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ABSTRACT

THE RELATIONSHIP BETWEEN PLANT MATURITY AND FORAGE
QUALITY IN ALFALFA-GRASS MIXTURES

By

Eric Spandl

Research was conducted to determine effects of including grass with alfalfa
(Medicago sativa L.) on forage yield, quality, alfalfa chemical composition and stem
characteristics, and to define an index for .predicting forage quality of mixtures
which could be used in determining quality-maturity relationships. Alfalfa was
seeded alone and in mixture with bromegrass (Bromus inermus Leyss.) and timothy
(Phleum pratense L.). Addition of grass to alfalfa reduced forage quality in spring,
with little or no reduction of forage quality in summer regrowth. With few
exceptions, dry matter yields, alfalfa chemical composition and stem characteristics
were not altered by addition of grass. A relative maturity index (RMI) was
developed to predict forage quality of mixtures. Using the RMI, it was determined
that forage quality-maturity relationships of mixtures follow similar trends to those
of pure alfalfa. A producers maturity index (PMI), requiring minimal time to

calculate, was developed to predict forage quality of mixtures.
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PREFACE

Chapters one and two of this thesis are written in the style required for
publication in the Agronomy Journal.
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CHAPTER ONE
COMPARING ALFALFA AND ALFALFA-GRASS MIXTURES FOR
FORAGE QUALITY AND YIELD
ABSTRACT

There has been little research on the impact of growing grass in association
with alfalfa (Medicago sativa L.) when benefits such as reduced pest damage were
considered. Research was conducted to determine if including a small amount of
perennial grass in mixture with alfalfa would have an effect on forage quality, yield,
alfalfa chemical composition, or alfalfa stem characteristics. Alfalfa was seeded
alone and in mixture with bromegrass (Bromus inermus Leyss.) and timothy
(Phleum pratense L.) in the summer of 1990. Samples were taken on a regular basis
and forage quality parameters of crude protein (CP), acid detergent fiber (ADF),
neutral detergent fiber (NDF), and relative feed value (RFV) were determined.
Including grass in mixture with alfalfa resulted in lower forage quality in spring
growth. There were few differences in forage quality parameters among treatments
in summer growth. Few differences were observed among treatments in dry matter
or crude protein yield. Alfalfa quality, maturity, and stem characteristics were not
affected by growing in mixture with bromegrass or timothy. Although forage
quality in spring growth was reduced, other benefits of alfalfa-grass mixtures such as

increased pest control may outweigh the potential decrease in quality.






INTRODUCTION

Including a small amount of grass in mixture with alfalfa (Medicago sativa
L.) has not been a commonly used procedure in recent years. Planting alfalfa in
pure stands to produce high forage yield and quality has been the accepted practice.
Seeding with a companion crop is a declining practice (Peters and Linscott, 1988)
and less than 20 percent of new seedings include a mixture of alfalfa with other
perennial species (Tesar and Marble, 1988). Use of alfalfa-grass mixtures has
declined over the years due to higher alfalfa yield and quality goals, pesticide
availability, crop value and use, and the greater difficulty in managing alfalfa-grass
mixtures. Alfalfa-grass mixtures have potential advantages compared to pure stands
of alfalfa including: 1) reduced insect damage, 2) increased yield, 3) extended stand
life, 4) enhanced weed control, 5) increased ground cover and erosion control, and
6) more efficient use of nutrients.

Including grass in mixture with alfalfa may alter the behavior of the key pests
in alfalfa, alfalfa weevil (Hypera postica Gyllenhall) and potato leafhopper
(Empoasca fabae Harris), resulting in lower insect populations and reduced crop
damage. Alfalfa weevil is primarily a pest of first cutting alfalfa in the North
Central region (Day, 1981) while potato leafhopper occurs mostly in second and

third cuttings (Landis, 1993). Infestations by these two pests have been associated
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with reduced crude protein concentration (CP) in alfalfa (Walstrom et al., 1970;

Hower and Byers, 1977, Wilson et al., 1979; Cuperus et al., 1983). Leafhopper
damage may result in severe CP loss as alfalfa reaches maturity (Shaw and Wilson,
1986). Coggins (1991) and Coggins and Landis (in prep) found that grass in
mixture with alfalfa reduced pest populations and damage. However, the proportion
of grass necessary to influence the insects may have a negative impact on forage
yield or quality.

Mixtures of alfalfa and grass may provide similar or greater yields than
alfalfa seeded alone (Ahlgren and Burcalow, 1950; Chamblee, 1958; Smith, 1960;
Chamblee and Collins, 1988; Sheaffer et al., 1990). McCloud and Mott (1953)
reported that yields from alfalfa-grass mixtures were from S to 66 percent greater
than yields of pure alfalfa stands. Although yields of mixtures may be much greater
than yields of pure alfalfa stands, the reported increases commonly have been in the
range of 10 to 15 percent (Chamblee, 1972). However, some researchers have found
no difference in yields among pure alfalfa and alfalfa-grass mixtures (Wilsie, 1974,
Tesar and Marble, 1988; Mooso and Wedin, 1990). In a review of literature,
Chamblee (1972) stated that many research reports expressed no yield advantage for
mixtures.

Alfalfa-grass mixtures have the potential to increase stand life. As alfalfa
stands age, plant density decreases (Meyer and Bolger, 1983). Triplett et al. (1977)
found that alfalfa had a limited capacity to expand into areas vacated by other plants.
In the alfalfa-grass mixtures, as alfalfa plant density decreases, grass plant density

tends to increase, thus extending the life of the stand.
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Alfalfa-grass mixtures may also provide enhanced weed control. It is well
documented that weeds in alfalfa stands are detrimental to alfalfa yields (Wakefield
and Skaland, 1965; Robinson et al.,, 1978; Wilson, 1981; Schmidt, 1991). However,
total forage yield (alfalfa and weeds) may be unchanged as a result of weed presence
(Kapusta, 1973). Although certain weeds, such as dandelion (7araxacum officinale
Weber) may have comparable quality to alfalfa (Sheaffer and Wyse, 1982), weed
content in forages is usually negatively correlated with quality (Cords, 1973).
Grasses in mixture with alfalfa may help prevent weed invasion (Chamblee, 1972,
Drolsom and Smith, 1976; Sollenberger et al., 1984; Casler and Walgenbach, 1990).
Subsequent benefits of reduced weed population may be seen in a reduced weed
seed bank, increased palatability, and decreased drying time of forages (Kapusta and
Streiker, 1975; Dutt et al., 1982; Doll, 1984).

Greater ground cover and increased control of soil erosion may also be
benefits of including grass with alfalfa. Heath et al. (1985) found that timothy
(Phleum pratense L.), which is a non-competitive grass, in mixture with alfalfa, will
increase total ground cover without decreasing alfalfa yield or persistence. Including
grass in mixture with alfalfa may reduce erosion since grasses have a fibrous root
system in the upper soil horizon. Tesar and Jackobs (1972) stated that grass roots
resist erosion better than do alfalfa roots and that grass should be included with
alfalfa when erosion is likely to occur.

Alfalfa and grasses grown in mixtures may also be advantageous in other
aspects. The mixtures have potential to make more efficient use of nutrients.

Increased grass growth resulting from nitrogen (N) fixation by alfalfa is an example
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of efficient nutrient use. Root excretion of N and decomposition of dead nodules
and roots could be the method of N transfer from alfalfa to grass (Tesar, 1974).
Craig et al. (1981) found that grasses increased the specific nodule activity of alfalfa
grown in mixture with grasses. This agrees with Ta and Faris (1987a,b) who
determined that the N transfer increased up to 13 kg ha™ and that N content of
timothy increased up to 50 percent when timothy was grown with alfalfa compared
to timothy grown alone. Increasing the number of harvests and a greater proportion
of alfalfa in the mixture increased the N transfer activity between alfalfa and timothy
up to 30 percent. The increase in available N stimulates grass growth and may add
to the N content of the grass which is a direct indicator of CP. Parsons (1958)
found that N applied as fertilizer increased the CP of bromegrass (Bromus inermus
Leyss.), orchardgrass (Dactylis glomerata L.), and timothy while CP in alfalfa was
unchanged.

Other advantages of alfalfa-grass mixtures may include decreased field drying
time and reduced rain penetration of bales when stored outside (Miller, 1984; Heath
et al,, 1985). Grass inclusion also may help reduce frost heaving and winter injury
of the legume (Smith, 1960).

There are also certain disadvantages to growing alfalfa and grasses in
combination. Potential disadvantages include: 1) a reduction in forage quality, 2) an
increase in management needs, and 3) competition between the grass and legume
components.

Including grass in mixture with alfalfa may result in lower forage quality than

that of pure alfalfa due to a faster rate of maturation of the grass component. Since
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grasses mature faster than alfalfa, earlier harvest may be required to maintain high
quality. Optimal yield and quality in alfalfa may be attained by harvesting at bud to
one-tenth bloom. However, by this time grass may already be in the flowering stage
and quality will be reduced (Tesar and Jackobs, 1972). The extent to which forage
quality is reduced may be determined by the proportion of grass in total forage
yield. Sheaffer et al. (1990) found that in Minnesota, alfalfa-orchardgrass mixtures
in 2- and 3-cut schedules had higher CP and in vitro dry matter digestibility
(IVDMD) than alfalfa-bromegrass mixtures. However, in 4-cut schedules, the
alfalfa-bromegrass combination was higher in CP and IVDMD. Neutral detergent
fiber (NDF) was greater and thus quality was lower for alfalfa-bromegrass in all
cutting schedules. In the 3-cut system, CP was highest and NDF was lowest for
pure alfalfa. Reich and Casler (1985) also found that NDF and acid detergent fiber
(ADF) were 10 to 15 g kg™ higher in an alfalfa-bromegrass mixture when compared
to pure alfalfa.

Alfalfa-grass mixtures may require a higher level of management than do
pure-seeded alfalfa stands. Most often, mixtures are managed using methods
developed for alfalfa monocultures (Smith et al., 1986). Yield, quality, and
persistence are functions of the variety selected, seeding rate, physical and chemical
soil features, environment, and harvest procedures. The harvest procedures, which
are the most critical factors in management after the seeding has been established,
include: 1) time of initial (1st) and subsequent harvests, and 2) cutting height and
frequency. Harvesting before adequate carbohydrates have been stored is especially

limiting for regrowth of alfalfa, bromegrass, and timothy. For bromegrass and
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timothy, early cutting during stem elongation precedes development of new tillers or
basal buds (Kunelius et al., 1974; Heath et al., 1985) and regrowth must come from
buds which are much lower or underground. Harvest of regrowth, based on an
alfalfa schedule of approximately 35 days between consecutive cuttings, may
(depending on the environment) occur before grass tillers are fully developed and
will reduce aftermath yield and persistence of the grass component (Rhykerd et al.,
1967, Chamblee, 1972).

Height of cutting has also been found to affect stand persistence. Increasing
cutting height of bromegrass from 4 to 10 cm increased stand persistence (Marten
and Hovin, 1980). Smith et al. (1973) determined that the annual number of
cuttings and stubble height had a greater effect on mixtures of alfalfa with
bromegrass or timothy than on mixtures of alfalfa with orchardgrass or reed
canarygrass (Phalaris arundinacea L.). Mixtures with bromegrass or timothy were
most severely affected in stands with 4 cm cutting height and 3 cuttings per year.

Another disadvantage of including grass with alfalfa may be competition for
resources of nutrients, water, and light. Competition for limited resources may
reduce yield, quality, and persistence of the mixtures. Therefore, it is important to
consider the legume’s or grasses’ competitive ability and specific environmental or
nutrient requirements when seeding grass with alfalfa.

The extent to which competition occurs between the components of the
alfalfa-grass mixture for soil nutrients depends on the individual species. When
vying for nutrients, grass components may be quite competitive and become the

dominant species. This often occurs when N is added to a mixture containing
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orchardgrass (Hamilton et al.,, 1969; Sheaffer et al., 1990). Competition for

potassium (K) is important since it may be a limiting factor in legume vigor and
survival. Lack of K in the soil favors growth of grass due to its fibrous root system
and profile (Jung and Baker, 1984). Grasses have a tendency to take up a greater
share of the available K when grown in mixtures with legumes which may account
for suppressive effects on legumes (Rhykerd et al., 1967; Chamblee, 1972). When
phosphorus is limiting, alfalfa is favored due to the deeper root development.

Competition between alfalfa and grass for soil water may or may not be
important. Since the rooting profile of alfalfa and grasses are different, use of soil
water in the upper horizon should favor the grass. However, Chamblee (1958)
found that in a mixed stand, under favorable conditions, alfalfa and orchardgrass
used approximately the same amount of water from the upper horizon (30 cm). Soil
water in the lower horizons was depleted to a greater degree by alfalfa. Limiting
soil water in the upper horizon favors deep-rooted alfalfa.

Alfalfa and grass will also compete for light, which may be a critically
limiting growth factor for either species. Alfalfa in mixtures with grass is more
likely to be adversely affected by light competition than are the grasses which
require less light for full growth. The light saturation point for orchardgrass is
reached at approximately 40 percent of the maximum light intensity of alfalfa
(Blackman and Black, 1959). Experiments by Jung and Baker (1984) showed
orchardgrass to be shade-tolerant, exhibiting normal photosynthetic rates at only 30

percent of full sunlight.
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Seeding a small amount of perennial grass in mixture with alfalfa may
provide benefits to the producer without sacrificing quality or yield. Little research
has been done to associate the impact of grass on forage quality and yield when
other benefits, such as reduced pest damage, are considered.

Objectives of this research were to determine if including grass in mixture
with alfalfa had a significant effect on: 1) forage quality, 2) forage yield, and 3)

alfalfa quality, maturity, and stem characteristics.

MATERIALS and METHODS

Field experiments were established in the summer of 1990 at the Michigan
State University Botany farm (MSU) in East Lansing, Michigan on a Capac loam
soil (fine-loamy, mixed, mesic Aeric Ochraqualfs) and at the Kellogg Biological
Station (KBS) in Hickory Corners, Michigan on an Oshtemo sandy loam soil
(coarse-loamy, mixed, mesic Typic Hapludalf). No fertilizer was applied to either
site prior to seeding because soil tests did not call for fertilizer additions.

The MSU location was prepared by applying bentazon [3-(1-methylethyl)-
(1H)-2,1,3-benzothiadiazin-4(3H)-one 2,2-dioxide] at 1.12 kg a.i. ha™ with crop oil
at 0.383 1 ha” in June to control yellow nutsedge (Cyperus esculentus L.)(Table Al).
Glyphosate [N-(phosphonomethyl) glycine] was applied at 1.68 kg a.i. ha' in early
August prior to tillage to control quackgrass (Elytrigia repens Nevski). Seedbed
preparation included moldboard plowing, disking twice, and field cultivating.

Treatments were established with a drill using 18 cm rows in mid-August.
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The KBS location was prepared by plowing and disking in late April of 1990
(Table Al). Lime was applied at 2240 kg ha™ and incorporated by disking and field
cultivating followed by cultipacking in mid-May. Treatments were established with
a drill using 18 cm rows in early June.

Experimental treatments at both locations included:

1) alfalfa seeded alone (A),
2) alfalfa seeded with bromegrass (AB),
and 3) alfalfa seeded with timothy (AT).

All plots were seeded with ’Big Ten’ alfalfa at 14.6 kg ha. The grasses in
mixture with alfalfa were seeded at the rate of 5.6 and 4.5 kg ha™ for bromegrass
and timothy, respectively. Plot size was 11.9 x 21.3 m at KBS and 9.9 x 13.7 m at
MSU. Experimental design at both locations was a randomized complete block with
four replications. To avoid a confounding effect from differential insect damage,
insecticides were applied to portions of all plots as needed to control potato
leafthopper (Empoasca fabae Harris).

On a weekly basis from early vegetative to one-tenth bloom stage of alfalfa,
samples were collected from each plot (Table 1.1). At each sampling, a quadrat was
randomly placed within the plot and all above-ground plant material collected.
Quadrat size for the first harvest cycle (spring growth) was 0.5 m? and quadrat size
for second and third harvest cycles (summer regrowth) was 0.914 m?. Sample size
was increased for regrowth so that sufficient plant material was collected for forage
quality analyses. Samples were collected from different areas of each plot during

the harvest cycles so that no area was sampled more than once per year. Plot
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Table 1.1. Sampling dates of alfalfa-grass mixtures in 1991 and 1992 at Kellogg Biological Station (KBS) and
Michigan State University (MSU).

1991 1992

Harvest
cycle KBS MSU KBS MSU
One

8 May 7 May 5 May 7 May

12 May 15 May 12 May 14 May

20 May 21 May 19 May 21 May

28 May 29 May 26 May 28 May

5 June 4 June 2 June 4 June
Two

3 July 2 July 30 June 2 July

12 July 9 July 7 July 9 July

18 July 16 July 14 July 16 July
Three

12 August 14 August 11 August 13 August

20 August 21 August 18 August 20 August

26 August 28 August 25 August 27 August
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samples were hand separated into three components: alfalfa, perennial grass, and
weeds. Individual components were dried at 60°C for 72 hours and weighed.
Alfalfa and grass samples were ground with a Wiley mill through a 2 mm screen
and a subsample ground through a 2 mm screen in a UDY cyclone mill (Fort
Collins, Colorado) for forage quality analyses.

All samples of alfalfa and grass were analyzed for CP, ADF, and NDF.
Relative feed value (RFV) was calculated according to the following equation from
Hesterman et al. (1991):

RFV = ((88.9-(0.779 x %ADF))x(120/%NDF))/1.29.

Acid detergent fiber and NDF were determined by the methods of Van Soest and
Goering (1970) and are expressed on a dry matter basis. Dry matter content was
determined by drying subsamples at 100°C. Ash content was determined by burning
the samples at 500°C for 6 hours. Crude protein concentration was determined by
Hach modified Kjeldahl procedures (Watkins et al., 1987).

The entire plot areas were harvested on 8 June, 19 July, and 27 August at
KBS and on 15 June, 24 July, and 3 September at MSU in 1991. In 1992, the
harvest dates were 4 June, 21 July, and 1 September for KBS and 11 June, 20 July,
and 1 September for MSU. Dates referred to as the recommended harvest dates are
sampling date five in harvest cycle one and sampling dates three in harvest cycles
two and three. These sampling dates are referred to as recommended harvest dates
for each cycle because the dates of harvest coincide with recommended times for
harvesting forage on a three-cut per year schedule (early-June, mid-July, and late-

August).
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Data were analyzed by Analysis of Variance (Statistix 3.5 Analytical

Software. St. Paul, MN) and the means separated by Fishers Protected Least
Significant Difference (Ott, 1988). Figures used to illustrate differences in forage
quality among treatments in each harvest cycle were developed by regressing the
forage quality parameters on Julian date. Regressions, using all replications, were
analyzed to determine if the slopes were linear or quadratic. Figures with non-linear
regressions include standard error bars. Figures with linear regressions include the
regression equation and r* for each treatment. Linear regressions were compared
using the method of Zar (1984). In cases where a valid comparison of slopes was
possible, the results were included into the following section. In harvest cycles two
and three of 1991, no data on forage quality are presented for sampling dates one

and two. No quality analyses could be done due to insufficient sample volume.

RESULTS and DISCUSSION

Forage quality

Results of forage quality analyses are presented for both locations and the
average of locations for 1991 and 1992 in Appendix tables A2 to A6. Adding
bromegrass or timothy to alfalfa resulted in similar or lower CP and RFV than that
of pure alfalfa in harvest cycle one of 1991 and 1992 (Tables A2 and A3). Acid
detergent fiber was not consistently altered by including grass with alfalfa while
NDF of mixtures was similar or greater than that of pure alfalfa (Tables A2 and

A3). Although differences among treatments in forage quality were not consistent at
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all sampling dates in harvest cycle one, including grass with alfalfa tended to reduce
CP, RFV, and increased NDF of the forage (Figures 1.1 to 1.3). Including grass
with alfalfa had a minimal effect on ADF (Figure 1.4). This point is reinforced by a
comparison of slopes which showed no significant differences among treatments.

In comparisons that were significant, average crude protein concentration of
alfalfa-brome and alfalfa-timothy mixtures were 3.3 and 3.0 percentage points lower
than that of pure alfalfa. Acid detergent fiber increased by an average of 1.7
percentage points when bromegrass was included with alfalfa. Neutral detergent
fiber averaged 6.3 percentage points higher in the alfalfa-brome and 4.7 percentage
points higher in the alfalfa-timothy compared to pure alfalfa. Relative feed value for
the alfalfa-brome and alfalfa-timothy mixtures averaged 32 and 19 units lower,
respectively, than that of pure alfalfa. Including grass with alfalfa decreased the CP
up to 13 percent while RFV was decreased up to 17 percent. The addition of grass
increased ADF up to 7 percent and NDF up to 16 percent. Generally, addition of
bromegrass to alfalfa stands reduced forage quality to a greater extent than did the
addition of timothy.

At the recommended harvest dates for harvest cycle one, including grass with /l
alfalfa generally resulted in lower CP and RFV with higher NDF while ADF was
unaffected (Tables A2 and A3). The differences among treatments seemed to be
most pronounced for the quality parameters of CP and NDF. Sheaffer et al. (1990)
showed similar results in comparison of alfalfa and alfalfa-grass mixtures. They A
found that averages for CP were similar or higher and averages for NDF similar or

lower for alfalfa than alfalfa-bromegrass when comparing yearly results for a 3-cut
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Figure 1.1. Average crude protein concentration in alfalfa and alfalfa-grass
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schedule in Minnesota. In harvest cycles two and three of 1991 and 1992, forage
quality was not consistently reduced by including grass with alfalfa (Tables A4,
AS,and A6). At the recommended harvest dates in both harvest cycles, there were
no consistent differences among treatments. If harvested at the recommended A
harvest date or one week earlier in harvest cycle two of 1992, alfalfa-timothy had
lower ADF than that of pure alfalfa (Figure Al). Alfalfa-bromegrass had lower
NDF and RFV than that of pure alfalfa if harvested one week prior to the
recommended harvest date in harvest cycle two or three of 1992 (Figures A2 to AS).
In harvest cycle two of 1992, a comparison of slopes showed no significant
differences among treatments for CP, ADF, or NDF. However, slopes representing
RFV were significantly different among all treatments.

To more fully understand the differences in forage quality among treatments,
especially in harvest cycle one, the alfalfa component of the mixtures was compared
to alfalfa grown alone (Tables A9 to A20). With few exceptions, we found no
significant differences in forage quality. Therefore, differences in the forage quality
between alfalfa grown alone and alfalfa-grass mixtures can be attributed to the grass
component. In situations where forage quality is lower in the mixture, it is due to
lower forage quality of the grass. Forage quality of grasses has been shown to be
lower than that of alfalfa at the same cutting date (Reich and Casler, 1985; Ta and
Faris, 1987b; Sheaffer et al.,, 1990). It follows that the proportion of grass in a
mixture will determine the extent of decrease in forage quality between pure alfalfa
and an alfalfa-grass mixture. The first harvest (spring growth) produced the majority

of seasonal grass growth (Table 1.2). This is expected since grasses produce
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Table 1.2. Grass proportion in alfalfa-brome and alfalfa-timothy mixtures at Kellogg
Biological Station (KBS), Michigan State University (MSU), and average (AVG) at the
recommended harvest dates in 1991 and 1992.

Harvest
Year Location Treatment 1 2 3
1991
KBS
Alfalfa-brome 29 .19 .09
Alfalfa-timothy 32 .05 .01
MSU
Alfalfa-brome 17 21 .06
Alfalfa-timothy 17 17 .01
AVG
Alfalfa-brome 23 17 .08
Alfalfa-timothy 24 11 .01
1992
KBS
Alfalfa-brome 25 13 12
Alfalfa-timothy 27 .09 .09
MSU
Alfalfa-brome 23 .04 .05
Alfalfa-timothy 41 .08 .05
AVG
Alfalfa-brome 24 .09 .08

Alfalfa-timothy 34 .09 07

"= .—,—_—.a
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maximum growth in spring whereas alfalfa is more dominant in summer growth
(Chamblee and Collins, 1988). In regrowth (harvests two and three), grass
proportion was much less than in harvest one and therefore had much less effect on
the forage quality (Table 1.2). Another reason for reduced impact of grass on forage
quality is that the grass is usually in a vegetative stage during summer growth and
thus similar in quality to early spring growth. Wright et al. (1967) stated that
aftermath growth of bromegrass was primarily in the vegetative stage and had
similar digestibility to first growth bromegrass in boot stage. Since the grass
contributes more to total yield and is lower in quality when harvested in spring,
forage quality will be reduced.

Simple linear regressions of forage quality on grass proportion, across all
sampling dates and harvest cycles, resulted in coefficients of determination of 0.25,
0.02, 0.23, and 0.12 for CP, ADF, NDF, and RFV respectively (p<0.05; DF = 246).
Although all regressions were significant, the percentage of variation that could be
accounted for by grass proportion was low. In this experiment, grass proportion
alone was not adequate to estimate effect of grass on forage quality. When harvesting
at different times in multiple harvest cycles, both quality and proportion of grass

must be considered when determining effects of grass on total forage quality.

Forage yield

Dry matter yields were similar among treatments at every recommended
harvest date in both years with the exception of harvest three in 1992 in which

alfalfa-timothy was greater than alfalfa (Figures 1.5 and 1.6). Numerical dry matter
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yields are presented in Appendix Table A7. These results are similar to those of
Tesar (1974), who found that dry matter yield of alfalfa and alfalfa-grass mixtures
[average for mixtures of alfalfa with bromegrass, orchardgrass, tall fescue (Festuca
arundinacea Schreb.), or reed canarygrass] were 9139 and 9340 kg ha™ respectively.
Dry matter yields from harvest one accounted for approximately one-half of the total
seasonal yields in both years (49.4, 51.5, and 55.2 percent for A, AB, and AT
respectively). Vaughn et al. (1950) stated that alfalfa yields in first harvest
accounted for 40 to 45 percent of the seasonal yield. While 40 to 45 percent was
somewhat lower that the results presented, inclusion of grass which provides most of
the seasonal growth in spring, increased the percentage.

At the recommended harvest dates, grass proportion was much greater in
harvest one than in either harvest two or three with the exception of MSU in 1991
(Table 1.2). A large percentage of the seasonal yields of bromegrass and timothy
(71 and 84 percent, respectively) were in harvest one (Table 1.3). These results
agree with Kunelius (1974) who found that for bromegrass and timothy, up to 79
percent of seasonal yields occurred at the first harvest. Paulsen and Smith (1968)
found that up to 85 percent of seasonal bromegrass production occurred in first
harvest when grown in mixtures with alfalfa. The average contribution to total
seasonal yields by bromegrass and timothy were 17.4 and 19.2 percent. Casler et al.
(1987) stated that, based on visual evaluations, bromegrass accounted for 20 percent
of the total dry matter yield of an alfalfa-bromegrass mixture. Generally, in harvest
One, timothy accounted for a larger percentage of total yield than did bromegrass,

while in regrowth, bromegrass accounted for a greater percentage of total yield.

!', . M‘b(’."ﬂ
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Table 1.3. Dry matter yields of bromegrass and timothy at recommended harvest
dates when averaged over location and year.

Grass
Harvest Bromegrass Timothy
----------------- kg ha™! —mememeeeeeeeee
One 1219 1646
Two 314 220
Three 196 94

Total 1729 1960
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Crude protein yields

There were no statistical differences in CP yields among treatments at any
recommended harvest date in either location or year with the exception of harvest
three of 1992 where alfalfa-timothy was greater than alfalfa alone (Figures 1.7 and
1.8). Numerical yields are presented in Appendix Table A8. First harvest yields
accounted for approximately 45 percent of seasonal CP yields. In harvests two and
three, CP yields were approximately two-thirds that of harvest one. It is not
surprising that yields are higher for harvest one than regrowth. Although CP of the
forages averaged up to 6 percentage points greater in regrowth, the greater CP

concentration was more than offset by the lower dry matter yields.

Alfalfa quality, maturity, stem characteristics

Characteristics of alfalfa grown in mixtures and alone were compared at all
sampling dates within each harvest cycle (Appendix tables A9 to A20). The
characteristics compared were CP, ADF, NDF, mean stage weight (MSW), mean
stage count (MSC), alfalfa stem length (ASL), and alfalfa stem weight (ASW). Few
significant differences were detected among treatments. Most differences occurred
in harvest cycle two or three for the characteristic of ASW. The results of these
comparisons show that the alfalfa plant was not greatly affected by growing in
mixture with bromegrass or timothy. However, bromegrass and timothy are not
among the most competitive grasses grown in mixture with alfalfa. Jones et al.
(1988) found that alfalfa was taller and more mature when grown in mixture with

reed canarygrass. Experiments with a more competitive grass may show more

—1
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pronounced differences. These comparisons do not address whether the alfalfa is
being affected in other ways such as altered plant density, stand life, or root

characteristics.

CONCLUSIONS

Including grass in mixture with alfalfa resulted in moderately reduced forage
quality compared to pure alfalfa in spring growth but quality of summer regrowth
was not consistently affected by including grass in mixture with alfalfa. If achieving
highest forage quality is the primary goal, then pure stands of alfalfa would be
recommended. However, mixtures may provide other benefits such as increased
insect control (Coggins and Landis, in prep), increased stand life, or reduced erosion
which may outweigh the potential decrease in quality. Given such considerations,
alfalfa-grass mixtures have many potential uses.

Yields of dry matter and crude protein in alfalfa and alfalfa-grass mixtures
were similar when harvested three times annually. Total yields and seasonal
distribution are consistent with many other research findings.

Alfalfa quality, maturity, and stem characteristics were not affected by
growing in mixtures with grass. Further research needs to be done to determine
what effects these grasses have on alfalfa stand life, plant density, and root

characteristics.
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CHAPTER TWO
PREDICTING FORAGE QUALITY OF ALFALFA AND
ALFALFA-GRASS MIXTURES
ABSTRACT
Growing grass in mixture with alfalfa (Medicago sativa L.) requires
management practices that may be different than those used for pure stands of
alfalfa. Determining time for harvest of optimum quality and the relationship
between forage quality and plant maturity in alfalfa-grass mixtures is not well
researched. This research was conducted to develop a maturity index for alfalfa-
grass mixtures that could be used to predict forage quality and, using that index, to
examine the relationship between forage quality and plant maturity. Alfalfa was
seeded alone and in mixture with bromegrass (Bromus inermus Leyss.) and timothy
(Phleum pratense L.) in the summer of 1990. Samples were taken on a regular basis
throughout three harvest cycles in 1991 and 1992 and samples were analyzed for
forage quality [crude protein (CP), acid detergent fiber (ADF), neutral detergent
fiber (NDF), and relative feed value (RFV)]. Forage quality measurements were
regressed on plant maturity indicators to determine which indicators would best
estimate forage quality. Simpl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>