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ABSTRACT

The purpose of the work described in this the-
sis was to investigate the reproductive patterns
of mares under Finnish climatic conditions, es-
pecially in Finnhorses, mainly on the bases of
serum and milk progesterone determinations,
and ultrasonography. The work covered the
seasonality of Finnish mares; the effect of ar-
tificial illumination on seasonality; ovarian
changes post partum; possibilities for predict-
ing ovulation; use of progesterone analysis to
determine times of ovulation retrospectively;
and the maximum time after ovulation for in-
semination still be succesful.

The investigations related to 186 mares in
seven stables in Southern Finland from 1985 to
1989.

Seasonality

Nearly one non-foaling mare in four was found
to have high progesterone concentrations even
in winter. After February 15th, increasing num-
bers of mares ovulated. Half of the mares were
cycling during the first fortnight of April. All
mares were cycling in June. Our results indi-
cate that the fact that foalings take place in Fin-
land about a month later than in other coun-
tries for which monthly foaling percentages
have been published is caused by the later
ovulatory season in Finland.

The factors influencing onset of cycling early
in the season were the use of the mare, foaling
in the previous year and the time of onset of
cycling in preceding years.

In foaling mares, the time from parturition
to first ovulation was shorter in Summer than
in Spring. Very long post partum intervals oc-
curred mainly before May.

Seasonal effects were found also in relation
to follicular growth rate. The preovulatory fol-
licle reached ovulatory size faster in relation to
foalings during Summer than during Spring.
This information is relevant to prediction of
ovulation on the basis of size of preovulatory
follicles.

Artificial illumination

Long-day treatment (14.5 hours light, 9.5 hours
dark) began on December 1. Anoestrous non-
foaling mares ovulated for the first time during
the second fortnight of February. Sensitivity to
long-day treatment was least in Finnhorses and
decreased with age.

All long-day-treated post partum mares Ovu-
lated within 18 days of parturition, except the
mare which foaled first. She ovulated in Febru-
ary, within 32 days of parturition in January.

Insemination of 14 long-day-treated non-
foaling mares in the second oestrus of the year
in March resulted in a foaling rate of 86 % dur-
ing the subsequent year.

Long-day treatment of non-foaling and preg-
nant mares is an effective way of starting the
breeding season in Finland at the beginning of
February.

Sizes of ovaries and follicles during post
partum period

The left ovary was more active after parturition
in terms of follicular activity. Two days post
partum follicles larger than 10 mm were more
frequently found in left than in right ovaries.
The first post partum ovulation also occurred
more often in the left than in the right ovary.
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In general, the ovulatory ovary and its largest
follicle were statistically significantly larger than
the ovary and follicle on the non-ovulatory side
five days and more post partum. During the last
week before foal-heat ovulation the growth rate
of the preovulatory follicle was on average
3 mm a day.

Prediction of ovulation

During second or subsequent post partum oes-
trous periods, serum progesterone concentra-
tions decreased to less than the detection limit
1—10 days before ovulation.

Serum oestrone sulphate usually reached its
highest concentration 0—2 days before ovula-
tion. The peak was not, however, statistically
significantly different from values obtained on
other days of oestrus.

The preovulatory follicle grew by 3 mm a
day from day 5 to day 2 before ovulation. The
average size of the preovulatory follicle 1—3
days before ovulation was 43 =4 mm. Times of
ovulations were equally distributed throughout
the day. Ovulation occurred most often in the
left ovary. In terms of prediction of time of ovu-
lation, changes in shape and flaccidity of the
preovulatory follicle were not informative. The
best method of prediction appeared to be de-
termination of follicle size.

Progesterone levels after ovulation

There was a large variation in the time of the
first measurable increase in progesterone con-
centration after ovulation. Increases in pro-
gesterone concentrations occurred within 6 to
54 hours in milk and within 6 to 60 hours in
serum. The correlation coefficient (p <0.05) be-
tween progesterone concentrations in serum
and milk was 0.7. The results indicate that
progesterone concentrations can be used to dis-
tinguish between mares in luteal and non-luteal
phases but that the method is unable to deter-
mine times of ovulation to an accuracy greater
than within two days.

Postovulatory breeding and early
embryonic death

Postovulatory insemination resulted in good
conception rates for up to 18 hours after ovu-
lation but not 24 hours after ovulation.

In mares examined once a day and mated
within 0 to 27 hours of ovulation, the 16-day
conception rate was 46 %. Some mares, how-
ever, exhibited embryonic death between days
16 to 25, resulting in a final conception rate of
29 %. In cases of limited semen availability or
a short lifespan of spermatozoa, insemination
after ovulation can therefore be a2 good alter-
native to insemination before ovulation. How-
ever, there could be an increased risk of early
embryonic death.

AIMS OF STUDY

to investigate the reproductive patterns of
mares under Finnish climatic conditions, espe-
cially in Finnhorses

to describe the natural seasonality of Finnish
mares and the effect of artificial illumination on
seasonality

to examine ovarian changes post partum
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to examine the possibilities of predicting ovu-
lation

to determine the value of progesterone mea-
surements for determining the time of ovula-
tion

to discover for how long time after ovulation
an egg can remain capable of being fertilized.



INTRODUCTION

There is ample evidence to describe mares as
seasonal breeders. In Winter marés usually ex-
hibit sexual inactivity. The gonadal steroid
levels are low resulting in endometrial atrophy
and small ovaries without follicles. Oestrus
signs are rare. In Spring mares are in transitional
stage. Ovaries increase considerably in size.
Hormonal activity increases and follicles appear
in ovaries. Finally one follicle starts to grow
faster than other follicles and after reaching a
size of 40—50 mm ovulates. Oestrous cycles
begin. Regular-changes in hormone concentra-
tions can be measured in serum as shown in the
hormonal scheme.

The effect of season on the oestrous cycle is
manifested in mares in three ways (LOY 1968):
1) A minority of mares are continuously poly-
estrous, cycling fairly regularly throughout the
year. 2) Most mares are seasonally polyoestrous,
with definite cyclic and non-cyclic periods dur-
ing the year. 3) Some mares are seasonally poly-

estrous, exhibiting erratic reproductive patterns
such as ovulation without oestrus or oestrus
without ovulation. In the northern hemisphere
the physiological breeding season starts in late
April or early May and peaks in late June or early
July (KENNEY et al. 1975). However, because of
the official birth date of 1 January and claims
regarding better performances by early foals in
sales and first races, breeding early in the year
has become common in all countries of current
major equine importance.

Breeding early in the year has led to prob-
lems. A considerable amount of unproductive
time and effort is devoted to teasing and exami-
nations in January, February, March and even
April (KENNEY et al. 1975). Mating early in the
year leads to foalings in late Winter and Spring,
usually a time of sexual repose in mares. The
time from parturition to first ovulation in-
creases if foaling occurs early (Loy 1980). Work
relating to diagnosis of ovulation is increased.

Hormonal changes in serum during the
oestrous cycle in the mare

Concentration ng/mi

Days from ovulation

—FSH —+LH

Adapted from Neely (1983)

—¥— Estradiol

—&— Progesterone



It is important for clinicians to know about the
timing of foal-heat ovulation, and especially
about any influence of season on such ovula-
tion. There are, however, only a few published
reports on the interval between parturition and
first ovulation, fewer than reports on numbers
of days to first signs of oestrus, as the review
by BELLING (1983) shows.

The high demand for foals born early in the
year has led to pressures to shorten Winter
anoestrus. Various kinds of hormone treat-
ments have been tried, for instance progester-
one withdrawal therapy (ALLEN et al. 1980) or
administration of GnRH (TURNER and IRVINE
1990). However, artificially long days have
yielded the most promising results (PALMER et
al. 1982). Long-day treatment from around the
time of the winter solstice is common nowa-
days, e.g. in the UK (ALLEN 1985) and US (Loy
1990). Mares begin cycling between 6 and 12
weeks after the start of light therapy (ALLEN
1985). In Finland, long-day treatment has not
yet been widely used. It is not known whether
light treatment in Finland could have different
effects in different breeds (e.g. Finnhorses and
Finnish warm bloods) or whether or not it’s
outcome could be altered by the depth of anoes-
trus resulting from the dark, long winter in Fin-
land.

The percentages of ovulatory oestrous pe-
riods in studies based on rectal palpation are
probably lower than those in studies based on
progesterone determinations. In one study,
20 % of first increases in progesterone concen-
trations were not associated with a diagnosis of
ovulation on rectal palpation (PALMER and JOUs-
SET 1975). Serum progesterone determinations
are useful in oestrus and ovulation control.
Progesterone levels increase within 24—36
hours of ovulation. (STABENFELDT et al. 1972,
PLOTKA et al. 1972, ALLEN and HADLEY 1974,
GINTHER 1979). Progesterone measurements
once a week can be used to detect the luteal
phase after the Winter anovulatory season, or
after parturition. In addition, because progester-
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one concentrations increase after ovulation in
the mare, frequent analyses can also be used to
allow it to be decided when matings should
cease, and, for instance, to determine the time
of flushing in embryo transfer programmes.
This requires accurate information on proges-
terone concentrations after ovulation. To be ac-
curate to within 6 hours, mares need to be rec-
tally palpated and samples need to be taken
4 times a day but this has not been done in most
of published studies.

One problem relating to equine reproduction
is that the availability of semen from good stal-
lions is often limited. The number of services
per pregnancy should therefore be as low as
possible. Mares are usually mated every other
day during oestrus, until ovulation. If ovulation
could be accurately predicted, the number of
services would approach unity. Prediction of
ovulation is usually based on the size and con-
sistency of the preovulatory follicle as evalu-
ated by rectal palpation and ultrasonic scanning
(GREENHOFF and KENNEY 1975, PIERSON and
GINTHER 1985). Oestrogen and progesterone
analyses can also help in detecting ovulation.
Oestrogen seems to peak two days before ovu-
lIation (PALMER and TERQUI 1977, MAKAWITI et
al. 1983). Although the size of the preovulatory
follicle is commonly regarded as the best crite-
rion, there are no certain ways of predicting
times of ovulation (GINTHER 1986).

Another possibility of reducing numbers of
services is mating of mares after ovulation. Con-
ception can be brought about by natural or ar-
tificial insemination after ovulation (SALTZMAN
1939, ZIVOTKOV 1940, HUGHES and Loy 1970,
ALLEN 1981, BELLING 1984). However, post-
ovulatory breeding requires frequent examina-
tion of mares, to allow the time of ovulation
to be detected. Because continuous palpation
is impracticable, accurate information on how
late mares can be mated after ovulation for an
acceptable conception rate and minimization of
side effects such as early embryonic death is
needed.



REVIEW OF THE LITERATURE

1. Seasonality

1.1. Non-foaling mares

As in other seasonal breeders, the seasonal regu-
lation of reproduction in the mare ensures that
the young are born in environmental circum-
stances optimal for their survival (LoY 1967).

Loy (1968) reported that constant ovulatory
oestrous cycles occurred from April to Septem-
ber. From January to February only 20—25 %
of mares cycled. Van NIEKERK (1967) kept 75
light farm-type mares on grass in South Africa.
Although the mares exhibited signs of oestrus
fairly constantly throughout the year, ovulation
occurred mainly in the Summer. Results fairly
similar to those of van NIEKERK were recorded
in the study of SHARP (1980). OSBORNE (1966)
showed, in a large slaughterhouse study in Aus-
tralia, that about 20 % of mares ovulate during
winter. During Spring months, the frequency
of ovulation increases. A maximum is reached
at the beginning of Summer. Similar figures
relating to slaughterhouse material have been
reported from the United Kingdom by ARTHUR
(1958) and from the Nordic area by NYBORG
(1953).

There are few reports concerning the seaso-
nality of mares at the equator. However, SAL-
TIEL et al. (1982) reported that mares also ex-
hibit a seasonal reproductive pattern near the
equator, at latitudes between 15° and 22° N.
Although convincing evidence for differences
in the onset of cycling attributable to latitude
is apparently not available, GINTHER (1979) con-
cluded that the peak incidence of foaling in
Standard-bred mares occurred one month ear-
lier at latitudes below 40° than at latitudes
above 40°.

1.2. Foaling mares

Mares usually exhibit their first signs of oestrus

one week after parturition (BELLING 1983). In
1984, BELLING reported that foal-heat ovulation

-occurred between 9 and 30 days post partum.

The time from parturition to first ovulation has
been reported to be 13.3 days in six thorough-
bred mares (LOVELL et al. 1975), and 12.3 days
in six mares of mixed breed (NODEN et al.
1978). Loy et al. (1975) examined 7 mares, 4
of which ovulated around day 11 post partum.
Three mares failed to exhibit oestrus or to ovu-
late within 3 weeks of foaling. In 1980, Loy
reported that 43 % of 470 mares had ovulated
by day 9 post partum, 95 % by day 15, and
97 % by day 20.

MATTHEWS et al. (1967), in Australia, ob-
served no differences in time of onset of foal-
heat during (Australian) Spring, from Septem-
ber to November. On the other hand, in large
pony mares GINTHER (1974) found the mean
length of oestrus to be statistically significant-
ly shorter in the Summer months of July and
August than in Spring or early Summer months,
from April to June.

In a clinical study, Loy (1980) showed that
the time from parturition to first ovulation is
influenced by the foaling month. Ninety-seven
per cent of mares had ovulated by day 20 (mean
10.2 2.4 days) but there was an apparent shift
from longer intervals from January to February
to shorter intervals in May. Intervals of more
than 14 days occurred mainly from January to
March (in 37 out of 40 cases). The results of
PALMER and DRIANCOURT (1983) were broadly
similar to those of Loy.

PALMER and DRIANCOURT also found that the
incidence of ovarian inactivity after the first
post partum ovulation increased early in the
breeding season. However, parturition was
regarded as a powerful stimulus to ovulation in
early foaling mares which would not otherwise
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have completed the cycle (Loy 1980, PALMER
and DRIANCOURT 1983).

1.3. Artificial illumination

BURKHARDT demonstrated in 1947 the effects of
light on ovarian activity in anoestrous mares.
Since then, the ovulatory season has been
changed from early Summer to early Spring by
exposure of mares to artificial light for a few
months before mating (LOY 1968, COOPER and
WERT 1975, KOOISTRA and GINTHER 1975).

It has been suggested that the increase in the
time of exposure to light inhibits the pineal
secretion of melatonin, thus stimulating GnRH
secretion, one of the first events leading to the
ovulatory season (SHARP 1988).

Exposure of anovulatory mares to light for
15 to 16 hours a day has been found effective
(FREEDMAN et al. 1979, SCRABA and GINTHER
1985). On the other hand, PALMER et al. (1982)
found a one-hour photosensitive phase in the
morning, 9.5—10.5 hours after dusk, during
which light is necessary for effective stimula-
tion.

According to SCRABA and GINTHER (1985), the

most effective time of the year for light treat-
ment to be started is the beginning of Decem-
ber. Mares usually begin cycling between 6 and
12 weeks after the start of light therapy (Loy
1968, ALLEN 1985).

Light intensities have varied between trials.
According to OXENDER et al. (1977) one
250-watt bulb in each stall is effective. Oxender
measured a light intensity of 160 lux at a height
of 150 cm in the centre of the box. Loy (1968)
recommended a 200 W bulb in each stall, or
at least two footcandles of light.

Early breeding of horse mares leads to foal-
ing during Winter, a time of deep anovulation
in many mares. There is a risk of further con-
ception being delayed because mares some-
times become anovulatory immediately after
foaling or after the first postpartum ovulation
(PALMER and DRIANCOURT 1983) or, more often,
because the average time from foaling to first
ovulation is longer during early Spring than dur-
ing Summer (Loy 1980). It has been shown that
such risks can be overcome by exposing preg-
nant mares to light from the beginning of the
10th month of pregnancy (PALMER and DRIAN-
COURT 1983).

2. Prediction of ovulation

Prediction of the time of ovulation in the mare
has long been a problem (ANDREWS and McKEN-
ZIE 1941). According to HUGHES et al. (1972),
it is easiest to judge when to mate a mare on
the basis of behaviour of the mare when she
is teased by the stallion, the condition of the
cervix when palpated and viewed using a
speculum, and follicle development in the
ovary as determined by palpation. Although fol-
licle development is now often followed using
ultrasonography, there is no visible predictor
of impending ovulation (PIERSON and GINTHER,
1985).
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2.1. Follicle growth

The preovulatory follicle becomes the largest
follicle one week before ovulation. It grows by
3—5 mm a day until ovulation takes place
(HUGHES et al. 1975, GINTHER 1979, NEELY
1983, PIERSON and GINTHER 1985, PALMER
1987).

The diameter of the ovulating follicle varies
from 2 to 10 cm (GREENHOFF and KENNEY 1975)
but is, on average, about 4 cm (ANDREWS and
MCcKENZIE 1941, GINTHER & PIERSON 1984).
PALMER (1987) reported that ovulation often oc-



curs 5 days after a diameter of 30 mm is at-
tained. Palmer also noted a linear growth rate
of 3 mm/day in the preovulatory follicle, fol-
lowed by a plateau, and a slight decrease in size
near ovulation.

The effect of season on follicles the day be-
fore ovulation was studied in 102 non-foaling
riding-type horse mares by GINTHER and PIER-
SON (1989). They found statistically significant
differences in mean diameters of preovulatory
follicles in April (46 mm) and May (48 mm) as
compared to July (40 mm). More recently, GIN-
THER (1990) has reported that the ovulatory fol-
licle at the end of the transitional period grows
more slowly, by 2.6 mm a day, than that be-
fore the second ovulation of the year (3.6 mm
a day).

2.2. Follicle consistency

Softness of a preovulatory follicle on palpation
has frequently been proposed as a criterion of
impending ovulation. In ARTHUR’s opinion
(1969) softness is the best clinical sign of im-
minence of ovulation. KLUG and ANDRES (1987)
found a soft follicle on palpation in 79 % of
mares within 12 hours before ovulation. Al-
though Parker, in 1971, as cited by GINTHER
(1979), found a very soft follicle on palpation
in 40 % of mares 12 hours before ovulation,
a soft follicle in 51 % and a turgid follicle in
9 % of cases, he concluded that-the degree of
softness was not a reliable basis for predicting
times of ovulation in individual mares.

2.3. Follicle shape

Follicular softening can be associated with a
change in follicular shape (GINTHER and PIER-
SON 1984, KAHN and LEIDL 1987, McKINNON et
al. 1987). Large follicles impinge on the ovula-
tion fossa because bands of connective tissue
radiate towards the fossa and can provide
boundaries forcing piriform follicular gowth
(PRICKETT 1966). PIERSON and GINTHER (1985)

reported that 85 % of follicles exhibited a pro-
nounced change in shape, from approximate-
ly spherical to nonspherical (pear-shaped or
conical) at some time during the preovulatory
period.

2.4. Side of ovulation

Horse mares ovulate slightly more commonly
from the left ovary, usually in 50—60 % of
cases (ANDREWS and McKENZIE, 1941; OSBORNE,
1966; BELLING, 1984). In pony mares, the
ovarian activity tends to be similar in both sides
(WEssON and GINTHER 1981).

2.5. Oestrogen measurements

In the mare, the presence of oestrogens has
been reported in urine by ZONDEK (1930); in
follicular fluid by KNUDSEN and VELLE (1961)
and by SHORT (1961); and in plasma by NETT
et al. (1973) and PATTISON et al. (1974). It has
been suggested that luteal tissue also produces
conjugated oestrogens (DAELS et al. 1990). The
major oestrogen in equine follicular fluid is
17 B-oestradiol (E2), which is not metabolized
further once it has entered the follicular fluid
(SHORT 1961) but is metabolized in liver to oes-
trone (E1), the main oestrogen excreted by the
mare in the urine. Because oestrogens are not
stored in the body, their urinary excretion rates
are thought to be good indices of follicular
secretion rates (HILLMAN and LOYy 1975). RAE-
SIDE et al. (1990) has reported that modern
methodology allows faecal samples to be used
for E1 analysis and diagnosis of pregnancy in
the mare. Although methods of determination
of conjugated oestrogens usually involve sev-
eral time-consuming steps, fast and, conse-
quently, more practical methods have been
reported (FRANEK et al. 1988).

Positive feed-back effects of the oestrogens
are thought to be important in regulating LH
secretion in the mare. Although free E2 seems
to be most effective, certain conjugated oestro-
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gens may also be important for regulation of
LH secretion -(BALDWIN et al. 1990).
Both urinary and plasma oestrogen measure-

ments have been used in attempting to predict

ovulation. Urinary oestrogen peaks within three
days before ovulation (HILLMAN and Loy 1975,
PALMER and JOUSSET 1975). Plasma E2 concen-
trations are highest 2 days before the LH peak

(PATTISON et al. 1974) or 24—36 hours before
ovulation-(PIPKIN. et al. 1987), E2 and andros-
tenedione concentrations 2 days before ovula-
tion (NODEN et al. 1975). Total oestrogens are
at levels 100 times higher than those of E2 and
seem to peak 2 days before ovulation (PALMER
and TERQUI 1977, MAKAWITI et al. 1983).

3. Milk and serum progesterone levels

As early as 1959, SHORT measured elevated
progesterone (P4) concentrations in the plasma
of midluteal non-pregnant mares. In 1964 he
found significantly increased P4 secretion into
the ovarian vein within the first 24—36 hours
after ovulation.

In 1968 van RENSBURG & van NIEKERK discov-
ered P4 18 hours after ovulation, in a histolog-
ical study of the ruptured follicle wall.

SMITH et al. (1970) demostrated a cyclic pat-
tern of peripheral plasma P4 concentrations in
the mare. In that study, the first increases in P4

levels occurred 2—3 days after ovulation.

In general, P4 plasma concentrations seem to
increase on the second day following ovulation
(STABENFELDT et al. 1972, PLOTKA et al. 1972,
ALLEN and HADLEY 1974). More recently PIPKIN
et al. (1987) have shown that the mean serum
P4 concentration increased (p<0.05) within
12 hours of ovulation.

P4 patterns have been reported to be similar
in milk and plasma (HUNT et al. 1978, GUN-
THER et al. 1980).

4. Postovulatory mating

Mating 24 to 36 h before ovulation has been
regarded as optimal in mares (DAY 1957). How-
ever, it has also been reported that an ovum re-
mains capable of being fertilized over various
times, ranging from 4 to over 48 hours, after
ovulation (CHENG 1961, ROSSDALE and RICKETTS
1980). Daily examination, allowing insemina-

tion 0—24 hours after ovulation, has resulted
in pregnancies in 70—75 % of cases (SALTZMAN
1939, ALLEN 1981, BELLING 1984). Insemination
with frozen semen up to 12 or 24 hours after
ovulation has resulted in pregnancy rates of 63
and 67 %, respectively (ALIEV and OCHKIN

1979).

MATERIAL AND METHODS

Data was collected at the Finnish Agricultural
Research Centre, Equine Research Station and
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1. Animals in the Equine Research Station (ERS)

The ERS houses 200 to 250 horses, mostly Finn-
horses. Throughout this thesis, other breeds are
called warm-bloods. These equate to standard-
bred and half-bred riding-horses such as Ger-
man Hannoverians. There are many types of
horse in the ERS: brood mares, stallions, foals,
colts, fillies, and horses in training. The horses
live in three heated stables, one for brood
mares, in separate stalls. However, 2 to 3 yeat-

olds not yet in training are kept as herds in un-
heated barns.

The daily care of the horses begins between
6.00 and 6.30 a.m. and ends between 6.00 and
7.00 p.m. Usually, all horses are exercised daily.
They are either trained or put into paddocks.
Horses are fed according to the recommenda-
tions of the Finnish Board of Agriculture as
reported by PELTONEN (1986).

2. Animals in trotting stables

In the six trotting stables, the horses were
warm-blood trotters, mainly American stan-
dard-bred. They were only trained and raced.
Daily care began between 6.00 and 6.30 a.m.

and ended between 6.00 and 7.00 p.m. The
horses were fed in accordance with the nutri-
tional needs of horses in training.

3. Summary of materials and methods

Table 1.
Paper Number Subject of investigation Samples and examinations
of mares
Seasonality
1 186 Frequency of anovulatory season, Weekly serum P4 determination
onset of cycling for 5 months
I1 55 Time from parturition Milk P4 determination,
to first ovulation, 3 times a week
21 Growth of preovulatory Rectal palpation,
follicle in foal-heat ultrasound scanning
Long day treatment
11 37 Onset of cycling, Weekly serum P4 determination
27 Time from parturition Daily rectal palpation,
to first ovulation ultrasound scanning
14 Foaling rate Insemination
Prediction of ovulation
v 30 Prediction of ovulation Rectal palpation, ultrasound
in accuracy of 6 hours scanning every 6 hours, daily P4
(serum and milk) and serum El
determination
Post-ovulatory progesterone levels
\ 24 Increase in P4 levels in serum Serum and milk samples for P4
and milk in accuracy of 6 hours determination every 6 hours
Post-ovulatory breeding and early embryonic death
VI 44 Conception in post-ovulatory Post-ovulatory
insemination, insemination
44 Early embryonic death after Ultrasonographic pregnancy

post-ovulatory insemination

diagnosis
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4. Progesterone radioimmunoassay

Progesterone concentrations in mare’s serum
and whole milk were determined using direct
radioimmunoassay (RIA).! Standards were pre-
pared in buffer when the serum progesterone
kit was used, and in nonluteal phase mare’s milk
when the milk progesterone kit was employed.
Antiserum was produced by immunizing rab-

bits with BSA-1la-progesterone. Its cross-
reactivity with other endogenous pregnene
derivates and related steroids was negligible.
Bound and free antigen were separated by
precipitating antibody-antigen complex with a
second antibody (sheep anti-rabbit IgG) and
polyethylene glycol.

5. Seasonality

5.1. Non-foaling mares

In the ERS, records relating to mares were
divided into three categories—depending on
their use and stable conditions:

1. Three-year-olds (N = 38) not yet in training,
stabled in an unheated barn

2. Mares in training (N=47, mean age 4.9
years, range 4 to 8 years)

3. Brood mares (N=21, mean age 9.5 years,
range 5 to 23 years) kept in separate, heated
stables, in individual boxes.

The study was conducted over several years
but only the first record for each mare was in-
cluded in each category. The data covered
Finnhorses and warm-bloods.

In the trotting stables, the mares (N=73,
mean age 5.1 years) were American standard-
breds. They were used only for training and
racing and housed in separate boxes in stables.

The onset of cycling was based on blood
samples collected once a week for progester-
one determination, beginning in January. Two
subsequent samples with elevated (> 10 nmol/l)
progesterone concentrations were considered
as the onset of cycling.

I Direct SPECTRIA, Farmos Diagnostica, Turku, Fin-
land.
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5.2. Foaling mares

First records relating to 55 foaling Finnhorse
mares were analysed. The mean age of the
mares was 10.0 years (range 4 to 22 years). They
had foaled 1 to 10 times, but 55 % of the mares
were foaling for the first time. Milk samples
were collected for progesterone determination
three times a week to allow the time from par-
turition to first ovulation to be assessed. Milk
progesterone concentration of over 2 nmol/l,
and higher concentrations in subsequent sam-
ples were considered to indicate the beginning
of luteal activity.

5.3. Post partum ovarian development

During Spring 1985 the ovaries and follicles of
21 Finnhorse mares (mean age 13.1 years, range

4 to 23 years) were examined by rectal palpa-

tion and ultrasonic scanning? on the second
and fifth days post partum and then every other
day until first ovulation. The greatest diameter
of the ovaries was estimated digitally, during
rectal palpation. The diameter of the Jargest fol-
licle in each ovary was measured ultrasonically.

2 Aloka SSD-210 DX-scanner, 5 MHz.



6. Artificial illumination

Light therapy for non-foaling and foaling mares
began in the first week of December and lasted
until Summer. In the case of non-foaling mares
records relating to 37 anoestrous mares, 28
Finnhorses and 9 warm-blood mares, were
used. The 13 youngest were 3-year-olds not yet
in training (12 Finnhorses, one warm-blood).
The mean age of the mares over three years old
was 10.3 years (range 4 to 18 years). Five mares
were lactating at the beginning of the trial (one
Finnhorse mare, four warm-blood mares).
The intensity of light was 70 to 150 lux. The
lights went on at 6.00 a.m. and were turned off
at 20.30, i.e. there were 14.5 hours of light and
-9.5.-hours of darkness. Onset of cycling was de-
termined by analysis of weekly serum proges-
terone samples. '
During long-day treatment in March 1988, 14

mares were inseminated with a stallion of
known fertility in their second oestrus of the
year.

Twenty-seven pregnant mares (22 Finn-
horses, 5 warm-blood mares) were subjected to
long-day treatment. Because the first mare
foaled at the end of January and the last at the
beginning of June 1989, the length of light treat-
ment pre partum varied from two to six
months. The mean age of the mares was 11.7
years (range 4 to 20 years). Seven mares were
nulliparous. The remaining 20 mares had foaled
on average 3.9 times (range 1 to 10 times). The
first ovulation -after foaling was detected by
daily rectal palpation and ultrasonic scanning.
The day of disappearance of the ovulatory fol-
licle was regarded as the day of ovulation.

7. Prediction of ovulation

Thirty Finnhorse mares were studied, in rela-
tion to 38 oestrous cycles. The average age of
the mares was 9.1 years (range 3 to 23 years)
and the average number of foalings was 3.0
(range 1 to 10). The study was conducted from
June to August. Foal heats were excluded. The
start of the follicular phase was detected by
progesterone analysis of thrice weekly milk or
serum samples. On detection of a mature folli-
cle (diameter =3.5 cm), rectal palpation and
ultrasound scanning were performed every 6
hours, to determine the time of ovulation to
within 6 hours. There were three cases of dou-

ble ovulations. The degree of follicle maturity
was evaluated by fluctuation, softness, and how
far the follicles protruded above the ovarian
surface and the sharpness of their shoulders
(GREENHOFF and KENNEY, 1975). The diameter
of the preovulatory follicle was measured from
the ultrasound scan.

Blood samples for oestrone sulphate (E1) de-
termination were collected daily, beginning in
late dioestrus or early oestrus. E1 was deter-
mined using Sephadex-RIA, as described by
FRANEK et al. (1988).

8. Milk and serum progesterone measurements

Twenty-four Finnhorse mares were studied.
Their average age was 9.8 years (range 4 to 23
years). The mean number of foalings was 3.5

(range 1 to 10). The mares had foaled between
mid-April and late July. First post partum oes-
truses were excluded. The start of the follicu-
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lar phase was detected by progesterone analy-
sis of thrice-weekly whole milk and serum sam-
ples. Daily rectal palpation began once the
progesterone level had fallen to 1 nmol/l. On
detection of a mature follicle (diameter =3.5
cm) rectal palpation and ultrasound scanning
were performed every 6 hours, to determine
the time of ovulation to within 6 hours. In two

cases of double ovulations, which occurred 6
and 18 hours apart, the earlier ovulation was
excluded. Milk and blood samples were col-
lected simultaneously every 6 hours, for up to
3 days after ovulation, in some mares for
longer, until progesterone concentrations in-
creased markedly.

9. Postovulatory breeding

In one experiment, 11 recently foaled Finn-
horse mares (mean age 8.5 years, range 4 to 23
years, mean number of foalings 3.1, range 1 to
10) were inseminated after ovulation over 1, 2
or 3 cycles but not during foal heat. On detec-
tion of a mature follicle (diameter =3.5 cm),
rectal palpation and ultrasound scanning were
undertaken every six hours, to determine the
time of ovulation. Insemination was carried out
6—12 hours, 12—18 hours, 18—24 hours and
24—30 hours after ovulation. There was one
case of double ovulation in these mares. The
time between the ovulations was 6 hours and
the mare was inseminated 24—30 hours after
the latter ovulation. The mares were examined
for pregnancy 16 and 21 days after insemina-

tion. All pregnancies were terminated by
prostaglandin (PG) injection at 21 days. Some
mares were inseminated again during subse-
quent cycles.

In a second experiment, 14 mares (12 maid-
en three-year-olds and two five-year-olds) were
examined every day at about the same time in
the forenoon and inseminated in the afternoon,
if ovulation had occurred, i.e. within some
0—27 hours of ovulation. Pregnancies were ter-
minated by PG injection on day 25 and the
animals inseminated again during PG induced
oestrus. Another 19 mares were inseminated
daily until ovulation. These were used as a com-
parison group.

10. Statistical methods

Statistical analysis of postovulatory increases in
serum progesterone concentrations was con-
ducted using the paired t-test. Progesterone
concentrations in samples collected during
0—6 hours after ovulation were compared with
subsequent concentrations in the same in-
dividual.

The frequency of anoestrus in mares with
foal at foot versus maiden mares was analyzed.
Variance was analyzed,? with dependent and
independent variables as follows:

3 CATMOD and GLM procedure in SAS, SAS Institute
Inc., SAS Circle, Box 8000, Cary, NC 27512-8000, U.S.A.
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Model Dependent variable Independent variables

1 Weeks from Jan 1st Age

2 Weeks from Jan 1st Use of mares

3 Weeks from Jan 1st Mare

4 Days post partum Season

5 Weeks light treatment  Breed

6 Weeks light treatment — Age

7 Weeks light treatment  Lactation

8 Days post partum Season

9 Ovarial diameter Side of ovulation
10 Follicular diameter Type of ovary

(ovulatory or not)
Day of cycle

—
—

Oestrogen concen-
tration



RESULTS

1. Seasonality

1.1. Non-foaling mares (I)

In non-foaling mares, 23.7 % of mares cycled
throughout the year. Increasing numbers of
anoestrous mares began to cycle from the end
of February. The last mares to enter the ovula-
tory season did so at the beginning of June (Fig.
). Mares which had been in winter anoestrus
ovulated for the first time, on average, in the
middle of April, 16.8 + 4.6 weeks from the be-
ginning of the year,

In the all groups studied in the ERS, Finn-
horses cycled later than warm-blood mares but
the difference was not statistically significant
(Fig. 2).

In Finnhorse mares which had foaled the

Per cent cycling
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Weeks from January 1

Fig. 1. Cycling of mares in seven stables in southern Fin-
land on the basis of high progesterone concentrations in
weekly blood samples. Mares (N = 186) were of different
breeds, ages and were being used in different ways. Week
9 =March lst, week 22 = June 1st,

previous year, old brood mares tended to cy-
cle later (0.05<p<0.10) than young brood
mares (model 1, Fig. 3).

The effect of use was evident in two ways.
Forty per cent of Finnhorse mares in training
cycled throughout the year as compared to no
mare not in training. Anoestrous mares in train-
ing exhibited significantly earlier onset of cy-
cling after winter anoestrus than three-year-olds
or brood mares not in training (Fig. 4). On aver-
age, three-year old Finnhorse mares started to
cycle three weeks later (p<0.01) and Finnhorse
brood mares five weeks later (p<0.01) than
mares in training (model 2).

All 12 5-year-old Finnhorse mares which had
foaled the previous year were anoestrous in

Week of year

22

Brood mares 3-year-olds  Mares in training

Warm blood [ Finnhorse

Fig. 2. Breed effect on onset of cycling in different groups
of mares in the Equine Research Station. The categories of
brood mares, three-year-olds and mares in training covered
5, 3 and 4 warm-bloods and 21, 35 and 28 Finnhorse mares,
respectively (p>0.05, N.S.).
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Fig. 4. Effect of different kind of use of Finnhorse mares
in the Equine Research Station on onset of cycling (p<0.01)

B8 s years (12)
Bl over 14 years (4)

Fig. 3. Age effect on onset of cycling in different groups
of Finnhorse mares which had foaled the previous vear in
the Equine Research Station (0.05<p 0.10, N.5.)
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Fig. 6. Time from parturition to first ovulation in the Equine
Research Station in Finnhorse mares which had foaled af-

Days post partum
ter June 1 (N = 106) or before June 1 (N=39) (p<0.001).

Fig. 5. Time from parturition to first ovulation in Finnhorse
mares in the Equine Research Station, N =55.
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Winter. Only 37 % (7/19) maiden mares of the
same age cycled throughout the year (p<0.01).

The preceding seasonal pattern influenced
the onset of cycling. Mares started cycling about
the same time in Spring from year to year
(model 3, p<0.01).

1.2. Foaling mares (II)

Over 95 % of Finnhorse mares ovulated by day
20 post partum (Fig. 5). However, 90 % of the
mares which had foaled after 1 June first ovu-
lated by day 11 post partum but 90 % of early
foaling mares ovulated as late as by day 17 post
partum (Fig. 6). On average, the time from par-
turition to first ovulation was shorter in Sum-
mer (8.8+2.2 days) than in Spring (13.0+3.1
days) (model 4, p<0.001). Intervals of 10 days
or less were seen in 15.4 % of cases (N =39)
of foaling before 1 June but in 68.7 % of cases
(N = 16) of foaling after 1 June. Intervals of over
16 days occurred mainly before May, in 6 out
of 7 cases.

In post partum mares, the growth rate of the
preovulatory follicle during foal-heat was faster
in the case of foaling during the Summer

Follicle size mm

45

10 I 1 I
-9 -7 -5 -3 -1

Days before first post partum ovulation

—— Spring —+ Summer

Fig. 7. Growth rate of foal-heat pre-ovulatory follicles in
Finnhorse mares in the Equine Research Station during
Spring (N =7) and Summer (N = 13),

(3.7 mm a day) than in Spring (1.8 mm a day)
(Fig. 7).

2. Artificial illumination (III)

2.1. Non-foaling mares

In the ERS, long-day-treated non-foaling mares
ovulated for the first time, on average, during
the second fortnight of February, 11 weeks af-
ter the beginning of light treatment. Mares first
started to cycle at the end of January. All mares
were cycling in the middle of March (Fig. 8).

Sensitivity to long-day treatment was in-
fluenced by breed and age.

Long-day treated 4—8 year old Finnhorses
started to cycle, on average, 11.8 weeks after
the beginning of the trial. Warm-bloods started
to cycle 9.8 weeks after the start of the trial
(model 5, p<0.02, Fig. 9).

Three-year-old Finnhorse mares cycled on
average 10.5 weeks after the beginning of long-
day treatment but mares aged 10 + 4.6 years cy-
cled 11.8 weeks after long day treatment be-
gan (model 6, p<0.03, Fig. 10).

Previous lactation slightly delayed the onset
of cycling. Warm-blood mares which had had
a foal the previous year began to cycle 10.8
weeks after the beginning of the trial. Mares
which had not foaled started to cycle 9.8 weeks
(0.10<p <0.20) after the beginning of the trial
(model 7, Fig. 11).

Insemination of 14 long-day-treated mares
during the second oestrus of the year resulted
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Fig. 8. Onset of cycling in anoestrous non-foaling mares

after artificial long-day treatment from the beginning of De-
cember (N =37).
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Fig. 10. Effect of age on onset of cycling in anoestrous long-

day-treated Finnhorse mares (N = 12 in the group of 3-year-
olds and 16 in the group over 3 year olds (p<0.03).
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Fig. 9. Effect of breed on onset of cycling in anoestrous
long-day-treated warm-blood mares (N = 5) and Finnhorse
mares (N=7) (p<0.02).
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Fig. 11. Effect of previous foaling on onset of cycling in
anoestrous, long-day-treated warm-blood mares (N =5 and
4 in non-lactating and lactating mares, respectively) (0.10<
p<0.20, N.S.).



in 12 foalings (86 %) during the subsequent
year.

2.2, Foaling mares

The time from foaling to the first post partum

ovulation was, on average, 17.0 days in long-
day-treated mares foaling before 15 February,
as compared to 12.1 days in long-day-treated
mares foaling after 15 February (model 8, p<
0.01).

3. Sizes of ovaries and follicles post partum (II)

Percentage frequency of follicles

100

80

60 -

40 -

2 days p.p. 5 days p.p.

Left ovary B Right ovary

Fig. 12. Frequency of follicles over 10 mm of size in ova-
ries of 21 Finnhorse mares during the post partum period.

Left ovary
13

Right ovary
8

Fig. 13. Ovarian side of first ovulation after parturition in
21 Finnhorse mares.

Follicles over 10 mm in size were found more
frequently in left ovaries than in right ovaries
two and five days after parturition (Fig. 12).
The first post partum ovulation occurred in
the left ovary in 13/21 (62 %) of cases (Fig. 13).
In post partum mares the ovulatory ovary
was larger (p<0.01) than the non-ovulatory
ovary five days post partum (model 9, Fig. 14).
Five days post partum, the preovulatory fol-
licle was larger (p<0.01) than the largest folli-
cle of the other ovary (model 10, Fig. 15).

Ovarial size mm
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Fig. 14. Observations of ovarial size in Finnhorse mares

(N =18, 20 and 5 in examinations 2, 5 and 7 days after par-
turition, respectively).
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Fig. 15. Size of pre-ovulatory follicle and the largest folli-
cle in the nonovulatory ovary in 21 Finnhorse mares after
parturition.

During the week before the first post partum
ovulation the largest diameter of the preovula-
tory follicle increased from 26 mm to 42 mm.
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Fig. 16. Growth rate of the pre-ovulatory follicle during
foal heat in 20 Finnhorse mares.

The growth rate was therefore on average
2.7 mm a day during foal heat, N = 20 (Fig. 10).

4. Preovulatory follicle in other oestrous periods (IV)

The preovulatory follicle grew by 3 mm a day
from day 5 to day 2 before ovulation. After a
plateau it diminished in size by 2—3 mm be-
fore rupturing (Fig. 17). The preovulatory fol-
licle was greatest (43 £ 4 mm) 1—3 days before
ovulation. Ninety per cent of follicles achieved
a size of 40 mm.

Frequencies of ovulations in different six-
hour periods throughout the day did not dif-
fer statistically significantly from each other.
The frequency was highest in the evening (Fig.
18).

Ovulation other than foal heat ovulation oc-
curred in the left ovary in 62 % of cases (Fig.
19).

Follicles were usually round in shape but
some time before ovulation irregular shapes
were seen in 89 % of cycles. However, only
26 % of the follicles appeared irregular 0—6
hours before ovulation. Kidney-shaped follicles
with a depression in the centre were seen in
24 % of ovulations. A mature follicle was pal-
pated in over 95 % of mares during the last
24 hours before ovulation.
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Fig. 17. Growth rate of the pre-ovulatory follicle in 12 oes-
trous cycles of Finnhorse mares. In post partum mares foal

heat was not included.
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Fig. 18. Distribution of ovulations in 38 oestrous cycles
of Finnhorse mares. In post partum mares foal heat was not
included.

Left ovary
62%

Right ovary
38%

Fig. 19. Ovarian side of ovulations in 38 oestrus cycles of
Finnhorse mares. In post partum mares foal heat was not
included.

5. Serum oestrogen and progesterone concentrations before ovulation (IV)

Serum El concentrations peaked 1 to 2 days
before ovulation. However, peak concentra-
tions did not differ significantly from values on
other days (model 11, Fig. 20).

The first decrease in E1 level occurred most

commonly around ovulation (Fig. 21).

The concentration of serum progesterone de-
creased below the detection limit of the meth-
od 4.6 days (range 1 to 10 days) before ovula-
tion
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Fig. 20. Concentration of oestrone sulphate during 38 cases
of oestrus in Finnhorse mares. In post partum mares foal
heat was not included.
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Fig. 21. Day of decrease in serum oestrogen (E1) level dur-
ing 38 cases of oestrus in Finnhorse mares. In post partum
mares foal heat was not included.

6. Prediction of ovulation (IV)

Follicle size was the best criterion for predict-
ing the time of ovulation (Table 2). If insemi-
nation had been started when the diameter of
the largest follicle was 3.6 cm, no ovulation
would have been missed. If the decision had

been based on the first low value for progester-
one no ovulation would have been missed but
the mares would have had one insemination
more per oestrus.

Table 2. Comparison of different criteria for prediction of ovulation in mares (n = 35, double ovulations excluded)

Inseminations started
on the first day when

Number of inseminations
per ovulation when the

Percentage of ovulations
missed

last insemination was

carried out
Before Within 24 h When mated  When mated
ovulation  of ovulation before within 24 h
ovulation of ovulation
Diameter of largest follicle was >36 mm 1.9 0%
Diameter of largest follicle was >40 mm 1.5 9 %
Serum progesterone <1 nmol/l 2.9 0%
Serum oestrone sulphate had started
to decline during low progesterone phase 1.6 2.0 24 % 10 %

26



Per cent levels above 1 nmol/I
¢}

80

60 - — -

40— —

0 1 1 ) 1 1
0 10 20 30 40 50 60

Hours post ovulation

—— Serum —— Milk

Fig. 22. Cumulative percentage frequency of progesterone
levels above 1 nmol/l in 24 post partum Finnhorse mares.
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Fig. 23. Increase in serum and milk progesterone levels
in relation to levels 0..G hours of ovulation in 24 post par-
tum Finnhorse mares.

7. Progesterone after ovulation (V)

Statistically significant increases in progesterone
concentrations were measured for the first
time, on average, within 18 to 24 hours (range
6 to 54 hours) of ovulation in milk and within
12 to 18 hours (range 6 to 60 hours) in serum
(Fig. 22).

With the methods used in this study concen-
trations were consistently higher in serum than
in milk (Fig. 23). The correlation coefficient be-
tween serum and milk progesterone concentra-
tions was 0.7 (p<0.05).

8. Postovulatory breeding and early embryonic death (VI)

The conception rate was good up to 18 hours
after ovulation. Two mares out of five con-
ceived when inseminated 18 to 24 hours after
ovulation. Mares did not conceive in insemina-
tions more than 24 hours after ovulation.
Nearly half of the mares (13/28) which had
been examined once a day and bred within ¢

to 27 hours of ovulation conceived. However,
early embryonic death (EED) between days 16
to 25 resulted in a final conception rate of 29 %.
In the preovulatory control group, 15 out of
19 mares (79 %) conceived. No instances of
EED were observed (Tabte 3).
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Table 3. Pregnancy rates for mares.

Time of insemination Number of cycles Pregnancy Early
(hours after ovulation) resulting in rate at embryonic loss
pregnancy/numbers 16 days between days
inseminated (%)
16—21 21-25

Experiment 1

6—12 5/5 100 0
12—18 5/5 100 0

18—24 215 40 0
24—30 0/5 0 0
Experiment 2

0—27 13/28 46 4 1
Controls 15/19 79 0
(preovulatory insemination)

DISCUSSION

1. Materials and methods

1.1. Animals

In Finland there are currently some 15 000
Finnhorses, 15 000 warm-blood trotters (Amer-
ican standard-breds) and 6 000 warm-blood
saddle horses. There are 5000 ponies.*

The material which formed the subject of this
thesis consisted mainly of Finnhorses. The
horses in the ERS were previously almost ex-
clusively Finnhorses, however, the percentage
of warm-bloods is being increased to reflect
more closely the distribution of breeds in the
country. The low number of warm-blood
mares in the ERS made comparisons between
breeds difficult. In equine research it is always
difficult to include more than a few tens of
horses in any one study. On the other hand,
horses in the ERS with regard factors such as
age and use correspond well with the horse
population in Finland in general. T he ERS
breeds, trains and races horses.

4 Monthly Review of Agricultural Statistics. No 1. Na-
tional Board of Agriculture. Helsinki 1990.
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1.2. Examination methods

Reliable diagnosis of ovulation is of fundamen-
tal significance to studies of cyclicity and of de-
termination of times of ovulation in mares. Pos-
sibilities to distinguish between ‘anovulatory
and ovulatory mares on the basis of rectal pal-
pation varies from mare to mare. If a mare is
easy to examine, the increased tonus of the
uterus and cervix and the increased size of the
ovaries and possible follicles indicate cycling
or transitional phase from anovulatory season
to ovulatory season. Rectal palpation is relative-
ly laborious way of searching ovulatory mares
in Spring as compared to taking serum samples
for progesterone determination.

In a living animal, ultrasonography is the
most accurate method for following follicular
development and ovulation in ovaries (PALMER
& DRIANCOURT 1980). Ovulation was confirmed
by ultrasound scanning in all studies covered
by this thesis except those dealing with seaso-
nality in non-foaling and foaling mares.



Appearance of the first signs of oestrus does
not always coincide with the onset of the ovula-
tory season (BERLINER 1959). Nor it is possible
to determine accurately the day of first post par-
tum ovulation on the basis of external signs of
oestrus, because of the large variation in lengths
of foal heat (BELLING 1983). Progesterone
levels, which relate well to the follicular and
luteal phases of the ovarian cycle (PALMER and
JOUSSET 1975) were determined in the studies
covered by this thesis to investigate the onset
of cycling after winter anoestrus in non-foaling
mares and the time of first post partum ovula-
tion in foaling mares.

1.3. Frequency of examinations

Blood samples were collected once a week for
progesterone determination in the study of
onset of cycling after winter anoestrus. GIN-
THER (1979) averaged results in several pub-
lished reports and concluded that the average
length of the luteal phase in the mare is 14.9
days (SD 2.8 days). It is highly probable that
weekly progesterone sampling is frequent
enough to differentiate cycling from non-
cycling mares.

QUINLAN et al. (1951) has proposed that a
period of over 45 days without ovulation might
be termed an anovulatory period. In the studies
reported here the onset of the anovulatory sea-
son was not investigated but, since investiga-
tions began at the start of January each year and
cycling first began at the end of February, a dis-
tinct anovulatory period was evident in these
mares.

Milk samples for P4 determination were col-
lected three times a week in post partum mares
to ascertain the day of ovulation. Published
results usually relate to ovulation, not to ele-
vations in progesterone concentrations. Be-
cause there is a delay of some 24 hours result-
ing from thrice weekly sampling and another
delay of about 24 hours in the post ovulatory
increase in milk progesterone concentration,

ovulation was estimated to have taken place
two days before any increase detected in milk
progesterone concentration. Daily sampling
would probably have improved the accuracy
of the result.

Follicle development in post partum ovaries
was examined on the second and fifth days and
then every other day until ovulation. More ac-
curate results relating to follicle development
would have resulted from daily examination.
In the long-day-treated mares, daily rectal ex-
aminatjions were carried out during the study
relating to time of first post partum ovulation.

The animals were examined every six hours
in the studies relating to prediction of ovula-
tion, post ovulatory progesterone concentra-
tions and post ovulatory mating. Such frequent
examination is impractical for the clinician but
was needed in the study of post ovulatory
mating, in particular, to determine whether
once daily or more frequent diagnosis of ovu-
lation is needed to allow an acceptable concep-
tion rate to be achieved and in the other
studies, to allow accurate description of folli-
cle development and increases in progesterone
concentrations after ovulation.

1.4. Artificial illumination

Long-day treatment of 14.5 hours of light and
9.5 hours of darkness was the method chosen
for this study because it has been found highly
effective by other investigators (PALMER et al.
1982, SCRABA and GINTHER 1985).

1.5. Exclusion of foal heat data

Foal heats were not taken into account in
studies relating to the prediction of ovulation,
progesterone levels after ovulation and post
ovulatory breeding. KATILA et al. (1988) have
reported that the conception rate after foal-heat
mating may be slightly lower than that in rela-
tion to mating after subsequent heats in Finn-
horse mares in the ERS.
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2. Results

2.1. Onset of cycling

2.1.1. Non-foaling mares

Seasonality is important in relation to the
reproductive performance of mares. However,
current terminology is somewhat confusing. Al-
though the terms breeding season and anoes-
trous season are commonly used, ovulatory and
anovulatory seasons would be more precise
(GINTHER 1979).

On the basis of several published articles,
GINTHER (1979) concluded that most but not all
horse mares are anoestrous during Winter
months. KENNEY et al. (1975) concluded that
reproductive activity is minimal after the Win-
ter solstice and maximal just before the Sum-
mer solstice. These conclusions are supported
by our results, which showed that nearly one
mare in four is cycling in Finland throughout
year and that anovulatory mares start cycling
at the beginning of June at the latest. In addi-
tion to that the results reported here showed
that the cause for the later foaling in Finland,
as compared to other countries at smaller lati-
tudes, is the later start of ovulatory season in
Finland.

There is a2 marked difference between the
more primitive pony breeds and horse breeds.
PALMER reported, in 1978, that not one of
57 pony mares cycled continuously through-
out the Winter but 34 % of 24 French saddle
mares cycled throughout the Winter. In our
study, 40 % of Finnhorse mares in training cy-
cled during Winter. They therefore behaved
more like horse than pony mares. However,
anoestrous Finnhorse mares seemed to start cy-
cling later during Spring, and were significant-
ly less affected by long-day treatment during
the anovulatory season than our warm blood
mares.

It has been suggested that the age of a mare
influences its reproductive pattern, with
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reduced activity in older mares (WESSON and
GINTHER 1981). Although old Finnhorse mares
started cycling in the Spring later than young
mares, the difference was not statistically sig-
nificant. The number of old mares was not
great, however. Old mares were significantly
less affected by long-day treatment than three-
year-olds.

The effects of different levels of activity in
mares (exercise, rest) on onset of cycling after
the Winter anovulatory season have not been
widely reported in the literature. Other factors,
such as light and nutrition, may mask any
specific effects, e.g. of training. According to
BENGTSSON and KNUDSEN (1963) the frequency
with which mares in training exhibit inactive
ovaries is significantly higher if an unbalanced
oat diet is fed than if feeds are well balanced.

In the study reported here mares in training
were cycling significantly more often at the be-
ginning of the year and anovulatory mares in
training exhibited a significantly earlier onset
of cycling than mares not in training. These
differences could be explained by differences
in levels of nutrition and, more particularly, by
different levels of illumination between the
groups.

ScraBa and GINTHER (1985) found that light-
ing from midsummer to Winter resulted in
some pony mares cycling throughout the year.
Lighting in our training stable late in the even-
ings might have stimulated some mares to cy-
cle throughout the year.

It has been found that light treatment for 14.5
to 16 hours a day hastens the onset of cycling
after the Winter anovulatory season (PALMER et
al. 1982) and that it is effective even if not un-
dertaken every day (SCRABA and GINTHER
1985). Low intensity lighting (2 footcandles) has
also been claimed to be effective (LOoy 1968).
It is possible that the illumination in the train-
ing stables was sufficient to stimulate ovarian



activity in anovulatory mares with early onset
of cycling.

An adverse effect of previous foaling on the
yearly number of ovulations has been reported
by PALMER and DRIANCOURT (1983). In our
study the effect of previous lactation was stud-
jed in 5-year-old Finnhorse mares. A significant-
ly greater proportion of mares with foals at foot
(12/12) exhibited anovulatory periods than
maiden mares (12/19). Mares with foals were
also more resistant to long-day treatment, cy-
cling on average 10.8 weeks after the beginning
of the long-day treatment, as compared to 9.8
weeks in non-lactating mares. However the
difference is not statistically significant.

Similarity in yearly seasonal patterns was
reported by PALMER (1978), who found that
same mares had anovulatory periods from year
to year. Our results showed another similarity
in yearly seasonal patterns. Mares tended to be-
gin cycling about the same time every year.

2.1.2. Foaling mares

In the study reported here, results concerning
the time of first ovulation after parturition are
broadly similar to those reported by Loy (1980)
and BELLING (1984). A shift to shorter intervals
between parturition and first ovulation was evi-
dent as the season advanced. However, in the
study by Loy, the proportion of mares which
ovulated within fewer than 11 days post par-
tum was 64.8 % in April. About the same per-
centage, 68.7, was reached by our mares only
in June. In Finland, only foalings in June or later
are therefore suitable for the traditional foal
heat breeding, 8 or 9 days after parturition with-
out further monitoring of ovulation. KENNEY et
al. (1975) stated that short oestrous period was
a major sign of high fertility in mares. Our find-
ing of decreasing length of time from parturi-
tion to first ovulation as Spring proceeded was
analogous.

2.2. Artificial illumination

The onset of cycling occurred markedly earlier
in long-day-treated animals than in untreated
animals. All non-foaling, long-day-treated mares
cycled in mid-March rather than at the begin-
ning of June, as mares normally do under our
conditions. Long-day treatment therefore has-
tened the onset of cycling after the Winter
anovulatory season by over two months. This
finding is consistent with the advancements of
nearly three months in pony mares reported by
KoOOISTRA and GINTHER (1975), two and half
months in pony mares reported by SCRABA and
GINTHER (1985) and a few days over two
months in horse mares reported by PALMER
et al. (1982). The interval of 11 weeks from
starting light treatment to the beginning of cy-
cling corresponds to findings by others (OXEN-
DER et al. 1977, ALLEN 1985).

The small number of long-day-treated post
partum mares and the wide distribution of
foaling months makes statistical analysis of
results relating to any shortening effects of long-
day treatment and the natural increase in length
of day on time from parturition to first ovula-
tion pointless. However, all mares ovulated
within 18 days of parturition but the first mare
foaling in January ovulated within 32 days of
parturition.

The good conception rate of 86 % after long-
day treatment is in agreement with the findings
of van NIEKERK (1967), who concluded that the
fertility of an ovum is unaffected by the time
of year when ovulation occurs. The cause of
low conception rates in Winter without long-
day treatment is likely to be difficulty in diag-
nosing ovulation during long Winter oestrus.

It would seem that long-day treatment from
the beginning of December would be an effec-
tive way of starting the breeding season in Fin-
land as early as the beginning of February.
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2.3. Sizes of ovaries and follicles post partum

The difference between growth rates in relation
to early foalings (1.8 mm a day) and late foalings
(3.7 mm a day) indicates that follicles develop
slowly early in the season. This finding is in
agreement with those of GINTHER (1990), and
is worth remembering when predicting times
of ovulation on the basis of size of the preovula-
tory follicle. The interval from parturition to
first ovulation is presumably influenced by the
growth rate of the preovulatory follicle. In
Spring the slower follicular growth rate in-
creases the interval from parturition to first ovu-
lation.

Unlike GINTHER and PIERSON (1989), we
found no difference in the size of the preovula-
tory follicle just before ovulation as between
early and late season foalings. GINTHER and
PIERSON noted a small preovulatory follicle in
July. Only one of the mares in our studies
foaled after June.

The ovulatory ovary was significantly larger
than the other ovary 5 days post partum. This
was to be expected, because the preovulatory
follicle starts rapid growing usually 6 to 7 days
before ovulation (PIERSEN and GINTHER, 1987)
and on the other hand the first post partum
ovulation occurs 10 days after parturition (LOY
1980. According to ARTHUR (1966) the main
cause of variation in ovarian size is follicular
content.

The finding of greater frequency of ovulation
in the left ovary is in agreement with reports
by OSBORNE (1956) and BELLING (1984). We
also found a greater frequency of follicles over
10 mm in size two days post partum in the left
ovary.

The sizes of the preovulatory follicle shortly
before the first post partum ovulation (43 mm)
and three days before ovulation (37 mm) were
similar to sizes in other oestrous cycles in non-
foaling Finnhorse mares (43 mm and 36 mm),
respectively. This indicates that the same cri-
teria apply to both foaling and non-foaling
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mares as regards, e.g., deciding the time of
mating on the basis of diameter of the ovula-
tory follicle.

2.4. Preovulatory follicle in other oestrous
periods

The observed growth of the preovulatory fol-
licle by 2.7 mm a day during the week before
ovulation is in agreement with the findings of
PIERSON and GINTHER (1985), and PALMER
(1987). The change in the shape and the de-
crease in the size of the preovulatory follicle
close to ovulaton might have been caused by
pressure of the ultrasound probe on the soft fol-
licle. To avoid errors resulting from flattening
P1ERSON and GINTHER (1985) took the average
of the longest and widest dimensions of the fol-
licle.

2.5. Serum oestrogen before ovulation

It has repeatedly been suggested that the time
of ovulation could be predicted from the sig-
nificant decline of oestrogens which usually oc-
curs on the day preceding ovulation (HILLMAN
and Loy 1975, PALMER and JOUSSET 1975, PAL-
MER and TERQUI 1977, PALMER 1978, MAKAWITI
et al. 1983). In the method of FRANEK et al.
(1988) E1 can be determined in a short time.
Since this is advantageous in routine practice,
it was the method chosen for this study. Al-
though E1 levels were highest two days before
ovulation and on the day of ovulation, no sharp
El peak could be demonstrated using this
method.

2.6. Prediction of ovulation

There is widespred interest in possibilities for
predicting ovulation in mares. At the moment
the best criterion for predicting ovulation is fol-
licle size. The method is not, however, such as
to allow the number of inseminations to be
reduced to one per oestrous cycle, which



would be highly advantageous in many cases.
A quick and accurate method, based, for in-
stance, on serum oestrogen measurements,
which could reliably allow the day before
ovulation to be determined would be of great
benefit.

In this study a follicular diameter of 3.6 cm
was the critical limit for not missing ovulation.
Had there been a wait until follicles attained a
diameter of 4.0 cm, the average number of in-
seminations would have decreased from 1.9 to
1.5 but 9 % of the mares would have ovulated
without having been mated. Because of the
great variation among mares, no other method
accurately predicted impending ovulation. Fur-
ther studies are needed to allow a quick and
reliable method for predicting ovulation to be
developed.

2.7. Progesterone after ovulation

The results reported in this study support the
general view that progesterone levels increase
within 24—48 hours of ovulation (STABENFELDT
et al. 1972). The correlation coefficient of 0.7
(p<0.05) found by us between serum and milk
progesterone concentrations is consistent with
the correlation coefficient 0.7 (p <0.01) found
by HUNT et al. (1978). Either serum or milk can
therefore be used for progesterone determina-
tions in lactating mares. The advantage of mea-
suring milk progesterone is that milk is relative-
ly easy for owners to collect. The fat content
of mare’s milk sample is obviously not a cause
of any large variation in P4 concentrations be-
cause of the low fat content in mare’s milk in
general and because of the continuous suckling
of the foal, which causes no regular changes in
fat content as compared to great variation in fat
content in cow’s milk during first and last
phases of milking.

The accuracy of progesterone determination
was decreased, instead, by the relatively large
interassay variation. Concentrations just after

ovulation are some nano moles per litre but the
standard curves in P4 kits were best linear be-
tween 10 and 40 nmol/l.

Because the time from ovulation to the first
detectable rise in serum progesterone level
varied considerably among mares, the time of
ovulation could be estimated only to within
two days. Progesterone determinations seem to
be a fairly inaccurate way of timing ovulation.
They are primarily a useful adjunct to rectal ex-
amination in oestrus control in brood mares.
Weekly progesterone determinations can also
be used on their own to detect mares cycling
after the Winter anovulatory season, and to
differentiate follicular-phase mares from dioes-
trous mares.

2.8. Postovulatory breeding and early
embryonic death

Because the mares were examined at six-houtly
intervals, more accurate information on the via-
bility of ova after ovulation was obtainable than
previously published. The results of the study
of PALMER (1984) indicated that the conception
rate may start to decrease 12 hours after ovula-
tion. Our results showed that mating up to 18
hours after ovulation was successful. There-
after, the conception rate decreased rapidly.

BELLING (1984) achieved a first cycle preg-
nancy rate of 74 % with daily examination, and
insemination after ovulation had been detected.
ALLEN (1981) achieved a similar pregnancy rate
(76 %) using postovulatory natural covering.
Early embryonic death (EED) decreased the
16-day conception rate of 46 % in the mares,
which were examined daily in our study, to
only 29 % on pregnancy diagnosis 25 days af-
ter insemination.

There were no cases of EED in the mares
which were examined at six hourly intervals,
nor in the control mares which had been mated
before ovulation. MOBERG (1975) reported an
EED percentage of 16 in relation to 213 preg-
nancies after natural matings between 1965 and
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1974 at the ERS. Further investigations are
needed to show whether or not post ovulato-
ry breeding increases the frequency of EED.

Our results indicate that postovulatory in-
semination could be considered as a breeding
practice in mares. In published studies on post
ovulatory mating, the animals have been exam-
ined at intervals of 12 hours or more. In our
study examination of mares at six-hourly inter-
vals enabled us to determine how long an ovum
remained capable of fertilization. It was shown
that the viability of the ovum starts to decrease
18 hours after ovulation. ALLEN suggested, in
1981, that if mares are examined once a day
matings furthest from ovulation will be found
to be the least fertile. This suggestion is sup-
ported by the results reported in this thesis,
which indicate that twice-daily examination of
mares is desirable.

In conclusion, this thesis contains informa-
tion about reproduction in mares, mainly Finn-
horse mares but also mares of other horse
breeds, in Finland. Some differences between
Finnhorses and warm-bloods were evident but
in many cases the differences were not statisti-
cally significant. As so often in equine research,
numbers of animals were low. It would seem
that the reproductive patterns are basically simi-
lar everywhere: minimum ovarian activity just
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after the Winter solstice with maximum ovarian
activity starting just before the Summer solstice.

A new finding related to follicular develop-
ment early in the season was reported. In post
partum mares the preovulatory follicle grows
more slowly in the Spring than in the Summer.
This is of practical importance to clinicians try-
ing predict impending ovulation on the basis
of follicle size.

A system allowing relatively rapid progester-
one measurements was developed during the
study. Its main object was to allow clinicians
to distinguish between cycling and noncycling
mares. Our results show that reproductive pat-
terns in mares are not regular in Finland before
June. Sorting them by luteal activity saves the
clinician work. However, it was also shown that
long-day treatment from the beginning of De-
cember caused the mares to start their ovula-
tory season over two months earlier than usu-
al. The value of progesterone measurements
and the effect of long-day treatment need to be
effectively communicated to breeders in Fin-
land. Further studies should be carried out to
determine the critical intensity of the light used.
As timers are now available at low cost it would
be easy to arrange artificial illumination in or-
dinary stables for brood mares.



CONCLUSIONS

In the study reported here nearly one non-
foaling mare in four was cycling at the begin-
ning of year. All mares were cycling by the
Summer solstice. The results also indicate that
the late foaling in Finland is a result of late onset
of cycling.

Factors which delayed the onset of cycling
early in the season were type of use of the mare
and late onset of cycling in preceding years.

In post partum mares there was a shift to
shorter intervals from parturition to first ovu-
lation as the season progressed. Only foalings
in June or later are therefore appropriate to
traditional foal heat breeding 8 or 9 days after
parturition unless ovulation is monitored.

Artificial arrangements for there to be 14.5
hours of light and 9.5 hours of darkness a day
from the beginning of December would be an
effective way of starting the breeding season in

pregnant and nonpregnant mares in Finland as
early as the beginning of February.

In post partum mares the growth rate of the
preovulatory follicle during foal heat is faster
in foalings in Summer than in Spring.

In studies of the size, flaccidity and shape of
the preovulatory follicle and the use of
progesterone and oestrogen determinations,
the best criterion for the prediction of ovula-
tion was found to be follicle size.

Progesterone determinations are a fairly in-
accurate way of timing ovulation but can be
used to select cycling mares after the winter
anovulatory season and to differentiate fol-
licular phase mares from dioestrous mares.

Postovulatory insemination can be success-
ful with twice daily examination of mares but
whether or not once daily examination is suffi-
ciently frequent remains to be investigated.
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SELOSTUS

Tammojen lisddntymistoiminnot Suomessa.
Tutkimus vuodenaikojen vaikutuksesta, ovulaatiosta ja siemennyksestd munarakkulan
puhkeamisen jilkeen.

ERKKI KOSKINEN

Maatalouden tutkimuskeskus

Tutkimukseen kiytettiin 186 tammaa Maatalouden tut-
kimuskeskuksen hevostalouden tutkimusasemalla ja kuudel-
la ravitallilla Eteld-Suomessa vuosina 1985—1989. Tarkoi-
tus oli selvittii tammojen lisidntymisfysiologiaa suomalaisis-
sa olosuhteissa. -

Kiimakiertojen alkamista keviilld tutkittiin progeste-
ronimidritysten avulla seki luonnollisessa valossa olleilla
ettd lisityssd valossa olleilla tammoilla. Munasarjojen muu-
toksia varsomisen jilkeen ja ennen ovulaatiota seurattiin
perisuolen kautta tunnustelemalla ja ultra-dinilaitteella.
Ovulaation jilkeen siementimisen onnistumista tutkittiin
siementimalld tammoja kuuden tunnin vilein munarakku-
lan puhkeamisen jilkeen.

Yhdelli tammalla neljisti oli kiimakiertoja tammikuus-
sa, sen sijaan kaikki tammat sykloivat yleensi kesikuun alus-
sa. Tammojen varsominen myohiin johtuu Suomessa siis
kiimakiertojen mydhdisestd alkamisesta suomalaisissa
olosuhteissa.

Varsallisilla tammoilla aikavili varsomisesta ensimmaiseen
ovulaatioon lyheni kesdd kohti. Vain toukokuun jilkeen
tapahtuvissa varsomisissa varsakiima oli niin sdannollisesti
8—9 piivid varsomisen jilkeen, ettd tiineyttiminen olisi
voitu suorittaa viikon kuluttua varsomisesta ilman tarkem-

paa ovulaation kontrollia.

Valojen pitiminen piilli tallissa 14.5 tuntia péivassd
joulukuun alusta lihtien aloitti tehokkaasti tammojen kii-
makierrot maaliskuun alkuun mennessi. Valohoidon avul-
la voitaisiin siitoskausi aloittaa Suomessa sekd varsallisilla
etti varsattomilla tammoilla helmikuun puolenvilin jilkeen.

Varsallisilla tammoilla ensimmiinen varsomisen jilkeinen
munarakkula kasvoi nopeammin kesilld kuin kevadlld. Talld
olisi merkitystd ovulaation kontrollissa, koska munarakkulan
koko osoittautui parhaaksi mittariksi ennustettaessa ovulaa-
tion ajankohtaa.

Progesteronimiiritykselld voitiin tehokkaasti erottaa syk-
loivat tammat talvisessa seksuaalilevossa olleista tammois-
ta seki keltarauhasvaiheessa olevat tammat follikulaarivai-
heessa olevista tammoista.

Siementimilld vasta ovulaation jilkeen viheni siemen-
nyskertojen maird kiimaa kohti yhdeksi. T iinehtyminen
siilyi hyvind 18 tuntiin saakka ovulaation jilkeen. Voitiin
padtelld, ettd ovulaatiota tulisi seurata vihintdan kaksi ker-
taa piivissi hyvin tiinehtymistuloksen varmistamiseksi.
Tulevaisuudessa tulisi tutkia, onko kerran paivissi tapahtuva
ovulaatiokontrolli riittdvin usein. Talld olisi merkittdvi
kustannuksia alentava vaikutus.
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PROLACTIN IN FINNISH DAIRY CATTLE. 1

Long-term and daily variations of blood prolactin in heifers and lactating cows
and effect of TRH-injection on prolactin and thyroid hormone levels

VappPU KOSSILA, RITVA MAKELA-KURTTO and ANU OSVA

KOSSILA, V., MAKELA-KURTTO, R. & Osva, A. 1991. Prolactin in Finnish dairy cattle.
1. Long-term and daily variations of blood prolactin in heifers and lactating cows
and effect of TRH injection on prolactin and thyroid hormone levels. Ann. Agric.
Fenn. 30: 41—55. (Agric. Res. Centre of Finland, Inst. Anim. Prod., 31600 Jokioi-
nen, Finland.)

Long-term and daily variations in blood prolactin level as well as prolactin, T3 and
T4 responses to TRH injection were investigated in heifer triplets and identical heifer
twins (long-term variation & TRH response) and in two unrelated cows (daily varia-
tion & TRH response). Radioimmunoassay (RIA) method was used for the hormone
analyses.

The circulating basal PRL level varied between 4—20 ng/ml, and the differences
between animals were statistically significant. During the long-term follow up of the
heifer triplets and the twins, prolactin level varied with the physiological state of
the animals, eg. age, puberty, stage of gestation and stage of lactation. The identical
twins responded in a similar pattern and so did two of the triplets. One of the triplets
showed greater fluctuation.

Diurnal rhythmic variation was observed in prolactin levels, the lowest values were
found in the morning. The most stable PRL values were measured between 8—10
a.m. and 2—3 p.m. Milking increased prolactin levels 2—9 fold the basal level.

TRH injection (1 pg/kg live weight) increased plasma prolactin to the level of
38—345 ng/ml, which was 6—38 fold the animals’ basal level. The two non preg-
nant cows in late lactation had the most marked increases. The twins responded
similarly to each other and so did triplets (P <0.005). The TRH injection also increased
the level of circulating thyroid hormones.

The PRL content of milk was about 27 % of that in blood. TRH response was
observable in the milk of the subsequent milking, but not in urine.

Index words: heifers, lactating cows, twins, triplets, prolactin, thyroid hormones,
blood, variation, TRH response.

INTRODUCTION

Background 1970—1975, a radioimmunoassay (RIA) meth-
In 1970, prolactin (PRL) studies in bovine were  od was developed for bovine blood prolactin
introduced as the Finnish part of an inter-Scan-  and during the subsequent inter-Scandinavian
dinavian hormone project (NKJ-22). During hormone project (1975—1979, NKJ-34), the
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method was expanded to apply to bovine milk,
urine and semen as well.

The main emphasis was on research in the
following areas: 1) basic variation in blood, milk
and urine prolactin levels in heifers and cows,
2) associations between blood PRL levels and
blood enzyme and mineral levels in lactating
cows, 3) blood PRL levels in A.I. bulls and as-
sociation with male fertility, 4) blood PRL levels
in A.I. bulls and association with blood min-
erals, trace elements and enzymes, 5) heritabil-
ity of blood PRL level and correlation with milk
production characteristics or other important
traits.

With the exception of the RIA method de-
veloped, the results have not been systemati-
cally published. In this article the most impor-
tant results on the first group of experiments
are reported.

Prolactin and lactation

Prolactin is secreted by acidophilic cells (mam-
motrophs) of the anterior pituitary. In rumi-
nants, prolactin is the predominant hormone
in the adult anterior pituitary, contrary to most
mammalian species in which the growth hor-
mone is a predominant hormone both in the
fetal and adult pituitary (NILSON et al. 1983).
Prolactin has been detected inside the mam-
mary cells accumulated in the rough endoplas-
mic reticulum, Golgi apparatus and secretory
vesicle (MALVEN and KEENAN 1983).

It has been well demonstrated that PRL plays
an important role in lactogenesis (TUCKER
1981). During lactation, prolactin is essential for
casein gene expression in the bovine mammary
gland (CHOI et al. 1988, TUCKER 1981). Re-
search results also indicate that prolactin is im-
portant in gut absorption and bone mobiliza-
tion of some minerals including calcium (BAU-
MAN and McCUTCHEON 1985), and possibly in
lipid metabolism (BAUMAN and CURRIE 1980). It
has been argued that PRL together with the
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growth hormone, participates in nutrient par-
titioning between mammary gland, growth and
body reserves. However, for PRL, the evidence
for such a role is insufficient (BAUMAN and
McCUTCHEON 1985).

Prolactin concentrations in blood are posi-
tively correlated with milk yield although the
coefficients are low (KOPROWSKI and TUKGCER
1973). The same authors found a higher corre-
lation between milk yield and milking-stimu-
lated release of PRL. Selection for high milk
yield also has failed to change the basal PRL
level in blood (KAZMER et al. 1986, BONCZEK et
al. 1988).

Variation in blood PRL levels

Individual animals seem to have their own basal
blood PRL level, varying between 5 and 30 ng/
ml in heifers and cows. Diurnal rhythm of the
animals, milking, feeding and ambient temper-
ature are among the factors causing variation
in PRL levels (SCHAMS 1974, MOLLET and MAL-
VEN 1982). Increases are quick and of short
duration. In addition, blood PRL level varies
by season, stage of lactation and parturition
(SCHAMS 1974, AKASHA et al. 1987, CHEW et al.
1979).

The repeatability of basal male PRL level in
a single blood sample has been reported to be
very low (b= 0.13) (TUCKER et al. 1973). Higher
estimates have been calculated for TRH induced
release of PRL in prepubertal heifers (b = 0.61)
(VINEs et al. 1976). In this experiment, the
repeatability of basal PRL level was 0.27. Esti-
mates for heritability have been close to zero
(TUCKER et al. 1973), which rather reflects the
unknown nature of the variation in blood PRL
levels than the genetic control of circulating
PRL.

Objectives of the research

The extreme climatic and daylength conditions
in Finland probably affect the endocrine status



of cattle. The objectives of the present research
were to obtain basic information on daily and
long-term variation in blood PRL levels. Prolac-
tin levels in milk and urine were studied as well
as PRL, T3 and T4 response to a thyrotropin-
releasing hormone (TRH) injection. TRH is

known to release PRL and other hormones.
Triplets and identical twins were. used to in-
crease the reliability of results and to give an
idea of the variations in blood PRL levels when
genotypes and/or a considerable part of the en-
vironment are the same.

MATERIAL AND METHODS

Analytical methods and samples

A radioimmunoassay method for bovine
prolactin determinations developed by MAKE-
LA and KossiLA (1976) was used for the PRL
analyses. The dilution curves of the blood and
milk samples were parallel to the standard
curve. The dilution curve of the urine samples
was not completely parallel to the standard
curve. The recoveries of the bovine prolactin
added into blood, milk and urine were 90, 110
and 50 %, respectively. Synthetic TRH (Thyre-
fact, Hoechst AG) did not cross-react with the
antibodies against bovine prolactin. Sensitivi-
ty of the method was 0.1 ng/ml. Within the se-
ries of samples analyzed at one time the coeffi-
cient of variation was 8 % and between the se-
ries 14 %.

Thyroxine (T4) and triiodothyronine (T3)
analyses were carried out at the Laboratory of
Minerva Foundation by the RIA method.

The experimental animals were fitted with an
indwelling catheter in the vena jugularis. A
catheter was used for hourly or more frequent
blood sampling. Less frequent samples were
taken with a needle. Serum or heparinized plas-
ma was employed for the prolactin determina-
tions.

The cows were machine-milked. Milking was
between 7 and 8 a.m., as well as 2 and 3 p.m.
Whole milk from each milking was used for the
analyses.

Urine was collected totally and weighed
twice a day: between 7 and 8 a.m., as well as

3 and 4 p.m. It was centrifuged before the anal-
ysis.

Identity of genotypes was tested at the Blood
Laboratory of the Central Association for the
A.L Centres in Finland.

Experiments

Long-term variation. Prolactin levels in the
blood serum of triplet heifer calves and identi-
cal twin heifers were followed up 18 months
for the twins and 8 months for the triplets. One
blood sample per animal was taken once a
month between 9 a.m and 10 a.m. At the be-
ginning of the PRL control period, the twins
were 12 months and the triplets 4-months-old.
The animals were housed indoors year round
and had individual feeding. The animal breeds,
feeds, and information on lactational perform-
ance are given in Table 1.

Daily variation. Daily variation in blood
prolactin concentration was studied in two
genetically unrelated, non-pregnant cows in the
late stage of lactation. The cows used were
named Appeli and Sipuli. Breed, age, lactational
performance and information on feeding are
shown in Table 1. The daily variations in blood,
milk and urine prolactin levels were monitored
for seven succesive days. Blood samples were
collected daily between 8 a.m. and 3 p.m.. The
interval of blood sampling was one hour.

The response of blood PRL to milking was
studied on the cows Appeli and Sipuli. The
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Table 1. Experimental animals.

IDENTICAL TWINS: ELSA HELKA
Breed Ayrshire Ayrshire
Born May 1975 May 1975
First parturition July 6, 1977 June 25, 1977
Sex of the calf male (35.5 kg) female (37 kg)
Weight loss after calving 70 kg 84 kg
Live weight before calving 460 kg 474 kg
Total milk yield
FCM 4 %, 28 weeks 1903 kg 1813 kg
fat 5.17 % 5.22 %
protein 427 % 4.29 %
lactose 4.77 % 4.91 %
Length of lactation 329 days 294 days
Feeding According to the production level:

hay, barley, concentrate
(protected prot.)

hay, barley, concentrate
(non-protected prot.)

Second parturition July 12, 1978 July 4, 1978
Sex of the calf male (37 kg) male (39 kg)
Live weight before calving 484 kg 498 kg
Weight loss after calving 78 kg 73 kg
Peak yield after parturition (FCM 4 %) 14.3 kg 14.5 kg
Days from the parturition to the peak yield 28 15
Total milk yield
FCM 4 %, 28 wecks 1723 kg 2028 kg
fat 5.12 % 5.08 %
protein 4.17 % 4.24 %
lactose 4.74 % 4.86 %
Feeding According to the production level:
hay, barley, concentrate hay, barley, concentrate
(protein non-protected) (protein protected)
TRIPLETS: TIUKU TAHTI TIMANTTI
Breed Finncattle-Friesian crosses
Born February 1977
First parturition Feb. 21, 1979 Jan. 27, 1979 Jan. 18, 1979
Length of gestation 270 days 277 days 269 days
Sex of the calf female (34 kg) male (41 kg) female (20 kg)
male (24 kg)
Live weight before calving 533 kg 519 kg 507 kg
Weight loss after calving 95 kg 82 kg 77 kg
Total milk yield
FCM 4 %, 28 weeks 3025 kg 3 164 kg 2 809 kg
fat 3.90 % 3.46 % 3.50 %
protein 3.29 % 3.36 % 3.20 %
lactose 4.98 % 4.90 % 491 %
Feeding According to the production level:
straw, barley, straw, barley, straw, barley,
molasses, urea concentrate concentrate
(protected prot.) (non-protected prot.)
TWO COWS: APPELI SIPULL
Breed Ayrshire Ayrshire
Born Feb. 16, 1974 April 20, 1969
Age at the time of PRL experiments in Aug. 1977 2 years 6 months 8 years 4 months
Number of calvings 2
Last calving March 21, 1977 March 27, 1977
Live weight 503 kg 456 kg
Month of lactation 9 9
Daily milk yield 11.6 kg 15.3 kg

Feeding

According to the production level:

hay, concentrates




blood samples were taken 0, 1, 4, 6, 8, 10, 12,
17, 22, 32 and 62 minutes from the onset of
milking. This experiment was carried out three
days after the seven-day test period described
above.

The experiments were performed in August.
At that time the daylength was about 15 hours.
The average amount of sunshine per day was
7 hours, and the temperature in the cowshed
varied between 9 °C (morning) and 20 °C (af-
ternoon).

Response to TRH stimulation. The TRH
stimulation experiment with the cows Appeli
and Sipuli was carried out on the day after the
daily variation experiment had ended. A sepa-
rate experiment for the twins and triplets was
conducted in August of the following year.

Prolactin response to TRH stimulation was

studied by injecting about 1 ug of the TRH/kg
live weight into the vena jugularis. From 2 to
4 blood samples were taken before the TRH in-
jection. After TRH injection the samples were
taken first at intervals of 10 minutes, then every
20 minutes, every 30 minutes, and finally once
an hour. The total number of samples per ani-
mal was 17 or 18. T3 and T4 levels were deter-
mined in 8 or 9 samples. For the order and
number of samples see Figs. 5, 6 and 7.
During the TRH stimulation experiment the
triplets were pregnant (1st pregnancy, 3rd or
4th month of pregnancy), the twins were in the
6th and 7th lactation week (first lactation, not
pregnant) and the cows Appeli and Sipuli were
in the 9th month of their 3rd and 7th lactation
(not pregnant), correspondingly. For further in-
formation on the animals see Table 1.

RESULTS

Long-term variation
The long-term variations of blood PRL level in
twins and triplets are presented in Figs. 1 and 2.

80 +
—+ Elsa
70T | e Helka
60 +
50 + 1st G
PRL
ng/mi 40 A

30

20 -

10 4

Prolactin levels of the triplet calves decreased
from the average level of 20 ng/ml to that of
5—7 ng/ml at the age of 4 to 10 months. In pu-

st P} Pnd O] t

VoA

20

22 24

Age in months

Fig. 1. Long-term variations of prolactin (PRL) in the blood serum of identical heifer twins (Elsa and Helka).

G = gestation, P = parturition.
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Fig. 2. Long-term variations of prolactin (PRL) in the blood serum of heifer triplets (Téhti, Timantti

and Tiuku).

berty the PRL levels increased, and especially
one animal (Tiuku) showed large fluctuation.

Highly correlated values in blood PRL levels
were found between the twins. Simple corre-
lation between the observed PRL levels was
0.82 (last two observations excluded) with a
68 % confidence interval of 0.48—0.94 (boot-
strap approach, ref. DIACONIS and EFRON 1983).
At about mid-pregnancy, a peak was observed
in the prolactin levels of both animals. Blood
samples were not collected in the parturition
context. Observed prolactin values in blood se-
rum were still high six (Helka) and five (Elsa)
weeks postpartum.

Seasonal variation in blood PRL levels of
twins and triplets could not be detected.
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Daily variation

The daily variation in the blood PRL levels of
the cows Appeli and Sipuli is presented in
Fig. 3. The means, standard deviations and
coefficients of variation in prolactin levels in
blood, milk and urine of both cows are pre-
sented in Table 2.

Diurnal rhythmic variation was observed in
the prolactin levels of lactating cows. Prolac-
tin levels in the blood were generally low in the
morning and gradually rose towards the after-
noon (P <0.025).

Prolactin response to milking seemed to be
more significant in the evening than in the
morning, although the cow Sipuli was more ir-
regular compared to the cow Appeli (Fig. 4).
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Fig. 3. Daily variations of prolactin (PRL) in the blood plasma of two non-pregnant cows (Appeli and Sipuli)
in late lactation. F =feeding, M = milking.

The mean prolactin levels in morning and more prolactin than morning milk (P <0.005).
evening milk of cows Appeli and Sipuli are The diurnal rhythm observed in milk agreed
presented in Table 2. Evening milk contained with the diurnal rhythm noted in blood. Total
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Fig. 4. Prolactin (PRL) responses to milking (in the morning =a.m., in the afternoon = p.m.) in blood
plasma of two non-pregnant cows (Appeli: whose milk yield 8.5 kg a.m. and 3.2 kg p.m. and Sipuli:
whose milk yield 11 kg a.m. and 4.5 kg p.m.) in the late stage (9th month) of lactation.

daily excretion of prolactin in milk was 45.0 Prolactin or immunologically prolactin-like-
(Appeli) and 76.4 pg (Sipuli). Within each ani- activity was found in urine (Table 2). In both
mal, the correlation between blood PRL level cows, the daily excretion of prolactin in urine
and level in milk was not significant and was was about 15 pg.

close to zero.
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Table 2. Daily variations of prolactin (PRL) level (ng/ml) in blood plasma, milk and urine of two cows (Appeli and Sipu-
1i). n=number of succesive days, X=mean, s =standard deviation, V% = coefficient of variation.

Appeli Sipuli
n X s V% n X S V%
ng/ml ng/ml ng/ml ng/ml

MILK
morning 6 3.3 0.8 24.2 6 4.2 1.4 33.3
evening 7 4.7 1.3 27.7 7 7.2 1.1 15.3
URINE
morning 6 1.2 0.2 16.4 1.2 0.1 8.3
evening 7 1.3 0.2 15.4 7 1.2 0.3 25.0
BLOOD
8 a.m. 7 22.7 6.3 27.8 7 14.7 2.4 16.3
9 a.m. 7 6.4 2.4 37.5 7 17.5 6.3 36.0
10 a.m. 7 7.1 7.4 104.2 7 21.0 7.3 34.8
11 a.m. 7 22.4 20.3 90.6 7 24.8 16.6 68.3
12 7 14.7 6.5 44.2 7 24.3 9.8 40.3
1 p.m. 7 18.7 15.1 80.7 7 28.0 10.9 38.9
2 p.m. 7 11.9 5.6 47.1 7 29.5 8.0 27.1
3 p.m. 7 20.9 24.0 114.8 7 22.6 3.2 14.2
Daily* averages 7 14.5 4.9 33.8 7 22.8 3.1 13.6
OVERALL MEAN
IN BLOOD 56 14.5 13.9 93.8 56 22.7 9.7 42.7

* 8 samples per day

TRH response

After administration of TRH, blood prolactin
levels increased in each animal studied (Figs. 5,
6 and 7). Differences between animals in PRL
levels before and after the TRH injection were
statistically significant (P<0.005). The levels
were maximal 20 minutes after the TRH injec-
tion.

TRH increased prolactin levels most marked-
ly (to 345 and 176 ng/ml) in the two non preg-
nant cows in late lactation. Differences in basal
PRL level between the animals were statistical-
ly significant (P <0.05), but not under the in-
fluence of TRH (P> 0.05). The cow Appeli, with
the higher PRL level in the milking context, had
a higher PRL level also after TRH stimulation
compared to the cow Sipuli.

Both the twins compared to each other and
the triplets compared to each other responded

equally to the TRH injection (P<0.005). In
comparison with the twins, the triplets released
more PRL in total due to a longer period of in-
creased release (Figures 6 and 7).

The effect of TRH-injection on milk prolac-
tin was studied in two non-pregnant cows in
late lactation. TRH increased prolactin in milk
to the levels of 16.8 and 14.0 ng/ml, which are
3.6 and 1.9 folds the daily averages in evening
milk during the preceeding 7 days. Prolactin
responses to TRH, were clearly slighter in milk
than in blood. The cow with greater response
in blood had a greater response also in milk.

TRH administration did not increase prolac-
tin levels in urine in the two cows studied.

T3 and T4 levels in blood plasma before and
after the TRH injection are presented in Figs.
5, 6 and 7. T3 and T4 levels after TRH injec-
tion differed markedly from the levels mea-
sured before treatment (P <0.005).
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Fig. 5. Prolactin (PRL), thyroxine (T4) and triiodothyronine (T3) responses
to thyrotropin releasing hormone (TRH) injection (1 ng/kg live weight,
at 9.30 a.m.) in the blood plasma of two cows (Appeli and Sipuli).
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Fig. 6. Prolactin (PRL), thyroxine (T4) and triiodothyronine (T3) responses
to thyrotropin releasing hormone (TRH) injection (1 pg/kg live weight,
at 9.30 a.m.) in the blood plasma of identical twins (Helka and Elsa).
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DISCUSSION AND CONCLUSIONS

1. The long term follow up of the triplets, and
especially the twins, shows that the circulating
level of PRL varies with the physiological state
of the animals and that identical genotypes in
the same physiological states and environmen-
tal conditions respond in a very similar pattern.

2. The within-day profiles of blood PRL level
elucidate the effect of milking and feeding. PRL
levels are lowest in the morning and increase
towards the afternoon. The results agree with
the results of SCHAMS (1974) and MOLLETT and
MALVEN (1982). MOLLETT and MALVEN observed
the 24 h rhythm in circulating PRL levels and
found that the level was the lowest between
6.00 am. and 9.00 am. In relation to blood PRL
levels, the milk PRL levels in this study were
low compared to the results published by BECK
et al. (1978).

3. PRL response to TRH administration in
this study agrees with the results obtained by
other authors (ScHaMs 1974, CONVEY et al.
1973, BECK et al. 1979). BEck et al. (1979)
found that PRL release after TRH injection is
greater in early than in late lactation. The pres-
ent material is too limited for this type of study.
The result that identical genotypes responded
very similarly is interesting, although not suffi-
cient for any further conclusions.

In general, the effect of TRH injection on thy-
roid hormone levels in the present study is very
similar to the result achieved with heifers by
TVEIT et al. (1990 a). Probably the increase in
T3 and T4 levels was not entirely caused by the
TRH injection, as T3 and T4 levels tend to in-
crease towards the afternoon. This was shown
in non-lact:iting, pregnant heifers (BITMAN et al.
1984). Basal T3 and T4 levels as well as TRH
response vary according to the physiological
state of the animal. Lower basal levels have
been measured in late compared to early and
mid-lactation (AKASHA et al. 1987). In heifers
thyroid hormone levels decrease after parturi-
tion, and especially T4 response to TRH ad-
ministration is lower near parturition (TVEIT et
al. 1990 b). The low T4 response of identical
heifer twins 5—6 weeks after first parturition
is in agreement with this finding.
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SELOSTUS

Prolaktiini Suomen nautakarjassa. 1

Hiehojen ja lypsylehmien veren prolaktiinipitoisuuksien pitkiaikainen ja piivittiinen vaihtelu
sekid TRH lisdiyksen vaikutukset veren prolaktiinin ja kilpirauhashormonien tasoihin

VAPPU KOSSILA, RITVA MAKELA-KURTTO ja ANU OSVA

Maatalouden tutkimuskeskus

Veren prolaktiinitason pitkiaikaista ja paivittdistd vaihtelua
sekid TRH-injektion vaikutusta prolaktiinin ja kilpirauhas-
hormonien (T3 ja T4) erittymiseen tutkittiin identtisilld hie-
hokaksosilla, hiehokolmosilla (pitkdaikainen vaihtelu ja
TRH-vaste) ja kahdella lehmilli (piivittdinen vaihtelu ja
TRH-vaste). Koe-eldimii oli yhtensi seitsemin. Hormoni-
analyysit suoritettiin radioimmunologista menetelmii (RIA)
kiyttien.

Prolaktiinin perustaso koe-eliinten veren seerumissa ja/tai
plasmassa vaihteli 4—20 ng/ml. Kolmosvasikoiden (hiehoja)
ja identtisten hiehokaksosten pitkiaikaisessa seurannassa ve-
ren prolaktiinitaso vaihteli eldinten fysiologisen tilan mu-
kaan. Naitd tekijoitd olivat ikd, sukukypsyyden saavuttami-
nen seki tiineyden ja laktaation vaihe. Prolaktiinitason vaih-
telu geneettisesti identtisilld kaksosilla oli samankaltaista.
Kolmosista kahden prolaktiiniarvot korreloivat keskeniin,
mutta kolmannen arvot olivat episdinnollisii.

Prolaktiinitason vaihtelussa todettiin piivirytmi siten, ettd
aamulla taso oli alhaisimmillaan kohoten iltapiivid kohden.
Prolaktiinitaso vaihteli samalla eldimelld vihiten klo 8—10
ja klo 14—15 otetuissa niytteissd. Lypsy kohotti veren pro-
laktiinipitoisuudet 2—9 kertaisiksi perustasoon verrattuna.
TRH-injektion (1pg/elopaino kg) jilkeen plasman prolak-
tiinitaso vaihteli maksimissaan 38—345 ng/ml. Nousu oli
6—38 kertainen perustasoon nihden. Kahden, ei-tiineen,
myohiisessi laktaation vaiheessa olevan lehmin arvot ko-
hosivat eniten. Kaksoset keskendin ja kolmoset keskeniin
reagoivat TRH-injektioon samalla tavoin (P <0.005). TRH-
injektio nosti myos veren kilpirauhashormonien tasoa.

Maidon prolaktiinitaso oli noin 27 % veren tasosta. TRH-
injektion prolaktiinin eritysti stimuloiva vaikutus nikyi in-
jektiota seuranneen lypsykerran maidon prolaktiinipitoisuu-
den lievidnid nousuna. Virtsan prolaktiinipitoisuus oli hyvin
alhainen, eiki TRH-vastetta voitu havaita.
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Prolactin (PRL), triiodothyronine (T3) and thyroxine (T4) responses to an intravenous
administration of thyrotropin releasing hormone (TRH) was investigated in Finnish
dairy cattle in an one-day experiment. The seven animals studied were heifer triplets,
identical cow twins and two single cows (not related). The number of blood sam-
ples collected per animal during the experiment was 17—18. PRL as well as T3 and
T4 were determined radioimmunologically. In addition, blood enzymes (ALP, AST,
ALT, CPK, GGT and LDH) and blood minerals (Ca, P and Mg) as well as some other
blood parameters (cholesterol, creatinine, total protein and albumin) were analyzed.

The TRH injection (1 pg/kg live weight) clearly increased plasma prolactin to the
level of 38—345 ng/ml, which was 6—38 folds the animals’ basal level. The TRH
injection slightly increased the levels of plasma thyroid hormones (T3 and T4), too,
but it had no effect on blood enzymes, minerals or other blood parameters. The
data, although limited, suggest that high basal PRL levels may be associated with
low CPK values. In addition, high ALP and low AST values seemed to be connected
with high T3 levels and high ALP, low AST, high creatinine and low total protein
levels with high T4 levels.

Index words: heifers, lactating cows, prolactin, thyroid hormones, TRH response,
minerals, enzymes, cholesterol, creatinine, total protein, albumin.

INTRODUCTION

The thyrotropin releasing hormone (TRH)
releases the thyroid stimulating hormone (T'SH)
from the adenohypophysis into the blood cir-
culation. TSH, in tern, stimulates the thyroid
to secrete the thyroid hormones thyroxine (T4)
and triiodothyronine (T3). These hormones
mainly regulate the rate of basal metabolism in
the body. In addition, TRH is involved in PRL

release from the adenohypophysis into the
blood.

The purpose of this investigation was to
study simultaneous effects of TRH administra-
tion not only on the hormones, but also on the
enzymes, minerals and some other blood
parameters in Finnish dairy cattle.
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MATERIAL AND METHODS

The TRH stimulation test was performed on
seven animals: identical cow twins (Ayrshire),
heifer triplets (Finncattle-Friesian crosses) and
two single cows (Ayrshire). The twins (Elsa and
Helka), were in early lactation. The triplets
(Tédhti, Timantti and Tiuku), were in their first
pregnancy and the two single cows (Appeli and
Sipuli) were non pregnant and in the late stage
of lactation (9th month).

The TRH stimulation test was carried out by
injecting 1 pg of synthetic TRH (Thyrefact,
Hoechst AG)/kg live weight into the vena
jugularis. All blood samples were taken via cath-
eter from the vena jugularis. Two to four blood
samples were obtained from each animal before
the TRH injection. After the TRH injection,
samples were collected first at 10 min intervals,
then at 20 min, 30 min, and finally at one hour
intervals. The total number of samples per ani-
mal was 18 for the triplets and twins, as well
as 17 for the two single cows. T3 and T4 levels
were determined from the samples taken be-
fore the TRH injection and after the injection
at one hour intervals.

PRL was determined from heparinized blood
plasma by a radioimmunoassay (RIA) method
developed by MAKELA and KossiLA (1976). T3
and T4 analyses were carried out also by RIA
at the Laboratory of Minerva Foundation. Blood
enzymes, minerals and other blood parameters
were analyzed by the standard methods.

Enzyme activities determined in blood were:

ALP (alkaline phosphatase): found particularly
in bone (osteoplasts), the liver and intestinal
wall.

AST (aspartateaminotransferase): found partic-
ularly in skeletal muscle, cardiac muscle, the liv-
er and erythrocytes.
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ALT (alanineaminotransferase): muscle enzyme
in large animals.

CPK (creatinephosphokinase): involved in high
energy metabolism. A slightly raised CPK activi-
ty is typical of hypothyroidism as CPK catab-
olism is apparently promoted by thyroxine.

GGT (gamma-glutamyltranspeptidase): found
especially in the liver and the kidneys and is
used to examine liver conditions.

LDH (lactatedehydrogenase): a large number of
isoenzymes. LDH(1) is associated with cardiac
muscle, the kidneys and erythrocytes and
LDH(5) with the liver. Other isoenzymes are as-
sociated with skeletal muscle and the lungs.

The blood minerals analyzed in this investi-
gation were: calcium (Ca), phosphorus (P) and
magnesium (Mg). Other blood parameters stud-
ied were: cholesterol, creatinine, albumin and
total protein.

The variance analyses were carried out using
methods suitable for the data with unequal sub-
class numbers. To describe the data the follow-
ing model was used:

Yj=n+a+ bj + €
where, Y, = the ijk’th observation
u =LS-mean
a; =effect of the i'th animal (i=1..7)
b; =effect of j’th time class (j=1.. .3,
1:before, 2:0—2 hours, 3:over 2
hours from the TRH injection)
ey, = residual term with variance 82

All the effects were regarded as fixed. Animal x
time class interaction term was excluded from
the model as no interaction seemed to exist be-
tween these effects.



RESULTS AND DISCUSSION

Results on the blood hormone, enzyme, min-
eral and other parameter levels during the TRH
stimmulation test are presented in Table 1. The
research results obtained on the prolactin, T3
and T4 responses to TRH have been reported
in more detail by the authors (KOssILA et al.
1991).

The most marked response occurred in the
PRL level after the intravenous TRH adminis-
tration. The maximum PRL level varied be-
tween 38—345 ng/ml in blood plasma depend-
ing on the animal. The values were 6—38 fold
the animals’ basal levels. Also according to
ScHAMS (1974), prolactin response to TRH in-
jection was clearly observable in dairy cattle.

In addition, slight increases in T3 and T4
levels could be found after TRH administration
(Table 1). These results were in good agreement
with those presented by TVEIT et al. (1990 a,
1990 b) on cattle studies. However, T3 and T4
responses were slower than PRL responses (Ta-
ble 1).

Only small changes in the blood enzymes,
minerals or the other parameters studied could
be seen after TRH treatment (Table 1). How-
ever, the variation of all these parameters dur-
ing the TRH stimulation test was within the nor-
mal range (KERR 1989). The results obtained in-
dicate that TRH administration had no effect on
these parameters.

Table 1. Levels of PRL, T3, T4 and other blood parameters before and after TRH administration. (PRL = prolactin,
T3 = trilodothyronine, T4 = thyroxine, Ca=calcium, P= phosphorus, Mg =magnesium, ALP =alkaline phosphatase,
ALT = alanineaminotransferase, AST = aspartateaminotransferase, CK = creatinophosphokinase, GGT = gammaglutamyl-

transpeptidase, LDH = lactohydrogenase). .

Variable LS-Means Unit
Before  s.e. 0—2 h se. >2 h s.e. Overall
after after
TRH inj. TRH inj.
N (animals) 7 7 7 7
n (samples) 14 14 30 ’ 58
T3 1.74 0.13 2.12 0.13 2.56 0.09 e 2.14 nmol/l
T4 63.6 1.7 676 1.7 809 1.1 70.7 nmol/l
N (animals) 7 7 7 7
n (samples) 24 63 37 124
PRL 14.7 8.0  66.7 49  10.1 64  *** 305 ng/ml
Ca 2.4 0.04 2.3 0.02 2.4 0.03 2.4 mmol/l
P 1.5 0.03 1.5 0.02 1.5 0.03 1.5 »
Mg 2.4 0.01 2.3 0.01 2.4 0.01 2.4 »
ALP 92.2 1.3 88.2 0.8 90.6 1.1 * 90.4 iu/l
ALT 13.9 0.5 14.3 0.3 14.9 0.4 14.3 »
AST 55.2 0.6 54.0 0.4 54.1 0.5 54.4 »
CPK 101.5 1.6 96.7 1.0 97.1 1.3 * 98.4 »
GGT 18.5 0.4 18.0 0.2 18.0 0.3 18.2 »
LDH 244 2.8 243 1.7 245 2.2 244 »
Cholesterol 3.9 0.04 3.8 0.02 3.9 0.03 3.9 mmol/l
Creatinine 124 1.4 120 0.9 122 1.1 122 pmol/l
Total protein 75.0 06. 735 0.4 74.4 0.5 74.3 g/l
Albumin 39.4 0.4 38.5 0.2 38.9 0.3 39.0 g/l

s.e. = standard error

F-test: time classes differ significantly
* P<0.05

*** P<0.005
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If the levels of the enzy(mes measured in this
study are compared with those published by
TANHUANPAA et al. (1979), it seems that APT,
ALT and LDH levels are higher in Al-bulls than
in heifers and cows. The levels of other en-
zymes and other parameters in the blood of
heifers and cows in the present study, were of
the same magnitude as those of the Al-bulls
(TANHUANPAA et al. 1979).

Simple correlations between basal PRL (eg.
average level of circulating PRL not affected
by TRH or milking), T3, T4 and parameters
studied are presented in Table 2. The material
is very limited both in number and genetic
structure for correlation estimation. However,
the material suggests that low CPK values are
associated with high basal PRL levels, high ALP
and low AST values with high T3 levels, high
ALP, low AST, high creatinine and low total
protein levels with high T4 levels (Table 2).
More reliable correlation coefficients based on
bull material will be reported later.
Acknowledgements — This research was supported main-

ly by the Academy of Finland, but also partly by the Agricul-
tural Research Foundation of August Johannes and Aino

Table 2. Simple correlations between different blood
parameters and basal prolactin, T3 and T4 levels. (PRL =
prolactin, T3 = triiodothyronine, T4 = thyroxine, Ca = cal-
cium, P=phosphorus, Mg=magnesium, ALP =alkaline
phosphatase, ALT = alanineaminotransferase, AST = aspar-
tateaminotransferase, CK = creatinophosphokinase, GGT =
gammaglutamyltranspeptidase, LDH = lactohydrogenase).

PRL T3 T4
Ca —0.21 0.50 0.45
P —0.60 0.70 0.74
Mg —-0.38 —-0.15 0.17
ALP —0.29 0.80* 0.88**
ALT —-0.57 0.31 0.44
AST 0.12 —0.83* —0.80*
CPK —0.86* 0.08 0.50
GGT 0.64 —0.19 —0.59
LDH —0.35 0.52 0.53
Cholesterol —-0.25 —0.21 —0.50
Creatinine —0.56 0.47 0.78*
Total protein 0.03 —0.64 —0.84*
Albumin —0.29 —0.33 —0.48

F-test: * P<0.05, ** P<0.01
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SELOSTUS

Prolaktiini Suomen nautakarjassa. 2

Hiehojen ja lehmien veren prolaktiinin, kilpirauhashormonien, eriiden entsyymien
ja mineraalien pitoisuudet ennen ja jilkeen TRH lisiyksen

RITVA MAKELA-KURTTO, VAPPU KOSSILA ja ANU OSvA

Maatalouden tutkimuskeskus

Veren prolaktiinin (PRL) ja kilpirauhashormonien (T3 ja T4)
pitoisuuksia tutkittiin suomalaisella lypsykarjalla kokeessa,
jossa tyrotropiinia vapauttavaa hormonia (TRH) lisittiin
(1 pglelopaino kg) seitsemin elidimen verenkiertoon. Tut-
kitut eldimet olivat hichokolmosia, identtisid lehmikakso-
sia seki kaksi yksittiistd lehmii, jotka eivit olleet sukua toi-
silleen. Kokeen aikana kustakin eldimesti kerittiin 17—18
verindytettd. PRL- sekd T3- ja T4-hormonit midritettiin ra-
dioimmunologisesti. Tdmain lisiksi verindytteistd analysoi-
tiin entsyymeji (ALP, AST, ALT, CPK, GGT ja LDH), kiven-
ndisaineita (Ca, P ja Mg) sekd erditi muita veren ainesosia
(kolesteroli, kreatiniini, kokonaisvalkuainen ja albumiini).

Appendix. Time class means by animal.

Variable Before 0—2 h >2 h Normal
after after values
TRH TRH
inj. inj.
Prolactin
Appeli 4.8 1459 8.3
Sipuli 13.6 111.1 165
Elsa 13.1 21.6 9.1
Helka 17.1 29.8 12.7
Tihti 5.3 52.6 12.2
Timantti 4.6 50.2 15.0
Tiuku 5.9 55.9 9.4
T3
Appeli 1.5 2.5 3.2
Sipuli 1.2 1.6 2.1
Elsa 1.1 1.2 23
Helka 1.9 2.0 2.1
Tahti 2.4 3.0 3.5
Timantti 1.9 2.2 2.3
Tiuku 2.4 2.6 2.5
T4
Appeli 51 64 73
Sipuli 47 50 69
Elsa 65 63 76
Helka 59 67 65
Tahti 80 80 101
Timantti 72 74 92
Tiuku 72 77 90

TRH-lisdyksen seurauksena plasman prolaktiinipitoisuu-
det kohosivat huomattavasti, arvoihin 38—345 ng/ml, jot-
ka olivat 6—38 kertaisia perustasoon verrattuna. Lisiyksen
johdosta myd&s T2- ja T4-tasot nousivat lievisti. TRH-lisiyk-
selld ei ollut vaikutusta veren entsyymien, kivenniisainei-
den tai muiden tutkittujen ainesosien pitoisuuksiin. Aineisto,
joskin hyvin rajoittunut, viittasi siihen, etti alhaisiin CPK
arvoihin liittyisi korkea prolaktiinin perustaso. Lisiksi on
viitteitd siitd, ettd korkeisiin T3 arvoihin saattaisi liitty4 kor-
keampia ALP:n ja matalampia AST:n arvoja ja korkeisiin T4
tasoihin korkeampia ALP:n, matalampia AST:n, korkeam-
pia kreatiniinin ja matalampia kokonaisvalkuaisen arvoja.

Ca
Appeli 2.5 2.4 2.5
Sipuli 2.2 20 21
Elsa 2.3 2.4 2.5 2—3 mmol/l
Helka 2.5 2.3 2.4
Tihti 2.6 2.7 3.0
Timantti 2.2 1.9 1.9
Tiuku 2.5 2.5 2.2
P
Appeli 1.3 1.5 1.5
Sipuli 0.9 1.0 1.0
Elsa 1.4 1.3 1.5 1—2.5 mmol/l
Helka 1.3 1.3 1.5
Tahti 1.7 1.6 1.4
Timantti 1.8 1.8 1.8
Tiuku 2.1 2.0 2.0
Mg
Appeli 0.82 085 087
Sipuli 0.77 072  0.77
Elsa 1.03 1.02 1.03 1—2 mmol/l
Helka 0.95 0.95 1.00
Tihti 0.98 0.99 0.92
Timantti 0.82 0.83 0.77
Tiuku 0.66 0.77 0.78
ALP
Appeli 45 . 43 48
Sipuli 42 39 36
Elsa 61 58 61 up to 300 iu/l
Helka 75 75 76
Tahti 135 123 130
Timantti 155 148 150
Tiuku 131 132 133
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ALT
Appeli
Sipuli
Elsa
Helka
Téhti
Timantti
Tiuku

AST
Appeli
Sipuli
Elsa
Helka
Tihti
Timantti
Tiuku

CPK
Appeli
Sipuli
Elsa
Helka
Tihti
Timantti
Tiuku

GGT
Appeli
Sipuli
Elsa
Helka
Tihti
Timantti
Tiuku

LDH
Appeli
Sipuli
Elsa
Helka
Tdhti
Timantti
Tiuku
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198
201
240
237
234
276
306

201
240
234
228
222
271
307

22

15
10
15
19
19

56
70

66
34
42
41

73

140
110

96
103
104

200
235

230
231
273
308

<100 iu/l

<100 ju/l

around 100 iu/l

<60 iu/l

200—300 iu/l

Cholesterol
Appeli
Sipuli
Elsa
Helka
Téhti
Timantti
Tiuku

Creatinine
Appeli
Sipuli
Elsa
Helka
Tihti
Timantti
Tiuku

Total protein
Appeli
Sipuli
Elsa
Helka
Tihti
Timantti
Tiuku

Albumin
Appeli
Sipuli
Elsa
Helka
Tihti
Timantti
Tiuku

VRN i VN
cor~r ool

A Q0 R 0 N
AROWOW®ON

100
128
122
126
146
133

81
82
76
78
54

75

41

39
39
30
42
42

2—3 mmol/l

<150 pmol/l

60—80  ghl

25—35 gll
(higher in large
animals)
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Variation, repeatability and heritability of prolactin levels in the blood of artificial insemination
(A. 1.) bulls and correlation with individual and progeny performance
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cial insemination (A. I.) bulls and correlation with individual and progeny perfor-
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SF-31600 Jokioinen, Finland.)

On three bull stations and on one performance testing station were 405 blood samples
from 300 A.1. bulls collected in winter during 1974—1978. The samples were analysed
for prolactin level (PRL) by a radioimmunoassay method. The objectives were to
analyse variations in blood PRL levels and evaluate the value of a single PRL
measurement as a marker for one or several characteristics for which A.I bulls are
progeny tested.

PRL levels in the whole material ranged 0.1—260 ng/ml the mean being 10.4 +
12.6 ng/ml after eliminating the most extreme values. Differences in the PRL levels
between stations and/or years were significant (0.001 < P < 0.01). PRL levels also
decreased with the age of the bulls (0.05 < P < 0.10), which varied from 8 to 47
months. Repeatablity within 35 minutes (30 bulls) was 0.73 + 0.08 and repeatabili-
ty over three years (three single measurements) was 0.21 + 0.25 in nine bulls. A
moderate heritability of 0.25 + 0.17 was estimated for the basal PRL level. The data
consisted of 19 sires with 3—40 bull progeny. Phenotypic correlations between basal
PRL level and the non-return rate and growth index were 0.05 (n.s.) and 0.15
(P < 0.05), respectively. Genetic correlations were calculated as the simple correla-
tion between PRL level and breeding value in milk yield (absolute yield, kg), fat content
(%), protein content (%), fertility index, calf mortality, mastitis frequency and ace-
tone frequency. Correlation coefficients were —0.07 (n = 174), 0.06 (n = 174),
0.13 (n = 174), —0.11 (n = 140), —0.16 (n 140), —0.07 (n = 28) and —0.31
(n = 28), respectively. The estimates of phenotypic and genetic correlations differed
and usually showed a higher association, when calculated separately for growing
and mature bulls. It was concluded that despite the moderate heritability and the
associations of PRL with lactation (especially protein and fat synthesis), growth and
possibly with energy metabolism found, research is still needed to sufficiently clarify
the picture regarding practical applications.

Index words: dairy cattle, bull, prolactin, variation, repeatablity, heritability, milk
production, growth, fertility, calf mortality, acetone, mastitis.

63



INTRODUCTION

The hormone prolactin is secreted by
acidophilic cells (mammotrophs) of the anteri-
or pituitary. In synergism with other hormones,
it participates in the physiological control of
mammary growth, lactogenesis and lactation
(for a review see TUCKER 1981). During lacta-
tion, prolactin is known to be essential in milk
protein and fat synthesis on the cellular level
(CHOI et al. 1988, SHAMAY et al. 1989). Prolactin
is also thought to be involved in mineral
metabolism and in the partitioning of energy
between maintenance, body reserves and mam-
mary gland and/or growth (for a review see
BAUMAN and CURRIE 1980, BAUMAN and McCUT-
CHEON 1985).

Although the important role of prolactin in
the physiology of lactation has been clearly
established, very little attention has been paid
to the genetic basis of prolactin secretion. In
this study, the methods of quantitative genetics
and animal breeding theory have been applied
to prolactin research data on A.IL. bulls with the
main emphasis being on basal prolactin level.
The objectives were: 1) to analyze variation in
the blood prolactin levels of A.I. bulls, and 2)
to evaluate the value of a single prolactin
measurement as a marker for one or several
characteristics for which A.I. bulls are progeny
tested.

MATERIAL AND METHODS

At three bull stations 405 blood samples were
collected from bulls owned by the Salapaussel-
ki A.l. Centre (Salpausselkd Bull Station), the
Pirkanmaa A.l. Centre (Pirkkala Bull Station)
and the Breeding Service (Rauhalinna Bull Sta-
tion) and from the Performance Testing Station
(Humppila) owned by the Finnish Animal
Breeders’ Association. The samples were col-
lected in 1974—78 during October, November,
December and January, i.e. during the darkest
period of the year. The station, number of sam-
ples and sampling times were:

Station Date n
Salpausselki Nov 1974 30 (5-74)
e Dec 1975 87 (S75)
e Dec 1976 60 (S-76)
e Nov 1977 60 (S-77)
Pirkkala Dec 1977 48 (P-77)
Rauhalinna Jan 1978 60 (R-78)
Humppila Oct 1976 60 (H-76)
405

Eleven bulls had three samples, 57 had two
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and 232 bulls had one sample analysed for PRL
level. In the case that a bull had several sam-
ples, the samples were then taken at one-year
intervals. Breed distribution in the whole
material was: 284 Ayrshire, 15 Friesian and 1
Finncattle bulls. The bulls of the Performance
Testing Station were 8—12 months old. The
age of A.L. bulls varied between 12 and 47
months and differences in the mean age of the
bulls between station-year subclasses were not
statistically significant (P > 0.10).

A radioimmunoassay method for bovine
prolactin determinations developed by MAKE-
LA and KossILA (1976) was employed for the
PRL analyses. Mean RIA sensitivity for PRL was
0.1 ng/ml and the inter-assay and intra-assay
coefficients of variation were 14 % and 8 %,
respectively.

Samples were taken by a needle from the
vena jugularis. Serum or heparinized plasma
was used for prolactin determinations. The
majority of the analyses were made on serum,
and heparinized plasma was used only in sam-



ples obtained from the Salpausselki Bull Station
in 1974.

Additional data employing different sampling
techniques was collected on 30 bulls at the Sal-
pausselkd Bull Station. Each bull was sampled
2—4 times. Samples were taken with a needle
or catheter from the ear vein or the vena
jugularis. The time between samplings was ei-
ther 1—2 minutes or 30 minutes. As no differ-
ences between the different techniques were
observed (P > 0.10), and as the order of blood
sampling had no effect on PRL levels (P >
0.10), this material was used for the repeatabil-
ity estimation.

Progeny testing results were provided by the
Finnish Animal Breeders’ Association for the
following characteristics: fat percentage of milk,
protein percentage of milk, milk yield (305
days, kg), fertility index (calving interval and
number of services per pregnancy), calf mor-
tality, mastitis frequency and acetone frequen-
cy (number of registered cases diagnosed by a
" veterinarian). Progeny tests were calculated in
1989. The average number of daughters per
bull was 233, ranging from 21 to 3474. 88 %
of bulls had less than 350 progeny, on which
the progeny test was based. In addition, there
was information on the bulls’ own growth in-
dex, weight at the age of one year and non-
return rate in A.l. use.

As described by SCHAMS (1974), DAVIS et al.
(1979) and KLINDT (1988) blood PRL levels (in
bulls or rams) vary within a day, showing sharp,
short term increases. The number of secretory
peaks in bulls between 8 a.m. and 4 p.m. has
been reported to average one, ranging from 0
to 3 (KLINDT 1988). During secretory peaks,
blood PRL levels average 3—4 fold the basal
level (KLINDT 1988). In this study, the excep-
tionally high PRL levels were interpreted to
have been measured during a peak, or else they
were regarded as ““abnormal” for other reasons.
After a preliminary analysis, which showed sig-
nificant differences between the station-year
subclasses in PRL levels, the data was selected

using different criteria for different station-year
subclasses. The upper limit is based on the dis-
tribution of PRL levels on each station and year
in a way that discarding intensity becames the
same:
Station-year

S-74 bull’s PRL level should be <45 ng/ml

S-75 —» — <36 ng/ml
S-76 —»— <10 ng/ml
S-77 —» — <39 ng/ml
P77 —» — <76 ng/ml
R-78 —» — <51 ng/ml
H-76 —>» — <58 ng/ml

In case the bull had several PRL measurements,
only one measurement was randomly chosen
for all other analysis, except for the repeatabil-
ity estimation.

The data was analyzed using the least square
analysis of variance with computational
methods suitable for data with unequal subclass
numbers. Prolactin levels were transformed
into a natural logarithmic scale. The Henders-
son III method was employed for variance
component estimation.

Fixed effects were analysed using three
different models:

Yy =W+ 2 + bXxy + bxy + ¢ (Model 1)
Y; = the ij’th observation
K = LS mean
a; = effect of i’th station-year
@ = S-74, S-75, S-76, S-77, P-77, R-78,
H-76)

b, = regression on age (in months)
b, = regression on weight at the age of one year
e, = residual term with variance &2

Yy =u + 3 + bxy + g (Model 2)
Y, = the ij’th observation, (H-76 material only)
a, = effectof i'th age class (i = 8, 9, 10, 11,

12 month)
b, = regression on weight at the age of one year
Yy = B + 2 + by + ey (Model 3)
Yy = the ijk’th observation
3, = effect of i’th station-year (i = P-77, R-78)
b, = effect of j’th breed (j = Ay, Fr)
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The repeatability of PRL level in 2—4 sam-
ples taken within 35 minutes was estimated
using the following statistical model:

Y, = p+ Bj + €y (Model 4)

Y, = the jj’th observation (unselected S-74
material)

B, = effect of j’th bull (regarded as random)

Repeatability of a bull’s PRL level over the
three subsequent years was estimated using the
following statistical model:

Yy = B + 3 + By + ey (Model 5)

Y, = the ijk’th observation (S-74, S-75, S-76,
$-77)

a, = effectofi’thyear(i = -74,-75,-76,-77)

B, = effect of j’th bull (regarded as random)

Heritability was estimated on half-sib corre-
lation. The statistical model to describe the data
was:

a, = effect of i’th station-year
(i = S-74, $-75, $-76, S-77, P-77, R-78,
H-76)

B; = effect of j'th sire (regarded as random)

The minimum number of bull progeny the
sire should have to be accepted in the herita-
bility estimation was limited to 3 or 8.

Genetic correlations were calculated as sim-
ple correlations between PRL level and breed-
ing value. Phenotypic correlations were calcu-
lated between the bulls’ PRL and individual
merit in growth and non-return rate. As the PRL
level was strongly affected by factors associated
with station-years, the two most extreme sub-
classes were excluded from the correlation ana-
lyses. To be accepted for genetic correlation
estimation, a bull should have a minimum of
50 daughters on which the progeny test was
based. This was necessary to avoid the effect
by the correction of the breeding values

Yy = B+ 3 + B + e (Model 6) towards the population mean.
Y, = value of ijk’th observation
RESULTS
Variation ditions between the years (year effect) and pos-

The range of PRL levels in the whole material
was 0.1—260.0 ng/ml. After employing differ-
ent selection criteria for different station-years
the mean PRL level was 10.4 ng/ml in serum
(n = 291) with a standard error of 12.6 ng/ml.
The distribution of PRL levels after eliminating
extremely high PRL levels is presented in Fig. 1.

The mean PRL levels of bulls measured from
different stations and years are presented in
Table 1. PRL levels were strongly affected by
the factors associated with station-years. The
differences were statistically significant (0.001 <
P < 0.01, Model 1). They might have been
caused by differences in daily routines, feeds,
etc. of the stations (bull station effect), differ-
ences in feeds and light and temperature con-
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sible differences in sampling routines.

The results of this study sﬁggest that prolac-
tin levels tended to decrease as the animals aged
(0.05 < P < 0.10, Model 1) (Fig. 2). Instead,
the live weight of the bull at age one year

Table 1. Mean prolactin levels of A.I. bulls measured for
different stations and years.

Station-year PRL n Standard Range
mean error ng/ml
ng/ml ng/ml

S-74 10.6 27 102 3.0-395

S-75 95 76 8.5 1.0—-31.9

S-76 1.6 48 1.6 0.1— 7.5

S-77 7.6 55 6.4 0.7—34.9

P-77 22.6 44 20.3 1.4—75.0

R-78 7.0 52 89 0.1-32.9

H-76 13.7 57 12.9  0.7—52.2
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Fig. 1. Distribution of blood PRL levels in A.L. bulls.
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Fig. 2. Effect of age of the bull on blood PRL level in Finnish Ayrshire bulls measured during winter months. (One
observation per bull, extremely high PRL values excluded).
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seemed not to be associated with the basal PRL
level in blood (P > 0.10, Model 1).

Among.the young bulls at the Performance
Testing Station (H-76) neither the age of the bull
(from 8 to 12 months) nor its live weight at the
age of one year had any significant effect on
PRL levels (P > 0.10, Model 2).

The number of Friesian bulls in the material
was very limited. Based on the results of 13
Friesian bulls measured at the Rauhalinna or
Pirkkala Bull Stations, it seems that Friesian
bulls have a higher basal PRL level (X = 27.2 +
23.4 ng/ml compared to Ayrshire bulls (X =
12.4 + 14.5 ng/ml). However, in the statistical
analyses using a natural logarithmic scale, the
difference between breeds was not statistical-
ly significant (P > 0.10, Model 3).

Repeatability

Repeatablity of PRL levels within 35 minutes
was 0.73 + 0.08 (Model 4) (n = 30 bulls),
showing that a single measurement is relative-
ly reliable in determing the PRL level at a given
moment, and that sampling routines did not
seem to cause secretory peaks.

On the basis of 9 bulls sampled 3 times at the
Salpausselki Bull Station, the repeatability of a
single PRL measurement over the three subse-
quent years was 0.21 + 0.25 (Model 5). It was
higher compared to 0.13 in three samples col-
lected within 10 days (TUCKER et al. 1973).
VINES et al. (1976) calculated a repeatability of
0.27 for basal PRL level in prepubertal heifers
during 4 days of sampling. DAVIS et al. (1979)
collected blood samples at 15 min intervals for
12 hours in rams, and determined within
month repeatabilities for overall PRL concen-
tration, basal PRL level, frequency of secretory
peaks and mean amplitude of secretory peaks.
The repeatabilities were 0.47, 0.20, 0.0, and
0.0, respectively (DaAvis et al. 1979). The
repeatability of 0.21 over three years in this
study is relatively high compared to other
published estimates. The results suggest that
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despite the remarkable within day variations in
PRL levels, a bull’s PRL level, in relation to the
PRL levels of other animals measured at the
same time, is repeatable to some extent even
when measured only in a single blood sample.

Heritability

Heritability estimates and detailed information
on the data they are based on, are presented
in Table 2. The calculated estimates varied
around 0.25 (Model 6). Excluding the S-76
material (26 observations) had no significant
effect on the estimates.

TUCKER et al. (1973) could not find additive
genetic variation in blood PRL levels, which
probably is more a reflection of an unknown
variation behind the PRL levels than a lack of
genetic variation. Instead, moderate or high
heritability estimates (in cattle, sheep and pigs)
have been published for some other hormones
such as thyroid hormones, FSH (follicle
stimulating hormone) and insulin (REINECKE et
al. 1986, BODIN et al. 1986, JusT et al. 1983,
FLACH et al. 1985).

Correlations

The correlations between the bulls’ PRL level
and their individual performance in growth and
non-return rate, as well as correlations between
the bulls’ PRL and progeny testing results are
presented in Table 3. Although it is not possible
to present meaningfull standard errors for
genetic correlations, they probably would be
quite high. The correlations were also cal-
culated separately for H-76 and R-78 material,
e.g. in young and mature bulls (Table 3).
The phenotypic correlation with growth in-
dex was positive, but low, although statistical-
ly significant (P < 0.05). In young animals the
correlation was higher, but negative. Except for
the negative correlation coefficient found in
young animals, the present results agree with
the research of OHLSON et al. (1987), who have



shown that higher growth potential is asso-
ciated with elevated characteristics in growth
hormone and prolactin secretion.

Correlations with milk production charac-
teristics were also low in general. The correla-
tion with milk yield (absolute yield) was —0.07,
which is lower and opposite to 0.16 published
by KLINDT (1988). Low genetic correlation
coefficients between basal PRL level and milk
yield agree with the results of selection experi-
ments. Selection for high milk yield has not
changed the basal PRL level of animals in select-
ed lines (KAZMER et al. 1986, BONCZEK et al.
1988).

The highest correlations in milk production
characteristics found in this study, were calcu-
lated between PRL level and fat and protein per-

centages in milk, especially when PRL was
measured in young animals. KLINDT (1988) has
published positive correlations between bulls’
basal PRL level and breeding value in milk fat
and protein yields (0.34, 0.36 respectively). Ex-
periments using tissue cultures have shown that
prolactin is essential both in fat and protein syn-
thesis on the cellular level in the mammary
gland (CHOI et al. 1988, SHAMAY et al. 1989). In
this respect, positive correlations between PRL
secretion characteristics and protein or fat per-
centages in milk are logical, although the corre-
lations need not to be linear.

Relatively high correlations were observed
between a bull’s PRL level and breeding value
in acetone frequency. High PRL levels were as-
sociated with low acetone frequency among

Table 2. Heritability of basal PRL level in blood of A.I. bulls. h? = heritability, s.e. = standard error, Range = range
of number of bull progeny per sire, R? = multiple correlation coefficient.

h? s.e n n Range R2 Restrictions
sires total

0.25 0.17 19 252 3—40 0.30 min. 3 progeny/sire

0.25 0.20 8 202 8—40 0.29 min. 8 progeny/sire

0.25 0.18 19 226 3—37 0.14 min. 3 progeny/sire

and §-76 excluded

Table 3. Relationship of prolactin to individual and progeny performance of A.L. bulls. r = correlation coefficient,
n = number of bulls.

PRL measured in

mature bulls
(22—47 months)

young bulls
(8—12 months)

progeny: r n r n r n
milk yield (305 days, kg) —0.07 174 —0.09 39 —0.12 46
fat% in milk 0.06 174 0.37 39 —0.06 46
protein% in milk 0.13 174 0.24 39 0.11 46
fertility index! —0.11 140 —0.15 39 —0.10 46
calf mortality —0.16 140 —0.27 39 0.23 46
mastitis frequency —0.07 28 —0.25 9 0.09 12
acetone frequency —0.31 28 0.58 9 —0.25 12
individual:
non-return rate —0.05 135 0.37** 39 —0.28* 46
growth index 0.15* 194 —0.26 39 0.16 45
* (P < 0.05)
++ (P < 0.01)

i high values mean good fertility
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daughters, except in young animals. The
present material is too limited for further con-
clusions. However, acetone is a disease caused
by disorders in energy metabolism. The ob-
served correlations could thus be a sign of the
role of PRL in energy and lipid metabolism.
The results presented in Table 3 suggest that
the age of the bull is important when inter-
preting the basal PRL levels. High PRL levels
may possibly indicate different things when
measured in growing or in mature animals, as
the correlations with progeny and phenotypic
characteristics seem to differ at different ages.

PRL and animal breeding

As shown by other authors, the blood PRL
levels of male ruminants (bulls and rams) fluc-
tuate within a day and with several secretory
peaks (SCHAMS 1974, DAvIS et al. 1979, KLINDT
1988). In order to determine the basal PRL
level, a minimum of three measurements taken
at one-hour intervals should be taken to avoid
secretory peaks and to decrease error variation.

The results of this study indicate that herita-
bility of basal PRL level is moderate. In this
respect, the use of bulls’ PRL levels in breed-
ing programmes would be effective. Although
PRL plays an important role in milk synthesis
and possibly in energy metabolism, it is still
very unclear as to what factor in PRL secretion
is critical in milk synthesis, growth, etc. and
what negative consequences would follow if
PRL characteristics were altered. A better
understanding of genetic and other associations
between PRL secretory parameters and impor-
tant production characteristics is still needed,
before PRL parameters could be utilized in
cattle breeding.
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SELOSTUS

Prolaktiini Suomen nautakarjassa. 3
Keinosiemennyssonnien veren prolaktiinitason vaihtelu, toistuvuus ja periytyvyys seki
yhteys sonnin ja sonnin jilkeldisten tuotanto-ominaisuuksiin

ANU Osva, VAPPU KOSSILA ja RITVA MAKELA-KURTTO

Maatalouden tutkimuskeskus

Kolmeltasadalta keinosiemennyssonnilta, jotka olivat kas-
vatuskoeasemalla tai sonniasemalla (kolme sonniasemaa),
kerdttiin talvikuukausien aikana vuosina 1974—1978
yhteensi 405 verindytettid. Radioimmunologista menetel-
mii kdyttden miiritettiin ndytteistd prolaktiini-hormonin
(PRL) taso. Tavoitteena oli tutkia veren PRL arvojen
vaihtelua ja arvioida yksittiisen madrityksen ennustusarvoa
suhteessa sonnin ormiin tai sen jilkeldisten tuotannon tai kiy-
t6n kannalta tdrkeisiin ominaisuuksiin.

Koko aineistossa PRL-taso vaihteli 0.1—260 ng/ml. Keski-
arvoksi, kun d4rimmdiset arvot oli karsittu, saatiin 10.2 +

12.6 ng/ml. Erot keinosiemennysasemien ja/tai vuosien valil-

14 olivat huomattavia (0.001 < P < 0.01). Prolaktiiniarvot
myos laskivat sonnien idn kasvaessa {0.05 < P < 0.10).
Kolmenkymmenenviiden minuutin kuluessa otettujen niyt-
teiden toistuvuus oli 0.73 + 0.08 ja kolmena eri vuotena

vhdeksiltid sonnilta samalla sonniasemalla otetuissa ndyt-
teissi toistuvuus oli 0.21 + 0.25. Prolaktiinitaso niyttdisi
olevan kohtuullisen periytyvi. Heritabiliteetin arvoksi saa-
tiin 0.25 + 0.17. Aineisto kisitti 19 isid, joilla oli 3—40 son-
nijilkeldistd kullakin.

Fenotyyppiset korrelaatiot sonnin PRL-tason ja ei-uusin-
taprosentin ja kasvuindeksin vililld olivat 0.05 (n.s.) ja 0.15
(P < 0.05), vastaavasti. Geneettiset korrelaatiot laskettiin
PRL-tason ja jalostusarvojen vilisind yksinkertaisina kor-
relaatioina. PRL-tason geneettisiksi korrelaatioiksi maito-
tuotokseen (absoluuttinen tuotos, kg), maidon rasva-
pitoisuuteen, maidon valkuaispitoisuuteen, hedelmillisyys-
indeksiin, vasikkakuolleisuuteen, utiretulehdusfrekvenssiin
ja asetonitautifrekvenssiin saatiin —0.07 (n = 174), 0.06
(n = 174), 0.13 (n = 174), —0.11 (n = 140), —0.06
{n = 140), —0.07 (n = 28)ja —0.31 (n = 28), vastaavasti.
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Fenotyyppiset ja geneettiset korrelaatiot poikkesivat toisis-
taan ja viittasivat usein voimakkaampaan korrelaatioon, kun
ne laskettiin erikseen kasvavien ja toisaalta tdysi-ikdisten son-
nien tuloksista.

Tulosten ja kirjallisuuden perusteella tultiin siihen
johtopditokseen, ettd huolimatta PRL-tason kohtuullisesta
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periytyvyydesti ja prolaktiinin yhteydesti maidontuotan-
toon (erityisesti valkuaisen ja rasvan synteesiin), eliimen
kasvuun ja mahdollisesti energia-aineenvaihduntaan, tar-
vitaan vield huomattavasti tutkimusta ennenkuin kuva on
rijttdvin selvd kidytinnon sovellutuksille.
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PROLACTIN IN FINNISH DAIRY CATTLE. 4

Correlations between prolactin, selected entzymes, minerals, trace elements and some other blood
parameters in artificial insemination (A. I.) bulls

VAPPU KOSSILA, RITVA MAKELA-KURTTO, ANU OsvA and EERO TANHUANPAA

KossiLa, V., MAKELA-KURTTO, R., Osva, A. & TANHUANPAA, E. 1991. Prolactin in Finn-
ish dairy cattle. 4. Correlations between prolactin, selected entzymes, minerals, trace
elements and some other blood parameters in artificial insemination (A. 1.) bulls.
Ann. Agric. Fenn. 30: 73—80. (Agric. Res. Centre of Finland, Inst. Anim. Prod.,
SF-31600 Jokioinen, Finland.)

The associations between serum prolactin (PRL) and selected enzymes (ALP, ALT,
AST, GGT, LDH), minerals (Ca, P, Mg, K, Na), trace elements (Fe, Cu, Zn) and some
other blood parameters (blood urea nitrogen, creatinine, total protein, cholesterol)
were studied in 316 A.L bulls. Blood samples were collected at three bull stations
and at one performance testing station. The age of the bulls varied between 8 and
47 months. The correlations were estimated as overall correlations (all bulls includ-
ed) and separately for three age groups (12—21, 22—31 and over 31 months).

Both generally and in different age groups, ALP was correlated negatively with
PRL level (overall: r = —0.25, P < 0.001; 12—21 months: r = —0.35, P < 0.05;
22—31 months: r = —0.11, P > 0.05; > 31 months: r = —0.28, P < 0.05). The
overall correlations between PRL and the other variables studied, were nearly zero.
In young animals (12—21 months), the correlation of PRL with the other variables
studied, with the exception of BUN, total protein and cholesterol, was negative and
statistically significant with ALP, AST, CPK and K (1(AST) = —0.31, f(CPK) = —0.30,
1(K) = —0.29). Except for ALP activity, the correlations with enzymes were posi-
tive in bulls aged 22—31 months, the correlation between PRL and AST being statisti-
cally significant (r = 0.32). In bulls over 31 months of age, the correlation estimates
were significant for ALP and P (t(P) = 0.20). Furthermore, cholesterol and PRL levels
seemed to be related differently at different ages. The correlation coefficient was
positive in young animals and negative in older animals.

According to the results, it was concluded that 1) simultaneous changes occur in
ALP activities and PRL levels. 2) The negative correlation estimates found in young
animals between PRL and the enzymes studied (associated with high energy
metabolism and metabolism in bone, muscle and liver) and the reversal of these
estimates from negative into positive in older animals, suggest that interpretation
of PRL levels is dependent on factors associated with age of animals. For instance,
high PRL levels found in young, growing animals possibly mean different things in
metabolism than the high values detected in older animals (high levels refer to high
levels within a corresponding age group).

Index words: dairy cattle, bulls, prolactin, minerals, trace elements, enzymes,
cholesterol, creatinine, total protein, blood urea nitrogen.
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INTRODUCTION

Prolactin (PRL) is either known or suspected
to participate in many important metabolic
processes such as lactogenesis, mineral and lip-
id metabolism, and in the partitioning of ener-
gy between different tissues in the body (revs.
by BAUMAN and CURRIE 1980, BAUMAN and
McCUTHEON 1985, TUCKER 1981). In recent
studies, PRL has been reported to be essential
in milk synthesis on the cellular level (CHO! et
al. 1988, SHAMAY et al. 1989) and prolactin

secretion characteristics have been found to be
associated with animal growth (OHLSON et al.
1987).

The objectives of the present study were to
examine the correlations between serum PRL
levels and such blood parameters that are either
directly or indirectly involved in growth, as
well as in lipid, high energy and mineral
metabolisms.

MATERIAL AND METHODS

The data consisted of 405 blood samples col-
lected from 316 A.1. bulls at three bull stations
owned by the Salpausselki A.]. Centre (Salpaus-
selkd Bull Station), the Pirkanmaa A.l. Centre
(Pirkkala Bull Station) and the Breeding Serv-
ice (Rauhalinna Bull Station) and at the Perfor-
mance Testing Station (Humppila) owned by
the Finnish Animal Breeders’ Association. The
blood samples were collected during one day:

Station Date n
Salpausselki Nov 1974 30 (8-74)
—» — Dec 1975 87 (S8-75)
—» — Dec 1976 60 (S-76)
—_— Nov 1977 60 (5-77)
Pirkkala Dec 1977 48 (P-77)
Rauhalinna Jan 1978 60 (R-78)
Humppila Oct 1976 60 (H-76)
405

Feeding was not restricted before the collec-
tion of blood samples. It is probable that this
increased the error variation in the BUN and
total protein values, but not in the values for
enzyme activities or mineral and trace element
levels.

The breed distribution was 300 Ayrshire, 15
Friesian and 1 Finncattle bulls. The data has
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been previously described in more detail by
Osva et al. (1991).

All samples were determined for phospho-
rus (P) (not S-74), calcium (Ca), magnesium (Mg),
sodium (Na), potassium (K), iron (Fe), copper
(Cu) and zinc (Zn). The samples of the S-77,
P-77 and R-78 materials, were also determined
for alkaline phosphatase (ALP), aspar-
tateaminotransferase (AST), alanineaminotrans-
ferase (ALT), creatinephosphokinase (CPK),
gamma-glutamyltranspeptidase (GGT), lac-
tatedehydrogenase (LDH), creatinine, blood
urea nitrogen (BUN), total protein and
cholesterol.

A radioimmunoassay method for bovine
prolactin determinations developed by MAKE-
LA and KossiLa (1976) was used for the PRL
analyses. The mean RIA sensitivity for PRL was
0.1 ng/ml and inter-assay and intra-assay coeffi-
cients of variation were 14 % and 8 %, respec-
tively. Enzyme activities were determined ac-
cording to the recommendations of the Com-
mittee on Enzymes of the Scandinavian Socie-
ty for Clinical Physiology (1974, 1976) with the
modification that CPK activity was measured
without preincubation at 37 °C. Mineral and
trace elements were determined at the Agricul-
tural Research Centre of Finland, Department



of Animal Production, and enzymes and other
blood parameters at the Central Laboratory of
the College of Veterinary Medicine, Helsinki.

Blood samples were taken from the vena
jugularis. Serum or heparinized plasma was
used for the prolactin determinations. The
majority of the PRL analyses were performed
on serum, and heparinized plasma was used
only in the samples from the Salpausselkd Bull
Station taken in 1974. Enzyme activities, min-
erals, trace elements, creatinine, cholesterol,
BUN and total protein were determined in
plasma.

Exceptionally high PRL levels were exclud-
ed from the statistical analyses. As the station-
year subclasses differed significantly in mean
PRL level, different selection criteria were used
for different station-year subclasses (see OsvVA
et al. 1991).

In order to avoid errors in the statistical ana-
lyses due to single exceptional values in the
variables studied, the distribution of each vari-
able was checked. Exceptional values were ex-
cluded from the statistical analysis applying the
following criteria: CPK < 300 iu/l, GGT <
75 iu/l, LDH < 500 iu/l, 1.6 mmol/l < BUN <

RESULTS AND

The means, standard deviations and range of
values for each variable studied are given in
Table 1. Exceptionally high enzyme activities
and creatinine levels were found in some
animals. The normal values are shown in Table
1 (KERR et al. 1989, ANON. 1991). After eliminat-
ing the most exceptional values, some values
which were higher than the reference values
still remained in the data.

A summary of the results of the variance analy-
sis examining the fixed effects are given in
Table 2. The differences between station-year
subclasses were highly significant in all other
cases except ALT, AST, GGT and creatinine.

7.0 mmol/l, creatinine < 220 pmol/l, K < 25.0
and Zn > 20.0 ug%.

The data was analyzed using the least square
analysis of variance with computational
methods suitable for data with unequal subclass
numbers. Prolactin levels were transformed
into a natural logarithmic scale. If a bull had
several samples analyzed, only one of these was
randomly chosen.

First, all of the variables were analysed for
the significance of three fixed effects, eg. effect
of station-year, effect of age and effect of live
weight of the bull at age one year. Second, the
correlation coefficients between PRL level and
each variable studied, were calculated employ-
ing different statistical models based on these
results (Table 2). In all cases, the model in-
cluded the station-year factor. Whenever the ef-
fect of age and/or weight was statistically sig-
nificant (P < 0.01 = **), these were included
in the model as regression variables.

The correlations between PRL and other
blood parameters were calculated for three age
groups, 12—21 months, 22—31 months and
> 31-month-old bulls. In these analyses the age
of the bull was not included in the model.

DISCUSSION

Most variables seemed to change with age (ALP,
LDH, creatinine, BUN, total protein, P, Na, Fe,
Cu and Zn). The effect of live weight at the age
of one year (eg. growth rate + sexual maturity)
was significant for AST, GGT and LDH levels.
The overall correlations between blood PRL
level and the other blood parameters were about
zero and not statistically significant (last column
in Table 3). The only exception was ALP activi-
ty, which seems to be negatively correlated
with PRL level. ALP is involved in mineral
metabolism and a high level of activities (within
the normal range) usually correspond with ac-
tive transport of minerals from the gut and be-
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tween blood and bone tissues. In mineral defi-
cient diets, ALP activities increase and may ex-
ceed the reference values (KossiLa et al. 1977).
The statistically significant negative correlation
between PRL and ALP, after eliminating the
effect of age, indicate that higher PRL levels are
found when ALP activities are low. The over-
all correlations between PRL and ALT, CPK,
GGT, LDH and creatinine presented here differ
significantly from estimates in cow material
(MAKELA-KURTTO et al. 1991). For ALP and AST,
the estimates were of same order as those found
in cows (MAKELA-KURTTO et al. 1991).

When the correlations were calculated
separately for different age groups the overall
picture changed. Correlations with enzymes,
creatinine, minerals and trace elements were
negative in young animals (12—21 months),
being statistically significant (P < 0.05) for ALP,
AST, CPK and K (Table 3). In bulls aged 22—31

months, the correlation coefficients between
PRL and enzymes and creatinine changed to
positive (not with ALP) and were higher com-
pared to the estimates calculated for bulls aged
32 months or more (Table 3). These results sug-
gest that interpretation of PRL levels is depen-
dent on factors associated with age of animals.
For instance, high PRL levels found in young,
growing animals possibly mean different things
in metabolism than the high values detected in
older animals (high levels refer to high levels
within a corresponding age group).

Likewise, the correlation of PRL level with
the bulls’ own growth index was negative at
young age, changing to positive in older
animals (Osva et al. 1991).

In general, minerals and trace elements
showed a weak association with PRL level, and
no systematic change from negative to positive
correlation estimates with age could be detect-

Table 1. Means, standard deviations and range of variation in blood PRL and mineral levels, enzyme activities and
in some other blood parameters among Finnish A.L. bulls. Mean age of the bulls as well as mean weight at the age of

one year are also given.

Reference

Mean Unit s.d. Range** n values
PRL 10.6 ng/ml 12.7 0.1 — 750 291
ALP 193.4 fu/l 80.3 57 —437 166 < 300
ALT 31.3 iu/l 7.7 12 — 64 167 < 100k
AST 64.6 iu/l 9.5 32 —152 168 < 1382
CPK 111.7 fu/l 50.5 37 =395 166 < 348
GGT 24.8 iu/l 10.6 10 — 90 167 < 36
LDH 290.1 iu/l 77.7 143 —856 155 200—300k
Phosphorus 3.53 mg% 0.88 1.60— 5.14 296
Calcium 10.2 mg% 5.77 8.33— 13.33 315
Magnesium 2.22 mg% 0.28 1.50— 3.53 316
Potassium 19.1 mg% 1.49 154 — 23.6 269
Sodium 310.7 mg% 27.5 266 —457 269
Iron 177.0 ug% 71.2 64 —522 307
Copper 117.7 ug% 26.2 65 —264 313
Zinc 103.0 ug% 293 18 —314 314
Creatinine 150.5 pmol/l 419 83 —566 164 < 150k
BUN 3.56 mmol/l 0.82 1.6 — 74 161
Total protein 80.7 gl 9.2 63 —123 168
Cholesterol 3.99 mmol/l 0.91 23 — 7.0 120
Live weight* 456 kg 30.1 397 —593 299
Age 24.2 months 9.5 8 — 47 315

* live weight at the age of one year

** All observations (one sample per bull) except in PRL levels, where the most extreme values are excluded

a
k

ANON, 1991
KERR 1989
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Table 2. Statistical significance of certain fixed effects on the blood parameters studied.

Station- Age of Live weight
year the bull at the age
of one year
ALP wex e n.s.
b(ALP x Age) = —5.5 iu/l
ALT n.s. n.s. n.s.
AST n.s. n.s. *x
b(AST x Weight) = —0.12 iu/l
CPK A n.s. n.s.
GGT * n.s. *
LDH * % % LE RS * kK
b(LDH x Age) = 1.78 iu/l
b(LDH x Weight) = —0.44 iu/l
Phosphorus e A ns.
b(P x Age) = —0.02 mg%
Magnesium *x n.s. n.s.
Calcium b n.s. n.s.
Potassium i n.s. ns.
Sodium e * n.s
Iron A rxx n.s
b(Fe x Age) = 2.3 ug%
Copper e e n.s
b(Cu x Age) = 0.68 ug%
Zinc e ** n.s
b(Zn x Age) = 0.48 ug%
Creatinine * o n.s.
b(Creat x Age) = 1.11 pmol/l
BUN *xx PP n.s.
b(BUN x Age) = 0.03 mmol/l
Total protein e * n.s.
Cholesterol .k n.s. n.s.

Table 3. Correlation between blood PRL level and selected enzymes, minerals, trace elements and some other blood

parameters in A.L bulls.

Age of the bulls

12—21 months 22—31 months > 31 months ALL

n n n n
ALP —0.35* 33 —0.11 52 —0.28* 63 —0.25*** 148
ALT —0.25 33 0.15 53 —0.08 63 0.01 150
AST —0.31* 32 0.32* 49 0.01 61 0.06 143
CPK —0.30* 33 0.07 53 0.16 62 —0.02 148
GGT —0.22 33 0.22 52 0.07 62 0.12 148
LDH —0.10 32 0.24 48 —0.09 50 0.11 130
P —0.11 55 —0.03 80 0.20* 83 0.05 218
Ca —0.11 58 —0.13 85 0.09 97 0.00 241
Mg —0.15 58 —0.04 85 0.09 97 0.01 241
Na —0.16 39 —0.15 77 0.12 80 —0.07 197
K —0.29* 39 0.07 77 0.09 80 0.04 197
Fe —0.02 58 0.04 85 0.15 92 0.06 235
Cu —0.05 58 —0.10 85 —0.15 92 —0.09 235
Zn —0.19 58 —0.13 85 —0.04 92 —0.10 235
Creatinine —0.12 30 0.19 54 0.06 62 0.02 147
BUN 0.13 28 —0.05 50 0.09 63 0.06 141
Total protein 024 33 0.10 54 —0.04 63 0.06 150
Cholesterol 0.31 13 0.11 46 —0.24 47 0.02 107

(the statistical model varies according to variables, station-year effect is always included)

* (P < 0.05), *** (P < 0.001)
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ed. The only significant correlations observed,
were the negative correlation with potassium
in young animals and a positive correlation with
phosphorus in bulls aged 32 months or more.

The correlations between PRL and blood
BUN and total protein were not statistically sig-
nificant and usually around zero. The correla-
tion between PRL and cholesterol seemed to
depend on the age of the animals. It was posi-
tive at a young age and negative in older
animals. The correlation estimates between en-

zymes, minerals, trace elements, creatinine,
BUN and total protein are given in Table 4 as
additional information.
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SELOSTUS

Prolaktiini Suomen nautakarjassa. 4
Keinosiemennyssonnien veren prolaktiinitason yhteys eriisiin veren entsyymeihin,
kivenniis- ja hivenaineisiin seki eriisiin muihin veren ainesosiin

VAPPU KoOssiLA, RITVA MAKELA-KURTTO, ANU OSVA ja EERO TANHUANPAA

Maatalouden tutkimuskeskus ja Helsingin yliopisto

Veren seerumin prolaktiinitason yhteyksid plasmasta mitat-
tujen entsyymien (ALP, ALT, AST, GGT, LDH) aktiivi-
suustasoihin, mineraali- ja hivenainetasoihin (Ca, P, Mg, K,
Na, Fe, Cu, Zn) seki eriiden muiden plasman ainesosien
pitoisuuksiin (ureatyppi, kreatiniini, valkuainen, kolesteroli)
tutkittiin 316 keinosiemennyssonnilla. Verinidytteet kerit-
tiin kolmen keinosiemennysaseman ja Humppilan kas-
vatuskoeaseman sonneista. Sonnien iki vaihteli kahdeksasta
47:44n kuukauteen. Muuttujien viliset korrelaatiot arvioi-
tiin koko aineistosta, seki erikseen kolmessa ikiryhmissi
(12—21, 22—31 ja > 31 kk vanhat sonnit).

Yleisesti seki eri ikikausina ALP korreloitui negatiivisesti
prolaktiinitasoon (kaikki sonnit: r = —0.25, P < 0.001;
12—21kk:r = —0.35,P < 0.05;22—31kk:r = —0.11,
P > 0.05; > 31 kk:r = —0.28, P < 0.05). Muutoin koko
aineistosta lasketut korrelaatiokertoimet olivat lihelld nol-
laa. Nuorilla eldimilli prolaktiinitason korrelaatiot tutkittui-
hin ominaisuuksiin lukuunottamatta ureatyppes, valkuais-
ta ja kolesterolia olivat negatiivisia. Tilastollisesti merkit-
sevit korrelaatiot saatiin prolaktiinin ja ALP-, AST- ja CPK-
aktiivisuuksien sekid kaliumpitoisuuden vilille (AST: r =
—0.31;CPK: r = —0.30; K: r = —0.29). Lukuunottamat-
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ta alkaalista fosfataasia (ALP) korrelaatiot entsyymiak-
tiivisuuksiin muuttuivat positiivisiksi ikdvalilld 22—31 kk.
Niistd prolaktiinin ja AST:n vilinen korrelaatio olj tilastol-
lisesti merkitsevd (AST: r = 0.32). Yli 31 kk vanhoilla son-
neilla saatiin merkitsevi korrelaatio ALP:n lisiksi plasman
fosforipitoisuuteen (P: r = 0.20). Myés kolesterolin kor-
relaatio prolaktiinitasoon niytti olevan sidoksissa eldimen
ikadn. Nuorella iilld korrelaatiokerroin oli positiivinen muut-
tuen negatiiviseksi vanhemmilla eldimilli.

Johtopiitoksini voidaan todeta ettd, 1) tulokset viittaavat
siihen, ettid prolaktiinitaso ja ALP-aktiivisuus korreloivat
negatiivisesti keskendin, 2) Negatiiviset korrelaatiot prolak-
tiinitasoon ja energia-aineenvaihduntaan seki luuston, li-
hasten ja maksan aineenvaihduntaan liittyvien entsyymien
vililld nuorilla, kasvavilla eldimilld. Niiden korrelaatioiden
muuttuminen positiivisiksi eliinten vanhetessa viittaisi sii-
hen, ettd prolaktiinitasojen fysiologinen tulkinta olisi sidok-
sissa eldimen ikdin. T4ll6in esimerkiksi nuorten eliinten kor-
keat arvot saattaisivat merkiti ainakin osittain eri asioita kuin
korkeat arvot vanhemmilla eldimilli (korkealla arvolla tar-
koitetaan korkeata arvoa verrattuna ao. ikiryhmin keski-
arvoon).
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vation issues in temperate and tropical regions. Intern.
symp., Univ. Padova, Dept. Biol. and Coll. Agric. Italy.
Abstr. p. 117.

—, JOurDAIN, D. & Juarez, H. Report of the mid-term re-
view mission of support to agricultural extension. Re-
gion IV. Nicaragua. 45 p.

—, KAnkANeN, H. & ILoLa, A. Heikkoitoisen kevitviljan
arvo kylvOsiemeneni. Maatalouden tutkimuskeskus,
Tiedote 4/89. 28 p. + 20 liitetta.

MusTONEN, L. Suurtalouden perunalajikkeet. Kotitalous 52,
2: 35—37.

— Uusia perunalajikkeita viljelyyn. Kdytinndn Maamies 39:
2: 2—6.

— & KumpuLAINEN, J. Glykoalkaloidit — perunan haitalliset
aineosat. Koetoim. ja Kiyt. 47: 3.

— & PALOHUHTA, J.P. Minimukulat ja mikromukulat. Tuot-
tava Peruna 2: 23—24.

—, RANTANEN, O., NIEMELAINEN, O., PAHKALA, K. & KONTTU-
RI, M. Virallisten lajikekokeiden tuloksia 1982—1989.
Maatalouden tutkimuskeskus, Tiedote 7/90. 129 p.

—, RANTANEN, O., NIEMELAINEN, O., PAHKALA, K. & KONTTU-
RI, M. Tédrkeimmiit peltokasvilajikkeet. Pelto-Pirkan Pii-
vintieto 1991: 117—121.

—, RANTANEN, O., NIEMELAINEN, O., PAHKALA, K. & KONTTU-
RI, M. Tirkeimmit peltokasvilajikkeet. Maatalouskalen-
teri 1991: 124—130.

NIEMELAINEN, O. Factors affecting panicle production of
cocksfoot (Dactylis glomerata L.) in Finland. I. Develop-
ment of panicle production ability and time of floral
initiation in Jokioinen. Ann. Agric. Fenn. 29: 217—230.

— II. Effect of juvenile phase, sowing date and tillering.
Ann. Agric. Fenn. 29: 231—239.

— III. Response to exhaustion of reserve carbohydrates
and to freezing stress. Ann. Agric. Fenn. 29: 241—250.

— Miljbeffekter pd froskord i hundixing. Frgavl. NJF Semi-
nar 173. p. 229—233.

— Tuloksia virallisesta nurmikkoheinien lajiketestaustoi-
minnasta. Nurmikkotutkimuspiivi. p. 11—22. Mimeogr.

— Hoidon ja lannoituksen vaikutus eri lajeilla. Nurmik-
kotutkimuspiivi. p. 49—56. Mimeogr.

— The effect of frost on the panicle production of Dac-
tylis glomerata L. before and after flower initiation. In-
tern. Conf. Seed Testing and Production. Hungary. 1 p.
Abstr.

PankaLa, K. Rypsi- ja rapsilajikkeet. Koetoim. ja Kiyt. 47:
30.

— Kasvunsiidteert kevitrypsin viljelyssid. Koetoim. ja Kiyt.
47: 31.

— Sinappilajikkeiden viljelyominaisuudet. Koetoim. ja
Kiyt. 47: 36.

PARrY, M.L. & CARTER, T.R. An assessment of the effects of
climatic change on agriculture. In: Jackson, M.T., Ford-
Lloyd, B.V. & Parry, M.L. (ed.) Climatic Change and



Plant Genetic Resources. Belhaven Press. p. 61—84.

—, PoRTER, J.H. & CARTER, T.R. Climatic change and its
implications for agriculture. Outlook on Agriculture 19:
9—15.

—, PORTER, J.H. & CARTER, T.R. Climatic change and its
implications. Trends in Ecology and Evolution 5: 318—
322.

PoraLl, I. & KONTTURI, M. Ultrastructural changes in bar-
ley leaves during grain filling. 7th Congr. Fed. Eur. Soc.
Pl. Physiol., Ume3, Sweden. Poster. Physiol. Plant 79,
2 Part 2: A84.

RANTANEN, O. Kevitvehnin laatu ja lajikkeet. Kédytinnon
Maamies 39, 3: 34—36.

— Talvehtiminen on tirkeid tekiji syysviljalajikkeen valin-
nassa. Kiytinnén Maamies 39, 7: 16—17.

SAARINEN, S. & KONTTURI, M. 1989. Amount and composi-
tion of protein fractions extracted from wheat meal.
1CC’89 Symp. Wheat end-use properties. Lahti, Finland.
Abstr. of posters. Poster no. 23.

—, SaLo, Y. & KoNTTURrl, M. Grain protein solubility and
breadmaking quality of spring wheat varieties grown
in Finland. 24:e Nord. Cerealistkongr. Stockholm,
Sweden. Poster. Kongresbook: 154.

Maantutkimuksen tutkimusala, Jokioinen

Soil Science Section, Jokioinen

BaRrTOSIK, M-L., JOKINEN, R. & TAHVONEN, R. Gddslingens in-
verkan p4 skérd och kvalitet vid odling av tomat pd torv.
NJF seminar 171 Odling av vixthustomat och -gurka’.
NJF Utredning/Rapport 64: 44—52.

—, JoKINEN, R. & TAHVONEN, R. Godslingens inverkan pd
skord och kvalitet vid odling av tomat pé torv. Nord.
Jordbr.forskn. 72: 512—513.

Erv1®, R. Viljelymaiden ja ravinteiden muutokset vuosina
1974—1987. Oma maa 36, 10: 6.

— Viljelty maa pitd4 hyvin puolensa hapanta sadetta vas-
taan. Maatilan Pirkka 2: 6.

— Rikkii pellossa liikaa vai lifan vihin. Koetoim. ja Kiyt.
47: 42,

— Humuksen siilyttiminen pellossa. Pelto-Pirkan Piivin-
tieto 1991: 126—127.

— Peltojen viljavuustason muutos vuodesta 1974 vuoteen
1987. Symposio: Ympiristotieteelliset kartat ja kartoi-
tushankkeet Suomessa. Espoo. Geologian tutkimuskes-
kus. Mimeogr. 1 p.

—, MAKELA-KURTTO, R. & S1PPOL4, J. Chemical characteris-
tics of Finnish agricultural soils in 1974 and 1987. In:
Kauppi, P., Anttila, P., Kenttimies, K. (ed.) p. 217—234.

JOKINEN, R. Effect of phosphorus precipitation chemicals
on characteristics and agricultural value of municipal
sewage sludges. 1. Characteristics of Ca, Al and Fe
precipitated sewage sludges. Acta Agric. Scand. 40:
123—129.

— Effect of phosphorus precipitation chemicals on charac-
teristics and agricultural value of municipal sewage
sludges. 2. Effect of sewage sludges on yield, element

content and uptake by spring barley (Hordeum vulgare
L.). Acta Agric. Scand. 40: 131—140.

— Effect of phosphorus precipitation chemicals on charac-
teristics and agricultural value of municipal sewage
sludges. 3. Analytical results of sludge treated soils. Acta
Agric. Scand. 40: 141—147.

— Jitevesilietteiden kdytté maataloudessa. Abstr.: Utiliza-
tion of municipal sewage sludges in agriculture.
Vesitalous 2: 46—49, 64—65.

— Kerisalaatista uusi ruukkuvihannes. Puutarha-Uutiset 42,
18: 5.

— Ravinnelivosvikevyyden vaikutus salaatin laatuun.
Puutarhatekniikka 90. Kauppapuutarhaliitto, Helsinki.
Mimeogr. 2 p. :

MAKELA-KURTTO, R. Viljelymaissamme tapahtuneita muutok-
sia 1974—1987. Suomen kvartiiritutkimuksen kansal-
liskomitean symposiumi “Ihmisen aiheuttamat ym-
piristdmuutokset Suomessa’. Oulanka. Geologian tut-
kimuskeskus, Espoo. Mimeogr. 2 p.

— Viltd raskasmetalleja. Peltoliite, Pellervo 92, 5: 4—7.

— Raskasmetallit viljelymaissamme. Oma maa 36, 6: 5, 7.

— Onko puhdistamolietteen kiytté arveluttavaa? Maa-
talouden tutkimus- ja tuotanto -piivit. Jokioinen.
Mimeogr. 15 p.

— Puhdistamolietteen peltokiyttd vihenee. Pellervo 92,
13. Kotieldinliite: 18—20.

— Viljelymaiden raskasmetallikartoitukset vuosina 1974 ja
1987. Symposio: Ympiristotieteelliset kartat ja kartoi-
tushankkeet Suomessa. Geologian tutkimuskeskus, Es-
poo. Mimeogr. 1 p.

— Saadaanko arveluttavasta puhdistamolietteestd hyodyl-
linen lannoitus- ja maanparannusaine? Oma maa 36, 39:
8—9.

— & Targs, T. Midnnyn neulasten lyijypitoisuus Helsingin
seudulla alentunut. Oma maa 36, 6: 4.

RIEPPONEN, L., RINNE, S-L., HitvoLa, S-L., SIMOjoOKI, P., SipPO-
LA, J. & TarviTie, H. Omavaraisen ja tavanomaisen vil-
jelyn kannattavuusvertailu. Maatalouden tutkimuskes-
kus, Tiedote 6/90. 38 p. + 8 Append.

RUDNICKI, W., SAARINEN, ]. & SARKKA, L. The boundary layer
conductance in modelling of transpiration of green-
house cucumber. NJF-Utredning/Rapport 65: 56—59.

SAARELA, 1. & SIPPOL4, J. Inorganic leaf phosphorus and soil
tests as indicators of phosphorus nutrition in cereals.
Commun. Soil Sci. Plant Anal. 21: 1927—1943.

SAARINEN, ]. Automatic measuring of water potential and its
applications to horticultural peat. NJF-Utredning/Rap-
port 65: 50—55.

SILLANPAA, M. Micronutrient assessment at the country
level: an international study. FAO Soils Bull. 63. 208 p.

— Some preliminary results of 2 FAO/Finland microelement
project with special reference to cadmium. Intern.
Symp. ’Human and animal health in relation to circu-
lation of selenium and cadmium”. Ed. J. Lig, The Nor-
wegian Academy of Science and Letters. Oslo. 7 p.

SipPOLA, J. Yield level in a rotation with nitrogen supply by
red clover and pea. Transact. 14th Intern. Congr. Soil
Sci. IV: 621—622.

— & JanssoN, H. Experience with selenium intermixture
in commercial fertilizers in Finland. Intern. Symp. "Hu-
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man and animal health in relation to circulation of seleni-
um and cadmium”. Ed. Lig, J. The Norwegian Acade-
my of Science and Lettess. Oslo. 8 p.

—, RINNE, K.; RINNE, S-L. & Smojok1, P. Gréngddsling vid
rdgodling. Nord. Jordbr.forskn. 72: 197.

SARKKA, L. & SAARINEN, J. Veden puutteen vaikutus kasvi-
huonekurkun haihdutukseen ja nettofotosynteesiin seki
turvekasvualustan tensiometrinen kosteuden mittaami-
nen. Helsingin yliopiston puutarhatieteen laitoksen
julkaisuja 17. 53 p. |

SARKKA, L. & SAARINEN, J. (Ed.) Frin vixtreaktioner till till-
vixtmodeller. NJF-Utredning/Rapport 65. 128 p.

Urvas, L. Sinkkisulfaatti timotein lannoitteena. Maatalou-
den tutkimuskeskus, Tiedote 8/90: 1—11.

— Sinkkisulfaatti ja -kelaatit sinkkilannoitteina. Maatalou-
den tutkimuskeskus, Tiedote 8/90: 12—18.

— Sinkkilannoituksella pitkdaikainen vaikutus. Koetoim.
ja Kiayt. 47: 53.

WANG, D. & SippoLa, J. Selenium in soil extracts and plant
determined by fluorometry. Ann. Agric. Fenn. 29: 151—
156.

Painetut maaperikartat (1:20 000). Soil maps printed.
(Yhteistydssid Geologian tutkimuskeskuksen ja maanmit-
taushallituksen kanssa. In cooperation with the Geologi-
cal Survey of Finland and the National Board of Sur-
vey of Finland.)

1012 08 Mariehamn 1021 07 Salwvik
12 Bomarsund 10 Sund
2311 09 Liinamaa 1141 08 Lankoori
10 Lapuan asema 10 Luvia
12 Kauhava 11 Viasvesi
1142 06 Ouran saaristo 2132 01 Kalvola
08+ 05 Santee 02 Sadksmiki
09 Koortild 03 Valkeakoski
11 Ahlainen 04 Leteensuo
12 Lankoski 05 Tyrvintd
1143 06 Palus 06 Laitikkala
08 Kullaa 07 Hattula
09 Tuurujirvi 08 Alvettula
10 Kynsikangas 09 llmoila

10 Eteldinen
3713 09 Sodankyld

2124 07 Lempidniemi 2311 06 Ylihdrmi
08 Linsi-Teisko 07 Lapua
09 Parkkuu 08 Hellanmaa
10 Kimmenniemi 11 Ojutjirvi
11 Teisko
12 Murole

1242 09 Petalax
10 PoOrtom
12 Overmalax

11 Saidksjarvi
12 Kivijirvenmaa

1334 04 Maxmo 2323 07 Veteli
08 Oravais 08 Tastula

1244 01 Niemenkyld 2311 04 Malkamaiki
02 Sarvijoki 05 Kosola
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04 Jurva 3142 01 Otava

06 Kyldinpdd 02 Vuolinko

07 Nopankyld 03 Harjunmaa

10 Koskenkorva 04 Porrassalmi

11 Huissinkyld 05 Mikkeli
1333 1042311 01 Ylistaro 06 Hiirola

- 02 Lehmijoki 3511 (1 Kouhinsalo

12 02 Kaurajirvi 04 Putkilahti
2042 01 Karisjirvi 05 Oittila

02 Vuotinainen 06 Ristinselki
2141 04 Pilkine 3241 09 Mikrimaiki

05 Sahalahti 10 Sorsakoski

06 Ponsa 12 Oravikoski

07 Aitoo 3243 01 Unnukka

08 Pakkala . .

09 Uiherla 3321 10 Maaselinlahti

10 Luopioinen 11 Vuohtomiki

11 Rautajirvi
12 Kuhmalahti

2233 02 Kerte
03 Roosinpohja
04 Nytkyme
06 Koskenpii
12 Moksi

Maanviljelyskemian ja -fysiikan tutkimusala

Agricultural Chemistry and Physics Section

AHoLa, H. & Uusi-KiMpp4, J. Maatalouden ‘vesistokuormi-
tuksen pienentiminen suojavy&hykkeilli. Maatalouden
vesiensuojelu — Oulun vesistotutkimuspiivit. Vesi- ja
ympiristéhallituksen monistesarja 245: 99—106.

ALAKUKKU, L. Suuret akselipainot ja maan rakenne. Suom.
Maatal.tiet. Seur. Tied. 14: 129—133.

— Akselipaino vaikuttaa maan tiivistymin syntyyn. Kiy-
tinnén Maamies 39, 4: 46—47.

— Maatalouden sididpalvelu — viljelijan apuviline. Maito ja
me 4: 12—13.

— Suuret akselipainot koettelevat maan rakennetta. Oma
maa 36: 1.

— Suorakylvo syysvehnin viljelyssid. Teho 7—8: 35—37.

— Syysvehnii kyntidmittd viljellen. Kiytinnén Maamies
39, 7: 28—29.

— Maan tiivistyminen korjuukaudella. Saroilta 36, 6: 62—
63.

— Sakolukutietoa maatalouden sidpalvelusta. Saroilta 36,
6: 9—10.

— Pl6jningsfri odling av héstsidd. Nord. Jordbr.forskn. 72:
255.

Augra, E. Salaojien toimivuus savimaassa. Maatalouden tut-
kimuskeskus, Tiedote 10: 1—93.

ELONEN, P. Tarkempaan fosforilannoitukseen. Kiytinndén
Maamies 39, 3: 21—24.

— Kombinerad bearbetning och sidd av virsid. Nord.
Jordbr.forskn. 72: 252.

— Suoviljelyn viimeaikaisista tutkimuksista. Suoviljelysyhd.
vuosik. 93: 8—24.



— Lannoitus nyt ja tulevaisuudessa: Kustannus- ja ympi-
ristdkysymys. Maatalouden Tutkimus- ja tuotantopdiviit.
Maatalouden tutkimuskeskus, Jokioinen. Mimeogr. 14 p.

— Viljelyn vaikutus vesien kuormitukseen. Esitelmi Maa-
talouskeskusten Liiton edustajakokouksessa. Mimeograf.
7 p.

— Typpilannoitus kohdallaan. Fosforia rajusti litkaa. Maas.
Tulev. 27.11.1990.

EsaLa, M. Typpilannoitus kevitvehnin valkuaispitoisuuden
ja valkuaisen leivontalaadun parantajana. Lisensiaatin-
tutkimus. Jokioinen 156 p.

— Typpilannoitus ympiristokysymykseni. Pelto-Pirkan
Piivantieto 1991: 102—105.

— Maatalouden sddpalvelu 1991. Pelto-Pirkan Piivintieto
1991: 136—137.

— Typen kiertoa selvitellddn. Leipd Leveimmaiksi 38, 4:
16—17. _

— The effect of time of application on the fate of N
labelled nitrogen fertilizer applied to a spring wheat
crop. Sixth workshop on nitrogen in soils. Belfast.
Poster.

MikkoLa, H. & PITKANEN, J. Aurattoman viljelyn vaikutuk-
set kevitvehnin satoon ja maan rakenteeseen seki vil-
javuuteen. TyGtehoseura. Maataloustiedote 5, 381. 6 p.

MyiLys, M. Tiivis maako syyni salaojien toimimattomuu-
teen. Salaojituspalsta. Kdytinnon Maamies 39, 10: 76.

— Turvemaiden salaojitustutkimus Maatalouden tutkimus-
keskuksessa. Suovilj. yhd. vuosik. 93: 58—60.

PITKANEN, ]. Muokkausjirjestelmidt ja maan rakenne.
Maataloustieteen piivit. Suom. Maatal.tiet. Seur. Tied.
14: 124—128. Oma maa 36: 3. Tietoisku, Hime -90
maatalousndyttely, 2 p.

— Auratonta viljelyd kannattaa kehittdi. Leipd Levedmmaksi
38, 1: 16—17.

— Auraton viljely — vaihtoehto maanmuokkaukseen. Kyl-
vosiemen 29, 3: 26—29.

— Auraton viljely yleistyy. Koneviesti 38, 13: 20—22.

— Pl6jningsfri odling av virsid — Behov av teknologiska
16sningar. Nord. Jordbr.forskn. 72: 255.

— & REKOLAINEN, S. Kyntidmittd viljelyn soveltamismah-
dollisuudet Suomessa. Muistio MAVERO:n johtoryh-
mille. 4 p.

SAARELA, 1. Inorganic leaf phosphorus as an indicator of
phosphorus nutrition in cereals. Plant nutrition — phys-
iology and applications. Proc. 11th Intern. Plant Nutr.
Coll., Wageningen, Netherlands. p. 779—784.

— Laadukasta viljaa taloudellisella lannoituksella. Kiytin-
n6n Maamies 39, 4: 44—45.

— Oljykasvien fosfori- ja kaliumlannoitus. Koetoim. ja
Kiyt. 47: 32.

— Oljykasvien rikki- ja boorilannoitus. Koetoim. ja Kiyt.
47: 34.

— Simple soil test for assessing diffusible P. Jokioinen.
Mimeogr. 1 p.

— Fosforilannoitus ja ympiristd. Hime-90 maatalousniyt-
tely, Tietoisku. 6 p.

— Molybdeeni kasvinravinteena. Kiytinndn Maamies 39,
7: 24—27.

— Lannoituksen uudet tuulet — miiri ja tekniikka. Kas-
vinviljelyneuvojien teemakoulutuspiivit, Vammaia ja

Sotkamo. Mimeogr. 11 p.

— Kalkitus ei kuormita. Kdytinndn Maamies 39, 11: 38—
41.

— Fosforin kidytt6 kannattavuuden ja ympiristdn kannal-
ta. Pelto-Pirkan Piivintieto 1991: 106—108.

— & S1pPOLA, J. Inorganic leaf phosphorus and soil tests
as indicators of phosphorus nutrition in cereals. Comm.
Soil Sci. Plant Anal. 21, 13—16: 1927—1943.

TURTOLA, E. Viherkesanto sdistdi ravinteita. Leipd Leveim-
miksi 38, 1: 8—10.

Uusi-KAMPPA, J. Maatalouden vesistdvaikutukset ja niiden
torjunta. Maatalous ja ympdristo -teemapdivi, Loimaan
maatalousoppilaitos. p. 42—46.

— Maatalouden tutkimuskeskuksessa alkaa suojakaistatut-
kimus. Aquarius. Vesiensuojeluyhdistyksen tiedotuslehti
1: 6.

YLARANTA, T. 1989. Mitd maa- ja metsitalousministeridlle
on tapahtunut. Maataloustoimittajat r.y.:n Ympiristo-
seminaari. Valion luentotilat, Pitijinmaiki. Mimeogr.
13 p.

— 1989. Ympiristdn asettamat rajoitukset kemiallisten
tuotantopanosten kiytodlle. Suom. Maatal.tiet. Seur.
Tied. 12: 15—109.

— 1989. Ravinnekuormitus ympdristdssd. Savialueen
maataloussanomat (Loimaan Seudun Agrologit) 9.3.: 10.

— 1989. Lietteen merkitys maatalouden kuormittajana. Am-
mattienedistimislaitoksen kurssi “Jitevesilietteen kisit-
tely ja sijoitus’’, Hotelli Cumulus, Forssa 14.3. Mimeogr.
14 p.

— 1989. 8th World Clean Air Congress and Exhibition. The
Hague, Holland. Matkakertomus. 13 p.

— 1989. Raskasmetallilaskeumat tunnettava paremmin.
Koetoim. ja Kiyt. 46: 53.

— 1989. Kaatavatko kaasut kasvintuotantomme? Koetoim.
ja Kiyt. 46: 54.

— The selenium content of some agricultural crops and
soils before and after the addition of selenium to fer-
tilizers in Finland. Ann. Agric. Fenn. 29: 131—139.

— Effects of liming and the addition of sulphate and phos-
phate on the selenium content of Italian rye grass. Ann.
Agric. Fenn. 29: 141—149.

Kotieldintuotannon tutkimuslaitos, Jokioinen

Institute of Animal Production, Jokioinen

Kotieldinten jalostuksen tutkimusala

Animal Breeding Section

ARONEN, I. & MANTYSAARI, E. AAT allowance in relation to
live weight and live weight gain. Workshop on new Nor-
dic protein evaluation system for ruminants. Tune.
Mimeogr. 12 p.

GROHN, Y.T., MANTYSAARI, E.A. & Quaas, R.L. Repeatabili-
ty of ketosis. "’Epidemiology and Animal Health Eco-
nomics”’ Conf. of Res. Workers in Anim. Dis., Chicago.
(Abstr.).
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Haara, M. & KancasnieMl, R. Divergent selection on pro-
tein content in a Finnish Ayrshire herd. 41st Ann. Meet.
of the EAAP. Abstr. 1: 60—61.

JUuGa, J. & MANTYsAARI, E. ASMO, alkionsiirtojalostusohjel-
malla nopeutta maidon pitoisuuksien muuttamiseen.
Nautakarja 20, 3: 4—5.

— & MANTYsaARl, E. Mindre mjolkfett, mera protein
genom ASMO. Embryodverforingsprojekt piskyndar en
forindring av mj6lkens sammansittning. LOA 10; 372—
373.

KaNGASNIEMI, R. Jalostuksen 90-luvun visiot. Sika 20, 2:
16—18.

— Jalkavikojen merkitys sianjalostuksessa. Suom. Maatal.
tiet. Seur. Tied. 14: 101—109.

— Jalkavikojen merkitys sianjalostuksessa. Sika 20, 3:
32—33.

— Sianlihan makuun vaikuttaminen: Rasva meni, menik®
maku — kolmannesta rodustako apu. Maatalouden tut-
kimus- ja tuotantopiivit. Maatalouden tutkimuskeskus,
Jokioinen. Mimeogr. 9 p.

— Sianlihaan laatua yhteisty6lld. Maas. Tulev. 11.8.1990.

— Sikatalous hakee euroyhteyksii. Lihantuottaja 8: 17.

— & KancasNiem, E. Stressiherkkyys ja halotaanigeeni —
merkkigeenit ja geenikytkenti hyotykiyt6ssi. Natura 27,
4: 2225,

KornoneN, T. Alkuperiiset kotieldinrodut ja niiden siilyt-
timinen. Mimeogr. 6 p. [Available at Agricultural Re-
search Centre, Animal Breeding Section, Jokioinen, Fin-
land.]

LwrTuLs, M. Kananjalostuksen menetelmit. Kotieldin,
kana-extra: 9.

MayaLa, K. Geenitekniikoiden vaikutus kotieldinjalostuk-
seen. Suom. Maatal.tiet. Seur. Tied. 14: 42—46.

— Eldinjalostuksen periaatteiden soveltamisesta hevos-
jalostukseen. Ravimies 1—2: 46—49.

— Genetic correlation of twinning frequency with other
econormic traits in dairy cattle. J. Anim. Breed. Genet.
107: 7—15.

— Kotieldinjalostus muuttuu. Saroilta 36, 3: 26—27.

— Suomenlammas risteytyskdytdssd muissa lauhkean il-
maston maissa. Lammastalous 2: 4—11.

— Edistystd suomenkarjan perintdaineksen talteenotossa.
Nautakarja 20, 3: 20—21.

— Establishment of a World Watch List for Endangered
Livestock Breeds. FAO Anim. Pred. & Health Paper 80:
167—180.

— Reports of the EAAP Study Commissions. Joint sessions
of Study Commissions. Genetical Sheep and Goat Pro-
duction. Livest. Prod. Sci. 26: 305—306.

— Reports of the EAAP Study Commissions. Commission
on Animal Genetics. Livest. Prod. Sci. 26: 308—310.

—, NEIMANN-S@RENSEN, A., ADALSTEINSSON, S., KoLsTaDp, N.,
DAaNELL, B. & GJELSTAD, B. Conservation of animal gene
resources in the Nordic countries. Proc. 4th World
Congr. Genet. Appl. Livest. Prod. XIV: 459-—~462.

MANNINEN, M. Risteytysemolehmitutkimus kidynnistynyt
Tohmajirvelld. Lihayhtymi 1: 4—S5.

— Emolehmitutkimuksella takanaan kaksi toimintavuot-
ta. Keski-Suomen lihanautalehti 1: 3.

— Xaksi vuotta emolehmitutkimusta Tohmajirvelld. Tuot-
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— Ulkomaiset saasteet tuovat pahimman kadmiumkuor-
man. Maas. Tulev. 14.6.1990. 2 p.

— Teollisuus ja jitevesiliete kuormittavat kadmiumilla.
Maas. Tulev. 30.6.1990. 2 p.

— Raskasmetallit puhuttavat. Omavar. maatal. 9, 5: 5—6.

— Teollisuus ja yhdyskunnat saastuttavat. Omavar. maa-
tal. 9, 6: 14—15.

VAISANEN, J. Nutrient regime at the farm level. Proc. Ecol.
Agric. NJF-Seminar 166. Uppsala. Alternative agric. S:

. 99—103.

— Kvivebalansen som indikator om gardens kvivehushill
och -forluster. Nord. jordbr.forskn. 72, 2.

— Ecological agriculture in Finland. Proc. Expert Consul-
tation. Biol. Farm. Eur. Bern. FAO. REUR Technical Se-
ries 12. p. 225—227.

— Porkkanan mekaaninen ja terminen rikkakasvintorjun-
ta. Partala-sarja 9. 28 p.

—, LEINONEN, P. & KIvEL4, J. Sianlannan kompostointi ja
lannoitusvaikutus. Koetoim. ja Kéyt. 47: 41.

Martensin vihannestutkimusasema

Martens Vegetable Research Station, Nirpi6

Barrosik, M-L. Kurkuntapainen meloni. Puutarha-Uutiset
42, 2: 24—25.

— Odling av melon i vixthus. Tridgirdsnytt 44, 2: 7.

— Puhtaita paprikoita kotimaasta. Puutarha-Uutiset 42, 2:
24—25.

— Odling av paprika i vixthus. Tridgirdsnytt 44, 3: 3.
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— Paksoi eli pinaattikiinankaali viihtyy viiledssi. Puutar-
ha-Uutiset 42, 2: 25.

— Odling av pak-choy i vixthus. Tridgirdsnytt 44, 2: 13.

— Salkopavun lajikevalinta tirked. Puutarha-Uutiset 42,
6: 2.

— Odling av stérboéna i vixthus. Tridgirdsnytt 44, 5:
14—15.

— Paljonko runkokurkkuja? Puutarha-Uutiset 42, 11: 5.

— Hur minga stamgurkor? Tridgirdsnytt 44, 5: 18—19.

— Kasvihuonevihannesten suositeltavat lajikkeet, Puutarha-
Uutiset 42, 41: 25—27.

— Gronsakssorter rekommenderade f6r vixthus. Trid-
girdsnytt 44, 22: 9—11.

— Kasvihuonevihannesten suositeltavat lapkkeet Puutar-
hakalenteri 1991: 181—190.

— Gronsakssorter rekommenderade f&r vixthus. Lant-
brukskalender 1991: 254—266.

— Kasvualustat Martensilla 1980-luvulla. Kasvuturvepiivit,
Jyviskyld. Turveteollisuusliitto. Mimeogr. 3 p.

— Vaihtoehtoja kasvihuonevihannesten valikoimaan. Puu-
tarhatekniikka 90. Seminaarit. Kauppapuutarhaliitto.
Mimeogr. 1 p.

—, JOKINEN, R. & TAHVONEN, R. Godslingens inverkan pi
skord och kvalitet vid odling av tomat i torv. NJF —
Utredning/Rapport nr. 64. p. 44—52. Nord. Jordbr.
forskn. 72, 4: 512—513.

— & TAHVONEN, R. Tomaatin maku. Puutarha 4: 288—289.

— Tomaternas smak. Tridgirdsnytt 44, 7: 16.

— & TaHVONEN, R. Kurkun ja tomaatin lajikekokeet. Puu-
tarha 11: 744—746.

— Tomat- och gurksorterna. Tridgirdsnytt 44, 21: 18—19.

Sikatalouden tutkimusasema, Hyvinkii

Swine Research Station, Hyvinkii

ALAVIUHKOLA, T. Herneet ja sika. Saroilta 36, 1: 10—11.

~— Harkintaan vitamiinien kdytossi. -Saroilta 36, 1: 13—14.

— Sian rasvaliukoisten vitamiinien tarve. Sika, 26, 1: 8—10.

— Kolmas rotu ja tutkimus. Sika 20, 2: 10.

— Rypsirouhe rehuteollisuuden kiinnostuksen kohteena.
Sika 20, 3: 12.

— Kalajauhon kiytto sikojen ruokinnassa. Sika 20, 4: 6—7.

— Sianrehut 1990-luvulla. Sika 20, 5: 30—31.

— Kustannusjahtiin sikataloudessakin. Lihayhtymi 2: 4—5.

— Sian vitamiinit. Suomen Eldinladkiriliiton luentokokoel-

“mat. p. 117—127.

— Sikojen vitamiinit. Pelto-Pirkan Pdivintieto 1991: 140—
141.

— Kotimaisten valkuaisrehujen kiytto kalajauhon korvik-
keena. Maatalouden tutkimus- ja tuotanto-piivit. Maa-
talouden tutkimuskeskus, Jokioinen. Mimeogr. 3 p.

— Ohra pitdi asemansa sianrehuseoksissa. Farmi 4: 26.

— &-Suomy, K. Effect of betaine supplementation of low
methionine diet for growing pigs. Ann. Agric. Fenn. 29:
127—129.

Suomi, K. Kevytti lihaa karjuista. Sika 20, 4: 22—23.

— A-vitamiini sikojen ruokinnassa. Kiytinnén Maamies 39,
3: 62—63.



Tervetaimiasema, Laukaa

Healthy Plant Center, Laukaa

Kumpura, R. Mikrolisityn mansikan emotaimiklooneissa
esiintyvd muuntelu. Maatalouden tutkimuskeskus, Tie-
dote 3/90. 63 p.

SALMINEN, L., UOSUKAINEN, M., MATTSON, P. & KORPELA, T.
Action of cyclodextrins on germinating seeds and on
micropropagated plants. Starch/stirke 42: 350—353.

TAKALA, M., UOSUKAINEN, M. & AALTONEN, M. Tummansini-
nen ‘Sinikka’. Puutarha 93: 861—862.

UOSUKAINEN, M. New iron-hardy Finnish Rhododendron
cultivars. In: Moderne Verfahren in der Ziichtung und
Vermerung von Zierpflanzen: Vortrige und Zusammen-
fassungen der Poster anlisslich der 15. Tagung der Sek-
tion Zierpflanzen der EUCARPIA. Erfurt. Tagungsbe-
richt/Akad. Landwirtsch. Wiss. DDR. 281: 85—89.

— G — basic medium. Agricultural Research Centre,
Healthy Plant Center. Notice 14.6.1990. 2 p. Laukaa.

— Eniotaimieri istutusajankohdan ja leikkaustavan vaiku-
tus pistokkaiden saantiin. Tervetaimiaseman tiedote
1/90: 6—10.

— (Ed.) Mansikan nahkamiti. Tervetaimiaseman tiedote .

3/90. 5 p. Laukaa.

— Tervetaimiasemalla lisiyksessd olevat luumulajikkeet.
Tervetaimiaseman viljelijatiedote 4/90. 12 p. Laukaa.

— Hoyhenpensas (Fothergilla major). Viherpuita ja pensaita
150. Puutarha-Uutiset 42, 44: 26.

— Tervetaimiasemalla tuotannossa olevat ja lajikekokeita
varten lisityt luumulajikkeet. Maatalouden tutkimuskes-
kus, Tiedote 11/90: 1—30.

UusITALO, A. Luumujen ja kirsikan virustaudit. Maatalouden
tutkimuskeskus, Tiedote 11/90: 31—43.

Turkistalouden tutkimusasema, Kannus

Fur Farming Research Station, Kannus

HAAPANEN, K., HARRI, M., MONONEN, J., KORHONEN, H., FORS,
F., NIEMELA, P. & RouvinNeN, K. The influence of nest
box model and other environmental factors on the
whelping result of blue foxes. Scientifur 14, 4: 295.
Abstr.

—, HARRI, M., MONONEN, J., KORHONEN, H., NIEMELA, P., Rou-
vINEN, K. & Fors, F. Lymodellens och andra miljéfak-
torers inverkan p blarivens valpresultat. Abstracts vedr.
NJF seminar nr. 185. Tistrup, Danmark. NJF-utred-
ning/rapport nr. 60. Resultater af de seneste irs Nor-
disk pelsdyrforskning. Foredrag ved NJF seminar nr.
185.

HARRI, M., HaaPANEN, K., MONONEN, J., KORHONEN, H. & Rou-
VINEN, K. Anvindning av liggunderlag till riv och mérd-
hund: Faktorer som pédverkar anvindningen. Abstracts
vedr. NJF seminar nr. 185. T4strup, Danmark. NJF-ut-
redning/rapport nr. 60. Resultater af de seneste drs Nor-
disk pelsdyrforskning. Foredrag ved NJF seminar nr.
185.

KORHONEN, H., MONONEN, J., HARRI, M., MAKINEN, A. & ALA-

SUUTARI, S. Supikoirien tarhaus isoissa aitauksissa. Tur-
kistalous 62, 12: 271—273.

—, MONONEN, J., HARRI, M., MAKINEN, A. & ALASUUTARI, S.
Sjubbfarmning i stora inhignader. Finsk Palstidskrift 24,
12: 271—-273.

—, MONONEN, J., HARrI, M. & AHO, J. Supikoiran evoluutio:
Sattumagz vai sopeutumista? Turkistalous 62, 11: 244—
245.

—, MONONEN, J., Harrl, M. & AHO, J. Mirdhundens evolu-
tion: Slump eller anpassning?. Finsk Palstidskrift 24, 11:
244-—-245.

MARJONIEMI, M., KEMPPINEN, E., MANTYSALO, E., ROUVINEN, K.
& NIEMELA, P. Investigations on uniaxial straining of fur
in skin state. Part II. Effects of straining on physical
characteristics in leather state. Tampereen teknillinen
korkeakoulu, Sihkotekniikan osasto, Fysiikka, Raport-
ti 6/90, Scientifur 14, 2: 112. Abstr.

NIeMELE, P. Ajankohtaista; Pentuja odoteltaessa. Turkista-
lous 62, 4: 86.

— ‘Aktuellt; I vintan pi valpar. Finsk Pilstidskrift 24, 4: 86.

—, MAKELA, J. & DaHwMaN, T. Feeding trial using slaughter-
house waste preserved with Biensil. Scientifur 14, 4:
2G9. Abstr.

- RouvineN, K. Digestibility of different fats in mink and blue

fox kits — influence of emulsifying agents. Scientifur
14, 1: 40. Abstr.

— Digestibility of different fats and fatty acids in the mink
(Mustela vison). Acta Agric. Scand. 40, 1: 93—99.

— Digestibility of different fats and fatty acids in the mink
(Mustela vison). Scientifur 14, 1: 40. Abstr.

— & KuskiNeN, T. Influence of dietary fat source on the
body fat composition of mink (Mustela vison) and blue
fox (Alopex lagopus). Scientifur 14, 1: 39—40. Abstr.

— & KuskINeN, T. Hog askhalt i fodret forsdmrar fettets
smiltbarhet. Abstracts vedr. NJF seminar nr. 185. Ti-
strup, Danmark. NJF-utredning/rapport nr. 60. Resul-
tater af de seneste 4rs Nordisk pelsdyrforskning. Fore-
drag ved NJF seminar nr. 185.

— & MANTYSALO, E. Influence of fatty acid composition in
dried raw mink and blue fox skins on their storage aging
and dressing properties. Scientifur 14, 1: 24. Abstr.

— & MANTYSALO, E. Storage aging and dressing propertics
of mink and blue fox skins — Influence of feeding. Sci.
Soc. Leather, Shoe and Allied Ind. 9th Congr. Leather
Ind. Budapest, Hungary. Proc. I. (ed. Figuli, J.T.). VOL.
part C, Leather & Fur: 687—696.

— & NIEMELA, P. Plasmacytosis impairs breeding result and
early kit growth in the mink. Scientifur 14, 1: 56—57.
Abstr.

—, NIEMELA, P. & KuskiNen, T. Influence of dietary fat
source on growth and fur quality of mink and blue fox.
Scientifur 14, 1: 39. Abstr.

—, NIEMELA, P., MARJONIEMI, M., KEMPPINEN, E. & MANTYSALO,
E. Investigations on uniaxial straining of fur in skin state.
Part I. Effects of straining on skin length, contraction
and fur charaxteristics. Tampereen teknillinen korkea-
koulu, Sihkotekniikka osasto, Fysiikka, Raportti 5/90.
Scientifur 14, 2: 112. Abstr.

—, NiEMELA, P., MarjONIEMI, M., KEMPPINEN, E. & MANTYSALO,
E. Inverkan av tinjning pi skinnlingd, kvalitet och pils-
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beredningsegenskaper. Abstr.vedr. NJF seminar nr. 185.
Tastrup, Danmark. NJF-utredning/rapport nr. 60. Resul-
tater af de seneste 4rs Nordisk pelsdyrforskning. Fore-
drag ved NJF seminar nr. 183,

—, NIEMELA, P., MARJONIEMI, M., KEMPPINEN, E. & MANTYSALO,
E. Effects of straining on length, quality and dressing
properties of furskins. Scientifur 14, 4: 298. Abstr.

Lounais-Suomen tutkimusasema, Mietoinen

Southwest Finland Research Station, Mietoinen

KoOvLyArvy, J. Syysviljakasvustojen rikkakasvi- ja laontorjun-
taruiskutukset. Kasvinsuoj.seur. Kasvinsuojelupiivit
1990: 63—70.

— Miten hyddynnin kesantoa viljatilalla. Kesannon hyé-
dyntdminen viljatiloilla. Sampsa ry:n kasvintuotantoker-
ho, Maatalouskeskusten liitto, Maaseudun sivistysliitto,
Opintokeskus. Mimeogr. p. 23—29.

— Syysviljan ruiskutukset keviillid. Koetoim. ja Kiyt. 47:
21.

— Kevitviljojen kylvomuokkaus ja kylvé savimailla. Koe-
toim. ja Kiyt. 47: 28.

— Rypsin kylvémuokkaus ja kylvo. Koetoim. ja Kiyt. 47:
30—31.

— Keviitdljykasvien typpilannoitus ja sen ajoitus. Koetoim.
ja Kdyt. 47: 35.

— Kynnostd aurattomaan viljelyyn. Koetoim. ja Kiyt. 47:
45.

— Lannoitus Eteld-Suomen viljatilalla. Koetoim. ja Kiyt.
47: 58.

— Kesannon viljely. Koetoim. ja Kiyt. 47: 61.

— Viherkesannosta apu maan tiivistymiseen viljatilalla.
Maas. Tulev. 74, 40: 2.

— Viljelyn keventiminen viljatilalla. Kiytinndn Maamies
39, 6: 38—40.

— Syysviljat viljatilan suunnitelmissa. Kdytinndn Maamies,
39, 7: 20—23.

— Uusia lajikkeita runsaasti viljelyyn. Kylvosiemen 29, 5:
10—13.

— Korvaako ies auran. Varsinais-Suomen maataloussano-
mat 1990: 14.

— Virsddd med ménga nya sorter. LOA 71: 55—60.

— Ogrisbekimpning i héstsid. LOA 71: 146—147.

— Hostsiden i spannmadlsgirdens odlingsplanering. LOA
71: 273—275.

— Etablering av frovallar pd hosten eller pi viren. NJF’s
sektion II — Plantedyrkning. Seminarium nr. 173,
Froavl. p. 74—78.

— Trindsddesodling i Finland. NJF’s seminarium nr 175.
Trindsidesodling: 14.

— Trinsidesodling i Finland. Vixtodling 23: 22—25. Upp-
sala.

— Auraton muokkaus viljelyn keventijini. Maatilan Pirk-
ka 4: 7—8.

— Tulosten tarkastelua. Maatalouden tutkimuskeskus,
Lounais-Suomen tutkimusasema. 51 p.
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Satakunnan tutkimusasema, Peipohja

Satakunta Research Station, Peipohja

RIEPPONEN, L., RINNE, S-L., HuvoLa, S-L., SIMOJOKI, P., SipPo-
LA, J. & TALviTIE, H. Omavaraisen ja tavanomaisen vil-
jelyn kannattavuusvertailu. Maatalouden tutkimuskes-
kus. Tiedote 6/90. 38 p. + 8 liitetti.

—, RINNE, S-L. & TaLviTiE, H. Omavaraisessa viljelyssi ta-
vanomaista viljelyd heikommat katetuotot. Koetoim. ja
Kiyt. 47: 52.

TALVITIE, H. & KaNGas, A. Tirkkelysperuna lajikekokeissa.
Pellervo 92, 11: 20—21.

Sata-Himeen tutkimusasema, Moubhijirvi

Sata-Hime Research Station, Mouhijirvi

KancasMikl, T. Kilien kasvatus lihaksi. Lammas ja Vuohi 1:
56—61.

— Siementen varastointi. Siemenpakkaamo-opas. Kasvin-
tuotanto no 13: 30—35.

— Keviitkyntd sopii hiesumaille. Koetoim. ja Kiyt. 47:
18—19.

— Omavaraista vai tiysrehua kutuille? Lammas ja Vuohi
4: 54—58.

—, HANNUKKALA, A. & KEMPPAINEN, E. Niitto- ja lannoitus-
ajankohdan vaikutus westerwoldinraiheinin satoon.
Koetoim. ja Kiyt. 47: 26.

—, HANNUKKALA, A. & KEmMPPAINEN, E. Kotimaista vai ulko-
maista siementd westerwoldinraiheininurmiin. Koe-
toim. ja Kiyt. 47: 26—27.

Himeen tutkimusasema, Pilkine

Hime Research Station, Pilkine

AALTONEN, M. Missi syy, kun omenasadot vaihtelevat. Koe-
toim. ja Kiyt. 47: 49, 52.

— Punaherukan lannoituskokeet jatkuvat — eri menetel-
mien viliset satoerot pienid. Koetoim. ja Kiyt. 47: 54—
55.

TAKALA, M., UOSUKAINEN, M. & AALTONEN, M. Tummansini-
nen Sinikka. Puutarha 93: 861—862.

VUORINEN, M. Helmikuu ennityslimmin. Kunnallistiedot
26.2.1990. p. 2.

Eteli-Savon tutkimusasema, Mikkeli

South-Savo Research Station, Mikkeli

ALANKO, P. & Dawman, P. Suomessa viljellyt aroniat (Aronia).
Sorbifolia 21: 107—115.

DaLman, P. Marjaviljelysten uusiminen. Teho 6: 9—11.

— Mustaherukan nuorennusleikkaus. Puutarha-Uutiset 42,
43: 17.

GaLamBos1, B. Kiy yretitarhoissa. Kotipuutarha 50, 1:
42—44.



— Mikimeirami on mainio mauste. Nuorten Sarka 2: 6—8.

— Sitruunamelissa. Nuorten Sarka 4: 4—S5.

— Kiehtova kirveli. Nuorten Sarka 5: 6—7.

— Tuoreyrttejd maun mukaan. Ravintola ja Suurkeittio 2:
30—31.

— Uhka terveydelle. TEE 2: 18—21.

— Maustekasvit tdnddn ja huomenna.
310—313.

— Rikkaruohoja voidaan torjua luonnonmukaisilla yrttivil-
jelmilld. Koti 5: 32—33.

— Siirtyminen yrttiviljelyyn. Teho 6: 14—17.

— Yrttiviljelyn tutkimuksen kulta-aika Suomessa. Frantsi-
lan Uutiset 1: 24.

— Kuka kiy yrttikursseilla? Frantsilan Uutiset 2: 19.

— Yrttien esikasvit ja yrtit esikasveina. Frantsilan Uutiset
2: 21-=22.

— Yrttikasvien siementen keruu ja itidvyys. Frantsilan
Uutiset 3: 16—17.

— Yrtit ja kissat. Frantsilan Uutiset 4: 29—30.

— Ortodling — en av véra nya nischer? LOA 71: 434—436.

—, Biro, I, HoLM, Y. & KUMPULAINEN, ]J. Yield and quality
of herbs grown in Lapland. 21st Intern. Symp. Ess. Oils
Abstr. p. 31. '

— & Howm, Y. 1989. The effect of nitrogen fertilization on
the herb yield of dragonhead. J. Agric. Sci. Finl. 61:
387—394.

—, HoLMm, Y., SZEBENI-GALAMBOSI, ZS., REPCSAK, M. & CER-
NaJ, P. Yield and essential oil of some chamomile cul-
tivars grown in Finland. 21st Intern. Symp. Ess. Oils
Abstr. p. 60.

— & KUMPULAINEN, J. Production of clean raw material for
medicinal plant extracts in Finland. Kemia-Kemi 17,
10-B: 1007.

— & MARKKULA, 1. Yrttien tuholaiset. Puutarha 93: 534—
535.

—, SZEBENI-GALAMBOSI, ZS., SVAB, J. & DORMAN, E. Biologi-
cal value of Asteraceae seed of collected from the na-
ture in Hungary. 21st Intern. Symp. Ess. Oils Abstr. p.
58.

— & SzeBENI-GALAMBOSI, ZS. Development of growing
methods for chamomile in Finland. 231d Intern. Hort.
Congr. Abstr. 1. p. 756.

— & SzEBENI-GALAMBOSI, ZS. The use of plastic mulch and
ridges in the production of pesticide free herbs. 23rd
Intern. Hort. Congr. Abstr. 2. No 4128.

— & SzeBENI-GALAMBOSI, ZS. Introduction of anise hyssop
into culture in Finland. Celebration 75th Anniversary
Res. Inst. Medicinal Pl. Budakalasz. Abstr. p. 49.

GRAVEC, V., GALAMBOSI, B. & CERN4J, P. Mineral nutrition of
medicinal plant and foreign substances. Proc. Conf. Ind.
Toxic. Modra, Czechoslovakia. p. 51—54.

Huokuna, E. Tarkistetaan sdilorehunurmien viljelyohjeita.
Kiytinndén Maamies 39, 4: 38—39.

— Valkoapila laidun- ja sdildrehunurmissa. Kiytinnon
Maamies 39, 5: 42—43.

— Nurmien satoja on vara parantaa. Kiytinndn Maamies
39, 8: 22—23.

— Apilan viljelylld pienennetdin tuotantokustannuksia.
Maito ja Me 6: 13.

— Tarkkuus palkitaan sdilorehunurmen viljelyssi. Leipi

Puutarha 93:

Levedimmiksi 38, 4: 6—7.

— KylvOmdirit rehu- ja kesantonurmia perustettaessa. Kyl-
vosiemen 29, 4: 6—7.

SZEBENI-GALAMBOSI, ZS., HoLM, Y. & GALAMBOSI, B. Growth,
yield and volatile oil of Lovage cultivated in Finland.
21st Intern. Symp. Ess. Oils Abstr. p. 59.

Keski-Suomen tutkimusasema, Laukaa

Central Finland Research Station, Laukaa

RIEPPONEN, L., RINNE, S.-L., Hirvola, S.-L., SIMOJOKI, P., Sip-
POLA, J. & TALVITIE, H. Omavaraisen ja tavanomaisen
viljelyn kannattavuusvertailu. Maatalouden tut-
kimuskeskus, Tiedote 6/90. 38 p.

SiMOJOKI, P. Omavarainen viljely tutkimuskohteena. Oma-
var. maatal. 4: 4—7, 21.

SIPPOLA, J., SIMOJOKI, P. & RINNE, S.-L. Omavaraisessa vil-
jelyssd huomio fosforiin ja kaliumiin. Koetoim. ja Kiyt.
47:27—28. |

VESTBERG, M. Jordirtskocka. Tridgirdsnytt 44, 1: 13—14.

— Occurrence and pathogenicity of Pythium spp. in seed-
ling roots of winter rye. J. Agric. Sci. Finl. 62: 275— 283.

— VA-mykorrhizas roll i vixtrotter. NJF, Seminarium nr
184. Rotens milj6. Falsterbo, Sverige.

— Biologisk bekimpning av Aphanomyces pi idrter med
VA-mykorrhiza. NJF, Seminarium nr 175. Trindsides-
odling: 58. Lantbr.univ., Ultuna, Sverige. 78 p.

— Interactions between VAM and micro-organisms: Cur-
rent and nearest future research in Finland. First con-
ference of the participants in COST-ACTION 810. Ein-
siedeln. 1 p. Abstr.

— VAM fungi in micropropagated plants: Current activi-
ties and nearest future research in Finland. First con-
ference of the participants in COST-ACTION 810. Ein-
siedeln. 1 p. Abstr.

Eteli-Pohjanmaan tutkimusasema, Ylistaro

South Ostrobothnia Research Station, Ylistaro

Hnvora, §-L. Uutuuksia kevitviljojen lajikevalikoimassa.
Eteld-Pohjanmaan maatalouskeskuksen jirjestolehti 1: 8.

— Rukiin typpilannoitus. Eteld-Pohjanmaan maatalouskes-
kuksen jirjestdlehti 2: 6.

— Kasvukausi 1990. Eteli-Pohjanmaan maatalouskeskuk-
sen jirjestolehti 3: 4.

— Lannoitus ja ympiristd. Imolaanen 1990: 15.

Kancas, A. Hernettd viherkesantoon? Etelid-Pohjanmaan
maatalouskeskuksen jirjestolehti 1: 8.

— Perunarutto paha kerran viidessi vuodessa. Eteld-
Pohjanmaan maatalouskeskuksen jirjestolehti 2: 6.

— Havaintoja kasvitaudeista viime kesiltd. Etelid-Pohjan-
maan maatalouskeskuksen jirjestolehti 3: 4.

— Turve perunamaan maanparannuksessa — ensimmdisen
vuoden tulokset. Eteld-Pohjanmaan maatalouskeskuk-
sen jirjestolehti 4: 4.

RIEPPONEN, L., RINNE, S-L., HivoLa, S-L., SimMOjoki, P., Sip-
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POLA, J. & TaLvITIE, H. Omavaraisen ja tavanomaisen
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