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Abstract. The effect of the first cutting date and cutting frequency on the clover-
grass stand growth and development and on the relationships between plant species
were studied at the University of Helsinki in 1974 76. The second study objective
was the relationships between several growth factors and the yield components of the
stand. The third study area comprised the energy value changes and the photo-
synthetic activity of the stand during different phases of the growing season.

The most rapid growth and development occurred within the temperature range
of 400 500° C (27 > 0° C). The late first cutting date increased yields most in the 2-
and 3-cutting systems and least in the 4-cutting system, due to two summer cuts during
the dry period of the season.

Due to the regrowth ability of the species and lack of water in midsummer leading
easily to dormancy there was a negative correlation between the first and the second cut
and a positive correlation between the following successive cuts.

The most important variables in the regression model describing DM production
in the first, second, third and fourth cut were temperature sum in degree days, precip-
itation during the week before the previous cut, amount of precipitation between cuts
and the physiological activity of the stand, respectively.

The energy value o f spring and autumn DM yield was higher than that of midsummer.
The average photosynthetic efficiency was 0.95 % in 1974 and 0.47 % in 1975.

The DM content of the yield in spring decreased until the temperature sum of 420° C
(27 > 0° C) and then increased linearly.

The DM content, protein content, digestibility of DM and protein yield in the total
yields were mostly influenced by the first cut if made when the slope showed either
decreasing or increasing values of DM content. Otherwise a late first cutting date or
low cutting frequency lowered the quality of the forage.

In the mixture the spring growth of timothy ceased by the end of June and was
replaced by red-clover. The regrowth of timothy ceased by the middle of July and
was replaced by meadow fescue. The growth of red clover was the most uniform
throughout the entire growing season.

1. Introduction
The major part of forage stands in Finland have been clover-timothy

mixtures. From 1947 to 1950 the proportion of red clover in forage stands
averaged 24 %. In 1951, when a comprehensive national study on forage
species was conducted, the breakdown was as follows: 27 % clover, 49 %



216

timothy, 4 % other forage grasses and 20 % native grasses (Paatela 1953).
According to an investigation in 1966 67, a decrease in the amount of red
clover present in forage stands and an increase in that of cultivated grasses had
occurred, as the following figures show; 9 % clover, 65—66 % cultivated
grasses and 25—26 % other plants (Mukula et ai. 1967, Marttila and Raati-
kainen 1967). As the previous investigation illustrates, the clover content of
forage had changed considerably. Clover has been most abundant in Southern
Finland and the least in Lapland (Paatela 1953, Mukula et ai. 1967). Red
clover is the most valuable legume for cultivation in Finland (Ravantti 1955),
under which conditions it is a 2—3 year plant (Linkola 1948, Paatela 1953).
However, the cultivation of red clover disturbs its low winter hardiness. Be-
cause of this weakness not many pure clover stands have been established in
Finland. Instead, clover-grass mixtures have been used. The grass component
has usually been timothy and also meadow fescue or orchard grass if the material
is for grazing or silage. Investigations show (Raininko 1968) that, on the
average, a clover-grass stand provides dry matter yields higher than those of
clover or grasses grown alone and equally as much or more protein than red
clover and grass stands respectively. Nevertheless, a shift toward silage
stands and an increase in the use of nitrogen have changed the whole growth
pattern of grasses and legumes in mixed stands. The cultivated grasses have
benefited from the high degree of intensity at the expense of clover. In the
silage stands the productivity of different plant species in mixtures has changed
from what it would have been when cut for dry hay. In addition, a high
cultivation intensity affects different species in different ways when con-
sidering their winter hardiness and productivity.

The main objective of this investigation has been to determine, at a rela-
tively high level of intensity (270 kg N ha'1) the influence of the first cutting
date and the cutting frequency on the quality and quantity of a clover-grass
stand yield as well as on the relationships between the different plant species.

The second objective was to determine the relationships between some
growth factors and yield components of the stand at different stages of plant
growth during the growing season. The third study area comprised the energy
value changes and the photosynthetic efficiency of the stands during different
phases of the growing season.

2. Materials and methods

Field arrangements
The investigation was conducted at the University of Helsinki, Department of Plant Hus-

bandry in 1974 76. The study objectives were the influence of the first cutting date and the
cutting frequency on the growth and development of a clover-grass stand. The plots were
organized as follows;

Experimental design: Split plot

Main plot: Cutting frequency
1. 2-cut
2. 3-cut
3. 4-cut
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Sub-plot: First cutting date
1. Early (E)
2. Midearly (M)
3. Late (L)

Replications: Three

The clover-grass stand was established with barley as a companion crop in 1973. The soil
type was a sandy silt. The species used were Viikki red clover, Tammisto timothy and Tam-
misto meadow fescue. A seeding rate of 30 kg ha" 1 comprised the following proportions;

20 % red clover = 6 kg ha-1

20 % timothy = 6 kg ha-1

60 % meadow fescue = 18 kg ha' 1

Total = 30 kg ha' 1

Fertilization

In 1973 the basic fertilization was NPK 600 kg ha-1 (10—20 20). During the study years
1974—75 the fertilization was as follows:

4-cut Spring 600 kg ha"1 (15 —2O 15) = 90 kg N ha" 1

After Ist cut 240 » (25 0— 0) = 60 » »

» 2nd » 240 » » = 60 » »

* 3rd » 240 » * = 60 * »

Total = 270 kg N ha' 1

3-cut Spring 600 kg ha"1 (15—20—15) = 90 kg N ha" 1

After Ist cut 360 » (25 0— 0) = 90 » *

* 2nd » 360 * » = 90 » *

Total = 270 kg N ha' 1

2-cut Spring 600 kg ha' 1 (15-20-15) = 90 kg N ha' 1

» 180 » (25- 0- 0) = 45 » *

After Ist cut 540 9 » = 135 9 *

Total = 270 kg N ha' 1

600 kg ha' 1 (15-20-15) = 90 kg N ha' 1Primary growth

For the post effect investigation the stands received 600 kg ha-1 (15 —2O 15) in spring
and 360 kg ha-1 (25 —o0) after the first cut in 1976.

Cutting arrangements
The cutting systems used during 1974—76 are outlined in the schedule below. There was

also a primary growth system included, the date given being that of the only cut. In order to
test the post effect of the 1974 treatment the orginal plots (15 m 2) were divided in half in 1975,
and one half received the 1974 treatments again while the second half was cut three times. In
1976 all plots were harvested twice to test for any post effects.
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Cutting date

Cut 1 Cut 2 Cut 3 Cut 4

1974
4-cut

Early 3/6 8/7 12/8 23/9
Midearly 7/6 12/7 16/8 27/9
Late 12/6 16/7 19/8 30/9

3-cut
Early 17/6 22/7 30/8
Midearly 20/6 26/7 6/9
Late 26/6 30/7 12/9

2-cut
Early 1/7 23/8
Midearly 5/7 26/8
Late 9/7 28/8

1-cut 12/9

Cutting date

Cut 1 Cut 2 Cut 3 Cut 4

1975
4-cut

Early 29/5 11/7 22/8 10/10
Midearly 3/6 16/7 27/8 10/10
Late 9/6 21/7 1/9 10/10

3-cut
Early 13/6 30/7 10/10
Midearly 18/6 4/8 10/10
Late 23/6 8/8 10/10

2-cut
Early 27/6 10/10
Midearly 2/7 10/10
Late 7/7 10/10

1-cut 25/7
Post effect 3/6 1/8 10/10

1976

Post effect 24/6 30 8

Laboratory studies

Dry matter content was determined from two 200 g chopped samples that were dried for
36 h at 100° C. Raw protein and digestibility samples were dried for 36 h at 70° C.

The raw protein content was determined from a dried and ground sample according to the
Kjeldahl technique. Dry matter digestibility was determined with an one-stage chemical
procedure for cellulase digestibility as described by Jones and Hayward (1973). Cellulase DM
digestibility was changed to DM in vitro digestibility according to the correlation model out-
lined by Pulli (1976).
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The dry matter energy content was determined from a 10 mg sample with a Phiixipson

oxygen microbomb calorimeter according to Phillipson’s (1964) procedure.

The botanical analyses were carried out with a 1 kg sample of the forage by separating the
main plant species, couch-grass and the dead material of the yield from each other.

Crop growth and yield analyses.
Stand height was measured for each cut from five points within each plot during 1974 76.

Dry matter, raw protein, digestibility samples and samples for the botanical analyses were
taken at the time of cutting, put in plastic bags and dealt with as soon as possible. Meteorological
data was obtained from the weather station at nearby Malmi airport. The analysis of variance,
correlation determinations and regression models were calculated by using the University
computer at Viikki.

B. Weather conditions

On the whole, the growing season of 1974 was rainier than the long-term
average. Spring was cooler than normal (Table 1) and the amount of precipi-
tation for May—June was close to the long-term average. From August to the

Fig. 1. Weather conditions and cutting dates in different
cutting systems in 1974.
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end of the growing season rainfall exceeded the normal level. For example,
September’s precipitation was more than twice the long-term average.

The growing season of 1975 can be considered as warm and dry (Table 1).
In particular. May was very warm, but June was cooler than the long-term
average. From July onward temperatures were I—2° C higher than the average.
The amount of precipitation during the growing season was less than normal.

Table 1. Average temperature (°C) and precipitation (mm) May —Sept. in 1974 —76 and
the long term average 1931 —6O at Malmi airport.

M ~ Temperature °C Precipitation mm
1974 1975 1976 1931-60 1974 1975 1976 1931-60

May 7.0 11.7 10.7 8.4 32 38 27 41
June 14.3 13.7 13.0 14.1 46 12 42 47
July 15.9 18.0 15.9 17.2 50 26 52 68
Aug. 14.3 16.6 15.2 15.6 75 29 45 70
Sept. 12.6 13.3 8.1 10.5 126 53 48 66

12.8 14.7 12.6 13.2 329 158 214 292

Fig. 2. Weather conditions and cutting dates in different
cutting systems in 1975.
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In 1976, the midsummer was cooler than normal as well as drier. The good
conditions in May and August could not prevent the 1976 yield from being
a less than good one.

In Figures I—3 the growing seasons’ average temperatures and radiations,
amounts of precipitation and cutting times are shown. Attention is drawn to
midsummer of 1975 which was marked by early summer dryness.

4. Results and discussion

4. 1. Dry matter production
The dry matter yield of a cultivated forage stand increases as the stand

ages (Poijärvi 1931, Huokuna 1960, Pestalozzi and Qyen 1977). The
growth follows a sigmoidal growth pattern. Especially in the spring the dry
matter yield increases exponentially. This phase is followed by a linear period
of growth in which the dry matter increases by about 200 kg per day (Leafe
et al. 1974).

Fig. 3. Weather conditions and cutting dates in post effect
cuttings in 1976.
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Rappe (1948) investigated a stand’s growth in a pasture at a rather young
stage of development. He found out that growth slowed down in the autumn
inspite of the plants being young and healthy and all growth factors near the
optimum. The retarded plant growth in the autumn is due to the action of
plant hormones. In the spring a wintered plant is ready to beging immediate
production of a stalk, flowers and seeds. After this, vegetative growth slows
down as autumn approaches. Dry periods which often occur in midsummer
can also slow the growth of pasture plants.

During the period of its strongest growth and with only limited nitrogen
fertilizers, pasture grass can produce about 100 kg ha"1 of dry matter per day.
In July it drops to about 50 kg ha"1

, in August to 30—40 kg ha'1 and then
eventually ceases by the end of the autumn (Huokuna 1964).

4. 1. 1. Growth factors in relation to the DM yield.
The interdependence between the yield and growth factors has interested

many researchers. Finnish research people have been studying this issue since
the last century. In the oldest studies Lemström (1878) and Johansson (1912)
determined the influence of sun spots on the yield. Johansson (1924) dealt
with the correlations between grain and potato yields and temperature, rainfall
and cloudiness. Keränen (1925) determined the influence of winter and spring
temperature conditions on productivity. Keranen’s later studies (1931)
familiarized the causal connection between yield level and meteorological
factors. The effect of temperature on the yield of grain crops, were studied by
Kiiskinen (1957) and Paatela (1958). The effects of weather factors on sugar
beet (Brummer 1961) and potato yields have been studied by Tähtinen
(1962), Yllö (1963, 1964), Varis (1970) and Seppänen (1971). The relations
between crop productivity and weather conditions at different experimental
stations have been studied by Salminen (1930), Pohjakallio (1943), Pessi
(1958 a, 1958 b), Pohjanheimo (1959), Saloheimo (1956) and Multamäki
(1961).

Individual growth factors such as light conditions have been studied by
Pohjakallio and Salonen (1947), and Pohjakallio (1951 a, 1951 b, 1952,
1954, 1957). The effects of dry periods have been studied by Korhonen
(1920) and those of temperature by Stigell (1920), Sinisalo (1937), Paa-
tela and Suomela (1960). Soini (1965) studied the influence of weather
conditions on the yield with regard to the fertilization and soil factors. Water
economy questions have been dealt with by Hooli (1971).

The risk studies conducted by the Agricultural Research Centre have
determined the crop certainty of sugar beets (Kallinen et ai. 1976), rye
(Mukula et ai. 1976) and winter wheat (Mukula and Rantanen 1976). The
Centre has also dealt with the general factors affecting the yield level (Mela
and Haapalainen 1976), the growth risks of barley (Mukula et ai. 1977) and
oats (Mukula et ai. 1978) and the area preconditions for spring cereals (Mukula
and Rantanen 1978). Quality risks have been investigated for fodder barley
(Varis et ai. 1979) and oats (Varis et ai. 1979).



Results;

Cut 1.
During 1974—76 the first cuts of the cutting systems were conducted

between 29. 5.-9. 7. All of the growth factors included correlated signifi-
cantly with the dry matter production (Table 2). The factor with the strongest
relationship was the temperature sum in degree days (E > 0° C) which was
in turn automatically correlated to the growing time. The weakest correlation
was to the precipitation during spring growth. This was most likely because
of enough soil water.

The highest coefficient of determination for the clover-grass spring growth
in the first cut was given by the selective regression equation;

Y = -3363.3 + 20.92 X 3 - 702 60 X a + 307.52 X 3 (F = 160.8»**)
where

R 2

Xj = temperature sum in degree days {£ > 0° C) 91.4
X 2 total radiation sum {£ Wh cm"2) 96.796.7
X 3 = growing time (£ days) 97.2

It was significant that temperature alone accounted for 91.4 % of the yield
formation and the total model for 97.2 %. This meant only a very small
percentage remained outside the regression model.

Cut 2.
The second cuts of each cutting system fell during the dry period of the

summer. This resulted in strong correlations to the amount of precipitation
during the week before the first cut (Table 2). The negative correlation between
the yield of the first cut and that of the second means that delay of the first
cut automatically reduced the yield of the second cut. The second cuts were
made between 8.7 and 10.10, and due to lack of moisture negative correlations
occurred between the yield and the growing time, temperature sum and total
radiation.

Table 2. The correlation coefficients between growth factors and DM yield in the first,
second, third and fourth harvest of clover-grass stand in 1974—76.

Cuts
Growth factors

Ist 2nd 3rd 4th

£ days (time) 93*** -.44* _.69*** .25 NS
£>o°C (temp.) 96*** -.49** -.Bo*** .46 NS
£Wh cm"2 (rad) 90*** -.47* -.7B*** .66*
£ mm (prec.) 79*** .17 -.26 NS .80**
S mm (prec. previous cut) .83*** ,88*** .33 NS
DM kg ha-1 (previous cut) —.3B* .54* .91***

223
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The highest coefficient of determination, 85.7 %, for the second cut’s
dry-matter yield was given by the following regression model:

Y = 850.4 + 54.25 Xj + 252.48 X 2 + 83.90 X 3 - 211.24 X 4 (F = 32.94***)
where:

R 2

X 2 = precipitation during a week before previous cut (E mm) 69.0
X, = total radiation sum (E Wh cm' 2) 74.074.0
X 3 = precipitation between cuts (E mm) 76.5

X 4 = growing time (E days) 85.7

The precipitation during the week before the first cut accounted for 69 %

of the second cuts’ dry matter yield. Also the total radiation sum and the
precipitation between cuts had positive influences on the yield. Increasing the
growing period, on the other hand, is a sign some growth factor is lacking and
therefore means negative relations to the yield.

Cut 3.
The time of the third cuts, 12. B—lo. 10, represented the least productive

period of the growing season. The dry matter yield had a positive correlation
to the precipitation during the weekbefore the second cut (Table 2). The positive
correlation to the previous yield meant the presence of a physiologically active
state of growth in the stand at the time of the previous cut. Growing time,
temperature sum and total radiation sum correlated negatively with the third
cut’s DM yield.

The coefficient of determination, 86.6 %, was provided by the following
selective regression equation:

Y= - 2573.1 + 190.94 Xt + 25.65 X 2 - 0.20 X 3 (F = 36.59*'*)
where:

R 2

X 4 = precipitation during a week before previous cut (E mm) 77.3

X 2 = precipitation between cuts (E mm) 84.684.6

X 3 = DM yield in previous cut (kg ha -1) 86.6

The amount of precipitation in the regression model positively influenced
the yield level. There was negative effect in the regression model concerning
the DM yield of the previous cut probably due to the water factors.

Cut 4.
The fourth cut of the summer included the 4-cut system’s final cuts which

during the study years 1974—75 occurred in the period of 23. 9. —lO. 10. The
DM yield of the fourth cut correlated strongly with the DM yield in the third
cut. This means that if the stand is dormant at the time of the third cut which
follows the driest and hottest period of the summer, regrowth does not occur.
The yield of the fourth cut is increased by the autumn rains, but inhibited by
the decrease in light assosiated with autumn. Grasses also grow satisfactorily
at rather low temperatures, meaning that some other growth factors are more
important than temperature to the development of the fourth cut’s yield.
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The following regression model best described the autumn yield:

Y = -782.2 + 0.64 Xt + 32.51 X 2 (F = 25.26**)
where: R 2

Xj =DM yield in previous cut (kg ha-1) 86.6
X 2 = precipitation between cuts (27 mm) 94.4

The stand’s physiologic activity at the time of the third cut accounted for
86.6 % of the variation. The complete model accounted for 94.4 %.

4. 1.2. Dry matter yields and first cutting dates
Valle and Virtanen (1932) showed that the earlier the growth stage of

the stand at which the first cut is made the better regrowth ability the stand
has. However, the weather conditions of the growing season may influence
the amount of regrowth. In Poijarvi’s (1931) studies the productivity of
timothy was compared at three stages of development, at heading and at the
beginning and at the end of timothy flowering. The total yields consisted of
the aftermath harvested at the same time from all treatments. The greatest
amounts of feed units and digestible raw protein were obtained from the stand
harvested at the beginning of timothy’s flowering. Delaying the harvest
increased the yield but decreased the quality even more. Teittinen (1959)
studied the first cutting dates of a clover-grass stand. When the harvest was
changed from the time of timothy heading to where the clover had already
flowered, the yield was doubled. The abundant regrowth following an early
cut could not compensate for the yield increase in the late cut. The ranking of
cutting dates according to productivity was the late 2-cut, early 2-cut, 3-cut
and the 1-cut. Jäntti and Heinonen (1957) and Raininko (1968) showed
that the highest dry matter yield could be obtained from a stand cut twice,
but if the conditions for regrowth were very good, then the highest yield and
the best quality could be obtained through four cuts.

According to the results of Older and Linnutaja (1976) in Estonia the
number of harvest influences in different ways a plant in different stages of
development. With 100 kg N ha'1 orchard grass and meadow fescue produced
the highest dry matter yields when cut two times during flowering. The
following order of productivity was three cuts during heading and four cuts
during stem development. Timothy, on the other hand, gave the highest yield
when cut three times during heading. The productivity following this stage
was three cuts during stem development, two cuts during flowering and five
cuts during the shooting period. When treated with 300 kg N ha' 1 the produc-
tivity favored four cuts for orchard grass and meadow fescue, but only two
cuts for timothy. The lowest yield was obtained from stands at an early stage
of plant development.

Results
The dates of the first cuts and the yields for each cut in the three cutting

systems are presented in Fig. 4. The yield of each cut as a percentage of the
total yields (Table 3) shows that 1974 was a normal, productive year for growth
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whereas 1975 had good growing conditions only in the spring. The highest
yield in the 4-cut system in 1974 was obtained at the early and midearly cuts
of the second cut. At the late cutting date the yield distribution per cut was
more balanced and the highest yield level was in the third cut. When the first
cut of the 3-cut system was late, the regrowth ability of the stand was lost in
the second and third cuts (Table 3). In the 2-cut system delay of the first
cut did not especially affect the distribution of the yield in either cut. In 1975
a very wet May contributed noticeably to stand development. This was
followed by four weeks of dryness. Because of the dry conditions only the spring
growth was of any significance to the 1975 yield.

Table 3. Yield distribution of clover-grass stand measured in % cut per total yield with
three first cutting dates in 4-cut, 3-cut and 2-cut systems.

First cutting date
Cuttings

1974 1975

4-cut 3/6 7/6 12/6 Avg. 29/5 3/6 9/6 Avg.

Cut 1 9 12 23 14 68 65 82 72
Cut 2 47 48 28 41 22 28 11 20
Cut 3 23 24 33 27 6 5 5 5
Cut 4 21 16 16 18 4 2 2 3

3-cut 17/6 20/6 26/6 Avg. 13/6 18/6 23/6 Avg.

Cut 1 34 39 44 39 89 91 94 91
Cut 2 25 20 19 21 8 8 5 7
Cut 3 41 41 37 40 3 112

2-cut 1/7 5/7 9/7 Avg. 27/6 2/7 7/7 Avg.

Cut 1 59 62 60 60 95 94 94 94
Cut 2 41 38 40 40 5 6 6 6

In 1974 the best regrowth in the 4-cut system occurred after the first cut.
The main principle was that the delay of the first cut reduced the regrowth
ability in the second cut (Table 4). The regrowth ability in the second cut was
decreased when the first cutting date was delayed, with one exception, the late
first cutting date in the 3-cut system (Fig. 4, Table 4). In 1975 severe
dormancy in midsummer changed the whole pattern of growth and development
(Fig. 4. Table 4).

The formation of total yields (Table 5) shows that the delay of the first cut
in the spring increased the total yields most in the 2-cut system and least in
the 4-cut system. The same trend can be seen also in the average yields of the
study years as well as in the total yields of the research years (Table 5).
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Table 4. Regrowth ability of clover-grass stand % DM of a cut compared to a previous cut
measured at three levels of first cutting dates in three different cutting systems.

First cutting date
Cuttings

1974 1975

4-cut 3/6 7/6 12/6 29/5 3/6 9/6
Cut 1 100 100 100 100 100 100
Cut 2 564 428 122 33 42 14
Cut 3 48 49 117 27 21 37
Cut 4 91 65 50 69 39 38

3-cut 17/6 20/6 26/6 13/6 18/6 23/6
Cut 1 100 100 100 100 100 100
Cut 2 73 52 43 9 9 5
Cut 3 167 206 199 ' 34 15 15

2-cut 1/7 5/7 9/7 27/6 2/7 7/7
Cut 1 100 100 100 100 100 100
Cut 2 67 61 64 3 6 4

4. 1.3. Photosynthetic efficiency of clover-grass stand
Because 90—95 % of the total dry matter yield of higher plants consists

of carbon compounds which are products of photosynthesis, light, as the
energy source of photosynthesis, is a very important growth factor. Researchers
have tried to determine what amount of the radiation reaching the plant surface
is transformed through photosynthesis into carbon compounds. The energy
value of a clover-grass stands assimilation products are about 0.41—0.80 %

of the total radiation (Noddack and Komor 1937). Maximov (1938) found
that green plants converted I—s % of the total radiation into organic energy.
According to Rabinowitch (1945) crop yields and forest growth utilize 0.8 %

of the total radiation, equal to 2 % of the visible light used for synthesis by
plants in the areas which have relatively short growing seasons.

In Holland Wassink (1948) determined the net photosynthetic efficiency
in different types of cultiveted plants to be 0.5—2.2 %. The photosynthetic
efficiency varied throughout the growing season according to the stage of
development of the plants. Assimilation was most efficient during the period
of the greatest increase in growth. During the most intensive growing period
of barley the photosynthetic efficiency was 13.6 %.

The age of cell tissue affects the rate of assimilation. The most effective
assimilation occurs in alfalfa leaves at the age of 5 17 days. The leaves remain
effective only for about one month (Fuess and Tesar 1968). According to
Loomis and Williams (1963) the factors mostly limiting the beneficial utiliza-
tion of radiation are mainly the leaf area index (LAI), leaf location on the plant,
leaf orientation, the plant’s net photosynthetic capacity and the available
amount of C02 .

The density of a stand reduces the amount of light which reaches the inner
parts of the stand and this in turn affects photosynthesis. In full daylight the
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Table 5. Average dry matter yields of clover-grass stand with three different first cutting
dates harvested two, three and four times per season in 1974 75.

DM tons/ha
Cutting time

Avg.4-cut 3-cut 2-cut

1974
Early 12.7 a 10,1 a 11.5 a 11.4a
Midearly 12.9a11.2ab 12.9 b 12.3b
Late 11.5 a 12.4 b 13.9 b 12.6b

Avg 12.4 A 11.28 12.8 A 11.IX

LSD Q 5 Cuts 0.7
Times 0.7
CxT 1.3

1975

Early 4.7 a 7.2 a 8.5 a 6.8a
Midearly 5.4ab 7.7a 8.7a7.3ab
Late 6.2 b 7.2 a 9.8 b 7.7b

Avg 5.4 A 7.38 9.0 C 7.3Y

LSD 05 Cuts 0.9
Times 0.6
CxT 1.0

Average, years

Early 8.7 a 8.7 a 10.0 a 9.1a
Midearly 9.2a9.5ab 10.8 a 9.Bab
Late 8.9 a 9.8 b 11.9 b 10.2b

Avg 8.9 A 9.3 A 10.98 9.7

LSD 05 Cuts 1.1
Times 1.1
CxT 0.8

Totals, years
Early 17.4 a 17.3 a 20.0 a 18.2a
Midearly 18.3a18.9ab 21.6 a 19.6b
Late 17.7 a 19.6 b 23.7 b 20.3b

Avg 17.8 A 18.6 A 21.88 19.4

LSD os Cuts 1.5
Times 1.0
CxT 1.8

growing seasons net photosynthesis has been 2.9 %. When the amount of
light was reduced by 25 % the resulting intensity of photosynthesis was 1.4 %

(Kamel 1959). Other effects arising from a limited amount of light were a
longer growing period, thinner leaves, lower 1 000 seed weight, small root
system, long vegetative growth stage and a bigger leaf/shoot ratio.
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Results
The energy values of a clover-grass stand expressed as calories per milligram

of dry matter show (Table 6) that delaying the date of the first cut from early
to late reduces the energy values in the 4-, 3- and 2-cut systems by 0.4, 3.1
and 2.9 % respectively. The total dry matter yields of the 3-cut and 2-cut
systems have 1 and 1.5 % respectively higher energy values than the stand
cut four times. The dry matter of the spring and autumn yields contains more
energy than that of midsummer. The differences between individual cuts
within the 4-cut system were significant (Table 6).

Table 6. Average energy value, cal mg-1 in DM of clover-grass stand cut two, three and four
times at three different first cutting days in 1974 75.

DM energy value Cal mg-1 DMCutting time
Cut 1 Cut 2 Cut 3 Cut 4 Avg.

4-cut

Early 4.541 a 4.478 a 4.407 a 4.525 a 4.488a
Midearly 4.540 a 4.473 a 4.382 a 4.510 a 4.476a
Late 4.541 a 4.470 a 4.311 a 4.541 a 4.466a

Avg. 4.541 C 4.4748 4.367 A 4.525 C 4.477X
3-cut

Early 4.544 a 4.575 a 4.598 a 4.572 a
Midearly 4.521 a 4.570 a 4.578 a 4.557 a
Late 4.535 a 4.274 a 4.486 a 4.432 a

Avg. 4.533 A 4.473 A 4.554 A 4.520 X
2-cut

Early 4.633 a 4.589 a 4.611 a
Midearly 4.582 a 4.502 a 4.542 a
Late 4.558 a 4.404 a 4 481 a

Avg 4.591 A 4.498 A 4.545 X
LSD 05 Cuts NS

Times NS
CxT NS

The net photosynthetic efficiency of a clover-grass stand was determined as
a percentage of the DM energy value per unit area compared to the total radiation
of the same surface area. The results show (Fig. 5) that in the 4-cut system
the photosynthetic intensity varied between the individual cuts by 0.48—0.78 %,

in the 3-cut system by 0.43—0.92 % and in the 2-cut system by 0.61 1.08 %.

During a normal year 1974 the most intense assimilation occurred in the second
cut of the 4-cut system and in the first cuts of the 3- and 2-cut systems.

Delaying the date of the first cut did not change the stand’s average assimi-
lation efficiency in any of the cutting systems (Table 7). There were no statistical
differences between the photosynthetic efficiency of the different cutting
systems during the growing season of 1974. In the dry season 1975 the assimi-
lation efficiency decreased as the number of cuts increased. The average pho-
tosynthetic efficiency in 1974 was 0.95 %, and in 1975 0.47 %.



Table 7. Photosynthetic efficiency, % of total radiation of clover-grass stand with three
first-cutting dates, harvested two three and four times per season in 1974 75.

Photosynthetic efficiency %
Cutting time

4-cut 3-cut 2-cut Avg.

1974

Early 0.95 a 0.84 a I.ola 0.93a
Midearly 0.95 a 0.87 a 1.08 0.96a
Late 0.83 a 0.94 a 1.12 a 0.96a

Avg. 0.91A O.BBA 1.07A 0.95 A

1975

Early 0.31 a 0.47 a 0.56 a 0.44a
Midearly 0.35 a 0.50 a 0.58 a 0.47a
Late 0.41 a 0 47a 0.68 a 0.52a

Avg. 0.35A 0.488 0.60C 0.478

Average, years

Early 0.63 a 0.66 a 0.79 a 0.69a
Midearly 0.56 a 0.69 a 0.83 a 0.72a
Late 0.62 a 0.71 a 0.90 a 0.74a

Avg. 0.63A 0.68A 0.848 0.72

I.SD 05 Years 0.3
Cuts 0.1

Fig. 5. Average photosynthetic efficiency, solar radiation, temperature sum and precipitation in in-
dividual cuts of clover-grass stand harvested two, three and four times in 1974 75.
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4. 1.4. Discussion
Early summer is a forage stand’s most effective growth period. The days

are long, the radiation level is high, temperatures are favourable and water
from melted snow is in abundance for plant use. During midsummer there is
enough light and temperature, but a plant’s use of resources is often limited
because of the lack of available water. In the autumn a stands development
is characterized by a reduction in growth as the plants prepare for wintering
and the next growing season (Rappe 1948).

In the selective regression analysis temperature alone accounted for 91.4 %

of the variation in spring dry matter production. During the spring light
is abundant with regard to the soil and air temperature, and therefore an
excessive amount of light in early summer has a negative effect as Pohja-
kallio (1957) and Valmari (1968) have shown in their investigations. Heino-
nen (1968) confirmed, that light is lost between the beginning of the growing
season and the time the stand is dense enough to utilize the light the most
effectively.

The midsummer yield formation was most influenced by the precipitation
during the week before the previous cut and the amount of rainfall between
the cuts. Midsummer of Southern and Southwestern Finland is characterized
by a lack of rainfall, while at the same time the evaporation and plant’s need
for water are greatest (Hooli 1971). If the first cut is delayed in order to
obtain a higher DM yield, the gained benefit is lost in the second cut. A posi-
tive correlation prevails between the yields of the second and third cuts. This
means that a stand must be physiologically active at the time of the second
cut in order that a high yield can be obtained from the third and fourth cuts.
The deep dormancy of midsummer cannot be broken by the abundant rains
of late summer. Pohjakallio and Antila (1955) found that cutting a forage
stand during a dry period of the season is very hard on the plants because the
cut shoots can remove water from the soil only at a pressure of I—2 atmo-
spheres and the soil particles retain it with a noticeably greater pressure.

According to Guthrie (1971) the standard calorimetric heat value of fat is
9.45 cal/mg, carbohydrates 4.1 cal/mg and raw proteins 5.65 cal/mg. The
energy values of this investigation of 4.274—4.633 cal/mg for a clover-grass
stand under different treatments and at different times of the growing season
illustrate the stand’s carbohydrate-fat-protein relationships well. These values
include also the differences in the energy values between the low values of
midsummer and the high values of spring and autumn.

In 1974 the photosynthetic efficiency of a stand varied between 0.83 and
1.12 % of the available total radiation. The corresponding values for 1975 of
0.31—0.68% represent for the 4-cut and 2-cut systems about one-third and
one-half as much respectively of the previous year’s values. This fact illus-
trates the importance of water for assimilation. The obtained assimilation
intensity values correspond to 0.77—2.80 % of the amount of visible light.
These assimilation values are in the same class as those Holliday (1966) found
for barley in England where it was 0.83 % of the total radiation and 2.07 %

of the light energy.
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The growth of a clover-grass stand was most intense during the spring in
the temperature sum range of 400—500° C (Fig. 6). If the lower limit for the
protein content of dry matter is set at 16 %, this represents a yield of 5 t DM
ha" 1 which has a dry matter content of 24 % and dry matter in vitro digest-
ibility of 73 %. For the production of this kind of yield a temperature sum of
575° Cis needed. When a growth factor, such as water, is a limiting factor then
the relationships between growing days and yield components or those between
temperature sum and different components of the yield are difficult to determine.
The best account is provided by selective regression analysis.

The results obtained show that under normal growing conditions the stands
regrowth is better at all cutting frequencies the earlier the first cut is made.
These results agree with those of Valle and Virtanen (1932). On the other
hand a late first cut date increased the total yield in the 2- and 3-cut systems,
but not always in the 4-cut system where the two middle cuts occurred during
the growing season’s driest period. These results support those found by
Poijärvi (1931) and Teittinen (1959).

4. 2. Characteristics of the stand

4.2. 1. Plant height development
Cultivated forage species follow a sigmoidal curve for height growth. In

early stages of development height growth is relatively insignificant and is
mainly due to the lengthening of the leaves. The daily increase in height
growth is greatest during stem formation following the shooting stage. During
flowering height growth slows down and stops in the final stages of flowering.

Fig. 6. The quantity and quality changes of clover-grass yield in rela-
tion to temperature sum in degeree days (E > 0° C) in spring
growth in 1974 75.



Huokuna et al. (1962) in their investigation of timothy and orchard grass
found that in the latter half of June these species daily grow 2 cm and 4 cm
respectively. According to Kelly (1958) the spring DM yield of a forage stand
is most affected by the height and stem formation of the plants because the
majority of the shoots are generative. It is typical for plants in midsummer to
form new shoots and therefore the height of the stand does not describe the
yield by itself. In the autumn neither of these factors is predominant, they
both affect the yield.

Mitchell (1956) found that the optimum temperature for leaf growth for
cool area grasses was 18—21° C, where the daily increase in length was I—s
cm. The effect of light on height growth is different from that of temperature.
A reduction in the amount of light stimulates competition for light and the

Table 8. The influence of first cutting date, growing days and the growing period of the
season on the plant height of clover-grass stand cut two, three and four times in
1974-75.

„ 1974 1975
„ ... BirstCutting

Cutting Cutting Growing Height Height Growing Cutting
date date days cm cm days date

4-cut E Cut 1. 3/6 39 30 50 39 29/5
M 7/6 43 34 51 44 3/6
L 12/6 49 46 63 50 9/6

3-cut E 17/6 53 55 75 54 13/6
M 20/6 56 66 82 59 18/6
L 26/6 62 79 89 64 23/6

2-cut E 1/7 67 93 98 68 27/6
M 5/7 71 101 102 73 2/7
L 9/7 75 102 103 78 7/7

4-cut E Cut 2. 8/7 35 81 31 43 11/7
M 12/7 35 89 32 43 16/7
L 16/7 33 58 33 42 21/7

3 cut E 22/7 35 55 28 47 30/7
M 26/7 36 50 24 47 4/8
L 30/7 34 47 18 46 8/8

2-cut E 23/8 53 69 16 104 10/10
M 26/8 52 76 17 100 10/10
L 28/8 50 71 19 95 10/10

4-cut E Cut 3. 12/8 35 44 16 42 22/8
M 16/8 35 47 17 42 27/8
L 19/8 34 57 19 42 1/9

3-cut E 30/8 39 58 14 72 10/10
M 6/9 42 68 10 67 10/10
L 12/9 44 55 8 63 10/10

4-cut E Cut 4. 23/9 42 40 14 49 10/10
M 27/9 42 41 11 44 10/10
L 30/9 42 36 10 39 10/10
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stand’s height growth increases (Han et al. 1977). Height growth will continue
to increase until the light intensity reached 50 % of full daylight.

With regard to light utilization it would be important that the stand’s
assimilative surface be evenly divided throughout the different height levels of
the stand. In this way the stand would get equal amounts of light at all levels
and the rate of growth at even a small LAI would be greater (Warren Wilson
1960).

Results
Cut 1

In 1974—75 spring growth followed a normal growth pattern (Table 8).
The growing periods were considered to have begun at the time of 0° C. It
can be seen that spring 1975 had the same growing time as in 1974, but a 67° C
greater temperature sum during the same time produced a 20 cm taller stand
than in 1974.

The spring’s temperature sum, growing time, radiation sum and amount of
precipitation correlated strongest with spring height growth (Table 9). The
relationships between height growth and growth factors are identical to the
correlations between growth factors and dry matter production.

Table 9. The correlation coefficients between growth factors and plant height (cm) in the
first, second, third and fourth harvest of clover-grass stand in 1974—76.

Cuts
Growth factors

Ist 2nd 3rd 4th

Z days (time) 96*** -.49** —.7l*** -.19 NS
•£>o°C (temp.) 98*** -.53** -.Bo*** .53 NS
ZWh cm' 2 (rad.) 94*** -.32 NS -.77*** .69*
Z mm (prec.) 84*** -.03 NS -.33 NS .82***
Z mm (prec. previous cut) .87*** .88*** .25 NS
DM kg ha-1 (previous cut) —.46* .55** .91»**

The highest coefficient of determination, 97.6 %, for spring height growth
was obtained with the following regression model:

Y= - 0.64 - 0.2095 Xj - 2.4973 X 2 + 0.2898 X 8 (F = 188.9***)
where: R 2

Xx = temperature sum in degree days (2 > 0° C) 95.2

X 2 = total radiation sum (Z Wh cm" 2 ) 96.8

X 3 = precipitation (Z mm) 97.6

Cut 2
The stand height growth in the second cut (Table 8), 1974 47—89 cm and

1975 16—33 cm, was mostly dependent on the growing conditions of the period
of the growing season, not the growing days. The strongest positive correlation
to the amount of precipitation during the week before the previous cut (Table



236

9). The disturbances caused by lack of water are illustrated by the negative
correlations to temperature sum and growing time. Also the correlation between
the height of the first and second cuts was negative.

Within the limit set (P > 90) for the regression analysis of the second cut’s
height growth only one variable was included in the model, the amount of
precipitation during the week before the previous cut. The regression model
was as follows;

Y = 18.22 + 1.94Xx (F = 76.78»**) R 2

Xj = precipitation during a week before previous cut (mm) 75.4

Cut 3
The growth of the third cut in both the 3- and 4-cut systems occurred during

the growing season’s driest period. A stand had a very big chance of going
into dormancy which would last for the rest of the growing season. Because
of this, almost no stand height growth occurred (Table 8). The correlation
between the growth factors and height growth (Table 9) was completely
identical to that between the growth factors and dry matter yield (Table 2).
Height growth had a positive correlation to the amount of precipitation during
the week before the previous cut and the previous cut’s yield. Height growth
would also require an active physiological state to exist at the time of the
second cut.

In the selective regression analysis water decisively influenced midsummer
height growth. The regression model was as follows:

Y = - 7.12 + 1,7530 Xj + 0.1719 X 2 (F = 36.63***)
where: R 2

Xj = precipitation during a week before previous cut (2 mm) 76.7
X 2 = precipitation between cuts [2 mm) 80.380.3

Cut 4

Growth factors weaken as autumn approaches. At the same time the
midsummer drought can reduce plant metabolic activity to such a low level
that it may be difficult for the plant to recover. The autumn growth of a
clover-grass stand is best correlated to the previous cut’s yield, precipitation
sum and amount of light. Because of growth factors, autumn height growth
does not transfer to a generative stage, and this results in low stem production
which means limited height growth (Table 8).

The highest coefficient of determination, 99.4 %. from the selective regression
analysis of autumn height growth was obtained with the following regression
model:

Y - 3.72 4- 0.2711 X, + 7.5042 X 2 - 0.1641 X 3 (F - 108.69**»)
where:

R 2

Xj = precipitation between cuts (2 mm) 96.3

X 2 = total radiation sum (2 Wh cm'2) 98.4
X 3 = temperature sum in degree days {2 >o° C) 99.4
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4. 2. 2. Dry matter content of the stand
In young plants the cells are full of cytoplasm. Also, the cell walls contain

abundant amounts of water (Kramer 1959). As the plant develops the cell
walls thicken and dry matter increases in the leaves. When a plant ages the
amount of lignin in the plant increases and the total dry matter content of
the yield is raised also.

In addition to the growth stage also weather conditions such as rain, dew,
wind and the amount of radiation greatly affect the dry matter content of
a forage stand (Syrjälä 1973, Salo et ai. 1975). During dry periods of the
growing season the dry matter content of a forage yield increases rather
strongly as the stand’s growth progresses. According to Poutiainen and Rinne
(1971) the dry matter content of a meadow fescue-timothy stand at a 34
leaf stage was 20.5 %, at the beginning of heading 21.1 %, during heading
22.3 % and at the beginning of flowering 28.5 %.

The increase in a plant’s dry matter content is closely associated with the
increase in its fiber content. Syrjälä (1974) found in her study of meadow
fescue that at the end of May the raw protein content was 20.6 % of the dry
matter and by June 20th the fiber content had already risen to 31.2 %. The
longer the interval between cuts the greater the fiber and dry matter contents
(Huokuna 1964).

Results
The dates of the first cuts and the dry matter contents of the yields are

shown in Fig. 7. In 1974 the dry matter content in the 4-cut system decreased
until June 12th because of the relatively young stage of development. After
this date the dry matter content began to rise to a level of 27.2 %, the same as
what existed in the late cut of the 2-cut system. In 1975 the stand's early
growth by May 29, the first cutting, date of the 4-cut system, had already
passed the wettest development stage, and this caused the dry matter content
of the first cuts to increase from 22.9 % to 40.4 % which was the dry matter
level in the late first cut of the 2-cut system made on July 7th. DM contents
in 1974 and 1975 described very clearly the importance of the developmental
stage of the stand and of water as a growth factor (Fig. 7).

The dry matter content in the total yields of 1974 decreased as the first
cutting date was delayed in the 4-cut system and increased in the 3- and 2-cut
systems (Table 10). The very rapid stand development before the first cut in the
spring of 1975 and then the lack of water during the midsummer caused the
dry matter content to rise in all of the delayed first cuts in all of the cutting
systems (Table 10).

The relationships between the growth factors and the development of the
dry matter content for the period 1974—76 were as follows:

Cut 1
In spring growth the development of dry matter content was mostly corre-

lated to the temperature sum in degree days (Table 11). There were also sta-
tistically significant positive correlations between the dry matter content and
the growing time and radiation sum.
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Table 10. Dry matter content (% DM) of clover-grass stand with three different first-cutting
dates, harvested two, three and four times per season in 1974 75.

DM %
Cutting time

4-cut 3-cut 2-cut Avg.

1974

Early 24,0 b 17.6 a 21,1 a 20.9ab
Midearly 19.6 a 17.6 a 23.3 b 20.2a
Late 18.9 a 20.3 b 24.6 b 21.3b

Avg 20.88 18.5 A 23.0 C 20.9X

1975

Early 27.5 a 27.5 a 32.3 a 29.1a
Midearly 27.6 a 30.3 b 33.7 a 30.5b
Late 28.0 a 32.6 c 39.9 b 33.5c

Avg 27.7 A 30.08 35.3 C 31.0Y

LSD os Cuts 1,2
Times 1.0
CxT 1.7

Average, years

Early 25.8 b 22.6 a 26.7 a 25.0a
Midearly 23.6 a 24.0 b 28.5 b 25.4a
Late 23.5 a 26.5 c 32.3 c 27.4b

Avg 24.3 A 24.48 29.2 C 25.9

LSD 05 Years 1.6
Cuts 0.9
Times 0.7
CxT 1.2

Table 11. The correlation coefficients between growth factors and DM % in the first, second,
third and fourth harvest of a clover-grass stand in 1974 76.

Cut
Growth factors

Ist 2nd 3rd 4th

27 days (time) 60** .17 NS .23 NS .35 NS
27>0°C (temp.) 65** .23 NS .43* -.40 NS
2Wh cm' 2 (rad.) 59** .57** .55** -.55 NS
27 mm (prec.) 14 NS -.57** -.22NS -.92***
S mm (prec. previous cut) —.43* —.sB** —.17 NS
DM kg ha-1 (previous cut) .09 NS —.6l** —.96***
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The high coefficient of determination of 94.9 % was obtained through
selective regression analysis with the following regression model:

Y = 15.91 + 0.03297 X x - 0.5651 X 2 - 2.1785 X 3 + 1.6352 X 4 (F = 60.4*»*)
where: R 2

X x = temperature sum in degree days (27 > 0° C) 42.1
X 2 = precipitation (27 mm) 89.889.8
X 2 = total radiation sum (27 Wh cm-2 ) 93.0
X 4 = growing time (27 days) 94.9

Cut 2
In the second cuts of all cutting systems only the amount of light had a

positive correlation to the development of the yield’s dry matter content.
Both the precipitation sum between cuts and amount of rainfall during the

week before the previous cut had negative correlations to the development
of dry matter content. The coefficient of determination obtained with the
selective regression model was only 77.3 %. This means that the residual
percentage in the model contained elements of the stand’s DM content develop-
ment which were not included in the model.

The regression model was as follows:

Y = 29.66 - 0.7074 X 4 - 0.3809 X 2 + 0.04941 X 3 (F = 26.08***)
where: R 2

Xx = total radiation sum (27 Wh cm-2 ) 32.8
X 2 = precipitation between cuts (27 mm) 55.8
X 3 = temperature sum in degree days (27 > 0° C) 77.3

The negative influence of the radiation sum in the model is probably due to
the dormancy caused by the combined effects of the drought and abundant
sunshine, which in turn affected the loss of apical dominance and the onset
of shooting.

Cut 3
In the third cut both the temperature and radiation sums had statistically

significant positive correlations with the development of DM content (Table
11). The previous cut’s productivity and the amount of rainfall the week
before the previous cut had negative correlations to the DM content develop-
ment.

The regression model was as follows:
Y = 24.56 - 0.001325 X x - 0.2458 X 2 + 0.031633 X 3 (F = 20.40**»)

where: R 2

Xj = DM yield in previous cut (kg ha-1) 36.9
X 2 = precipitation between cuts (27 mm) 48.5
X 3 = temperature sum in degree days (27 >o° C) 78.3

During the driest growing period during midsummer the stand’s physiological
state in the previous cut combined with the temperature determined the develop-
ment of the dry matter content.
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Cut 4
The fourth cut represents the part of the growing season where there are

very few quality changes because of the weakening of growth factors. The
amount of the yield in the previous cut and the amount of precipitation the
cut received had statistically significant negative correlations to the later
summer’s dry matter content development (Table 11).

The regression model used in the selective regression analysis of the autumn
growth’s dry matter content was the following:

Y = 30.52 - 0.003645 X t
- 0.06292 X 2 (F = 100.85***)

where: R 2
Xj = DM yield in previous cut (kg ha' 1 ) 97.5
X 2 = precipitation during a week before previous cut (27 mm) 98.5

The factors obtained accounted for 98.5 % of those that influenced the
autumn dry matter content. Of particular significance is the important role
water plays in the formation of the late autumn yield and its quality.

4. 2.3. Protein content of the dry matter
As the stand ages the composition and feeding value of the forage changes.

All of the changes are unfavourable from the nutrition value point of view
(Poijärvi 1955). Poijarvi’s (1955) clover-timothy plots in Tikkurila produced
dry matter yields with raw protein contents of 14.2, 8.7 and 7.2 % during the
timothy stages of heading, early flowering and late flowering respectively.
As the plants develop the amount of nitrogen free components such as cellulose
and lignin increase at the expense of raw protein.

The rate of growth influences the protein content of the forage stand.
Salo (1976) found that the exceptionally warm weather in the spring of 1970
increased the rate of growth and rapidly decreased the protein content. As
part of the same investigation the chilly, wet spring of 1972 lowered the raw
protein content slowly when the rate of growth was less. When grass grows
slowly its protein content remains low because at a certain stage of development
the plant is physiologically older than one that grew quickly (Giöbel and
Steen 1964, Salo et ai. 1975). Poutiainen and Rinne (1976) found that
during the period June 4 June 25 the protein content decreased by 0.62
percentage units a day. In Syrjala’s (1974) investigation the raw protein
content decreases by 0.8 percentage units within the first two weeks of June.
Salo et ai. (1975) found the decrease to be over 1.0 percentage units a day.

Because a young forage stand contains more protein than an old one, the
protein content of the yields increases as the number of cuts increases. The
autumn yield usually has not developed as much as a spring yield and therefore
contains more protein than the spring yield.

Results
In 1974 the protein content of the clover-grass stand in the 4-cut system

decreased during the period of the first cut June 3—12 from 27.5 to 22.1 %.

This decrease represents a daily loss of 0.6 %-units (Fig. 8, Table 12). For



the 3-cut system the first cuts were made during June 12—26 and the drop in
protein content over this period was 0.6 %-units a day. In July the new
growth due to shooting affected the raw protein content in the 2-cut system.
The resulting decrease was 0.21 %-units a day. In 1975 the changes were 0.28 %

-units and 0.32 %-units respectively. The decrease in the 2-cut system was
the same as it was in 1974 (Fig. 8.) Changes in the protein content of the
primary growth were few after the beginning of July (Fig. 8). The second cuts
(Fig. 8, Table 12) in the different cutting systems were made during June 3

August 28 and the daily decrease in protein content in the 3- and 4-cut
systems about 2—3 weeks before cutting was 0.15—0.29 %-units. The 2-cut
system showed a decrease of 0.03 %-units per day. The stand in the 2-cut
system was at a very late stage of development at the time of the second cut,
as a protein content of 10.2 % illustrates (Fig. 9).

The third cuts in 1974 of the 3- and 4-cut systems were made during July 8
September 12. The raw protein decrease of 0.40—0.44 %-units in the stand

2—3 weeks before the cut indicated favorable growing conditions and vigorous
growth (Fig. 8, Table 12). In 1975 the dormancy at the time of the 3-cut
system’s third cut was broken when the autumn rains began. New shoot
growth always increased the stand’s protein content until the middle of Sep-
tember (Fig. 8). Beyond this time the decrease in protein content was 0.16

Fig 8. Protein content development (% in DM) of clover-grass stand in primary growth
and between individual cuts harvested two. three and four times in 1974—75.
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Table 12. The decrease of protein content in DM of clover-grass stand in the first, second,
third and fourth harvest during a certain time period in 1974—75.

Decrease % protein content/time period

Cutting Cut 1. Cut 2. Cut 3. Cut 4.

system Time % Time % Time % Time %

1974

4 cut (3/6-12/6) 0.60 (26/6- 8/7) 0.25 (30/7-12/8) 0.44 (30/8-23/9) 0.22
3 cut (12/6-26/6) 0.60 (8/7-22/7) 0.15 (12/8-30/8) 0.40
2 cut (26/6- 9/7) 0.21 (22/7-23/8) 0.29

1975

4 cut (29/5-9/6) 0.28 (19/6-11/7) 0.27 (30/7-22/8) 0.10 (11/9-10/10) 0.16
3 cut (9/6-23/6) 0.32 (11/7-30/7) 0.30 (11/9-10/10) 0.16
2 cut (23/6- 7/7) 0.20 ( 1/9-10/10) 0.03

%-units per day (Table 12). The dormant state of the stand during the third cut
in the 4-cut system caused a mild reduction of 0.10 %-units per day in the
raw protein content of the stand (Table 12). Because of the weakening of
growth factors in the autumn a plant accumulates mainly sugars. Delaying
the first cut in the 2-cut system raised the yield in both cuts. The higher level
resulted from the lower protein content of the dry matter (Fig. 4, Fig. 9).

The raw protein content in the first cut of 1975 followed the same trend as
in 1974 (Fig. 9). At the time of the second cuts in the 3- and 4-cut systems
there was severe dormancy and low protein content. Because of the dormancy
apical dominance was lost and in the following summer and autumn cuts
the regrowth was insignificant with relatively high protein content in the short
new shoots (Fig. 9). The total yields for both 1974 and 1975 contain negative
correlations between raw protein contents in DM and dry matter yields (Table
13, Table 5). During 1974 the average raw protein content in the 3- and 4-cut
systems was the same, and that for the 2-cut system was 3 %-units lower.
1975 the 2- and 3-cut systems were not statistically different from each other.
They also had about a 4 %-units lower protein content than the average
protein content for the 4-cut system (Table 13).

The relationships between the growth factors and the changes in the protein
content in DM were investigated during 1974 76. The results were analyzed
with selective regression models.

Cut 1
The DM protein content of the spring growth strongly correlated with all of

the growth factors investigated. The strongest negative correlation, —o.Bs***
(Table 14), was between the raw protein content and the spring temperature
sum.



Table 13. Protein content % in DM of grass-clover stand with three different first-cutting
dates harvested, two, three and four times per season in 1974 75.

Protein % in DM
Cutting time

4-cut 3-cut 2-cut Avg.

1974

Early 18.2 a 20.2 b 16.8 b 18.4b
Midearly 17.8 a 18.1 a 15.1 a 17.0a
Late 20.6 b 17.1 a 15.2 a 17.6a

Avg 18.78 18.58 15.7 A 17.7X

1975
Early 17.1 b 13.8 c 12.3 a 14.4c
Midearly 15.7 a 12.1 b 12.0 a 13.3b
Late 15.5 a 10.8 a 11.1 a 12.5a

Avg 16.18 12.2 A 11.8 A 13.4Y

LSD 0 5 Cuts 1.1
Times 0.8
CxT 1.3

Average, years

Early 17.7ab 17.0 c 14.6 b 16.4b
Midearly 16.8 a 15.1 b 13.6 a 15.2a
Late 18.1 b 14.0 a 13.2 a 15.1a

Avg 17.5 C 15.48 13.8 A 15.6

LSD 0 ä Years 4.2
Cuts 0.8
Times 0.5
CxT 0.9

Table 14. The correlation coefficients between growth factors and protein content % in DM
in the first, second, third and fourth harvest of a clover-grass stand in 1974 76.

Cuts
Growth factors

Ist 2nd 3rd 4th

27 days (time) -.B2*** .28 NS .94*** .14 NS
27 > 0° C (temp.) -.Bs*** .25 NS .90*** -.29 NS
27 Wh cm' 2 (rad.) -.7B*** -.40* .74*** -.51 NS
27 mm (prec.) —.77*** .79*** .75*»* —.33 NS
27 mm (prec. previous cut) —.19 NS —.BB*** —.51 NS
DM kg ha-1 (previous cut) .29 NS -.39 NS -.46 NS
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The highest coefficient of determination, 87.4 %, was obtained with the
following regression model:

Y = 25.11 - 0.06643 X 2 + 1.2767 X 2 - 0.1150 X 3 (F = 32.4***)
where:

R 2

Xj = temperature sum in degree days (Z > 0° C) 72.9
X 2 = total radiation (Z Wh cm -2) 84.384.3

X 3 = precipitation (Z mm) 87.4

Both temperature and water stimulated growth and reduced the protein
content. Radiation had the effect of restraining the reduction in protein
content and this was probably due to the same phenomenon as observed in
dry matter production.

Cut 2
In the second cut the protein content was positively correlated to the amount

of precipitation for the cut. This reflects the slow changes in the quality of
the yield, if water is available. The negative correlation to the radiation sum
meant sunny weather, low precipitation and a quick reduction in the quality
of the yield. The regression model used was:

Y = 18.63 + 0.0803 Xj - 0.1421 X 2 - 0.1212 X 3 (F = 24.95***)
where: R 2

Xj = precipitation between cuts (Z mm) 62.6
X 2 = total radiation sum (2.' Wh cm-2) 69.8
X 3 = precipitation during week before previous cut (Z mm) 76.5

Cut 3
The correlation between growth factors and the protein content of the yield

for the third cut in the 4-cut system was strongly influenced by the loss of
apical dominance and the limited shoot growth caused by the dry growing
conditions in 1975. The auxiliary shoot growth resulted in a high protein
content. The same trend was found in 1974, but to a slightly milder degree.
As the third cut is always made late in the autumn the changes in protein
content are slow. The growing period’s temperature sum, radiation and amount
of precipitation all were positively correlated and the stand’s physiological
activity had a negative correlation (Table 14).

In the regression equation only the temperature sum and radiation sum fit
into the model which described the changes in the protein content of the third
cut. The model was as follows:

Y = 18.59 + 0.03036 Xj - 1.09275 Xa (F = 125.76***)
where: R 2

Xj = temperature sum in degree days (Z >o° C) 81.5
X 2 = total radiation sum (Z Wh cm- 2) 93.393.3
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Cut 4
No statistically significant direct correlations were obtained for the autumn

cut (Table 14). Nevertheless, it can be seen that an increase in light caused a
rapid rise in development and a decrease in the protein content. The following
regression model described 100 % of the changes in protein content:

Y = 23.23 - 2.3949 Xx + 0.04887 X 2 - 0.000429 X 3 + 0.0215 X 4 (F = 2025.7***)
where: R 2

X, = total radiation sum (27 Wh cm -2) 67.6
X 2 = temperature sum in degree days (27 >o° C) 90.2
X 3 = DM yield in previous cut (kg ha-1) 99.5X 3 = DM yield in previous cut (kg ha-1) 99.5

X 4 = precipitation between cuts (i.’ mm) 100.0

As can be seen from the regression model light, temperature, the stand’s
physiological activity and the amount of precipitation influence the development
of the protein content in the autum.

4. 2. 4. Cellulase digestibility of dry matter
As a plant ages its digestibility decreases. The decrease in digestibility

continues even after the increase in fiber content stops. This decrease is because
of the increase in the lignin and xylan concentrations (Salo et al. 1975).

The rate at which changes occur in plant digestibility depends on the
different stages of plant development and the growing conditions of the summer.
Changes in digestibility during the spring are very fast. The more frequent a
stand is cut the more digestible is the forage because young grass is more
digestible than old grass (Huokuna 1973). Tilley et al. (1960—64) observed
that the in vitro digestibility of forage plants decreased slowly until the point of
panicle. Pritchard et al. (1963) found with forage that its digestibility de-
creased 0.5 %-units per day during the growing period. The fastest decrease
in digestibility came immediately after the emergence of panicle. According
to Walters et al. (1967) periodic changes in digestibility occur up to the time
of the first cut. The digestibility of the first cut is determined by the plant
species, stage of development and the ratio of green leaves to stems.

Mowat et al. (1965) also stated that the stems of young plants are more
digestible than the leaves. In Finland Raininko (1973) has investigated the
in vitro digestibility of timothy, meadow fescue and orchard grass. The di-
gestibility of orchard grass was poorer than that of timothy and meadow
fescue. According to Older and Linnutaja (1976) the order of the three
species according to decreasing digestibility is meadow fescue, timothy and
orchard grass.

Guedas et ai. (1970) studied the in vitro digestibility of pasture grass.
In the first cut the digestibility was 73.5, but only 62.6 % in the third. Ac-
cording to Cubillos et al. (1970) the digestibility of a rye grass-clover stand
decreased in four months from 82 % to 38 %.
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Results
The DM cellulase digestibility of the clover-grass stand was determined

according to a chemical method developed by Jones and Hayward (1973).
These values were adjusted to in vitro digestibility according to the model
described by Pulli (1976). The dominant relationship between the cellulase
(X) and in vitro (Y) digestibilities was the following linear equation:

Y = 34.07 + 0.64 X (r = o.99***)

The dry matter digestibility was measured weekly in 1974 and in all cuts
during 1974—75. During the first spring cuts of 1974 June 3—12 and 1975
May 29 June 9 the dry matter cellulase digestibility decreased 0.81 and 0.86
%-units a day respectively, which was equivalent to 0.51 and 0.64 in vitro
percentage units a day (Fig. 10). During the periods June 17—26 1974 and
June 13—23 1975 the cellulase digestibility changes were 0.35 and 0.59 %-units
a day respectively, or 0.22 and 0.37 in vitro %-units (Fig. 10). The late first
cuts made during July I—9 1974 and June 27 July 7 1975 had a decrease in
cellulase digestibility of 0.92 and 0.25 %-units respectively or 0.58 and 0.16

Fig. 11. Dry matter in vitro digestibility (% in DM) and dry matter cellulase digestibility (% in DM)
development of clover-grass stand in primary growth and between individual cuts, harvested
two, three and four times in 1974.



in vitro %-units (Fig. 10). The changes in the cellulase and in vitro digestibilities
during the second, third and fourth cuts of all cutting systems as well as in the
primary growth of the stand are shown in Fig. 11. In both 1974 and 1975 the
reduction in cellulase and in vitro digestibility had been relatively linear until
the middle of July. After this the changes were dependent on the relationship
of the new shoots to the old stand (Fig. 11).

In 1974 the average cellulase digestibility of the dry matter yields for all
cutting systems ranged from 63.2 to 58.7 % or 74.5 71.6 % in vitro units
(Table 15). For 1975 the range was 61.1—48.3% or 73.2 65.0 % in vitro.
When comparing 1974 to 1975 the differences in digestibility occurred primarily
in the 2- and 3-cut systems (Table 15). The midearly cut of 1974 gave the
weakest dry matter cellulase digestibility, and in 1975 the digestibility sys-
tematically decreased when the date of the first cut was delayed.

Table 15. Cellulase digestibility (% in DM) of clover-grass stand with three different first-
cutting dates, harvested two, three and four times per season in 1974 75.

Cellulase digestibility % in DM
Cutting time

4-cut 3-cut 2-cut Avg.

1974
Early 59.0 a 64.8 b 61.0 b 61.6b
Midearly 60.1 a 61.3 a 57.8 a 59.7a
Late 64.0b 63.4ab 57.2 a 61.5b

Avg 61.08 63.2 C 58.7 A 60.9X

1975

Early 64.0 b 54.7 b 49.2 a 56.0b
Midearly 62.3 b 53.1 b 49.1 a 54.8b
Late 57.0 a 48.8 a 46.7 a 50.8a

Avg 61.1 C 52.28 48.3 A 53.9Y

LSD 05 Cuts 1.9
Times 1.6
CxT 2.8

Average, years

Early 61.5 a 59.8 b 55.1 b 58.8c
Midearly 61.2a 57.2ab 53.5ab 57.3b
Late 60.5 a 56.1 a 52.0 a 56.2a

Avg 61.1C 57.7853.5 A 57.3

LSD 05 Years 6.2
Cuts 1.4
Times 1.1
CxT 2.0
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In this investigation relationships between individual growth factors and
dry matter cellulase digestibility were looked for and an attempt was made
to construct a regression model which best described the changes in digestibility
which occurred in the different cuttings.

Cut 1
The changes in dry matter cellulase digestibility which occurred during the

spring growth of a clover-grass stand were correlated strongest to the temperature
sum. The changes were negatively correlated to all growth factors (Table
16). The highest coefficient of determination, 89.7 %, was obtained with the
following regression model:

Y = 77.47 - 0.09471 X t + 1.3169 X 2 (F = 67.2***)
where: „R 2

Xj = temperature sum in degree days (Z >o° C) 85.3
X 2 = total radiation (Z Wh cm -2) 89.789.7

Table 16. The correlation coefficients between growth factors and dry matter cellulase di-
gestibility (%) in the first, second, third and fourth harvest of a clover-grass stand
in 1974-76.

Cuts
Growth factors

Ist 2nd 3rd 4th

Z days (time) —.9o*** —.17 NS .30 NS .16 NS
Z>o°C (temp.) —.92*** -.23 NS .09 NS .21 NS
ZWh cm" 3 (rad.) -.B7*** -.32 NS -.14 NS .13 NS
Z mm (prec.) -.74*** .29 NS .61** .13 NS
Z mm (prec. previous cut) .42* .01 NS —.13 NS
DM kg ha-1 (previous cut) .04 NS .23 NS .21 NS

In the regression model temperature had a decreasing effect on digestibility
and radiation had an increasing effect.

Cut 2
The only statistically significant correlation in the second cut was between

the digestibility and the yield of the previous cut. This means the higher the
yield in the first cut the better the digestibility in the second cut which is
connected to the low yield level and the early stage of development (Table 16).
The following regression model with only precipitation factors described
the cellulase digestibility of the second cut:

Y = 50.49 + 0.2654 X, + 0.0465 X 2 (F = 4.40*)
where: R 2

Xj = precipitation during a week before previous cut (Z mm) 17.7
X 2 = precipitation between cuts (Z mm) 26.826.8
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Cut 3
For the third cut only the amount of precipitation for the cut had a statisti-

cally significant correlation to the DM cellulase digestibility. The following
regression model best described the changes in digestibility;

Y = 64.29 + 0.2355 X 2 - 1.3092 X 2 (F = 16.27»**)
where:

~R 2

Xj = precipitation between cuts (27 mm)
X 2 total radiation sum (27 Wh cm- 2)

37.6
64.4

Cut 4
The cellulase digestibility of the autumn growth did not correlate sig-

nificantly with any of the growth factors (Table 16). Also, no significant
regression model was found in the selective regression analysis, but the F-
value was at the level of 85.5 %. The model used was:

Y = 33.36 + 0.05221 X! (F = 3.33 NS)
where: R 2

Xj = temperature sum in degree days (27 >o° C) 45.5

4. 2. 5. Discussion

Plant height development:
The rate of development of temperate climate long day plants is most

dependent upon the temperature sum with the precondition that the soil
moisture is enought to maintain the plant's turgidity (Utaaker 1968). During
the spring the height growth of the stand is the most influential factor on the
yield (Kelly 1958). In this study the spring growth of a clover-grass stand
correlated strongest with the spring’s temperature sum and this is in agreement
with Olofsson’s (1962) study. In the selective regression analysis the spring
temperature sum accounted for 95.2 % of the spring height growth as shown
also by Hari and Leikola (1974).

The second and third cuts were made at a time where in six out of seven
years in Southern Finland there is a period of over 20 days of sunny weather
with no precipitation and a two week similar period every year (Korhonen
1918). The amount of precipitation during the week before the previous cut is
an important factor to the midsummer cut. This supports the statements of
Brouwer (1959) and Johansson (1965) that a stand should be irrigated I—3
weeks before cutting. According to Klapp (1951) it is not beneficial to irrigate
immediately after harvesting because the rate of evaporation is great and the
total assimilating leaf surface is small. Mainly the amount of light and
precipitation affect autumn height growth. High temperatures during the
short autumn days mean respiration losses because light energy is usually the
limiting factor.
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Dry matter content development:
The variation within a stand’s dry matter content during the growing

season was great as the variation between individual cuts, 15.5—30.6 % in
1974 and, 22.9 51.8 % in 1975 indicates. As the stand ages the dry matter
content of the yield usually increases (Home 1953, Winkler et al. 1961).
Nevertheless, in a young forage stand the dry matter content decreases until
after the stem begins to grow (Kivimäe 1959). Salo et ai. (1975) observed a
decrease in the dry matter content of timothy and meadow fescue to the lowest
levels of 13.4 and 16.8 % respectively. The stand height at that time was
about 60 cm for timothy and 35—50 cm for meadow fescue. In this study,
because of the early stage of development, the stand’s dry matter content
decreased in the spring of 1974 by 1.53 %-units a day until June 12, when the
height was 46 cm. After this the dry matter content of the spring growth
rose an average of 0.38 %-units a day until July 9. During 1975 the stand
was at an older stage than in 1974 and the dry matter content increase for the
period May 29 July 7 averaged. 0.44 %-units a day. At the same time the
stand’s height increased from 50 to 103 cm. Under favorable growing conditions
there is no difference between the total yield dry matter contents of the 3-
and 4-cut systems. Under dry conditions the dry matter content increases if
the number of cuts is reduced or the first cut delayed. Also the midsummer dry
periods raise the dry matter content of the yields as Sullivan et al. (1956)
have shown. The dry matter content of the yield was most affected in the
spring by temperature and precipitation, in the second cut by the radiation
sum, temperature and precipitation, in the third cut by the physiological
activity of the stand at the time of the previous cut, precipitation sum and
temperature sum and in the autumn cut by the physiological activity of the
stand at the time of the previous cut and the amount of precipitation for the
previous cut.

Protein content development:
According to Kivimäe (1959) when the spring is warm and there is enough

available water the stand’s growth is rapid and the protein content decreases
rapidly at first and then the rate of reduction slows. During a dry or cold
spring stand growth is slow and protein content decreases as a linear function
of time. In 1974 the drop in the raw protein content of a stand’s spring growth
at the pasture and silage stage was 0.6 %-units a day and at the hay stage
0.21 %-units a day. In 1975 the first cuts were made at the forage stage when
the reduction in raw protein content of dry matter under the relatively cool
conditions was 0.30 %-units a day, and at the hay stage 0.20 %-units daily.
According to Mela (1974) the rate of reduction in a plant’s protein content is
especially affected by the available water. During a dry growing season a stand
ages slowly and the reduction in raw protein content is slower than during a
season having enough precipitation, even if the temperature is lower. This
phenomenon appeared slightly in the midsummer cuts of 1974, but very
strongly in the summer of 1975 when the changes in protein content were
0.10 0.16 %-units a day.
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The negative correlations between the 1974—75 dry matter yields and dry
matter raw protein contents show that an increase in dry matter quantity means
a loss in quality. By delaying the cut the amount of the yield of the first cut
reflected the yield quality.

The protein content of the dry matter was most influenced in the spring
by temperature sum, in the second cut by amount of precipitation, in the third
cut by temperature and radiation sums and in the fourth cut by the tem-
perature and radiation sums and the physiological state of the stand at the time
of the previous cut.

DM digestibility development
According to Reid et al. (1959) at the same stage of development the

digestibility of the spring growth is better than at later cuttings. Reynolds

et al. (1969) found that the decrease in stand digestibility was greatest in a
stand at a low level of nitrogen and cut frequently and least in a stand at a
high nitrogen level and cut less frequently. In Viikki, because of exceptional
growing conditions, the dry matter digestibility of a clover-grass stand differed
from the pattern observed by Reynolds (1969) (Table 15).

Despite the different growing conditions between 1974—75 the dry matter
digestibility of the clover-grass stand in the individual cuts of each cutting
system remained above 46 %, which is equal to an in vitro digestibility level
of about 63.5 %. The differences between the digestibility of the yields of the
individual cuts within the different cutting systems differentiated less between
each other than those for protein content. It appears that the dry period of
midsummer and the weak growth factors of late summer raise the protein
content more than the digestibility of the dry matter. The differences do not
appear to be because of the demands of different growth factors but because
of changes in the plant’s structure which during dry periods of the autumn
are accompanied by increases in ligning and xylan (Salo et ai. 1975). In the
selective regression analysis the growth factors were nearly identical for the
changes in protein content and digestibility.

4. 3. Protein production of a clover-grass stand

4. 3. 1. Growth factors and management techniques in relation to protein yield
As the stand ages the dry matter yield increases at the same time as the

raw protein content of the yield decreases. The increase in the raw protein
yield slows even though the dry matter yield continues to increase strongly.
According to Kivimäe (1965) the highest protein yield from timothy is obtained
during the period between heading and the onset of flowering. Sau and Viiralt
(1974) found the highest protein yield came from spring growth. Later changes
in growth are slow and particularly in the autumn the raw protein yield remains
small. Nitrogen fertilization raises the raw protein yield more than either the
dry matter yield (Köylijärvi 1960) or the feed unit yield (Salonen and
Hixvola 1963). According to Teittinen (1958) 150 kg N ha-1 can induce
protein production in a grass stand equal to that of a clover-grass stand. Steen
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(1972) found that grasses produced protein as much as legumes when cut three
times and fertilized with 200 3OO kg N ha' 1

. Raininko (1968) found that red
clover produced more raw protein than a grass stand, but less than a clover-
grass stand when all stands received 200 kg N ha'1. It was also shown that the
positive influence of nitrogen on the raw protein yield and the utilization of
nitrogen increased when switching to 3- and 4-cut systems from a 2-cut system.
Valle and Virtanen (1932) obtained with a clover-timothy stand the highest
raw protein yield of 1 450 kg ha'1 from the 2-cut system with the first cutting
date on June 23. The second best yield of 1 200 kg ha' 1 came from the 3-cut
system with the first cutting date on June 3 and from the 2-cut system with
the first cut made on July 1. The protein yield of a red clover stand surpassed
2 000 kg ha'1 when cut twice with the first cut delayed until the beginning of
July.

Results:
During 1974 the highest raw protein yield was obtained with the 4-cut

system (Table 17). The yields of the 3- and 2-cut systems were not statistically
different from each other, but they were statistically and 300 kg ha'1 less than
the 4-cut yield. In 1975 the highest raw protein yield was produced by the
2-cut system, differing significantly from those of the 3- and 4-cut systems.
Delaying the date of the first cut had no effect on the raw protein yield. The
1974 raw protein yield of 2 123 kg ha'1 differed significantly from the 938 kg

ha' 1 yield of 1975.
Considering the protein yield an attempt was also made to determine any

relationships between growth factors and yield variations. The research
method was based on correlations between individual growth factors and yield
level and selective regression analysis.

Cut 1
The spring temperature sum had the strongest correlation to the changes

in the protein yield of the first cut (Table 18). The highest coefficient of deter-
mination, 95.2 %, was obtained with the following regression model:

Y = 145.9 + 2.29 Xt + 8.094 Xa - 43.47 X 3 (F = 92.23»*»)
where: R 2

Xj = temperature sum in degree days (Z > 0° C) 81.7
X 2 = precipitation (Z mm) 87.487.4
X 3 = total radiation sum (S Wh cm-2) 95.2

Cut 2
The precipitation during the week before the previous cut had a strong

positive correlation to the development of the raw protein yield (Table 18).
The radiation sum and growing time had the significant negative correlations.
The increase of these growth factors with a lack of water means a decrease in
the protein yield. The regression model obtained was as follows:



Table 17. Protein yields kg ha-1 of grass-clover stand with three different first cutting
harvested two, three and four times per season in 1974 75.

dates

Protein kg/ha

Cutting time 4 cut 3 cut 2 cut Avg.

1974

Early 2 301 a 2048 a 1915 a 2 088a
Midearly 2 288 a 2023 a 1943 a 2 084a
Late 2 365 a 2 112 a 2110 a 2 195a

Avg 2 318 A 20618 1 9898 2 123X

LSD os Cuts 190 kg
Times NS
CxT NS

1975

Early 812 a 979 a 1039 a 943a
Midearly 841 a 937 a 1040 a 939a
Late 967 a 767 a 1064 a 932a

Avg 874 A 894 A 1 0478 938Y

LSD os Cuts 93 kg
Times NS
CxT NS

Average, years

Early 1 557 a 1514 a 1477 a 1515a
Midearly 1 565 a 1480 a 1492 a 1512a
Late 1 666 a 1440 a 1587 a 1 564a

Avg 1 5968 1 478 A 1519 A 1 530

LSDoS Years 78
Cuts 84
Times NS
CxT NS

Totals, years

Early 3 113 a 3 027 a 2 954 a 3 031a
Midearly 3 129 a 2960 a 2983 a 3023a
Late 3 332 a 2879 a 3 174 a 3 127a

Avg 3 191 A 2955 A 3037 A 3 060

LSD.OS Cuts NS
Times NS
CxT NS

256
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Table 18. The correlation coefficients between growth factors and protein yield kg ha"1 in the
first, second, third and fourth harvest of a clover-grass stand in 1974 76.

Cuts
Growth factors

Ist 2nd 3rd 4th

2 days (time) 88*** -.44* -.67*** -.23 NS
2 > 0° C (temp.) 90*** -.49** -.7B*** .46 NS
2Wh cm"2 (rad.) 85*** -.6l*** —.77*** .64*
2 mm (prec.) 88*** .31 NS -.23 NS .78**
2 mm (prec. previous cut) .78*** .86*** .25 NS
DM kg ha-1 (previous cut) —.29 NS .54* .89***

Y = 273.6 + 6.35 X! + 38.72 X 2 + 15.34 X 3 - 36.36 Xi (F = 65.46***)
where: R 2

Xj = precipitation during a week before previous cut (2 mm) 60.6

X 2 = total radiation sum (2 Wh cm-2 ) 76.376.3
X 3 = precipitation between cuts (2 mm) 83.2
X 4 = growing time (2 days) 92.0

Cut 3
The precipitation during the week before the previous cut and the physio-

logical state of the stand at the time of the previous cut were the two growth
factors which correlated positively to protein yield of the third cut (Table 18).
Temperature sum, radiation sum and growing time all had negative correlations.
The regression model was:

Y = - 473.1 + 31.07 Xj + 4.55 X 2 (F = 46.55***)
where:

R 2

X 4 = precipitation during a week before previous cut (2 mm) 74.7
X 2 = precipitation between cuts (2 mm) 83.883.8

Cut 4
The physiological activity of the stand at the time of the third cut was the

most important factor in the formation of the late autumn protein yield. Also
the amount of precipitation and radiation sum had positive correlations (Table
18). The four variables presented in the following regression model accounted
for 100 % the variation in the late autumn protein yield:

Y = 32.1 + 0.12 X t + 1.19 X 2 + 95.05 X 3 - 1.97X4 (F = 702.06***)
where: ~,

X, = DM yield in previous cut (kg ha-1) 92.2
X„ = precipitation during a week before previous cut (S mm) 96.8
X a = total radiation sum (2.' Wh cm -2) 98.5
X 4 = temperature sum in degree days (2 > 0° C) 100.0
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4. 3. 2. Discussion

Temperature sum during the spring growth has been the most influential
factor on dry matter yield and protein content changes and on the formation
of the protein yield per surface area unit. In the regression analyses tem-
perature has also been the most important variable in describing spring protein
yield. In the second cut the dry matter yield correlated strongest to the amount
of precipitation during the week before the first cut. The protein content
correlated strongest to the precipitation between the first and second cuts.
However, because the protein yield of the second cut was most influenced by
the dry matter yield, it follows that also the changes in the protein yield were
strongly correlated to the amount of precipitation during the week before
the previous cut. In the selective regression analysis the most important and
descriptive factor of the second cut’s dry matter yield, raw protein content
and protein yield has been the amount of precipitation the week before the
first cut. Also the second and third most important factors, the amount of
radiation per cut and precipitation between cuts, are common to all of the
descriptive yield components.

Also in the third cut the amount of precipitation during the week before the
previous cut was the most important factor for the dry matter yield, protein
content of DM and raw protein yield. However, in the regression analyses
water has been the important factor only for the dry matter and raw protein
yields. For the protein content in DM it has been temperature, which raises
the protein content of a plant by causing apical dormancy and indirectly
inducing the growth of auxiliary shoots.

For the fourth cuts, which were made during August 12 October 10, the
strongest individual growth factor was the yield of the third cut, which described
the stand’s physiological activity and release from dormancy. In the regression
analyses the third cut’s yield was the most important factor for the dry matter
yield. For the raw protein content the amount of light was the most important
factor. Lack of light slows the reduction of protein content whereas sufficient
light encourages plant development and rapidly reduces the protein content.
The most important variable in the regression model of the raw protein yield
was the stand’s physiological state at the time of the previous cut. For both
the dry matter and raw protein yields water was the second most important
factor in the regression model. It is therefore obvious that reduced light but
sufficient temperature much water is needed for the uptake of nutrients as the
plant changes its physiology towards wintering.

The aforementioned correlations and regression models support the opinions
of Olofsson (1962) and Hari and Leikola (1974) that temperature is a sig-
nificant factor in spring growth under Finnish conditions. They also support
the research results of Korhonen (1940), Paatela and Suomela (1962) and
Hooli (1971) that during summer growth stands in Southern Finland suffer
periods of severe dryness during which evapotranspiration and the need for
water is great. The autumn growth of a plant is vegetative. Rappe (1948)
has shown that the reduction in growth is a result of changes in hormone
activity under changing autumn growing conditions.



259

4. 4. Plant species relationships of a clover-grass stand

4.4. 1. Dry matter production of the species
In the plant community the degree of the competition directed toward an

individual plant depends upon a) the growing density and the proportion of
different plant species b) plant species and, c) the duration of the competition
(Bleasdale 1960, Donald 1963, Baeumer 1964). Jones (1936) listed the
following factors which affect plant competition; short plants suffer lack of
light in the presence of tall plants; slowly developing plants suffer from the
growth rhythm of fast developing plants; the amount and speed of regrowth
is affected by the plants with a different agressiveness, a quality which allows
a species to grow faster than another or by influencing another species simply
by its presence.

All grass species benefit by growing with clover. According to Holmes and
Mac Lusky (1955) meadow fescue benefits most, timothy less and orchard
grass the least. Several investigations (Äberg et ai. 1943, Laputa 1948,
Jäntti 1953, Giöbel and Steen 1961 and Raininko 1968) have shown that
timothy coexists poorly with meadow fescue and even worse with orchard grass.

Nitrogen increases the presence of grass in a stand whereas P- and PK-
fertilizer and Ca increase the portion of clover (Jääskeläinen 1929). The
reducing effect of nitrogen on clover is due to that grass species utilize N more
efficiently than clover and thereby have better competitive ability. As a
result clover suffers from lack of light (Frank 1952, Salonen 1959).

The rhythm of development influences the ability of plants to withstand
drought and the competition between plants. At the shooting stage clover
has the strongest root system, meadow fescue slightly weaker and orchard
grass and timothy the weakest (Pohjakallio 1948). The development of the
root system influences most strongly the composition of plant species in a first
year stand. Also resistance to drought influences the composition. Orchard
grass revives best from the drought when it rains. Meadow fescue is slightly
slower and red clover and timothy are the slowest (Linja-aho 1952).

The utilization of the forage influences the plant species composition and
productivity of the stand. Klapp (1937) listed the grasses grazing abilities
according to the length of use: Kentucky blue grass, red fescue, meadow fescue,
orchard grass and timothy. According to Lehtisalo (1956) red clover survives
best in a stand that is cut rather than grazed. Raininko (1968) found that
increasing the number of cuts reduced the dry matter yield most in a grass
stand, less in a clover-grass stand and least in a red clover stand.

Results;

The clover-grass stand was seeded with a companion crop in the spring of
1973. The stand mixture comprised timothy 6 kg (20 %), red clover 6 kg
(20 %) and meadow fescue 18 kg (60 %). In the first cut in 1974 timothy
had increased its percentage in the spring growth from 23.0 to 34.3 % during
the period June 326 and then decreased to 17.5 % by July 9 (Table 19). In
the late stages of spring growth timothy was replaced mostly by red clover
which increased from 23.4 % to 55.8 % of the spring yields. Meadow fescue
remained very stable at an average of 24.0 %

.
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~ ... Species % in mixture 1974 Average p ,

system Time Cut 1 Cut 2 Cut 3 Cut 4 x x effect 1975

Timothy

4-cut E 23.0 34.5 13.9 8.7 20.0 33.0
M 28.5 31.9 14.7 11.7 21.7 19.9 51.1 45.2
L 32.3 14.1 10.0 15.0 17.9 51.5

3-cut E 33.7 14.9 16.6 21.7 46.0
M 33.9 12.7 11.4 19.3 21.8 26.6 38.1
L 34.3 16.6 22.6 24.5 41.8

2-cut E 22.5 18.6 20.6 33.3
M 22.9 16.0 19.5 18.7 34.3 29.6
L 17.5 14.6 16.1 21.3

Avg. 27.7 19.3 14.9 11.8 20.1 37.7

Meadow fescue
4-cut E 25.9 23.6 40.4 61.1 37.8 41.9

M 27.3 26.4 47.4 56.3 39.4 40.1 35.0 36.4
L 26.2 42.9 40.5 62.8 43.1 32.3

3-cut E 22.6 24.6 37.1 28.1 34.2
M 20.4 29.2 51.8 33.8 32.3 51.9 42.7
I. 19.7 45.1 40.3 35.0 42.1

2-cut E 25.4 34.8 30.1 43.1
M 28.0 38.4 33.2 32.2 36.9 42.6
L 20.5 46.2 33.4 47.8

Avg. 24.0 34.6 42.9 60.1 34.9 40.6

Red clover

4-cut E 23.4 19.4 20.9 13.2 19.2 3.0
M 23.4 29.6 24.7 24.8 25.6 23.5 4.3 4.0
L 31.5 23.6 35.1 12.8 25.8 4.8

3-cut E 28.1 43.4 34.4 35.3 10.5
M 25.9 37.0 19.4 27.4 29.3 1.0 6.7
L 25.7 25.9 24.1 25.2 8.7

2-cut E 31.9 34.5 33.2 7.0
M 31.7 18.1 24.9 33.9 11.5 7.4
L 55.8 31.0 43.4 3.6

Avg. 30.8 29.2 26.4 16.9 28.9 6.0

LSD 05 Varieties 3.7
Cuts NS

(1974) Dates NS

Table 19. Species % of timothy, meadow fescue and red clover in clover-grass stand har-
vested two, three and four times with three first cutting days in 1974 and post
effects in the first harvest of 1975.



The second cut (Table 19) showed quite clearly that timothy’s growth
occurs in the early summer and its regrowth ability decreases significantly
after the beginning of July. The early second cut of the 4-cut system had
the highest timothy percentage of 34.5 % and the lowest of 14.6 % was in the
late cut. The reduction in timothy was compensated for by the good regrowth
of meadow fescue. Its percentage of the jdeld rose from 23.6 % in the early
second cut of the 4-cut system to 46.2 % by the time of the late second cut in
the 2-cut system. The good regrowth ability of red clover and its balanced
distribution through the growing season was clearly shown in all second cuts
for all cutting systems.

The most important observations in the third cut were the low regrowth of
timothy, the increase of meadow fescue in the yield to an average of 42.9 %

(Table 19) and red clover’s good regrowth and balanced distribution. The
average amount of red clover in the third cut was 26.4 %.

In the fourth cut, after the autumn growth (Table 19), only the meadow
fescue had retained its productivity. The percentages of timothy, red clover
and meadow fescue in the yield of the fourth cut were 11.8 %, 16.9 % and
60.1 % respectively.

Delaying the first cut had very little effect on the yield distributions of the
plants, except in the 2-cut system, where the delay increased the percentage
of red clover significantly.

The dry matter yields of the different plant species in a clover-grass stand
show (Fig. 12) that all species had the highest yields in the second cut of the
4-cut system. In the 3-cut system timothy and red clover produced the highest
yields in the first cut and meadow fescue in the third cut. For the 2-cut system
the yields of timothy and red clover were highest in the spring cut while meadow
fescue had close to identical yields in both cuts. Couch grass had some sig-
nificance only in the first cut of the 2-cut system.

Fig. 12. Dry matter yields (tons ha" 1) of clover-grass stand and different plant species of
the mixture in individual cuts, harvested two, three and four times in 1974.
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The post effects of the 1974 treatments were investigated in the first cut
of 1975, where all plots were cut at the same time. The highest cutting fre-
quency (4-cut) had not damaged the timothy and meadow fescue stands.
Also the good spring growth of timothy was observed, paricularly in the 4-cut
system were the high cutting frequency stimulated good shooting ability in
the stand. The relatively intensive fertilization program of 270 kg N ha"1

increased the competitive ability of the grasses as compared to red clover.
This can be seen in the rather modest share of red clover in the second year’s
spring growth.

4. 4. 2. Quality characteristics of species
Changes in the plant species composition often result in changes in the

protein content of the forage stand. Raininko (1968) found that whether in
pure or mixed stands the protein content of red clover remained comparatively
stable despite N-fertilization and irrigation. The protein content of grasses
was higher with red clover than in pure stands or in grass mixtures.

The digestibility of a forage stand decreases as the plants age. The influence
of the stage of development on the digestibility depends partly on the earliness
of a plant species or plant variety. At the same stage of development the
digestibility is usually better in an early type grass than in a late type (Pritchard
et al. 1963, Christie and Mowat 1968). On the other hand, the digestibility
of a late type plant species such as red clover remains good longer (Minson
et al. 1960 a, 1964, Raymond 1969). According to Hakkola (1978) English
rye grass had the highest and orchard grass the lowest digestibility at all
stages of development. Timothy and meadow fescue came between these two.

Results:
On June 3 1974 in the first cut of the 4-cut system the protein contents in

the DM of the three species, timothy, meadow fescue and red clover, were the
same, 27.1—27.4 % (Table 20). The reduction in the protein contents of the
three species during June 3 July 9 were timothy 16.5 %-units, meadow
fescue 16.0 %-units and red clover 12.0 %-units or 0.45, 0.44 and 0.33 %-

units daily. The protein content of timothy in the second, third and fourth
cuts was sligthly lower than for meadow fescue.

In the autumn cuttings the protein contents of red clover had increased
more than those of the grasses (Table 20). The average raw protein contents of
timothy, meadow fescue and red clover in the 4-cut system were 19.0, 19.8 and
23.1 % respectively. In the 3-cut system the corresponding values were 18.1,
19.0 and 21.6 %, and in the 2-cut system 15.1, 16.1 and 18.8 %. The average
protein contents of timothy, meadow fescue and red clover under all manage-
ment practices were 17.4 %, 18.3 and 21.1 % respectively. The raw protein
contents of red clover and couch grass were the highest in all cuts of the 2-,
3- and 4-cut systems (Fig. 13).

On June 3 the cellulase digestibilities of the stand’s species were timothy
72.6 %, meadow fescue 74.2 % and red clover 63.7 %. The corresponding
values 36 days later on the final cut of the spring were 44.1 %, 44.5 % and
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Table 20. Protein content of timothy, meadow fescue and red clover in clover-grass stand
in invididual cuts harvested two, three and four times with three first cutting
dates in 1974.

~
. Protein % in DM ,Cutting Average

system Time Cut 1 Cut 2 Cut 3 Cut 4 x x

Timothy
4-cut E 27.4 11.0 18.7 19.6 19.2

M 23.8 12.1 18.7 20.1 18.7 19.0
L 20.7 16.0 17.7 22.5 19.2

3-cut E 16.2 21.9 17.7 18.6
M 15.9 20.6 18.0 18.2 18.1
L 12.1 20.6 19.9 17.5

2-cut E 13.2 19.3 16.3
M 11.8 17.9 14.9 15.1
L 10.9 17.3 14.1

Avg. 16.9 17.4 18.5 20.7 17.4

Meadow fescue

4-cut E 27.1 13.1 18.9 17.9 19.3
M 24.2 13.3 19.8 21.2 19.6 19.8
L 21.0 18.6 18.0 23.9 20.4

3-cut E 16.6 23.0 19.0 19.5
M 16.5 21.5 20.2 19.4 19.0
L 11.8 21.1 21.3 18.1

2-cut E 12.2 21.6 16.9
M 11.4 20.7 16.1 16.1
L 11.1 19.5 15.3

Avg. 16.9 19.2 19.5 21.0 18.3

4-cut E 27.2 16.9 23.4 23.8 22.8
M 26.4 16.6 23.1 25.2 22.8 23.1
L 24.9 21.2 21.5 27.0 23.7

3-cut E 22.1 23.2 22.1 22.5
M 20.3 23.0 21.2 21.5 21.6
L 17.8 23.0 21.2 20.7

2-cut E 16.6 22.2 19.4
M 15.4 21.3 18.4 18.8
L 15.2 21.8 18.5
Avg. 20.7 21.0 22.1 25.3 21.1

LSD 05 Varieties 1.1
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56.4 % (Table 21). On June 3 the cellulase digestibility of red clover was 8.9
and 10.5 %-units less than timothy and meadow fescue respectively but on
July 9 it was 12.3 and 11.9 %-units more than the same respective species.
In the mixed stand the daily reduction in cellulase digestibility during spring
growth for timothy, meadow fescue and red clover was 0.79, 0.82 and 0.20
%-units which were equivalent to 0.50, 0.52 and 0.12 in vitro %-units a day.
These values show that the changes in the digestibility of timothy and meadow
fescue are strong, and those for red clover are slower.

The second cut (Table 21) of the 4-cut system displays high yield potential
where the percentage of timothy in the yield is great (Table 19). For this
particular reason the digestibility of timothy in the second cut of the 4-cut
system was less than that of meadow fescue and even lower than that of red
clover. The favorable growing conditions of the summer of 1974 evened the
digestibility of the different species in the second cuts of the 2- and 3-cut
systems.

In the mid- and late summer third cuts of the 3- and 4-cut systems meadow
fescue had the highest digestibility followed by timothy and then red clover.
The same order repeated itself also in the fourth cut made in late autumn.

Delaying the date of the first cut reduced the digestibility of timothy an
average of 1.5 %-units, 2.2 %-units and 5.5 %-units in the 4-, 3- and 2-cut
systems respectively. The delay had the same effect on red clover and the
corresponding values were 2.5, 5.4 and 3.3 %-units. For meadow fescue de-
laying the first cut raised the average cellulase digestibility for the growing
season by 2.6 %-units in the 4-cut system and decreased it by 5.1 %-units
in the 2-cut system whereas the middle cutting date in the 3-cut system was
the most favorable for digestibility (Table 21). Increasing the cutting frequency
raised the dry matter cellulase digestibility of the grasses but lowered it for
red clover as can be seen by red clover’s slower growth rhythm and good
quality and quality competitive ability in the stand for dry hays.

Fig. 13. Protein content of dry matter (% in DM) of clover-grass stand and different plant
species of the mixture in individual cuts harvested two, three and four times in 1974.
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Table 21. Cellulase digestibility % in DM of timothy, meadow fescue and red clover in clover-
grass stand in individual cuts harvested two, three and four times with three first
cutting dates in 1974.

„ . Cellulase dig. % in DM ,Cutting B Average
_

system Time Cut 1 Cut 2 Cut 3 Cut 4 x x

Timothy

4-cut E 72.6 46.0 64.2 67.1 62.5
M 75.8 47.4 63.9 61.7 62.2 61.9
L 64.8 54.3 62.8 62.1 61.0

3-cut E 62.6 57.8 63.5 61.3
M 55.7 58.8 60.8 58.4 59.6
L 56.0 60.8 60.4 59.1

2-cut E 56.8 63.7 60.3
M 51.2 59.6 55.4 56.8
L 44.1 65.5 54.8
Avg. 60.0 57.1 62.6 63.6 59.4

Meadow fescue

4-cut E 74.2 51.3 71.1 66.1 65.7
M 74.7 52.1 68.4 65.2 65.1 66.4
L 70.9 63.7 72.6 66.0 68.3

3-cut E 70.7 71.5 71.0 71.1
M 58.0 67.0 67.2 64.1 67.3
L 58.9 72.3 68.9 66.7

2-cut E 53.4 70.9 62.2
M 50.3 67.5 58.9 59.4
L 44.5 69.7 57.1

Avg. 61.7 65.1 69.9 65.8 64.4

Red clover

4-cut E 63.7 57.4 58.7 55.5 58.8
M 63.0 56.2 55.6 55.6 57.6 57.6
L 62.1 54.3 57.2 51.5 56.3

3-cut E 67.2 63.8 62.0 64.3
M 59.8 54.7 56.0 56.8 60.0
L 63.5 56.9 56.2 58.9

2-cut E 63.8 63.8 63.8
M 61.6 64.1 62.9 62.4
L 56.4 64.5 60.5
Avg. 62.3 59.5 57.6 54.2 60.0

LSD 05 Varieties 3.2
Cuts NS
Dates NS



The cellulase digestibilities of the different species and the mixture in
individual cuts are presented in Fig. 14. The most important point is that
the digestibility of red clover is close to unchanging throughout the growing
season. The digestibility in different cuts decreased mildly in the 3- and 4-cut
systems as autumn approached, but increased in the 2-cut system. The dry
matter digestibility of grasses had an increasing trend toward autumn despite
the second cut in the 4-cut system (Fig. 14).

4. 4. 3. Discussion
Growing conditions and the utilization of the stand influence the inter-

specific plant competition in such a way that it is difficult to make general
conclusions about it. On the basis of StAhlin’s (1959) results it can be concluded
that the influence of the environmental factors on the stand is stronger than
that of the utilization of the stand.

In this investigation the largest percentage of timothy was in the stand cut
three times (Table 22). Nevertheless, meadow fescue was the dominant species
in both the 3- and 4-cut systems. The amount of red clover increased evenly
when decreasing the cuts from four to two. Red clover was the dominant
species in the 2-cut system. This fact thought, differs from Raininko’s (1968)
observation and is probably due to the favorable growing conditions and high
N-fertilization level which favor grass development under high cutting fre-
quencies as shown by Hakkola (1978).

The productivity of timothy was the least of the three species (Table 22)
and equally as high at each cutting frequency. The productivity of red clover
increased as the cutting frequency decreased from four to two, and this shows
the growth rhythm and competitive ability of red clover. The good regrowth
ability of meadow fescue was shown in the 4-cut system, but when compared
to timothy it also had a better competitive ability in the 2-cut system.

Fig. 14. Cellulase digestibility of dry matter (% in DM) of clover-grass stand and different
plant species of the mixture in individual cuts harvested two, three and four times in 1974.

266



267

Table 22. Average weighted yield characteristics of timothy, meadow fescue, red clover and
coach grass and other weeds cut four, three and two times year after seeding in
1974.

Timothy Meadow Red Coach Other InertYield
fescue clover grass weeds matrial

4-cut

Species % in DM 20.5 38.6 23.8 9.3 5.3 2.5
• kg DM/ha 2 535 4 773 2 941 1 148 643 316
» prot. % in DM 16.7 18.7 21.6 20.8
» cell. dig. % in DM 52.7 64.6 57.2 55.6

3-cut

Species % in DM 23.0 32.3 28.2 8.2 5.9 2.1
* kg DM/ha 2 588 3 628 3 165 929 666 239
» prot. % in DM 16.6 19.3 21.4 20.1
» cell. dig. % in DM 55.0 64.4 60.2 58.6

2-cut

Species % in DM 19.2 30.5 35.1 9.9 4.1 1.2
» kg DM/ha 2 450 3 894 4 479 1 257 519 156
» prot. % in DM 14.2 16.0 17.6 16.4
» cell. dig. % in DM 54.8 59.8 61.7 49.1

The dry matter raw protein contents of red clover, timothy and meadow
fescue were nearly the same in the 3- and 4-cut systems. In the 2-cut system the
protein contents of all species were below the levels of the 3-and 4-cut systems.
In all cutting systems the species with the least protein content was timothy
and the one with the highest was red clover.

Also, at all cutting frequencies the dry matter cellulase digestibility of
timothy was less than for the other species (Table 22). Meadow fescue had
the highest digestibility in the 3- and 4-cut systems while red clover had the
best in the 2-cut system.

The amount of couch grass was the same in all cutting systems during the
first year. The protein content of couch grass was second best after red clover
and better than the average for the mixture in all cuts at all cutting frequencies.
The dry matter cellulase digestibility of couch grass was the second lowest in
the 3- and 4-cut systems and lowest in the 2-cut system.

It can be concluded that, the cutting frequency was the main factor in the
productivity of a clover-grass stand, in yield distribution and in grass-legume
relationships. Of less importance was the date of the first cut. These results
agree with those found by Wagner (1952).

4. 5. Management post effects
The productivity of a forage stand in Finland depends to a large degree on

the wintering ability of the plants (Raininko 1968). Of the growth factors
during the growing season, early summer drought has proved to limit stand



Table 23. Post effects of 1974 management technique consisting of three first cutting dates
and three different cutting systems on the DM and protein production and the DM
and protein content of 1975 clover-grass stand, cut in all treatments three times in
1975.

Cuts
Cutting time 4-cut 3-cut 2-cut Avg.

DM tons/ha
Early 7.3a 8.6a 9.3a 8.4a
Midearly B.lb 7.8b 9.3a 8.4a
Late 7.3a 7.4c 9.0b 7.9b

Avg 7.6A 7.989.2 C 8.2

LSD os Cuts 0.1
Times 0.1
CxT 0.1

DM %

Early 27.8a 28.0a 27.7a 27.8a
Midearly 28.1a 27.9a 27.3a 27.8a
Late 27.6a 28.7a 28.7a 28.3a

Avg 27.8A 28.2827.9 A 28.0

LSD o 5 Cuts 0.3
Times 0.6
CxT 1.0

Prot. %

Early 18.4a 17.7a 18.3a 18.1a
Midearly 18.3a 17.8a 18.3a 18.1a
Late 17.7a 18.1a 18.8a 18.2a

Avg 18.1A 17.9A 18.4A 18.1

LSD u 5 Cuts NS
Times NS
CxT NS

Prot. kg/ha

Early 1 178 a 1315 a 1504 a 1 332a
Midearly 1 280 a 1 153 a 1513 a 1 315a
Late 1 126 a 1 172 a 1545 a 1 280a

Avg 1 195 A 1213 A 1 5208 1 310

LSD dj Cuts 175
Times NS
CxT NS
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yields the most (Hooli 1971). The annual variation within a forage stand
in Finland is great, although less than the variation among most other crops
due to the lower temperature requirements of the forage crops (Paatela and
Suomela 1962). According to Pulli (1980) the crop certainty in hay, silage
and pasture stands depends on the genetic characteristics, the annual variation
in weather conditions and the presence of the local growth factors. Such local
growth factors are the characteristics of the growth medium, the stand’s
establishment, fertilization, age of the stand and the cutting frequency technique.

Results:
The experimental plots of 1974 were divided into halves in 1975. One half

of a plot was treated the same way as in 1974, the other half was cut three
times at the same time in all treatments in 1975 in order to test the post ef-
fects of the 1974 treatments. In 1976 it was possible to test the two year post
effects from those plots treated according to the original management technique
throughout both growing seasons.

The post effects of the 1974 cutting dates and cutting frequencies are in
Table 23. From these post effects it can be seen that the 1974 treatments only
affected the formation of the next year’s dry matter yield. Effects on the
yield’s quality were few and insignificant (Table 23). Also the protein yield of
1975 had no dependence on the 1974 treatments. An increase in the cutting

frequency in 1974 meant a lower yield in 1975, as was also observed in the
spring of 1975 from the wintering data (Table 24). The best date for the first
cut in the 4-cut system was June 7 when the dry matter yield was 1.5 t DM
ha' 1 and the stand’s height was 43 cm and its regrowth for the second cut was
428 %. The earliest first cuts in the 2- and 3-cut systems were the best first
cutting dates in regard to the next year’s yield.

The effects of two year’s treatments as measured in two cuts made in 1976
(Fig. 15) show that the yields of the 4-, 3- and 2-cut systems of 7.3, 7.3 and 7.0
t DM ha" 1 did not differ statistically from each other. Also the date of the
first cut had no statistical post effects in any of the cutting systems, even if
the late cut of the 2-cut system was slightly damaged by dormancy caused by
dryness in 1975. The dry matter content of the 2-cut system of 23.6 % differed
statistically from the 4-cut content of 21.4 % and the 3-cut content of 21.8 %.

Table 24. Wintering ability of clover-grass stand evaluated in spring 1975, after one year of
management treatments (Scale 10 = complete wintering. 0 = complete damage).

First cutting date 2-cut 3-cut 4-cnt Avg. dates

Early 9.0 a 8.7 a 8.3 b 8.7b
Midearly 9.0 a 8.7 a 7.3 a 8.3a
Late 9.3 a B.oa 7.7 a 8.3a

Avg. 9.18 8.5A8 7.8A 8.5

LSD Q 5 Cuts 0.9
Dates 0.3
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On the basis of the results from the treatment years and post effect evalua-
tion, the cutting frequency and first cutting date are important to the yield
distribution during the growing season, the total yield and yield quality
formation, and in a mixed stand to the relationships between the plant species.
These results support those of Valle and Virtanen (1932), Poijärvi (1955)
Teittinen (1959) and Paininko (1968).

5. Summary and conclusions

The effect of the first cutting date and cutting frequency on the clover-
grass stand growth and development and the relationships between plant
species in the mixture were studied at the University of Helsinki in 1974—76.
The second study objective was the relationships between several growth
factors and yield components of the stand. The third study area comprised
the energy value changes and the photosynthetic activity of the stand during
different phases of the growing season.

The following conclusions have been drawn:

Dry matter production;
1. The most important growth factors in the regression model of the dry

matter production were temperature sum and solar radiation sum in the spring
growth, amount of precipitation during a week before the previous cut and
radiation sum in the second cut, amount of precipitation and the physiological
state in the third cut and the stand’s physiological activity and the amount
of autumn precipitation in the fourth cut.

2. The spring growth of a clover-grass stand was the most rapid in the
temperature sum range of 400 500° C. When a growth factor, such as water,
was a limiting factor the amount of yield and its quality was difficult to
describe as a function of growing time or temperature sum. The best explana-
tion was given by a selective regression model having several growth factors.

3. The regrowth of a stand in the second cut was better the earlier the
first cut was made in the 2- and 3-cut systems. In the 4-cut system the best
first cutting date for regrowth and for the total yield seems to be at the point
where the dry matter content of the stand is the lowest. Otherwise delaying
the first cut raised the total yields in the 2- and 3-cut systems.

4. As a result of an early summer drought the stand entered such a deep
dormancy that the spring cut was the only significant harvest of the growing
season. Under favorable growing conditions equal DM yields were obtained
with all cutting frequencies.

5. There was a negative correlation between the first and second cut and
positive correlations between the following successive cuts. This indicates that
the gain obtained by delaying the first cut is lost in the second cut. High yields
in the previous cuts inceases the yields of the third and fourth cuts, indicating
the requirement of an active physiological state of the stand.
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6. The stand height growth and DM production of the stand were described
mostly in the same way. The variables in the regression model which best
described the stand height development were the temperature sum at *he
first cut, the available water in the second and third cuts and the amount of
later summer precipitation and radiation sum in the fourth cut.

Photosynthetic efficiency:
1. The energy values of the spring and autumn yields were greater than

those of the midsummer dry matter yields.
2. The energy value of the DM in the yield decreased somewhat when

the first cut was delayed or the cutting frequency increased.
3. Delaying the first cut at any of the cutting frequencies did not change

the average assimilation efficiency of the stand.
4. During the favorable growing season in 1974 the cutting frequency did

not have any influence on the assimilation efficiency. Under the dry conditions
in 1975 the photosynthetic efficiency decreased as the cutting frequency in-
creased. The average assimilative efficiencies were 0.95 and 0.47 % in 1974
and 1975 respectively. The variation range between different treatments was
0.83—1.12 % in 1974 and 0.31—0.68 % in 1975, presented as a percentage of
the total radiation received per surface unit area.

Yield quality characteristics:
1. The spring temperature sum was the most important variable in ex-

plaining a stand’s dry matter content, raw protein content, cellulase digestibility
in DM and raw protein yield.

For the second cut the most important variables in each of the regression
models for individual quality characteristics were radiation sum for DM con-
tent, amount of precipitation for the raw protein content and the amount of
precipitation the week before the previous cut for the DM digestibility and
formation of the protein yield.

For the third cut during the driest period of the summer the important
variables were the stand’s physiological activity for DM content, temperature
sum for protein content, amount of precipitation for digestibility and the
precipitation the week before the previous cut for the development of the
protein yield.

In the fourth cut the stand’s physiological activity as measured by
its production ability was the important variable for the dry matter content
and development of the protein yield. The radiation sum and temperature
sum were the important variables for the raw protein content and digestibility
respectively.

2. The dry matter content of the yield decreased in spring until the tem-
perature sum of 420° C when the height was 46 cm and yield about 2.6 t ha'1
After this the dry matter content rose linearly.

3. The DM protein content, digestibility of DM and protein yield in the
total yields were mostly influenced by the first cut if made when the slope
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showed either decreasing or increasing values of DM content. Otherwise a
late first cutting date or low cutting frequency lowered the quality of the forage.

4. The lowest raw protein content in the primary growth was obtained by
mid July. The raw protein content per cut rose accordingly from the first
cut of the season to the last and in each cutting system it had a strong negative
correlation to the regrowth ability of the stand.

5. The DM digestibility of the primary growth stopped decreasing in
mid July. After this it was dependent upon the ratio between the new shoots
and matured material of the plant. The differences between digestibilities of
cuts made after mid July were very few.

The dependence during regrowth between digestibility and yield level was
not nearly as significant as he changes in protein content.

6. During favorable growing conditions the protein yield was influenced
by the large dry matter yield and high protein content in the 4-cut system.
Under unfavorable conditions and in the 2- and 3-cut systems the protein
yield was mainly influenced by the amount of the dry matter yield. The date
of the first cut was not important to the formation of the protein yield.

Plant species relationships:
1. The growth of timothy in a clover-grass stand slowed down by the end

of June and was replaced by red clover. In the second cut the growth of timothy
stopped by mid July and was replaced by meadow fescue. The regrowth of
meadow fescue in the third cut was better than that of red clover and timothy.
Compared to the regrowth of meadow fescue there was very little late autumn
growth of timothy and red clover.

2. In a mixed stand the raw protein content of the plants increased until
autumn. Meadow fescue and timothy had the same protein level in all cuts.
The protein content of red clover was about 4 %-units higher in the spring
and autum and about 2 %-units higher in the summer than that of grasses.

3. The protein contents of timothy and meadow fescue were almost the
same at all cutting frequencies but about 2 %-units less than red clover.

4. The cellulase digestibilities of timothy and red clover were, on the
average, identical for the whole growing season and about 5 %-units less than
meadow fescue.

5. The protein contents of red clover and the weed couch grass were
higher than that of the mixture, in all cuts of all sutting systems.

Management post effects:
1. Both the date of cutting and cutting frequency influenced the wintering

ability of the stand. In the spring of 1975 the wintering percentage (78 %)

of the 4-cut system was 13 %-units less than the stand cut twice in 1974. The
difference of 21 %-units in dry matter yields favored the 2-cut system. Neither
the cutting date nor frequency had any post effect on the quality of the yield.

2. The post effect results of 1976 show that unfavorable growing conditions
balance out the effects of management techniques, but they also reduce the
productivity of the stand.
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SELOSTUS

Viljelytoimenpiteiden ja kasvutekijöiden vaikutus apila-heinänurmen
kasvurytmiin ja sadonniuodostukseen

Seppo Pulli
Helsingin yliopisto, Kasvinviljelytieteen laitos, 00710 Helsinki 71

Helsingin yliopiston koetilalla Viikissä tutkittiin 1974—76 ensimmäisen niiton ajankohdan
ja niittokertojen lukumäärän vaikutusta apila-heinänurmenkasvuun ja kehitykseen sekä kasvi-
lajien välisiin määrällisiin ja laadullisiin suhteisiin. Toisena tutkimuskohteena olivat kasvu-
tekijäin ja satokomponenttien väliset suhteet eri kasvuvaiheissa. Kolmantena selvityksen
kohteena olivat seosnurmen kuiva-aineen energia-arvon muutokset ja fotosynteettinen tehok-
kuus kasvukauden eri ajankohtina.

Sekanurmen kasvu oli tehokkainta lämpötilasumma-alueella 400 500° C (27 > 0° C).
Tärkeimmät kuiva-ainesadon muodostumista kuvaavat muuttujat regressiomallissa olivat
lämpötilasumma ensimmäisessä niitossa, viikon aikana ennen edellistä niittoa saatu sade toi-
sessa niitossa, niittojen välinen sadesumma kolmannessa niitossa ja edellisen niiton kasvuston
kasvupotentiaali neljännessä niitossa. Ensimmäisen ja toisen niiton satojen välillä val-
litsi negatiivinen korrelaatio. Erilaiset korrelaatiot olivat indikaattoreita siitä, että ensimmäi-
sen niiton ajankohtaa myöhästyttämällä saatu sadonlisä johtaa sadon alenemiseen
toisessa niitossa, mutta korkea satotaso loppukesän niitoissa edellyttää aktiivista sadonmuo-
dostumista aina edellisessä niitossa. Kokonaissadoissa ensimmäisen niiton ajankohdan myö-
hästyttäminen lisäsi eniten satoa 2- ja 3-niittosysteemeissä ja vähiten 4-niittosysteemissä,
jossa kaksi keskimmäistä niittoa saattaa sattua kasvukauden kuivalle jaksolle.

Alkukesällä kuukauden sateeton ajanjakso aiheutti kasvustolle niin syvän dormanssin,
että oli mahdollista saada vain yksi sato.

Kevään ja syksyn kuiva-ainesadon energia-arvo oli suurempi kuin keskikesällä. Keski-
määräinen yhteyttämistehokkuus oli v. 1974 0.95 % ja v. 1975 0.47 % laskettuna pinta-alalle
tulleesta kokonaissäteilystä ja 2,26 % ja 1.11 % näkyvän valon alueella. Suotuisana kasvu-
kautena niittotiheydellä ei ollut vaikutusta yhteyttämistehokkuuteen.

Kasvuston ka-pitoisuus aleni kevätkasvussa lämpötilasumman 420° C saakka ja kasvoi
tämän jälkeen lineaarisesti. 4-niittosysteemin kokonaissadoissa kuiva-ainepitosuuden, raaka-
valkuaispitoisuuden ja valkuaissadon muodostumiseen sekä kuiva-aineen sulavuuteen vaikutti
voimakkaimmin se, tehtiinkö ensimmäinen niitto kevään kuiva-ainepitoisuuden ollessa vielä
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laskeva tai sen ollessa nouseva. Muutoin niiton myöhästyttäminen tai niittokertojen vähen-
täminen huononsi rehun laatua.

Sekanurmessa timotein kevätkasvu pysähtyi kesäkuun loppuun mennessä, jolloin sen
syrjäytti puna-apila. Toisessa niitossa timotein kasvu pysähtyi heinäkuun puoliväliin mennessä,
jolloin sen syrjäytti nurminata. Tuottavuus syksyä kohden aleni ensin timoteilla, sitten puna-
apilalla ja viimeksi nurminadalla. Proteiinipitoisuudet eri niittotiheyksillä olivat sekaruohossa
timoteilla ja nurminadalla hyvin lähellä toisiaan ja n, 2 %-yksikköä alemmat kuin puna-
apilalla. Timotein ja puna-apilan kuiva-aineen sellulaasisulavuudet olivat koko kasvukauden
lähes yhteneväiset ja n. 5 %-yksikköä alemmat kuin nurminadalla.

Yhden kasvukauden jälkivaikutuksena merkitsi 4-niittosysteemin 13 %-yksikköä 2-niit-
toa heikompi talvehtiminen (visuaalisena havaintona) 21 %-yksikköä alhaisempaa satotasoa.
Vuoden 1975 vedenpuute osoitti, että epäedulliset kasvuolot tasaavat viljelyteknillisiä jälki-
vaikutuksia, mutta samalla alentavat kasvuston yleistä kasvukuntoa.


