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Introduction

Kallela, K., I. Saastamoinen and E. Huokuna: Variations in the content of plant
oestrogens in red clover-timothy-grass during the growing season. Acta vet. scand.
1987, 28, 255-262. — The investigation concerned variations in the plant oestrogen
content of red clover-timothy swards receiving the same basic fertilization, but
with different plant compositions and levels of nitrogen fertilizing.

The oestrogen content of pure red clover was high in the early spring and declining
by midsummer. The oestrogen content in aftermath remained high and compared
to the age of the growth was greater than that of the spring crop. The age of the
aftermath from the preceeding harvest, as well as the time of harvesting affected
the content.

The plant oestrogen content of red clover grown in the mixed swards was on aver-
age somewhat higher that from a pure red clover sward. The plant oestrogen con-
tent of a pure timothy sward was usually negligible.

Nitrogen fertilization diminished the share of red clover in the mixed swards and
thus the plant oestrogen contents of those swards as well. The effect was very
notable in the spring crop. The average content of aftermath was consistently
higher than that of the spring crop.

Nitrogen fertilizer had a loowering effect on the estrogen content of pure red clover
as well as on the percentage of crude protein in clover. The study found a strong
correlation between the plant oestrogen and crude protein contents of red clover.
Apparently both are due much to the same factors despite their divergent chemical
compositions.

Changes occurring in the total plant oestrogen content are determined pre-
dominantly by alternations in the contents of formononetin and biochanin-A,
which were usually parallel. Compared to these changes, the quantities and respec-
tive variations of daidzein and genistein were insignificant.

plant composition; nitrogen fertilization.

gens have also been found in autumn after-
math (Kallela 1964). The formation of

In plants the quantity of oestrogens chiefly
depends upon the plant species and variety
but is also variable in the same plant during
the growing season. It is generally high in
the spring during the luxuriant growth peri-
od, however ample amounts of plant oestro-

oestrogens is probably influenced by many
factors such as for example climate, fertili-
zation and soil. In Finland, the most com-
monly cultivated fodder plants are timothy
and red clover. Oestrogenic activity in red
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clover is comparatively great, whereas ti-
mothy contains negligible amounts of plant
oestrogens (Kallela 1974). Exactly how the
quantities of plant oestrogens vary in plants
during the course of the growing season has
not yet been systematically shown. There-
fore, it was considered well founded to in-
vestigate the variations during one growing
season for the content of plant oestrogen in
red clover-timothy swards with varying
plant compositions and different levels of
nitrogen fertilizing.

Materials and methods

The red clover-timothy swards studied were
cultivated during the summer of 1984 at the
South Savo Agricultural Research Station at
Mikkeli (61°, 40°). The variety of red clover
used was the Finnish tetraploid Tepa and
the timothy variety the Finnish Tammisto.
The plant compositions to the swards were
as follows:

1. pure red clover

2. clover-rich red clover-timothy; 14 kg red
clover seed and 6 kg timothy seed per
hectare were used for seeding the sward

3. clover-poor red clover-timothy; 6 kg clo-
ver and 14 kg timothy per hectare were
used

4. pure timothy.

The basic fertilization was identical for all
swards; for both harvests 400 kg/ha trace
element enriched PK-fertilizer was applied
(2-8-12). The timothy and mixed swards in
addition received treatments of 0, 50 and
100 kg/ha nitrogen fertilizer for both the
spring and aftermath harvests. Plant growth
commenced on May 1. Yields were gathered
weekly. The first moving of spring growths
took place on May 29 when the plants were
4-weeks old and the last mowing was on
July 10 when their corresponding age was 10
weeks.
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Aftermath yields were gathered on July 31,
and on August 7, 14 and 21, respectively. At
the time of the first mowing, 8 and 9 weeks
had elapsed from the spring mowings (pre-
vious mowing on May 29 and June 5), at the
second, 7 and 8 weeks (June 12 and 19), at
the third, 6 and 7 weeks (June 26 and July
3); and the last moving on August 21 took
place 6 weeks from the previous mowing on
July 10, 1984.

Immediately after mowing, representative
samples for plant oestrogen determinations
were collected from the swards. The samples
were finely ground in a meat grinder, al-
lowed to stand for 1/2 h at + 37°C in order
for the plant oestrogens to hydrolyze (Fran-
cis & Millington 1965), then mixed into an
ample amount of absolute alcohol and sto-
red until analysis.

For the high performance liquid chromato-
graphic determination the samples were fil-
tered. From the filtrates the oestrogenic iso-
flavones formononetin, biochanin-A, geni-
stein and daidzein were determined by an
earlier described method (Kallela & Saasta-
moinen 1978) which was modified so that
the conditions were as follows: ‘

Equipment: Perkin-Elmer 1220 liquid
chromatograph UV/detector
LC-55
Perkin-Elmer at 254 nm
Sigma 10 lab data system

Pre column: 3 pum 3 cm C-18 258-0160

Column: 5 um 10 cm HS-5 HCODS
258-0152 P-E

Eluent: 40 % acetonitrile in water

Flow rate: 1 ml/min

Temperaturé: 55°C

Chart speed: 5 mm/min

Pressure: 1500 PSI

Sample size: 2 pl

The fluorescent isoflavones (daidzein and
formononetin) were also determined by a
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LS-4 fluorometric detector. Commercial
plant oestrogen preparations (K & K Labo-
ratories, Inc.) served as standards.

Due to practical difficulties, coumestrol, the
content of which is known to be negligible in
the plants studied, if present at all, was not
determined (Kallela 1964).

Results

The results are presented graphically in Figs.
1-5. The average plant oestrogen contents of
pure red clover from all swards containing
red clover is presented in Fig. 1. Thus the
figure includes the pure red clover swards,
the selected clover from the clover-rich red
clover-timothy swards (fertilizations of 0, 50
and 100 kg N/ha), and the selected red clo-
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Fig. 2 illustrates the contents of the vari-
ously fertilized (0, 50 and 100 kg N/ha)
clover-rich, Fig. 3 those of the clover-poor
and Fig. 4 shows the average plant oestrogen
content of the pure timothy swards. The
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contents of red clover for all of the swards
are presented in Fig. S.

Detailed information concerning the plant
oestrogen contents of all samples investiga-
ted can be obtained from the authors. From
these data the plant oestrogen contents of
red clover at different times of harvesting in
pure red clover and in differently fertilized
clover-rich and clover-poor swards and, cor-
respondingly, in ungraded clover-rich and
clover-poor and pure timothy swards are
evident. Detailed information can also be
obtained on the crude protein and dry mat-
ter contents in the red clover samples, and
the harvest yields of the red clover and
timothy swards.

A statistical evaluation of the results is pre-
sented in Table 1.

Discussion

The purpose of the investigation was to
clarify the variations during one growing
season in the plant oestrogen contents of
Finnish red clover-timothy-grass whose N-
fertilization rate and plant composition vari-
ed. The plant oestrogen content was deter-
mined in both the swards as such, and in the
selected red clover of the mixed swards.

Average plant oestrogen content

variation in test swards

The plant oestrogen content of the red clo-
wer swards as well as that of the selected red
clover from the mixed swards of the spring
yield was highest in the youngest crops, aged
4-5 weeks and declined greatly by midsum-
mer. The plant oestrogen content rose again
in aftermath and compared to the age of the
crop, it was regularly higher than that of the
early summer yield.

It seems apparent that especially in after-
math the plant oestrogen content is deter-
mined not only by the crop’s age but also by
the time period when mowing is carried out,

Table 1. Statistical relationship (regression coefficients) of plant oestrogen and crude protein content in red clover and their relationship to

red clover and total harvest yields of the swards.

Crude protein content of red clover:

Plant oestrogen content of red clover:
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as aftermath of the same age mown earlier in
autumn contains a greater abundance of
plant oestrogens than does that harvested at
a later date.

In addition to the physiological age of the
plant and harvest time, the plant oestrogen
content of red clover may be influenced by
other growing conditions such as rainfall,
temperature, etc. One Swedish study found
markedly high plant oestrogen contents in
plants after very cold nights in autumn (Pet-
tersson et al. 1984). Likewise, it has been
found that plant diseases tend to increase
plant oestrogen contents (Shutt 1976).
Determinations performed on both the clo-
ver-rich and clover-poor swards show the
plant oestrogen contents of the clover-rich
swards to be greater in the spring than those
of the clover-poor swards. In the spring
(May 1, 1984) clover sprouts were also more
abundant in the clover-rich swards (mean 53
plants/m?) than in the clover-poor swards
(30 plants/m?). In both cases the quantity of
oestrogens in aftermath clearly rose; rela-
tively more so in the clover-poor swards.
Corresponding variations could also be
found in the clover yields.

In the samples from the red clover and
mixed swards investigated, the total plant
oestrogen content was determined mainly by
the dominating quantities of formononetin
and biochanin-A present which, in addition,
as a rule varied in the same direction. By
comparison, the contents of genistein and
daidzein were rather low. They remained at
the same levels throughout the entire grow-
ing season and particularly with regard to
genistein, appeared to rise somewhat toward
midsummer and late autumn.

The plant oestrogen content of timothy was
very low, as expected. In the spring yield it
was caused mainly by formononetin, and
was in aftermath especially due to genistein
which increased toward late autumn in the
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swards not fertilized with nitrogen. Because
of exceptionally high genistein contents, ad-
ditional thin-layer chromatographic deter-
minations on genistein as well as on other
isoflavones were performed. These investig-
ations proved that with respect to genistein
the results were apparently too high, as geni-
stein is not completely separated from impu-
rities by the HPLC-determination applied.
However, the possible drawback of the an-
alytical method employed on the clover and
mixed sward samples is rather slight.

The plant oestrogen content of pure red
clover as compared to red clover grown

in mixed swards.

The growth circumstances of the test swards
(soil, basic fertilization, climate) were very
much similar except for the N-fertilization.
By comparing the plant oestrogen content of
the red clover grown in a red clover sward to
that of red clover grown in unfertilized mix-
ed swards, it is possible to draw conclusions
as to the effect of plant composition in the
swards on the oestrogenity of red clover.

It appears that red clover growing in unfer-
tilized mixed swards on the average develops
more plant oestrogens than does clover in
pure red clover swards. The difference in
aftermath is also statistically significant. A
possible explanation could be the vigorous
growth and great vitality of red clover which
increase in autumn due to advantageous
growth conditions, especially when com-
peting with timothy for living space. This is
also reflected in increased relative crop sha-
res of red clover.

The effect of nitrogen fertilizer on plant
oestrogen content

Nitrogen fertilizer had a strong effect on the
clover yields and plant oestrogen contents of
the mixed swards. Nitrogen fertilizer is
known to favour the growth of timothy at
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the expense of red clover, which clearly be-
came evident in the present investigation
also, especially in the yields of the spring
crops. In the early summer yield of the mix-
ed swards, a higher level of fertilizing de-
creased the summer yield of red clover in
the mixed swards as well as the plant oestro-
gen content. The subsequent effect of nitro-
genous fertilization on mown aftermath was
not as obvious. Nitrogen fertilization also
decreased the plant oestrogen content of
pure red clover. In unfertilized red clover
the average plant oestrogen content (1.562 %
+ 0.330 %) is notably higher than in red
clover (1.352 % =+ 0.275 %) treated with 100
kg N/ha, which for its part, is markedly
lower than the plant oestrogen content of
red clover fertilized with 50 kg Nr/ha
(1.537% = 0.372%). In addition, when
separately examining the plant oestrogen
contents of the spring and aftermath crops, it
can be proved that the plant oestrogen con-
tent of red clover regularly decreased with
an increasing rate of nitrogen fertilizer. At
the rate of 100 kg N/ha this difference is
statistically significant in all groups, with
the exception of the clover-poor one.

The plant oestrogen and crude protein
content of red clover and harvest yields

In addition to plant oestrogen content, the
present investigation examined the crude
protein content of red clover and harvest
yields of the swards. These investigations re-
sulted in the observation that the changes
with regard to the plant oestrogen and crude
protein content of red clover are generally in
the same direction. Instead, a negative cor-
relation was discovered between the plant
oestrogen content of red clover and the red
clover and total harvest yield, and between
crude protein in red clover and correspond-
ing harvest yields as well.

Positive and negative correlations usually
were more complete in spring swards com-
pared to aftermath, especially concerning
plant oestrogens and crude protein in heavy
fertilized swards. It is possible in these cases

_ that in autumn there are more factors effect-

ing the oestrogen content but not necessarily
the crude protein content. In an earlier pub-
lished study it has been shown that among
others, the plant oestrogen content can alter
subsequent to cold nights (Petterson et al.
1984), by the effect of plant diseases (Shutt
1976), and also as a consequence of storage
(Ludewig 1973, Kallela 1980). Such factors,
however, hardly have the same effects on the
crude protein content of red clover.

On the basis of this investigation, it seems
apparent that the variations in the plant
oestrogen content of red clover parallel with
those of the crude protein content and pro-
bably owing to the same reasons, despite
that chemical difference of these substances.
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Sammanfattning

Vixlingar i vixtdstrogenhalten i rodkliver-
timotejvall under vegetationsperioden.
Unders6kningen utreder fordndringarna i Gstro-
genhalten i rodklover-timotej-valler med samma
grundgodsling men med olika kviveniva och vixt-
komposition.

Ostrogenhalten i rodklovern frin ren kldvervall
och vall med timotej-inblandning var hdg pa va-
ren och minskade framemot hégsommaren. Ostro-
genhalten i rodklover frén efterslattern lag kon-
stant pi hog nivd, hdgre 4n i varvixten. Ater-
véxtens dlder riknad frin foregiende avmejning

paverkade mingden av Gstrogen, liksom ocksa tid-
punkten for slattern.

R6dklover frin blandvall innehdll i genomsnitt
négot mera Ostrogen dn rodklover frin ren kldver-
vall. Ostrogenhalten i ren timotejvall var generellt
mycket lig.

Kvivegddsling minskade rodkléverns andel i
blandvall och sdlunda ocksd vallens totala Ostro-
genhalt. Denna effekt var speciellt betydande i
varvixten. I efterslittern frin blandvall var 6stro-
genhalten regelbundet hégre dn i virvixten.
Kvivegodsling sdnkte Ostrogenhalten i ren réd-
kléver och ocksd raproteinhalten minskade. En
stark korrelation foreldg mellan vixtdstrogenhal-
ten och halten av rdprotein i rodklover. Uppen-
barligen dr bida beroende av samma faktorer trots
olikheten i kemisk komposition.

Fordandringarna i strogenhalten bestims i huvud-
sak av formononetin och biochanin-A, vilkas vix-
lingar gir i samma riktning. I jimforelse med dem
var daidzein- och genisteinméngderna sm4, liksom
ocksad vixlingarna i deras koncentration.

(Received January 12, 1987).

Reprints may be requested from: K. Kallela, College of Veterinary Medicine, P. O. Box 6,

SF-00551 Helsinki, Finland.

Acta vet. scand. vol. 28 no. 3-4 - 1987



