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William F. Hueg, Jr.

ABSTRACT

In a greenhouse experiment, Alfalfa (Medicago

sativa), Red Clover (T. vratense), Ladino clover (T. repens

L) and Bromegrass (Bromus inermis) were planted at varying
seeding rates in mixtures, and subjected to two and five
cutting treatments. As the rate of seeding of the indivi-
dual species was increased, the number of plants of that
species and total nlants in the mixture increased,

Under both cutting treatuents the yield of the
individual species in mixtures was not higher than the

vield of the species seeded alome. In only four of the

thirty-three nixtures that were cut twice, were total yields
greater than alfalfa seedea alone, and eleven uixtures had
total yields lower then red clover seeded alone. Total
yields frowm mixtures with Ladino clover and bromegrass

were greater than either species seeded alone.

The increased rate of individual species in the
mixtures hed less influence on total yield of tops and roots
then the two different cutting treatments. Higher total
yields of forage and roots were produced from the mixtures
cut twice. Leadino clover and broumegrass were less affected
by frequent cutting than red clover or alfalfa. Alfalfa
vields decreased when the recovery period was of short
duraztion, but the other species showed increased yields

with successive cuttings.
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The denendence of new growth on carbohydrate re-
serves was shown by the roots from those mixtures cut fre-
quently. The vigor of alfalfsa roots as seen in weight,
length and diameter determinations, was reduced markedly 1:
by frequent cutting. Red clover and bromegrass roots were
elso retarded by fregquent cutting but less than alfalfa.
Ladino clover produced more vigorous roots and slightly
higher root yields under frequent cutting.

In the mixtures for pasture, hnigher total yields i
were obtained at the higher rates of seeding, while the d
medium seeding rates produced the highest yields of hay. t
Mixtures of two compatible species gave as uuch or more
yield than those mixtures with wore than two species.
The inclusion of Ladino clover to an alfalfa-bromegrass
mixture for hay purposes did not add to the total yield
in this experiment, and the rapid recovery attributed to
Ladino under frequent cutting was overshadowed in mixtures
cut for hay by competition from other species. When red
clover was used in the mixtures, total yields were not in-
creased and the yield of component species was less than

when only two or three species were in the mixture.
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The Influence of Seeding Rates
on Botanical Composition and Yield of
Forage Mixtures Under Two Different Cutting Treatments

Introduction

When Cato, the Roman philosopher, was asked over

2000 years ago what was the most profitable thing a farmer

could have, he revlied, "A first class meadow." This some-

what startled his questioners who then asked what the second

most prized possession might be. "A second class meadow",
was his ready reply.
Today, as in the times of ancient Rome, a depend-

able supply of high quality forage from meadows is still

necessary for successful and economical livestock production.

A first stev to adequate supplies of forage is the establish-
ment of the stand.

Between states and regions there are broad varia-

tions in the recommended forage species, but most noticeable

are the wide range of seeding rates, especially in mixtures.

In their book, "Forages", Hughes, et al (10) cite recommended

mixtures and rates for ten north central states. Sixteen of

these involve alfalfe at rates from 8 to 15 pounds per acre;

12 include red clover at rates from 1 to 10 pounds per acre;

eight include ladino clover at rates from % to 2 pounds per

acre; and 11 recommend bromegrass eitlier alonme or in com-

bination with other grasses at rates from 3 to 10 pounds.

Some mixtures include from four {o eight legumes




and as many grasses. The seeding rate for most of these
"shot gun" mixtures will apvroach forty pounds per acre.
Recent experimental work has shown an advantage
to reducing the number of species in a mixture, not only
because of cost, but for ease of planting and management
once the meadow is established. Vhen mixtures are composed
of many species it is virtually impossible to establish and
maintain all of the species. Therefore, the more aggressive
species, and those few species best adapted to the grazing
or cutting menagement will dominate the stand.
Farmers continue to request information on the best

species or mixture of species for their meadows. Are there

evident differences in species to be used for hay or vasture?
What is the best seeding rate for hay and pasture? What is
the effect of tiwme and number of cuttings on forage yield,
botanical composition, and persistence of stand?

An experiment was established in the greenhouse at
Michigan State University, East Lansing, on January 28, 1956,
to learn more about the influence of seeding rate and fre-
quency of cutting on the establishment, yield and botanical

composition of meadow stands.

Review of Literature

Meny volumes have been written dealing with the
factors under consideration in this experiment. The effect

of varying the total amount of seed planted has been studied,






but very little is reported where seeding rates of only one
mixture component were varied. In addition, many of the re-
ports are contradictory because of environmental differences,
species combination, and methods of management studied. Some-
what general agreement exists, however, that the more simple
the mixture used the easier to approach the goal of maintain-
ing vigorous, high yielding stands of superior quality forage.
Blaser, et al (1) (2) have thoroughly examined tile
physiological factors to be ccnsidered in compounding seed
mixtures. Farticular emphasis was given to seedling competi-
tion. By weighing seedlings of each species, alfalfa was
found to be very aggressive, while red clover and ladino

clover were less aggressive. Bromegrass was rated to be more

aggressive than red clover, but less than alfalfa. Their work
suggests that several simple mixtures of different maturity
are useful and can be menipulated during the season accord-
ing to growth to obtain a uniform distribution of grazing.

A report from Wales by Milton (410) shows that the
yvield from mixtures composed of two grasses were about as
good as yields from mixtures with more than two grasses.
Legume species in the mixture were held constent.

Dennis (3) found in a Michigan field experiment
that yields of alfalfa were directly associated with cutting
interval; the oftener the plants were cut, the less product-
ive they became. Root production and winter survival were

curtailed by frequent cutting. Freguent cutting stimulated






regrowth for a short period, after which new growth was de-
finitely limited. These findings confirm the earlier work

of Hodgson, (7) with greenhouse grown bromegrass, bluegrass
and orchard grass, which showed that frequent close cutting
stimulated growth for a short time, but severely reduced root
and top production ultimately.

Sprague end Sulliven (13) reported that reserve
carbohydrates in grasses were not only stored in the roots
and rhizomes but primarily in the lower leaf sheaths that
comprise the stubble of plants in the vegetative stages of
growth. When forage was cut back to near ground level, a

large portion of the stored carbohydrates was removed. The

rate of recovery and vigor of grasses were reduced as they
were cut or grazed closer to ground level.

In later work, Sprague, et al (14) found that the
carbohydrate content of grass and legume plants decreased
rapidly for 7 to 10 days follewing cutting, and then in-
creased for about four weeks to its original level.

In legumes, the reserve food used by the plant for
recovery is stored in the roots and stolons which are not
removed in grazing or cutting. Moran (11), and Stewart and
Bear (15), reported that frequency of cutting rather than
height of cutting affected carbohydrate reserves in alfalfa
and ladino clover. Hildebrand (6) showed that freguent cut-
ting of alfalfa reduced food reserves and resulted in large

decreases in yield and plant vigor. Graber, et al (5),






concluded that depleted food reserves caused by frequent
cutting at immature growth stages resulted in reduced pro-
ductivity and vigor of perennial plants.

Harrison and Hodgson (7) found under greenhouse
conditions that the combination of frequent cutting at 1
inch heights produced severe damage to grasses. Wagner (16),
at Beltsville found that the greatest reduction in growth
occurred when the grass was clipped back to 2 inches during
the later stages of development. He reported bromegrass to
be more sensitive than orchard grass in this respect. This
data suggests that moderate clipping in the early stages

should help the legumes and less aggressive grasses to com-

pete ageinst weeds and result in their faster establishment.

Experimental Procedure

Seedings were made in sand in ten inch clay pots.

The species used were Alfalfa (Medicago sativa, var. Vernal);

Red Clover (Trifolium pratense, var. Pennscott); Ladino Clo-

ver (Trifolium revens L.); and Bromegrass (Bromus inermis).
They were grown as single species and .in mixture. In the
mixture only one of the components was varied in each of
the four series. Details of the seeding rates are as fol-
lows:

Alfalfa - 8 1bs. per acre

Red Clover -8 1bs.per acre






Ladino Clover - 1 1b. per acre
Bromegrass - 3 1lbs. per acre

Species Mixtures

Alfalfa - 1,2,4,6,8,10,12,16, and 20 pounds per acre
Bromegrass - constant rate at 3 pounds per acre

Bromegrass - 1,2,4,5,6,7,8,9, and 10 pounds per acre
Alfalfa - constant rate at 8 pounds per acre

Ladino Clover - 1/8, 1/4, 1/2, 3/4, 1,2,3,4, and 5
pounds per acre

Alfalfa - constant rate at 8 pounds per acre

Bromegrass - constant rate at 3 pounds per acre

Red Clover - 1,2,4,6,5, and 10 pounds per acre
Alfalfa - constant rate at 8 pounds per acre
Bromegrass - constant rate at 3 pounds per acre
Ladinc Clover - constant rate at 1 pound per acre
The seeds were carefully weighed and counted before

planting.

The experiment was set up in a split plot design
and replicated three times within each of the cutting treat-
ments. One-half of tiie cultures in the experiment were cut
when growth reached a ten inch height to simulate a grazing
or pasture treatment. The other half of the cultures were
allowed to go to the hay stage (approximately one-fifth
bloom) before cutting. An aftermath cutting was taken at
the completion of the experiment in early June.

The seedings were watered daily for the first six
weeks, then as required. After emergence a standard nutrient
solution was apwnlied weekly for the first five weeks, then

each 3% days until the end of the experiment. The pH of

the medium remained fairly constant at 7.2, and regular






flushing with water prevented excessive salt accumulation.

The greenhouse temperature fluctuated between 65
and 70 degrees F. for the first three months, but was more
irregular in May, when it sometimes reached 90 degrees F.

Stand counts were made on March 1. All of the
seed had not germinated by this first count as there were
increased plant numbers in some treatments at the time of
the final harvest. The first clipping in the pasture treat-
ment was made on March 28. Clippings were taken two inches
above the sand level. The species were hand separated for
botanical analysis and the green and oven dry weight re-
corded. The hay treatment was harvested on May 8, and the
afteruath growth on June 1.

After the final harvest, the root systems were
carefully washed free of sand, and individual plants were
counted before green and oven dry weights were taken.

Legume roots of each species were separated into
three groups based on length and diameter. From each group
three representative roots were selected for sectioning.

The nine roots were washed and a portion one-half
incnh long was cut from the alfalfa roots at 3% inches below
the crown. The selected portion was taken two inches below
the crown from red clover and 1 inch in ladino clover.

The root sections were pickled in formalin alco-
hol. After imbedding in paraffin, cross sections approxi-

mately 10 microns in thickness were prepared and stained







with triple stain.

Statistical significance was determined by analy-
sis of variance and use of Duncan's (4) Significant Student-
ized Renge Test. Any difference less than the corresponding
L.S.D. value was not considered significant at that level.
Any difference greater than the corresponding R.E. value was
considered significant at that level. All differences be-
tween the corresponding L.S.D. and R.E, values were consi-
dered questionable as to their significance. R.E. (6) is
the range of equality based on a maximum number of means in

the table.

EXPERIMENTAL RESULTS

1. Influence of Seeding Rate on Establishment

Seedling emergence was most rapid the first two
weeks, although later emergence did occur, Alfalfa was first
to emerge, followed by red clover, Ladino clover and brome-
grass. The greatest rate of growth was shown by alfalfa
and bromegrass, followed by red and Ladino clover. Develop-
ment of Ladino clover was very slow until after the first
trifoliate leaf had expanded. Figures 1 and 2 show that
the average height of all species, six weeks after seeding,
was four to five inches, with a range from two to eight
inches, with bromegrass being the tallest.

As the rate of the varied or single species was

increased the number of plants of that species increased







steadily as shown in Tables 1 through 5, The same pattern
was noted in total plant numbers, but the increases were

not always proportional. With single species the difference
in plant numbers between groups in the cutting treatments
was not significant.

In the alfalfa-bromegrass series, alfalfa dominated
the mixtures above the two pound rate. (Table 2) At the
higher rates there were differences in plant numbers between
cutting treatments. There were no significant differences
in bromegrass numbers. Total plant numbers increased at
about the same proportion as alfalfa.

Bromegrass did not dominate the bromegrass-alfalfa
mixtures at any rate. (Table 3) There were significant
differences in bromegrass numbers in the group to be cut five
times at most rates. Alfalfa showed large differences be-
tween cutting treatment groups but not between rates. The
total number of pnlants in the group which was to be cut five
times were significantly different than the group to be
cut twice between rates of bromegrass.

Ladino clover was the dominant species in those
mixtures above the two pound rate. (Table 4) There were
significantly more Ladino clover plants between rates within
cutting treatment groups at the higher rates of Ladino.
Total plant numbers were significantly different between
rates only in the group to be cut five times.

Red clover dominated that series where red clover
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was the varied species only at the highest rate. (Table 5)
Alfalfa, bromegrass, Ladino and mixture totals were not sig-
nificantly different between rates or cutting treatment groups.
The competitive effect of red clover on alfalfa
establishment can be seen by comparing alfalfa numbers in
Tables 3 to 5. In the bromegrass-alfalfa mixtures, alfalfa
averaged 18.0 and 18.3 plants for the five and two cutting
groups;18.3 and 16.8 respectively in the Ladino clover mix-
tures; but only 13.4 and 12.8 respectively in the red clover

series.

Table 1. ' Influence of Seeding Rate on Establishment

Single Species

Pounds Seeds Number of plants
Species per per (average of 3 cultures on Mr.1)
acre culture 5X* 2X* Diff.
Alfalfa 8 22 19.0 20.0 +1.0
Bromegrass 3 6 5.0 6.0 +1.0
Ladino clover 1 8.0 8.0 -
Red clover 8 22 14.3 15.0 +0.7

sig.
aiff.

* Seedings set up in groups to be cut 5 and 2 times
respectively
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Figure 1. Growth six weeks after seeding
L. - Red Clover 8 lbs; R. - Alfalfa 8 1lbs.

Figure 2. Growth six weeks alter seeding
L. - Ladino Clover 1 1b; R. - Bromegrass 3 1lbs.
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Table 5.

Red clover varied - alfalfa constant at 22,
Ladino clover at 9 and bromegrass at 6 seeds

per culture

Influence of Seeding Rate on Establishment

Red Red
Clover Clover

in 1lbs. seeds per Red Clover

Number of Plants by Species
(Average of 3 cultures on March 1)

Alfalfa
per acre culture SX¥* 2Xx Diff, 5X 2X Diff.
1 3 2.3 2.7 +0.4 13.0 10.7 -2.3
2 T 4.7 5,0 +0.3 15.3 12.7 -2.6
4 14 8.7 6.7 -2.0 1i.7 13.3 +1.6
6 i8 10.0 11.0 +1.0 13.0 14.7 +1.7
8 22 14.3 12.7 -1.6 15.0 12.0 -3.0
10 28 11.7 18.3 +6.6 12,3 13.7 +1.4

RE6=5% 6.5 3.5 no sig. diff.
1% 9.6 5.1

LSD=5% 6.0 3.2 4.2
1% 8.5 4.5 5.8

*Seedings set up in groups to
spectively

be cut 5 and 2 times re-






Table 5.

Ladino Clover

Bromegrass Total

5X 2X Diff. 35X 2X Diff. 5X 2X Diff.
7.3 8.0 +0.7 3.7 4.7 +1.0 26.3 26.0 +0.3
7.7 4.7 -3.0 5.0 4.0 -1.0 32.7 26.4 -6.3
4.7 4.0 -0.7 5.0 5.0 - 29.7 29.0 +0.7
5.7 6.3 +0.6 5.0 3.7 -1.3 33.7 385.7 +2.0
4.7 5.0 +0.3 4.0 4.0 - 38.0 33.7T -4.3
8.0 4.7 -3.3 3.7 4.7 +1.0 35.7 41.4 +5.7

no

significant difference







2. Influence of Seeding Rates and Cutting Treat-

ments on the Yield of Forage

Single species

Single species were established to determine the
performance of each species under conditions free of inter-
species competiticn and to relate these yields to performance
with controlled rates of seeding in mixtures. Dry weight
yields are shown in Appendix Table I.

Alfalfa made the greatest initial growth in the
group to be cut five times but needed a longer recovery per-
iod after cutting than the other species as indicated by the
yield in the second and fifth cuttings. A period of four-
teen days and ten days respectively elapsed between the
first and second and fourth and fifth cuttings, which ap-
pears to be toc short for good alfalfa recovery.

Although red clover was slow to start, it did pro-
duce a slightly higher total yield than alfalfa. Ladino
clover and bromegrass showed fast recovery after clipping.
Yields between species were not significantly different.
Figure 3 shows the regrowth ten days after the first of
five cuttings.

Alfalfa produced a significantly greater yield
than bromegrass and Ladino clover when cut twice. Red clover
was significantly higher yielding than Ladino clover.

The data in Table 6 shows that the total yields
of alfalfa and red clover harvested as hay were more than

double the pasture yield. The yield of bromegrass as hay







Figure 3. Regrowth of single species 10 days after first
cutting, L to R - bromegrass, red clover, al-
falfa and Ladino clover.
(Top of stakes were 10 inches ahove the top of
the pot.)
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was not significantly greater than that from the pasture
treatment. Ladino clover showed slightly less yield when
harvested for hay than when harvested as pasture.

Table 6. Compirison of Forage Yield Between Cutting Treat-
ments

] Single Species
Dry Weight Yield in Grams - average of 3 cultures

Species Pasture Hay Difference
Alfalfa 19.81 55.44 35.65 i
Bromegrass 17.88 29.83 11.95
Ladino Clover 16.28 15.87 _1.41 |
Red Clover 20.58 41.80 21.22
LSD = 5% 12.01

A 16.85

7o

Alfalfa-Bromegrass Mixtures

In this series the rate of alfalfa varied from one
to twenty pounds per acre, while bromegrass remained constent
at three pounds. Highest yield as shown in Appendix Tables

IJaand IIb was not always significantly different from lower

yields.

The nineteen pound (16 1lbs. of alfalfa and 3 1bs.

of bromegrass (16-3)) rate gave the greatest total yield

when cut five times as shown in Table ITa. At the eleven

pound rate, the yield of zlfalfa and bromegrass were about

equal. Generally as the rate of seeding alfalfa increased






the yield of alfalfa increased, end the yield of bromegrass
decreased. The rate of increase in alfalfe yields was greater
than that of total yield of the mixtures.

The nine pound (6-3) rate gave the greatest total
yield when cut twice as shown in Table IIb. The highest
yield of alfalfa ceme from the fifteen pound (12-3) rate.
Generally as the rate of seeding alfalfa increased the yield
of alfalfa increased, and the yield of bromegrass decreased.
The rate of increase in total yieldws greater than in alfalfa
yield.

The data in Table 7 and Figure 5 shows that the
production of forage differs greatly within the component
parts of the samwe mixture clipped two or five times. The
highest yield from two cuttings was nearly three times the
highest yield from the five cuttings. The increasing rate
of alfelfa had an earlier depressing effect on bromegrass
under a two cutting system than in the five cutting treatment.

Figure 6 shows the regrowth ten days after the first of five

cuttings.

Bromecrass-Alfalfa Mixtures

In this series the rate of bromegrass varied from
one to ten pounds, with alfalfa constant at eight pounds per
acre. Yields shown in Appendix Tables IIIaand IIIb.

The highest total yield from five cuttings came

from the seventeen pound (9 lbs. of bromegrass and 8 lbs. of

alfalfa (9-8)) rate which also produced the highest yield of

/






Table 7. Comparison of Forage Yield Between Cutting Treatments
Alfalfe - Broumegrass Mixtures
(alfalfa veried, bromegrass constant at 3 1bs.)
Dry weight yield in grams - average of 3 cultures
Rate of Pasture Hay Total Differences (2X-5X)
Alfalfa
1bs. 5X 2X Mixture Alfalfa Bromegrass
1 16.64 23.37 6.73 5.80 0.94
2 21.18 41.63 20.45 8.93 11.52
4 23.71 41.25 17.54 14.64 2.90
6 19.93 61.40 41.47 27.04 14.33
8 23.57 39.91 16 .34 13.96 2.38
10 20.74 47.31 26.37 23.06 3.52
12 22.26 60.23 37.97 28.30 9.67
16 27.67 54.20 26.53 15.59 10.93
20 24.62 52.14 27.52 23.44 4.08
LSD = 5% 13.61 1i.01 9.34
1% 18.29 14.79 12.54







DRY WEIGHT YIELD IN GRAMS
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Figure 6. Regrowth of alfalfa - bromegrass mixtures 10 days
after first cutting
Left to right: Alfalfa 20 lbs; 8 1lbs; and 1 1b.
Brouegrass at 3 1lbs. in all treatments.
(Top of stakes 10 inches above the top of the pot)
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bromegrass. Generally as the rate of bromegrass increased
the yield of alfalfa decreased, but the rate of decrease was
only slightly affected. Total yield followed the yield of
bromegrass closely, indicating faster recovery than alfalfa,
especially during regrowth periods of short duration.

Under the two cutting system, the highest total
yield ceme from the sixteen pound (8-8) rate, and the high-
est bromegrass yield from the fifteen pound (7-8) rate. Al-
falfa yields decreased generally as the rate of bromegrass
increased.

Yields between cutting treatments were highly sig-
nificant at six of the nine rates of bromegrass, while brome-
grass yield differences between cutting treatments were sig-
nificant only at the seven and eight pound rates. Alfalfa
vield differences between cutting treatments were much great-
er then in bromegrass. (Table 8)

Figure 7, shows that tlhe increasing rate of brome-
grass influenced alfalfa yields very early in the five cut-
ting treatment, but did not influence alfalfa yields under
two cuttings until the medium rates of seeding were reached.
There was more fluctuation in total bromegrass, and alfalfa
vields in the two cutting treatments than in the five cutting

treatments.

Ladino Clover, Alfalfa and Brouegrass Mixtures

The rates of Ladino clover varied from one-eighth

to five pounds in this series wiih alfalfa constant at eight

/






Table 8. Coumparison of Forage Yield Between Cutting Treatments
Bromegrass - 4Alfalfa Mixtures
(Bromegrass varied, alfalfa constant at 8 1lbs.)
Dry weight in grams - average of 3 cultures
Rate of Pasiyre  Hgy Total Differences (2X-5X)
Bromegrass
1bs. Mixtures Bromegrass Alfalfa
1 20.96 35.86 14.90 1.63 13.27
2 21.12 47.20 26.08 1.94 24.14
4 24.24 52.50 28.26 4.12 23.14
5 22.75 51.50 28.75 9.42 19.33
6 27.40 55.40 28.00 8.48 19.52
g § 25.24 4£9.90 23.76 12.97 10.79
8 22.77 56.10 33.23 12.51 20.82
9 32.02 42.40 10.38 5.27 3.21
10 27.55 47.10 19.55 9.28 10.27
LSD = 5% 15.67 9.69 10.56
1% 21.04 13.01 14.19
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and bromegrass at three pounds per acre. Yields are sihown
in Appendix Tables IVa and IVb.

The maximun rate of seeding produced the highest
yield when cut five times. (Table IVa) A steady increase in
Ladino clover yield was obtained as the rate increased. As
the rate and yield of Ladino clover increased, the yield of
alfalfa and bromegrass showed a general decrease. The yield
of Ladino clover surpassed the yield from alfalfa and broine-
grass after the one vound rate of Ladino. Total yield fluc-
tuations were similar to those of alfalfa end bromegrass until
reaching the four and Tive pound rates of Ladino clover.
(Figure 8)

Ledino clover recovered faster after cutting than
alfalfa or broaegrass. The yield of Ladino clover increased
with each successive harvest.

‘ihen these mixtures were cut twice the highest yield
came from the eleven and three-quarter pound (3/4 1b. of La-
dino clover, 3 lbs. of alfalfa and 3 1lbs. of bromegrass) rate.
(Table IVh) Incressing the rate of seeding Ladino clover had
little effect on alfalfa and broamegrass yields. Yields from
these two species showed large fluctuations, with a very
different yield pattern than Ladino clover, as shown in
Figure 8.

The highest yield under the two cuttings system
was double that for the five cutting system at the same rate.
(Table 9) To »roduce the highest pasture yield five additi-

onal pounds of Ladino clover were used.






28

Table 9. Comparison of Forage Yield Between Cutting Treatments
Ladino Clover, Alfalfa and Bromegrass Mixtures
(Ladino clover varied, alfalfa constant at 8 1bs.
and bromegrass at 3 lbs.

Dry weight yield in grams - average of 3 cultures

Rate of Pasture Hay Total Difference (2X=5X)
Ladino
Cl;ng‘ 5% 2X. Mixture Ladino cl. Alfalfa Bromegrass
1/8 26.35 35.35 9.00 -1.59 10.74 -0.15
1/4 24.24 36.81 12.57 -1.83 5.22 9.18
1/2 32.84 39.58 6.74 -2.39 9.32 -0.19
3/4 27.07 56.03 28.96 -4.28 16.91 16.33
1 33.48 53.93 20.45 -6.49 15.21 11.73
2 29.60 36.26 6.66 -8.19 7.62 7.24
3 26.23 44.40 18.17 -6.70 14.28 10.60
4 32.55 52.73 20.18 -9.01 15.99 13.20
5 34.42 50.96 16.54 -5.61 16.69 5.46
LSD = 5% 15.68 3.87 10.97 9.29
1% 21.05 5.20 14.73 12.48
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Red Clover, Alfalfa, Ladino Clover, and Brome-
grass Mixtures

In this series the rate of red clover was varied
from one to ten pounds with alfalfa constant at eight, La-
dino clover at one, and bromegrass at three pounds per acre.
Yields are shown in Appendix Tables Va and Vb.

There were no significant differences in total
yield frowm the five cutting treatments. The highest total
yield and nighest yield of red clover were obtained at the
twenty pound (3 lbs. of red clover, 8 lbs. of alfalfa, 1 1b.
of Ladino clover and 3 1bs. of brouegrass (8-8-1-3) rate.

As the rete of red clover increased the yield of
red clover increased. Increasing the rate of red clover
above two pounds had a depressing efiect on the yield from

the other three species when cut five times. Ladino clover

yield was aifected most by the increasing rates of red clover.

Total yield was uore affected by the yield of species other
than red clover until the higher seeding rates.

Ladino clover recovered faster after clipping es-
vecially wihere the period of regrowth was short. Red clover
was thie next most favorable in regrowth, while alfalfa showed

the slowest recovery during short seriods of regrowth. Fig-

ure 9 shows the regrowth ten days after tle first of five

clivpings.
When these wmixtures were cut twice the nighest
total yield and highest yield of red clover also caie from

the twenty pound (8-8-1-3) rate. There were no significant
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differences in total yields between rates of red clover.
(Table Vb)

Red clover yields increased with an increased seed-
ing rate. Alfalfa yields were affected very little by this
increase of red clover, but Ladino clover and broumegrass
generally decreased. The prattern of totel yield of the
mixtures followed the yield pattern of alfalfa. When cut
five times all species showed a uniform decline in yield
as the rate and yield of red clover increased.

The pattern of total yield shown in Figure 10 was
more irregular in the two cutting treatument than in the five.
This variation occurred with all species but Ladino clover.
Total yields are compared in Table 10.

Table 10. Comparison of Forage Yield Between Cutting Treatments

Red Clover, Alfalfa, Ladino Clover and Brouegrass
lixtures

(Red clover veried, alfalfa cunstent at 8 1bs.,
Ladino clover at 1 1lb., and bromegrass at 3 1lbs.)

Dry weight yield in grams - average of 3 cultures

HeteRor i astuxe qu Total Differences (2X-5X)
Red 5X 2X
Cigver ixture Red Cl. Alfalfa L. Cl. Brome.
S.
1 25.53 42.80 17.27 -0.99 9.54 -4.41 13.13
2 26.11 38.45 12.34 0.87 6.93 -1.70 6.24
4 24.69 38.15 13.46 0.47 10.93 -2.37 4.43
6 24.31 43.54 19.28 0.83 12.97 -1.04 6.47
8 27.66 50.59 22.93 2.89 13.23 -1.06 7.87
10 26.28 39.85 13.57 2.41 6.03 -0.99 6.12
L5D=5% 15.90 no sig. aiff. 2.40 6.88
1% 21.61 3.26 9.35
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Figure 9. Regrowth of red clover, alfalfa, Ladino clover,
and broumegrass mixtures 10 days after first

cutting.

Left to right: Red clover 1 1b.; 4 1lbs.; and
101bg, Alfalfa at 8 1lbs.; Ladino clover at 1
1b.; and bromegrass at 3 1lbs.

(Top of stake 10 inches above the top of the pot)
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3. Influence of Seeding Rate and Cutting Treat-
men

on tue Botanical Composition of a

ture

Within the four combinations of species, the
proportion of the varied species increased with increasing
seeding rates. Under the five cutting treatment the pro-
portion of alfalfa decreased after the first, taird ena
fourth cuttings. At the rates of alfalfa below four pounds
seeded with bromegrass, this decrease took place from one
cutting to the next.

Under this treatweni bromegrass increased merk-
edly in thne first two cuttings, but dropped sharply in the
third cutting. Between the third, fourth and fifth cuttings
there was a merked increase in the vroportion of brouegrass
in the mixtures.

In those mixtures with Leadino clover the propor-
tion of the mixture that wes Ladino clover increesed with
eacn successive cutting. By the third cutting in the
series where Ladinc rates were varied, Ladino clover was
the dominent species at rates avove two pounds.

The proportion of red clover increased at all
rates with each successive cutting through the fourth cut-
tings but decreased at the higher rates in tlhie fifth cut-
ting.

‘when these wixtures were cut twice the alfalfa
increased as the seeding rate increased, end increased frou

the first to seccnd cutting. Bromegrass decreased from the
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first to the second cutting but it, too, increased in pro-
portion with increased seeding rates.

Ladino cleover never comprised more than one third
of the mixtures when cut twice but increased in proportion
from the first to the second cutting. Red clover also
showed an increase from the first to second cutting.

The botanical composition of mixtures is given

in Tables 11 through 14.
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Table 11b. The Influence of a Varied Rate of Seeding and
Two Different Cutting Treatments on the Bo-
tanical Composition of a Mixture

Alfalfa - Bromegrass Mixture

Hay Treatment - 2 cuttings - average of 3 cul-

tures
Species* Alfalfa Bromegrass
(percent of total) (percent of total)
Date of
Cutting 5-8 6-1 5-8 6-1
1bs. of
Alfalfa
1 36.1 29.6 63.9 70.4
2 29.7 34.0 70.3 66.0
4 49.9 55.5 50.1 44.5
6 54.6 64.0 45.4 36.0
8 57.9 70.2 42.1 29.8
10 64.1 76.2 35.9 23.8
12 66.6 3.6 33.4 26.4
16 58.6 67.3 41.4 32.7
20 68.3 76.0 31.7 24.0

xAlfalfe varied, bromegrass constant at 3 1lbs.

~
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Table 12b. The Influence of a Varied Rate of Seeding and
Two Different Cutting Treatments on the Bo-
tanical Composition of a Mixture

Bromegrass - Alfalfa Mixture
Hay Treatment - 2 cuttings - average of 3
cultures

Species* Bromegrass Alfalfa

(percent of total) (percent of total)

Date of

Cutting 5-8 6-1 5-8 6-1

Lbs. of

Bromegrass

d 16.7 17.8 83.3 82.2
2 28.2 27.6 71.8 72.4
4 36.8 34.7 63.2 65.3
5 43.8 36.7 56.2 63.3
6 51.9 36.7 48.1 63.3
T 62.4 51.1 37.6 48.9
8 50.3 47.2 49.7 52.8
9 70.4 64.0 29.6 36.0
10 59.3 57.1 40.7 42.9

*Bromegrass varied,

alfalfa constant at 8 1lbs.
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Table 13b. The Influence of a Varied Rate of Seeding and
Two Different Cutting Treatments on the Bo-
tanical Composition of a Mixture

Ladino Clover, Alfalfa, and Bromegrass Mixture
Hay Treatment - 2 cuttings - average of 3 cul-
tures

Species* Ladino Clover Alfalfa Broumegrass
(percent of total) (percent of total) (pet.of tot.)

Date of

Cutting 5-8  6-1 5-8  6-1 5-8  6-1
1bs. of

Ladino

Clover

1/8 058 422 61.1 55.5 38.1 42.3
1/4 1.6 2.4 44.1 40.2 54,3 57.4
1/2 4.1 6.3 58.1 65.9 37.8 27.8
3/4 3.2 4.6 49.4 55.2 47.4 40.2
1 4.3 4.0 48.1 56.1 47.6 39.9
2 9.6 12.3 42.4 53.3 48.0 34.4
3 17.8- 21.2 42,3 50.8 38.9 28.0
4 ABE AT0 41.5 49.4 A0 H. BT
5 26.2 81.9 47.9 43.9 25.9 24.2

*Ladino clover varied, alfalfa constant at 8 1lbs., brome-
grass at 3 1lbs.
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Table 14a. The Influence of a Varied Rate of Seeding and

Two Different Cutting Treatments on the Bo-
tanical Composition of a Mixture

Red Clover, Alfalfa, Ladino Clover and Brome-
grass Mixture

Pasture Treatment - 5 cuttings - average of 3

cultures
Species Red Clover Alfalfa
(percent of total) (percent of total)
Date of
Cutting 3-28 4-11 5-2 5-22 6-1 3-28 4-1i 5-2 5-22 6-1
1bs. of S,
Red
Clover
i 3.3 9.0 6.9 10.8 30.4 69.8 43.4 43.9 30.0 14.4
2 9.6 12.7 11.9 17.5 29.5 62.4 26.8 40.0 26.5 13.6
4 19.7 29.8 28.2 33.6 35.7 45.1 26.2 28.0 21.0 10.8
6 13.4 27.9 31.5 37.3 34.7 60.7 28.0 30.9 21.5 8.5
8 19.9 38.0 43.0 49.3 35.4 60.6 30.3 26.2 19.2 12.5

10

23.5 47.3 44.4 47.9 31.4 58.0 23.5 27.2 16.0 15.2
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Table 14a.
Ladino Clover Bromegrass
(percent of total) (percent of total)

3-28 4-11 5-2 5-22 6-1 3-28 4-11 5-2 5-22 6-1

4.0 15.2 26.0 33.8 30.4 22.9 32.4 23.2 25.4 24.8
1.4 9.5 21.3 25.1 25.1 26.6 51.0 26.8 30.9 31.8
2.6 12.2 19.3 23.5 25.3 32.6 31.8 24.5 21.9 28.2
1.6 9.0 14.1 13.9 15.8 24.3 35.1 23.5 27.3 41.0

.7 9.7 14.9 14.1 18.5 18.8 22.0 15.9 17.4 33.6

1.3 10.3 15.3 19.4 28.4 17.2 18.9 13.1 16.7 25.0




Table 14b. The Influence of a Varied Rate of Seeding and

Two Different Cutting Treatments on the Bo-
tenical Composition of a Mixture

Red Clover, Alfaifa, Ladino Clover and Brome-
grass Mixture

Hay Treatwent

Species

Date of
Cutting

Red Clover Alfalfa Ladino Clover Bromegrass
(% of total)(% of total)(% of total)(% of total)

5-8 6-1 5-8 6-1 5-8 6-1 5-8 6-1

1bs. of

Red

Clover
1

2

@ o »

10

4.1 5.5 45.3 43.3 5.9 4.9 44.7 46.1
14.4 13.6 40.4 36.5 7.8 12.5 37.4 37.4
19.2 24.6 44.8 42.5 5.2 9.2 30.6 23.7
18.9 22.5 45.1 41.9 4.7 5.2 31.3 30.4
27.8 29.0 39.0 42.0 4.7 5.5 28.5 23.5

29,3 39.9 28.7 32.5 11.6 5.8 30.4 21.8







4. Influence of Cutting Treatments on the Number of
Plants at Final Harvest

Counts were made in all mixtures and treatments
before cuttings were made. At the last harvest the plants
were separated by species and counted to determine the in-

fluence of the two levels of cutting. In some mixtures

there was an increase in plant numbers as a result of late
germinating seed. Where vnlant numbers decreased this was
gssumed to be the effect of the cutting trealments. Data
on plant numbers at final harvest are presented in Tables
15 to 19.

There were no significant decreases in plant num-
bers of the individual species in mixtures following the two

cutting treatuents. The delayed gerwmination of seed had a

greater influence than did cutting treatments, but these
increases were not significant.

There were no significant differences in the num-
ber of total plants between cutting treatments. Within in-
dividual species there were significant differences in the
number of plants at final harvest and this was most evident

in Ladino clover and bromegrass in the Ladino clover mixture.
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Table 15. Influence of Cutting Treatments on Number of
Plants at Final Harvest

Single Species

Number of Plants (average of 3 cultures

on June 1)

Species 5X Diff. 2X Diff. 2X-5X
from 3-1 from 3-1
Alfalfa 19.3 +0.3 21.0 +1.0 +1.7
Bromegrass 5.3 +0.3 6.0 - +0.7
Ladino Clover 8.0 - 8.3 +0.3 +0.3
Red Clover 17.3 +3.0 17.3 +2.3 -
Ho sig. diff.
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Table 18.
Total

5X Diff. 2X T Diff.  o2X-5X

from from

3-1 3-1
24.0 +2.0 23.0 +1.7 -1.0
28.0 = 22.0 +0.6 -6.0
28.7 +0.7 26.3 +1.7 -2.4
29.3 +0.9 29.3 - -
34.3 +3.3 33.7 +4.,3 -0.96
42.3 +2.3 35.0 +0.4 -7.3
50.0 +1.6 44.0 -2.0 -6.0
46.7 -3.9 54.3 +4.9 +7.6
62.0 +1.0 52.3 +0.3 =9.7
6.8 no 6.9 no sig. diff.
9.5 sig. 9.6
6.0 daiif. 6.0
8.2 8.3




51

g9 6°S 2°8 (4
0°v €°% *"JIITIP 8°S¢ *JFITP 6°C %S=as1T
e -- CFIS g'6 BIe L'y U
Q0UDIATIITP FUBOTJITUSIS ou *JIIp *91s ou —--— - ou §°9 ou g*g %G="HY
0°T~ €°F+ 0°9 0°T- 0°L 0°8- 0°B+ L°ST ¥°Q+ L°LT 0°9+ 0°2+ €°08 9°8+ £°¥F 0T
€701 0°8F 0L 08 LYY N0~ €% F SN0 LT LoT 0%8= 008t LY Ve Lot 8
0T+ .08+ €28 9° T+ €°L 0= € T+ 0%9T 0"G+-0°8F §%0= 05T+ 0°2T €8+ 827 9
Lo0F 00 ET 0L 9V TH g0 R TR LTS LIl s S T B oV 0 I 0 v e -} v
Y°0+ 0°'%+ L°8 9°0F €°8 0°8- 9°%+ €°ST 0°€+ £°8T L°B+ L°0+ L°C €°'T- 0°S 4
€°0- €70~ L°L L°0% 0°8 L°€- 9°2+ €°ET 0°F+ 0°LT O°T+ €°0+ 0°€ €°0- 0°2 T
1-€ T-€ 1-€ T-€ 1-8 T-€
moay LGB §4 moxy wo Xy WO Y woay EB Slc)
XE-Xg 'FITA X2 "IITA ¥S XS-Xe *IITA X2 *IJTA XS XS-Xg 'JITA X2 *JIId Xs aad
JI9AOT) ouIipeq CITRITY JI9A0TD pPoyu *sqT Ut
(T-9 uo eSeaoeae go0d €) JA9A0TD
89T190dg Aq squBTJ JO JOgquUMN LY
*sqr g 9%

sseafomodq ‘*qT T 2® ouUIPET ‘°*sql § 9B QURYSUO0D BITRITR ‘POTIBA JIBA0TO DO

1S0AJRH TRUTJ 12 S3UBTd JO JI9qUNN WO SQULWRRAIL TUTIPIN) JO d0owenTIul

*6T °Tdqel






52

Table 19.
Bromegrass Total
5X Diff. 2X Diff. 2X-5X 5X Diff. 2X Diff. 2X-3X
from from from from
3-1 3-1 s-1 3-1
5.0 +1.3 7.3 +2.6 +2.3 32.0 +5.7 31.3 +5.3 -0.7
5.7 +0.7 6.0 +2.0 -0.3 35.8 +2.6 35.7 +9.3 +0.4
4,7 -0.3 4.7 -0.3 -- 35.0 +5.3 34.7 +5.7 -0.3
4.3 -0.7 4.3 +0.6 -- 42.0 +8.3 40.7 +5.0 -1.3
4.3 +0.3 6.7 +2.7 +2.4 44,3 +6.3 44.7+11.0 +0.4
5.3 +1.6 6.0 +1.3 +0.7 44.3 +8.6 48.0 +6.6 +3.7
no significant diff. no -- no sig. diff.
sig. -
diff.
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5. The Influence of Seeding Rate and Two Dif-
ferent Cutting Treatwents un the Yield of
Roots

Single Species

The yield of roots from the individual species
are given in Table 20. Under five cuttings the yield of
bromegrass roots was significantly greater than the yield
from other species. Alfalfa root yields were greater than
red and Ladino clover and Ladino clover was slightly higher
than red clover.

Two cuttings produced significantly higher root
vields between species than five cuttings. Ladino clover
vroduced a higher yield under five cuttings while the other
species had higher yields from two cuttings. TFrequent cut-
ting was more severe on the development of alfalfa and red
clover rcots as showm in Figure 11.

Table 20. The Influence of Seeding Rate and Two Different
Cutting Treatwents on the Yield of Roots

Single Species
Dry weight yield in grams - average of 3 cultures

Species 5% 2X Difference
Alfalfa 27.10 56,00 +28.90
Bromegrass 34.40 43.65 +9.25
Ladino clover 18.50 14.55 -3.95
Red clover 17.50 30.42 +12.92
RE4:5% 2.94 9.43

1% 4,56 14.63
LSD=5% 2.79 8.96 5.92

1% 4.23 i3.57 8.31




Figure 11. Influence of cutting treatments on the root
development of legume species

Left: Alfalfa 8 lbs. Cut 5 times (3 roots),
cut twice (3 roots)
Center: Ladino Clover 1 1b. Cut 5 times (2
roots), cut twice (2 roots)
Right: Red Clover 8 1lbs. Cut 5 times (3 roots),
cut twice (3 roots)
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Alfalfa-Bromegrass Mixtures

The alfalfa seeding rate was varied in this
series. The yield of roots from the two species are given
in Teble 21. The ten pound (10 1lbs. of alfalfa, 3 1lbs. of
bromegrass (10-3)) rate of alfalfa gave the highest total
yield of roots under five cuttings. The highest yield of
alfalfa roots in the two cutting group was at the twenty
pound (20-3) rate of alfalfa. Total root yields were sig-
nificantly greater from two cuttings at all rateé of alfalfa.

The left side of Figure 12 illustrates that five
cuttings retarded alfalfa root development at all rates of
seeding. The difference in yield of alfalfa roots between
cutting treatments was highly significant at all but the
one pound rate.

Bromegrass root yields were highest in the two
cutting group at the two pound rate, but were not signifi-

cantly different when cut five times. With an increase in

the seeding rate of alfalfa, the total yield of roots tended
to increase under five cuttings and increased generally
under two cuttings. Alfalfa yields increased markedly up

to the six pound rate (6-3) of alfalfa, and then leveled
off, but showed a general increase under two cuttings. Due
to thue competitive effects of alfalfa under two cuttings
bromegrass yields decreased as the rate of alfalfa increased.

These relationships are shown in Figure 13,
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R

Figure 12. Influence of varied rates of alfalfa and brome-
grass and two cutting treatments on alfalfa
root development

Left: Alfalfa rate varied, bromegrass at 3 1lbs.
A-C cut five times, D-F cut twice
A &D 1 1b., B&E 8 1bs., C & F 20 1bs.
Right: Bromegrass rate varied, alfalfa at 8 lbs.
G-I cut five tiues, J-L cut itwice
G&J 1 1b., H & K 6 1bs., I & L 10 1bs.
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Figure 13. Root yield as influenced by variation in the

seeding rate cnd two different cutiing treat-
mente. rlfalfa-bromegrass wmixtures.
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Bromegrass-Alfalfa Mixtures

The yield of roots from these two species are in
Table 22. The nine pound (9 1lbs. of bromegrass and 8 1bs.
of alfalfa (9-8)) rate of bromegrass gave the highest total
vield of roots under five cuttings, with the highest yield
under two cuttings at the six pound (6-8) rate. Total root
yields from two cuttings in comparison to five were greater
at all rates of seeding.

The difference in root yield between cutting
treatments was significantly greater Iroam two when compared
with five cuttings at rates above four pounds of brouwegrass.,
Alfalfa root yields were not significant betweeu rates but
root yields from two cuttings were significantly greater
than from five cuttings at all rates of seeding. The right
half of Figure 12 shows that tiie .zore vigorous alfalfa roots
developed at the lower rates of bromegrass. Browegrass was
very competitive to alfalfa under five cuttings.

As the rate of seeding bromegrass increased the
total yield of roots increased generally under both cutting
systeinis. Bromegrass root production followed a siuilar
trend and alfalfa root yield decreased generally as the

rate of bromegrass increased. (Figure 14)

Ladino Clover, Alfalfa and Bromegrass Mixtures

The yield of roots frou mixtures with varied rates
of Ladino clover are shown in Table 23. Total yields from

both cutting systems were highly significant between rates
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DRY WEIGHT YIELD IN GRAMS
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Figure 14. Root yield es influenced oy verieticn in the
seediug rate wnd two differeat cutting treet-
mentvs., aAlfelfa-broresrass mixtures.
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of Ladino clover. The highest total yield of roots under

" five cuttings was at the lowest rate of Ladino clover, while

the maximum rate of Ladino had the next highest yield. La-
dino roots were a minor portion of the highest total yield,
but a wmajor portion of the next highest total yield. The
highest total yield from two cuttings was at the lowest rate
of Ladino clover.

Differences in yields of Ladino roots frouw both
cuttings were highly significant between rates of Ladino,
and significantly higher yields came from the group cut
five times rather than froua the zgroup cut twice. Ladino
clover root developuwent was not encouraged under two cut-
tings. (Figure 15) The root systems from the plants cut
five times were more vigorous at all rates.

Alfalfa root yields were not significantly dif-
ferent in either of the cutting groups between rates of
seeding, but greater yields were obtained from the two cut-
ting system. Figure 15 shows that the roots from plants
cut frequently were less vigorous. As the rate of Ladino
clover increased the vigor of individual alfalfa roots was
reduced under both cutting treatuments.

Bromegrass roots from mixtures cut five times

were significantly Gifferent between rates of seeding, with

the highest yield at the lowest rate of Ladino. The yield

from two cuttings was greater at all rates of Ladino clover.

The variation in total root yields between seeding
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ACFALFAS

D

Influence of varying the rate of Ladino clover
and cutting treatments on the development of
legume roots

Figure 15.

Ladino clover varied, alfalfa at 8 lbs., brome-

grass at 3 1lbs.

A-C cut five times, D-F cut twice

Ladino clover rates A-D 1/8 lb., B & E 1 1b.,
C&F 5 1bs.

B
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Figure 16. Roct yield as influenced vy variation in the
seeding rete and two different cutting treat-
ments. Ladino clcver, zlfalfa eand bromegrass
mixtures.
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rates and cutting treatment were greater irom these mix-
tures than in the alfalfa and bromegrass series. At rates
above one pound, Ladino clover had a marked effect on total
yield and yield from the other two species. (Figure 16)

Red Clover, Alfalfa, Ladino Clover and Brouegrass
Mixtures

Root yields from this series are shown in Table
24. Total yield from the five cutting system were not sig-
nificant between rates of seeding, and the highest yield
from two cuttings was at the lowest rate of seeding. As
the rate of red clover increased total yield of the mixture

tended to decrease, with higher yields obtained frou the

mixtures cut twice.

Root development of the three legume species are
shown in Figures 17 and 18. Increased red clover rates and
frequent cutting reduced the vigor of alfalfa roots but nei-
ther variavle affected the Ladino clover. Red clover roots
gained in vigor as the rate of seeding increased. (Figure
17)

In Figure 18 the competitive effects of other
species on Ladino clover rcot develop:iient are shown when
the mixtures were cut twice. The developuent of red clover
an’l alfalfa rocts were about equal at all rates of seeding.

Red clover was never a wajor portion of the wmix-
tures. Total yield of roots was more affected by the de-

crease in root yield of the other mixture components than
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Figure 17. Influence of varying the rate of red clover
and five cuttings on the developument of legume

roots
Alfalfa A-C 8 1lbs., Red Clover A 1 1b.
Ladino Clover A-C 1 1b., B 6 1bs.

C 10 1bs.
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Figure 18. Influence of varying the rate of red clover
end two cuttings on the development of leguume

roots
Alfalfa A-C 8 1lbs., Red Clover A 1 1b.
Ladino Clover A-C 1 1b., B 6 1lbs.

C 10 1lbs.
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by the increase of red clover root yields as rates of red
clover increased. (Figure 19)

Plate I shows representative roct cross-sections
taken from the selected leguize roots at the end of the grow-
ing period. A wide variation in diameter size can be seen
between roots from the different rates of seeding and be-
tween cutting treatments. »

Table 35 presents the range of diameters of the
various cross sectiins, some of which are not shown on Plate
I. At all rates of alfalfa, alone and in mixture, the fre-
quent cutting reduced the diameter of the cross sections of
roots when compared to two cuttings. As the rate of alfalfa
or bromegrass increased the diemeter of the rcots tended to
decrease under botu cutting treatments. ‘fhere alfalfa was
seeded alone it reached a larger dieameter than when in mix-
ture at the same rate.

Ladino clover had a slightly larger root cross
section at the ovne pound rate seeded alone and in mixture
wien cut twice. At the minimum and waxiwum rates, the
larger cross sections were frow the five cutting treatwment.
The diameters tended to decrease under both cutting treat-
uments until the maximum rate of seeding and were then only
slizhtly larger than the lower rates.

Red clover roots were largest in both cutting
treatients when seeded alone. Frequency of cutting did not

have as marked effect on these roots as on alfalfa. The
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Plate I. Influence of Two Different Cutting Treatments
on the Diameter of Legume Roots
The roots shown in this plate are representative
of the diameter range as presented in Table 25. Enlarge-
| ment 35X. Roots on the left side were from cultures cut
| five times; right side from cultures cut twice.

1 & 2 Alfalfa seeded at 1 1b, bromegrass at 3
lbs.

3 & 4 Alfalfa seeded alone at 8 1bs.

5 & 6 Alfalfe seeded at 20 1lbs, bromegrass at
3 1lbs.

7 & 8 Ladino clover secded alone at 1 1b.

9 & 10 Red Clover seeded at 1 1b, alfalfa at 8
lbs, Ladino clover at 1 1lb, and bromegrass
at 3 lbs.

11 & 12 Red clover seeded at 6 lbs, other species
as in#9 & 10 above.

13 & 14 Red clover seeded alone at & lbs.
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highest rate of red clover produced larger cross sections

in the two cutting treatments.
Discussion

This experiment was conducted under controlled
conditions in the greenhouse where the supply of moisture
and nutrients were plentiful, and temperatures were favor-
able for rapid development of forage species. The major
limitation was the relatively short duration of the growth
period. However, results of this experiment illustrate the
orinciples of competition between species in mixtures and
how they perform under two systems of cutting.

The beginning premise of the experiment was that
seeding rates used on farms were t0o high within the limits
of recognized cultural practices, but that higher rates of
seeding may be necessary for those seedings to be pastured.
It was also counsidered that more species are used in forage
mixtures than mey be ideal in teruws of providing management
practices that will meet optimum conditions for the indivi-
dual mixture components.

The work of Blaser, et al (2) has indicated the
competitive effects of species seedlings on one another
when in mixtures. Their results give valid reason to limit
wixtures to only two or three species, and these should
have similar managewent requirements.

In this experiment the totel yield of forage under
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either cutting treatument was affected very little by having
more than two species in the mixture, but root yields did
increase under two cuttings as the number of species in

the mixture increased. The increased rate of individual
mixture components had less influence on total yields than
the two different cutting treatments, with higher total
yield of forage and roots produced by the mixtures that
were cut twice.

The dependence of new growth on stored carbohy-
drates was seen in the results of this experiment. Other
workers have reported decreasing yields of tops and roots
and reduced carbohydrate levels from those plants cut fre-
guently, often before storage reserves can be replenished.
In this experiment the yield from alfalfa diwinished follow-
ing recovery periods of short duration, but gained when
this period was lengthened to 22 days. However, Ladino
clover, bromegrass and red clover continued to produce high-
er yields of forage with each successive cutting, until the
final cutting which had only a ten day recovery period.

These results are contrary to the findings of
Moran (11) in whick the top yield of Ladino clover decreased
sharply when cut to one and three inch levels at 14 day in-
tervals for 42 days, with the sharpest decrease at the 1-
inch height. He also found that carbohydrate levels were
affected by height and frequency of cutting which act as

a major factor in the regrowth of Ladino following cutting.
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At the levels of cutting used in this experiment
it is likely that Ladino clover was defoliated less than
alfalfa or red clover. New leaves had already developed
at nodes along the stolons, but leaflets had not expanded
and the petioles had not elongated so that they were not
removed at harvest. When alfalfa and red clover were cut,
complete defoliation occurred. New growth had to come from
crowin buds, requiring a longer period for recovery, and was
made at the expense of carbohydrate reserves. This was

also true of Ladino clover and bromegrass, but because de-

foliation was not couplete at harvest, photosynthesis was
probably not interrupted, at least to the degree as in al-
falfa and red clover.

Ladino clover was the only species in this exper-
iment to have more total root yield under frequent cutting.
This mey be explained by the work of Stewart and Bear (15)
who found that starch replenishment commenced 11 days after
cutting and the original level was reached in about 17 days.
This may also be related to the shading and other competi-
tive effects of the couwponent species which reduced top
and root yields of Ladino in the two cutting treatment.

Under field conditions, when mixtures including

alfalfa are used for pasture it would be best to use a man-
agement system which provides for rapid grazing of the forage,
followed by a recovery period sufficiently long to replenish

carbohydrates as well as top growth, The inclusion of
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Ladino clover will not contribute greatly to total yield.

It would appear that the use of Ladino clover in those seed-

ings primarily for hay production may be of limited value
because of the competitive effects of the more aggressive
alfalfa and bromegrass under these conditions. Red clover
contributes very little to increasing total yield, and if
used at equal rates with alfalfa, may retard the develop-

ment of alfalfa plants in the mixture.

Summary and Conclusions

Alfalfa, red clover, Ladino clover and bromegrass
were seeded alone and at varying seeding rates in mixtures
in the greenhouse, and subjected to two and five cutting
treatments.

1., The number of plants of the varied species

and total plant numbers increased in all mix-
tures with increasing rates of the individual
species.

2. Total yield from all mixtures were greater
from two cuttings than from five. Under five
cuttings, mixtures produced higher total yields
then species seeded alone. Only four mixtures
when cut twice produced more than alfalfa
seeded alone, and one-third of the wixtures
produced less than red clover seeded alone.

3. Highest total yields under five cuttings
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generally came from the higher rates of seed-
ing. The medium rates of seeding produced
the higher yield under two cuttings. Cutting
treatiuent had more effect on the yield of
forage than did the rate of seeding.

Ladino clover was least affected by frequent
cutting, followed by bromegrass, red clover
and alfalfa. A4lfalfa forage yield and its
proportion of the yield were markedly reduced
when the recovery period was short. This pat-
tern was also shown in the production of roots,
The nuuber of plants at final harvest had not
been affected by cutting treatuents.

Cutting treatments had a greater effect on
the vigor and yield of root systems than the
varying seeding rate of individual species.
The results of this study indicate perform-
ance trends when the rate of individual spe-
cies are varied in mixtures eand two levels of
cutiing are used under the controlled condi-
tions of the greenhouse. The performance
pattern would be varied by field environment,

but the same general trends should be expected.
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Table I. The Influence of Seeding Rates on Yield of Forage
Under Two Different Cutiing Treatments

Single Species
Dry weight yield in grams, average of 3 cultures

Pasture Treatment - 5 cuttings

March April May May June Total

GO0 Bt
RESOECS 28 11 2 22 1

Alfalfa 1.57 1.18 4.99 10:17. 2190, 19.81
Bromegrass 0.90 1.50 3.28 7.50 4.70 17.88
Ladino Clover 0.03 0.43 3.18 8.47 4.17 16.28
Red Clover 0.52 1.50 4.55 10.23 3.78 20.58

no sig. dif.

Hay Treatment - 2 cuttings

Species ng J:ne Total
|
Alfalfa 30.97 24,47 55.44
Bromegrass 19.50 10.33 29.83
Ladino Clover 6.57 9.30 15.87
Red Clover 22.50 19.30 41.80
=0
e

/
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