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ABSTRACT

A comparative study of four grass-legume mixtures for
nerbage production, consumption and quality under continuous

crazing

[>Tt (o3 ]

rotatiocnal grazing and hay management was conducted
at the University of Manitoba in 1957. The seed mixtures,
sown in 1955, were as follows:
Mixture 1 Brome and Alfalfa.
Mixture 2 Brome, Russian Wild Ryegrass and Alfalfa.
Mixture 3 Brome, Meadow Fescue, Alfalfa and Alsike.
Mixture 4 Creeping Red Fescue, Intermediate Wheat
Grass, Alfalfa and Alsike.
In 1956 the four mixtures were utilized for hay.

Mixture L produced the highest average yield and
quality herbage under all systems of management. However,
there were no apparent differences in percentage consumption
of herbage among the four mixtures. Botanical analyses
revealed that the rotational and continuous sections increased
and the hay section decreased in percentage cover,

The relatively high percentage of alfalfa present in
Mixture L may explain its superiority in yield and quality of
herbage. Growth stage and grass-legume ratio appeared to
have a much greater influence on the protein content of the
herbage under all systems of management than did the compo=

sition of any one mixture. The herbage from the rotational




section, although inferior in yield to that produced from
the continuous section, was of a higher and more constant
quality throughout the experiment. The yleld of herbage
produced from the hay section was intermediate to that

produced from the two grazed sections.
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INTRODUCTION

The range of adapted seed mixtures for Western
Canada is limited (32). Pure stands of grasses and legumes
are sometimes grown but grass-alfalfa mixtures have a
greater yielding capacity due to the overlapping of the
growth curves of the component species.

The inclusion of alfalfa with grass species increases
the quality and balance of the herbage for livestock in
addition to increasing the total yield (32). Thus a well
balanced grass-alfalfa mixture produces more herbage of a
higher quality and for a longer periocd than any pure grass
or legume stand.

The maintenance of an optimum grass-alfalfa balance
is primarily dependent on the system of management it
receives. The system of management which best maintains
the balance varies according to the seed mixture in questioi.

The purpose of this study was to measure the
influence of three systems of management on the production,
consumption,quality and composition of herbage produced

from four grass-legume mixtures.



-

LITERATURE REVIEW
Seed Mixtures

Many agronomists, studying grass and grass-legume
mixtures for pasture and hay production in the Prairie
Provinces, have found that grass-alfalfa mixtures were
definitely superior in yield to pure stands of grasses
and alfalfa (6,12,32). Wilsie (47), however, obtained
similar yields from alfalfa and grass-alfalfa mixtures
when the seeding rate of alfalfa was high. Kilcher et al-
(32) considered that the inclusion of alfalfa in a mixture
with grass increased the yield and quality of herbage
substantially. In addition, the utilization of atmospheric
nitrogen by alfalfa helped to maintain soil fertility and
prevent the grasses from becoming sod-bound.

Wilsie (47), Comstock and Law (14) and Woods (48)
agreed that competition between grasses and legumes was
most severe in the seeding year. Comstock and Law (14)
also reported that frequent cutting of grass-legume
mixtures favoured grass species at the expense of legumes
and that all mixtures produced more when cut for hay than
when clipped frequently to simulate grazing.

A composite general purpose mixture of six grasses
and two legumes was compared to a series of one grass, one
legume mixtures (30). It was concluded that the greater
yield from the simple mixtures was largely due to the

higher proportion of alfalfa in the simple mixtures.



According to Jackobs (31), the yield of grass-alfalfa
mixtures was influenced by the species of grass present
even when alfalfa was the dominant species in the mixture.
Dominion Experimental Farms throughout Western
Canada have reported (20) considerable differences in the
yield and quality of herbage produced from recommended
seed mixtures under simulated pasture, pasture and hay
trials. For example, the Experimental Farm at Brandon
reported variations in yield among = six grass-legume
mixtures in a simulated pasture trial: over a three year
period.Similar results were obtained at Indian Head and
Melfort. In a grazing trial at Melfort, differences in
grazing days, daily liveweight gains, dry matter (D.M.)
and total digestible nutrients (T.D.N.) production and
consumption were evident between two grass-legume mixtures.
Chemical analyses of the components of the seed mixtures
also revealed differences in protein, fibre and ash content.
A general conclusion from the above review is that
grass-legume mixtures outyielded pure stands of grasses
and legumes and that management becomes more important in

handling mixtures.



Systems of Management

All systems of pasture management are based on two
fundamental systems, continuous and rotational grazing.
Other systems are simply modifications of rotational
grazing.

Continuous grazing of a sward at a fixed stocking
rate throughout the grazing season, irrespective of the
herbage present, has many faults. The sward is overstockedl
at the beginning of the season and then grossly understocked
when herbage is abundant. This naturally leads to a high
degree of selective grazing, a weakening of the most rapidly
growing species and a considerable drop in the nutritive
value of the herbage. Thus herbage production and consump-
tion decline rapidly when this treatment is continued for
any length of time.

Rotational grazing involves the division of the
grazing area into smaller sections which are grazed in
turn. The periods between grazing allow rapidly growing plants
to regenerate their vegetative portions and replenish their
food reserves. In this way the vigour and persistence of
the sown species are enhanced. DMeanwhile, this fresh regrowth
of herbage provides grazing animals with a more comstant and
nutritious food supply, maintained over a longer period than

is possible under continuous grazing.



Continuous grazing of a sward, despite all its
harmful effects, is still a common system of management.
Napier in 1598, according to Smith (43), was the first to
advocate the basic idea of moving livestock at regular
intervals from one enclosure to another. Cole (Smith,43)
implied that Dr. Warmbald in Germany, during the first
World War, was responsible for the development 6f modern
rotational grazing.

An appreciation of the nutritive value of grass and
its products for livestock feed, together with the need for
obtaining the most economical use of herbage and labour,
led to paddock grazing being considered seriously as an
alternative to extensive free range grazing (29). Strip
grazing, close folding or ration grazing, all of which are
forms of rotational grazing, was the next logical step.

deGeus (19) considered that up to 40% of the gross
herbage yield was wasted under continuous grazing, whereas,
with rotational grazing, losses were reduced by half. -
Holmes (28) showed that dairy cattle under rotational
grazing utilized only approximately two thirds of the
available herbage. Both workers concluded that losses
would be reduced by increasing the intensity of stocking
or developing a more stringemt: form of rotational grazing.

Levy (34) pointed out that under New Zealand cond-
itions the production from typically sown swards, rotation-
ally grazed, was greater because the various species within

the mixture were given a better chance to achileve their
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highest production. Rotational daily strip grazing in
Minnesota produced almost three times the production per
acre, in terms of T.D.N., obtained by continuous grazing
of one large paddock (9).

Many workers have shown that the yields of rotation-
ally grazed pasture were not always superior to that from
continuously grazed pasture (24,25). Hodgson gt al.(26)
reported the same number of cow-days of grazing per acre
from both systems but an increase of 9% in T.D.N. in favour
of the rotational system. It was doubtful if rotational
grazing would be worthwhile under those conditions when the
extra costs involved were considered. This view is supported
by Brown (8) who stated that a similar picture existed in
all experiments where rotational grazing of permanent pasture
was compared to uncontrolled grazing in Maryland, Michigan,
Missouri, Wisconsin and Washington.

It seems evident from this review on systems of
pasture management that rotational grazing generally resulted

in a greater production or more efficient utilization of

herbage than did continuous grazing.



Herbage Production and Consumption

In grazing trials an estimate of growth, yield and
consumption of forage by a clipping technique is valuable
to relate productivity measured through the use of live-
stock. Two main clipping techniques are used to obtain
these estimates. These are designated as the "difference"
and "direct! techniques, the nomenclature being based on
procedures followed in each (41).

The "difference" technique, as outlined by Nowosad
et al. (41), consists of cutting herbage samples from plots
at the beginning and end of each grazing period, and by
difference, measure consumption and growth that has taken
place durink those periods. When the grazing periods exceed
two to three days, cages afe necessary to protect sampling
areas from grazing. In contrast to this , measurements
made in the "direct™ technique are based on a single cut.

In the "difference” technique, groups of three
similar areas designated as A, B and C are located within
each plot at the beginning of the grazing period. A is
clipped, B is caged, and C is marked for clipping at the
end of the period when the caged area is also clipped.
With the beginning of the second and subsequent grazing
periods, this procedure is repeated and the cages are moved

to fresh locations on the pasture.
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Growth is determined by subtracting the A cut from
the B cut, and consumption, by subtracting the C cut from
the B cut. Yield is considered as the total amount of
forage which a pasture produces and is calculated by adding
to the production of the first clipping, the growth made
in the subsequent grazing periods.

This general technique has been used by many workers
(36,39,40,41,42) but with considerable variation in the
sampling method. The distribution of cages and the select-
ion of sampling areas in particular appears to be a contro-
versial procedure. Klingman et al. (33) revealed that when
a site was chosen at random and another selected similar
to it, variability decreased considerably. Jolly, according
to Brown (7), disagreed with this procedure from a statist-
ical viewpoint stating that it could lead to considerable
bias in the results.

One group of workers (38) had the B and C cuts
adjacent but, according to Brown (7), Donald, Darland and
Weaver pointed out that animals graze and trample excess-
ively around the caged areas so that any randomization which
placed the C cut alongside the caged area should be disreg-
arded.

Consumption as estimated by the "difference™ technique
is generally about 30% higher than that calculated on the
basis of animal performance (36). Linehan et al., (39) showed
that clips taken at the beginning or end of a grazing period
which exceeded two to three days, cannot be relied on to

represent the yield of grass actually available to stock.



Linehan and Lowe (37) concluded that too infrequent cutting,
when growth is rapid, may be a major source of error with
this technique.

Linehan (36) considered that most trials showed a
high correlation between total seasonal yields determined
by c¢lipping techniques and those derived from livestock
performance data. He concluded therefore, " that where
relative rather than absolute yields are sufficient, any
of the commonly used techniques have value for comparing
‘certain grass variables ".

Pasture productivity has also been expressed in
terms of " grazing days "™ (21). Castle (10) defines a
" grazing day " as a quantitative measurement computed
from the product of the number of cattle and the length
of the grazing period per unit area of land. He points
out that as no account is taken of any form of animal
production while on the pasture, an accurate assessment
of pasture productivity is not possible. However, compar-
isons Dbetween treatments in any one experiment are reason-

ably accurate.
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Herbage Quality

An appraisal of pasture management is deduced
directly from measurements of production and consumption.
Production is dependent on the aggressiveness and persist-
ency of a sward, whereas consumption is related to the
palatability and nutritive value of the herbage produced.
Therefore, in discussing herbage quality, these aspects
must be considered.

Chemical analysis is not an absolute measure of the
feeding value of a crop, but it does provide a good indica-
tion of its nutritive worth (4,15). This is particularly
true in relation to the different parts of a grass and to
the degree of maturity of those parts (44). Fagan and
Jones (22) . reported that leaves of grasses contained more
protein and ash but less fibre than stems. Osvald, accord-
ing to‘Stapledon (th supported these findings and revealed
that differences between stems and leaves of one species
tended to be greater than the differences between leaves
of different species. Palatability is important and in
some instances may be the determining factor in the value
of a feed (11).

Stapledon (44) pointed out that, with regard to
chemical composition, differences between grass species
increase with their age, but far greater differences exist
between pasture and hay samples of one species, than between

pabture samples. of any two different species. Others (5,11,15)
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have also established that the nutritive value of grasses
varies from one stage of development to another within a
species and also between species at particular stages.
Stapledon (44) considered that the feeding value
of various parts of a grass depends more on the functions
they have to perform than on the inherent chemical compos-
ition of these parts. Growth stage and leaf to stem ratio
are also important factors in determining the feeding value
of grasses. It was concluded that the economic value of a
grass depends not only on its palatability and nutritive

value, but equally on its ability to flourish under the

management imposed upon it.
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Herbage Composition

A.Point quadrat method

Variations in botanical composition of swards are
important when comparing different systems of management
because a change in botanical composition often precedes
a change in yield and nutritive value of a pasture (46).

The point method expresses botanical composition
in terms of ground cover and, as the sampling unit is a
point which can be replicated to an unlimited extent, the
analysis should be statistically reliable (7). This method
of sampling by points was developed by Levy and Madden (35).
The points are steel pins held in a frame which is dropped
on the sward; the species and bare ground hit by the pins
are recorded. Any aerial part of the plant is generally
considered as a hit (7). Clarke et al.(1l3), however,
recorded only hits on the base of plants when analysing
native pastures in Alberta, Saskatchewan and Manitoba.

This technique meant that any pin not Striking a plant base
was recorded as bare ground.

Many workers prefer the pins inclined at an angle
of 45° rather than 90° because it tends to equalize the
probability of the grass and broadleaved species being hit (7).
This inclined point quadrat method has been used in the

Prairie Provinces of Canada (13) and the mixed pastures of

Minnesota (1).
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The literature reveals no standard practice regard-
ing the distribution of the frame within the experimental
area (7). Species distribution appears to be the important
factor. When the species are distributed evenly, sampling
can be at random but if the herbage appears to be stratified,
a systematic design should be adopted.

Brown (7)considered that a large variety of species,
sparse distribution or base recorded hits, require a large
number of readings. The number of points required in South
Australia to assure a good assessment of the dominant and
lesser important species ranged from three to five hundred
points per field (16).

B. Estimation of percentage weight method

This method expresses botanical composition in terms
of percentage productivity. The sampling unit is a frame
or grid. Each species within the grid is allotted a mark
or value according to its estimated proportion by weight.
When sufficient samples have been taken, percentage product-
ivity for each species is calculated.

This method is not suitable for pastures composed
of species which differ considerably in morphological
characters (7). Davies (18) cast a six inch grid ten times
per plot. Ten marks were allotted to the species within

each éample according to their estimated proportion by weight.
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Therefore, the productivity of each species is expressed
directly as a percentage of the total. Various modificat-
ions of this method have been used by a number of workers
(17,18). They concluded that this method is satisfactory
for detecting changes in productivity of component species

in a sward.
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MATERIALS AND METHODS
General

The following one-year experiment was conducted at
the University of Manitoba, Fort Garry, in 1957. The exper-
imental area consisted of a 16.6 acre field which was seeded
in 1955 to four grass-legume mixtures, each occupying approx-
imately 4 acres in area. The four mixtures listed below,
were sown in a north-south direction so that by stretching
two page-wire fences across in an east-west direction, the
area was divided into three sections of 4, 6 and 6.6 acres
respectively. In 1956 the entire field was twice cut for
hay.

Twenty-eight unbred Holstein-Friesian heifers were
the main grazing animals used throughout the experiment.
However, from June 7 to June 27, thirty-one unbred Aberdeen
Angus and Hereford heifers were introduced to eat off the
rapidily maturing herbage before it reached the hay stage.
The number of cattle and their duration of grazing, under
the continuous and rotational systems of management, were
recorded to evaluate herbage production in terms of

" grazing days ".
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The four acre section was continuously grazed at
the rate of 2.9 heifers per acre from June 7 to June 27.
Partial flooding of the field due to excessive precipit-
ation during the third week of June éaused all grazing to
be discontinued from June 27 to July 1l2. Grazing was
resumed on July 12 at the rate of 3.2 heifers per acre.
This in effect turned the continuous grazing into a form
of rotational grazing.

The six acre section was divided into three, 2 acres
bstrips with electric fences. These strips were rotationally
grazed at the rate of 10.2 heifers per acre from June 7 to
June 27. Sufficient herbage was produced on two of the
rotational strips to allow a crop of hay to be taken from
the third before using it in the rotational scheme. On
July 12, grazing was resumed at the average rate of 6.9
heifers per acre until the experiment ceased.

Comparisons of herbage production, consumption,
nutritive value and composition were made among the four
mixtures subjected to these two systems of management.

The remaining 6.6 acres were cut for hay and
herbage quantity, quality and compositions comparisons

were made among the four mixtures.
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Herbage Production and Consumption

The " difference " technique, as outlined previously,
was used in this experiment to measure herbage production
and consumption. Twenty cages were used, three per mixture
on the continuous section and two per mixture on the rotat-
ional strips. These cages were placed at random within the
mixtures but each group of three cuts were taken from
" identical "™ areas. C cuts were never taken in the immed-
iate vicinity of the cages because of excessive trampling
in this area.

The roofed cages consisted of an iron frame network
L' x 6t x 23'. A single iron grid, 2' x 4%', which outlined
one square yard, was placed inside the 4' x 6' cage before
the sample was cut with hedge clippers. In this way border
effects on the samples were reduced.

The cut samples were transported in paper bags to
the drying room. After the green weights were recorded,
approximately three hundred grams of each sample wére
placed in a drying tray and subjected to 100°C. in a Uni-
therm drier for at least eight hours. The samples were
then rewéighed and the moisture percentage computed. Growth
and consumption were calculated from this data and expressed

in pounds of dry matter per acre.
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The hay section was cut on July 4, and again on
August 1l4. In both cases, the production was calculated
from ten square-yard samples which were cut at random

within each mixture Jjust prior to haying.
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Herbage Quality

The effects of the different grazing systems on
the nﬁtritive value of the four mixtures were assessed by
analysing samples for crude fat, crude fibre and crude
protein. Representative samples, consisting of approximately
one hundred grams of dried herbage, were taken from each
of the A cuts, once their dry matter content had been deter-
mined.

A series of protein analyses were made on the
mixtures in the hay section to reveal what influence the
stage of maturity had on the protein content of the herbage.
Samples were cut on June 3, 17, July 4 and August 1l4. The
latter two dates coincided with the first and second hay
Crops.

A1l samples before being analysed, were ground in
a Wiley mill fitted with a one millimeter sieve. The
methods of chemical analyses used were those recommended

by the Association of Official Agricultural Chemists (2).
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Herbage Composition

A. Point guadrat method

The apparatus used for this study was developed by
Levy and Madden (35). It consisted of a twenty inch frame
made of two horizontal bars spaced about three inches apart
and mounted on legs. Each horizontal bar contained ten
holes, two inches apart, which allowed steel pins, set at
a 45° angle, to move up or down in a set course.

Diagram 2 Inclined Point Quadrat Frame

I il

| 1

J !

The species within the mixtures appeared to be

evenly distributed so the frame was dropped at random
twenty times per acre over the entire field. Following
the procedure outlined by Clarke et al.(13), only the
points which hit the base of plants were recorded.
Individual species were recorded within each plot but,
owing to the sparseness of the sward, were later combined
into two groups, grasses and legumes. Comparisons between
spring and fall data within and between plots, sections

and mixtures were then made.
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B. Estimation of percentage weight method

The apparatus used in this technique was a six inch
square grid or frame subdivided into four equal parts by
two pieces of wire to facilitate estimations. Six classes
were used to represent a range in productivity from 1 to
100%. Each species within the grid was given a class
according to its estimated proportion by weight. The class-
es and values ére listed in Table 1. No account is taken

of bare ground.

Table 1
Productivity Classes and Values
Class Value
%
0 absent
1l 0- 1
2 1- 5
3 5- 15
L 15~ 25
5 25« 50
6 50-100

- G e G W e - -

The validity of this visual estimate method was
tested prior to its application in the field. It was con-
cluded that this method was satisfactory for assessing
changes in productivity of the different species.

The grid was thrown sixty times per acre over the
field in the spring and fall. Data on the individual species
were totalled separately and percentage readings obtained of
all plot totals. These readings were combined into two groups,
grasses and legumes. This in turn allowed a more accurate
assessment of any changes in percentage productivity from

spring to - fall.
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RESULTS

l. Herbage Production

(a) Mixtures
The average yield for each mixture shown in Table 2
indicates that Mixture 4 produced the most herbage. There
was little difference in the average yield of the other
three mixtures. The computation of all herbage production

tables is shown in Appendix A.

Table 2

Herbage Production of Mixtures

Systems of Management Mixtures |
l- 20 30 l'+e
(1bs. of D.M. per acre)

Continuous grazing 7607 7827 7236 8450
Rotational grazing+ 614l 5767 06515 6451
Hay management 6830 7251 6759 7846

" aat P T M e e ms S S G G S S S M B GV GNR S W S M L Amd AFR R e e M A Mt e e WD Gt Sea

o . o o S A e e W S A N N AD N G G A e S e Ge W M e AP S M S GOS AND SR Smm e MR W e A e e

+ Includes hay crop

Mixture L4 outyielded the other mixtures in the
continuous grazing and hay sections. Under rotational
grazing Mixture A4 yielded more than Mixture 1 and 2, and
was approximately equal to Mixture 3. Similarly, Mixture 2
outyielded Mixtures 1 and 3 in the continuous grazing and

hay sections but had the lowest yield when grazed rotation-

ally.
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1. Herbage Production

(b) Treatments

Herbage production data reported in Table 3 indicates
that the continuous section produced the highest yield of
dry matter per acre. The yields, in pounds of dry matter
per acre, were 7780, 6226 and 7172 respectively, on the

continuous, rotational and hay sections.

Table 3

Herbage Production within Treatments

Continuous Rotational section Hay section

section (pasture) (hay) (lst.cut 2nd.cut)
(1bs. of D.M. per acre)

Mixture 1. 7606 4656 4306 2524
Mixture 2. 7827 L4281 LL,58 2793
Mixture 3. 7236 5030 4058 2701
Mixture L. 8450 1,996 4999 28L7
ng;l 31119 28401 8912+ 26731 16199
Average 7780 6226 7172

- o v - — > s T " S St i S e S S e G A S b W e M e By M WS M G N3 M S G S SR S G e G SR M M e M S M S e

+ Only total yield known

A crop of hay was taken from the third rotational
strip before using it in the rotational scheme. In total,
the six acres produced 37356 lbs. of D.M., 8912 l1lbs. of

which constituted the hay crop.

The first hay crop on the hay section, cut on July 4,
produced an average yield of L4455 lbs. of D.M. per acre but
the second crop, cut on August 14, only produced 2716 1lbs.

of D.M. per acre.
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(¢) Grazing days

The total number of grazing days on the continuous
and rotational sections were 715 and 970 respectively, i.e.

179 and 162 grazing days per acre.
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11. Herbage Consumption

(a) Mixtures

The average consumption of herbage from each mixture
is reported in Table 4. There were considerable differences
in the amount of herbage consumed from the four mixtures
under both systems of grazing. When the actual consumption
was expressed as a percentage of the herbage available,
however, the differences became negligible. The computation
of all herbage consumption tables is shown in Appendix B.

Table 4

Herbage Consumption of Mixtures

Management Systems Mixtures
1. 2 3. Lo
(1bs. of D.M. per acre)

Continuous grazin 6946 6825  6LT3 7796
( % consumption 91.3 87.2 89.4 92.2
Rotational grazin 3652 3452 4181 4020
( % consumption 78.4  78.9 83.1 80.5

Average 5299 5139 5327 5908

Mixture 4 had a 92.2% consumption in the continuous
section. The amount consumed on Mixture 4, 7796 lbs. was
considerably greater than from the other mixtures. A some-
what similar situation existed in the rotational section.
Mixture 3 had an 83.1% consumption but ﬁhe difference in

actual consumption between Mixture 3 and the other mixtures

was not great.




27

The percentage consumption of herbage from the
four mixtures within grazing periods is listed in Table 5.
The data in this table indicate that there is more variation
in percentage consumption within the continuous section

than there is in the rotational section.

Table 5
Percentage Consumption of Mixtures

Continuous Section

Grazing Period Mixtures
l‘ 20 3. L'—.

1a J)U.l’le 7“19)- 2706 4006 46-6 38-2
2. June 19-25 6l.2 61.7 69.2 66.5
3. July 12-24 L7.7 39.7 67.4 59.9
Le July 2L~ 7 72.7 673 T77.8 674

Rotational Section
lo June 7-19 690[} 7005 6808 6106
2. June 19=25 73.2 59.0 67.7 80.8
3. July 12-24 66.9 65.6 70.6 66.0
1+o JulY 214»"' 7 6101-}’ 62.2 7)44.8 6107
5. August 7-16 58.5 72.3 71.0 69.3
60 August 16"19 7006 6007 6309 76.5

In the continuous section the percentage consumption
for all mixtures was the lowest in period 1 and highest in
period 4. This trend was not apparent in the rotational
section where the data suggests a slightly more uniform
- consumption. However, the data in the continuous section

and to a lesser extent in the rotational section show that
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considerable variation did exist in percentage consumption
between mixtures at any one grazing period and also between

grazing periods within any one mixture.
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11. Herbage Consumption

(b) Treatments

The percentage consumption of herbage from the
continuous section varied considerably from one grazing
period to another in contrast to the more uniform consump-
tion within the rotational section. Table 6 shows that
consumption on the continuous section was lowest during
the first grazing period, approximately half that which
occurred on the rotational section. The highest percentage
consumption on the continuous section occurred during the
fourth grazing period, when for the first and only time,
did it surpass that on.the rotational section.

Table 6

Percentage Consumption within Treatments

Grazing Period Continuous Section Rotational Section

1. June 7-19 37.2 67.7
2- Jul’le 19“'25 61{;02 6908
3. July 12-24 53.1 6743
he July 24- 7 71.0 65.7
5. August 7-16 59.5 677
6. August 16-19 - 68.6
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111. Herbage Quality

(a) Mixtures
The protein content of the component species of
the four mixtures, harvested on June 3, is shown in Table 7.
Alfalfa had a protein percentage of 20.9 while the grasses
averaged 13.5%. Brome had the highest protein percentage
of the grasses, 15.0, and Meadow Fescue the lowest, at

10.6%. The others were intermediate between these two.

Table 7
Protein Content of Component Species (June 3)

Components Protein Percentage
(oven dry basis%

Alfalfa 20,9

Brome 15.0

Russian Wild Ryegrass 14.8

Creeping Red Fescue 14.2

Intermediate Wheat Grass 11.5

Meadow Fescue 10.5

Average 13.5 20.9

The average protein percentages of the mixtures
subjected to three systems of management are presented in
Table 8. Mixture 4 had the highest average protein
percentage throughout the season under all systems of
management. Statistical analysis of the protein percent-
ages of the mixtures, shown in Table 9, revealed that
Mixture 4 is significantly higher than Mixture 3(L.S.D:O =1,78)
However, there is no significant difference ‘among. ’

Mixtures 1, 2 and 4.



Table 8

Protein Percentages of Mixtures

Continuous Section

Sampling Mixture 1 Mixture 2 Mixture 3 Mixture 4

Dates
June 7 19.9 19.3 15.0 16.5
June 19 13.3 141 10.6 4.2
CJune 25  11.5 12.0 11.3 12.2
July 12 22.1 22.8 22.1 25.4
July 2  15.2 14.8 16.7 18.2
August 7  11.7 149 13.9 1.8
Average 15.7 16.3 14.9 16.9

Rotational Section

June 7 19.8 18.0 15.4 17 .4
June 19 15.3 16.6 15.7 19.8
June . 25 15.9 15.9 12.6 18.3
July 12 23 .4 ’ 234 21.7 21 .4
July 24  20.8 21.3 18.2 20.4
August 7 19.4 18.0 17.1 21.2
August 16  19.7 22.5 21,.0 22.8
Average 19.2 19.4 17.8 20.2
Hay Section
June 3 17.2 16.0 15.8 16.3
June 17 17.5 18.5 13.9 18.4
July L 12.0 13.2 10.1 13.1
August 14 214 21.4 21.4 23.1
Average 17.0 17.3 15.3 15:5

The protein data for specific sampling dates are
also presented in Table 8. These data indicate that, under
grazing conditions, the protein content of the herbage was

highest on July 12. In direct contrast to this, the highest
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protein content recorded for the hay section occurred on
August 14. It should be noted that the averages presented
in Table 8 are unweighted, i.e. do not indicate the protein

content of the total forage produced.

Table 9
Analysis of Protein Percentages of Mixtures

source S.5. D.E. M.S., F.
Total . 6L6.55 17
Mixtures 38.43 3 12.81 9.78+
Management 85.87 1 85.87 65.55++
Error (a) 3.93 3 1.31

Dates LOO.27 5 80,05 1L.19++
Dates x Mixt. 27 7L 15 1.85 .33
Dates x lMgt. 5.67 5 1.14 .20
Error (b)

Dates x Mixt. x Mgt. 8L..64 15 5 .64

r s e e v T o e e . W - S M W M0 CE e e S o W TS P T G SO M M S WS R SN MM M SRS O A S e 8 e Sn GG S e WS S5 S S e

+ 5% level
++1% level



111. Herbage Quality

(b) Treatments

The seasonal variation in the nutritive value of
the herbage produced on the continuous and rotational
sections is shown in Graphs 1 and 2. On June 7, there was
little difference in the dry matter content of the herbage
from both sections. By August 16, however, the dry matter
content of the herbage on the continuous section had in-
creased to 47.1% compared to 31.5% on the rotational section.

The protein percentages of the herbage on the cont-
inuous and rotational sections were identical on June 7.
From June 7 to June 25, the protein percentage dropped 2%
on the rotational section compared to 5.9% on the continu-
ous section. No samples were taken from June 25 to July 12,
because climate conditions caused a temporary suspension
of the experiment. When the experiment was resumed on
July 12, the protein percentages on both sections were the
highest recorded. During the next three grazing periods,
the protein percentage fell 3.6% and 9.3% respectively on
the rotational and continuous sections. Statistical
analysis of the protein percentages of the herbage under
both systems of grazing, reported in Table 9, showed that
the rotational herbage had a significantly higher protein

content (L;S.D..Ol=1.o5).
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There was no appreciable difference between the
fibre contentsof the herbage produced on the continuous
and rotational sections until the end of July. On August 7,
the percentage fibre on the rotational section was 23.1%
compared to 28.2% on the continuous section. By August 16,
the fibre percentage was down to 20.5% on the rotational
section but by this time the cattle had been taken out of
the continuous section so no more samples were taken.

The herbage on the rotational section contained a
slightly higher percentage of crude fat throughout the
experiment.

The protein percentages of the hay samples cut on
June 3 and June 17 were 16.3% and 17.1%, respectively,
compared to 12.1% on July 4 when the section was cut for
hay. This section was again cut for hay on August 14

when its protein percentage was 21.8%.
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Seagonal Variations in Dry Matter Content of Herbage from the
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Seasonal Variations in the Crude Fat and Fibre Content of the Herbage from
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1V. Herbage Composition

(a) Point guadrat method

The percentage cover for the entire field, recorded
on May 24 and August 21, is shown in Table 10. Mixtures 1,
2 and 4 showed a small increase in percentage cover from
spring to fall. Statistical analysis of this data revealed

that the differences were not significant.

Table 10

Percentage Cover of Mixtures

Spring Fall

Mixture 1  31l.4 33.1
Mixture 2 31.3 36.8
Mixture 3 32.3 32.2
Mixture 4  28.2 33.0
Average 30.8 33.8

The effects of the different treatments on the four
mixtures is reported in Table 1l1. An increase in cover of
7 .3% occurred during the season on the rotational section
compared to a 1.5% increase on the continuous section. A
decrease in cover of 2.9% occurred in the hay section.
Considering the mixtures individually, the rotational
treatment again appeared to have the greatest influence on
cover. Mixture 3 showed a significant increase (P=.01) in
cover under the rotational system of grazing. Mixtures 1,
3 and 4 increased in cover under continuous grazing but

not significantly. Only Mixture 2 showed an increase in
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percentage cover in the hay section whereas Mixtures 1,3

and L decreased.

Table 11

Percentage Cover within Treatments

Treatments
Continuous Section Rotational Section Hay Section

Spring Fall Spring Fall Spring Fall
Mixture 1 23.0 30.5 35.9 3L .8 3.1 31.0
Mixture 2 34,.0 27.0 32.0 39.8 28.6 30.4
Mixture 3 22.5 25.5 31.8  L3.8 38.0 31.4
Mixture 4 29.5 32.0 25.8 36.4 32.1 30.4
Average R7 R 28.7 31.4 38.7 33.7 30.8

- W) S A W— G e WS D M CES A WS MaS M D M M e e R T G TS G e A L e LA G A G RS M Tee T ub few e WS [ED A Dan GO e SN A e S tem

Table 12 shows that a slight decrease in percentage

cover of legumes occurred during the growing season.

trend was, however, reversed in Mixture 3.

This

Table 12
Percentage Grass-Legume Cover of Mixtures
Spring Fall
Grasses Legumes Grasses Legumes
Mixture 1 69.1 28.0 73.L  23.0
Mixture 2 71.2 24.3 79.6 20.4
Mixture 3 79.9 19.1 72.3 26.1
Mixture 4 65.3 32.6 68.2 31.8
Average 71l.h 26.0 734 25.3

o - - 0 S T W W S W S D s DD VO e TP W LT W M A T o ——
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(b) Weight estimation method

The estimated proportion by weight of legumes to
grasses are reported in Table 13 and Table 1l4. The legume
values are expressed as a percentage of the weight of the
grass components. Table 13 indicates that the proportion
by weight of legumes to grasses over the entire field
increased from spring to fall. The greatest increases

were in Mixtures 3 and 4.

Table 13
Seasonal Variation in Grass-Legume Ratio
in Mixtures
Spring Fall
Grasses Legumes Grasses Legumes
Mixture 1 100 61 100 67
Mixture 2 100 69 100 - 85
Mixture 3 100 42 100 69
Mixture 4 100 70 100 97
Average 100 61 100 79

The data on each mixture were subdivided into three
management sections as shown in Table 1l4. The data indic-
ate the effects of the different treatments on the grass-
legume ratio in each mixture.

The proportion by weight of legumes to grasses
decreased in Mixtures 1 and 4 in the continuous section.
Only Mixture 1 showed a decrease however, in the rotational

section. In the hay section all the mixtures showed an
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increase in the proportion by weight of legumes to grasses.

Table 1k
Seasonal Variation in Grass-Legume Ratio
within Treatments
Spring Fall
Grasses Legumes Grasses Legumes
Mixture 1
Continuous section 100 72 100 50
Rotational section 100 76 100 48
Hay section 100 41 100 108
‘Mixture 2
Continuous section 100 51 100 55
Rotational section 100 64 100 88
Hay section 100 98 100 118
Mixture 3
Continuous section 100 32 100 68
Rotational section 100 49 100 71
Hay section 100 44 100 69
Mixture 4
Continuous section 100 83 100 76
Rotational section 100 59 100 102
Hay section 100 70 100 97
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DISCUSSION

1. Herbage Production

(a) Mixtures

The fact that alfalfa can outyleld any of the
commonly grown grasses in this region could explain the
comparatively high yielding ability of Mixture 4. The
point quadrat data revealed that 31.8% of the total veget-
ation of Mixture 4 consisted of alfalfa. This is in
contrast to an average of 23.2% alfalfa in the other
mixtures. In addition, the relative proportion of alfalfa
to grasses in the fall, as shown by the weight estimation
technique (Table 13), was 97:100 in Mixture 4 compared to
an average of 74:100 in the other mixtures.

' There does not appear to be a reasonable explan-

ation for the apparent superiority of Mixture 3 under
rotational grazing especially as it is inferior to the

other mixtures under continuous grazing and hay management.

Favires
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(b) Treatments

The nature of the growth curve of the grasses and
legumes is a fact which must be considered in pasture prod-
uction appraisal (36). Barton-Wright (3) indicated that the
curve was typically S shaped. Hence, up to certain limits
the more herbage on the sward, the higher will be the growth
rate. The importance of this fact is well illustrated by Linehan
et al. (39) who measured the active growth of pasture for
two seasons. The rate of growth was about .28 cwt. D.M.
per day during the first three weeks after résting, and as
high as .57 cwt. D.M. per day during the following ten days.

This fact then must surely.be the fundamental basis
behind all systems of pasture management. The average
point where the cuttings or grazings intersect the growth
curve determines the yield and quality of the herbage |
obtained. Cutting or grazing at a point just prior to the
flattening out of the curve will secure maximum yield and
guality herbage. It was for this reason that rotational
grazing was devised and advocated. Levy (34) states,

" there is for each species or set of species, a stage
between the close and continuously hard grazing and the
over lenient grazing where not only is production greatest
in quantity but also the food consumed is of the most
desirable quality. The system which best fits in with the

above ideas is that of rotational grazing ".
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Light grazing of the continuous section would allow
plants to build up food reserves which in turn would prob-
ably have a favourable influence on the final yield (Table 3).
Protein data from this section indicated that the grazing
was not severe enough to maintain the plants in a highly
nutritious state. Had it been so, the final herbage product-
ion figures might have been much lower.

In contrast to this, intense stocking of the rotat-
ional strips during a period of heavy precipitation resulted
in severe damage to the sward, and partially explains its
comparatively low yield. It is thus doubtful that the
herbage production data recorded for the rotational section
was a true picture of its potential under more normal

conditions.
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It should be noted that, had the hay from the
rotational section been available for grazing, the number
of grazing days per acre would have increased. The average
consumption of dry matter per grazing day on the rotational
section was calculated. This figure was subsequently
divided into the total quantity of dry matter produced as
hay. Thus in effect, the hay yield is expressed as grazing
days which is then divided by six to obtain an estimate of

grazing days per acre as shown below.

Lbs. of D.M. consumed under rotational grazing = 22958
No. of grazing days = 370
Lbs. of dry matter consumed per grazing day

22958/970 = 23.7
Hay yield of rotational section = 8912
Yield of hay in grazing days per acre

8912/23.7 x 6 = 62,7
Total yield of rotational section in grazing days

per acre 161.7 + 62.7 = 224

Thus it appears that production in terms of grazing
days is slightly in favour of the rotational section
{Appendix B). It should be borne in mind that the estimated
sixty two grazing days was calculated indirectly and, that
this method as a whole is subject to large sampling errors.
Nevertheless, the hay crop from the rotational section should
not be overlooked although the differences in estimated
grazing days per acre were probably not as great as the above

data suggests.
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1l .Herbage Consumption

(a) Mixtures

Consumption determined by the " difference " technique
is represented by the difference between the quantity of
grass which was available to stock and that which is left
uneaten. Linehan et al. (39) obtained data which indicated
that herbage present in cages at the end of prolonged grazing
periods is more than was actually available to stock. This
may be one of the reasons why the " difference " technique
is subject to high sampling errors.

The differences in percentage consumption of herbage
from the four mixtures, in Table 4, under both systems of
grazing were not enough to suggest any preferential trends
between mixturese.

The greaﬁer variation in percentage consumption of
herbage within grazing periods on the continuous section
(Table 5.) may have partially resulted from the comparatively
light grazing it received during the first part of the exper-
iment. Light grazing at a time when herbage is plentiful
naturally leads to a high degree of selective grazing.
However, the high sampling error with which the " difference "

technique is associated must be borne in mind when making

any generalizations.
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(b) Treatments

The light stocking on the continuous section may
also explain why the percentage consumption for the first
grazing period'was so much lower than that on the rotation-
al section (Table 6). The high percentage consumption
during the fourth grazing period on the continuous section
suggested that the sward had been overgrazed. The herbage
available during the fifth and last grazing period was at
such a mature stage that the cattle found it extremely
unpalatable. Hence the drop in percentage consumption for
that period.

The rotational system of grazing appears to have
reduced some of the variations in percentage consumption
between grazing periods. A higher intensity of grazing
and more uniform regrowth of herbage during the rest periods

may help to explain this.
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111l. Herbage Quality

(a) Mixtures

Protein analysis of the various components of the
mixtures indicated that alfalfa had a considerably higher
protein content than any of the grasses. In addition, the
point quadrat and weight estimation data showed that
Mixture 4 had the highest legume-grass ratio in the spring
and fall. It seems highly probable therefore, that the high
protein content of Mixture 4 is directly related to its
high legume-grass ratio. Mixture 3, which had the lowest
legume-grass ratio, also had the lowest protein content.

The fluctuations in protein percentage of the
mixtures appeared to be a direct function of the legume-~

grass ratio at any one time.
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(v) Treatments

The grazing intensity on the continuous section
was comparatively light especially during the first part
of the experiment. This light stocking rate encouraged
the cattle to select the most immature herbage first, leav-
ing the rest to become even more mature. In contrast to
this, there was comparatively little selective grazing on
the rotational section because of the high intensity of
grazing on fresh herbage produced during the rest periods.
Thus these two systems of management, as applied in this
experiment, may largely explain why the dry matter content
of the herbage from the continuous section remained at a high-
er level throughout the experiment.

Sullivan and Garber (45) stated that moisture is
high in young rapidily growing plants and, as such, is
positively correlated with proteins, sugars and many minerals
but negatively éorrelated with fibrous and ligneous constit-
uents. It would appear therefore, that any management which
favours succulent young plants will maintain high protein
production while keeping the fibrous and ligneous constituents
to a minimum.

The herbage produced on the rotational strips during
each rest period was high in moisture and pfotein but low in
fibre. It seems likely then, that this system of management
was largely responsible for the uniform preduction of higher
quality herbage compared to that obtained from the continuous

system of management.
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A small portion of the weight of forage plants
consists of crude fat (45). Brouwen, according to Sullivan
and Garber (45), states that this portion decreases in
grasses as the plants mature. This fact then may account
for the slightly lower percentage of crude~fat in the
continuously grazed herbage.

The results of the protein analyses on the hay
samples, cut at three different dates, illustrate how
répidlyf‘the protein content of the herbage can drop once
the flowering stage is reached.

The high protein percentage, obtained on July 12
in the grazed sections, was largely due to regrowth, whereas
in the hay section the plants had not been cut or grazed
until July 4. A similar situation explains the very high
protein percentage of the second hay crop which only had a
forty day growing period. This short growing period meant
that only the most rapidly growing species in the mixtures
together with the leafy portions of the other species would
be the main constituents of the crop. At that time of year,
alfalfa was by far the most productive species and this

largely explains the crop's high protein content.
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1V. Herbage Composition

(a) Point cuadrat method

Harlan (23) in discussing the extent of the grazing
animal's influence in pasture management concluded that,
" the adjustment of the stocking rate and the systematic
manipulation of the grazing pressure can be used to control
the stage of growth and nutritional value of herbage, can
alter the botanical composition of the sward, can control
undesirable plants, can assist in obtaining new stands,
and can help solve the problem of seasonal surplus and deficit
forage production ".

The increase in percentage cover which only occurred
in the continuous and rotational sections (Table 11),
suggest that the grazing animal might be primarily respon-
sible as the hay section showed a decrease in percentage
cover over the same period. The increase in percentage
cover was greatest in the rotational section where the rap-
idly - growing plants had an opportunity to replenish their
food supplies before being grazed again. Under a system of
continuous grazing these plants tend to exhaust their food
reserves rapidly and this may weaken their persistency.

Repeated haying of the sward, irrespective of seed
mixture, appears to favour tall, early seeding plants.
This in turn tends to hamper the competitive ability of the

later starting, more prostrate plants SO that they become
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more susceptible to adverse conditions such as low tempera-
ture and flooding. Such a sequence of events may possibly
explain the decrease in percentage cover on the hay section.

When mixtures are considered individually within
treatments, certain trends become apparent despite the
presence of an exception in each treatment. The rotational
and to a lesser extent the continuous treatments enabled
the mixtures to increase in percentage cover, whereas, with
the hay treatment the reverse occurred.

The slight increase in percentage cover of grasses
at the expense of the legumes was probably due to a combin-
ation of events. The flooding and consequent poaching of
the grazed area at a time when the legumes in particular
were in their critical growth stage may have hampered their
development seriously. Under such conditions alfalfa crowns
are very susceptible to splitting. High temperatures which
followed this crown damage seemed to create an ideal environ-
ment for bacterial invasion. This in turn may explain the
high incidence of rotting alfalfa plants. This combination
of events appeared to affect the alfalfa to a much greater
extent than the grasses because of the differences which

exist in their morphological characters.
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(b) Weight estimation method

It is generally agreed that grasses start growth
earlier in the spring than legumes. In the Prairie Pro-
vinces alfalfa will surpass the grasses in rate and amount
of growth from late June until September. It is possible
then that the increase in the proportion of legumes to
grasses recorded in the fall was a reflection of the season-
al growth pattern of the grasses and legumes.

Spring sampling occurred on May 16, at which time
only the grass species had started active growth. The fall
sampling was taken on September 4 and, as the data show
(Table 13), the legumes had contributed considerably more
at that time than they had contributed in the spring.

In Mixtures 3 and 4, which recorded greater increases
in the proportion of legumes to grasses than Mixtures 1 and
2, more than one grass species became well established
(Appendix C). DBotanical analysis data in the fall showed
that Mixture 3 contained 35.7% Brome, 36.6% leadow Fescue
and 26.1% Alfalfa while in Mixture 4 there were 22.7% Creeping
Red Fescue, 19.7% Intermediate Wheat Grass and 31.8% Alfalfa.
This could mean that competition among grass species in
these two mixtures may have reduced the competition between
the grass and legume components which would favour the
latter's development. In Mixtures 1 and 2, 69.8% and 71.2%

of the total vegetation consisted of the vigorous creeping
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brome grass together with 23.0% and 20.4% alfalfa. Here
the grass was competing directly against the alfalfa which
may help to explain the smaller legume increase recorded
in Mixtures 1 and 2.

Alfalfa when cut or grazed draws on its food reserves
to produce fresh foliage more rapidily then most grass species.
If this foliage is removed before the plant has time to re-
plenish its food reserves, the plant is seriously weakened.
Thus under a system of continuous grazing the most vigorous
growing plants tend to be weakened first. For vigorous and
persistent growth, alfalfa needs to reach the early flower-
ing stage at least once a year, preferébly in the spring,
before defoliation occurs. This allows food reserves to be
built up in its tap root which in turn are responsible for
its high production during the summer months.

Only under the hay treatment did the proportion of
alfalfa to grass increase in all the mixtures. This data
suggests that alfalfa may be more suited to hay production
than as a pasture component. The longer rest periods
between defoliaﬁion enables the plant to build up its food
reserves more effectively and hence, its potential product-

ion and persistency.
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SUMMARY AND CONCLUSIONS

A comparative study of four grass-legume mixtures for
herbage production, consumption and quality under continuous
grazing, rotational grazing and hay management was conducted
at the University of Manitoba in 1957. The seed mixtures,
sown in 1955, were as follows:

Mixture 1. Brome and Alfalfa.

Mixture 2. Brome, Russian Wild Ryegrass and Alfalfa.
Mixture 3. Brome, Meadow Fescue, Alfalfa and Alsike.
Mixture 4. Creeping Red Fescue, Intermediate Wheat Grass,

Alfalfa and Alsike.
In 1956 the four mixtures were utilized for hay.

Mixture 4 produced the highest average yield of dry
matter per acre under all systems of management. However;
there was little difference in the average yield of the other
three mixtures. The highest yield of dry matter per acre with-
in the three treatments was obtained from the continuous sectiaon.
Production in terms of grazing days however, was slightly in
favour of the rotational section if the hay crop from the
third rotational strip is taken into account.

Although there were considerable differences in the
amount of herbage consumed from the four mixtures: these differ-
ences became negligible when expressed as a percentage of the
herbage available. This percentage consumption of herbage
fluctuated more from one grazing period to another within the

continuous section than it did on the rotational section.
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Protein analyses of the component species of the four
’mixtures revealed that alfalfa had a considerably higher protein
percentage than any of the grasses. This probably explains
why Mixture 4 had the highest average protein pércentage through-
out the season under all systems of management as botanical
analyses showed that Mixture 4 contained the most alfalfa.

The herbage from the rotational section contained a higher
percentage of moisture, protein and fat than that from the
continuous section. However, there was little difference in

the fibre content until the end of July when it began to increase
rapidly in the herbage from the continuous section. Protein
analyses of the herbage from the hay section illustrated the
importance of cutting at an early growth stage to obtain max-
imum quality herbage. |

The point quadrat data revealed that the percentage
cover of the field increased slightly. There was an increase
of 7.3% and 1.5% cover in the rotational and continuous sections
respectively compared to a decrease of 2.9% in the hay section.
Similarly, there was an increase in the percentage cover of
grasses to legumes in all but Mixture 3. The welght estim-
ation method showed an increase in the proportion by weight
of legumes to grasses over the entire field. The greatest
increases were in Mixtures 3 and 4. Within the three treat-
ments, all mixtures showed an increase in the hay section,
three mixtures increased in the rotational section but only

two mixtures increased in the continuous section.
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APPENDIX A
Growth, Production and Consumption of the Mixtures

CONTINUOUS SECTION

Grazing Total Growth Consumption Herbage Percentage
periods production by period by period available consumption
(grams per square vard)

Mixture 1

7-18/6/57 227.6 80.1 62.8 227.6 27.6
19-2L/6/57 227.6 - 99.9 163.1 61.2
25-11/7/57+ 292.7 65.1 - - -
12-23/7/57 463.4  170.7 147.3 309.0 7.7
2L~ g;§;57 590.3 127.5 210.2 289.2 g2.7

7-1 57 712. 121.9 130. 200.9 5.0

712.8 650.8 91.3%
Mixture 2

7-18/6/57 229.8 L2 .2 93.3 229.8 L0 .6
19-24/6/57 270.8 L1.0 109.6 177.5 61.7
25-11/7/57+ 351.3 80.5 - - -
12-23/7/57 536.5 185.2 132.5 333.6 39.7
2L~ 2?3457 626.2 89.7 195.8 290. 67.3

7"1 57 2 §§o§ 10703 lO ° 20203 o

733.5 639.5 %7.2%
Mixture

7-18/6/57 129.7 25.7 60.2 129.7 L6 .6
19-24/6/57 156.5 26.8 66.3 95.8 69.2
25-11/7/57+ 218.5 62.0 - - -
12-23/7/57 423.3 20L..8 199.6 296.3 67+ L
2L~ 6/8/57 59L.2 170.9 208.3 267.6 778

7-16/8/57 678.0 83.8 72.1 143.1 0.

78.0 606.5 QL%
Mixture

7-18/6/57 196.6 51.5 75.2 196.6 38.2
19-2L/6/57 265.1 68.5 126.3 189.9 66.5
25-11/7/57+ 325.0 59.9 - - -
12-23/7/57 490.C 165.0 172.7 288.5 59.9
R4~ 6/8/57 717.1 227.1 231.3 342.9 YA

7-16/8/57 791.8 L7 125.0 186.3 67.1

7%TT§ 730.5 92 . 2%

+ Break due to bad weather.

The following table expresses the above production and con-
sumption data in pounds of dry matter per acre.

Mixtures Production Consumption
1 7607 6946
2 7827 6825
3 7236 6473
L 8450 7796
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APPENDIX A

Growth, Production and Consumption of the Mixtures

ROTATIONAL SECTION

Grazing Total Growth  Consumption Herbage Percentage
periods production by period by period available consumption
(grams per sguare vard)

Mixture 1
Strip 1
7-1 57 236.9 38.9 164 .4 236.9 69 .4
19-11/7/57  316.8 79.9 - -
12-23/7/57  L416.5 99.7 168.7 252.1 66.9
2L-15/8/57  421.2 L7 - - -
16-19/8/57  428.9 61.7 105.8 149.8 70.6
Strip 2
19“5275757 311.6 67.2 228.2 311.6 73.2
25- 23/7/57 515.1 203.5 - - -
RL- 6/8/57 558.8 L3.7 203.1 330.6 61.4
Strlg 3
3/I“6§T% ; 3/T6%6?%
1,36.3 3L2.2 T8 L%
Mixture 2
Strip 1
7-1 57  211.0 19.5 148.7 211.0 70.5
19-11/7/57  296.5 8L .6 - - -
12- 23/7/57 L17.5 121.9 176.4 268.8 65.6
24-15/8/57  417.5 - - - -
16819/8/57 L75.3 57.8 8L.3 138.8 60.7
trip 2
19~ 2472757 369.6 797 217.9 369.6 59.0
25~ 23/7/57 451.3 81.7 - - -
R4~ 6/8/57 L71.8 20.5 157.9 . 253.9 62.2
Stri
7-15/8/57  256.2 7.2 185.2 256.2 72.3
3/1203.3 3/ 970k

011 32345 78.9%
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APPENDIX A

Growth, Production and Consumption of the Mixtures

ROTATIONAL SECTION

Grazing Total Growth  Consumption Herbage  Percentage
periods production by period by period available consumption
(grams per sguare Val"d)
Mixture 3
Strip 1
721876757  227.7 55,2 156.7 227.7 68.8
19-11/7/57 285.8 58.1 - -
12-23/7/57  L451.8 166.0 208.5 295.1 70.6
2L-15/8/57  166.7 14.9 - - -
16319/8/27 520 .1, 5747 101.7 159.2 63.9
tri
19-2@72757 315.4 68.0 213.4 315.4 67.7
25-23/7/57  509.2  193.8 - - -
245 6/8/57 610.5 101.3 297.2 397.1 7o 8
tri
751575757 278.9 96.2 197. 278.9 71.0
3/I413.8 3 3/1175.% )
l_~t 5 §9l © g E . l%
Mixture L
Strl 1
72T 57  205.5 87.5 126.5 205.5 61.6
19~ 11/7/57 269.5 64,.0 - - -
12-23/7/57  L5L4.7 185.2 216.6 328.2 66.0
21— 15/8/57 L5l .7 - - -
16519/8/27 568.1 113.@ 1L9.4 195.4 76.5
tri
19 247%7 333.8 72.0 269.8 333.8 80.8
25~ 23/7/57 195.9  162.1 - - -
2L~ 6/8/57  596.3 100.4 201.6 326.5 61.7
Stri
7-157%757 239.8 12.1 166.3 239.8 69.3
3/1 05.2 3/1130.2

The following table expresses the above production

and consumption data in pounds of dry matter per acre.

Mixtures Production Consumption
1,656 3652
4281 3452
5030 4181
4996 4020
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APPENDIX B

Dailv Grazing Diary for Experimental Period

CONTINUGUS SECTION ROTATIONAL SECTION

Dates (Grazing Days Stocking Rate Grazing Days Stocking Rate
(accumulative) per acre (accumulative) per acre

7-13/6/57 28 1 56 L
14-15/6/57 by 2 72 4
16-17/6/57 106 7.7 104 8
18-24/6/57 225 L.2 314 15
25-27/6/57 249 R 428 19
12-13/7/57 265 2 L, Iy
14-16/7/57 - - 492 8
17-18/7/57 289 3 500 2
19-25/7/57 415 L5 570 5
26-14/8/57 695 3.5 850 7
15-16/8/57 715 2.5 886 9
17-19/8/57 - - 970 1L
Grazing Days per Acre L4/71 6/970

. 178.8 161.7
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Botanical Composition in 1957

APPENDIX C

Entire

field Continuous

section

~65-

Rotational

section
Spring Fall Spring Fall Spring Fall Spring Fall

Hay
sectio

n

Mixture 1
Bare ground
Vegetation++
Brome
Alfalfa
Wild Barley
Other weeds

77 +0%
23 ¢0%
60.9
26.1
10.9
2e2

69 .5%
30.5%
73.8

65.0%
35.0%
7246
22.3

65 .8%
3« 2%
572
31.1
1003
1.4

68.9%
31.1%

. " - o " T e T v G W RIS twv Wee S W M e G N G S S Mo AP S S e e ML MR R S M M M S M e e S e D W T S T - s o o

‘Mixture 2
Bare ground
Vegetation++
Brome
Russian Wild
Hyegrass
Alfalfa
Wild Barley
Other Weeds

Mixture 3
Bare ground
Vegetation++
Brome
Meadow Fescue
Alfalfa
Wild Barley
Other weeds

M A M e M EER G e mee MEA G G em T B GNN MMS SWE AR MmS e e G0 M G me S S WNG GHE A W G VR AR B e e DS TG A GWR DR M G GV D e NG GG G S SN M e G b S -

Mixture 4
Bare ground
Vegetation++
Intermediate
Wheat Grass
Creeping Red
Fescue
Brome and
Meadow Fescue
Alfalfa
Wild Barley
Other weeds

R
2

RO & &

67 .0%
33.0%

19.7
22.7
743

31.8
18.5

Tl «2%
25 .84

4.7
21.3

2.7
30.6
28.7

1.9

63 6/0
36.4%

21.2
15-144

3-6
40.1
19.8

67.9%
32.1%

31.5
21.5
6.8

324
6.2

++ Species expressed as a percentage of the total vegetation
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Plate 1

Continuous section on July 24. Note the

uneven or selective grazing in the foreground.



67~

Plate 2

Rotational section on June 19. Note the

excessive trampling around the field cage.
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Plate 3

Hay section on August 10. Note the high

proportion of alfalfa present.



