) were gimilar. Hesterman et al. (1986) reported that
vield of a subsequent corn crop wag related to alfalfa N yield at
only one out of four locations in Minnesota, despite differences
in N yield among alfalfa cultivars and cutting managements.
Furthermore, Bruulsema and Christie (1987) reported that although
gignificant cultivar variation in pPlowdown N yield was observed,
there was no apparent association with succeeding corn yield and
N concentration. In this experiment, the previous year N yield
of four alfalfa cultivars (Algonquin, Saranac, Nitro and CUF 101)
were not different.

Significant yield and nitrogen response in subsequent crops
has often been evident when the preceding alfalfa was compared to
a non-leguminous crop (Bruelsema and Christie, 1987). However,
the advantages of previous vear non-dormant cultivars (Nitro and

CUF 101) in comparison to the moderately dormant (Saranac and
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Saranac-in) and dormant (Algonquin) cultivars and wheat was not
apparent from thisg study (Table 24 and 26). These results
indicate that further research should be conducted to evaluate
the benefits of subsequent year grain crop following alfalfa

managed for establishment year seed production.

3.6. CONCLUSIONS

Although seeding rate did not influence flowering
percentage, lodging, and seedling vigour, the higher sgeeding rate
led to decreased seed vield and plant height. The non-dormant
cultivars (CUF 101 and Nitro) ranked highest for seedling vigour
and lodging and were followed by Algonquin, Saranac, and Saranac-
In. Lodging apparently contributed to decreased seed vields in
1992, as indicated by cultivar ranking for seed yield with
Algonquin and Saranac yielding higher than Nitro, CUF 101 and
Saranac-In.

Seeding rate only influenced dry matter, N yield, and
symbiotic N,-~-fixed at a few sampling dates. However, dry matter,
N yield and symbiotic N,-fixed tended to be higher for the high
seeding rate than the low seeding rate at all growth stages.
There were no consistent cultivar differences for measured traits
over the growing season. Surprisingly, the non-dormant cultivars
had no higher fall dry matter yield than other cultivars in a
stand managed for seed production during establishment year.

This is in contrast to stand managed for hay where non-dormants
and moderately dormants cultivars fixed more N than the dormants

cultivars.
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In 1592, the total (herbage and roots plus crowns) %Ndfa was
37%, 42%, 37%, 43% for late vegetative, 10% to 20% bloom, 50% to
full bloom and mature seed stage, respectively. Whereas, in
1993, the total %Ndfa was 38%, 49%, 60%, 59% for late vegetative,
10% to 20% bloom, 50% to full bloom and mature seed stage,
respectively. 1In 1992, averaged over treatments the
corresponding total symbiotic N,-fixed was 23 kg N ha?, 64 kg N
ha™, 54 kg N ha?, and 74 kg N ha' for late vegetative, 10% to
20% bloom, 50% to full bloom and mature gseed stage, respectively.
Whereas, in 1993, the total symbiotic N, fixed was 23 kg N ha™?,

35 kg N ha™®, 67 kg N ha?, and 70 kg N ha* for late vegetative,
10% to 20% bloom, 50% to full bloom and mature seed stage
respectively.

Lodging, flooding stress and new shoot regrowth from the
crown affected seed yield, dry matter vield, N yield, and
symbiotic N,-fixation in these experiments. The root plus crown
dry matter yield and N yield are components of an alfalfa seed
stand available for fall incorporation. Therefore, this research
indicated that 1,674 to 2,320 kg ha™ dry matter and 41 to 59.6 kg
ha™ of N (of which 28 to 33 kg ha™* was from gsymbiotically fixed
N, ) was available for fall incorporation and production of
subsequent crops.

Generally, yield and nitrogen responge are expected for crop
in subsequent production when the pPreceding crop was alfalfa in
comparison to a non-leguminous crop. However, these research
results did not show differences in wheat straw, N, and grain
yvield when wheat was grown on plots following alfalfa grown for

seed production,
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This research will be the first published information on N,-
fixation in alfalfa during seed production. Alfalfa seed yvields
were disappointing during 1992 and 1993 in our research plots and
for producers across western Canada. Therefore extrapolation of
these results may be difficult, but this research will provide
important basic information on N,-fixation during seed
development in alfalfa. This research will also be helpful in
determining the N contribution of an alfalfa seed crop for
rotations and in determining the influence of stand density and

cultivar on N,-fixation.
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Weeks after planting

B Algonquin Nitro

Saranac

. | CUF 101
Saranac-in

Figure 1. Plant height of five alfalfa cultivars at different
weeks after planting (averaged over locations and seeding rates)
when grown for establishment year seed production in southern
Manitoba in 1992. Within series (weeks after prlanting), means
followed by the same letter are not significantly different based
on Fisher’s protected LSD (PL 0.05).
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Figure 2. Plant height of five alfalfa cultivars at different
weeks after planting (averaged over seeding rates) when grown for
establishment year seed production at Glenlea in southern
Manitoba in 1993. Within series (weeks after planting), means
followed by the same letter are not significantly different based
on Fisher’s protected LSD (P< 0.05).
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Figure 3. Plant height of five alfalfa cultivars at different
weeks after planting (averaged over seeding rates) when grown for
establishment year seed production at Homewood in Southern
Manitoba in 1993. Within series (weeks after planting), means
followed by the same letter are not significantly different based
on Fisher’s protected LSD (P< 0.05).
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Table 1. Plant Height (cm) of alfalfa (averaged over locations
and cultivars) at different dates when seeded at two seeding
rates for establishment year seed production at Homewood and
Glenlea in southern Manitoba in 1993.

Weeks after planting

Seeding ratet 7 9 11 14
Glenlea
——————————————————— cm —— e . man et e e e - — o — - - —
High 16.4at 35.5a 44.7b 56.2b
Low 16.9a 36.3a 50.6a 66.0a
Homewood
——————————————————— cm e o —— . Gt —— e o — . —— v —
High 17.7a 41.5a 58.0a 67.0b
Low 15.5a 35.4b 55.6a 70.6a

t Seeding rates (SR) are: High (16.8 kg ha™) and Low (3.36 kg
ha™t),

¥ Within a column (weeks after planting), in each location, means
followed by the same letter are not significantly different based
on Fisher’s protected LSD (P< 0.05).
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Table 2. Flowering bercentage of five alfalfa cultivars averaged
over two locations and two seeding rates at different dates when
grown for establishment year seed production at Glenlea and
Homewood in southern Manitoba in 1992,

Scoring date

Cultivar July 21 July 24 July 29 August 5

Algonquin Tat lic 18c¢ 35a
CUF 101 l4a 22b 32b 42a
Nitro 12a 24b 34b 46a
Saranac 10a 22b 35b 51a
Saranac-In 15a 40a 56a . 55a

t Flowering percentage was determined as the percentage of the
number of stems with at least one open flower within a sub-sub-
plot.

¥ Within a column, means followed by the game letter are not
significantly different basgsed on Fisher’s protected LSD (P<
0.05).
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Table 3. Seed yield (kg ha™') of five alfalfa cultivars for
establishment year seed production at Glenlea and Homewood in
southern Manitoba in 1992 and 1993.

Cultivar
Year Algonquin CUF 101 Nitro Saranac Saranac-In
———————————————————————— kg ha™ oo
1992+% 54a% 22b 26b 57a 26b
1993 13a 2a 4a 21a 4a

t Seed was not harvested from Homewood in 1992.

f Within a row (yvear), means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<
0.05).
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Table 4. Total (herbage and root plus crown) and root plug crown
dry matter (DM) yield (kg ha*) of alfalfa for different growth
stages when grown at two seeding rates during establishment yvear
seed production at Glenlea and Homewood in southern Manitoba in
1992.

Growth stagest

Seeding ratet LV T%B F%B Seed

Total (herbage and root plus crown) DM vield

High 1788as§ ‘ 4790a 5575a 5733a
Low 1592a 4173a 503%a 5439b

High 454a 1468a 1966a 2471a
Low 382a 1179b 1752a 2170a

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Seeding rates are: High (16.8 kg ha') and Low (3.36 kg ha™).

§ Within a column (growth stage), and for each trait measured,
means followed by the same letter are not significantly different
based on Fisher’s protected LSD (P< 0.05).
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Table 5. Total (herbage and root plus crown) dry matter yield of
five alfalfa cultivars (averaged over locations and seeding
rates) at different growth stages when grown for establishment
year seed production at Glenlea and Homewood in southern Manitoba
in 1992,

Growth stagest

Cultivars Lv T%B v F%B Seed
————————————————————— kg hatmmmmmmmee T TTC
Algonquin 1426bc# 4601a 5028a 5326a
Saranac 1760abc 4633a 6083a 6101a
Nitro 2116a 4889a 5589%a 6438a
CUF 101 1854ab 4844a 5512a 6363a
Saranac~In 1294c¢ 3440a 4322a 3748a
CV (%)§ 26 28 27 31

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a row (growth stage), means followed by the same letter
are not significantly different based on Fisher’s protected LSD
(P< 0.05).

§ Coefficient of variation (%).
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Table 6. Total (herbage and root plus crown) and root plus crown
dry matter (DM) yield (kg ha!) of alfalfa for different growth
stages when grown at two seeding rates (SR) during establishment
vear seed production at Glenlea and Homewood in southern Manitoba
in 1993,

Growth stagest

Location SRt LV T%B F%B Seed

Total (herbage and root plus crown) DM yvield

——————————————————————— kg hat--mmm e
Glenlea High 1722a8§ 2092a 3735a 3846a
Low 1224a 1786a 3872a 4021a
Homewood High 1739a 2777a 4033a 4372a
Low 1064a 2509a 3177a 4075a

————————————————————— kg ha*=m-commm e
Glenlea High 692a 827a 1396a 1701a
Low 488a 691b 1297a 1701a
Homewood High 693a 1003a 1558b 1870a
Low 444a 819%a 1085a 1625a

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Seeding rates (SR) are: High (16.8 kg ha™) and Low (3.36 kg ha"
1

).

§ Within a column (growth stage), and for each trait measured,
meansg followed by the same letter are not significantly different
based on Fisher’s protected LSD (P< 0.05).
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Table 7. Total (herbage and root plus crown) dry matter yield of
five alfalfa cultivars (averaged over seeding rates) at different
growth stages (GS) when grown for establishment vear seed
production at Glenlea in southern Manitoba in 1993.

Growth stagest

Cultivars Lv T%B F%B Seed
————————————————————— kg hat---cmmm e __
Algonguin 1800at 2775a 4732a 4232a
Saranac 1440a 2634a 4805a 4189%a
Nitro 1783a 2116b 4217ab 4360a
CUF 101 1386a 1806b 3682b 4490a
Saranac-In 848b 1041c 1678c 1992b
CV (%)8§ 31 18 24 26

t Growth stagesg are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a column (growth stage), means followed by the same
letter are not gsignificantly different based on Fisher’sg
brotected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 8. Total (herbage and root pPlus crown) dry matter yield of
five alfalfa cultivars (averaged over seeding rates) at different
growth stages (GS) when grown for establishment year seed
production at Homewood in southern Manitoba in 1993.

Growth stagest

Cultivars LV T%B F%B Seed
———————————————————————— kg hat---mmm e
Algonquin 1091at 2581bc 3646abc 4830a
Saranac 1255a 3279a 4626a 4837a
Nitro 1660a 2174c¢ 3136bc 4152ab
CUF 101 1639a 2852ab 4061ab 4314a
Saranac-In 1438a 2403bc 2629c 3040b
CV (%)8§ 37 22 31 25

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

f Within a column (growth stage), means followed by the same
letter are not significantly different based on Fisher’s
brotected LSD (P< 0.05).

§ Coefficient of variation (%).
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Table 9. Root plus crown dry matter yield of five alfalfa
cultivars (averaged over locations and seeding rates treatment)
at different growth stages when grown for establishment yvear seed
production at Glenlea and Homewood in southern Manitoba in 1992.

Growth stagest

Cultivars nv T%B F%B Seed
——————————————————————————— R R p———
Algonquin 337ct 1148a 1662a 2184a
Saranac 427b 1321a 2042a 2517a
Nitro 504a 1547a 1966a 2472a
CUF 101 482a 1573a 2067a 2765a
Saranac-In 379c 1028a 1527a 1664a
CV (%)§ 29 30 32 35

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

t Within a row (growth stage), means followed by the same letter
are not significantly different based on Fisher’s protected LSD
(P< 0.05).

§ Coefficient of variation (%).
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Table 10. Root plus crown dry matter vield of five alfalfa
cultivars (averaged over locations and seeding rates treatment)
at different growth stages when grown for establishment year seed
production at Glenlea in southern Manitoba in 1993.

Growth stagest

Cultivars Lv T%B F%B Seed
——————————————————————— kg hat---mmmom e
Algonquin 673at 91l6a 1548a 1622b
Saranac 548ab S500a 1547a 1707ab
Nitro 702a 806a 1533a 2059a
CUF 101 609a 729a 1367a 1957ab
Saranac-In 377b 467b 770b 1024c
CV (%)§ 32 23 27 23

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature sgeed stage.

¥ Within a column (growth stage), means followed by the same
letter are not significantly different based on Fisher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 11. Root plus crown dry matter yvield of five alfalfa
cultivars (averaged over locationg and seeding rates treatment)
at different growth stages when grown for establishment yvear seed
production at Homewood in southern Manitoba in 1993.

Growth stagest

Cultivars Lv T%B F%B Seed
——————————————————— kg ha---mmmmme e

Algonquin 460at 806b 1184ab 2081a
Saranac 537a 1108a 1660a 2019a
Nitro 648a 768b 1114b 1737ab
CUF 101 638a 1097a 1528ab 1532b
Saranac-In 585a 830b 1134b 1397b
CV (%)8 30 23 35 25

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥+ Within a column (growth stage), means followed by the game
letter are not significantly different based on Fisher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 12. Total (herbage and root plus crown) and root plus
crown N yield (RKg ha™') of alfalfa for different growth stages
when grown at two seeding rates for establishment year seed
production at Glenlea and Homewood in southern Manitoba in 1992.

Growth stagest

Seeding ratet LV T%B F%B Seed

Total (herbage and root plus crown) N yvield

——————————————————— kg N hat-----=cc-mmmmmm
High 54.5a§ 145.6a 141.8a 142.5a
Low 50.6a 115.0a 134.1a 134.3a

——————————————————— kg N hat---mmmm e
High 19.4a 39.3a 51.7a 64.0a
Low 8.1la 31.8a 48.8a 55.1a

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

f Seeding rates (SR) are: High (16.8 kg ha*) and Low (3.36 kg ha
).

§ Within a column (growth stage), and for each measured trait,
means followed by the same letter are not significantly different
based on Fisher’s protected LSD (P< 0.05).
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Table 13. Total (herbage and root plus crown) N yield of five
alfalfa cultivars (averaged over seeding rates) at different
growth stages (GS) when grown for establishment year seed
production at Glenlea and Homewood in southern Manitoba in 1992.

Growth stagest

Cultivars LV T%B F%B Seed
————————————————————— kg N ha™*-----ccmmmmm e
Algonquin 48at 1l43a 137a 132a
Saranac 57a 135a 154a 150a
Nitro 66a 150a l42a 168a
CUF 101 57a 143a 147a l6la
Saranac-In 36b 82a 110a 83a
CV (%)§ 28 30 33 33

T Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a column (growth stage), means followed by the same
letter are not significantly different based on Fisher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 14. Total (herbage and root prlus crown) and root plus
crown N yield (Rg ha™') of alfalfa for different growth stages
when grown at two seeding rates (SR) for establishment year seed
production at Glenlea and Homewood in southern Manitoba in 1993.

Growth stagest

Location SRt Lv T%B F%B Seed

Total (herbage and root plus crown) N vield

————————————————————— kg N hat----mmmmm e

Glenlea High 58as§ 60a 96a 97a
Low 41b 54a 103a 103a

Homewood High 53a 64a 86a 103a
Low 35a 61b 74a 10la

———————————————————— kg N ha'~eemmom e

Glenlea High 15.7a 18.7a 26.1a 40.2a
Low 11.3a 14.0b 25.3a 44 .7a

Homewood High 15.5a 17.0a 27.8a 42 .5a
Low 10.3a 14.3a 20.7b 40.6a

t Growth stages are as followsg: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

f Seeding rates (SR) are: High (16.8 kg ha™) and Low (3.36 kg ha"
).

§ Within a column (growth stage), and for each trait measured,
means followed by the same letter are not significantly different
based on Fisher’s protected LSD (P< 0.05).
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Table 15. Total (herbage and root plus crown) N yield of five
alfalfa cultivars (averaged over seeding rates) at different
growth stages (GS) when grown for establishment vear seed
production at Glenlea in southern Manitoba in 1993.

Growth stagest

Cultivars Lv T%B F%B Seed
————————————————————— kg N hatemmmmme e
Algonquin 6lat 80a 130a li5a
Saranac 49a 73ab 125a 110a
Nitro 62a 65bc 1l1l4ab 11i3a
CUF 101 48a 53¢ 97b 114a
Saranac-In 24b 21d 34c 34b
CV (%)§ 29 18 25 31

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

$+ Within a column (growth stage), means followed by the same
letter are not significantly different based on Figher’s
protected LSD (PL 0.05).

§8 Coefficient of variation (%).
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Table 16. Total (herbage and root plus crown) N vield of five
alfalfa cultivars at two seeding ratesg (SR) for the late
vegetative growth stage when grown for establishment vear seed
production at Glemlea in southern Manitoba in 1993.

Cultivar
SRt Algonquin CUF 101 Nitro Saranac Saranac-In
————————————————————————— kg ha™------ommmm e
High 75a 53b 74a 63ab 15¢
Low 48a 43a 50a 36a 30a

t Seeding rates (SR) were as follows: High (16.8 kg ha') and Low
(3.36 kg hat).

+ Within a row, means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<L
0.05).
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Table 17. Total (herbage and root plus crown) N yield of five
alfalfa cultivars (averaged over seeding rates) at different
growth stages when grown for esgstablishment vear seed production
at Homewood in gouthern Manitoba in 1993.

Growth stagest

Cultivars LV T%B F%B Seed
————————————————————— kg N hatomomm oo

Algonquin 37at 61bc 87a 124a

Saranac 41la 83a 100a 118a -

Nitro 53a 54bc 79%a 107a

CUF 101 50a 72ab 96a 108a

Saranac-In 39%a 46c 42b 49b

CV (%)§ 35 26 39 25

t Growth stages are as followg: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

$ Within a column (growth stage), means followed by the same
letter are not significantly different based on Figher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 18. Root plus crown N yield of five alfalfa cultivars
(averaged over seeding rates) at different growth stages when
grown for establishment year seed production at Glenlea and
Homewood in southern Manitoba in 1992.

Growth stagest

Cultivars LV T%B F%B Seed
————————————————————— kg N ha oo
Algonqguin 7.8bct 30.3bc 46.6a 58.9a
Saranac 9.9ab 34.2abc 53.9a 66.1a
Nitro 12.3a 49 .2a 55.9a 68.8a
CUF 101 10.7ab 46.2ab 59.5a 69.5a
Saranac-In 5.5¢ 7.8c 35.4a 34.7a
CV (%)§ 33 36 41 35

t Growth stages are as followsg: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a column (growth stage), means followed by the same
letter are not sgignificantly different based on Figsher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 19. Root plus crown N yvield of five alfalfa cultivars
(averaged over seeding rates) at different growth stages when
grown for establishment year seed production at Glenlea in
southern Manitoba in 1993.

Growth gtagest

Cultivars v T%B F%B Seed
————————————————————— kg N hat-emmmmm e

Algonquin l14.6at 19.9a 30.3a 42 .7b

Saranac 12.3ab 19.9%a 29.8a 42 .2b

Nitro 16.7a 20.7a 31.8a 58.0a

CUF 101 15.1a l6.6a 27.8a 49.0ab
Saranac-In 7.7b 6.2b 9.6b 14.3c

CV (%)§ 34 24 29 27

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a column (growth stage), means followed by the same
letter are not significantly different based on Fisher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Table 20. Root plus crown N yield of five alfalfa cultivars
(averaged over seeding rates) at different growth stages when
grown for establishment year seed production at Homewood in
gsouthern Manitoba in 1993.

Growth stagest

Cultivars LV T%B F%B Seed

———————————————————— kg N ha*-m-mmmmmmee e
Algonguin 1l1l.1lat 13.8a 23.2ab 53.2a
Saranac 13.2a 20.4a 30.4a 48.8ab
Nitro 15.5a 13.9b 23.7ab 40.1b
CUF 101 14.7a 20.8a 30.3a 42 .9ab
Saranac-In 10.6a 10.9b 14.1b 21.7c
CV (%) 30 22 41 25

T Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature geed stage.

¥ Within a column (growth stage), means followed by the same
letter are not significantly different based on Fisher’s
protected LSD (P< 0.05).

§ Coefficient of variation (%).
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Table 21. Percentage nitrogen derived from atmosphere (% Ndfa)
of alfalfa (averaged over seeding rates and cultivarsg) at
different growth stages (GS) when grown for establishment year
seed production at Glenlea and Homewood in southern Manitoba in
1992 and 1993.

Year Location GSt Root+crown Herbage Total
T e -- % Ndfa----—--=—-co_

1992 Glenlea Lv 45 49 50

%B 68 63 64

%B 55 47 50

Seedt 65 64 65

Homewood LV 35 24 25

T%B 35 14 20

F%B 24 17 23

Seedt 22 20 20

1993 Glenlea Lv 54 58 56

%B 65 66 66

%B 66 71 70

Seed 64 65 64

Homewood Lv 24 18 19

%B 36 30 31

%B 43 51 49

Seed 49 54 53

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

$ In 1992, at mature seed stage, there was a location effect (P<
0.05) for root plus crown, herbage and total (roots and crowns)
%Ndfa.
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Table 22. Symbiotic N, fixation by alfalfa (averaged over seeding
rates and cultivars) at different growth stages when grown for
establishment year seed production at Glenlea and Homewood in
southern Manitoba in 1992 and 1993.

Year Location GS Root+crown N Herbage N Total N
———————————————— kg Nhat ~——cmee o ____
1992 Glenlea v 7 21 28
%B 29 64 93
F%B 29 43 72
Seedt 47 60 107
Homewood Lv 3 14 17
T%B 17 20 37
%B 17 17 34
Seedt 19 21 40
19893 Glenlea LV 9 26 35
%B 13 33 46
F%B 20 63 83
Seed 31 47 78
Homewood Lv 4 7 11
%B 7 18 25
%B 13 37 50
Seed 25 40 65

t Growth stages are as follows: LV=

late vegetative, T%B=10 to 20

% bloom, F%B=50% to full bloom and Seed=mature seed stage.
¥ In 1992, at mature seed stage, there was an effect (P< 0.05) of
erbage and roots plus crowns)

location for herbage and total (h

symbiotic N, fixation.
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Table 23. Total (herbage and roots plus crown) symbiotic N,
fixation of four alfalfa cultivars (averaged acrogss seeding rate)
at 50%- to full flowering stage when grown for establishment year
seed production at Glenlea and Homewood in southern Manitoba in
1993.

Cultivar
Location Algonquin CUF 101 Nitro Saranac
————————————————————————— kg hat---—ommmme T
Glenlea S7at 63a 8la 91la
Homewood 46a 55a 40a 59%a

t Within a row, means followed by the game letter are not
gsignificantly different based on Fisher'’s protected LSD (P<0.05).
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Table 24. Mean squares for wheat grain, straw and nitrogen yield
as influenced by previous year alfalfa cultivar (at two seeding
rates) and a wheat control at Glenlea and Homewood in southern
Manitoba in 1993.

Mean squarest

Source Grain yield Straw yield N-yield
Location 20826282 **+* 55242400 * 55811 *+*
Rate 280539 NS 47714 NS 30 NS
Cultivar 116879 NS 875271 NS 379 NS
Location*Cultivar 268412 *+ 478504 NS 826 *
Rate*Cultivar 74896 NS 1543745 NS 926 *
Location*rate*cultivar 20699 NS 448951 NS 98 NS
Residual error 158043 #%*%* 830492 **+* 440 NS

t The above ANOVA was conducted using a mixed statistical model.
Location was treated as random factor and seeding rate and
cultivar were considered fixed effects.

*, ** %¥%* gignificance at P< 0.05, 0.01 and 0.001 level,
respectively and NS = non-significance.
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Tables 25. Grain yield, straw dry matter yield and total
nitrogen yield of wheat following a ome year alfalfa stand
managed for seed production and a wheat control at two locations
in southern Manitoba in 1993.

Location Grain yield Straw yield Total N-yield
—————————————— kg ha-----umou = ---kg N ha™*---

Homewood 1914at 5508a 130a

Glenlea S07b 4252b 78b

t Within a column, means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<0.05).
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Table 26. Grain yield and nitrogen yield associated with
pPrevious year alfalfa cultivars managed for seed production and a
wheat control at two locations in southern Manitoba in 1993.

Location Treatment Grain yield N yield
kg ha™ kg N ha™?
Homewood Algonquin 1920 133
Saranac 1787 121
CUF 101 1930 139
Nitro 2004 132
Saranac-In 2071 137
Wheat 1714 121
R Glenlea Algonquin 574+¢ 79
- Saranac 831 81
= CUF 101 781 74
Nitro 998 92
Saranac-In 925 63
Wheat 1173 79

t Failure to completely control previous alfalfa crop for same
cultivars resulted in excess competition with wheat that
influenced grain yield.
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Table 27. Nitrogen yields of wheat associated with previous year
alfalfa cultivars grown at two seeding rates and two locations in
southern Manitoba in 1993.

Alfalfa cultivars and Wheat

Trtst Algonquin Saranac CUF 101 Nitro Saranac-In Wheat
—————————————————————— (kg N ha™')---—mmmm T

High 113(2) % 111(3) 95(5) 115(1) 92 (6) 101(4)

Low 110(2) 94 (5) 124 (1) 110(2) 102(3) 99 (4)

t The treatments (Trts) congisted of low (3.36 kg ha!) and high
(16.8 kg ha™) seeding rate for the alfalfa cultivars from the
brevious year.

t+ There was no differences between cultivars, but cultivar
ranking for each seeding rate is enclosed in parentheses.
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4. Agronomic Practices for Alfalfa Seed Production in

the establishment year

4.1. ABSTRACT

Alfalfa (Medicago sativa L.) seed production is an important
industry in western Canada, but because most seed is produced in
the years following establishment, further industry expansion is
limited to alternative cultivars than can survive the winter.
The development of a seed production system that enables seed
production during the year of establishment would be beneficial
and allow industry to expand the seed production through
utilization of moderately dormant and non-dormant cultivars. The
objectives of this research were to determine the effect of the
seeding rate, clipping management and cultivar on alfalfa seed
vield components on establishment vear seed production. Field
experiments were established at two seeding rates, 1.12 kg ha™
and 3.36 kg ha™™, with two clipping treatments (clipped and
unclipped) and three cultivars (CUF 101, Cimarron VR, and
Algonquin) at Glenlea and Homewood in southern Manitoba in 1992
and 1993. Flowering percentage and racemes per metre of row were
highest for Cimarron VR. There was no influence of clipping
treatment or seeding rate on plant height (later part in the
growing season), flowering bercentage, number of racemes per
metre of row, number of pods per raceme and seed yield. Although
clipping reduced lodging, it also delayed flowering and,
therefore, it is not recommended for establishment year seed
production. Dormant, moderately dormant and non-dormant

cultivars had similar seed yield. The seed vield components were
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important because they are predictors of potental seed yield.
This was particularly of importance in both years of this study
because adverse environmental conditions directly influenced
pollination, seed set, seed development, seed maturation and
final seed yield. The seed yield obtained was below provincial
average in both years. This research will provide basic
information on the agronomic requirements of an egtablishment-
year-seed crop. However, the seed yield obtained was similar to
that from established stands in Manitoba in both year, suggesting
that other factors beside the production system affected the
results. The main factor wag the prevailing environmental

conditions during both the growing season.

1. INTRODUCTION

Alfalfa (Medicago sativa L.) is a perennial forage legume
that is grown for stored feed, pasture and seed production. In
addition, it is an important component of many crop rotations,
where it is known to increase soil N and organic matter (Sheaffer
et al., 1989). 1In the western Canadian provinces of Manitoba,
Saskatchewan and Alberta alfalfa seed production ig an important
enterprise (Fairey and Lefkovitch, 1992: Smith, 1992) worth 25
million dollars annually.

Alfalfa seed production in western Canada involves
establishing the crop during first year and harvesting seed
during the subsequent years. Therefore, sgseed production has been
restricted almost exclusively to winterhardy, fall dormant
cultivars (Fairey and Lefkovitch, 1991, 1992). Moderately

dormant and non-dormant cultivars rarely survive the winter in
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western Canada, therefore seed production of these cultivars is
not possible under current practices. Therefore, the development
of a seed production system that enables seed production during
the year of establishment would be beneficial.

There several other advantages from producing an alfalfa
seed crop in the establishment year. Seed production in the
establisghment year would enable producers and companies
specializing in seed multiplication, the opportunity to produce
seed from most cultivars including non-dormants. In addition, it
would provide a management system for introducing alfalfa as an
“annual® in rotations with other cereals and oilgeed crops. This
could significantly increase the number of hectares planted for
alfalfa seed production.

Alfalfa seed crops are normally established at lower seeding
rate in comparison to hay crops in order to maximize seed yield
(Rincker et al., 1988). Clipping alfalfa plants early in the
vegetative stage is a potential practice to reduce excesgsive
growth which causes lodging, reduce the growth of weeds, and
stage flowering.

A study was conducted during the 1992 and 1993 growing
season at two sites, Homewood and Glenlea, in southern Manitoba.
The research was initiated with the working hypothesis that
alfalfa seed production during the establishment year is possible
in western Canada. This hypothesis is based on the apparent
suitability of average environmental conditions for growth of
alfalfa in the primary seed producing regions including growing
degree days, growing season, temperature, solar irradiance and

precipitation. The specific objectives of this research were: 1)
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to compare seed yield of non-dormant, moderately dormant and
early fall dormant alfalfa cultivars during the year of
establishment and 2) to determine the effect of seeding rate and
clipping management on alfalfa seed yield and seed yield

components.

4.3. MATERIALS AND METHODS

Field experiments were conducted to study the effects of
clipping treatment, seeding rate and cultivar on seed vield and
seed yield components of alfalfa. The experiments were
established in the spring of 1992 and 1993 at three locations in
Manitoba: Homewood (56 km southwest of Winnipeg), Glenlea (15 km
gouth of Winnipeg), and Arborg (150 km north of Winnipeg). The
experimental plots were established on 7 May, 13 May and 22 May,
1992 at Homewood, Glenlea and Arborg, respectively, and at the
same sites on 12 May, 5 May and 14 May, 1993, respectively. The
goil type at Homewood was a Sperling mixed loam, at Glenlea a Red
River clay (lacustrine fine clay) and at Arborg a Tano series
clay (Peat meadow). The experiment at Arborg did not reach
reproductive maturity during either vear due to flooding in 1992
and cool temperature in 1993, therefore this paper will only
present results for the Homewood and Glenlea sites.

Soil tests were conducted at each experimental site during
fall 1991 and 1992 to determine the nutrient requirements of an
alfalfa seed crop. Phosphorus was applied as 0-46-0 fertilizer
at a rate of 20 kg ha™?! of P,0; . In addition sulphur was also

applied at soil test recommendations.
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The alfalfa seed industry uses a 1-9 rating system to
differentiate the fall dormancy of individual cultivars with "1
designating those cultivars that show the least growth during the
fall and "9" those cultivars that show the most fall growth
(Barnes et al., 1991). For the purpose of this experiment
cultivars with fall dormancies from 1-3 were considered dormant,
4-5 moderately dormant and 6-9 non-dormant. The cultivarg,
Algonquin, Cimarron VR and CUF 101 were selected to represent
their respective fall dormancy classes.

These experiments were established at two seeding rates,
1.12 kg ha™ and 3.36 kg ha!. The three alfalfa cultivars that
were used for this experiment and their regspective fall dormancy
classes are as follows: ‘CUF 101 (9), a non dormant cultivar of
Indian and African origin (Gilchrist et al., 1982), ‘Algonquin’
(2), a winterhardy, l6-clone synthetic developed at the
Agriculture Canada Resgearch Station, Ottawa, Ontario (Baenziger,
1975) and ‘Cimarron VR' (4.5), a moderately dormant cultivar
(Alfalfa Variety Review Board, 1989).

The experimental design was a randomized block design with a
split-split-plot treatment arrangement and four replications.
Clipping wasg assigned to main plots, seeding rate was assigned to
the main sub-plots and cultivar to the sub-sub-plots. One half
of each block was mowed (clipped) using a garden mower to act asg
a staging treatment for flowering and to promote tillering of
individual plants, 6 weeks after planting. Each sub-plot was 1.8
m by 5 m, with a 30 cm row spacing. In 1993, a row spacing of 45
c¢m was used. The seeding rate of 3.36 kg ha' was included in the

study to evaluate whether a higher than recommended rate might be
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an advantage for establishment year seed crop. The seeds were
inoculated before planting with Rhizobium meliloti L. Dang.

In this experiment, weed control was accomplished using a
combination of chemicals, cultivation and hand weeding. Specific
herbicides used included: 1) pre-emergence herbicides: Edge 50 DF
(Ethalfluralin) or [N-ethyl-N-(2-methyl-2-propenyl) -2, 6-dinitro-
4-(trifluoromethyl) benzenamine] and Treflan (Trifluralin) or
{2,6—dinitro—N,N—dipropyl-4—(trifluoromethyl)benzenamine}; 2)
post-emergence: Pursuit (Imazethapyr) or {2-[4,5-dihydro-4-
methyl—4—(1-methylenthyl)—5—oxo-1H-imididazol-z—yl]—3-
pyridinecarboxylic acid} and Poast (Sethoxydim) or {2-[1-
(ethoxyimino)]—S—[2—(ethylthio)propyl]—3—hydroxy—2 cyclohexen-1-
one} and Roundup (Glyphosate) or {isopropylamine salt of N-
(phosphono-methyl) glycine}. These herbicides were used to
control annual grassy and broadleaf weeds with the exception of
Roundup which was spot applied in both vears to control Canada
thistle. Ethalfluralin and trifluralin were applied in the
spring and incorporated with a cross directional cultivation one
week before planting. Imazethapyr was applied on 2 June and 11
June, 1992 at Homewood and Glenlea, respectively. Poast wasg
applied on 7 July and 9 July, 1993. The herbicides were applied
at recommended rates, except in 1993, where Pursuit was
accidentally applied at ten times the recommended rate.

Scouting for insectg was done frequently to check for any
alfalfa pests. Lygus bug, alfalfa plant bug, pea aphid, and
other insect control was achieved with Cygon (Dimethoate) or
[o,0-dimethyl S- (methylcarbamoylmethyl) phosphorodithioate] and

Dylox (trichlorfon) or [dimethyl (2,2,2-trichloro-1-hydroxyethyl)
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phosphonate]. Some insecticides are harmful to alfalfa
leafcutting bees, therefore, Dimethoate was sgsprayed one week
before bee release and Dylox was applied at night when the bees
were dormant in their shelters. Dimethoate was applied on 26
July, 1992 at both site and 5 July and 9 July, 1993 at Homewood
and Glenlea, respectively, and Dylox was applied on 29 July,
1993. The control of these insects was effective and insect
damage had no influence on seed production, as subsequent
scouting showed that the insects were below the threshold level
that may cause any substantial damage.

Alfalfa leafcutting bees were used for pollination in both
years. Six leafcutter shelters were placed around the periphery
and in the centre of the entire area which included two other
experiments. Incubation trays containing recently emerged bees
were placed in each shelter when the flowering averaged 25%
across the experiment. Additional leafcutter bees were placed on
the experiments at the 100% flowering stage to insure a bee
population of 88,000 ha! and makes bees not to be limiting factor
in seed set.

Morphological traits associated with alfalfa seed vields
measured included: 1) seedling vigour score, 2) plant height, 2)
% flowering, 4) lodging, and 5) stem counts. Stem counts were
made on the bagis of the number of green stems from two 1 m
sections of row randomly chosen from each sub-sub-plot at the 50
% flowering stage. Seedling vigouf scores were taken on 10 June,
1992 and on 10 June, 1993 at both locations. Scoring was based
on a 1 to 5 range with *1n corresponding to least vegetative

growth and "5" corresponding to the greatest vegetative growth.



131

Plant height was measured at approximately 7, 9, 11 and 14
weeks after planting beginning 28 June, 1992 and 29 June, 1993.
Fifteen stems were randomly selected from each sub-sub-plot for
plant height measurements in 1992 but reduced to ten stems per
sub-sub-plot in 1993. Starting in mid-July of each year
flowering percentage (number of stems with flowers) was recorded
at weekly intervals until plants reached approximately 100%
bloom. Lodging was scored in mid-September with scores ranging
from 1 to 5, with: "1"= 0%-20% of stem lodged in horizontal
posgition, "2"= 21% to 40% of sgtem lodged in horizontal position,
"3"=41% to 60% of stem lodged in horizontal position, "4%"= 61% to
80% of stem lodged in horizontal pogition and "5" indicating that
over 80% of stems were lodged in a horizontal position. In 1993,
there was very little lodging, therefore this score was not
recorded.

Racemes per stem (racemes stem™®) and racemes forming pods
were measured on fifteen randomly selected stems in 1992 and ten
in 1993 starting approximately at the 50 % flowering stage. In
both years racemes measurements were initiated during mid-August
and continued every two weeks until harvest.

Pods per raceme was measured by counting the number of pods
on 30 racemesg randomly selected per sub-sub-plot at harvest in
1992. This measurement was not taken in 1993 due to low pod set.
Seeds per pod was measured from the same 30 randomly sampled
racemes in 1992.

The desiccant Harvest [ (2-amino-4- (hydroxymethylphosphinyl)
butanoic acid] was sprayed at Homewood and Glenlea on 28 and 30

September, 19932, respectively. Four rows from each plot were
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direct harvested with a Hege-plot combine in Homewood and Glenlea
on 7 October and 9 October to determine total seed vield. 1Imn
1993, desiccant was sprayed at Glenlea and Homewood on 24
September, 1993. Seed was harvested at Glenlea by hand picking
all mature pods from the plants on 5 October, 1993. No seed were
available for harvest at Homewood in 1993 due to the severe
weather conditions which resulted in severe flooding damage.
Analysis of variance (ANOVA) was conducted by GIM procedure
of the Statistical Analysis Systems procedure (SAS Institute,
1988) with all treatments considered fixed effects, except
locations. Bartlett’s Chi-square test (Steel and Torrie, 1960)
was used to determine homogeneity of variance across years and
locations. 1In all cases variances did not meet the criteria for
homogeneity across years, and data transformation did not solve
the problem, therefore data analysis was conducted within each
year. Data variances were homogeneous over locations within
years therefore the data was pooled over locationg in each year.
Analysis were conducted with block, clipping treatment, seeding
rate and cultivars considered fixed effects and location
considered a random effect. Treatment means were compared using

Fisher’s protected least significant difference procedure.

4.4. RESULTS
4.4.1. Seedling Vigour
There was no effect of location and seeding rate on seedling
vigour in either year, nor were there interactions between
treatments (data not shown). Cultivar ranking for seedling

vigour in 1992 and 1993 placed CUF 101 highest, followed by
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Cimarron VR and Algonquin, although cultivar differences were
significant only in 1993 (Table 1 and 2). Seedling vigour is
agronomically important because it provides a relative measure of

establishment success and competitiveness with weeds.

4.4.2. Plant Height

Statistical analysis was not performed over years due to
non-homogeneity of error variances, but plants of all cultivars
were taller in 1992 than 1993 (Figure 1). Heights of cultivar
did not differ in either year with the exception of 7 weeks after
planting in 1993 (Figure 2 and 3). At this measurement date, the
plant height of CUF 101 and Cimarron VR was equivalent (16 cm vg.
15 cm), but taller than Algonquin (13 cm). In both years
cultivar ranking for plant height from highest to lowest followed
general trend: CUF 101, Cimarron VR and Algonquin. However, at
11 weeks after planting in 1992 and at 14 weeks after planting in
1993 the ranking from highest to lowest height was: Cimarron VR,
CUF 101 and Algonguin. Plant growth was rapid during the 7 to 14
week period after planting with a 3.5 fold increase in 1992 and
3.8 in 1993.

There was a location effect on plant height in 1992 at 9
weeks after planting [Homewood (47 cm) and Glenlea (37 cm)] and
in 1993 at 9 [Homewood (32 cm) and Glenlea (25 em)] and 14 weeks
after planting [Homewood (67 cm) and Glenlea (48 cm)]. In both
years, plant height was higher at Homewood in comparison to
Glenlea (data not shown). Clipping treatment did not influence
plant height in 1993, but did influence plant height at the 9

weeks after planting in 1992 [unclipped treatment (48 cm) and
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clipped treatment (36 cm)]. Plants were taller in the unclipped
treatment versus the clipped treatment during both years (data
not shown). Seeding rate only influenced plant height at 9 weeks
after planting in 1993 [high seeding rate (29 cm) and low seeding
rate (27 cm)].

There were very few interactions between treatments for
plant height with the exception of clipping*cultivar at 7 weeks
after planting in 1992 and clipping*gseeding rate at 11 weeks
after planting in 1992 and 1993. The clipping*cultivar
interaction at 7 weeks after planting in 1992 was likely due to
differences in cultivar height for the unclipped plants. Plant
height ranking between the clipped (C) and unclipped (UC)
treatments was as follows: CUF 101 (C-17 cm, UC-32 cm), Algonguin
(C-16.5 cm, UC-27cm ) and Cimarron VR (U-15 cm, UC-30 cm) .

The relationship between clipping and seeding rate was most
obvious at the 11 week measurement date in 1992 and 1993. In
1992, average plant height after clipping was 67 cm and 63 cm at
the high and low seeding rates, respectively, where as the
unclipped treatments were 71 cm and 70 cm at the above seeding
rateg. Clipping had a similar influence on plant height in 1993
with clipping treatments at 44 cm and 41 cm and unclipping
treatments at 47 cm and 44 cm for the high and low seeding rate

respectively.

4.4.3. Flowering
There was no influence of location, clipping treatment or
seeding rate (data not shown) on flowering percentage in either

year, with the exception of a cultivar effect on 29 July and 5
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August, 1992 (Table 3). At both dates Cimarron VR had the
highest flowering percentage followed by CUF 101 and Algongquin.
Although there were no cultivar differences in 1993, the ranking
was similar to 1992 at all scoring dates. For example, flowering
bercentage on 5 August, 1993 was as follows: Cimarron VR (41%),
CUF 101 (35%) and Algonquin (31%).

Initial flowering occurred at approximately the third week
of July in both years. Flowering percentage was closely related
to date of first flower with Cimarron VR flowering earliest,
followed by CUF 101 and Algonquin (data not shown), but the
interval from first to last flowering date was only 2-4 days.

There was a location*clipping interaction for flowering
percentage on 24 July, with 0% and 1% for clipped treatments and
10% and 35% for unclipped treatments at Glenlea and Homewood,
respectively. On 29 July 1992, there was a clipping*cultivar
interaction for flowering percentage. The unclipped cultivar
treatments had a higher flowering percentage [Cimarron VR (51%),
CUF 101 (38%) and Algonquin (30%)] in comparison to the clipped
cultivar treatments [Cimarron VR (4.3%), Algonquin (3%) and CUF
101 (2.5%)].

There was a location*clipping*cultivar interaction on 24
July, 1992 with clipping substantially reducing flowering at both
gsites (Table 4). For the unclipped treatments at Homewood,
Algonquin had the lower flowering percentage than Cimarron VR and
CUF 101. When plants were unclipped, the flowering was higher
for all cultivars at Homewood versus Glenlea, but cultivar
ranking was constant. There was also a

location*clipping*cultivar interaction for flowering percentage
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on 5 August, 1992 (Table 4). However, the flowering percentage
for the clipped treatments was higher for all cultivars at
Homewood versus Glenlea, with a different cultivar ranking (Table
4). Cultivar differences were present for flowering percentage
at this date and it shows that Cimarron VR had the best flowering
ability. Flowering percentage for unclipped treatments was also
higher at Homewood than Glenlea for CUF 101 and Algongquin, but

Cimarron VR had sgimilar flowering percentages at both sites.

4.4.4. Lodging

Cool temperatures and adequate moisture in 1992 provided the
kind of a growing conditions which resulted in excessive plant
growth and subsequent lodging at both locations. Although
lodging had a negative influence on seed yvield in 1992, all
cultivars showed a similar amount of lodging (Table 1). However,
c¢lipping reduced lodging, and lodging score on a 5-point scale
were [clipped (1.2) and unclipped (2.4)]. There were no
interactions for lodging between any of the experimental

treatments. Also, there was little or no lodging in 1993.

4.4.5. Seed Yield And Seed Yield Components
4.4.5.1. Stems per m! of row

The number of stems m™* of row was measured at full
flowering in both years as a component of seed yield. The number
of stem m' of row was not affected by location, clipping
treatment or seeding rate (data not shown). Number of stems m!
of row was analyzed over vYears due to heterogeneous error

variances, but tended to be higher in 1993 than in 1992 (Tables 1
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and 2). Cultivar differences were present in 1993 with CUF 101
producing the greatest number of stems m! of row followed by
Cimarron VR and Algonquin. This same cultivar ranking was

pregent in 1992, but the differences were not significant.

4.4.5.2. Racemes stem’?

In both years, there was no influence of location or
clipping treatment on the number of racemes stem: (data not
shown). Unclipped treatments tended to have higher racemes stem™
than clipped treatmentg at all sampling dates (data not shown).
Seeding rate influenced the number of racemes stem® on 16
September, 1992, but there was no seeding rate effect at any
other sampling date in 1992 or 1993. On 16 September, 1992 the
number of racemes stem™ was higher for low seeding rate (12
racemes stem’) in comparison to the high seeding rate (8 racemes
stem™). At all other sampling dates, racemes stem® tended to be
higher for the low seeding rate versus the high seeding rate
(data not sghown).

On 31 August, 1992 the number of racemes stem ! was highest
for Cimarron VR with Algonquin and CUF 101 producing an
equivalent number of racemes stem' (Table 5). On 23 September,
1993 the number of racemes stem! was equivalent for Algonquin and
Cimarron VR, with CUF 101 having the lower number (Table 6). The
number of raceme stem* declined in both years between 31 August,
1992 and 1993 and the date of final sampling.

On 16 September, 1992 there was a clipping*cultivar
interaction for racemes stem?u When separated within each

clipping treatment the cultivars showed the same ranking. The
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unclipped treatment had higher number of raceme stem’ compared to
the clipped treatment for Cimarron VR and CUF 101 (13 and 9 vs.
12 and 8, respectively), whereas Algonquin had the same number
(10 racemes stem™™) across both treatments.

There was a location*clipping*cultivar interaction for
racemes per stem on 23 September, 1993. Cultivar ranking for
racemes stem’ was not consistent over locations or between
clipping treatments (Table 7). At the low seeding rate Cimarron
VR performed better than all other cultivars, but at the high
seeding rate it had more flowering percentage than CUF 101, but
equivalent to Algonquin. However, it is important to note that
CUF 101 ranked lowest for this trait at all locations for both

clipping treatments.

4.4.5.3. Racemes m' of row

In both years there wasg no influence of location, clipping
or seeding rate on the numbef of racemes m™* of row (data not
shown). However, at all sampling dates during both years the
number of racemes m*' of row ranked higher for the high seeding
rate than the low geeding rate (data not shown). Cultivar
differences were observed on 31 August, 1992 and 23 September,
1993 (Table 5 and 6). On both dates, Cimarron VR produced the
highest number of racemes m! of row, whereas, Algonquin and CUF
101 had a similar number of racemes m' of row. At all other
dates the three cultivars had equivalent number of racemes m! of
row. In both years, racemes m' of row decreased from the 31
August of each year to the last day of sampling (Table 5 and 6).

A rate*cultivar interaction for racemes m' of row occurred
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on 31 August, 1993. There was a higher number of racemes m'! of
row at the high seeding rate for all cultivars in comparison to
the low seeding rate (Table 8). This difference was most
pronounced for Algonquin it that it produced the highest number
of racemes m' of row when grown at the high seeding rate for thig

date.

4.4.5.4. Percentage of racemes that formed pods

The percentage of racemes with pods was lower (P<0.05) for
the unclipped treatment on 16 September and 2 October, 1992,
(Table 9). At all other measurement dates, the percentage of
the racemes with pods tended to be higher for the unclipped
treatment than the clipped treatment (Table 10). This trait was
not influenced by location or seeding rate at any date in either
year (data not shown).

In 1992, there were cultivar differences for percentage of
racemes with pods on 18 August (Table 5). Algonquin and Cimarron
VR had an equivalent percentage of racemes with pods, with a
lower percentage for CUF 101. There were also cultivar
differences for percentage of racemes with pods on 31 August and
23 September, 1993 (Table 6). On both dates Algonquin had the
highest percentage of racemes with pods followed by Cimarron VR
and CUF 101.

A location*clipping*seeding rate interaction occurred on 18
August, 1992 and 16 September, 1992 for bercentage of racemes
with pods. The result from this interaction is shown in Table 9.
On 18 August, 1992 the percentage of racemes with pods tended to

be higher at Homewood than Glenlea for both unclipped and clipped
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treatments. On 16 September, 1992 the percentage of racemes with
pods tended to be higher at Homewood than Glenlea for both
unclipped and clipped treatments (Table 10). On both dates, the
high seeding rate tended to have a higher percentage of racemes
with pods than high seeding rate, but was only significant
(P<0.05) on 16 September, 1992 for the unclipped treatments at
Glenlea (Table 10). The only exception was for the unclipped
treatment at Glenlea on both dates, where the low seeding rate
had a higher percentage of raceme with pods.

A seeding rate*cultivar interaction occurred on 31 August,
1993. The percentage of racemes with pods tended to be high at
the low seeding rate for Cimarron VR and CUF 101 as compared to
the high seeding rate (Table 11). However, the percentage of
racemes with pods for Algonquin was the same across both seeding
rates. Algonquin had a higher percentage of racemes with pods
followed by Cimarron VR and CUF 101 at either seeding rates
(Table 11). In 1993, the percentage of raceme with pods
decreased for Cimarron VR and CUF 101 between 31 August and 23

September (Table 6), with a larger decrease for CUF 101.

4.4.5.5. Pods per raceme and seeds per pod

The number of pods per raceme and seeds per pod was only
determined in 1992 and there was no influence of location,
clipping treatment, seeding rate (data not shown) or cultivar
(Table 1) for this trait. There were no interactions among the
treatments. The extremely low number of seeds per pod resgulted

from poor seed development and numerous empty pods.
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4.4.5.6. Seed yield

In 1992 there was no influence of location, clipping
treatment or seeding rate on seed vield (data not shown). 1In
both years there were no cultivar differences for seed vield when
pooled over treatmentg (Tables 1 and 2), but higher seed yields
were obtained in 1992 in comparison to 1993. There was a
location*clipping*seeding rate interaction for seed yield (Table
12). Seed yield tended to be higher at Homewood than Glenlea for
both unclipped and clipped treatments. Seed vield tended to be
higher for the low seeding rate, with exception of unclipped
pPlots at Homewood, where seed yield was the same at both seeding
rates. However, at Homewood when the plants were clipped, seed
yvield was higher.(PS0.0S) at the low seeding rate than at the
high seeding rate (Table 12).

Due to flooding damage at Homewood in 1993 seed vield was
harvested only at Glenlea. Clipping treatment and seeding rate
did influence (P<0.05) seed yvield in 1993. The unclipped
treatment had higher yield than the clipped treatment (1.54 kg
ha™ vs. 0.4 kg ha'), and the high seeding rate had lower seed
yvield than the low seeding rate (0.6 kg ha® vs. 1.34 kg ha?).
The overall seed yield over all treatments was 36 kg ha! in 1992

and 1 kg ha* in 1993.
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4.5. DISCUSSION
4.5.1. Environmental conditions

The 1992 and 1993 growing season were characterised by
extreme enviromnmental conditions, with 1992 being one of the
coolest seasons on record and 1993 being one of the wettesgt
(Table 7, Appendix). More precipitation than normal was recorded
in both years. However, extremely high precipitation in the
months of July and August in 1993 had severe implications on
plant growth.

High rainfall in July and early August (Table 7, Appendix)
led to flooded fields at both sites in 1993. Although the soil
was heavier at Glenlea in comparison to Homewood, The plots at
Glenlea had better surface drainage compared to Homewood. As a
result water stayed longer on plots at Homewood than Glenlea.
Flooding induced plant stress and saturated soil conditions in
1993 reduced overall plant growth and caused leaf chlorosis.
Flood damaged plants continued to lose leaves after the water
receeded. New leaves eventually (1-2 weeks) developed on the
least damaged plants and stem elongation was re-initiated.
Although lodging in 1992 led to similar leaf losses, the effect
on leaf loss was less dramatic, with the exception of mortality
of some of the lodged stems.

Soil flooding has been observed to stop root growth, with
prolonged flooding causing the deterioration of the root system.
Thompson and Fick (1981) suggested that photosynthate normally
used for root growth ig probably needed to sustain anaerobic
respiration during flooding and plants do not always re-initiate

shoot elongation during the post flooding period.
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In 1992 and 1993 adverse conditions included high soil
moisture, low temperatures, high precipitation and low solar
irradiance and previous research has demongtrated that these
conditions depress seed yield (Pederson et al. 1972). These
environmental stresses reduce seed vields by affecting general
plant health, reduced photosynthesis and pollinator activity.

During the months of July and August, 1992 and 1993, the
average monthly temperature was lower than the normal
temperatures (Table 7, Appendix). July and August are the months
when alfalfa leafcutter bees are in the field. Lower
temperatures and high precipitation with cloudy conditions are
unfavourable for bee activity. Alfalfa leafcutting bees are
known to be most effective as pollinators during clear, sunny and

warm days with low rainfall and wind (Richards, 1984).

4.5.2. Seedling Vigour

The superior sgeedling vigour of the non dormant cultivar,
CUF 101 could be an important advantage for establishment year
seed production over Cimarron VR and Algonquin (Table 1 and 2).
Cultivars with vigorous seedlings may have an advantage for seed
production in the establishment year due to improved
competitiveness with weed growth. Seedling plant growth and
development are typically slower than regrowth from established
plants because seedlings lack the crown, root, and nodule systems

of older plants (Pearson and Hunt, 1972).
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4.5.3. Plant height

Average plant heights were taller in 1992 than in 1993
(Figure 1). fThis probably resulted from the flooding stress that
occurred in 1993. Cameroon (1973) reported that plant height was
decreased when alfalfa was maintained under flooded conditions in
greenhousge potg {(Cameroon, 1973). Flooding induced plant stress
and saturated soil conditions in 1993 reduced overall plant
growth and caused leaf chlorosis. Thompson and Fick (1981)
suggested that photosynthate normally used for root growth is
probably needed to sustain anaerobic regpiration during flooding
and that plants did not always re-initiate shoot elongation
during the post flooding period.

Cultivar differences for plant height were only observed at
7 weeks after planting in 1993 (Figure 2 and 3). However, CUF
101 and Cimarron VR generally displayed better growth than
Algonquin in both years. Other studies have also reported that
non-dormant and moderately dormant cultivars show superior plant

growth over dormant cultivars (Heichel et al., 1989).

4.5.4. Flowering percentage

Flowering percentage was measured to determine the relative
rate of maturation between alfalfa cultivars and to assess the
effect that profuseness of flowering had on seed yield potential.
In this experiment, a moderately dormant cultivar (Cimarron VR)
was observed to have flowered earlier than the other two
cultivars. Furthermore, Cimarron VR attained a higher flowering
percentage than the dormant cultivar, Algonquin, or the non-

dormant cultivar, CUF 101 (Table 3). In 1992 Cimarron VR ranked
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lowest for seed yield. This is in contrast to research results
from RKentucky and Washington, U.S.A, where earlier flowering
alfalfa clones produced the highest seed vields (bade et al.,
1967). Alfalfa plants developed more flowers at Homewood than
Glenlea when scored on July 24 and August 5, 1992 (Table 4).

This may have resulted from the fact that the experiment at
Homewood was planted a week earlier and had higher initial soil N
(data not ghown).

Although no comparisons were made between seedling plants
from this study and the fegrowth from established stands in the
spring (current practices), it is commonly accepted that seedling
plants will flower later in the season. This hypothegis was
supported by a study conducted by Pearson and Hunt (1977). They
demonstrated that seedling plantg from ‘Vernal’ and ‘Moapa’ took
47 to 61 days to reach 50% bloom, whereas regrowth from mature
pPlants from these same cultivars only required 23 to 28 days to
flower respectively. Late flowering may reduce the chance of the
plants to develops mature seed before the first killing frost in

this region.

4.5.5. Lodging

Alfalfa plants that produced tall, dense vegetative growth
as a result of cool moist conditions. This condition resulted in
lodging (Table 1). Lodging stimulated new shoot regrowth by
exposing the crown to light. These new shoots either flowered
very late in the season or did not flower at all. Therefore,
these new shoots did not contribute to seed production and they

may have negatively affected seed development in existing pods by
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influencing nutrient partitioning within the plant. Flowers and
developing pods on the lodged stems were shedded and caused a
reduction in potential sgitesgs for seed development.

Additionally, lodging may have led to decreased air
movement, increased humidity, decreased accessibility for
pollinating bees and decreased light penetration through the
canopy. These conditions have been reported to negatively
influence seed yield (Pederson et al., 1955, 1959; Plews, 1973).
Tysdal (1946) and Taylor et al. (1959) suggegted that excessive
lodging of alfalfa plants was a cause of low seed vields through
its effect on the micro-environment around individual plants.
Furthermore, Fick et al. (1988) reported that lodging can affect
photosynthesis and photosynthate partitioning through shading and
new regrowth. Stand lodging was not observed in 1993, therefore
it was not a contributing factor to low geed vields.

Clipping did influence (P<0.05) lodging of plants, with very
little lodging in the clipped treatments. These results are
particularly important because clipping not only reduces growth
of weeds, but reduced lodging could lead to increased seed yield.
Obviously though, clipping delays maturity so the potential
advantages from reduced lodging could be easily offset by the

delay in seed maturation.

4.5.6. Seed Yield and Seed Yield Components

Measurements of seed yield components such as:stems m* row,
racemes per stem, racemes m' of row, pods per raceme and seeds
per pod are often used as indicators of seed yield potential.

These components were particularly important indicators for seed
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yield potential in both years of this study sgince the adverse
environmental conditions negatively influenced pollination, seed
set, seed development, seed maturation and final seed vield. The
results from these experiments indicate that even the expression
of these seed yield components were limited under the conditions
of this experiment. Previous studies have shown that to develop
accurate seed yield predictors from seed yield components, it is
essential that alfalfa plants are grown under environmental
conditions that favour maximum potential seed vield (Rincker et

al., 1988; Smith and Bouton, 1988).

4.5.6.1. Number of stems m* row

There was no effect of seeding rate on the number of stems
m* of row in these experiments (Table 1 and 2). The initial
competition for light and nutrients among the plants established
at the high seeding rate may have led to some logs of plants.
This might have led to the two seeding rates to produce similar
number of stems per m'. In contrast, other research indicated
that seeding rate influenced the number of plants per unit area
or stems per unit area (Fick et al., 1988). Cultivars showed
similar ranking for seedling vigour and stem m™' in both years.
The higher stems m™* of row for the non-dormant cultivar CUF 101,

suggest that it had superior tillering ability to the other two

cultivars.
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4.5.6.2. Racemes stem' and racemes m' of row

Obviously, racemes stem™ and racemes m! of row are both
important componentg of final seed vield, but the environmental
conditions of 1992 and 1993 (Table 7, Appendix) limited the
predictive ability of either trait. By combining stems m™! row
and racemes stem* row the seed vield component of racemes m? ig
determined. This component may be the best predictor of seed
vield since it is a measure of racemes areal.

Although, CUF 101 had more stems m'! of row, it showed the
least number of racemes stem™ and racemes m' of row (Table 5 and
6). The higher stems m! of row could have caused crowding and
competition among the stems, thereby limiting racemes stem®. In
contrast to CUF 101, Cimarron VR tended to have a higher number
of racemes stem™ and per racemes m' of row. The number of
racemes stem’ was lower in this experiment (Table 5 and 6)
compared to the results of other researcherg (Pedersen et al.,
1959; Pedersen and Nye, 1962).

The low seeding rate tended to have higher number of racemes
stem™, but lower number of racemes m' of row (data not shown) .
The high seeding rate tended to have higher racemes m™*' with
Algonquin expressing the greatest differences between the two
seeding rates (Table 8). At Glenlea higher number of racemes m™?
in the high seeding rate did not translate into higher seed yield
and with the clipped treatment at Homewood the opposite was true
(Table 12). Traditionally, low seeding rates produce the highest
seed yields (Pedersen et al., 1959; Rincker et al., 1988; Plews,

1973).
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A decline in the number of racemes stem® and number of
racemes m™' of row were observed in both vears later in the season
(Table 5 and 6). These results suggest that stripping or
shedding of racemes (either with pods or flowers) must have
occurred. Thisg could have been caused by competition between the
racemes for nutrients, environmental factors like precipitation
and wind and or stresses due to lodging or flooding.

Flowering shedding and pod abortion is a phenomenon which
has been observed in other legumes. Flowers and maturing pods in
Vicia faba often abort because of competition for assimilate
between flowers, (McEwen, 1972). Flower and pod abortion also
occurs in the annual medicsg, where the potential size of the
photosynthetic sink at each node seems to dictate flower and pod

survival (Cocks, 1990).

4.5.6.3. Percentage of racemes that formed pods

The low percentage of racemes with pods for the clipped
treatments (Table 9) suggested that this treatment was not
degirable for seed yield in the yvear of egtablishment. The
results suggested that Algonquin was a better at converting
racemes into racemes with pods than the other cultivars (Table 5
and 6). This result may indicate that Algonquin is more adapted
to the cool environmental conditions that prevailed during both

growing seasons.
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4.5.6.4. Pods raceme' and seeds pod™*

Only a few racemes developed mature pods before harvest
during either year. Most of the pods were immature and had
underdeveloped seeds. The number of seeds pod?! (Table 1) was
much lower than thoge typically found in other study, ranging 2.1
to 6.4 (Pedersen et al., 1959; Teuber et al., 1984; Smith and
Bouton, 1989; Abu-Shakra et al., 1969). The results on sgeeds per
pod suggests that either ovules were not fertilized or seed did
not develop. Competition among seeds within each pod may have
reduced the total number of seeds produced in addition to the
effect of adverse environment and low pollination. Competition
among seeds within each pod was believed to have reduced the
total number of seeds produced by medics (Cocks, 1990). The
results from this research for pods raceme! (Table 1) were
similar to that reported earlier (Pedersen et al., 1959; aAbu-

Shakra et al., 1969).

4.5.6.5. Seed yield

Clipping delayed the onset of flowering, reduced the length
of the flowering period and delayed seed maturity. Clipping
apparently did not have a large effect on sgeed yield, with the
exception of the high seeding rate in 1993 (Table 12). However,
the extremely low seed yield in both years may bias any
interpretation made from these results. Although there is no
information available for alfalfa clipped during the year of
establishment, previous research involving clipping of an
established stand indicates that seed yield is reduced (Rincker

et al., 1988; Plews, 1973).
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The seed yields from these experiments were much lower 0.8
to 40 kg ha™* (Table 1 and 2) than the yvields reported by Ricker
(1976) at Prosgser, Washington, USA, of 214 kg ha?! for an
establishment year stand seeded at 1.12 kg ha*., Similar research
in Manitoba (Smith, 1992) also reported yields in the range of
197 kg ha™ to 418 kg ha™* from an establishment yvear stand seeded
at 3.4 kg ha'. Comparisons for seed vields with other studies
conducted in western Canada are difficult to make because seed is
traditionally not harvested during the year of establishment
(Moyer et al, 1991, Fairey and Lefkovitch, 1992). However, our
result was similar to seed yield obtained by commercial producers
in Manitoba. A survey conducted by Smith et al. (1993 and 1994)
showed that the corresponding longterm vield from commercial
field under current management in southern Manitoba was 261 kg
ha*, whereas a seed yield of 46 and 35 kg ha' was obtained in
1992 and 1993, respectively. Therefore, the prevailing
environmental conditions during the growing season, rather than
the production system might have affected the seed vield from our

experiments.

4.6. CONCLUSION
The effect of the experimental treatments (clipping, seeding
rate and cultivar) on seed yield and seed yvield components were
not fully expressed under the environmental conditions of this
experiment. There was no influence of clipping and seeding rate
on plant height (later in the growing season), flowering
bercentage, number of racemes stem?, number of racemes m' of row

and number of pods per raceme. Clipping reduced lodging, but did
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not affect seed yields. However, clipping is not recommended in
an establishment year seed production system because it delays
maturity by about 1 to 2 weeks. Flowering percentage and racemes
per m' of row were higher for Cimarron VR than CUF 101 and
Algonquin. Cool temperatures and lodging in 1992 and excessive
moigture and flooding in 1993, coupled with low alfalfa
leafcutting bee activity in both years, were major seed yield
limiting factors. Establighment year seed production is a
associated with a higher degree of risk, since the flowering date
is later than for established stands resulting in a shorter
period frost-free for pod set and seed development. The seed
yvield obtained was low in both years. This research will provide
basic information on the agronomic requirements of an
establishment-year-seed crop. However, the seed vield obtained
wag similar to that from established fields suggesting that other
factors beside the production system affected the results. The
main factor was the prevailing environmental conditionsg during

both the growing season.
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Figure 1. Plant height of alfalfa averaged over location
(Homewood and Glenlea) and treatment (clipping, seeding rate and
cultivar) when grown for establishment year seed production in
southern Manitoba in 1992 and 1993.
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Plant height (cm)
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Figure 2. Plant height of three alfalfa cultivars averaged over
locations (Homewood and Glenlea) and treatments (clipping and
seeding rate) when grown for establishment year seed production
in southern Manitoba in 1992. Within series (weeks after
planting), means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<
0.05).
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Plant height (cm)
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BB Algonquin 777} Cimarron VR |

Figure 3. Plant height of three alfalfa cultivars averaged over
locations (Homewood and Glenlea) and treatments (clipping and
seeding rate) when grown for establishment year seed production
in southern Manitoba in 1993. Within series (weeks after
planting), means followed by the same letter are not
significantly different based on Fisher'’s protected LSD (p<
0.05).




156

Table 1. Seed yield and seed yield components and agronomic
traits of three alfalfa cultivars (CV) grown for establishment
year seed production at Glenlea and Homewood in southern Manitoba
in 1992.

Agronomic traits

cv+t Seed Pods Seeds Lodging Seedling stems m?
Yield raceme™ pod 't score§ vigourq of row
-kg/ha-- ---no.,----—=—-=- no.-- ----gcore 1-5 --—- -~ no.--
ALG 40a# 8a 0.2a 1.8a 2.7a 44a
CVR 30a 8a 0.2a 1.6a 3.4a 49a
CUF 39a Ta 0.2a 1.9a 4.3a 54a

t Cultivar (CV) were: Algonquin (ALG), Cimarron VR (CVR), and
CUF 101 (CUF).

¥ The extremely low number of seeds per pod abnormal and due to
poor pollination and seed development.

§ Score: 1= all stems vertical to 5= all stems on the ground.

9 Score: 1= low vigorous plants to 5= very vigorous plants.

# Within traits, means followed by the same letter are not
significantly different based on Fisher'’s protected LSD (P<0.05).
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Table 2. Seed yield and agronomic traitgs of three alfalfa
cultivars (CV) grown for establishment year seed production at
Glenlea and Homewood in southern Manitoba in 1993.

Agronomic traits

Cultivar Seed yieldt Seedling wvigour stem m™?
---kg ha™* --- = - Score} --- ---- no.----
Algonguin 1.0a8§ 3.0c 55¢
Cimarron VR 1.0a 3.7b 66b
CUF 101 0.8a 4, 6a T4a

t Seed yield was obtained from the Glenlea site only.

¥ Seedling vigour score: 1= low vigorous plants to 5= very
vigorous plants.

§ Within traits, means followed by the same letter are not
significantly different based on Fisgher’s protected LSD (P<0.05).
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Table 3. Flowering percentage (%) for three alfalfa cultivars
grown for establishment year seed production at Homewood and
Glenlea in southern Manitoba in 1992.

Sampling dates

Cultivar 24 July 28 July 5 August
____________________ % t mmmmmmm e
Algonquin 8at lé6c 27¢c
Cimarron VR l4a 28a 44a
CUF 101 12a 20b 36b

t Flowering % was determined as a visual estimation of the
fraction of alfalfa stems with at least one open flower, within a
sub-sub-plot.

+ Within dates, means followed by the same letter are not
significantly different baged on Fisher’s protected LSD (P<0.05).



Table 4. Flowering percentage score (%) for three alfalfa
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cultivars with and without clipping treatment on two dates at
Homewood and Glenlea in southern Manitoba in 1992.

Cultivar
Date Location Treatment Algonguin Cimarron VR CUF 101
__________________ % mmm e
24/7 Glenlea Unclipped 6a 13a 10a
Clipped O0a Oa Oa
Homewood Unclipped 24b 43a 38a
Clipped la la Oa
5/8 Glenlea Unclipped 34b 64a 42b
Clipped 7b 13a l6a
Homewood Unclipped 45b 64a 58a
Clipped 21b 33a 28a

+ Within dates and clipping treatments, means followed by the
same letter are not significantly different based on Fisher’s
protected LSD (P<0.05).
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Table 5. The number of racemes ber stem, number of racemes per
metre of row and percentage of racemes with pods for three
alfalfa cultivars grown for establishment vear seed production at
Homewood and Glenlea in southern Manitoba in 1992.

Sampling dates

Cultivar 18 August 31 August 16 September 2 October

———————————————————— racemes stem™ # -------e—m______

Algonquin 6at 12b 10a 7a
Cimarron VR 8a 15a 13a 8a
CUF 101 5a 10b 8a 5a

—————————————— racemes per nmetre of row § -—------m---o

Algonguin 259a 553b 458a 331a
Cimarron VR 313a 65%a 533a 357a
CUF 101 275a 543b 411a 276a

—————————— bercentage of racemes with pod -----—-———--_

Algonquin 34a 54a 78a 98a
Cimarron VR 33a 52a 70a 96a
CUr 101 31b 47a 6la 98a

t Racemes stem™ were determined by averaging the total number of
racemes counted from 15 randomly selected stems per plot.

¥ Within dates, means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<L0.05).
§ Racemes per metre of row was determined by the number of
racemes m' by number of stems m' of row.
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Table 6. The number of racemes per stem, number of racemes per
metre of row and percentage of racemes with pods for three
alfalfa cultivars grown for establishment yvear seed production at
Homewood and Glenlea in southern Manitoba in 1993.

Sampling date

Cultivar 18 August 31 August 23 September

———————————————————— racemes stem’ f --------mo___

Algonquin 3at 6a 5a

Cimarron VR 5a Ta 5a

CUF 101 3a 4a 3b
———————————— racemes per metre of row § ~-----—--u-_

Algonqguin 183a 337a 271b

Cimarron VR 337a 446a 347a

CUF 101 219%a 269%a 242b
—————————— percentage of racemes with pod------——--

Algonqguin 27a 48a 66a

Cimarron VR 22a 36b 34b

CUF 101 l4a 17b 13c

t Racemes stem™* were determined by averaging the total number of
racemes counted from 15 randomly selected stems per plot.

$} Within dates, means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<£0.05).
§ Racemes per metre of row was a product of racemes m! multiplied
by the number of stems m! of row.
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Table 7. The number of racemes per stem for three alfalfa
cultivars with and without a clipping treatment on 23 September,
1993 at Homewood and Glenlea in southern Manitoba in 1993.

Cultivar

Location Treatment Algonguin Cimarron VR CUF 101

————————————— racemes stem™’ ------—--__

Glenlea Unclipped 6.0at 5.0a 3.0b
Clipped 3.8b 5.2a 3.0b
Homewood Unclipped 4.0b 6.0a 3.0b
Clipped 4.0a 4.0a 3.0a

t Within location and treatment, means followed by the game
letter are not significantly different based on Fisher’s
brotected LSD (P<L0.05).
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Table 8. The number of racemes m' of row at two seeding rates of
alfalfa grown for seed production in the establishment year on 31
August, 1993 at Homewood and Glenlea in southern Manitoba.

Cultivar

Seeding Rate Algonqguin Cimarron VR CUF 101

—————————————— racemes m,; of row ----------
Low (1.12 kg ha™) 230bt 437a 260b

High (3.36 kg ha™) 427a 501a 279b

t Within seeding rate, means followed by the same letter are not
significantly different based on Fisher’s protected LSD (P<0.05).
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Table 9. The percentage of racemes with pods for different dates
and clipping treatmentsg of alfalfa grown for seed production in
the year of establishment at Homewood and Glenlea in southern
Manitoba.

Clipping treatments

Dates Unclipped Clipped
18 August 1992 35at¢t 30a
31 August 1992 54a 48a
16 September 1992 76a 64b
2 October 1992 98a 96b
18 August 1993 24a 19a
31 August 1993 39%a 28a
23 September 1993 45a 29%a

t Within dates, means followed by the same letter are not
significantly different based on Fisgher’s protected LSD (P<0.05).



Table 10. The percentage of racemes with pods per stem for

different dates, clipping treatments and seeding rates of alfalfa
grown for seed production in the vear of establishment at

Homewood and Glenlea in southern Manitoba.

Date Location Treatment

Seeding rates

1.12 kg ha™

3.36 kg ha™

18/8/92 G@Glenlea Unclipped
Clipped

Homewood Unclipped
Clipped

16/9/92 Glenlea Unclipped
Clipped

Homewood Unclipped
Clipped

34at
24a

36a
29%a

75a
55a

76a
67a

30a
34a

42a
34a

67b
63a

83a
70a

t Within dates, location, and treatment, means followed by the

same letter are not significantly different based on Fisher’s

Drotected LSD (P<0.05).
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Table 11. The percentage of racemes with pods per stem for
seeding rate and cultivar of alfalfa grown for seed production
in the establishment year on 31 August, 1993 at Homewood and
Glenlea in southern Manitoba.

Cultivar
Seeding Rate Algonguin Cimarron VR CUF 101
_____________________ % mmm e m
Low (1.12 kg ha'') 66at 35b 19¢
High (3.36 kg ha™) 66a 32b 8c

t Within seeding rate, means followed by the same letter are not
gignificantly different based on Fisher’s protected LSD (P<0.05).
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Table 12. Seed yield for clipping treatment and seeding rate of
alfalfa grown for establishment vyear seed production at Homewood

and Glenlea in southern Manitoba in 1992.

Seeding rates

Location Treatments 1.12 kg ha™* 3.36 kg ha™
———————————————— kg ha™ -=---mee__
Glenlea Unclipped 18art 15a
Clipped l4a lla
Homewood Unclipped 64a 64a
Clipped 65a 35b

t Within location and treatment, means followed by the same
letter are not significantly different based on Fisher'’s

protected LSD (P£0.05).
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5. GENERAL: SUMMARY AND CONCLUSIONS

The working hypothesis of this study was that alfalfa seed
production in the establishment year is possible in western
Canada and that substantial quantities of N, are fixed during the
reproductive phase. The specific objectives of this research
were as follows: 1) to compare seed yield and dry matter
productions of non-dormant, moderately dormant and early fall
dormant cultivars during the establishment year, 2) to determine
the effect of seeding rate and clipping management on alfalfa
seed yield and seed yield components during the establishment
year, 3) to determine how cultivar, plant density and stage of
plant development affect N, fixation in a seedling year stand of
alfalfa.

Although seeding rate did not influence flowering
percentage, lodging, and seedling vigour the higher seeding rate
wag detrimental to seed yield and in addition resulted in shorter
plants. The non-dormant cultivars (CUF 101 and Nitro) ranked
highest for seedling vigour and lodging and were followed by
Algonquin, Saranac, and Saranac-In. Lodging apparently
contributed to decreased seed yields in 1992, as indicated by
cultivar ranking for seed yield with Algonquin and Saranac
vielding higher than Nitro, CUF 101 and Saranac-In.

Seeding rate only influenced dry matter, N vield, and
symbiotic N,-fixed at a few sampling dates. However, dry matter,
N yield and symbiotic N,-fixed tended to be higher for the high
seeding rate than the low seeding rate at all growth stages.
There were no consistent cultivar differences for measured traits

over the growing season. Surprisingly, the non-dormant cultivars
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had no higher fall dry matter yield than other cultivars in
stands managed for seed production during establishment year.

In 1992, the total (herbage and roots plus crowns) %Ndfa was
37%, 42%, 37%, 43% for late vegetative, 10% to 20% bloom, 50% to
full bloom and mature seed stage, respectively. Whereasg, in
1993, the total %Ndfa was 38%, 49%, 60%, 59% for late vegetative,
10% to 20% bloom, 50% to full bloom and mature seed stage,
respectively. 1In 1992, averaged over treatmentg the
corregponding total symbiotic N,-fixed was 23 kg N ha™?, 64 kg N
ha™?, 54 kg N ha™, and 74 kg N ha® for late vegetative, 10% to
20% bloom, 50% to full bloom and mature seed stage, respectively.
Whereas, in 1993, the total symbiotic N, fixed was 23 kg N ha™?®,
35 kg N ha™’, 67 kg N ha?, and 70 kg N ha? for late vegetative,
10% to 20% bloom, 50% to full bloom and mature seed stage
respectively.

Lodging, flooding stress and new shoot regrowth from the
crown affected seed yield, dry matter yvield, N yield, and
symbiotic N,-fixation in these experiments. The root plus crown
dry matter yield and N yield are components of an alfalfa sgeed
stand available for fall incorporation. Therefore, this research
indicated that 1,674 to 2,320 kg ha™? dry matter and 41 to 59.6 kg
ha™ of N (of which 28 to 33 kg ha* was from symbiotically fixed
N, ) was available for fall incorporation and production of
subsequent crops.

Generally, there is yield and nitrogen response from érop
production when the preceding crop was alfalfa in comparison to a
non-leguminous crop. However, these research results did not

show differences in wheat straw dry matter yield, N yield, and
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grain yield when wheat was grown on plots following alfalfa grown
for seed production.

Thig research will be the first published information on N,-
fixation in alfalfa during seed production. During 1992 and
1993, alfalfa seed yields were very low in our research plots and
in commercial seed fields using conventional management.
Therefore, extrapolation of these results to a "normal" year may
be difficult, but thig research provides important basic
information on N,~-fixation during seed development in alfalfa.
This research will alsgo be helpful in determining the N
contribution of an alfalfa seed crop for rotations and in
determining the influence of stand density and cultivar on N,-
fixation.

Measurements of seed yield components were used as an
indicator of geed yield potential. This was particularly
important in both years of this study since the environmental
conditions directly influenced seed set, seed development and
maturation and final seed yield. The morphological traits
evaluated were chosen by their potential relationship to seed
yvield. The results of these experiments are in agreement with
previous studies that to develop accurate seed yield predictors,
it is essential that alfalfa pPlants are grown under environmental
conditions that favour maximum potential seed yield (Rincker et
al., 1988; Smith and Bouton, 1988) and these conditions were not
obtained in Southern Manitoba in 1992 or 1993.

There was no influence of clipping and seeding rate on plant
height (later in the growing season), flowering percentage,

number of racemes stem!, number of racemeg m' of row and number
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of pods per raceme. Clipping reduced lodging, delayed maturity
by about 1 to 2 weeks, but did not affect the seed vields.
Flowering percentage and racemes per m' of row were higher for
Cimarron VR than CUF 101 and Algonquin. Cool temperatures and
lodging in 1992 and excegsive moisture and flooding in 1993,
coupled with low alfalfa leafcutting bee activity in both years
were major seed yield limiting factors. Establishment-year seed
production is associated with a higher degree of risk, since the
flowering date is later than for established stands resulting in
a shorter frost free period for pod set and seed development.
Cool temperature, lodging and subsequent regrowth in 1992 and
excessive moisture and flooding in 1993 coupled with low alfalfa
leafcutting bee activity in both years were major seed yield
limiting factors.

In conclusion, the geed yield obtained from these
experimentsg in 1992 and 1993 was disappointing. This research
will provide basic information on the agronomic requirements of
an establishment-year-seed crop. However, the seed yvield
obtained was similar to that from established stands in Manitoba,
suggesting that other factors beside the production system
affected the results. The main factor was the prevailing

environmental conditions during both the growing seagon.
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7. Appendix

Nitrogen Fixation and Dry Matter Production During Seed
Production in the Establishment Year
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Table 1. Dry matter production by alfalfa (averaged over seeding
rates and cultivars) at different growth stages (GS) when grown
for establishment year seed production at Glenlea and Homewood in
southern Manitoba in 1992 and 1993.

Year Location GSt Root+crown DM Herbage DM Total DM
[ kg hat ---eceem -

1992 G@Glenlea Lv 478 1186 1664
%B 1444 3600 3918

F%B 1668 3166 4834

Seed 2240 3180 5420

Homewood LV 357 1359 1716

%B 1203 2716 5044

F%B 2050 3730 5780

Seed 2399 3354 5720

1993 Glenlea LV 587 880 1467
T%B 755 1281 2036

F%B 1348 2454 3802

Seed 1701 2235 3936

Homewood Lv 572 838 1410

%B 911 1732 2643

%B 1315 2278 3594

Seed 1745 2475 4219

t Growth stages are as follows: LV-late vegetative, T%B-10 to 20
% bloom, F%B-50% to full bloom and Seed-mature seed stage.
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Table 2. Total N yield by alfalfa (averaged over seeding rates
and cultivars) at different growth stages when grown for
egstablishment year geed production at Glenlea and Homewood in
southern Manitoba in 1992 and 1993.

Year Location GS+t Root+crown N Herbage N Total N
——————————————— kg N ha? ——commme

1992 G@lenlea Lv 11 32 42

%B 39 107 145

F%B 40 72 113

Seedi 59 75 134

Homewood LV 8 55 62

%B 32 83 115

%B 60 103 163

Seedi 60 83 143

1993 @Glenlea Lv 13 36 49

T%B 16 41 57

F%B 26 74 99

Seed 43 60 100

Homewood Lv 13 31 44

%B 17 47 62

F%B 24 56 80

Seed 42 60 102

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.
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Table 3. Total (herbage and root plus crown) percentage nitrogen
derived from atmosphere (%Ndfa) of four alfalfa cultivars
(averaged over location and seeding rates) at different growth
stages when grown for establishment vear seed production at
Glenlea and Homewood in southern Manitoba in 1992 and 1993.

Growth stagest

Year Cultivars Lv T%B » F%B Seed
————————————————————— kg hat=--mmmomme
1992 Algonquin 30at 41a 37a 38a
Saranac 47a 39a 41a 40a
Nitro 37a 46a 34a 4%a
CUF 101 35a 43a 35a 45a
CV (%)§ 42 44 38 42
1993 Algonquin 35at 48a 60a 62a
Saranac 36a 58a 6d4a 56a
Nitro 43a 39%a 56a 60a
CUF 101 38a 49a 5%a 62a
CV (%) 36 28 27 23

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a column (growth stage) in a year, means followed by the
same letter are not gsignificantly different based on Fisher’s
brotected LSD (P< 0.05).

§ Coefficient of variation (%).
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Table 4. Total (herbage and root plus crown) and root plus crown
N,-fixed (kg N ha™') of alfalfa for different growth stages when
grown at two seeding rates (SR) during establishment vear seed
production at Glenlea and Homewood in southern Manitoba in 1992
and 1993.

Growth stagest

Year SRt Lv T%B F%B Seed

Total (herbage and root plus crown) N.-fixed

———————————————————— kg N hat---mmom oo
1992 High 27.6a8§ 60.5a 59.7a 67.2a
Low 16.9b 66.3a 47 .9a 78.9a
1993 High 31.2a 37.8a 65.9a 78.5a
Low 14.1a 32.3a 66.3a 62.4a

——————————————————— kg N ha "--mommmmme e
1992 High 6.8a 22.9a 28.6a 35.1a
Low 3.2a 22.4a 17 .2a 31.3a
1993 High 8.0a 10.9a 15.8a 28.9a
Low 4.3a 8.9a 17.1a 27 .4a

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

f Seeding rates (SR) are: High (16.8 kg ha) and Low (3.36 kg ha"
).

§ Within a column (growth stage) in a yvear, and for each trait
measured, means followed by the same letter are not significantly
different based on Fisher’s protected LSD (P< 0.05).
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Table 5. Total (herbage and root plus crown) N,-fixed (kg N ha™l)

of four alfalfa cultivars (averaged over location and seeding

rates) at different growth stages when grown for establishment
vear seed production at Glenlea and Homewood in southern Manitoba

in 1992 and 1993.

Growth stagest

Year Cultivars LV T%B F%B Seed
—————————————————————— kg ha™----ommom
1992 Algonquin 15at 65a 55a 53a
Saranac 22a 57a 63a 73a
Nitro 31la 70a 48a 88a
CUF 101 22a 62a 50a 79a

CV (%)§ 67 68 66 61
1993 Algonquin 22at 37a T7la 76a
Saranac 21la 45a 75a 71a
Nitro 29%a 28a 6la 67a
CUF 101 19%a 30a 5%a 66a

CV (%) 47 35 46 25

t Growth stages are as follows: LV=late vegetative,

%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

¥ Within a column (growth stage) ina year, means followed by the

same letter are not significantly different based on Fisher’s

protected LSD (P< 0.05).
§ Coefficient of variation (%).
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Table 6. Root plus crown) N,-fixed (kg N ha') of four alfalfa
cultivars (averaged over location and seeding rates) at different
growth stages when grown for establishment yvear seed production
at Glenlea and Homewood in southern Manitoba in 1992 and 1993.

Growth stagest

Year Cultivars LV T%B F%B Seed
————————————————————— kg hatemmmm e
1992 Algonquin 3at ld4a 20a 26a
Saranac 5a 17a 22a 35a
Nitro Ta 31la 23a 36a
CUF 101 5a 28a 26a 36a

CV (%)8§ 62 60 86 62
1993 Algonguin 5at 8a 15a 30a
Saranac 5a 12a 18a 27a
Nitro 8a 9a 17a 3la
CUF 101 6a lla 16a 24a

CVv (%) 51 35 59 42

t Growth stages are as follows: LV=late vegetative, T%B=10 to 20
% bloom, F%B=50% to full bloom and Seed=mature seed stage.

t Within a column (growth stage) in a vear, means followed by the
same letter are not significantly different based on Fisher’s
protected LSD (PL 0.05).

§ Coefficient of variation (%).
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Monthly precipitation and mean temperature (long term

averages [LTA (1967 to 1991), 1992, and 1993] for the growing

season at Glenlea, Manitobat.
Yeart
Month LTA (1967 to 1991) 1992 1993
Average monthly temperature (°C)
May 12.0 13.2 11.3
June 16.7 15.1 15.1
July 19.4 15.2 17.5
August 17.7 16.3 17.6
September 12.7 11.4 10.4
October 4.8 4.6 2.9
Total monthly precipitation (mm)

May 57.8 26.4 41.0
June 95.9 98.4 72.8
July 72.2 95.8 246.0
August 59.7 68.0 160.0
September 54.5 70.4 31.8
October 39.3 3.8 39.8

t Complete data was not available for Homewood, Manitoba (the

other site for the experiment), however precipitation data was
obtained for months of July (228 mm), August
(70 mm), and September (4 mm) from a data logger placed on the
experimental plots.
+ Data obtained from Environmental Canada



