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ABSTRACT Joseph R. Dumont

Three southern and three northern varieties of smooth brome-
grass grown alone and in mixture with alfalfa were compared for per=-
centage of stems and dry matter in the plant on four sampling dates in
June 1956, In addition, Lircoln, a southern variety, and Canadian, a
northern variety, were compared for percentage of crude fiber, ether
extract, and protein for the four sempling dates of June 2, 9, 20, and
30 in 1956 and 1957, and lay 23 end July 10, 1257,

There were significant differences among the northern bromegrass
varieties when grown alone or with alfalfa, most of the differences
occurring in pure stands. Percentage of crude fiter increased with
advancing maturity while percentage of protein decreased. The percent-
age of ether extract was quite stable. Southern varieties did not
differ significantly in any of the determinations.

The Lincoln and Canadian varieties in pure stands differed
significantly in dry matter, crude fiber early in one season, and pro-
tein on the latter sampling dates of 1556 and 1957,

With the exception that the Canadian variety was higher in per-
centage of protein in the latter steges of harvest, the Lincoln and
Canadian varieties were similar in percentage of leaves, stems, dry
matter, ether extract, crude fiber, and protein in the sampling period
from late May to early July. The choice of which variety is to be
recommended in Michigan must depend on other factors. On this basis,
Lincoln, representative of the southern type, would be preferred
because of its greater yleld, disease resistance, and availability of

seed,
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IXTRODUCTION

Smooth bromegrass, Eromus inermis L., is used extensively in

Michigan and adjoining states. Its primary use is in mixture with
alfalfa for hay, silage or pasture. It is also used in conservation
measures to decrease erosion from sod waterways and ditch banks or
road cuts.

Bromegrass is usually grown with alfalfa because the mixture
generally gives greater forage yield and protection to the soil than
either the brome or the alfalfa provides if seeded alone, and the
danger of bloat to grazing animals is less. The presence of a legume
in the mixture also prolongs the productive life of the stand, because
it increases the amount of nitrogen available in the soil and thereby
keeps the grass stand from becoming sod=bound. As a grass for pasture,
silage, or hay, smooth bromegrass 1s superior to other grasses.

In a dairy area, such as the state of Michigan, a grass should
ideally be useful for pasture, hay, and silage. An ideal bromegrass
variety must not mature so early that it conflicts with proper alfalfa
harvest. If a grass metures too early it will be too mature at harvest
and of low value as hay. The ideal bromegrass must not be too aggressive
to its legume companion or too hard to control in a crop rotation. If
a grass 1s so aggressive that it crowds out the legume, it can only be
used in short rotations., This decreases its value. An ideal grass
variety must be high yielding and palatable to the livestock. It must
have disease resistance to several leaf diseases which often reduce

yield and palatability.



Smooth bromegrass is a long=-lived perennial sod grass with
strong creeping rhizomes. It is adapted especially to regions of mod=-
erate rainfall and low to moderate summer temperatures,

Two types of smooth bromegrass which differ somewhat in appesar-
ance and habits of growth are recognized., They are known as northern
and southern types. The southern type was introduced originally from
central Europe and includes such varieties as Achenbach, Fischer, and
Lincoln. They are more vigorous and form a heavier sod than the north=-
orn strains. The northern type was introduced from Siberia and is rep=-
resented in this report by Canadian, Michigan, and Manchar varieties,
Manchar, however, is not true to either type but more nearly resembles
the northern than the southern strains.

A 1957 suunmary of the production of bromezrass varieties in
Michigan (6) showed that five southern varieties proluced 3.44 tons per
acre of hay containing 127% moisture in combination with alfalfa while
six northern varieties produced 3.24 tons of alfalfa-bromegrass hay per
acre. The alfalfa comprised 1.75 tons (50.7%%) of the hay when in
association with the southern varieties but only 1.42 tons (43.6%)'when
in association with northern varieties. Since the northern varieties
were lower yielding, less disease resistant and actually more compet-
itive to the alfalfa, the Department of Farm Crops now recommends
southern varieties of bromegrass in preference to northern varieties.
One important reason why northern varieties might be preferred to south=-
ern varisties is that the southern varieties are shown by Newell and
Keim (3) and Wheeler and Hill (9) to mature earlier with the result

that the hay may be of poorer quality.



This study was undertaken to determine if there were any
differences in maturity, crude fiber, ether extract, and protein

between northern and southern varieties.



REVIEW OF LITERATURE

Newell and Keim (3) reported that the southern types of smooth
bromezrass produced more vigorous seedlings under short days of fall
and early spring, were more tolerant of drought and heat, possessed
more vegetative vigor, and were more productive under the conditions of
their tests than the struins of the northern type. They also reported
that the southern strains produced a larger percentage of their total
forage in early spring than did the northern strains. From their find-
ings they suggest the designations "early™ and "late"” for the strains
of southern and northern types, respectively. In areas of recurrent
spring and swmer droughts, the southern or "early"™ strains are pre-
ferred to take advantage of all available moisture.

Wheeler and Hill (9) in 1957 reported that the southern brome-
grasses have often been shown to be superior to northern varieties in
yield but have never become widely used in the northern states. They
are fully winter-hardy as far north as North Dakota and are adapted to
southern linnesota. Northern growers have usually preferred the type
with less vigorous root stalls because they have felt that the rapid
spreading southern types grow so vigorously as to crowd out legumes
and other grasses in the pasture mixtures.

Churchill (1) reported the percentage of dry matter of brome=-
grass when grown alone was very much the same as when grown with alfalfa.
He found this percentage to vary from 31.0 to 41.6% for first cutting
bromegrass grown alone over a five-year period. Churchill also reported

that all strains were much higher in percentage of protein in the second



than in the first cutting. The protein content of both bromegrass and
alfalfa was slightly higher when grown in mixture than when either was
grown alone. In second cuttings, the percentage of protein in the
bromegrass was equal to that in the alfalfa, Churchill reported the
percentage of protein in the first cutting to be 8.3%% when grown alone
and 9.77% when grown in mixture.

Dotzenko and Ahlgren (2) and Phillips et al. (4) reported the
percentage of protein to decrease steadily with advancing maturity.
They also reported that the percentage of crude fiber increased steadily
wifh advancing maturity.

Churchill (1) reported that generally the percentage of fiber
was highest in the Nebraska and Kansas strains of the southern type.
All strains contained a higher percentage of fiber in the first than
in the second cutting. Most strains showed a higher fiber content when
grown with alfalfa than when grown alone. Churchill found that the
percentage of crude fiber was 34.5% when grown alone and 36.1% when
grown in mixture.

Dotzenko and Ahlgren (2) reported that the percentage of pro-
tein, potassium, and phosphorus contents of bromegrass decreased with
advancing maturity, whereas the percentage of fiber and calcium showed
the reverse trend. They found in summarizing that the percentage of
crude fiber showed highly significant effects for treatment, season,
and their interaction.

Sullivan et al. (5) reported that successive cuttings of grass
through the sesson showed fluctuations in composition, many of stat-

istical significance, but the changes were never of great magnitude.



Phillips et al. (4) reported no significant fluctuations in the
percentage of nitrogen free extract.

Vheeler and Hill (9) and the Agricultural Research Service (7)
describe the varieties as follows:

"Achenbach is a typical southern regional strain developed by
some selection in the late 1890's by the Achenbach brothers of Washing=-
ton, Kansas., This early work produced the foundation stock of what is
now the Achenbach strain. liost of the bromegrass in eastern Kansas and
all of the certified bromegrass in the state traces to this source.
Achenbach is similar to Fischer in adaptation to Ohio, Indiana, Illinois,
and Missouri. Achenbach is equal to or superior to Lincoln in that area."

"Lincoln is a naturalized strain of bromegrass derived from
Hungarian origin. It has proven particularily well adapted to the cent-
ral latitudes of the United States and constitutes an excellent source
of unselected material to be used in the production of selected new
strains for the same region. Increased and foundation seed stocks are
meintained at the Netrasks Agricultural Experiment Station, Lincoln,
Nebraska. Of the southern strains, Lincoln is the leading variety in
volume of certified seed production. llost of the certified seed is
being certified in North Dakota, Nebraska, and Iowa,"

"Lincoln was developed cooperatively at Lincoln, Nebraska, by
the Agricultural Research Service of the U. S. Department of Agriculture
and the Nebraska Agricultural Experiment Station. The source was old
fields of bromegrass derived from an early introduction into California
prior to 1898 attributed to Hungarian origin. Lincoln was certified

in 1942. It is a high yielding wuriety that forms & good sod and is



tolerant of drought and heat. It is grown in the Dakotas and Nebraska
and in states eastward to the Atlantic Ocean.”

"Lancaster (liebraska 44) is a strain which was developed over
e ten-year period at the Nebraska Agricultural Experiment Station. It
is a synthetic variety produced by the hybridization of several un-
related outstanding plants. Seed from the original hybridization was
increased and plants were selected as outstanding among several experi-
mental varieties in the trial plantings., The variety is superior in
forage and seed yield and quality in field plot tests at the Nebraska
Station. It is being certified in MNebraska and increased at the
Nebraska Agricultural Experiment Station."”

"Janchar is a tall, leafy, semi-bunch type of bromegrass intro-
duced from lanchuria by the U. S, Dept. of Agriculture in 1935, 1Its
outstanding characteristics are seedling vigor and high seed production.
It is intermediate in growth habit between the southern type and the
northern type. It yields well in alfalfa-bromegrass mixtures and does
not become sod-bound as quickly as the comnon strain. This variety is
increased at the Washington Agricultural Experiment Station, Pullman,
Mashington. lanchar recovers quickly after cutting and has some

disease resistance."



VATERIALS AYD LETHCDS

The studies were made in 1956 and 1957 on part of a uniform
bromegrass nursery estabilished in 1950 on the Farm Crops Farm, ich-
igan State University, East Lansing, Nichigan. The purrose of the
nursery was to obtain data on the yield, disease resistance, and per-
sistence of bromegrauss. The soil was a Conover silt loam tiled to
secure good drainage. The plot size was 8 by 19 feet. Rates of seed=-
ing were 12 pounds bromegrass when sown alone and 3 pounds when in
mixture with Ranger alfalfa broadcast at 10 pounds per acre. Each
variety in this stuly was compared alone and in mixture with alfalfa
in a split-plot desizn with four replications. %hen grown alone, brome-
grass was fertilized in early April of each year with 100 pounds of
nitrogen per acre applied as ammonium nitrate. Bromegrass grown with
alfalfa was not fertilized with nitrogen but was fertilized each year
with 300 pounds of 0-20-20 fertilizer per acre.

The studies reported here included three northern and thres
southern varieties. The southern varieties were Achenbach, Lincoln,
and Lancaster. The northern varieties were lanchar, Michigan, and
Canadiane. In 1557, only Lincoln of the southern vaerieties and Canadian
of the northern varieties were sampled as being representatives of the
two different types.

Samples were taken at various dates throughout the growing
season. The first plan called for samples at 7-day intervals beginning
on June 2, 1956, but rain caused an extension to 10-day intervals. In

1956, complete samples were taken on June 2, 9, 20, and 30. In 1957,



sampling extended over a longer period of time with samples being taken
on May 23, June 2, 9, 20, 30, and July 10.

Samples of 60 to 100 grams green weight were used during 1956.
The larger sampling weights were taken toward the later sampling dates
because it was deternined that the 60-grem sample was too small for
accurate determinutions. In 19857, samples of about 300 grams were
taken when enough material was evailable. 7Then material was limiting,

a smaller sample was taken. In several cases, there was enough materisl
for samples from only 3 replications especially on the July 10th sampling.

Four to six samples were obtaired and taken to the lakoratory
within 30 minutes. On the first two sampling dates in 1956, the leaves
with sheaths were separated from the stems ard heads immediately after
the total green weight was taken. The purpose was to obtain the green
weight of the leaves and sheaths alone, but this was abandoned tecause
of righ evaporation losses in the slow process of separation. From
then on, the bags were stored in a refrigerator after the green weight
was taken until all the samples were taken for that date, and then the
leaves were separsted. All samples were then placed in the air driers
at about 105° F, for § to 7 deys, removed, ard weighed. The samples
were then placed in storage for grinding.

All samples of Lincoln and Cenadian varieties were ground to
pass through a 24-mesh screen with a small hammer-mill, Most samples,
especially the smaller ones, were run through twice.

In 1956, the samples were anslyzed for crude fiber, ether extract,
and protein by the Department of Chemistry of the lMichigan Agricultural

Experiment Stetion. In 1957, only crude fiber and protein were analyzed



because the 1¢56 results showed that the percentage of ether extract

was quite urniform for all dates checked.
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EXFERILENTAL RzSULTS
Forcentapge cf Stems

The data for the percentage of stems and heads for all six
verieties studied in 1956 and Lincoln ard Canadian varieties in 1957
are presented in Table 1. The Lincoln and Canadian varieties are
compared graphically for stems in alfalfa=-bromegrass plots for 1956
end 1957 sampling dates in Figure 1.

There was no significent difference in percentage of stems
between the Lincoln ard Canadian varieties when grown alone or in
mixture with alfalfa in either 1956 or 1957. Likewise, there wms no
significant difference in stems between averages of the northern and
southern varieties.

The percentage of stems increased significantly as the season
progressed from initial or later sampling dates as shown graphically in
Figure 1 and Table 1. In 1956, the average per cent of stems for all
varieties of bromegrass grown alone or in combination with alfalfa was
53.4% on June 2 and increased to 79.6% on June 30. In 1957, similar
percentages were 47.07 on lay 23 and 82.6% on June 30,

The amount of stems on the average was consistently higher in
bromegrass grown with alfalfa than when grown alone in 1956, In 1957
on every sampling date, the percentage of stems of both Lincoln (south=
ern) and Canadian (northern) varieties was higher when grown with
alfalfa than when grown alone.

The Manchar variety was significantly higher than the other

varieties in stems for both alfalfa=-bromegrass and bromegrass alone
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Table 1. Percentage of stems in bromegracs plants when grown
alone or with alfalfa in 1u56 and 1957.
Bromegrass Sampling Dates
lay June June June June July
Variety 23 2 9 20 30 10
1956
SOUTHERN VARIETIES
Alfalfa-bromegrass
Achenbach 52,2 62.0 66.4 82,1
Lincoln 52,9 61.7 67.1 82.0
Lancaster 55.6 59.1 71.8 81.9
Average 53.6 60.9 68.4 82.0
Bromegrass alone
Achenbtach 51.6 62,0 65.8 777
Lincoln 49,1 58.2 67.6 79.1
Lancaster 45.8 60.7 66,1 75.5
Average 5042 60.3 66.5 77.4
NORTEERN VARIETIES
Alfalfa-bromegrass
lanchar 69.3 7061 74 .2 6363
Canadian 53.2 62.5 67,0 82.9
Iichigan 54.1 65.8 71.6 82.0
Average 5546 66,1 70.9 82.7
Bromegrass alone
lanchar 54,9 64,5 71,2 79.9
Canadian 54,8 59,5 6642 T74.8
Michigan 53.6 60.6 6646 73.7
Average 54.4 61,5 68.0 76.1
1957
Alfalfg:f;sﬁbgrass
Lincoln 49,2 6304 69.1 80.0 84.1 89.1
Canadian 5043 62,4 69.0 gl.0 85.8 89.7
Bromegrass alone
Lincoln 46,1 5943 56.4 74 .6 79.4a  87.2a
Canadian 42.6 59.6 62.6 77.0 el.0 87.0a

(a) 3 replications only.
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Table 1. (Cont.)

L.S.D, between: Horizontal Vertical
1956 5% 1% 5% 1%
Northern & Southern var, = Alfalfa=bromepgrass .S, ¥V.S. K.S. N.S.
Northern & Southern var., = Bromegrass alone " " " "
Southern varieties = (all cases) » " " "
Northern varieties = (all cases) 2.9 4.0 2.4 3.3
Northern varieties - Alfalfa=bromegrass 3.2 MN.S. 3.7 X.S.
Northern varieties - Bromegrass alone 2.6 " 3.0 "
Lincoln & Canadian var. = Alfalfa-bromegrass N.S. " NeSe "
Lincoln & Canadian var. - Bromegrass alone " " " "
Alfalfa-bromegrass (all cases) " n " "
Bromegrass alone (all cuses) " n " "
1957

Lincoln & Canadian var, - Alfalfa-bromograss " " " "
Lincoln & Canadian var. = Bromegrass alone " " " "
1956 & 1957

Lincoln variety = Alfalfa-bromegrass 7.6 " 10.8 "
Canadian variety - Alfalfa-bromegrass 7.4 " 10.5 "
Canadian variety - Bromegrass alone 5.3 " 7.4 "
Lincoln variety = Bromegrass alone N.S. " N.S. "

(¥.S.) Not significant.
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plots in thre first part of the 1066 sampling peried in most instances.
Yanchar was 1.2 to 4.5 higher than the other five varieties during the
sampling periocd when grown alone in 1¢56 and from C.4 to 11.0% higher
than the other varieties when grown with alfalfa.

The data show consistently higher percentages of stems in 1¢57
than in 1956, except on the June 30 sampling date. The percentage of
steras in the Lircoln variety was significantly higher in 1957 than in
1956 for most dates of samrling except the one made on June 30. The
percentage of stems in the Canasdien variety was likewise higher in 157
than in 1956 when the grass was grown alone or in mixture.

Fercentage of Dry Matter

The data for the percentage of dry matter in the bromegrass
plant for all six warieties in 1956 and also Lincoln and Canadien
varieties in 1957 are presented in Tatle 2. The Lirncoln and Canadian
varieties are compared graphically for dry matter in the plant from
alfalfa-bromegrass plots for 1956 and 1¢57 sampling dates in Figure 2.

Then grown in combination with alfalfa in 1956, there was no
significant difference in dry matter between the averages of northern
and southern varieties. %When grown alone, however, there wes a trend
that southern bromegrass strains s a group had more dry matter than
northern strains during the last three dates of sampling (June ¢, 20,
and 3C) but differences were not significant.

In combination with alfalfa, Lincoln and Canadian were equal
in dry matter on all dates of sampling in 19566 and 1957, Figure 2.
When grown alone, however, Lincoln had significantly more dry matter than

Canadian during the latter part of the sampling period in both years.
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Table 2, Percentage of dry matter in bromegrass grown alone
or with alfalfa in 1656 and 1957,

Bromegrass Sampling Dates

May June June June June July
Variety 23 2 9 20 30 10

1656
SOUTHERN VARIETIES
Alfalfa-bromegrass

Achenbach 18.1 25,4 28,2 34,5
Lincoln 17.1 22,8 26.8 34,2%
Lancaster 18,2 22.7 27.0 35.8
Average 17.8 23.6 2743 34,8
Bromegrass alone
Achenbach 19.1 25.3 28,8 33.8
Lincoln 18.1 24.0 29.4 34.7
Lancaster 16,9 2547 30.8 3643
Average 18,0 25.0 29.7 34.9
NORTHERN VARIETIES
Alfalfa-bromegrass
Manchar 17,1 24.9 29,4 32,1
Canadian 16.8 23.1 28,7 32,3%
Michigan 17.9 23,9 25.6 31.9
Average 17.3 24,0 27.9 32.1
Bromegrass alone
Manchar 18.0C 24,7 28,7 34,7
Canadian 16.8 22.4 25,7 30.7
Michigen 17.3 24,1 25.1 3160
Average 17.4 23.7 2645 32.1
1957
Alfalfa~bromegrass
Lincoln 23.6 27.9 3l.7 41,7 40.4 46,5

Canadian 23.1 27.9 31.6 4002 39,8 47,0

Bromegrass alone
Lincoln 22.2 27.2 31.3 41,6 42,52  50.4
Canadian 20.4 24.7 28,3 3647 38,0 46.C

(a) Average of three replications.
(*) Significant at the 5% level between means within the
sane date of sampling.



Table 2. (Cont.)
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L., S. D. between:

1556

Northern & Southern var, = Alfalfa-bromegrass
Northern & Southern var., - Bromegrass alone
Southern varieties (all cases)

Northern varieties (all cases)

Northern varieties = Alfalfa-bromegrass
Northern varieties - Bromegrass alone
Lincoln & Canadian var. = Alfalfa-bremegrass
Lincoln & Canadian var. = Bromegrass alone

1957

Lincoln & Canadian var. = Alfalfa~bromegrass
Lincoln & Canadian var. # Bromegrass alone
Lincoln & Canadian var, = (all cases)

1956 & 1957

Lircoln variety - Alfalfa-tromegrass
Canadian variety = Alfalfa=bromegrass
Lincolr variety - Bromegrass alone
Canadian variety - Bromegrass alone

Horizontal Vertical
5% 17 5% 1%
N.S. Nosc NoS. Noso
n 1] ”n n
”n ” " ”
1.5 " 1.3 "
I:.S. " I\I.S. "
1l.€ " 1.9 "
N.S. " .S, "
2.2 " 3.1 "
N.S. " N.S. "
1,3 2.1 2.3 3.6
1.3 1.7 1.5 2.1
5.8 ¥M.S. 8.2 YeS.
3.1 5.7 4.4 8.1
3¢5 6.4 5.0 9.1
3.4 6.3 4.8 8,9
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As the season progressed from June 2 to 30, 1956, and lay 23
to July 10, 1¢57, the dry matter in the bromegrass varieties increased
significantly with sampling dates except on the June 30 sampling in
1657.

When grovm alone (but not in mixture) Ihnchar vas significantly
higher in dry matter than the other northern varieties. There were no
consisternt significant differences among the southern varieties, how-
ever, when grown alone or in mixture.

In almost all comparisons for similar dates of sampling, the
dry matter was significantly higher in 1957 than in 1956.

Crude fiber, Ether extract & Protein

Table 3 contains data for the Lincoln and Cansdian varieties
on percentage of crude fiber, ether extract, and protein in leaves and
stems and the whole plant for bromegrass grown alone and with alfalfa
in 1956. Table 4 contairns similar data for 1957 except that no ether
extracts were made in 1557. Analysis of variance wes calculated
between Lincoln and Canadian varieties for each sampling date in 1956
eand 1¢57 for the whole plant only.

Crude fiber was significantly higher in the plants of Lircoln
bromegrass than in Canadian bromegrass in only one comparison--the
earliest date of sampling on May 23, 1957, from pure stands. There
was an indication in 16567 that crude fiber was higher in the Lincoln
variety on June 2, 9, and 20 but the difference was not significant.

In both years, crude fiber in the leaves, stems, and total
plant increased as the season progressed up to June 20. There was a
slight drop, with a few exceptions, in crude fiber between the June 20

and June 30 date of sampling. No sampling was made later than June 30



Table 3. Percentages of crude fiber, ether extract, and protein in
bromegrass leaves, stems, and plant from bromegrass grown
alone or with alfalfa in 1956.

Bromegress Sampling Dates

Variety Constituent June June June June
2 9 20 30
ALFALFA-BROIMEGRASS
Leaves
Lincoln Crude fiber 26.44 28.00 33.14 31l.24
Ether extract 3.14 3.38 347 3.68
Protein 17.08 15,74 15.44 12.61
Canadian Crude fiber 26,52 28.45 32.50 31.50
Ether extract 3.52 3.66 3.48 3.31
Protein 16.78 15.03 14.13 12.47
Stems
Lincoln Crude fiber 37.02 38.65 43,81 384,85
Ether extract 1.38 1.55 1,36 1.24
Protein 9.83 7.92 6.98 5.52
Canadian Crude fiber 37.02 39.48 40,04 39.23
Ether extract 1.09 1.01 1,61 1.05
Protein 8.92 7460 5.88 5.87
Plant
Lincoln Crude fiber 32 .87 34,58 40,32 3748
Ether extract 2422 2426 2.05 1.68
Protein 13.20 10,92 9.78 6.79
Canadian Crude fiber 32.16 35437 37.45 3790
Ether extract 2,22 2.00 2.26 1l.44
Protein 12,55 10.36 8.71 7.02
BROLEGRASS ALONE
Leaves
Lincoln Crude fiber 26.48 26.50 33.98 32 .85
Ether extract 3.58 3.34 3.80 3.87
Protein 20,03 17.69 13,50 12.40
Canadian Crude fiber 25,32 27.39 32.82 31.76
Ether extract 4,22 4,06 4.20 3.80
Frotein 22 .42 19.72 15.42 14,55
Stems
Lincoln Crude fibver 37.09 39.22 41,29 39.90
Ether extract 1.38 1.24 1.11 0.95
Protein 10.61 8469 6.76 5.46
Canadian Crude fiber 37.28 40,22 41 .66 38.26
Ether extract 1.24 .01 1.05 1.02
Protein 12.20 9.50 T.17 6.11

(Continued )
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Table 3. (Cont.)

Plant
Lincoln Crude fiber 31.68 33,95 38492 38440
Ether extract 2.50 2.11 1.99 1.56
Protein 15.39 12.45 8495% 6o 92 *x
Canadian Crude fiber 31.89 35,00 38.64 36462
Ether extract 2,69 2.19 2,11 1,72
Protein 16,81 13.65 9,99%* Be23 %%

(*) Significant at the 6% level between means within same date of
samplinge.

(**) Significant at the 1% level.
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Table 4. Percentages of crude fiber, and protein in bromegrass leavss,
stems, and plant from plots of bromegrass grown alone or
with elfalfa in 1957,

Brome=rass Sampling Dates

Variety Constituent iay June June June June July
23 2 9 20 30 10
ALFALFA=BRCIEGZASS
Leaves
Lincoln Crude fiber 28.52 20.84 29,75 30.56 3l.75 31.52
Protein 18.%4 14.64 14.14 12.89 13,15 11.92
Canadian Crude fiber 2B.56 27.64 28,64 30.08 30.23 31,78
Protein 19.44 16.03 14,01 13.92 13,51 11,55
Stems
Lincoln Crude fiber 34,2 3T.48 33,21 41,88 37,36 37.41
Proteln 12070 8.25 7.22 5094 5.84 5.85
Canadian Crude fiber 35.14 37.40 37,72 40.656 36,87 37.18
Protein 11.69 8,08 7.72 6,00 6.05 5.26
Plant
Lincoln Crude fiber 31.38 34,32 35661 39,61 36,47 36,76
Protein 15.75 10.57 9,36 7.34 7.02 6.62
Canadian Crude fiber 31,88 33,65 34,95 38464 35,95 36,62
Protein 15.53 11.03 9.91 7450 7.08 5.95
RROMEGRASS ALCHE
Leaves
Lincoln Crude fiber 29,32 28,53 30.04 32423 34,95 35.28
Protein 13.80 17,31 14.95 12,06 10.60 9.00
Canadian Crude fiber 26,85 27.16 27,65 30.14 32.57 32,68
Protein 22.47 19,17 16.80 13.90 11,78 10.29
Stems
Lincoln Crude fiber 35,04 39.30 40.26 41,41 37.90 37.,42
Protein 12,91 8.81 6.74 5.65 4,75 28
Canadian Crude fiber 33.12 36.80 37.80 40.57 38,18 38,07
Protein 16.41 11,11 8,27 6.86 6425 5.56
Plant
Lincoln Crude fiber 31.96%* 34,90 35,81 39.12 37,06 37.09
Protein 16,61 12.25 10.31 7.31 6.54% 5,02%

Canadian Crude fiber 29,53#%* 32,93 34,02 38,19 37.10 37.44
Protein 19.88 14,36 11,51 8.48 T.31* 6,20%

(*) Significant at the 5/ level between means within same date of sampling.

(#*) Significant at 1% level.
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in 1956 but in 1957 the crude fiber on July 10 was similar to that on
June 30, Crude fiber was higher on any date of sampling in 1957 than
in 1956,

In all cases, protein decreased and ether extract showed a
gradual decreoase as the bromegrass became more mature,.

When grown without alfalfa, the protein was significantly
higher in the Canadian than in the Lincoln variety on June 20 and 30,
1956, and June 30 and July 10, 1957, both dates being during the latter
part of the sampling period when the grass was fully headed,

In the bromegrass leaves, the bromegrass stems, and the whole
bromnegrass plant, protein decreased steadily with advancing maturity,.
In 1957, for example, the protein content of Lincoln bromesgrass grown
with alfalfa on May 23 and July 10 was 18,54 and 11,92% in the leaves,
12,70 and 5.85% in the stems, and 15,75 and 6,525 in the entire plant,
In every case, protein was higher in the leaves than in the stoms when
bromegrass was grown alone or in combination with alfalfa,

The percentage of protein in the whole plant and in most cases
in the leaves and stems taken separately, was higher when bromegrass
was grown alone than when in mixture with alfalfa during the first part
of the growing periodes As the season progressed, however, the diff=-
erence became smaller but the higher percentaze of protein was still
evident when the gruss was grown alone, It should be noted that the
brome rass when grown alone was fertilized with 100 pounds of nit=-
rogen in the spring.

In the Lincoln and Caradian varieties from alfalfa mixtures
during 1956, the ether extract varied from 3.14 to 3.87% in the leaves,
from 1.01 to 1.55% in the stems, and from 1.44 to 2.257 in the total

plante In pure stands, the ether extract varied from 3.34 to 4,22% in
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the leaves, 0.91 to 1.38% in the stems, and 1.56 to 2.59% in the whole
plant.
Weather Data

A study of weather data in Tables 5 and 6 reveals that temp-
eratures were more variable in 1556 than in 1957. The mean tenmperature
ir June 1956 varied from 45 to 80 degrees with a low of 38 and a high
of 92 degrees. The mean temperature in June 1957 varied from 52 to 82
degrees with a low of 41 and a high of 093 degrees. The mean temperaturs
varied only 1 degree for the months of May and June 1956 and 1©57,

Rainfall distribution for May and June varied somewhat for 1956
and 1957, Precipitation in May 1556 totalled 6.26 inches as compared
to 6.12 inches in lay 1957. Precipitation in June 1556 was 2,80 inches
as compared to 2.42 inches in June 1957, There wes a period of about
three weeks of no rain in late May and early June 1956 followed by 1.36
inches of precipitation in 4 days ending on June 18. Distribution in
1957 shows a dry period of about 10 days in early June followed by 0.76

inches of precipitation over a 7-day period ending on June 19.
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Figure 5. United States Weather Bureau data for lay and June 1956
from the East Lansing Experiment Farm Station.

—_— ]

_Day Month
May June
Rainfall Temperature Rainfall Temperature
inches High Low 1llean inches High _Low Mean
1 ———- 57 34 46 51 39 45
2 .09 60 41 50 ———— 56 38 47
3 «09 57 38 48 «06 58 40 49
4 «57 54 36 45 -——- 65 50 58
5 .13 54 38 46 ———— 71 48 60
6 «80 6l. 36 44 ———— 78 48 63
7 ——— 52 32 42 ———— 81 54 68
8 ———— 55 30 42 «03 80 63 72
9 1.86 64 37 60 ———- 82 54 68
10 22 64 48 56 ———— 86 60 73
11 «056 75 49 62 e 90 60 75
12 1.24 82 60 71 e 92 68 80
13 «12 82 65 74 ———— 91 68 80
14 ——— - 51 (65) -——- 89 69 79
15 43 60 40 50 «09 86 67 76
16 «03 47 32 40 77 82 68 75
17 .18 51 40 46 «38 8l 68 74
18 «02 63 38 50 o12 75 60 68
19 ———— 59 42 50 ———— 78 50 64
20 ———— 57 34 46 ———— 86 62 74
21 01 80 47 64 ———— 86 68 77
22 «30 82 60 71 «15 82 64 73
23 ———— 60 37 48 ———- 86 70 78
24 ———— 54 31 42 «81 84 62 73
25 ———— 62 39 50 ———e 72 55 64
26 «10 71 46 58 39 82 54 68
27 ———- 72 52 62 ———e 74 60 67
28 ———- 70 48 59 s 69 52 60
29 002 82 52 67 ———— 76 49 62
30 ———- 81 65 73 ——— 84 57 70
31 ———- 74 46 60
6.26 64.4 43.4 53,9 2.80 7844 575 68,0

(65) East Lansing Station mean,
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Table 6. United States Weather Bureau data for May, June, and July
1957 from the East Lansing Experimental Farm Station.

—
—— e ——

Day Month

May June July

Rainfall Temperature Rainfall Temperature Rainfall Temperature
inches High Low Mean 1inches High Low lean inches High Low lean

1 ————- 79 46 62 46 70 50 60 - 75 52 64
2 w-== 53 33 43 ——— 62 41 52 --w= 83 54 68
3 -—-= 45 30 38 ——-= 72 49 60 -—-- 84 69 76
4 -——= 54 36 45 === 80 50 65 1.34 81 65 173
5 -——- 59 33 46 ——== 76 52 64 --== 73 60 66
6 «—== 70 36 53 .- 78 52 65 .02 81 57 69
7 ———- 74 50 62 Ol 62 48 55 -——-- B84 58 T1
8 -—-= 77 58 66 e—-= 68 43 56 1,30 78 66 T2
9 19 60 43 82 -——= 70 44 BT T 76 58 67

10 1.29 56 48 52 ---- 83 55 69 -~ 75 50 62
11 .69 62 52 57 JA8 76 68 72

12 W13 67 56 62 --== 75 60 68

13 -——- T4 59 66 28 78 62 70

14 11 64 37 50 07 82 63 T2

15 .94 53 33 43 04 82 67 T4

16 T 48 38 43 -—-= 89 T2 80

17 -—-= 48 42 45 .- 91 72 82

18 .60 45 42 44 19 93 70 82

19 1.80 52 44 48 T 84 57 170

20 T 60 45 52 -——- 74 52 63

21 -—-= 79 60 170 -—-- 80 62 T

22 --== 69 46 58 51 89 68 78

23 17 67 47 57 --==- 81 58 70

24 -—e- 66 46 56 T 67 52 60

25 20 73 55 64 T 69 59 64

26 ---= 55 44 50 -—-= 71 60 66

27 T 68 39 54 09 76 64 70

28 == 73 48 60 .69 68 58 63

29 ———= 79 53 66 = 74 59 686

30 -—ae 78 56 67 -—-= 76 59 68

31 ceee == == (71)

Be12 64¢0 45.5 5448 2442 T6¢5 57¢5 6740

(71) East Lansing Station mean.,
(T) Trace of precipitation.
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DISCUSSICH

Very few significant differences were detected between northern
and southern types of smooth bromegrass and then only in pure stands.
There wes & significant difference between the Lincoln and Canadian
varieties in dry matter in the total plant from pure stands in 1956 and
1657, There were significent differences between Lincoln and Canadian
in per cent protein in the total plant on June 20 and 30, 1956, and June
30 and July 10, 1957. There vas also a significant difference in crude
fiber in the total plent from pure stands on liay 23, 1957. The differ=
ences in protein were detected only at the end of the sanpling pericd
and growing season. The difference in crude fiber was detected only
on the earliest sampling date.

Weather data for the sampling periods of 1656 and 1957 offered
comparisons as to what effect rainfall and temperature may have on
smooth bromegrass. In late iay and early June 1956, there was a 3-week
drought followed by 1.36 inches of precipitation over a 4-day period
ending about June 18. Data on percentage stems and dry matter in the
total plant appear to reflect the drought and preciritation as a slow
rate of increase before the June 20 sampling and & rapid rate of
increase following the precipitation. Bromegrass was less mature on
any date in 1956 than in 1957 presumably because of the lay and June
drought but differences in maturity were small on the June 30 date.

The variation in maturity on the June 20 sampling appeared to
be the result of the severity of the droughts and the following rate

end total amount of precipitation. In 1956, limited moisture resulted
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in reduced plant growth until the rains came. In 1967, moisture was
not limiting but the higher temperatures caused the plants to mature
more rapidly which probtably resulted in an increase in the percentage
stems and dry matter as compared to the decrease in rate of 1956. The
variation about the June 20 sampling appeared in the percentage of
crude fiber and to a lesser degree, in the protein in some ceses.

The small samples of 1056 may have added error to the data from
those sampling dates, but the trends noted in the 1556 data were confirm=-
ed by the earlier and later samplings of 1957. The Manchar and
Lancaster varieties were most variable from the trends and this may
have been due to faulty sampling or too small samples.

The data indicate that the bromegrass may have been as much as
three weeks more mature on June 2, 1957, than on June 2, 1956. However,
this difference was cut to a week or less by the June 30 sampling date
due to a faster rate of maturation during June 1¢56. This was indicated
in the percentage of crude fiber, dry matter, stems and protein. This
is further evidence of the marked difference in the two growing seasons
in 1956 and 1957.

The percentage of crude fiber increased steadily with advancing
maturity up to June 20 after which date it remaired constant or de-
creased slightly. Dotzenko and Ahlgren (2) and Phillips et al. (4)
reported data that were confirmed by this finding. Part of this level-
ing was probably due to head maturation or flowering. In some cases
the data showed a decrease in percentage of dry matter in the leaves at
that stage but the major change was in the percentage of dry matter in

the stem and head.
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The percentage of protein decreased steadily with advancing
maturity as reported by Churchill (1), Dotzenko and Ahlgren (2) and
Phillips et al. (4). These data are not in agreement, however, with
data of Churchill (1) in Liichigan who reported that percentage of
protein was slightly higher in mixtures of alfalfa=-bromegrass than in
pure stands. The higher percentage of protein in bromegrass when grown
alone than when grown with alfalfa was orobably due to the fact that
100 pounds of nitrogen per acre was added to the grass in this study.
Churchill did not report fertilizing bromegrass with nitrogen in his
study.

The percentage of ether extract vms quite stable for all sampl-
ing dates in 1956 so no ether extracts were made in 1957. Phillips et
al. (4) reported no significant differences in the percentage of
nitrogen free extract. A slight dowrwmrd trend was noted with advanc-
ing maturity.

The Manchar variety, which is an intermediate variety between
the southern and northern strains, was highest of all varieties in per-
centage of stems and dry matter in the steamas in both pure and mixed
stands. This appears to indicate that Manchar has fewer leaves than
the other varieties testsd or is earlier maturing.

The northern varieties were generally more competitive with the
alfalfa in the mixtures than were the southern varieties. The Lancaster
variety was observed to be easily the lgast competitive with alfalfa of
all the varieties testad.

The southern varieties possibly possessed more vegetative vigor

as reported by Newell and Keim (3) and Wheeler and Hill (9). This
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difference was more noticeable when tromeprass was grovm alone than
when grown with alfalfa.

Since smooth bromegrass will generally be grown in mixture
with alfalfa in this area, it would appear that the minor diffsrences
in meturity evidenced by percentage of crude fiber, dry matter, and
stems should not be a reason for favoring either type. This is
especially true for the Lincoln and Canadian warieties which are rep-
resentatives of the southsrn and northern types, respectively.

Even though the southern type as a group headed about 7 to 10
days earlier than the northern type, the percentage of stems and crude
fibver was fairly constant between types, probably because the southern
type was more leafy with the result that the percentage of stems, dry
matter, and crude fiber were similar for both types when grown with
alfalfa. Because of similarities in the above factors, it is likely
that the digestibility of the two types of bromegrass would be fairly
similar at any stage when grown with alfalfa. 7Then grown alone,
digestibility of the northern type would be expectsed to be slightly

higher than that of the southern typs.
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ST IARY AND CORCLUSIONS

Three southern and three northern type smooth bromegrass var-
ieties were compared alone and in alfalfa-bromegrass mixtures for per-
centage stems and dry metter on four sampling dates in June 1956.

These same determinations were made in 1957 on the Lincoln and Canadian
varieties which were also compared for percentage crude fiber, ether
extract, and protein for the four June 1956 sampling dates and six
sampling dates in lay, June, and July 1957.

1. When grown with alfalfa, northern and southern varieties
(Canadian and Lincoln varieties even more specifically) did not wvary
significantly in percentage of stems, dry matter, protein or crude
fibver during any sampling period in either year with the exception of
dry matter on June 30, 1956, when Lincoln had 1.9% mors dry matter than
Canadian.

| 2. “hen grown alone, Lincoln was significantly higher than
Canadian in (a) percentage of dry matter and (b) crude fiber early in
one season. Lincoln was significantly lower than Canadian in crude
protein during the latter sampling dates of 1956 and 1957.

3. Southern varieties did not differ significantly among then-
selves in any of the determinations. Northern varieties differed sig-
nificantly within the group in percentage of stems and dry matter in
pure stands and in percentage of stems only from mixed stands. The
differences were due primarily to the lanchar variety which was sig-
nificantly higher in stems than the other varieties when grown alone

or with alfalfa,
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4, Crude fiber increased with advancing maturity while the
protein decreased. Ether extract was quite stabls.

5. Little difference would be expected in digestibility
between the southern and northern (or Lincoln and Canadian) types at
any stage of growth when grown with alfalfa since there were no sizni=-
ficant differences in crude fiber or protein. When grown alone,
digestibility of the northern would be expected to be somewhat higher
than that of the southern type, because the Canadian variety was signi=-
ficantly lower in dry matter and higher in protein at the end of the
growing season than the Lincoln variety.

6. If a choice is to be made between the Lincoln and Canadian
varieties grown with alfalfa in Michigan, it must be made for ressons
other than any differences in percentages of stems or leaves, dry matter,
crude fiber, or ether extract. With the exception that the Canadian
variety was higher in percentage of protein in the later stages of
harvest, the data from this experiment show these two varieties of
different types to be similar in the factors studied when grown with

alfalfa,
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