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ANNALES AGRICULTURAE, VOL. 15: 145—162 (1976)

Seria ANIMALIA DOMESTICA N. 41 — Sarja KOTIELAIMET n:o 41

DETERMINATION OF BOVINE PROLACTIN BY CHARCOAL-DEXTRAN

RADIOIMMUNOASSAY

Ritva MAXKELA and Varpu KossiLA

Mixeri, R. & KossiLa, V. 1976. Determination of bovine prolactin by
charcoal-dextran radioimmunoassay. [Ann. Agric. Fenn. 15: 145—162. (Agric.
Res. Centre, Inst. Anim. Husb., 01300 Vantaa 30, Finland.)

Antibodies produced during this research were immunologically active in ra-
dicimmunoassay. Jodination of bovine prolactin was carried out by the chlora-
mine-T technique. Labelled hormone possessed sufficient immunological acti-
vity and specific activity for radioimmunoassay. Determination of the per-
centage; incorporation of iodine-125 into bovine prolactin was found satis-
factory when based on the weights of the peaks of the iodination curve. Dextran
coated charcoal was suitable for separation of the antibody-bound and free
bovine prolactin. The assay conditions in this research resulted in a standard
curve sensitive between the concentration levels of 0.05—0.8 ng bovine pro-

lactin.

Index words: bovine, prolactin, radioimmunoassay.

INTRODUCTION

The purpose of this research was to apply
radioimmunoassay of bovine blood prolactin
in practice. The first reports on radioimmu-
noassay of bovine prolactin were published
by ScHamMs and KaRrG (1969) and JOHKE
(1969). The present paper gives the results
of immunological activity in the antisera
and labelled bovine prolactin produced during

this
conditions, separation of the antibody-bound
and free hormone, and the standard curve.
The work was part of NKJ project number
22, the interrelations
between the hormone activity and produc-
tional capacity of domestic animals.y

research as well as the incubation

»Investigations on

METHODS AND MATERIALS

Hormone preparation

Bovine prolactin (NIH-P-B2) wused for

1 6032—76

labelling, for production of antiserum and
as a standard hormone was a gift from
Dr. A.E. WiLeeLMI, National Institutes of
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Health, Emory University, Atlanta, Georgia
30322, U.S.A. According to the information
of the donor, its biological activity was
approximately 19.9 IU/mg.

Antisera

Antisera were produced in rabbits and
guinea pigs, mainly according to CLAUSEN’s

Injections :
12.3.4. 5. 6.7 8, 9, 10.11.12.13.14.15.

16, 17.18.14,

(1969) immunization schedule. Injections
(0.5—5.0 mg NIH-P-B2/rabbit and 0.5—
1.0 mg NIH-P-B2/guinea pig) were given
subcutaneously in several sites near the
lymphatic nodules of both species. Rabbit
blood samples were taken from the central
artery of the ear. Guinea pig blood samples
were taken by heart puncture. Time tables
for injections and bleedings for rabbits and
guinea pigs are shown in Figs. 1 and 2.
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Fig. 2. Schedule of injections and bleedings for the
guinea pigs.

One rabbit antiserum against bovine
prolactin was a gift from Schams and
Karg at the Institute of Physiology, Technical
University of Munich, Weihenstephan. An-
tisera were stored at —20° C.

Purification of the rabbit antiserum (1 ml)
was made by absorption, using lyophilized
bovine brain (50 mg), liver (50 mg) and
kidney tissue (50 mg), and serum (30 mg),
either separately or combined.
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9. 10, 11,

Schedule of injections and bleedings for the rabbits.

Iodination

Todination (labelling) of the bovine prolactin
was carried out by the chloramine-T technique
(GREENWOOD et al. 1963). 1—2 mCi of
Nal-125 (Radiochemical Centre, Amersham)
was used for each iodination. Reaction time
was 20 or 30 sec. The labelled prolactin
was purified by Sephadex G-100 gelfiltration
(column 1 X 25 cm).

Repurification of the labelled prolactin
was done by gelfiltration with Sephadex
G-200 (column 1 X 25 cm). Both columns

.were presaturated with BSA. The elution

buffer was 0.07 M veronal buffer, pH 8.6.
Relative radioactivity of each fraction (8
drops) was measured with automatic gamma
sample counters (Wallac, GTL300-1000 o
LKB-Wallac 1280 UltroGamma) to determine
the elution pattern (iodination curve) of
the radioactive subjects. Peaks of the
elution pattern indicate in which fraction
or fractions various radioactive materials
are found.



. To determine what amount (nCi) of the
radioactivity is responsible for a given
amount (ng) of the labelled hormone, the
percentage incorporation of I-125 into the
hormone had to be clarified immediately
after purification of the labelled hormone.
Two methods (a) and (b) were tested to
determine the percentage incorporation of
1-125 into the hormone.

Both methods were based on the weights
of the peaks in the iodination curve. The
hormone and iodine peaks of the jodination
curve . were cut off from the paper and
weighed.

Method (a): In this method adsorption
of free and bound I-125 into the reaction
vial, pipette and column (Sephadex G-100)
was assumed to take place to the same
extent. The percentage incorporation (I %)
of I-125 was estimated in the following way.

100 - WHP a)

19 = -
7 (WHP + WIP)

WHP = weight of the hormone peak (g)
WIP = weight of the iodine peak (g)

Method (b): In this method weights of the
hormone and iodine peaks were corrected
according to GREENWOOD et al. (1963). He
found that when 2.0 mCi of I-131 was used
in an iodination process the hormone peak
contained 35.19%, of the
iodine and the iodine peak contained 96 %
of the free iodine. Thus the weights of the
hormone and iodine peaks were corrected
as follows:

hormone-bound

CWHP — 100 - WHP
35.1

CWIP =— 100 - WIP
96

CWHP = corrected weight of the hormone peak (g)
CWIP = corrected weight of the iodine peak (g)

The percentage incorporation of I-125
was then calculated in the following way:

100 - CWHP b)

19 =__-0 CWhE
(CWHP + CWIP)

When the percentage incorporation of
1-125 into the hormone and the amount of
I-125 and hormone used in an iodination
are known, the specific activity of the labelled
prolactin can be calculated in the following
manner:

19 - Al

SA =_2
100 - AH

SA = specific activity of the labelled hormone
(uCifug) )

Al = amount of I-125 (uCi)

AH = amount of hormone (‘ug)

Incubation

The incubation buffer used was 0.07 M
veronal buffer, pH 8.6, containing 0.5 %
BSA and 0.15 M NaCl. This buffer was
used to dilute the standard and the labelled
prolactin.  Incubation buffer containing
1—3 9%, NRS was used to dilute the antiserum.

Incubation procedure for the antiserum
dilution curve differed from that for the
standard curve. In the former case 100 ul
of diluted antiserum, 100 ul of the diluted
labelled hormone and 500 ul of incubation
buffer were incubated for 1—2 days at +4° C.
In the latter case 100 ul of the standard
hormone solution, 100 ul of diluted antiserum
and 500 ul of incubation buffer were
incubated overnight at +4°C. Then 100
ul of the diluted labelled prolactin was
added. Incubation was allowed te continue
for four days at +4°C. When guinea pig
antiserum was used for the standard curve,
only 100 ul of incubation buffer was added.
For incubation, test tubes made of glass
(12 x 100 mm), seldom of plastic (11 X 70
mm), were generally used in both cases.
Buffers used in this research contained 0.1 %
sodium azide (NaNjy).

Separation

In this research two methods were used to
separate antibody-bound and free hormone.
Separation was usually achieved by the
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charcoal-dextran method ((Jacoss 1969,
ScuAMS and KArG 1969). The double anti-
body method (ScmaLcH and PARKER 1964)
was also tested. ’

After incubation, 0.1 ml of horse serum
diluted 1:4 with 0.07 M veronal buffer,
pH 8.6, was added to each tube in the
charcoal-dextran separation. After that, 0.8
ml of coated charcoal suspension (in the
ice bath) was pipetted to the tubes for the
antiserum dilution curve and 1.0 ml to the
tubes for the standard curve. The coated
charcoal suspension consisted of 0.07 M
veronal buffer, pH 8.6, containing 5 9,
charcoal (Norit A) and 0.59% dextran
(T-110). Incubation was carried out in the
ice bath for 15 min and centrifuging (2000
rpm) for 20 min at +4° C. Incubation and
centrifuging in the tests on pages 18 and
19 were carried out at room temperature,
as described by RATCLIFFE (1974). Radio-
activity in the charcoal containing free
hormone was

Two kinds of antisera were needed . for
double antibody separation. The first anti-
serum, produced in the rabbit, contained
specific antibodies against bovine prolactin.
The second antiserum produced against
rabbit IgG globulins in sheep contained
precipitating antibodies. The second anti-
serum was a gift from the research team
LEpPALUOTO—LYBECK—RANTA at the In-
stitute of Physiology, University of Helsinki.
The first immunological reaction occurred
between hormone and specific antibodies.
The second reaction occurred between hor-
mone-antibody complexes and precipitating
antibodies resulting in still larger complexes,
which are found as a precipitate at the
bottom of the test tube after centrifuging.

measured.

RESULTS AND
Antisera
or titer of the

Immunological activity
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Phosphosaline (0.01 M phosphate buffer,
pH 7.6, containing 0.15 M NaCl) was the
stock buffer used in double antibody separa-
tion. Phosphosaline was used to dilute the
second antiserum. Phosphosaline containing
0.1 % BSA was used to dilute the labelled
hormone. Phosphosaline containing 1.0 %,
BSA was used as an incubation buffer.
The first antiserum was diluted with phos-
phosaline containing 0.05 M EDTA and
3 9% NRS.

After incubation, 200 ul of the second
antiserum dilute (1:4) was added. The
tubes were further incubated overnight at
+4°C. They were then centrifuged (2500
rpm) for 30 min at -+4°C. Supernatant
solution was discarded. Radioactivity in the
precipitates containing the antibody-bound
hormone were measured.

Radioactivity measurements

During this research two automatic gamma
sample counters were used to measure
radioactivity. Counting efficiency of the
Wallac GTL30071000 i the Isotope La-
boratory, Agricultural Research Centre was
about 45 %, for iodine-125-isotope and that
of the LKB-Wallac 1280 Ultro Gamma in
the Isotope Laboratory, Faculty of Ag-
riculture and Forestry, University of Hel-
sinki was about 60 9%. Radioactivity added
to each tube was between 4 000—25 000 cpm
when the former counter was used and about
30 000 cpm with the latter. These radio-
activity figures were equivalent to 0.3—0.1
ng of labelled bovine prolactin. Each tube
was measured for one or two minutes.

DISCUSSION

antiserum is generally measured with the
aid of the antiserum dilution curve. It is
determined by incubating the constant



amount of the labelled hormone with the
dilution series of the antiserum. The scale
of antiserum dilution is usually logarithmic
and the scale of the degree of immunochemical
binding is arithmetic. The higher the degree
of dilution of the antiserum responsible for
50 % binding of the constant amount of
labelled hormone and the steeper the anti-
serum dilution curve, the more immunoreac-
tive the antiserum.

Titers of different antisera can vary
greatly, because production of antibodies
depends on the quantity and quality of the
material injected into the antiserum animal,
preparation of the vaccine, adjuvant, species,
site of injections, immunization schedule etc.
(CLAUSEN 1969). There may also be marked
differences between individul animals of
the same species in ability to produce
antibodies (PLAYFAIR et al. 1974).

If immunological activity of the antiserum
or labelled hormone is reduced or the condit-
ions for the immunological reaction change
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Tig. 3. Antibody titers of O-serum (O-S) and
progressive antiserum bleedings (Bl) from
rabbit 101 during immunization.
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Fig. 4. Antibody titers of O-serum (O-S) and
progressive antiserum Dbleedings (Bl) from
rabbit 102 during immunization.

less optimal, the antiserum dilution curve
reflects these changes by showing lower
immunochemical binding percentages. Immu-
nological activity of the antiserum and label-
led hormone and the incubation conditions
were tested in this research with the aid
of the antiserum dilution curve.

Antibody titers of the sera (0-sera) and
progressive antiserum bleedings of the rabbit
101 and 102 during the course of immuni-
zation were determined as seen in Figs. 3
and 4, respectively. The titers of the first
antiserum bleedings were rather low in both
cases, but higher than the titers of O-sera.
Titers of the antiserum samples from the
second or third bleedings up to the end of
immunization did not vary significantly in
either rabbit. These results indicated that
maximal antibody content was already
achieved after five injections. Observations
in this research agree well with those made
by HurN and LaxponN (1971), who found
that antiserum animals begin to produce
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antibodies immediately after the first injec-
tion. The maximal antibody content in the
antiserum. is achieved after 2—86 injections.
Further injections do not usually increase
antibody content but may improve the
quality of the antibodies. According to
CLAUSEN (1969), at the beginning of immuni-
zation antibodies resemble IgM globulins,
while long term immunization results in
antibodies similar to IgG globulins. IgG
globulins are particularly necessary for
radioimmunoassay.

The dilution curve of the antiserum (rabbit
102, 9th bleeding) produced during this
research and that of the antiserum donated
by Schams and Karg were similar (Fig. 5).
It may be expected that their immunochemi-
cal behaviour in radioimmunoassay will also
be similar.

According to the dilution curves (Fig. 6),
absorption of the antiserum (rabbit 102,
11th bleeding) by. tissues and/or serum did
not improve immunological activity in the
antiserum. The immunochemical binding
percentages were lower after absorption than
before. On the basis of the antiserum dilution
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Fig. 5. Dilution curves of rabbit anti-
serum produced during this research
(————— = rabbit 102, 9th bl) and
of that donated by Schams and Karg
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Fig. 6. Dilution curves of unabsorbed
(® @) antiserum (rabbit 102, 11th
bl) and that absorbed with bovine
tissues andfor serum (closed area).

curve it could not be determined whether
this was caused by a reduction in specific
or unspecific antibodies. Specificity tests to
reveal these phenomena have not yet been
carried out in this research.

The effect of the dilution buffer on
immunological activity of the antiserum was

B |
70}

sof-
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Fig. 7. Dilution curves of antiserum
(rabbit 102, 9th bl.) diluted with veronal
(O O) and phosphate (A )
buffer.
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Fig. 8. Effect of length (@ ® =9
day, O O = 24 days.and X X
= 30 days) of storage (at +4°C) of
diluted antiserum (rabbit 102, .9th bl.)
on the dilution curve.

tested using 0.07 M veronal buffer, pH 8.6,
containing 0.5 % BSA and 0.01 M phosphate
buffer, pH 7.5, containing 0.1 9% BSA to
dilute the antiserum (rabbit 102, 9th bleed-
ing). Both buffers contained 0.9 % NaCl
and 8 9, NRS. Similarity in both antiserum
dilution curves (Fig. 7) showed that the
buffers were of equal value for diluting the
antiserum, when it had been stored undiluted
at —20° C and diluted after thawing. If anti-
serum is diluted with phosphate buffer before
freezing, a phosphate buffer can have a
markedly disadvantageous effect on the
immunological activity of the antiserum
(CuiLsoN et al. 1965).

Immunological activity of diluted anti-
serum stored at -4+4°C was also studied.
Dilution series of the same antiserum
sample (rabbit 102, 9th bleeding) were
made 30, 24 and 9 days before determination
of the antiserum dilution curves. All dilu-
tions were stored at +4°C. Separation of
antibody-bound and free prolactin was,
as an exception, carried out by 19, coated
charcoal suspension (0.1 9% Dextran T-110).
According to the antiserum dilution curves

(Fig. 8),
antiserum dilutions

immunological activity of the
decreased very little

~with time during storage at -+4° C. Diluted

antiserum can thus be stored at —+4°C
for as long as one month without any marked
loss of immunological activity. Also, accord-
ing to HUrN (1971), antisera can be stored
in liquid form at +4°C for a long time
and for even longer when diluted. The
antisera are usually stored in lyophilized
form or deep frozen at —20°C without
preservatives. The most valuable antisera
can also be preserved at —80° C (the tem-
perature of solid CO,) and even at —195° C
(obtained with liquid nitrogen) (HurN 1971).

Iodination

The elution pattern or the iodination curve
determined on the basis of relative radio-

(3]
I
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RELATIVE RADIOACTIVITY
w
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0 5 10 1520 25 30°35 40 45 50

FRACTION NUMBER

Fig. 9. Elution patterns of radioactive materials
after Sephadex G-100 gelfiltration (purification
of the labelled hormone) when bovine prolactin
was present (— — — —) and absent ( ).
I = aggregated BPR-I-125

II = monomeric BPR-I-125

III = free 1-125
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activity in the fractions of the first gelfiltra-
tion (Sephadex G-100) showed two distinct
peaks and one less distinct peak (Fig. 9).
Large molecules wander through the Sephadex
column faster than small ones (GREENWOOD
et al. 1963). The first peak, which was
the least distinct and smallest one, presuma-
bly contained the aggregated bovine prolactin
(see repurification of the hormone, page 1486).
The second peak in the iodination curve
(Fig. 9) was a hormone peak containing
iodine-125 bound to bovine prolactin (MW
24 000, ANDREws 1966). The third peak
was an iodine peak containing free iodine-
125 (MW 126.9). The peaks were verified
by iodination and purification procedures
without hormone. When hormone was absent,
the first two (obviously, aggregated and
monomeric hormone, see page 153) peaks were
also absent and only the third (free ionide)
peak was present (Fig. 9). The iodination
curve obtained for bovine prolactin in this
research (Fig. 9) agrees well with that obtai-
ned by Scmams (1974).

The suitability of the two methods for
estimating the percentage incorporation of
I-125 into hormone was tested by applying
them in iodination curves published by other
researchers (Table 1). Percentages estimated
according to methods (a) and (b) were com-
pared with the values published by the other

Table 1. Comparison between percentage incorporation
of i6dine into hormone estimated by methods (a) and
(b) and the respective percentages in previous studies.

Percentages  Percentages Percentages
Reference in previous = estimated by estimated by
studies method (a) method (b)

GREENWOOD et al,

(1963) veverene.. 60—75 65 84
ScuAMs (1974) .... 26.3 39 64
PEAKE (1974) .... n. 60 65 84
HANDWERGER &

SCHERWOOD

(1974) evunnen... 60—170 63 82
TYREY et al.

(1974)2) ......... 43.8—62.51) 45 69

1) Calculated according to specific activity
%) Hormone labelled with I-131
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Table 2. Percentage incorporation of I-125 into bovine

prolactin and specific activity of the labelled bovine

prolactin estimated on the basis of method (a) in five
iodinations.

Number of Amount of 9% incorporation Specific activity
iodination -125 ot 1-123 into of BPR-1-125,
mCi BPR uCijug
1. 1.00 88.6 177.2
2. 1.00 70.9 141.8
3.%) 1.00 32.9 65.8
4. 1.22 91.1 222.3
5. 1.50 64.4 193.2

*) Todination curve in Fig. 9.

researchers. Percentages obtained by method
(a) -were lower than those obtained by
method (b). Method (a) agreed more closely
with previously published results than
method (b). Method (a) was selected for
routine determinations of the percentage
incorporation of I-125 into bovine prolactin.
If the iodination time was 30 seconds and
the amount of I-125 beween 1.0—1.5 mCi,
the percentage incorporation of I-125 into
bovine prolactin varied between 32.9—91.1 %,
in this research (Table 2).

Incorporation of I-125 into hormone
depends on several factors: the amount of
chloramine-T, I-125 and hormone as well
as the reaction time, temperature, pH,
ionic strength and -volume of the reaction
mixture (HUNTER 1971). The wide variation
in percentage incorporation of iodine into
bovine prolactin obtained in this research
was not exceptional in comparison with
results obtained by others (KIRkHAM and
HunTER 1971 and JAFFE and BEHRMAN
1974). The wide variation in the present
research was most likely due to the varia-
tion in specific activity (uCijul) of iodine
used in the iodinations. Because one iodine-
125 batch was sufficient for more than one
iodination, what was left of the batch was
always stored for shorter or longer periods
before the next iodination. During storage,
specific activity diminished gradually. In
order to keep the amount of radioactivity
constant in each iodination, a larger volume



of radioactive iodine solution was used. This
obviously lowered the percentage incorpora-
tion of I-125 into the bovine prolactin.
Percentage incorporation of I-125 into
hormone may vary markedly even under
apparently similar conditions (JAcoss 1969,
Yarow and BErsoN 1969 and Jacoss 1974).
This phenomenon is due to variations in the
isotope in different batches (BErsonN and
Yarow 1966).

Specific activity of labelled bovine prolactin
calculated in' this research by method (a)
varied between 65.8—222.3 uCijug (Table 2).
The amount of labelled hormone for one
assay has to be smaller than the amount of
hormone in the sample to be studied.
Consequently specific activity has to be
sufficiently high, otherwise radioactivity
measurements are not statistically reliable.
In addition to the concentration of the
hormone to be assayed, the specific activity
derived also depends on the sensitivity of
the counting system and the volume of
incubation mixture to be counted (BERsoN
and Yarow 1978). Specific activity of
approximately 100 uCi/ug has proved suit-
able for several proteohormone (HUNTER
1971). According to the findings of ScHaMS
(1974), the specific activity of labelled
bovine prolactin should not exceed 100
uCi/ug. However, labelled bovine prolactin
with specific activity as high as 173 uCijug
still displayed considerable immunological
activity towards the antibodies in this
research (pages 157 and 158). GREENWOOD
et al. (1963) used human growth hormone
with a specific activity of 250—590 uCijug
and did not find any significant loss in
immunological activity.

Todination of the hormone can be carried
out by several methods (see HUNTER 1971,
1974). The iodination method based on the
chloramine-T technique (GREENWOOD et al.
1963) is convenient but damages the hormone
more than other methods (MoupGaAL and
Mapawa Ray 1974). The reason is that
chloramine-T is a strong oxidant. It oxidizes

iodine to iodide, which substitutes hydrogen
in the aromatic ring of tyrosine. Sodium
metabisulphite, which is a reducing agent,
stops the reaction. Damage to the hormone
begins at labelling and continues from this
stage on. The labelled hormone is not a
stable compound. Damage to ruminant hor-
mones is caused by aggregation of hormone
molecules (CUNNINGHAM 1969). The smaller
the amount of chloramine-T used in iodinat-
ion, the less the damage to the hormone.
Alterations in labelled bovine prolactin
after storage at +4°C were studied by
repurification (Sephadex G-200 gelfiltration)
of the labelled hormone 3, 9 and 23 days
after iodination. Curves (Fig. 10) based on
relative radioactivity of the fractions had
three peaks. The first was obviously composed
of aggregated BPR-I-125, the second of mono-
meric BPR-I-125 and the third of free I-125.
According to the curves, damage to labelled
bovine prolactin, after iodination continued
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Fig. 10. Elution patterns of radioactive ma-
terials after Sephadex G-200 gelfiltration (re-
purification of labelled hormone) when labelled
bovine prolactin was stored 3 (— — — —),
9 ((eevninnn } and 23 ¢ ) days after
iodination and purification.

I = aggregated BPR-I-125

IT = monomeric BPR-I-125

III = free I-125
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Fig. 11. Antiserum (rabbit 102, 9th bl.)
dilution curves obtained by using puri-
fied (@ @) and repurified (A A
labelled bovine prolactin.

during storage at +4°C, and the amounts
of aggregated hormone and free iodine
increased with time. Jacoss (1974) had
similar results with labelled pig prolactin
stored at —20° C. Gelfiltration with Sep-
hadex G-200 was quite suitable for the
separation of aggregated and monomeric
bovine prolactin. This agrees well with the
results of CUNNINGHAM (1969).

In order to find out the effect of repurifica-
tion of labelled bovine prolactin on its
immunological activity, antiserum (rabbit
102, 9th bleeding) dilution curves were
prepared with purified and repurified-labelled
bovine prolactin. The interval between
purification and repurification was three
days (Fig. 10). The antiserum dilaution
curves obtained in this test (Fig. 11) indicated
that immunological activity was higher in
repurified hormone than in purified hormone.
This agrees well with the results of BRYANT
and GREENWoOD (1968) and Peaxe (1974).
These workers observed that immunological
activity of the aggregated hormone was
significantly lower than that of the mono-
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meric hormone. Lower immunological activity
in purified labelled bovine prolactin in this
research was obviously caused by the
appearance of both aggregated hormone and
free iodine.

Incubation

Immunological reaction between the antigen
and antibodies takes place most completely
under optimal conditions of temperature,
time, pH, as well as salt and protein
concentration (CLAUSEN 1969). Chemical
conditions can be regulated by the incubation
buffer.

The effect of the incubation buffer on
immunological reaction was tested by using
0.07 M veronal buffer, pH 8.6, containing
0.5 % BSA and 0.01 M phosphate buffer, pH
7.5, containing 0.1 9%, BSA as an incubation
buffer. Both buffers contained 0.9 9% NaCl.
Antibody-bound hormone was separated from
free hormone by 0.59, coated charcoal

B/
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Fig. 12. Effect of incubation buffer
(O O = veronal buffer 0.07 M, pH
8.6 and A A = phosphate buffer
0.01 M, pH 7.5) on antiserum (rabbit
102, Sth bl) dilution curve.




suspension (0.05 %, Dextran T-110). Both
antiserum (rabbit 102, 9th bleeding) dilution
curves were similar (Fig. 12) indicating that
both buffers were suitable for incubation.

Veronal, phosphate, tris or borate buffer
are generally used as an incubation buffer
in radioimmunoassays (ANoN. 1974). pH
varies between 7.4—8.6 and ionic strength
between 0.01—0.04 M. The buffer systems
are usually fortified with immunologically
inactive protein (for example BSA). Specific
protective agents such as sodium azide may
also be added.

Separation

Various methods for separation of the
antibody-bound and free hormones have
been developed to determine the extent of
immunological reaction in the radioimmuno-
assay (RATcLIFFE 1974). Classification of
the radioimmunoassays is also based on the
separation technique. In this research the
separation method mainly studied was the
charcoal-dextran method. It was compared
with the double antibody method.

The effect of the molecular weight of the
dextran on the separation of the antibody-
bound and free bovine prolactin was tested
by coating charcoal with Dextran T-70 (MW
70 000) and Dextran T-110 (MW 110 000).
In Dboth cases the charcoal suspension
contained 5 9, charcoal and 0.5 9%, dextran.
The antiserum (rabbit 102, 9th bleeding)
dilution curve obtained by using Dextran
T-110 coated charcoal in separation was
markedly better than obtained by using
Dextran T-70 (Fig. 18). According- to these
results the molecular weight of the coating
material has an appreciable effect on the
separation of the antibody-bound and free
bovine prolactin.

Uncoated charcoal adsorbs all kinds of
matter. Charcoal coated with material of
a given molecular weight adsorbs
molecules smaller than the coating molecules

only
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Antiserum dilution
Fig. 13. Effect of molecular weight
(® ® = MW 110000 andO (o]

= MW 70 000) of dextran on antiserum
(rabbit 102, 9th bl.) dilution curve in the
charcoal-dextran separation.

(HERBERT 1969). Molecules to be separated
must therefore have sufficiently different
The molecular weight
(ANDREWS

molecular weights.
of bovine prolactin is 24 000

1966) and that of the antibodies (IgG
globulin) 160 000 (CrLausexN 1969). The
molecular weight of hormone-antibody

complex is thus 184 000. The influence of
the coating material is most effective when
10 9% of the weight of the charcoal to be
coated is used (JacoBs 1969). Molecular
weight of the coating agent should lie approx-
imately halfway between that of the free
hormone and that of the complex (HER-
BERT 1969). Dextran T-70 tested in this
research failed to give satisfactory results
in the separation process. ScHAMS (1969)
used Dextran T-110 successfully as a coating
agent. Similar experiences were also obtained
in this research. Dextran T-110 is also one
of the best coating agents for human GH
(JacoBs 1969); the molecular weight of
which, 21 500, (KarRLsoN 1974) is near that
of bovine prolactin.

Significance of horse serum as a source
of carrier proteins in charcoal-dextran separa-
tion was tested in this study. Separation
was carried out both without adding horse
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Fig. 14. Effect of horse serum on char-
coal-dextran separation. Antiserum (rab-
bit 102, 9th bl.) dilution curves achieved
with horse serum (@ ®) and without
horse serum (O——O).

serum and adding 0.1 ml horse serum
diluted 1:4 (0.07 M veronal buffer, pH 8.6)
immediately before the addition of the
charcoal suspension. According to the anti-
serum (rabbit 102, 9th bleeding) dilution
curves (Fig. 14), horse serum had a marked
effect on the charcoal-dextran separation.
The antiserum dilution curve with horse
serum was significantly better than that
without horse serum.

Separation conditions are optimal when
adsorption of free hormone to the charcoal
is maximal and adsorption of the complex
is minimal. This cannot be achieved unless
there is a sufficient amount of suitable
carrier protein. Usually plasma or serum
proteins reduce adsorption of the complex
to the charcoal without inhibiting the
adsorption of free hormone (Yarow and
Berson 1969). According to the observa-
tions of RATCLIFFE (1974) this selective
influence is based on globulins. Serum or
plasma can even substitute dextran as a
coating agent. Charcoal suspension contain-
ing 10—30 9%, serum separates antibody-
bound and free hormone at least as effec-
tively as dextran coated charcoal suspension
(RATCLIFFE 1974).
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Charcoal-dextran and double antibody
separation were compared in this research
with the aid of antiserum (donated by
Schams and Karg) dilution curves. In the
former case the amount of labelled bovine
prolactin was one fourth of ‘that used in the
latter case. Otherwise test conditions were
similar. Charcoal separation was
out without horse serum.
Immunological binding percentages of the
antiserum dilution curve were higher in
double antibody separation than in charcoal-
dextran separation (Fig. 15). Because of
the difference in the amount of labelled
hormone in these two separations and the
absence of horse serum in the charcoal-
dextran separation, preference between the
two separations could not be determined.
This test, however, indicated that both
methods were suitable for separation of
antibody-bound and free bovine prolactin.
Dextran-charcoal separation is practical,
quick and cheap. It may, however, be
unspecific. ~AsSHFORD et al. (1969) and
Rapris  (1971) compared various radio-
immunoassays and observed that hormone

carried
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Fig. 15. Dilution curves of rabbit anti-
serum (donated by Schams and Karg)
obtained by charcoal-dextran (@ e)
and double antibody (O O) sepa-
ration.




concentrations obtained by the charcoal-
dextran method were usually somewhat
higher than hormone concentrations obtained
by other methods. Charcoal may adsorb
both immunologically active and inactive
labelled hormone, free iodine and hormone-
antibody complex. The charcoal-dextran
method is dependent on the protein concen-
tration of the samples. This can result in
unspecific binding as high as 25 9%, (ScHAMS
1974).

Double antibody separation is specific
because it is based on immunological reaction.
It is expensive (production of the second
antiserum) and tedious (separation demands
overnight incubation). Furthermore, double
antibody separation is also dependent on
the protein concentration of the samples
and on the anticoagulants (RATCLIFFE 1974).

Standard curve

The concentration level of the standard
curve needed depends on the hormone
concentrations of the samples to be inves-
tigated. Bovine blood may contain only
a few ng prolactin per ml during the autumn
and winter months (Scrams 1974). Further-
more, the sample volume to be assayed is
0.2 ml. Thus the standard curve for bovine
blood prolactin must lie in a low concentra-
tion level.

The first trial to develop a standard curve
for bovine prolactin was made by using
0.3 ng of labelled bovine prolactin (specific
activity of 66 nCi/ng) and antiserum (rabbit
102, 9th bleeding) diluted 1: 103. Concentra-
tions of the standard hormone solutions
varied between 0.02 pg—2.0 mg/100 ul.
The term maximal (immunological) binding
means the percentage of labelled hormone
bound to the antibodies in the absence of
unlabelled hormone. According to the
inhibition curve (Fig. 16), maximal binding
was more than 65 %2 The standard inhibition

curve under these conditions lay between
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Fig. 16. The first trial to develop a standard
curve for bovine prolactin using 0.3 ng labelled
bovine prolactin (specific activity of 66 nCi/ng)
and antiserum (rabbit 102, 9th bl.) diluted
1:108.

concentrations 0.2—200 ng of BPR. Accor-
ding to prolactin concentrations of bovine
blood obtained by Scuams (1974), the
concentration level for this standard curve
was not low enough. This test, however,
showed that all immunological reagents used
were immunologically active.

Concentration levels of the standard curve
are generally regulated by the amounts of
labelled hormone (BERsoN and YarLow 1968)
and antiserum (HurN and LANDON 1971).
By decreasing the amounts of these immuno-
logical reagents it is possible to achieve a
more sensitive standard curve. The amounts
of antiserum and labelled hormone have to
be relative to each other. Standard curve
conditions are ideal if the antibodies bind
about 50 %, of the labelled hormone in the
absence of unlabelled hormone (MoUDGAL and
Maprwa Ray 1974). ‘

Further trials to develop a standard curve
for bovine prolactin were made using only
0.15 ng of labelled bovine prolactin (specific
activity of 1783 nCi/ng) and antiserum
(guinea pig M2, 2nd bleeding) diluted as
much as 1:103%, 1:10% 1:10% and 1: 108.
Maximal bindings of labelled hormone to the
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Fig. 17. Increase in sensitivity of the standard
curve for bovine prolactin when concentration
of the antiserum (guinea pig M2, 2nd bl.) dec-
reased and when 0.15 ng labelled bovine pro-
lactin (specific activity of 173 nCi/ng) was
used.

antibodies in various antiserum dilutions
varied 57.9, 55.0, 54.8 and 16.6 9, respectively
(Fig. 17). When antiserum dilutions varied
from 1:10% 1:10% to 1: 105 the concentra-
tion level of the standard curves varied
from 20—200 ng, 4.0—20 ng to 0.05—2.0
ng of BPR respectively; an antiserum
dilution of 1:10% did not contain enough
antibodies to give a satisfactory standard
curve. The best standard curve in the tested
conditions was obtained by an antiserum
dilution of 1:10% (Fig. 18). However,
compared with the standard curve obtained
by Scmams (1974), this curve was not
sensitive either steep enough between the
low concentrations of 0.05—0.3 ng BPR.

The guinea pig antiserum (M2, 2nd
bleeding) dilution 1:50 000, 1:107 895, 1:
250 000 and 1:500000 was tested under
the similar conditions as the foregoing to
achieve the most sensitive standard curve
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Fig. 18. Standard curve for bovine
prolactin using 0.15 ng labelled
bovine prolactin (specific activity
of 173 nCi/ng) and antiserum
(guinea pig M2, 2nd bl.) diluted
1:105,

for bovine prolactin. Maximal bindings of
labelled hormone to the antibodies were
51.3, 50.7, 44.5 and 35.2 (Fig. 19). Maximal
binding percentages in this case were lower
than in Fig. 17 because the labelled hormone
was about two weeks older than in Fig. 17.
Standard curves obtained with an antiserum
dilution of 1:50 000 and 1:107 895 were
not sensitive enough while the standard
curve obtained with an antiserum dilution
of 1:500 000 was too steep. Thus the most
sensitive standard curve for bovine prolactin
developed during this research was the one
achieved by using antiserum (guinea pig M2,
2nd bleeding) diluted 1:250000 and 0.15
ng labelled bovine prolactin (specific activity
173 nCi/ng) (Fig. 20). This standard curve
was sensitive between concentrations of
0.05 ng—08 ng of BPR. It resembled
closely the standard curve developed by
Scrams (1974).

Effect of absorption of the antiserum
(rabbit 102, 11th bleeding) using a brain-liver-
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Fig. 19. Standard curves for bovine prolactin
obtained by antiserum (guinea pig M2, 2nd bl.)

diluted 1 :500 000 = O O, 1:250000 =
® ®, 1:107895 = A A and 1:
50 000 = A A, when wusing 0.15 ng

labelled bovine prolactin (specific activity of
173 nCi/ng).
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Fig. 20. The most sensitive standard
curve for bovine prolactin developed
during this research using antiserum
(guinea pig M2, 2nd bl.) diluted 1:
250 000 and 0.15 ng labelled bovine
prolactin (specific activity of 173 nCi/ng).
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Fig. 21. Standard curves for bovine prolactin
using unabsorbed (— — —) antiserum (rabbit
102, 9th bl.)) and antiserum absorbed with
bovine tissues and serum ( ). In both
cases antiserun was diluted 1:10°% and 0.3 ng
labelled bovine prolactin (specific activity 66
nCi/ng) was used.

kidney-serum mixture had no significant
effect on the standard curve for bovine
prolactin (Fig. 21).

LIST OF ABBREVIATIONS

NK]J = Nordisk kontaktorganet tér jordbruk

BPR = bovine prolactin

I-125 = iodine-125

BPR-1-125 = bovine prolactin labelled with iodine-
125

B Y = immunological binding percent of
control

GH = growth hormone

BSA = bovine serum albumin

NRS = normal rabbit serum

EDTA = ethylenediaminetetra-acetic acid

cpm = counts per minute
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SELOSTUS

Naudan prolaktiinin méérittimisestdi radioimmunologisesti

Rirva MAKELA ja VAPPU KossiLa

Maatalouden tutkimuskeskus

Tamén tutkimuksen avulla luotiin pohjaa naudan
prolaktiinin radioimmunologisen menetelman kiy-
tintdon soveltamiseksi verindytteille. Sitd varten
tutkittiin tuotettujen antiseerumeiden ja merkatun
prolaktiinin immunologista aktiivisuutta, inkubointi-
olosuhteita, vasta-aineisiin sitoutuneen ja sitoutumat-
toman prolaktiinin erotusmenetelmii, standardikdyraa
ja sen herkistimisti sopivalle pitoisuusalueelle.

2 6032—76

Tutkimuksen aikana tuotetut vasta-aineet naudan
prolaktiinia vastaan osoittautuivat radioimmunologi-
seen menetelmddn sopiviksi. Antiseerumit tuotettiin
kaneissa. Vasta-aineita todettiin muodostuneen ka-
nien vereen jo ensimmaiisen ruiskutuksen jalkeen.
Maksimaalinen vasta-ainepitoisuus saavutettiin vii-
den ruiskutuksen jdlkeen. Tutkimuksen aikana tuo-
tettu antiseerumi todettiin yhtd hyvéksi kuin lah-
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Absorboiminen erilai-
silla kudos- ja seerumindytteilld ei endd parantanut
antiseerumin immunologista aktiivisuutta. Antisee-
rumeiden laimentamiseen sopivat sekd veronaali- ettd
fosfaattipuskurit. Antiseerumilaimennukset sdilytti-
vit suurimman osan immunologisesta aktiivisuudestaan
sdilytettdessd niitd jopa kuukauden ajan --4° C:ssa.
Antiseerumeita naudan prolaktiinia vastaan tuotettiin
myds marsuissa.

Kloramiini-T-tékniikkaan perustuvalla merkkaus-
menetelmilld saatiin merkattua naudan prolaktiinia,
jolla oli sekd riittdvd immunologinen aktiivisuus ettd

joituksena saatu antiseerumi.

spesifinen aktiivisuus radioimmunologista menetel-
méi varten. Suoritetuissa merkkauksissa 32.9—91.1 9,
jodi-125-isotoopista sitoutni prolaktiiniin. Jodaus-
kidyrdn piikkien painoihin perustuva jodin sitoutumis-
prosentin mdiiritysmenetelmd osoittautui kdyttokel-
poiseksi. Merkatun prolaktiinin spesifiset aktiivisuu-
det vaihtelivat vililld 65.8—222.3 uCijug. Siilytet-
tdessd merkattua prolaktiinia +4° C:ssa osa merkatus-
ta prolaktiinista aggregoitui ja osasta merkattua pro-
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laktiinia vapautui jodia. Niiden médirit lisddntyivat
sdilytyksen aikana. Sephadex G-100 ja Sephadex
G-200-geelisuodatus soveltuivat aggregoituneen nau-
dan prolaktiinin ja vapaan jodi-125-isotoopin erotta-
miseen monomeerisestd naudan prolaktiinista.

Tutkimuksessa kidytetyt inkubointiolosuhteet osoit-
tautuivat suotuisiksi. Sekd 0.07 M veronaalipuskuri,
pH 8.6, ettd 0.01 M fosfaattipuskuri, pH 7.5, soveltui-
vat inkubointiin.

Vasta-aineisiin sitoutuneen ja sitoutumattoman pro-
laktiinin erottaminen toisistaan onnistui dekstraanilla
pédllystetylld hiilelld. Erottuminen parani, kun ero-
tusvaiheessa kdytettiin hevosen seerumia ja kun pail-
lysaineena kiytettiin Dextran T-110:t4. Kaksoisvasta-
ainemenetelmd oli todennikéisesti ainakin yhtd hyva
erotusmenetelmd kuin hiilimenetelma.

Tutkimuksen koe-olosuhteissa saatiin naudan pro-
laktiinin standardikdyrd herkistymidin hormonipitoi-
suusalueelle 0.05—0.8 ng. Talloin kiytettiin 0.15 ng
merkattua naudan prolaktiinia ja marsun antiseerumia
laimennettuna 1: 250 000.
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UREA PHOSPHATE AS NITROGEN AND PHOSPHORUS FERTILIZER

JorMA KAHARI

KAmAri, J. 1976. Urea phosphate as nitrogen and phosphorus fertilizer.
Ann. Agric. Fenn. 15:163—167. (Agric. Res. Centre, Inst. Agric. Chem. and
Phys., SF-01300 Vantaa 30, Finland.)

In a two-year pot experiment using 4 different types of soil urea ammonium
phosphate (29—13—0) was compared with a combination of ammonium
nitrate and monocalcium phosphate. Two levels of fertilization were applied
in the experiment.

The two fertilizers gave equal dry matter yields of Italian rye grass in both
years. The nitrogen and phosphorus contained in the urea ammonium phosphate
were also as readily available to the plant on all the soils as were the respective
amounts of nitrogen in the ammonium nitrate and phosphorus in the mono-
calcium phosphate. The plants receiving urea ammonium phosphate fertili-
zation took up less calcium and magnesium than the plants receiving ammonium
nitrate and monocalcium phosphate.

The results show that urea ammonium phosphate can be regarded as a serv-
iceable fertilizer from which compound fertilizers containing potassium can

-also be produced.

Index words: Urea-ammonium phosphate, N uptake, P uptake.

INTRODUCTION

In recent years, urea has been used as a
nitrogen {fertilizer to an increasing extent
in Finland. In 1962 50 per cent of the total
nitrogen applied was in the of form single-
nutrient nitrogen fertilizer, and the propor-
tion of urea was less than one per cent.
The corresponding figures for 1972 were
33 per cent and 14 per cent. There has also
been a tendency to use urea as the nitrogen
source in compound fertilizers. This is
because urea has a high nitrogen content
and is relatively low in price. Experiments
performed in India, using a urea-superpho-

sphate method, have rendered serviceable
NP and NPK fertilizers (JEWELL 1962). In
Great Britain and the United States a method
has been developed based on urea and
ammonium phosphate, and this method
has yielded considerably higher nutrient
contents in the final product (HEMSLEY
et al. 1970).

In 1970 Institute of Agricultural Chemistry
and Physics received for experimental
purposes urea ammonjum phosphate (29-
13-0) from the Tennessee Valley Authority,
in the United States. In 1970 and 1971,

163



comparisons were made between the new
fertilizer and a control fertilizer ammonium
nitrate and monocalcium phosphate, using

pot experiments with 4 different types of
soil.

MATERIAL AND METHODS

The urea ammonium phosphate contained
29.9 per cent total nitrogen, 10.3 per cent
ammonium nitrogen, 12.3 per cent citrate-
soluble phosphorus, and 11.6 per cent water-
soluble phosphorus.

" To compare the availability of the nitrogen
and phosphorus, a pot experiment using 4
soil lots was established in the spring (Table
1). The experiment included two replicas.
The experimental schedule was as follows:

cfl N 1000 mg/pot as ammonium
nitrate

as monocalcium
phosphate

as potassium
chloride

(NH,NO,)
P 436 »
(Ca(H;POy); H,0)
K 830 »
(KCl)

ufl N 1000 mg/pot as ammonium
phosphate
as ammonium
phosphate

P 413 »

Table 1. Soils: their physical and chemical properties.
soil: extractant v/v 1:10 and pHp,0 1:2.5 v/v.

Loam
Particle size < 2UM i 26
composition % 2—20 gm ....coiiiiiiiiniiinn, 42
A N7 < s O 32
Org. matter % ...ccovevviiiiiiiiiiiiiiiini, 7.7
Nutrients P mg/l ...cccovvviiiiiiiiinniiin, 6.5
Ca » 200
Mg » 78
K » 100
PHH0 «ivveiiviiiiiiiinc e 4.5
Sample weight kg/pot ....c.cocvvviiininieinnnnes 3.74
Moisture % vevvvreiiiiiiiiiiiii e 3.6

K 830 mg/pot as potassium

chloride (KCI)

cf2 twice the quantities of cfl
uf2 twice the quantities of ufl

In both years the fertilizers were applied
during the spring. All pots received annually:
2 g MgSO,. 7H,0, 10 mg H;BO,;, 10 mg
NaMoO, - 2H,0, 50 mg MnSO,-H,0, 50
mg CuSO,- 5H,0, 50 mg ZnSO,-7H,0.
An additional Fe 10 mg/pot was applied to
the sphagnum peat. At the beginning of the
experiment the loam, the gyttja clay and
the sphagnum peat were limed with calcium
carbonate at a rate of 12 grammes per pot.

The test crop was Italian rye grass
(Lolium multiform 1) co Barmultra. It
was cut three times in both experiments.

Nutrients leaching in acid ammonium acetate,pH4.65,

Gyltja clay Coarse sand Sphagnum peat
59 6 —
19 17 -
22 77 —

4.3 6.6 72.7
6.3 8.3 3.2
1200 1580 290
559 100 40
370 120 40
5.1 6.3 3.5
4.50 5.38 1.60
7.2 2.7 84.9

Table 2. Annual dry-matter yields of grass g/pot.
Loam Gyttja clay Coarse sand Sphagnum peat
Treatment 1970 1971 1970 1971 1970 1971 1970 1971
cf 1 40.4 38.5 324 40.4 43.2 37.3 29.5 32.4
uf 1 40.8 37.6 32.8 38.4 45.1 35.9 27.5 32.5
cf 2 55.9 53.7 49.7 51.3 54.7 53.0 40.4 40.7
uf 2 58.0 51.2 52.8 45.6 53.1 39.0 48.5 48.1
LSD. 5% 4.4 (1970)
5.8 (1971)
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Table 3. Amounts of nutrients taken up by grass yearly, mg/pot.
Loam Gyitja clay Coarse sand ~ Sphagnum peat
Treatment 1970 1971 1970 1971 1970 1971 1970 1971
N -
cf 1 1210 950 950 800 1250 810 860 730
uf 1 1190 950 930 790 1260 830 910 710
cf 2 2130 1720 1790 1580 2110 1670 1710 1510
uf 2 2080 1830 1830 1750 2000 1120 1630 1630
LSD. 5% 120 (1970}
150 (1971)
P
cf 1 140 160 100 130 110 130 220 260
uf 1 130 160 100 140 110 110 230 270
cf 2 210 240 180 190 200 210 400 490
uf 2 240 260 190 200 - 190 200 460 570
L.S.D. 59, 70 (1970)
80 (1971)
. K
cf 1 1330 1090 1680 1610 1340 880 830 800
uf 1 1320 1090 1680 1560 1340 900 840 760
cf 2 2170 1930 2980 2410 2060 1740 1650 1540
uf 2 2180 1890 3060 2360 2120 1540 1620 1670
LSD.59% 100 (1970)
: 140 (1971)
Ca
cf 1 420 310 210 230 430 340 290 330
uf 1 340 270 180 190 380 310 220 280
cf 2 600 500 360 360 540 590 440 510
uf 2 510 430 310 270 430 310 400 430
LS.D. 59 40 (1970)
30 (1971)
Mg
cf 1 120 90 90 90 150 100 100 100
, o uf 1 100 80 80 90 130 90 90 100
cf 2 180 140 150 150 200 150 150 160
uf 2 150 130 150 110 150 100 150 170
L.S.D. 5% 15 (1970)
13 (1971)

RESULTS AND DISCUSSION

Only slight differences could be established
in the annual dry matter yields achieved
with the different fertilizers (Table 2). On
the sphagnum peat the urea ammonium
phosphate produced higher yields than the
ammonium  nitrate monocalcium
phosphate at the higher level of ferlilization
during both growing seasons. On coarse
sand a less consistent but somewhat similar
pattern emerges.

From the first to the second year the dry

and

matter yield of grass receiving high urea
ammonium phosphate fertilization seems to
have declined more sharply than the yield
of that getting the control f{ertilization.
Compound fertilizers containing urea have
usually proved useful on ley plants and
cereals in short-term experiments (GASSER
and PENNY 1967, SpraTT 1973).

In terms of the quantities of nutrients
taken up by the grass, the urea ammonium
phosphate was fully equal to the ammonium
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Table 4. Nutrients available to plants in the soils after the experiment mg/l. The method is the same as that

in Table 1.
Soil Treatment P
Loam cf 1 8.3
uf 1 7.9
cf 2 15.0
uf 2 12.0
cf 1 11.7
uf 1 12.6
Gyttja clay cf 2 16.4
uf 2 171
cf 1 10.3
uf 1 92
Coarse sand cf 2 15.0
uf 2 14 2
cf 1 72.0
uf 1 54.5
Sphagnum peat cf 2 141.0
uf 2 567.0
LSD. 59% 28.0

nitrate and the monocalcium phosphate as
a source of plant nitrogen and plant
phosphorus during both growing seasons
(Table 3). Considerably more phosphorus
was applied than was taken up by the
plants, as can be seen from the phosphorus
values of the soil analysis made at the end
of the experiment (Tables 1 and 4). The
plants took up a great deal more phosphorus
from the sphagnum peat than they did
from the mineral soils. Obviously this is
because sphagnum peat does not retain
phosphorus as effectively as mineral soils
containing sesquioxides do (Kama 1958,
SALONEN et al. 1973).

The amounts of calcium and magnesium
taken up by the crops reveal distinct
differences between the types of fertilizer

Ca Mg I
1100 78 40
1000 80 40
1200 58 65
975 73 50
2500 563 200
2300 563 190
2400 538 170
2300 558 190
1100 90 30
1050 97 30
1150 65 30
950 90 40
1350 109 50
1300 118 50
1350 70 40
1250 79 30
51 9 30
(Table 3). The uptake of calcium and
magnesium in the grass receiving urea

ammonium phosphate fell short of the
amounts in the grass receiving ammonium
nitrate and monocalcium phosphate. This
was partly due to the water-soluble calcium
contained in the monocalcium phosphate.
In addition, where urea ammonium phosphate
was applied, the grass took up the nitrogen
in the form of ammonium and this caused
a reduction in the uptake of divalent
cations of calcium and magnesium (MULDER
1956). The difference was greatest in the
yields of the first harvest, when the nitrifica-
tion of the ammonium nitrogen had not
yet got started. The decline in the pH values
of the soil caused by the ammonium nitrogen
was not very evident, except in the sphagnum

Table 5. pH-values of soils (0.1 N KCl v/v 1:2.5) Measured annually after the third harvest.

Loam Gytlja clay Coarse sand Sphagnum peat

Treatment 1970 1971 1970 1971 1470 1971 1970 1971

cf 1 4.7 4.5 4.7 4.7 4.9 51 5.8 4.4

uf 1 4.6 4.4 4.9 4.6 4.7 5.0 4.5 4.3

cf 2 4.5 4.3 5.3 4.4 4.7 5.0 5.0 41

uf 2 4.5 4.3 4.6 4.5 4.8 5.3 4.0 3.9
LSD.59% 1.0 (1970)
0.9 (1971)
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peat (Table 5). TFrom the results it seems
that urea ammonium phosphate is quite a
useful fertilizer from all points of view.
It is also possible to produce fertilizers

containing potassium from it. Good examples
of this include the NPK combinations
19-8-16 and 26-6-11, for which there would
be a use in Finland (HEMSLEY et al. 1970).
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SELOSTUS

Ureafosfaatti typpi- ja fosforilannoitteena

JorMa KAHARI

Maatalouden tutkimuskeskus

Urea-ammoniumfosfaattia (29-13-0) verrattiin kaksi-
vuotisessa astiakokeessa ammoniumnitraattiin ja mono-
kalsiumfosfaattiin neljdlli maalajilla. Kokeessa kay-
tettiin kahta lannoitustasoa.

Koekasvina ollut Italian raiheind antoi urea-ammo-
niumfosfaatilla samansuuruiset sadot kuin ammo-
niumnitraatilla ja monokalsiumfosfaatilla kumpanakin
koevuotena. Samoin urea-ammoniumfosfaatin typpi
ja fosfori olivat kasville yhtd kayttokelpoisia kaikilla

maalajeilla kuin vastaavat miirit ammoninmnitraatin
typped ja monokalsiumfosfaatin fosforia. Urea-
ammoniumfosfaattilannoituksen saaneet kasvit ottivat
vihemmin kalsiumia ja magnesiumia kuin ammonium-
nitraattia ja monokalsiumfosfaattia saaneet.

Tulosten perusteella urea-ammoniumfosfaattia voi-
daan pitii kidyttokelpoisena lannoitteena, jonka poh-
jalta voidaan valmistaa myos kaliumia sisiltdvid moni-
ravinteisia lannoitteita.
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Since 1939, the Institute of Horticulture has been engaged in breeding a hybrid
between the raspberry (Rubus idaeus L.) and the nectarberry (Rubus arcticus
L.). The aim has been to develop a plant possessing the flavour of the nectar-
berry, but as easy to cultivate as the raspberry. The F, generation lacks prac-
tical importance, being almost sterile. F, and F, generations, obtained by
free pollination, provided a number of plants whose yields, fruit size and
flavour proved to be very promising. These were selected for further breeding
and named nectar raspberries.

The nectarberry flavour was strongest in an individual of the F, generation,
which received the name 'Merva’. Unfortunately, its yield was so poor that it
could not be commercially introduced for general cultivation. However, a
cross between the raspberry variety 'Malling Promise’ and 'Merva’ provided
promising selections, one of which was put on sale in 1975, under the variety
name of 'Heija’. Both vegetatively and from the point of view of cultivation,
its properties are very similar to those of the raspberry, whereas the qualita-
tive composition of its aroma greatly resembles that of the nectarberry.

Index words: Rubus idaeus L., Rubus arcticus L., nectar raspberry.

The nectarberry (Rubus arcticus L.), widely
known for the delicate flavour of its fruit,
occurs in subarctic Eurasia, mainly between
latitudes 60 and 70. The possibility of
cultivating this plant has been investigated
in Finland since as early as 1930. Research
has now progressed so far that experimental
field plantings have been made and two
selected natural strains, 'Mespi’ and 'Mesma’,
were recommended for growers in 1972
(RyvyNANEN 1972, 1973 a, 1973 b, 1974).
However, the productivity of the nectar-
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berry is comparatively poor, and its fruit,
which is rather small, is so tightly attached
that it has to be picked together with the
receptacle and calyx. Harvesting is further
hampered by its low growing habit and the
protracted fruiting season, which may last
as long as two months. A desire to eliminate
these mnegative characteristics as far as
possible gave rise to the idea of breeding
a plant that would be as easy to cultivate as
the raspberry but would also possess the
distinctive flavour of the nectarberry, which



is so suitable for use in the manufacture of
liqueurs and soft drinks (VAArRaMA 1951,
1956, MEURMAN 1956, Rousi 1965 a, Hiir-
sAIMI 1968 a, 1968 b, 1969).

Initial stage of breeding

It may be said that breeding and selection
work began on the genus Rubus at the
Institute of Horticulture in 1939—1940,
when attempts were made to cross varieties
of the raspberry (R. idaeus L.) with various
strains of the nectarberry (R. arcticus L.).
These attempts at cross-breeding resulted
in four seeds from a raspberry variety of
somewhat uncertain origin (Vaarama 1951,
Roust 1965 a), which had been pollinated
by a nectarberry strain originally obtained
from Maaninka in North Savo. Only one of
these four seeds germinated. This minimal F,
generation was then propagated many times.
Unfortunately, in spite of repeated attempts,
a primary cross between the raspberry and
the nectarberry has never again been obtained.

Morphologically, the F; cross is interme-
diate between the raspberry and the nectar-
berry, but is clearly more similar to the latter.
Its shoots, which reach a height of ca. 50
cm, are annual and spineless; its leaves are
fairly small, thin, delicate and sparsely
dentate, and its flowers are pink with the
corolla longer than the calyx. It is also
intermediate between the raspberry and the
nectarberry in the taste and aroma of its
fruit.

Unfortunately, however, this cross is
almost sterile. Although it flowers abundantly
from the middle of June till late in the
autumn, only a few imperfectly formed
fruits develop at the very end of the summer.
In spite of this marked sterility, the meiosis
of the F; generation was found to be fairly
regular (VAArRAMA 1948); the conjugation
of the chromosomes was complete in 83.4 %,
of the divisions, seven bivalents being formed.
Each of the parent species has the diploid

chromosome number 14 (Vaarama 1939).
Disturbances in meiosis can thus account
for only a small part of the sterility. The
main cause is the poor tolerance of the
anthers and pollen to low humidity during
the summer, which makes fertilization impos-
sible (VaAArRaAMA 1948, 1951). As the at-
mospheric humidity increases in the autumn,
a few fruits are formed. This feature, perhaps
inherited from the mnectarberry (HIIRSALMI
1975), is known as seasonal sterility and
is most probably due to unfavourable
combinations of genes.

The first F, seedlings were obtained in
1946 from the rare seeds resulting from
natural pollination of the F; generation.
Subsequent research showed that sterility
had been largely overcome in the F, genera-
tion, the unfavourable gene combinations
evidently having disappeared (VAARAMA
1951). Considerable variation existed between
the individuals and some of them were not
viable at all. They.displayed many differert
combinations of the characters of the rasp-
berry and the mnectarberry. The most
discouraging feature was that the flavour
of the nectarberry occurred in only a few
individuals of the F, and later generations,
and even then was rather weak. On the
other hand, besides that of the raspberry,
these plants possessed many new and often
unexpected flavours. It appears that inher-
itance of the flavour of the mnectarberry
depends on a complex gene system, which
is easily lost in hybrids.

The number of hybrid individuals was
increased considerably by growing new
generations. The year 1952 was the first in
which the F, and F, generations reached
the fruiting stage on such a scale that it
was possible to select a fairly large number
of individuals whose productivity, fruit size
and flavour were considered promising from
the point of view of future breeding work.
Their fruit was found to possess new types
of flavours, most closely resembling different
kinds of acid raspberries, which promised
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to be very useful. The nectarberry flavour
also occurred, although rather rarely and to
varying degrees. The individuals possessing
the nectarberry flavour were propagated
vegetatively and are known as nectar
raspberries.

Development of the nectar raspberry for
cultivation

The nectarberry flavour was found to be
strongest in an individual of the F, genaration,
which was subsequently propagated vegeta-
tively and given the name ’Merva’ (Roust
1965 a). Its fruit was favourably received
by the foodstuffs industry, being considered
suitable for such purposes as the preparation
of liqueurs. ’Merva’ resembles the raspberry
in its growth habit, but is only half its
height and much more slender. Its shoots
are biennial and fairly spiny. Its leaves,
which are noticeably smaller than those of
the raspberry, have the reddish tinge found
in the nectarberry. The flowers, with their
white petals, are similar too but smaller
than those of the raspberry. The fruit
resembles that of the raspberry in shape
and colour, and is easily detached from
the calyx and receptacle. It is dark red
when completely ripe and has something
of the nectarberry in taste and aroma,
although it is closer to the raspberry.
Unfortunately, "Merva’ is not particularly
productive and its fruit yield varies widely
from year to year. The fruit size is of almost
the same order as that of the wild raspberry
(Hursarmr 1971). Even in the best years,
the yield on open ground is only ca. 10 kg/
100 m?  Another disadvantage is that
pollination tests have shown ’‘Merva’ to
be self-sterile, though not as completely so
as the nectarberry (TamMMisora and RyyNi
NEN 1970) and the F, cross. Thus, when
'Merva’ is cultivated other hybrids must
always be set beside it to pollinate it. Mainly
for these reasons, 'Merva’ has not been
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recommended for growers; nevertheless the
plant may be considered to represent an
important milestone in the present breeding
programme, and has been used successfully
in cross-breeding not only in the Finnish
Institute of Horticulture but also in Sweden
(LArsson 1969).

In recent years, work on improving the
nectar raspberry has been continued at the
Institute of Horticulture, Piikkié, and a
programme has been drawn up with the aim
of obtaining increasingly suitable cultivars
(Rousr 1965a, 1965b, HursarLMI 1968 a,
1978). Individuals are chosen each year
for cross-breeding and self-pollination. Atten-
tion has primarily been concentrated on
back-crossing different generations of the
raspberry and mnectarberry hybrids with
raspberry varieties.

So far, the most promising results have
been obtained with a cross performed in
1962 between 'Malling Promise’ and 'Merva’.
This cross was given the code number
62020, and the five most promising selections
were chosen from it for further research,
003, 011, 018, 037 and 053. Morphologically,
they are extremely similar to the raspberry,
resembling it very closely in growth and
height, and in the shape and size of the
shoots, leaves and flowers.

Nos. 018, 037 and 053 proved to have the
most suitable properties for cultivation
(Tables 1 and 2). Their yield is in the same
class as that of the raspberry wvariety
‘Ottawa’, which was used for comparison,
and the size of the fruit is satisfactory, being
even greater than that of ’Ottawa’ in the
selection 037. However, the berries are
rather soft, and organoleptic tests showed
that their flavour is somewhat weaker than
in 'Ottawa’, except in 053. It is notable that
the nectarberry flavour is present in all
three selections to a perceptible degree.
They do not differ markedly from ’Ottawa’

.in the shape and colour of the fruit, or in

their flowering time, ripening of shoots and
winter hardiness. Selection 053 has the



Table 1. Properties of five selections from the cross ‘Malling Promise’ x 'Merva’: average yield, size of berries

and ripening of shoots in 1970—1974; average hardiness, and start and duration of flowering in 1971 —1974;

length and spininess of shoots in 1974. The raspberry variety 'Ottawa’ was used for comparison.

Ratings: ripening of shoots: 0—100 = quite incomplete — quite complete; hardiness: 0—100 = all shoots dead
— completely healthy; spininess: 0—10 = spineless — very spiny.

. Total Saleable Wt of 100 Ripening Hardiness
Selection yield yield berries of shoots
Variety kg/100 m2 kg/100 m? g 0100 0—100
62020003 8 6 201 98 84
62020011 10 8 242 94 63
62020018 34 29 181 89 89
62020037 40 31 269 92 93
62020053 33 27 165 91 80
’Ottawa’ 39 35 235 95 91

. Start of Duration of Length of Spininess of
Selection flowering flowering shoot shoot
Variety date days cm 0—10
62020003 20/6 15 117 —
62020011 21/6 18 123 —
620200718 19/6 15 189 4.0
62020037 19/6 17 174 5.3
62020053 19/6 15 212 3.3
'Ottawa’ 18/6 17 158 5.8

Table 2. Properties of fruit of five selections from the cross ‘Malling Promise’ x "Merva’: average firmness, flavour,

nectarberry aroma, shape and colour in the years 1970—1972.

Ratings: firmness: 0—10 = very soft — very firm; flavour: 0—10 = very poor — very good; nectarberry aroma:

0—10 = absent — very strong; shape: 1 = conical, 2 = oval, 3 = round, 4 = flatly rounded; colour: 0—10
= white — purplish red.

Nectarberry Shape

Selection Firmness Flavour aroma Colour
. 1, 2,

Variety 0—-10 0—10 0—10 3 and 4 0—10
62020003 4.4 6.2 3.7 3 7.3
62020011 6.3 5.9 4.8 4 6.7
62020078 4.9 6.0 6.4 3 5.9
62020037 5.0 5.8 5.3 2 6.4
62020053 6.2 6.6 4.5 4 6.6
’Ottawa’ 6.9 6.4 0.0 3 6.6

longest shoots, but since they bend to the
side, they are not so high as the sturdier
shoots of no. 018. In addition, it branches
and forms mnew shoots more abundantly
than ’Ottawa’ and the other selections
and is less spiny.

In the last few years, the composition of
the substances responsible for the flavours
of the nectarberry, the raspberry and their
hybrids has been investigated in cooperation
with the Technical Research Centre of

Finland and the Department of Biochemistry
of the University of Turku. The final
results are not yet available but, for example,
about 60 flavouring components have been
isolated in the mnectarberry. Instrumental
investigation of the aroma of the three most
promising nectar raspberry selections showed
that their aroma distillate is remarkably
similar in qualitative composition to that
of the nectarberry. The chief constituents
of the aroma of the nectarberry are also those
of the mectar raspberry. However, in spite
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of this qualitative similarity, the most
noticeable constituent of the nectarberry
aroma, a certain furane derivative, was
found in only very small amounts in the
nectar raspberry selections. Comparison with
the raspberry showed that a number of its
compounds are lacking in the nectar rasp-
berry. It has inherited only very small
amounts of the raspberry ionomes and
dihydroionones that have been observed to
have an unfavourable effect on the aroma.
For example, alpha- and beta-ionones, volatile
compounds with a strong scent and taste
that are characteristic of the raspberry, are
present in the fruit of the nectar raspberry in
concentrations of, at most, 19, of that of
the parent plant (Hursarmi et al. 1974).
Selection 053 possesses particularly few
ionones, whereas it contains comparatively
large amounts of the constituents responsible
for the aroma of the nectarberry. However,
owing to the sourness of the fruit, these
constituents are not so noticeable in orgén—
oleptic tests as they are, for example, in the
sweeter fruit of selection 018.

The results of comparative investigations
led to the decision to recommend selection
053 for general cultivation in spring 1975,
under the variety name of 'Heija’. However,
the suitability for cultivation of other
promising nectar raspberry selections will
be examined in further comparative experi-
ments, and crossing and back-crossing will
be continued, with the aim of developing
still more valuable cultivars.

The nectar raspberry variety ’Heija’

The nectar raspberry variety 'Heija’ was
selected from the offspring of a cross between
the raspberry variety 'Malling Promise’ and
the nectar raspberry selection ’Merva’, perfor-
med in 1962 at the Institute of Horticulture.
In cross-breeding performed at the Institute
in 1940, a raspberry (Rubus ideacus L.)
variety of uncertain provenance had been
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pollinated by a nectarberry (Rubus arciicus
L.) strain originating from Maaninka in
North Savo. A single F; individual was
obtained. A number of plants were selected
from the offspring resulting from the free
pollination of this individual and one of
them vyielded, by free pollination, 'Merva’.

"Heija’ the raspberry in its
vegetative characteristics. Its growth habit
and height, and the shape and size of its
shoots, leaves and flowers are entirely
typical of the raspberry. The shoots are
pale brown and often over 2 m long, although
their height is not so great, since they bend
to the side. Slightly recurved 1—2 mm long
spines occur throughout the shoot, but not
very abundantly. A dense bush is formed,
owing to branching and the abundant
formation of new shoots. The leaves are
clear green, turning greyish underneath with
age and trifoliate. The middle leaflet is
broadly cordate, ca. 5 cm long and 4 cm
broad, and fairly evenly and sparsely
dentate. The flowers are over 20 mm in
diameter; the petals are white and narrow,
ca. 7 mm long and 3 mm broad.

From the point of view of cultivation, the
properties of 'Heija’ are also comparable to
those of the raspberry. Its yield is almost
as high as that of the raspberry varieties
commonly cultivated. The berries, which,
like those of the raspberry, are easily detached
from the receptacle, are flatly rounded
and fairly small, the weight of 100 berries
being ca. 165 g. They are dark red and
slightly soft, and the nectarberry flavour
is just perceptible in their fresh sour taste.
A biochemical investigation has shown that
the aroma distillate is very similar in its
qualitative composition to that of the
nectarberry. The fruit is good both fresh and
frozen, and can be used to make pleasant
jams and juices. In the foodstuffs industry,
the chief use of the nectar raspberry will
probably be as a base for liqueurs and soft
drinks.

Exactly the same technique can be adopted

resembles



in cultivating 'Heija’ as is used for the

rather great susceptibility to the spur blight

raspberry. Unlike the nectarberry, it is of raspberry, Didymella applanata (Niessl)
self-fertile, so that it can be planted out Sacc., and its only moderate hardiness.
alone. Less favourable {features are ist
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SELOSTUS

Mesivadelma, Rubus idaeus X Rubus arcticus — uusi viljelykasvi

HeiMo HIIRSALMI ja JAAKKO SAXO

Maatalouden tutkimuskeskus

Puuntarhantutkimuslaitoksessa on vuodesta 1939 lih-
tien suoritettu vadelman (Rubus idaeus L.) ja mesi-
marjan (Rubus arcticus L.) vilistd risteytysjalostusta.
Pyrkimyksend on ollut sellaisen marjakasvin kehitté-

minen, jossa mesimarjan aromi yhtyisi vadelman edul-
lisiin. viljelyominaisuuksiin. F;-polven risteytymd on
lahes steriili ja vailla kdytinnoén merkitystd. Vapaan
polytyksen tuloksena syntyneisti F,- ja Fj-polvista
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on valittu joukko jalosteita, joiden satoisuus, marja-
koko ja aromi ovat osoittautuneet hyvin lupaaviksi.
Niistd on ryhdytty kdyttimain nimitystad mesivadelma.

Selvimpédnd mesimarjan aromi on todettu erdissi
Fj-polven yksilossd, joka on saanut nimen 'Merva’.
Valitettavasti sen satoisuus on kuitenkin ollut niin
heikko, ettd sitd ei ole voitu laskea yleiseen viljelyyn.
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Risteyttimdlla ’Malling Promise’ -vadelma-lajike ja
"Merva’ keskendidn on saatu lupaavia jalosteita, joista
yksi on vuonna 1975 laskettu viljelyyn lajikenimelld
"Heija'. Se muistuttaa sekd kasvullisilta ettd vilje-
lyllisiltd ominaisuuksiltaan vadelmaa. Aromi muistut-
taa kuitenkin kvalitatiiviselta koostumukseltaan suu-
ressa miirin mesimarjaa.
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RADIOPHOSPHORUS USED TO FOLLOW ROOT GROWTH IN FIELD PLANTINGS

OF SPRING CEREALS

ARJA PAASIKALLIO

PaAsIkALLIO, A. 1976. Radiophosphorus used to follow root growth in field
plantings of spring cereals. Ann. Agric. Fenn. 15:175—181. (Agric. Res.
Centre, Isotope Lab., SF-01300 Vantaa 30, Finland.)

Radiophosphorus solution was injected into the soil at different depths (15,
30, 50 and 80 cm), with an injection probe. The growth rate of cereal roots
was examined in the field by counting the uptake of radioactivity on the shoots.
The experiments were performed in three consecutive years in sandy and silty
clay 'soil. Wheat was used in the first year, and barley in the two following
years.

The root system of wheat reached a depth of 80 cm about 61 days after
sowing, or on about July 3, in both soils. The root system of barley arrived
ata depth of 80 cm about 44 days after sowing, or on about June 23, in the sandy
clay soil.

In the first two experimental years, the growth rate of the cereal roots was
nearly equal in normally and deeply ploughed soils. In the third year, with
severe early summer drought, the early development of the barley roots seemed
to be somewhat faster in soil with a deep plough layer. In the silty clay soil,
the root system failed to extend beyond either the deep or mormal plough
layer.

The injection of radioactive tracer makes it possible to follow the growth
rate of the root system in the field from an early stage of development. However,
due to great variation between the individual counts, a high number of rep-
licates is required for proper statistical evaluation of the results, this, in turn,
makes the application of the method rather laborious.

Index words: root growth, radiophosphorus.

INTRODUCTION

A frequently used method in root research
is to place radioactive tracer, by injection or
otherwise, at different soil depths and to
count the radioactivity taken up by the
roots on the plant shoots (Fox and Lipps
1960, NEwBouLD and TAvLOR 1964, HAAHR
1968, EcxeERT and BLINCOE 1970, ROBERT-

soN et al. 1972 and Eriksson 1973). This
method is particularly suitable for determin-
ing when the roots arrive at a given depth
in the soil or for estimating maximum
root length (PEARSON 1974).

Compared with the laboratory method
reported earlier (PaasikarLio 1970) where
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the radioactivity was spread in an even
layer at a given depth in the soil, the injec-
tion method offers an easier way of placing
the tracer.

The aim of this study was to test the
suitability of the injection technique for
evaluating cereal root growth in the field,
without taking any plant cuttings.

MATERIAL AND METHODS

The experiments were conducted in three
consecutive years in Tikkurila, in a field in
which the Institute of Agricultural Chemistry
and Physics was examining the effects of
different methods of ploughing and fertilizer
application on the yield of spring cereals.
There were two experimental areas, one on
sandy clay soil, the other on silty clay soil.
In the first year (1968) the following treat-
ments were given in both areas: 1) deep
ploughing (30 cm) combined with placement
of fertilizer in rows and 2) normal ploughing
(20 cm) combined with broadcast application
of fertilizer. In 1968, spring wheat (var.
Svenno) was sown in the field on May 3.
In 1969, one barley variety (Karri) was
sown on the sandy clay soil and another
variety (Pomo) on the silty clay soil on May

—— SYRINGE
DOUBLE VAL VE—| q
HANDLE
~
PLASTIC BOTTLE __—
INMETAL SHIELD
ROD FOR DRIVING
INJECTION —PLASTIC TUBES
NEEDLE INTO SOIL
1m
MOVABLE CLAMP o
TWO HOLES
IN THE
FURROW
TIP OF THE NEEDLE - T

Fig. 1. The probe used to inject the tracer solution
at different depths in the soil.
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7, sowing being repeated two days later,
in order to obtain denser growth. In 1970,
barley (var. Pomo) was sown on the silty
clay soil on May 10 and on the sandy clay
soil two days later. Experimental quadrats
measuring 80 X 150 cm were used and
tracer was injected at depths of 15, 30, 50
and 80 cm in four adjacent quadrats. In
1968 tracer was not injected at a depth
of 15 cm. The amount of injections per
quadrat varied from 20 to 24. The injections
were made in or between three sowing rows,
at intervals of about 10—15 cm.

The injection probe (Fig. 1) was construc-
ted according to LOEWENSTEIN (1965), with
some modifications. Before the injection,
plastic tubes were driven into the soil with
a steel rod, the length of the tubes was
determined by the injection depth. The
tubes were mot inserted into the soil until
the seedlings were at least 2—3 cm long,
or about two weeks after sowing. Two
centimetres of the tube was left protruding
above the soil surface and the tip of the
metal rod penetrated 5 cm deeper than the
lower end of the tube (Fig. 2). The tubes
were left in the soil throughout the growing
season. The injection probe was inserted
into the plastic tubes and the tracer was
injected about 2 cm beneath them, no
tracer solution being left in the tube. The
radioactive area in the soil was increased
by the hole made by the rod below the tube.
This appeared necessary, since the soil was
very compact, especially in the deeper soil
horizons. The sowing depth was about 5
cm and as the soil sank after sowing, the
seeds lay about 2—3 cm beneath the soil
surface. Each injection consisted of 3 to
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Fig. 2. The plastic tube inserted into the soil at seedling
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5 ml of neutral aqueous solution of sodium
orthophosphate labelled with phosphorus-32,
to which some carrier phosphorus was added.
In 1968 125 uCi P 32 per tube was first
injected at depths of 30 and 50 cm, and
200 uCi was injected at 80 cm about two
weeks later. In the following years the
radioactivity was decreased to 50 and 100—
150 uCi, respectively, and the injections in
the deepest soil horizons were carried out
ealier, because when the shoots grew longer
it was difficult to inject tracer without
contaminating the aerial parts of the plants.

The radioactivity was counted on intact
seedlings and shoots with a portable GM
counter (RD-11, GM-tube GMP-533, Wallac,
Turku). The readings were made separately
at each injection site and were performed
daily until the radioactivity was clearly
detectable at all the sites in the quadrat,
after which the measurements were made

3 6032—76

more seldom. During the measurements, the
upper end of each plastic tube was covered
with a lead cap. The mean radioactivity
count was calculated for each experimental
quadrat and the half-life corrections were
made to the beginning of the measurements.
The counts were found to vary widely
between the different counting sites (20—
24 sites per quadrat), so that the individual
values could mot be used as the basis of
statistical treatment. The half-life of P 32
is 14.3 days. The shoot length was deter-
mined in each quadrat by taking the mean
of four different measurements.
Weather conditions. In the
experimental field, the average monthly
temperature and precipitation (and the
corresponding »normaly values) during the
three growing seasons were as follows:

May June July Aug.

. .°C 7.1 16.6 15.2 16.2
1968 m 85 37 68 52

°C 87  -156 16.5 16.1
1969 1m 41 18 63 28

°C 9.5 16.7 16.4 15.4
1970 1'm 25 13 120 31

1931—°C 9.3 14.3 17.0 15.4
1960 mm| 40 48 73 75

In 1968, May was cooler and rainier than
normal but June was dry, which was harmful
to spring cereals especially those on clay
soils. In 1969, May was a little colder than
normal, but the precipitation was normal.
The precipitation in June, July and August
was below normal. In 1970, the average
temperature in May was normal. The
precipitation was 38 % lower than normal
in May and 78 9% below normal in June,
but 64 9% above normal in July (ANON.
1968 —1970).
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Fig. 3. The increase in the radioactivity of the wheat shoots after the
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ments,

RESULTS AND DISCUSSION

Experiments with wheat in 1968

Sandy clay soil. Fig. 8 shows the
increase in the radioactivity of the wheat
shoots after the roots had reached depths
of 30, 50 and 80 cm in sandy and silty clay
soils. The results of the areas with deep
and. normal plough layers are combined,
because no clear differences were observed
between them in the rate of growth of the
roots. In sandy clay soil, the root system
of wheat reached a depth of 30 ¢cm on about
June 13 and a depth of 50 cm about seven
days later. It took about 13 days for the
roots to grow from a depth of 50 to 80 cm.
In the plot where the tracer was placed at
80 cm, radioactivity was detected in the
wheat shoots on July 3, or 61 days after
sowing. When the roots had arrived at a
depth of 80 cm, the shoots had grown toa
length of 50 cm. At the end of July, the
shoots had reached their maximum length,
which was about 68 cm.
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Silty clay soil. Owing to the late
placement of the tracer at a depth of 30 cm,
no results were obtained from this quadrat.
The roots arrived at depths of 50 and 80
cm at about the same times as in the sandy
clay soil (Fig. 8). At the end of July, the
length of the shoots was about 60 cm.

Experiments with barley in 1969 and 1970

Sandy clay soil. In both years, the
growth of the root system of barley in this
soil was rather good compared with the
growth in the silty clay soil. In 1969, the
injection at 15 cm was made too late (May
27); the roots had presumably passed this
depth on about May 23—24. The roots
arrived at depths of 30, 50 and 80 cm at
about the same time in the deeply and
normally ploughed soil, on May 29, June 11
and June 19 (Fig. 4). The root system of
barley thus arrived at a depth of 80 cm
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Fig. 4. The increase in the radioactivity of the barley shoots after the
roots had arrived at depths of 15, 30, 50 and 80 cm in sandy clay soil,
and a depth of 15 cm in silty clay soil in 1969. The results from the
areas with deep and normal plough layers are combined. Each point is
the mean value of about 40 separate measurements.

43 days after sowing. A difference in the
rate of root development between barley
and wheat was already detectable at a
depth of 30 cm, but after this their growth
rates were nearly equal (Fig. 5). The fact
that the spring wheat »Svenno» is a late
variety with respect to the growth of its
aerial parts, is perhaps partly responsible
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Fig. 5. The growth of wheat (1968) and barley (1969,
1970) roots from sowing to 30 cm, from 30 to 50 cm
and from 50 to 80 c¢cm as a function of time.

for the great difference observed. However,
the early development of wheat roots has
been observed to be slower than that of
other cereal species in a previous study, too
(PaasixaLLIO 1970).

Fig. 6 shows the increase in the radioactivity
of barley shoots in sandy clay soil with deep
and normal plough layers in 1970. The
injection depths were 15, 30, 50 and 80 cm.
The root system arrived at a depth of 15 cm
in the sandy clay soil at about the same
time with both types of ploughing, on May
27. The roots reached a depth of 30 cm 7
days later in the deeply ploughed area and
12 days later in the normally ploughed
area, or on June 3 and 8, respectively. The
depth of 50 cm was reached about 10 days
later in the deeply ploughed area and 7
days later in the mormally ploughed area,
or on June 13 and 15. With both types
of ploughing a depth of 80 cm was reached
about 11 days later, on June 26. The yields
were 5240 kg/ha in the deeply ploughed
area and 4560 in the normally ploughed
area (LARPES, oral comm.). In 1970, the

early summer was especially dry, which may
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Fig. 6. The increase in the radioactivity of barley shoots in sandy clay
soil with deep and normal plough layers after the roots had arrived at
depths of 15, 30, 50 and 80 cm, in 1970, Each point is the mean value

of about 20 separate measurements,

have been the reason for the difference in
the growing rates of the roots in the soils
with different plough layers. Deep ploughing
has been reported to decrease yield losses
caused by early summer drought in clay
soils in southern Finland (LARPES 1973).
Information on the soil moisture content

BARLEY 1970
o NORMAL P';?EGH'NG}SANDY CLAY
. NORMAL —n—
: —_— T
| so T beeett I }s Y cLAY
l_
o
o
I
s w
O -
- F
-
(&)
P=d
w
|

ROOT

Fig. 7. The growth rate of barley shoots and roots
in sandy and silty clay soils in 1970.
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might have been useful in interpreting the
results, but moisture measurements were
prevented by practical difficulties.

Silty clay soil. The vertical growth
of the barley roots was evidently limited to
the plough layer in both experimental years.
In 1970 results were obtained only from the
experimental quadrat where the injecting
depth was 15 cm (Fig. 4). Drought in early
summer may have limited root growth. Fig.
7 shows the growth of barley shoots and
roots in 1970 in sandy and silty clay soils.

Compared with the »direct» method
described here, the method in which cuttings
are taken for analyses has the advantage
that it gives information on changes occurring
in the specific activity (P 32/P) of the plant,
as a result of fluctuations in the intensity of
its uptake of stable phosphorus during the
growing season. However, the scantiness of
the plant material that can be examined
limits the application of the method, espec-
fally in investigations of early root growth
(Erixsson 1978).
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SELOSTUS

Kevitviljojen juuriston kasvun seuraamisesta koekentdlld radioaktiivisen fosforin avulla

ARJA PAASIKALLIO

Maatalouden tutkimuskeskus

" Vvuonna 1968 suoritettiin Tikkurilassa kevitvehnédn ja
vuosina 1969 ja 1970 ohran juuriston kehittymistd kos-
kevia tutkimuksia radiofosforin avulla tarkoituksena
1ahinni kokeilla injektiomenetelmén kayttokelpoisuutta
juuristotutkimuksissa ilman leikkuuniytteiden otta-
mista.

Radioaktiivista fosforiliuosta inj ektoitiin maahan
15, 30, 50 ja 80 cm syvyyteen sitd varten valmistetulla
ruiskulla (kuvat 1 ja 2) ja kasvin maasta ottama ra-
diofosfori mitattiin kannettavalla geiger-mittarilla pel-
lolla. Kun kasviin alkoi ilmaantua radioaktiivisuutta,
osoitti se, ettd juuret olivat saavuttaneet sen maaker-
roksen, johon injektointi oli suoritettu. Tutkimuksia
suoritettiin sekd hietasavi- ettd hiesusavimaalla, joilla
oli suoritettu sekd syvi- (30 cm) ettd normaalikyntd
(20 cm).

Vehnin juuristo saavutti 30 cm syvyyden kesikuun
13. pni, 50 cm syvyyden kesdkuun 20. pni ja 80 cm
syvyyden heindkuun 3. pnd eli 61 paivan kuluttua
kylvostda. Eri kyntokésittelyn saaneiden ja erilaisella
maalajilla kasvaneiden vehnén juurten kasvunopeuden
valilld ei havaittu eroja (kuva 3).

Hietasavimaalla ohran juuristo saavutti 80 cm sy-

vyyden kumpanakin koevuonna keskimadrin 44 péi-
vin kuluttua kylvosti eli pari viikkoa aikaisemmin
kuin vehnin juuristo (kuva 4). Ohran juuristo saa-
vutti myds 30 cm syvyyden noin kaksi viikkoa aikai-
semmin kuin vehnéin juuristo (kuva 5). Vuonna 1970,
jolloin kevit ja alkukesd olivat hyvin vihisateisia,
hietasavimaalla ohran juuriston varhaiskehitys naytti
olleen syvakynnetylld alueella jonkinverran nopeam-
paa kuin normaalikynnetylld alueella (kuva 6). Hiesu-
savimaalla ohran juuriston pituuskasvu pysahtyi kum-
panakin vuonna jo kyntdsyvyyteen (kuvat 4 ja 7).

Menetelmin etuna (sellaiseen menetelmdin verrat-
tuna, jossa radioaktiivisuusmittaukset ja siithen Lit-
tyvit analyysit suoritetaan kasvindytteistd laborato-
riossa) on se, ettd sen avulla voidaan helposti tutkia
juuriston kehitystd jo viljan orastamisvaiheesta 1dh-
tien, koska mittaukset voidaan suorittaa niukastakin
kasviaineistosta ja kasvustoa tuhoamatta. Radioaktii-
visuuden maahan sijoittaminen on selostetulla mene-
telmalls nopeaa ja vaivatonta. Toisaalta mittaustu-
losten suuren hajonnan takia tarvitaan monia kerran-
teita, mika seikka tekee tdllaisella tekniikalla suorite-
tusta tutkimuksesta melko suuritdisen.
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FACTORS AFFECTING THE COMPOSITION OF MILK

I. EFFECT OF ENERGY AND PROTEIN LEVELS IN GRASS SILAGE- AND
PASTURE-BASED DIETS

Evist ETTALA

ETraLa, E. 1976. Factors affecting the composition of milk. I. Effect of
energy and protein levels in grass silage- and pasture-based diets. Ann. Agric.
Fenn. 15:182—195. (Agric. Res. Centre, Inst. Anim. Husb., SF-01300
Vantaa 30, Finland.)

The effect of the feed on the milk composition was investigated in nine indoor-
feeding trials and eight pasture trials. In the indoor trials, 135 Ayrshire cows )
were used and milk analyses were made on 2606 samples from 188 lactations;
in the pasture trials, 152 Ayrshire cows were used and 2054 samples were
analysed from 243 lactations. In the indoor trials, the average composition
of the dry matter consumed by the cows was 75 % silage, 13 % barley and
12 % hay; in the pasture trials it was ca. 99 % grass and ca. 1 % barley.

An increase in the energy supply, even an excess over estimated requirement,
raised the content and yield of milk protein. The combined content of protein,
fat and lactose was highest when the energy supply balanced the requirement.
An increase in the protein supply raised the content and yield of milk protein,
but an excess of protein over requirement increased only the protein content.
In general, abundant supplies of energy and protein increased the proportion
of protein in relation to the percentages of the other milk components.

An increase in the proportion of barley and N-free extract in the feed raised
the contents of protein and fat in the milk, and also the yields of the milk
and its different constituents, in both the indoor and pasture trials. The oppo-
site effect was obtained by an increase in the average fibre content of the feed
intalke, and, accordingly, by an increase in the hay and fibrous silage fractions
of the rations. An increase in the crude protein content of the feed raised the
content and yield of milk protein. The effect of the feed on the lactose content
was slight.

The total variation in the supplies of energy and protein and the composition
of the rations explained 45.7 % of the combined variation of the protein, fat
and lactose contents of the milk, when the milk yield and the lactation stage
were kept constant.

Index words: silage, pasture, milk composition, energy intake, protein intalke.
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INTRODUCTION

One of the chief aims in recent research on
cattle-feeding in Finland has been to achieve
a satisfactory level of protein in diets un-
supplemented with protein concentrates.
Attention has mainly been concentrated on
protein-rich pasture and silage; grass abund-
antly fertilized with nitrogen has proved
to be a good source of protein both as pas-
turage (ETTALA et al. 1971b) and as the
raw material of silage (ETrarA and LaM-
prLA 1974.) In a series of experiments re-
cently undertaken with varied concentrate-
to-grass forage ratios, different applications
of nitrogen to grass swards and different

methods of preserving silage, milk analyses
were also made to reveal the influence of
the feeds on the milk composition.

The present paper examines the effect
of dietary factors, primarily the supply of
energy and protein, on the composition of
milk. Attention is paid mainly to the milk
protein content, but is also directed to its
contents of fat and lactose, and to the yields
of its different components. The second part
of this study (ETTALA 1976 D) is devoted to
the effect of other external factors on the
composition of milk.

MATERIAL AND METHODS

Experimental procedures

The test animals were 287 Ayrshire cows.
Some of them were used more than once in
the trials, so that there were 431 lactations.
The nine indoor-feeding trials (135 cows,
188 lactations) were performed in the years
1970/71—1972/73 at the Lintupaju farm of
the Jokioinen estate and at the North Savo
and Hime Experimental Stations. The eight
pasture trials (152 cows, 243 lactations)
took place on the Jokioinen estate (1970—
1973), on the cattle Tikkurila farm of the
Agricultural Research Centre (1969, 1971)
and at the Hime Experimental Station
(1970—1971). In the first three pasture
trials, the lactose content was not determined;
the lactose determinations in the summer
trials were made for 132 cows and 188 lacta-
tions.

At the beginning of the trials, uniform feed
was given during a preliminary period of
15—20 days. The indoor-feeding trials be-
gan in October — November, the pasture
trials in May. The feed given in the prelimi-
nary period of the pasture trials was similar
to that given in the indoor-feeding trials,

consisting largely of silage. The change to
the trial feeds was made gradually over a
period of 5—10 days. The trials lasted 90—
185 days (average 133 days).

The milk production of each cow was
weighed separately at every milking. The
protein, fat and lactose contents were de-
termined at 10-day intervals on samples
representing the milk produced by each cow
during two days. Part of the milk sample
was sent to a mnearby dairy laboratory,
where the fat content was determined; part
was sent to a central laboratory farther
away, for the determinations of protein and
lactose — to the laboratory of the Central
Cooperative Valio in Helsinki in 1969—1970
(pasture trials), to the Kainuu Cooperative
Dairy at Sotkamo in 1970—1972 and to
the laboratory of Kuivamaito Ltd. at La-
pinlahti from spring 1972 onwards. Protein
was measured with the Pro-Milk apparatus
in Valio’s laboratory and with the Infra
Red Milk Analyser (IRMA) at the other
laboratories. Lactose was also determined
with the IRMA. The fat content was deter-
mined by the Gerber method or with Milko-
Tester II. The milk samples were cooled
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well and despatched in insulated boxes at
the same time from all the trial localities.
Potassium bichromate was used as preserva-
tive at a concentration of 0.1 %.

The IRMA was calibrated with control
milk samples. Every twentieth sample was
a control sample. Control samples were ex-
changed between the laboratories of the Kai-
nuu Cooperative Dairy and Kuivamaito Ltd.
and the results obtained were compared,
control samples were also sent at monthly
intervals to the Valio laboratory. The pro-
tein content of the control milk was determin-
ed by the Kjeldahl method and the lactose
content by titrimetric analysis according to
the IDF 28: 1964 standard (IDF Bulletin
1964).

The test animals and their feeding

The animals used in the indoor trials had
calved 8.1 times, on average, and those used
in the pasture trials had calved 8.5 times
(Table 1). The time elapsed from calving
to the middle of the trial periods averaged
143 and 129 days, respectively.

The silage given in the trials was prepared
from grass fertilized with different amounts
of nitrogen (ETTALA etal. 1974) and pre-
served with acid additives or with additives
containing acid and formaldehyde (ETTALA
etal. 1975a and b). In the indoor trials,
the cows were given silage ad libitum, but
the individual intakes were measured. Each

Table 1. Mean weight, number of calving and time
elapsed since last calving of test animals,

Indoor trials Pasture trials

Variables

Mean s.d. Mean s.d.

Liveweight, kg ....| 476 50 485 48

No. of calvings .... 3.1 2.0 3.9 19
Time from calving

to middle of trial,

days ..c.econennnnn, 143 61 129 44

s.d. = standard deviation
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cow received 2 kg of hay a day and barley
concentrate. The barley was given at the
rate of 0, 1/8, 2/3 or 3/3 of the energy re-
quired for milk production exceeding 5 or
10 kg (4 %) (EtTALA and LAMPILA 1974).
In the pasture trials, the cows fed on pasture
fertilized with nitrogen at different rates,
either without any supplement or with bar-
ley corresponding to 1/3 or 2/83 of the energy
required for milk production exceeding 10 kg
(4 %) (ETtara etal. 1971a and b). The
production requirement was calculated as
0.4 feed unit (fu. = 0.7 starch unit) and
60 g digestible crude protein (DCP) per
kilogram 4 9% milk, and the daily main-
tenance requirement as 3.8 f.u. and 320 g
DCP per 500 kg liveweight (PorjArvi 1925,
1947). The cows were weighed at intervals
of 30 days or less. .
During the indoor-feeding period, the aver-

'age dry matter (DM) intake of the cows

was derived as follows: 75 % from silage,
13 % from barley and 12 %, from hay (Table

Table 2. Feeds consumed, calculated nutrient supply.
and average composition of feed consumed in indoor
trials.

Variables Mean s.d.
Feed consumed, kg/cow per
day
silage ..oiiiiiiiiieiiiiineinnnn, 41.2 7.8
DM of silage .................. 94 1.9
[3:5 2 1) 2.0 17
hay oo 1.8 0.8
total DM ...coivvennvinennnnnnnn. 12.6 23
Composition of DM of
ration, %,
silage ....ociiinieeniiiininnnaenn, 75.0 103
barley .oovviiiiieniiiiiniinn, 13.0 10.0
hay i, 12.0 4.6
crude protein ................., 17.0 2.3
v fat c, 4.9 0.7
»  fibre ....eveiii.., 25.4 3.7
N-free extract ................ 44.6 4.5
Nutrient supply/cow per day
We e 9.84 2.00
DCP, g rvvivreeeivrccinnnnnn, 1479 384
supply-requirement, f.u. ... —0.03 lav
» » , DCP, g 244 376
protein/energy; DCP, kg/f.u. 0.15 0.03




Table 3. Least-squares analysis of effect of various factors on composition of rations eaten by cows, feed consump-

tion and nutrient supply in indoor trials.

Regression variables Factors
Properties Days from calving Milk yield N. of calving Years ‘Trial locality
Do 00 %
b F b F total var. F total var. F total var. F
DM of ration, 9%
Silage ..eeeecrserenenens 0.029  *¥* —1.451 *¥% 3.6 ok 3.4 w¥¥ 1.6 ok
barley «ocieeniniiaiiniine —0.006 * 1.883  H*k 4.7 wkok 191 FhE 124 *kok
NAY ceeeerrrerrienesannns —0.021  E** —0.442  FEE 0.5 *k 16.0 FEk 8.7 ok
crude protein ......... 0.002 * 0.014 0.2 * 4.2 Hdk 41.6 Hkk
»  fat ceeiiiiiiiinnnn 0.002  k¥* —0.045  Fxk 0.3 * 13.4 F ok 20.9 Rt
» fibre ....ivenenn —0.001 —0.539 ¥k 1.0 ik 38.6 il 8.6 Rk ok
N-free extract ....... 0.001 0.726  ¥*¥* 2.6 Hk 17.0 R 7.3 ik
Consumption and nu-
trient supply/cow
per day
total DM, kg ....oueene 0.006  F¥* 0.870  ¥¥* 5.4 FEE 9.6 Hdok 324 %
28 5 PR 0.007  *¥* 0432 k¥¥ 6.0 Hkk 4.7 EAK 12.8 Hok ok
DCP_, = S T PR TR 0.001 dkr 0.046  ¥** 1.9 Fk 1.9 FkE 11.9 *kE
supply-requirement,
) PN 0.003 *kk 0.020 i 4.8 wEk 2.5 Fxk 16.8 HEF
supply-requirement,
DCP, 8 .ceovvereeeens 0.001  R** —0.015  ¥%* 1.9 wHE 1.7 Fkok 9.0 Fkk
*P < 0.05 **P <001 **P <000

2). On average, the DM of the ration contain-
ed: crude protein 17 9%, crude fibre 25.4 %
and N-free extract 44.6 %. Of the average
f.u. received by the cows, 72 % was derived
from silage and 18.5 9, from barley. Of the
DCP, ca. 819, was obtained from silage,
ca. 1839, from barley and the remaining
6 9, from hay. The protein-to-energy ratio
(DCP kg/f.u.) of the feed consumed averaged
0.15 (1: 6.7), but should have been 0.125 (1: 8),
according to the norms. On average, the
supply of energy balanced the requirement,
but both surpluses and deficits occurred
(ca. 4+ 2 fu.) (Fig. 1). There was little un-
derfeeding in respect of protein, but con-
siderable overfeeding (Fig. 2). The variations
occurring in the composition of the feed and
the intake of the cows were mostly due to
scheduled alterations in the level of con-
centrate, fluctuations in milk production,
variations in the composition of the silage,
and presumably also to individual variations
in the intake of silage (Table 38).

The DM of the pasturage contained, on
average: crude protein 19.6 %, crude fibre
25.3 9% and N-free extract 41.s % (Table 4).
It was calculated that 1.36 kg of the DM
of the grass made up one f.u. and that one
f.u. contained 195 g of DCP. The feed value
was calculated using a f.u. based on the
starch value (NJF Fodermiddeltabel 1 1969:
5—7). In the feed of the cows receiving
grass alone, the fibre content was as high

Table 4. Average chemical composition of grass,
and barley ration given in pasture trials.

Properties Average s.d.
DM % weerenernasssrancessasinisnnonnes 20.2 4.0
DM of grass, %:
F1) s NP 111 15
crude protein ...c..coeeeiseiinnen 19.6 3.5
DI - A T 2.6 1.6
»  fibre ..iieeiiiiiciiiiiiiinn 25.3 25
N-free extract ....coooeeeeviiiannns 41.4 3.8
DM Kkg/ft. «eveerecrnsninerincicnininne 1.36 0.10
DCP, g/ft. «eveevecraniuneieieiinnnnns 195 33.6
Barley, kg/cow per day ............ 124 1.33
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as in the rations of the indoor trials, and
the crude protein content was higher, al-
though the latter rations consisted of silage,
barley and hay (Tables 2 and 4). When the
pasture diet was supplemented with barley,
its energy concentration rose and its protein
content fell, as the level of the supplement
was raised.

Statistical methods

Partial correlations and regressions were used
to elucidate the influence of the feed. The

influence of the milk yield and/or the time
elapsed since calving was eliminated, i.e.
they were kept constant. The partial re-
gressions were calculated by stepwise multiple
regression analysis. The canonical correlation
was used to elucidate the combined effect
of changes in the composition of the ration
and the nutrient supply on the variation
in the composition of the milk. Least-squares
analysis was also employed in the study
(HARVEY 1966).

RESULTS

Composition of the milk

The composition of the milk was analysed
on 2606 samples from the indoor-feeding
period and 2054 samples (1600 for lactose
determination) from the pasture period. The
average daily milk yield was 14.7 kg during
the indoor trials and 18.6 kg during the
pasture trials (Table 5). In the milk from the
indoor trials, the average percentages of
protein, fat and lactose were 3.38, 4.27 and

Table 5. Average milk yield of cows and composition
of milk.

Indoor trials!) Pasture trials?)

Properties
Average s.d. Average s.d.

Milk yield, kg .... 14.7 4.1 188 4.6
Protein % ......... 3.33 0.38 3.39 0.29
Fat 9% ....oococee. 4.27 0.47 4.17 0.47
Lactose % ......... 4.73 0.30 4.56 0.29
P+ F+L, %3 12.32 0.72 1211 7 0.8
Protein, g ......... 484 126 625 144
Fat, g veiviinnannns 624 175 772 198
Lactose, g ......... 703 218 862 240
Protein % /fat %, 0.78 0.09 0.82 0.10
Protein 9, [lactose

Yo eerenenninininns 0.11 0.11 0.75 0.09
Fat 9, [lactose %, 0.91 0.12 0.91 0.12

1) 2606 samples
%) 2054 samples (lactose determined on 1600)
8) protein % + fat % - lactose %
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4.78; in the pasture trials, the corresponding
percentages were 3.39, 417 and 4.s6. The
proportion of protein was higher in relation
to the other two percentages in the pasture
trials than in the indoor trials, but the ratio
between milk fat and lactose was of the
same size on the two types of feeding.

Effect of feed on protein content of milk and
protein yield

In the indoor trials, the supplies of energy
and protein were each positively and very
significantly correlated with the protein con-
tent of the milk, when the effect of the lacta-
tion stage and the milk yield was eliminated
(Table 6). The amount of barley concentrate
and the contents of N-free extract and crude
protein in the ration also had a'very signif-
icant positive correlation with milk protein
content, but the fibre content showed a
negative correlation (Table 6). Fluctuations
in the energy supply and the fibre content
of the ration together explained 17 %, of the
variation in the milk protein content that
was apparent when the milk yield and the
stage of lactation had been eliminated
(Table 7). Supplies of energy and protein
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Table 7. Independent variables explaining significant percentage of variation in milk composition, and coeffi-
cients of determination when the effect of the lactation stage and milk yield is eliminated. The independent
variables are those presented in Table 6.

Dependent Independet t-value £St;l Regression equations

Protein 9% f.u. supply (x;) + 7.83%%x Ay; = 0.069% X Ax; — 0.0843 X Ax,
(yy) fibre 9, /DM (x,) — 8.83%** 17,0

Fat 9 barley % /DM (x,) -+13.30%%* Ay, = 0.0259 X Ax; — 0.0359 X Ax,
(va) f.u. supply-requirement (x,) — 7.84*%* 1738

Lactose % f.u. supply (x;) — 2.79%%* Ayy = —0.0229 X Ax; -+ 0.0109 X Ax,

(vs) N-free extract % /DM (x;) + 3.70%%% 238
P+F4LY% fibre % /DM (x,) —11.07%%* Ay, = —0.0685 X Axy+ 0.0306 X Axy—0.0775 Ax,
(va) barley % /DM (x) +12.10%%% 186
f.u. supply-requirement (x,) — 5.55%%*
P %IF % {fu.supply-requirement (x,) 4 5.65%%% 12.7 Ay, = 0.0218 X Ax,
(vs)
P %/L % fa.supply (x,) + 4aar¥x 84 Ay =0.021 X Ax,
(V)
F9J/L Y% barley %/DM (x;) 4 5.86%#k Ay, = 0.0056 X Ax; — 0.0163 X Ax,
(va) f.u. supply-requirement (x,) — 3.05%* 14,2
Milk, kg  f.u. supply (x,) +83.78%** 571 AY = 1.2851 X Ax,
(Y)
Protein, kg f.u. supply (x;) +15.58*%*%%  57.0 AY, = 0.0444¢ X Ax,
(Yy)
Fat, kg f.u. supply (x,) 4 O.pakE AY, = 0.085¢ X Axy + 0.0077 X Ax,
(Y,) barley % /DM (x,) + 9.85%%*  6L1.5
Lactose, kg f.u. supply (x,) +17.60%*% 51,9 AV, = 0.0632 X Ax,
(¥5)

1) Milk yield and lactation stage eliminated
%) Lactation stage eliminated

** P < 0.01; *xk P <2 0.001

exceeding the requirements also raised milk
protein content (Figs. 1 and 2).

In the pasture trials, the effect of the
dietary factors on milk protein content was
very similar to that in the indoor trials
(Tables 6 and 8). The amount of the barley
ration and the energy and crude protein
contents of the grass were very significantly
positively correlated with milk protein
content, when the stage of lactation and
the milk yield were constant, but the fibre
content showed a negative correlation (Table
5). A smaller amount of the variation in milk
protein content was explained in the pasture
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trials (R? 8.6 9,, Table 9) than in the indoor
trials (R% 17 %,, Table 8), which may be
due to the fact that the feed intake could
not be determined in the pasture trials.
The effect of the dietary factors on the
protein yield was very similar to that exerted
on the milk protein content (Tables 6 and
8), but the protein yield was not affected
when the protein supply exceeded the norm.
The partial correlation coefficients between
the dietary factors and the protein yield
were very similar to those between these
factors and the milk yield (Tables 6 and 8),
but the correlation between a surplus of
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Observations: 116 128 200 296 359 336 315 256 208 125 74 145

21.09 Milk kg -]
18,0} ]
17.0-] ]
15.0] ]
50 _ ]
< Protein+fat+lactose % -
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123 \/_/\/JJ ;
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Fig. 2. Effect of relative supply of protein on milk
yield and milk constituents (effect of lactation stage
and milk yield not eliminated.

energy and the protein yield was stronger
than that between a surplus of energy and
the milk yield (Table 6). When the effect
of the stage of lactation was eliminated,
the fluctuation in the energy supply in the
indoor feeds explained 57 % of the variation
of both the milk and protein yields (Table 7).

An evident autocorrelation admittedly ex-
ists between the barley ration and the con-
sumption of N-free extract and energy result-
ing from it, on the one hand, and the yields
of milk and protein, on the other, since the
amount of the barley supplement was
determined according to the milk yield. In
the pasture trials also, the energy value
and the crude protein content of the grass
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were positively correlated with the protein
yield, and the fibre content was negatively
correlated (Table 8).

Effect of feed on fat content of milk and fat
yield

The amount of N-free extract, and also the
amount of barley given in the indoor rations
are positively and significantly correlated
with the fat content of the milk, when the
effect of the milk production and the stage
of lactation is eliminated (Tables 6 and 8).
Milk fat showed a significant negative partial
correlation with the fibre content of the
ration and the amount of silage. A supply
of energy in excess of the norm caused a
very significant decrease in milk fat.

The influence of the dietary factors on the
fat yield was very similar to their influence
on the milk yield (Tables 6 and 8). In the
indoor trials, the fluctuations in the energy
supply and the barley ration explained 61.5 %
of the variation in the fat yield, when the
influence of the stage of lactation was elim-
inated (Table 7). This percentage may, how-
ever, be overestimated, owing to the method
of deciding the amount of the barley ration.
In the pasture trials, both the energy value
and the crude protein content of the grass
were positively correlated with the fat yield
(Table 8).

Effect of feed on content and yield of lactose
and protein + fat + lactose content of milk

The influence of the dietary factors on the
lactose content was rather slight (Tables
6, 7 and 8). The chief positive correlation
was that of readily digestible carbohydrates.
The effect of the feed on the lactose yield
was almost exactly the same as its effect
on the milk yield (Tables 6 and 8).



The influence of the dietary factors on the
combined protein, fat and lactose contents
(P + F 4~ L %) most closely resembled their
influence on the protein and/or fat contents
(Tables 6 and 8). In the material from which
the influence of the milk yield and the stage
of lactation had not been eliminated, protein
in excess of the estimated requirement raised
the combined content of . these organic
substances (Fig. 2), but the highest combined
content was given by an energy supply
agreeing with the norms (Fig. 1). According
to the canonical correlation, the variation
in the nutrient supply and the composition
of the ration explained 45.7 %, of the combin-
ed variation of the protein, fat and lactose
contents of the milk, when the milk yield
and the stage of lactation were constant.

Effect of feed on relationships between milk
constituents

An increase in the supply of energy and
protein, even above the standard requirement
raised the protein content of the milk in
relation to the contents of the other constit-
uents (Tables 6 and 7, Figs. 1 and 2). The
high protein content of the silage is presu-
mably responsible for the fact that a positive
correlation existed between the amount of
silage and the protein-to-fat ratio of the
milk. The amount of barley showed significant
positive correlations with the protein-to-
lactose ratio (Tables 6 and 8) and the fat-
to-lactose ratio (Table 6). An increase in the
amount of silage and a supply of energy in
excess of the norm decreased the fat-to-
lactose ratio (Tables 6 and 7, Fig. 1).

DISCUSSION

Since the milk yield and the stage of lactation
influence the composition of the milk to
an important degree (cf. part II, ETTALA
1976 b), their effects were eliminated when
the effect of the feed was studied, i.e. they
were kept constant, in order to obtain a
clearer picture of its role. The effects of the
supplies of energy and protein evident in the
material before the elimination was performed
may be seen in Figs. 1 and 2.

Grass herbage predominated in the ex-
perimental feeds (Table 2); its contribution
to the f.u. consumption of the cows averaged
81.5 % in the indoor trials (as silage and
hay) and 99 % in the pasture trials. The
nutrition of the cows thus chiefly depended
on their intakes of silage or pasturage. A
balance of energy was generally achieved
in the indoor trials, but there were also
cases in which the energy obtained was
considerably below or above the estimated
requirement (ca. -+ 2 f.u./cow a day) (Fig.
1); the protein supply mainly exceeded the
norm (Fig. 2). The feed intake could not

be measured in the pasture trials, but the
excess of the protein supply over the norm
was presumably even more pronounced than
in the indoor trials.

In the present diets, the achievement of
maximal percentages of milk protein and
fat partly depended on an adequate supply

" of energy, especially the abundant readily

digestible carbohydrates of barley or N-free
extract in general (Tables 6 and 8). Energy
in excess of the norms raised the protein
content but depressed the fat content, thus
increasing the proportion of protein in the
milk in relation to the percentage of fat,
and also to that of lactose. An increase in
the fibre content of the ration (and thus also
in the proportion of silage) lowered both
the protein and fat contents. According to
the regression equation obtained (Table 7),
an increase in energy of, for example, 0.5
fu. together with a decrease in fibre
content of one percentage unit in the daily
ration would cause a rise of 0.07 percentage
unit in the protein content of the milk.
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GONc (1971), HoLMEs etal. (1957) and
KIRCHGESSNER etal. (1965) also observed
that milk protein decreased on silage diets,
and they attributed this to an insufficient
supply of energy. In many studies, an in-
crease in readily digestible carbohydrates
and/or a decrease in the fibre content have
been observed to increase the formation of
butyric acid and/or propionic acid in the
rumen, thus raising the content of milk
protein (BrsHoP et al. 1963, HOOGENDOORN
and GRIEVE 1970, HUBER and BoMaN 1966,
HUuBER etal. 1964, KIRCHGESSNER et al.
1965). YOUSEF etal. (1969) reported that
high-grain feeding promoted the synthesis
of protein. The high-grain rations increased
the protein fractions synthetized within the
mammary gland, especially a-casein and
B-lactoglobulin, but serum albumins and
other nitrogenous compounds decreased
(YouseF etal. 1970). The increase in milk
fat also caused by readily digestible car-
bohydrates in the present study is presum-
ably due to the fact that the fibre content
of the ration was at times remarkably high
(Table 2).

KIRCHGESSNER et al. (1965) consider that
the optimal dietary fibre content for the
synthesis of fat is 18—22 9, of DM; in the
present study the average fibre content was

over 25 %, (Tables 2 and 4). In a number -

of investigations of low-fibre rations, in-
crease in readily digestible carbohydrates
depressed the content of milk fat, on account
of the decrease in the formation of acetic
acid (BisHoP etal. 1963, HOOGENDOORN
and GRIEVE 1970, HUBER and BomaNn 1966,
HuUBER et al. 1964); in other investigations,
it had no effect (CASTLE et al. 1958, 1959;
CasTLE and Watson 1961, HorLMES et al.
1957). Many workers report that an energy
surplus increased and an energy deficit
decreased milk protein (CASTLE et al. 1958,
CoMBERG and VOIGTLANDER 1959, HoLMES
et al. 1956, 1957 HoLmES and ARNOLD 1960,
HoOGENDOORN and GRIEVE 1970, ISAACHSEN
et al. 1956), whereas the effect on milk
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fat was very slight (BURT 1957, CASTLE et al.
1958, 1959, CasTLE and WATSON 1961,
Hanson etal. 1954, HoLMES etal. 1956,
HoLMmEs and ArNOLD 1960, HOOGENDOORN
and GRIEVE 1970, KAjaNoja 1944, LoGaN
et al. 1959, Porjirvi 1952, Rook and LINE
1962). In the investigation of ISAACHSEN
et al. (1956) a large energy deficit also de-
pressed milk fat.

An increase in the crude protein content
of the feed and in the supply of protein, even
when the supply was then greatly in excess
of the requirement, also raised the protein
content of the milk and at the same time
increased its proportion in relation to those
of fat and lactose (Tables 6 and 8). Unfor-
tunately, in this study it was not possible
to determine the different components of
the milk protein. Gonc (1971), and ORTH
and KAUFMANN (1965) reported that grass
silage increases only the non-protein nitro-
gen fraction in milk, and LeEoNmARD-KLUZ
etal. (1973) found that large applications
of nitrogen to pasture raised the contents
of nitrate nitrogen and nitrite nitrogen in
milk. PorjArvi (1952) found an increase in
the content of non-protein nitrogen in the
milk when the diet was supplemented with
oil concentrate. In contrast, when ORTH
and KAUFMANN (1964) and Vik-Mo et al.
(1975) used soya and casein supplements,
respectively, the increases were mainly in
the protein nitrogen of the milk and only
partly in the non-protein nitrogen. A small
surplus or deficit in protein supply generally
did not affect milk protein content (HoLMES
etal. 1956), but a marked surplus raised
the content (LoGaN etal. 1959, OrTH and
KAUrFMANN 1964) and a marked deficit
decreased it (ISAACHSEN etal. 1956, Rook
and LINE 1962). ORTH and KAUFMANN found
that the protein content of milk increased
when they raised the protein-to-energy ratio
of the feed to twice that of normal rations.
In the present study the average protein:
energy ratio was above the standard re-
quirement (cf. Tables 2, 6 and p. 4) and



was evidently very high at times in both
the silage (Fig. 2) and pasture diets, so that
the present results are consistent with those
of OrTH and KAUFMANN.

The effect of the feed on the lactose content
was observed to be small in this (Tables 6,
7 and 8) and many other studies (CASTLE
et al. 1958, COMBERG and VOIGTLANDER 1959,
HanssoN etal. 1954, HorLmEs etal. 1956,
1957, HoriMes and ARNoLD 1960, HOOGEN-
poorN and GRIEVE 1970, - Rook 'and LINE
1962). Readily digestibie carbohydrates in-
creased milk lactose to some extent (Tables
6 and 8). :

The combined content of protein, fat and
lactose in the milk was highest when energy
supply equalled the estimated requirement,
and readily digestible carbohydrates played
an important role in the achievement of
an energy balance (Tables 6, 7 and 8).

In the indoor trials, the changes in the
nutrient supply and the composition of the

feed explained 45.79% of the combined
variation of the protein, fat and lactose
contents ‘of the milk, when the variations
in the milk yield and the lactation stage
were eliminated.

The effect of the feed on the yields of the
different milk constituents was almost the
same as its effect on the milk yield (Tables
6 and 8), but a surplus of energy had a
significant positive . correlation . only with
the protein yield. An increase in the already
elevated protein-to-energy ratio decreased
the yields, as did also an increase in the
fibre content of the feed. The pfesént results
suggest that if optimal yields of milk protein
and fat are to be obtained with diets contain-
ing abundant grass fodder, the fibre content
of the feeds should be decreased and their
energy concentration increased by giving
more grain than the average ration used here,
in both winter and pasture feeding.
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SELOSTUS

Maidon koostumukseen vaikuttavista tekijoistd

1. Energian ja valkuaisen saannin vaikutus maidon koostumukseen nurmikasvivoittoisessa
ruokinnassa

Eist ETTALA

Maatalouden tutkimuskeskus

Ruokinnan vaikutusta maidon koostumukseen on sel-
vitetty 9 sisiruokinta- ja 8 laidunkokeen tulosten pe-
rusteella. Sisiruokintakauden kokeissa on ollut 135
ay-lehmii 188 lypsykaudella ja maidon koostumus on
madritetty 2 606 niytteesti. Laidunkokeissa on ollut
152 ay-lehmia 243 lypsykaudella ja médritykset tehty
2054 niytteesti. Lehmien keskimddrin sydmdéstéd
kuiva-ainemadristd on sisiruokintakaudella ollut 75 %
sailérehua, 13 % ohraa ja 12 % heinid, laidunkaudella
n. 99 % ruohoa ja n. 1 % ohraa. .
Energia-annostuksen nousu, my&s energian yliruo-
kinta, on kohottanut maidon valkuaispitoisuutta ja
-tuotosta. Energian yliruokinta on laskenut maidon
rasvapitoisuutta. Valkuaisen, rasvan ja maitosokerin
yhteispitoisuus on ollut korkein energiatasapainon
vallitessa. Valkuaisannostuksen nousu on kohottanut
maidon valkuaispitoisuutta ja -tuotosta, valkuais-
yliruokinta kuitenkin vain valkuaispitoisuutta. Ylei-
sesti ottaen on energian ja valkuaisen runsas saanti

kohottanut valkuaisen osuutta maidossa muihin pi-
toisuuksiin nahden.

Ohran ja typettdmien uuteaineiden osuuden kasva-
minen ruokinnassa on kohottanut maidon valkuais-
ja rasvapitoisuutta sekidi maidon ja sen eri aineosien
miiria niin sisiruokinta- kuin laidunkaudella. Syd-
dyn rehun keskim#iriisen kuitupitoisuuden sekéd vas-
taavasti kuitupitoisten rehujen, sdilérehun ja heinén,
lisi&ntyminen ruckinnassa on vaikuttanut painvastoin.
Rehuannoksen raakavalkuaissisdllon kohoaminen on
nostanut maidon valkuaispitoisuutta ja -tuotosta.
Ruokinnan vaikutus maitosokeripitoisuuteen on ollut
vihiinen.

Energian ja valkuaisen saannin sekd rehuannoksen
koostumuksen kokonaisvaihtelu on selittinyt sisé-
ruokinnassa 45.7 % maidon valkuais-, rasva- ja maito-
sokeripitoisuuksien yhteismuuntelusta, kun maito-
tuotos ja tuotantovaihe ovat olleet vakioita.
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FACTORS AFFECTING THE COMPOSITION OF MILK

II. EFFECT OF STAGE AND NUMBER OF LACTATION AND SOME OTHER
EXTERNAL FACTORS, AND SIGNIFICANCE OF CHOICE OF TEST DAYS IN
ESTIMATION OF PROTEIN PRODUCTION ABILITY

Evrst ETTALA

ErraLa, E. 1976. Factors affecting the composition of milk. II. Effect of
stage and number of lactation and some other external factors, and significance
of choice of test days in estimation of protein production ability. Ann. Agric.
Fenn. 15:196—213. (Agric. Res. Centre, Inst. Anim. Husb., SF-01300
Vantaa 30, Finland.)

Nine winter and five summer trials were performed with Ayrshire cows. In
the winter trials 135 animals were used and 188 lactations were studied; in
the summer series, there were 132 cows and 188 lactations. On average, the
cows in the winter trials had calved 3.1 times and those in the summer trials
4.0 times. The time elapsed from calving to the middle of the trials averaged
142 days in the winter trials and 116 in the summer trials. The composition
of the milk was analysed at intervals of 10 days on samples represtenting the
two-day production of each cow, and numbering 2606 in the winter trials
and 1969 in the summer series.

The lactation stage had a strong effect on the milk yield, and, through
it, on the yields of protein, fat and lactose. When the influence of the milk
yield was eliminated, the lactation stage had only a slight effect on the yields
of the various milk constituents. Percentage lactose was also very closely
affected by the milk yield, decreasing in parallel with it. Percentage protein
rose as the lactation proceeded and the milk yield decreased, the effect of the
two factors being almost equally great. Percentage fat was not as strongly
affected as the protein content by the lactation stage and the milk yield.
Lactation number had only a small effect on the yields of the milk constituents
and the protein content. As the number rose, there was a slight decrease in
percentage fat and a clear decrease in percentage lactose, so that the proportion
of protein in the milk increased.

When the protein producing ability of the cows was estimated from the
records of several test days, the best result was obtained by using the means
of determinations made 90, 140 and 220 days after calving. With this combina-
tion of test days, it was possible to explain 77.4 % of the variation in the pro-
tein percentage, and 62.¢ % of the variation in the protein yield in the same
year, and the correlations between the different years were also strongest
(protein percentage: r = 0.74%%*, protein yield: r = 0.40%%%),

Index words: lactation, milk composition, protein in milk.
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INTRODUCTION

The increase in the importance attached to
milk protein, and the rise in the cost of
animal testing are causing a reassessment
of the use of milk éﬁalyses in selective cattle
breeding. It has been suggested that protein
determinations should be included among
the criteria used in selection, and that the
number of test days should be decreased.
The use of protein determinations is support-
ed by evidence that more rapid genetic
progress is achieved when selection is based
directly on such determinations rather than
on various correlations (BERGMANN 1969,
JENsSEN 1971, MaijarLa 1974, PHILIPSSON
1978, SyrsTaD 1971, Varo 1960). On the
other hand, it has been shown that selection
made on the milk yield alone promotes the
production of protein almost as well as
when the choice is based directly on the
protein yield itself (MarjaLA and ViLva 1974,
Roos 1971), which suggests that determina-
tions of protein may not be of key importance,
after all, in the selection of dairy cows for
breeding.

In Finland, milk protein has receatly been
adopted as a criterion in estimating the

breeding value of bulls. The protein value
used for this purpose is the percentage de-
termined on a single test day in the first
lactation of each of the cows sired by the
bull. This method is fairly reliable if the
number of cows is sufficiently large (MAIJALA
and ViLva 1974, PrmiessoN 1973, Roos
1971, Varo 1964). If the protein content
is adopted as the future basis of the price
of milk, a network of central laboratories
with automatic analysing equipment will
have to be created, and this could also be
used in estimating the breeding value of
cattle. The cost of such investigations would
then depend on the number of analyses,
rather than on the number of components
determined.

This study was undertaken with the present
selection of dairy cows in mind. It examines
the extent to which the reliability of infor-
mation on the composition of milk, and
especially on milk protein, is affected by
certain external factors, such as the stage
and number of lactation, and the choice
and number of test days.

MATERIAL AND METHODS

The reader is referred to part I of this study
the (ETTALA 1976 a: 183—185) for details of
arrangement of the trials, trial localities,
test animals and their feeding, and methods
used to determine the percentages of milk
protein, fat and lactose. The present in-
vestigation differs from part I in excluding
those summer trials for which all three milk
constituents were not determined, but all
the winter trials are included.

Ayrshire cows were used — 135 in the
winter trials (9) and 132 in the summer
trials (5). Some of the cows were employed

more than once, and the results in both
the winter and summer trials are derived
from 188 lactations. On average, the animals
in the winter trials had calved 3.1 times and
those in the summer trials 4.0 (Table 1).
The time elapsed from calving to the middle
of the trials averaged 142 days in the winter
trials and 116 days in the summer trials.
Milk analyses were performed at intervals
of 10 days on samples representing the two-
day production of each cow, and numbering
2606 in the winter trials and 1969 in the
summer series (Table 1).
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Table 1. Average percentages, percentage ratios and yields of milk constituents at the different trial localities in the winter and summer trials.
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RESULTS

Mean values and differences between ftrials

The average daily milk production per cow
was 14.7 kg in the winter trials and 19.8 kg
in the summer trials (Table 1). In spite of
the difference in production, the average
protein content was the same in the two
trial series (3.83 9%,), and the fat content
was only slightly lower in the summer trials
than in the winter series, 4.59 % wversus
4.73 %. The ratio of the protein percentage
to the fat percentage averaged 0.78 in the
winter trials and 0.8t in the summer series.

Phenotypic correlations between the milk
and its constituents

The milk yield had a significant negative
correlation with the protein and fat per-
centages (—0.35%%%, 0, 49%%* and —(.19%%*
—0.16%*¥) but a significant positive correlation
with the lactose content (0.s1%%%, (,sg%%%),
A stronger correlation existed between the
protein and fat percentages in the winter than
in the summer trials, 0.45%*%* persus Q.17%%*,
The corresponding correlations between the
protein and lactose contents were —0.30%%*
and —O0.28%** The correlation between the
contents of fat and lactose was weak. The
total percentage of the organic substances
studied depended most closely on the fat
content and least closely on the lactose
percentage (Table 2).

The correlation between the milk yield
and the yields of the various constituents
were very strong (0.90%*%* — (.99%%%) (Table
2). The protein percentage and the protein
yield were positively correlated in the winter
trials (0.06*) and negatively correlated in
the summer series (—0.14%**). The fat per-
centage and yield were positively correlated
in both series (0.20%** and 0.27%%%), as were
also the lactose percentage and yield (0.6a%%*
and 0.59%*%%). The total content of the or-



Table 2. Phenotypic correlations between the milk and its constituents.

Trials and variables Protein Fat Lactose P+F+L P%/F% P %/L% F %/L % Protein Fat  Lactose
% % % % kg kg kg

WINTER TRIALS
Milk, kg «ovverrinniciininiene —0.35 —0.19 051 —0.10 —0.17 —0.50 —0.41 090 0092 0.9
Protein % «.coeereiniriacnnns 4045 —0.30 020 +0.56 4051 4051 4006 —018 —0.37
Fat % cevevrreennneninnnneens —010 408 —048 --039 4088 —0.01 020 —0.19
Lactose % .eeeersacecrnronas +019 —020 —067 —0.56 +0.438 047 +-0.64
Protein--fat-+lactose %, . —0.10 +046 061 +0.20 4022 —0.06
Protein %/fat % ..eceeeine +032 —030 -+0.07 —03 —019
Protein % /lactose % ...... +0.65 —015 —0.35 —0.57
Fat %/lactose % «.veeeeens —0.22 —0.07 —0.46
Protein yield, Kg «.ccoevenns +4-0.90 +0.88
Fat yield, kg «.cccevvreranns +0.91

SUMMER TRIALS
Milk, kg .veverernreeneinianas —049 —0.6 -+043 —018 —0.22 —0.59 —0.3¢ 092 090 +0.98
Protein % ..ccecoevescereninns +017 —0.28 4052 0.5 4088 --0.26 —014 —042 —048
Fat % eeeeveneeeensnnriinnnes +0.00 08 —0.50 +033 4088 —012 +0.27 —0.14
Lactose % «eevevernreeseciins +0.31 —018 —0.67 —0.46 -+0.40 4042 —0.59
Protein +fat+lactose % —0.32 4025 4059 001 4017 —0.09
Protein % [fat % -.iceeenes +051 —0.33 +0.00 —0352 —024
Protein %/lactose % ...-.. 40438 —031 —0.53 —0.66
Fat %/lactose % «.cocenen —0.30 -+0.04 —0.39
Protein yield, kg .......... +0.03 --0.90
Fat yield, kg ...ccovnvennens +0.89

P < 0.05 r>005 P<00, r>008 P <000, r> 0.08

ganic substances was positively correlated
with the fat and protein yields, but negatively
correlated with the lactose yield.

Effect of external factors on the composition
of the milk

Least-squares analysis of variance (HARVEY
1966) was used to elucidate the effect on the
milk composition exerted by each individual
factor independently of the others. The
linear regression variables were the milk
yield and the stage and number of lactation,
and the factors were the trial localities and
years. The years were omitted from the
analyset of the summer trials, since they
had no effect.

The results show that the variables examin-
ed had a very significant effect (P < 0.001)
on most of the values describing the com-
position of the milk in both the winter and
summer trials (Table 3). The percentage

of the variation explained was greatest for
the yields of the various constituents (R2
82 — 89 9,), because the fluctuation in the
milk yield explained ca. 50 % of their varia-
tion. As regards the composition of the milk,
the percentages of the variation explained
were greatest for the lactose content (52 %
and 85.5 %), and smallest for the fat content
(16.2 % and 9.7 %). In the case of the protein
content, the variables explained 34.4 % of
the variation in the winter trials and 32.8 %
in the summer series. The contributions of
the independent variables differed somewhat
between the summer and the winter trials.

Milk yield and stage of lactation

The results shown in Table 3 indicate that
the lactation stage and the milk yield each
had its own separate effect on the composi-
tion of the milk, i.e. the level of the milk
yield at the same stage of lactation had a
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significant effect on many of the milk pro-
perties. The percentage of protein rose and
that of lactose fell, both as lactation pro-
ceeded and as the milk yield decreased.
Each of the factors had less effect on the
percentage of fat than on that of protein;
the stage of lactation even had opposite
effects on the fat percentage in the summer
and winter trials. The separate effects of
the two factors on the total content of or-
ganic substances were only slight. The yields
of the different constituents were very
strongly affected by the milk yield, but
only slightly affected by the lactation stage.

The effect of the time elapsed since calving
decreased linearly in the least-squares analy-
sis. The square of the time also had a sta-
tistically significant effect on many of the

Observations: .
Winter 5984 ltis|i32lisqeona si4 012 2482121 |43 | 241

L I o S
Summer et hesheznsohesii4sissl 42180l
28.0 4.  Milk yield, kg
26.0 1 °.B'n Winter trial
= . o Winter trigls ——
24.0 7 [ oSummer trials ==
22.0 1 N,
20.0 7 ENe
18.0 1
16.0
14.0
12.01 .
10.0 E Prot i K oz ‘9‘0.925
El rotein, kg 1,
0.800—_1\:-&0.4;% ya=a;22 “oree
12008, Fat kg 7*-200essmoonnt
1.000{°
0.8007 oy 800,
0.600 ag 20012
04007 Yer0.983-00p, :
14004 Lactose, kg #r+000000852
. . ‘\ _—
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Fig. 1. Yields of milk and its constituents at different
stages of lactation (x = time elapsed since calving
in days; x?=square of time).
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| 69| 99 |121]144|159|156]144]128] 99| 65 | 22 {30[70]

I

Summer 47|96 151] 159)i144] 150f124{63]26 | | | | |
trials | st |125h62lis0l1ashas|ss|a2]e0] | | 1 | | |
3.807 Protein % 009"
3.60 '
4 2.6
3404 L
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3_00_;/(/3 o Summer frials ——
] 2
2807 Fat % o0
4.60
44073,
— e b
:(‘2)8: °T Ve Fo'ﬁizz}s-o.oozna.ooamx
00z |gctose % ’

b
e \7__6

3
0.0011;!7.00001:2

RN EE RIS R R A
=30 70 M0 150 190 230270290 <

Days from calving

Fig. 2. Composition of milk at different stages of
lactation (x = time elapsed since calving in days;
x? = square of time).

properties. The regression equations and the
curves are presented in Figs. 1—3. The
effect of the milk yield has not been eliminat-
ed, so that the results are influenced by
both the decrease in production and the
progress of lactation.

Fig. 1 shows that in the winter trials the
milk yield decreased evenly to ca. 10 kg
a day, or to the 240th day of lactation, and
then remained almost constant. In the summer
trials, production was high at the beginning
and decreased sharply throughout the trial
period.

In the winter trials, the protein percentage
rose fairly evenly, following the course of
the regression curve, except in the initial
and final stages of lactation (Fig. 2). In these
trials, the percentage was lowest between
the 50th and 70th days of lactation. In the
summer trials, the protein content rose
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rather sharply throughout the trial period,
increasing in proportion to the rapid decrease
in the milk yield. The percentage of milk
fat did not follow the regression curve of the
second degree equation as closely as the
percentage of protein; it fluctuated irreg-
ularly, especially in the initial stage of lacta-
tion. It was lowest between the 80th and
110th days of lactation in the winter trials
and between the 110th and 130th days in
the summer series.

The lactose content fell as the lactation
progressed, following the regression curve
very closely (Fig. 2). The combined content
of the organic substances varied in the same
way as the percentages of fat and protein,
its course being rather irregular, like that
of the fat percentage. Its lowest values were
recorded between the 70th and 90th day
of lactation in the winter trials and between

Observations:

Winter 59 84 115 132 154 160 145 140422 82 21 43 24

H 69, 99 121,144 159 156 144 128 99, 65 22 30 70
friols | ©9) 99 12} 449159 g 14q 128 99, 85, 2330, 70 | |

0950+ Protein % /fat %
0.9001 o
0.850- Pty
0.8001 >

o.7soj =

0700

<

Protein % /lactose %

0.9007 -
0.850- o e
0.8001 Sty —
0750+ Y e i 0
0.700- .

eWinter trials
Summer trigls —:—

JRUUR S B LN S A B SN L LA SR S SN B e o
<30 70 MO 150 190 230 270 290=
Days from calving
Fig. 3. Ratios between percentages of milk constituents

at different stages of lactation (x = time elapsed
since calving in days; x* = square of time).

202

the 40th and 140th days in the summer
series. The changes in the ratios of the milk
constituents were chiefly linear (Fig. 3).
As the lactation progressed, the protein
content increased in relation to the other
percentages, and the fat content rose in
relation to the percentage of lactose. The
relative increase in the protein content was
particularly rapid in the summer trials.

The yields of the milk constituents fell,
closely following the decrease in the milk
yield and the regression curve (Fig. 1). The
lactose yield dropped more rapidly than the
others, since the lactose percentage decreased
as well as the milk yield.

Number of lactation

Table 3 shows the separate influence of
the number of the lactation on the milk
yield and composition, and Fig. 4 shows
the effect it exerted together with the other
variables. In each case the cows are divided
according to whether they have calved 1, 2,
3, 4, 5—6, or 7 .or more times. The number
of observations in each group is shown in
Fig. 4.

On its own, the lactation number had
little influence on the percentage of milk
protein, and even exerted opposite effects
in the winter and summer trials (Table 3),
the contradiction being evident both before
(Fig. 4) and after (Table 3) the effect of the
other variables has been eliminated. The
milk of the cows in their first lactation had
a lower protein content than that of the
older cows in the winter trials but a higher
content in the summer series. In the winter
trials, the protein content of the first-lacta-
tion milk fell from about the 155th day to
the end of lactation (Fig. 5). In the summer
trials, this stage of lactation could not be
examined, since the trials were shorter.

The percentage of milk fat fell as the
number of the lactation rose (Table 3).
When the effect of the other variables was
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Fig. 4. Yields of milk and its constituents, percentages of constituents and ratios between the

percentages plotted against lactation number.

eliminated, the negative correlation was of
almost the same size in the winter and summer
trials, but when no elimination was performed,
the decrease in the fat content was smaller
in the winter than in the summer trials, the
lowest fat content in the winter series being
recorded for the cows which had calved
twice (Figs. 4 and 5).

The number of the lactation had the clearest
influence on the lactose content (R = 13.0 %
in winter trials; 5.8 9% in summer trials).
The lactose content decreased as the number
rose (Table 3, Figs. 4 and 5), as did also the
combined content of organic substances
(Table 3, Fig. 4). An increase in the number
of preceding lactations generally raised the
proportion of protein in relation to the other
milk constituents.

In the summer trials, the milk yield rose
fairly evenly with the lactation number,
but in the winter trials the yield was highest

in the third lactation (Fig. 4). On its own,
the lactation number had little influence
on the protein yield, even affecting it in
opposite ways in the winter and summer
trials (Table 3). The fat and lactose yields
fell to some extent as the lactation number
rose. When the influence of the other va-
riables had not been eliminated, the yields
of the different constituents followed the
course of the milk yield fairly closely (Fig. 4).

Trial localities and trial years

The composition of the milk varied signi-
ficantly with the locality (Tables 1 and 38).
In the winter trials, the greatest differences
occurred in the protein and fat contents and
the combined percentage of organic substan-
ces (Table 3). The ratios between the per-
centages also differed notably. In contrast,
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Fig. 5. Courses of milk yield and percentages of
constituents during lactation in different calving
groups (winter trials),

the milk yields differed very little between
the trial localities (Tables 1 and 3), and in
consequence there was also little difference
in the yields of the constituents. The most
pronounced difference was found in the pro-
tein yield in the winter trials (R% 2.1 9).
Differences between the trial years were
also evident in the winter trials (Table 3),
and here, too, the percentages of the consti-
tuents and the ratios between them differed
more than their yields. The effect of the
feed is treated in detail in the first part of
this study (ETTALA 1976 a).

Weather in the grazing period

The average temperatures of the summer
trials varied from 138 to 17.5°C at the
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Table 4. Partial correlations between mean tempera-
tures and precipitation in trials (5-day periods) and
the values describing the yield and composition of the
milk.

Variables Temperature, C°  Precipitation, mm

Milk yield, kg .......... +0.07 +0.02
Protein % ............... —0.21% —0.04
Fat % ivveviviinennnn, —0.1 —0.15
Lactose % vevverenenen. —+4-0.07 —0.17
P+F+LY% ... —0.13 —0.19
Protein 9%, /fat % ...... —0.03 +0.12
Protein % /lactose % . —0.21% -+0.07
Fat 9 /lactose % ...... —0.14 —0.06
Protein yield, kg ....... ~-0.01 --0.01
Fat yield, kg ............ —+0.01 —0.05
Lactose yield, kg +0.07 —0.03

The effect of the lactation stage was eliminated in
the calculations
*P <005 (d.1. 83)

different trial localities and in the different
years. The temperatures also fluctuated con-
siderably during the same summer (ANON:
1971—1973). When the influence of the

lactation stage was eliminated, the tempera-

ture showed a significant negative correlation
with the percentage of milk protein, and
with the ratio of protein to lactose (Table
4). The temperature did not influence the
yields of the milk and its various constituents.
Precipitation did not show any significant
correlation with the values describing the
yield and composition of the milk; there
was some evidence that rain has a decreasing
influence on the contents of milk fat and
lactose, and the combined content of organic
substances, but no trends were apparent in
respect of the yields of the milk and its
constituents.

Most veliable test days

Phenotypic correlations between part and
mean yields. The winter trials comprised
a sufficiently large part of the lactation
(80—290 days, Fig. 1) for the individual levels
of production and the shape of the production
curve to become apparent. The test days
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Table 5. Phenotypic correlations between part records from different lactation stages and the means for the same cows (winter trials).

Days from calving
No. of observations

Protein, kg ......
Fat, kg ........et

Milk, kg voooerees

il

=

0.75

31

Lactose, kg ......

0.8
0.79
0.84
0.59

0.88
0.78
0.85
0.64

0.85
0.79
0.81
0.62

0.88
0.74
0.81
0.63

0.90
0.77
0.78
0.64

0.87
0.80

0.81
0.63

0.84
0.84

0.83
0.81
0.76
0.65

0.88
0.82
0.80
0.66

0.87
0.88
0.84
0.73

0.83
0.79
0.84
0.68

0.85
0.83
0.86
0.67

0.87
0.80
0.89
0.62

0.99
0.79
0.84

62

0.

0.90
0.77
0.82
0.61

0.86
0.69
0.78
0.57

0.86
0.65
0.68
0.38

0.85
0.54
0.74
0.51

0.74
0.72
0.66
0.58

All the correlations are statistically significant P < 0.001.

Lactose % ..ot
P+F+LY% .

Protein % .......
Fat % .oveeveennns

best representing the mean production ability
were sought by calculating simple pheno-
typic correlations between the results obtain-
ed in different stages of the same lactation
and the same cows (Table 5). The correlations
were calculated for the test days (10-day
intervals; 50 —230 days) for which the number
of observations was at least 50.

The correlations of the yields of protein,
and also those of milk, fat and lactose, with
the mean values were greatest when 120
days had elapsed since calving (r = 0.87%%*
—0.88*%%) (Table 5). The yields were than
at the same level as the average values. The
correlations of the adjacent test days (110
and 130 days) were also very high. High
correlations were also obtained at the be-
ginning of lactation, 50 days from calving.
In the latter part of the lactation the highest
correlations were obtained on the 220th day.

Percentage protein was strongly correlated
with the mean (r = 0.88™%% — 0.00%**) at
three different stages of lactation (90—100
days, 150 days and 190—220 days after
calving) (Table 5). Percentage fat and the
combined content of organic substances were
most highly correlated with the mean values
140 days after calving {r = 0.88%%% (), 74%%%),
and the lactose content was most highly
correlated on the 110th day (r = 0.89%**),

The results of these days were combined
in different ways, according to the highest
correlations of the protein yield, on the one
hand, and those of the protein percentage,
on the other (Table 6 a). A basis for compari-
son was obtained by taking combination A,
with results from one test day in each of the
middle months of the lactation (2—7), and,
at the other extreme, combination H, com-
prising only the values from the two test
days which were found to be best for the
protein yield, the 50th and 120th day after
calving. Most of the combinations contained
the results from three test days, selected
so as to reveal the shape of the lactation
curve. The values of slightly different dates
were also examined to discover the limits
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Table 6. Correlations of combined results from different lactation stages with a) the means of the same lactation
and b) the combined results of different years (winter trials).

a) Correlations between combined results and means

Combinations A B c D E F G H
Observations 7452%) 5582) 388%) 3532) 3082) 3252) 375%) 2437)°
Milk, KZ .ivvviiineniiniinnennnnnas 0.772 0.78a 0.772 0.80ap 0.85¢ 0.83be 0.83be 0.84be
Protein, kg .....c........ 0.753 0.763b 0.753 0.79abe Q. g3c 0.82¢ 0.81be 0.82¢
Fat, kg .ccvviiiiiiiiiiiiiinennnnn, 0.79a 0.813b 0.80ab 0.83abe 0.85¢ 0.84bc 0.83abe 0.83abe
Lactose, kg vvoveenrrenrrinnnrnnnnn, 0.75% 0.752 0.763 0.78ab 0.84¢ 0.82be 0.s0abe 0.81abe
Protein % ...ccoevvviniiiiinnnn.n. 0.87bed 0.88¢d 0.89d 0.88cd 0.85abe 0.83ab 0.83ab 0.812
Fat % ........ 0.79ab 0.79ab 0.82b 0.78ab 0.78ab 0.78ab 0.79ab
Lactose %, .......... 0.803 0.812 0.842 0.832 0.812 0.812 0.802
PLFALY .iivvviiinnne, 0.632 0.642 0.672 0.642 0.633 0.632 0.642
b) Correlations between lactations

Observations 1682) 1882) 862) 842) 70°) 70%) 864) 552)
Milk, KE cevvveverenirieiinenennnnn 0.49ab 0.52b 0.54b 0.56P 0.513b 0.262 0.353b
Protein, kg 0.37a 0.353 0.403 0.362 0.333 0.312 0.262
Fat, kg .ccoeoiiviiiinnnnnn, 0.36ab 0.430 0.400 0.332b 0.302d 0.128 0.17ab
Lactose, kg 0.513b 0.52ab 0.55ab 0.60P 0.568b 0.31a 0.42ab
Protein % ..cocovvvniniiininnnnnn. 0.68ab 0.69ab 0.73v 0.74b 0.62ab 0.612b 0.592d 0.492
Fat % covrriviiiiiiiiiiiiiennn. 0.383 0.522 0.532 0.533 0.342 0.32% 0.302 0.288
Lactose % .......... 0.42 0.39 0.432 0.582 0.582 0.542 0.573
P+ F+ LYy 0.542b 0.61P 0.552b 0.852 0.34% 0.42ab 0.345
Protein % /fat % ................ 0.373 0.402 0.363 0.44a 0.413 0.402 0.34a 0.383
Protein 9, [lactose % .......... 0.748bc 0.7gbe 0.78¢ 0.79¢ 0.72abe 0.73abe 0.63ab 0.59a
Fat 9 [lactose % ...ccccevveennn 0.47ap 0.56ab 0.54ab 0.61P 0.47ad 0.452b 0.342 0.31&

The homogeneity between the correlations was tested by the X2-test. Values with different mdex letters in

the same horizontal row differ significantly,
1) Combinations

90 -+ 120 4 150 + 190
100 -+ 150 + 200

90 -+ 140 + 220

50 4 120 + 220

50 4 120 -+ 210

50 4 90 4 120
H 50 + 120

a—d: P < 0.05.

60 + 90 4 120 4 150 + 180 4 210 days from calving

%) All the correlations are statistically P < 0.001.

8) P <0.05 r> 022 P<0.01 r>02); P<0.00, r> 0.38
4 P <005 r>021; P<0.01, r> 028 P < 0.00, r> 0.3
5)P<000,r>026 P <0.01, r> 033 P < 0001, T > 042

of the period within which the most favour-
able results are obtained.

The best estimate of the yield of protein
and also of the other yields was given by
combination E (50 4 120 4 220 days after
calving) (Table 6 a). With it, it was possible
to explain 68.9 %, of the variation in the
protein yield, 72.83 9% of the variation in
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the milk and fat yields, and 70.6 % of the
variation in the lactose yield. Other combina-
tions which were equally valuable for estimat-
ing the yields were all those which included
the test day at the peak of the initial period,
the 50th day after calving (F —H). Combina-
tion A and combinations B — C, which
were based on the highest correlations for



the protein content, were significantly weaker.
Combination D, also belonging to the group
based on the protein content, (90 4 140 +
220 days after calving), was comparable in
value to combination E for estimating the
protein and fat yields, explaining 62.¢4 %
of the variation in the yield of protein.

The most reliable estimate of the average
protein percentage was obtained from com-
bination C (100 4 150 4 200 days) (Table
6a). With it, it was possible to explain
79.2 %, of the variation in the protein content.
Combinations of comparable value were D
(R2 = 77.¢ %), B, comprising four test days,
and the comparative combination A. Another
combination in the same class was E, which
gave the best estimates of the yields. The
combinations were all almost equally valuable
for estimating the percentages of fat and
lactose and the combined contents of the
three organic substances, though D was
slightly better than the others, explaining
67.2, 70.6 and 44.9 % of the variation in,
respectively, the percentages of fat and

lactose, and the combined percentage of the
three constituents.

Correlations between lactations

The highest correlations between the results
for protein in two production years were
obtained with combination D (r = 0.40%**
for protein yield, r = 0.74*** for protein
percentage) (Table 6 b). However, the correl-
ations between the values for the protein
yield did not vary significantly from one
combination to the other. The correlations
between the lactations were much smaller
for the protein and fat yields than for the
corresponding percentages. The correlations
for the ratios between the percentages of
protein and fat were smaller than for the
other ratios. The correlations between the
milk yields in the different lactations were
equally significant statistically in all the
combinations (r = 0.35%** — 0.56%**), except

G.

Table 7. Correlations between results of two different years in initial, middle and final stages of lactation.

Winter trials

Summer trials Winter + summer trials

Days from calving 50—1002) 110—160%) 170—23¢%) 50—230%) 50—100°) 110—160°) 40—180%)  50—100%) 110—160%)
No. of observations 145 232 150 527 210 206 430 355 438
Milk, kg ceevvenennnns 0.16a¢ 0.41® 0.46vd 0.58 0.482 0.632 0.69 0.37¢ 0.544
Protein, kg ....cenee 0.292 0.25% 0.242 0.42 0.31¢ 0.60% 0.57 0.81¢ 0.47d
Fat, kg «eeeveenennnnes 0.02ce 0.314 0.464°2 0.44 0.40¢ 0.614 0.67 0.28¢ 0.47¢
Lactose, kg ......... 0.16¢ 0.42d 0.444 0.60 0.432 0.64P 0.71 0.40¢ 0.554
Protein % «.ceeennen 0.612 0.712 0.683 0.73 0.192 0.378 0.35 0.40e 0.62f
Fat % .ovvereennnnnen 0.21¢ 0.53¢ 0.59¢ 0.49 0.11¢ 0.40d 0.24 0.13¢ 0.4st
Lactose % «eeeeennne 0.422 0.38ab 0.19P 0.45 0.552 0.392 0.63 0.502 0.498
P+F+LY% 0.508 0.543 0.482 0.54 0.292 0.470 0.39 0.38% 0.51
Protein %/fat % 0.19¢¢ 0.53d! 0.48d 0.41 0.092 0.263 0.27 0.12¢ 0.418
Protein %/

Jactose % .evev.n.. 0.56¢ 0.74d 0.744 0.718 0.322 0.463 0.52 0.48¢ 0.65t
Fat 9%/lactose 9%, .. 0.18° 0.52f 0.591 0.53 0.14¢ 0471 0.25 0.15¢ 0.50t

1y The results of the winter and summer trials were pooled.

The homogeneity between the correlations was tested with the X2-test. Values with different index letters
in the same horizontal row differ significantly. a—b: P < 0.05, c—d: P < 0.01, e—f: P < 0.001

2) P < 0.03, r > 016; P < 0.01, r > 0.21 P < 0.001, T > 0.26

%) P < 0.05, r > 0.13; P < 0.01, T > 0.18; P < 0.001, r > 0.22

4) P < 0.05, r > 0.10; P < 0.01, T > 0.14; P < 0.001, * > 0.7

5) All the correlations are statistically significant.
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The correlations between the lactations
were significantly lower in the initial stage
(50—100 days after calving) than in the
middle stage (110—160 days) (winter +
summer trials) and in the final stage (170—
230 days) (winter trials) (Table 7). The
lactose content formed an exception. There

was some difference between the results
for the winter and summer trials; the correla-
tions between the protein contents in the
different lactations were notably higher in
the winter than in the summer trials, and
the reverse was the case with the protein
yields.

DISCUSSION

One of the aims of this study was to discover
the extent to which the influence of external
factors interferes with selection of cows on
protein yield; the other was to find the test
days which give the most reliable results
when production ability is assessed on a
small number of samples. Records were not
obtained from the whole lactation, but the
winter trials comprised a sufficiently large
part (ca. 30—290 days after calving, Fig. 1)
to reveal the level of production and the nor-
mal variation in milk composition of the
test animals. Irregular variation in the milk
composition was already evident in the initial
and final stages of this trial period (Fig. 2).

The fact that the study did not comprise
the entire lactation explains why the average
percentages of the milk constituents (protein
3.38 9%, and fat 4.27 9,) were somewhat lower
than those recently recorded by Marjara and
ViLva (1974) for their large field material
from the first lactations of cows sired by
different bulls (3.53 % and 4.49 %). In their
study, the mean time elapsed since calving
was 184 days; in this study, it was 142 days.
The milk protein percentage recorded here
was of the same level as the average value
obtained for dairy milk by PELToOLA et al.
(1963) towards the beginning of the 1960s
(3.3¢ %). The composition of Finnish dairy
milk has been followed since the 1920s,
during which time the fat and protein contents
have risen continuously, while the lactose
content has decreased (HIETARANTA and
NIEMELA 1954, PELTOLA et al. 1963, VIRTA-
NEN 1930). The fat content has increased
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more rapidly than the protein content, in
accordance with the aim pursued in selective
breeding, and the ratio of the protein content
to the fat content has accordingly decreased
(1922: 0.s6, 1960: 0.78) (PELTOLA et al. 1963).
In this study, the ratio was 0.7s in the winter
trials. Thus, although the number of animals
used in these experiments was not high, the
composition of their milk seems to be rather
representative of the average composition of
Finnish dairy milk. However, although the
material was sufficiently large for studying
the external factors that interfere with
selection, it was far too limited for an in-
vestigation of genetic differences.

The level of the phenotypic corre-
lations between the milk yields and the
contents of protein and fat (Table 2) were
the same as in many other studies, according
to the survey of, for example Roos (1971).
The correlation between the fat and protein
percentages corresponded to that in other
studies, too (JAHNE and ScHWARK 1967,
Roos 1971), as did also the correlations of
the fat and protein yields with the milk
yield and with the percentages of the same
constituents (Roos 1971). On the other hand,
the correlations of the lactose percentage
with the contents of the other constituents
and with the milk yield differed from those
reported by ROBERTSON et al. (1956). HaNsoN
et al. (1950) found the ratio of the lactose
content to the protein content differed with
the level of lactose.

The stage of lactation had a
strong effect on the milk yield and, through



it, on the yields of all the constituents (Fig. 1).
However, on its own, it exerted only a
slight effect on the yields of the various
constituents (Table 3). The protein percen-
tage was affected to much the same extent

by the lactation stage and the milk yield.

The course of the protein content during the
lactation was largely the same as in many
other studies (BONNIER etal. 1946, Davis
et al. 1947, HanssoN etal. 1950, KossiLA
1968, KrosiGk et al. 1960, LaNkamp 1959,
Lonka 1947, Roos 1971, TREECE et al. 1961,
VAro 1970, WAITE et al. 1956).

The fluctuations in the fat content during
the lactation were also mainly in accord
with the results of other investigations
(BonNIER etal. 1946, Davis etal. 1947,
JounsoN et al. 1961, KossiLa 1968, KROSIGK
et al. 1960, LoNkA 1947, Roos 1971, WAITE
et al. 1956). However, differences attributable
to such factors as the breed of cattle are
also apparent (DAVIS et al. 1947, Roos 1971).
GEISSLER (1974) reported that the rise in the
fat content during lactation depended on the
size of the content, low fat percentages rising
sharply, while high percentages remained
constant. The sudden rise in the fat content
around the 150th—160th days of lactation
(Table 2) has been attributed by LANKAMP
(1959) to an increase in the rate of growth
of the.offspring.

The decrease in the lactose content during
the course of lactation was mearly the same
in this investigation as that observed by
Davis etal. (1947), but larger than those
reported by BONNIER et al. (1946) and WAITE
et al. (1956). As the lactation progressed,
the protein content increased in relation to
the other constituents, and the fat content
also increased in relation to that of lactose
(Fig. 3).

Asthe number of the lactation
rose, the milk yield increased — up to the
third lactation in the winter trials and up to
the oldest age classes in the summer trials
(Fig. 4). The yields of the various milk
constituents mainly depended on the milk
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yield (Fig. 4), and the individual infiuence
of the lactation number was very slight
(Table 3).

The variation in the protein content with
the lactation number was mainly due to the
changes in the milk yield; the influence of
the lactation number itself was slight and
even had contrary results in the winter and
summer trials (Table 3). An exception was
formed by the protein content in the first
lactation; in spite of the smaller milk yield,
it was lower than in the other age classes
in the winter trials (Figs. 4 and 5). The
difference was evident in the final stage of:
lactation and thus could not be examined
in the summer trials.

KossiLa (1968) also reported that cows
in their first lactation had a lower percentage
of milk protein in the middle and final stages
than older animals. This was observed in a
herd of Ayrshires over a period of 10 years.
The fall in the protein percentage may have
been due to a particularly high protein re-
quirement in the growing animals. In the
present trials the grain supplement given
at that stage of lactation was very small,
and it is also possible that the decrease in the
protein content in the first lactation was
due to the low intake of energy (cf. ETTALA
1976 a). In other investigations the protein
content has generally been high in the first
years of production and has then begun to
fall gradually, though in some studies the
decrease did not begin until the seventh to
eighth year of production (GacuLa et al.
1968, LaNKaMP 1959, SARGENT et al. 1967,
TREECE et al. 1961, WAITE et al. 1956). In
some studies the percentage of milk protein
was found to remain almost constant through-
out the life of the cow (Gacura et al. 1965,
Varo 1960). WAITE et al. (1956) observed
a slight fall in casein nitrogen, accompanied
by a slight rise in non-casein nitrogen.

The percentage of milk fat generally falls
as the age of the cow increases (BAILEY 1953,
Gacura etal. 1968, JouNsoN etal. 1961,
LankaMP 1959, SARGENT et al. 1967, SPIKE
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and FrEEMAN 1967, WAITE etal. 1956,
VAro 1960), but deviations from the general
pattern have occurred in the first years
of production. In some studies the fat content
has risen above the level of the first year
(Gacura etal. 1968, JouNsoN etal. 1961,
KossiLa 1968, SpikE and FREEMAN 1967,
Varo 1960), in others it has decreased
(JornsoN et al. 1961, SpikE and FREEMAN
1967, WAITE et al. 1956) or, as in the winter
trials in this study, it has been exceptionally
low in the second year of production (GaA-
cuLA et al. 1968, LANKAMP 1959, SCHWARK
and JAHNE 1967). In this study the lactose
content showed a very clear decrease as the
lactation number rose (Table 3, Figs. 4 and
5). The same result was obtained by WAITE
et al. (1956).

In this study it was not possible to examine
the influence of the month of calving, be-
cause the trials were made only with animals
that had calved in autumn (winter trials)
or in early spring (summer trials). The
examination of the influence of theseason
had to be limited to an investigation of the
differences between the winter and the
summer. The milk was relatively richer in
protein in the summer than in the winter,
since, although the average milk yield was
ca. 5 kg higher in the summer, the protein
percentage was as high as in the winter.
In other studies also, the milk obtained
from animals on pasture was richer in protein
than that from animals on winter feeding,
(Laxxamp 1959, MARCKMANN and WITT 1956
Rooxk etal. 1960). Rook etal. (1960) att-
ributed this to the high energy value and
protein content of the pasture.

The weather prevailing during the summer
did not affect the yields of the milk and its
constituents (Table 4), but high temperature
was negatively correlated with the percentage
of milk protein. The same observation was
made by HIETARANTA and HOLOPAINEN
(1960), when they compared the protein
content of milk samples from a warm dry
summer with those from a cool wet one.
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VOIGTLANDER et al. (1973) also found that
high temperatures had a decreasing in-
fluence on the content of milk protein. The
effect of temperature on the fat content was
not equally clear {Table 4, HIETARANTA and
HoLoPAINEN 1962, VOIGTLANDER et al. 1973).

It is evident from the above that, of all
the external factors considered, the stage
of lactation has the strongest effect on the
protein yield. It should therefore be taken
into account in estimating production ability,
and the test days should be chosen in
different stages of the lactation.

When only one test day is used, as when
the breeding value of bulls is estimated from
the first lactation of their daughters, the
most reliable information on protein produc-
ing ability is obtained about 120 days after
calving (110—130 days) (Table 5). This point
in the lactation also provided the most
reliable information on the yields of milk,
fat and lactose. In many investigations, the
months in the middle of the lactation have
been found to be the most reliable for de-
terminations of the milk and {fat yields
(4th—7th months) (Keow~ and VaN VLECK
1971, LaMB and McGILLIARD 1967, MADDEN
et al. 1959, SEARLE 1961, VaN VrEckK and
HENnDERSON 1961).

If the protein yields is taken as a criterion
in estimating the breeding value of dairy
cows, it is advisable to use several test days,
so as to reveal the shape of the milking curve.
In one of the years in the present study, the
best estimate of protein production ability
was obtained with a combination of test
days that included a day at the stage of
peak production, 50 days after calving
(combination E, 50 4+ 120 4- 220 days after
calving) (Table 6 a). However, external fac-
tors apparently affected the yields of the
initial part of lactation more strongly than
those of the middle and final stages, since
the correlations between the different lacta-
tions were smaller in the earlier part (Table
7). For this reason, it is probably advisable
to use later test days, which have also been



found to give a more reliable prediction of
percentage protein. From the point of view
of the whole material, the best result was
obtained with combination D (90 + 140 -
220 days after calving). For practical purposes,
these days are the same as those which
have just been tentatively adopted in Fin-
land for first-lactation estimates of protein
production ability (90 + 150 4- 210 days)
(ANON. 1974). It is evidently unnecessary
to determine the protein percentage in several
different years, since the effect on the per-
centage of the lactation number is small
(Table 3, Fig. 4), and the correlations between
the protein percentages of different lactations
are fairly high (Tables 6 and 7). However,
this applies only if the feeding is well balanced
and satisfies requirement (cf. part I, ETTALA
1976 a). It should also be noted that in this
study the effect of irregular variations in the
milk composition was decreased by using

the combined samples of two days’ milk
production.

The milk yield should be determined in
several different years, since it is rather
strongly affected by the lactation number
and is very sensitive to variations in the
feeding (cf. part I, Tables 6 and 7). On the
other hand, it would be possible to decrease
the number of determinations made within
the year; in this study, more accurate esti-
mates were obtained when determinations
were made at the three best times in the
lactation than when they were made on
four or six other test days (Table 6). VArO -
(1974) found that the mean of three daily
yields, measured in the third, fifth and
seventh month after calving, was as reliable
an index of milk production as the mean
of measurements made in six different
months. The choice of test days indicated
by the results of this study agrees with his.
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SELOSTUS

Maidon koostumukseen vaikuttavista tekijoistd

II. Tuotantovaiheen, poikimakérran ja erdiden muiden ulkoisten tekijoiden vaikutus maidon

koostumukseen sekd maddritysajankohtien merkitys

lehmien valkuaisentuotantokyvyn

arvioimisessa

Ersi ETTALA

Maatalouden

Tutkimus sisilsi 9 talvi- ja 5 kesékoetta. Talvikokeissa
oli yhteensi 135 ay-lehmii 188 lypsykaudella, kesi-
kokeissa 132 ay-lehmii 188 lypsykaudella. Talvikoe-
lehmit olivat poikineet keskimidirin 3.1 ja kesdkoe-
lehmit 4.0 kertaa. Poikimisesta oli talvikokeiden puoli-
vilissi kulunut keskim#irin aikaa 142 pv ja kesidko-
keiden 116 pv. Maidon koostumus méaritettiin 10 péi-
vén vilein kunkin lehmén kahden paivin maitoa edus-
tavasta naytteests, talvikokeissa 2606 ja kesdkokeissa
1969 kertaa. .
Poikimisesta kulunut aika on vaikuttanut voimak-
kaasti maitotuotokseen ja sitd kautta valkuais-, rasva-
ja maitosokerituotoksiin. Tuotantovaiheen itsendinen,
maitotuotoksesta riippumaton vaikutus on eri aine-
osien tuotoksiin ollut véhiinen. Myds maitosokeripitoi-
suus on laskenut lihinnd maitomadrin mukaan. Val-
kuaispitoisuus on kohonnut lihes yhts paljon lypsy-

tutkimuskeskus

kauden etenemisen ja maitotuotoksen alenemisen seu-
rauksena. Kummankin vaikutus on rasvapitoisuuteen
ollut pienempi kuin valkuaispitoisuuteen. Poikima-
kerran vaikutus on maidon aineosien tuotoksiin ja
valkuaispitoisuuteen ollut pieni. Poikimakertojen li-
sidntyminen on jonkin verran laskenut rasvapitoisuutta
ja selviisti maitosokeripitoisuntta ja siten kohottanut
valkuaisen osuutta maidossa.

Kun lehmien valkuaisentuotantokykyd on arvioitu
muutamien midrityskertojen perusteella, on paras
tulos saavutettu kiyttimailla 90, 140 ja 220 pv poiki-
misesta saatujen tulosten keskiarvoa. Tall6in on kyetty
selittdmadn saman tuotantovuoden valkuaisprosentin
muuntelusta 77.4 %, valkuaistuotoksen muuntelusta
62.4 % sekd saatu kiinteimmit korrelaatiot toiseen
tuotantovuoteen (valkuaisprosentit: r = 0.74***, val-
kuaistuotokset: 1 = Q.40%%*),
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koetulosindeksi kantakokeissa. Lihantuottaja 1975,
2:14—15.

— Lihasikalan kannattavuutta parantamaan. Lihan-
tuottaja 1975, 4:8—10.

Kentrimies, H. Erikoistuminen edellyttdd suun-
nittelua. Lihantuottaja 1975, 6:18—19.

— & LaaramTi, R. Naudanlihantuotannon tark-
kailusta on hyotyid tuottajalle. Nautakarja 1975,
3:14—15.

LiNDsTROM, U. Is Our Teaching Good Enough.
Assoc. Facult. Agric. Africa. 13 p.

MaryaLa, K. Populationsparameter in dev Milch-
viehzucht — Zusammenfassende Wertung
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— Allminna aspekter vid definieringen av avelsmalet
hos husdjur. Nord. Jordbr.forskn. 57: 593 —600.

— Mjolkens protein/fett-forhallande som avelsmdl.

XIV. NGK megde: 77—86.
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— Kotielainjalostus ja sen tutkimus. Kotieldin-
jalostuksen tiedote 3:1—26.
— Pohjoismaiden maataloustuotanto tulevaisuuden

resurssitilanteessa.
5:1—35.

— 50 vuotta kotieldinten jalostustutkimusta Suo-
messa — tutkimus tin4d4n ja huomenna. Kotieldin-
jalostuksen tiedote 6:1—21.

— Yleisid nikokohtia jalostustavoitteiden madritte-
lysti. Kotieldinjalostuksen tiedote 8:1—18.

— Rohkaisevia tuloksia uusista kotimaisista kana-
hybrideistd. Maas. Tulev. 11.09.75.

— Maidonvalkuainen jalostuksen lkohteena.
Tulev., 16.10.75.

— Maidon valkuais/rasva-suhde jalostustavoitteena.
Karjatalous 51, 2:4-—7.

— XKarjanjalostus tinddn ja huomenna. Xarjatalous
51, 2:27—30.

— Xarjantarkkailun pullonkaulat.
11:4—5.

— DPerinndllisyystieteen periaatteiden soveltaminen
lampaanjalostukseen Pohjoismaissa. II. Lammas-
talous 1975, 1:6—13.

— Tiineystulosten heikkenemisen syistd. Nautakarja
5, 4:22—-23, .

— Pohjoismaisista risteytyskokeista. Sika 5, 5: 5—6.

Kotieldinjalostuksen tiedote

Maas.

Karjatalous 51,

MAxEeLA, R.,, KossiLa, V. & Marjavs, K. Kaytén-
nodllisia ongelmia radioimmunologisten menetel-
mien kiyttédén soveltamisessa. Kotieldinhoidon
tutkimuslaitoksen tiedote 4:1-—24.

RuoHoMAkI, H. Nuoren lihanaudan teurasominai-
suuksien arvioimisesta. Kotieldinjalostuksen tie-
dote 2: 1—197.

— Estimation of carcass characteristics in young beef
catle. J. Scient. Agric. Soc. Finl. 47: 385—444.

— Sonnien poikaryhmien vertailu lihantuotantoko-
keessa Jokioisissa. Koetoim. ja Kayt. 32: 39.

— Liharoturisteytyksilld parempia teurasvasikoita.
Teho 1975, 7—8:13.

Svomi, K., Rvonomik:, H., KossiLa, V. & HAKKOLA,
H. Friisildis-ayrshire- ja ayrshire-mullien rehun-
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Finnish crossbreeding experiments in pings. Nordic
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Uusttaro, H. LYT-linjayhdistelmien tutkimusoh-
jelma. I. Risteytysten tulokset. Siipikarja 57:
18—23.

— LYT-linjayhdistelmien tutkimusohjelma. II. Ris-
teytysten taso ja ristetystyyppien vertailu. Siipi-
karja 57:86—88.

— Ruotsin kanavidki huolestunut:
heikkenee. Siipikarja 57:90—94.

— LKF-linjekombinationernas froskningsprogram.
Lantmin och Andelsfolk 56:154—158.

— Valintaindeksien rakentaminen kanojen jalostus-
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Ruotsissa. Maas. Tulev. 3.4.75.

— Tunnetko kananmunan? Pellervo 76:58—59.

OsTERBERG, S. Kokemuksia pissien yksiléarvostelu-
kokeesta kesilla 1975. Lammastalous 4: 8 —12.

munan kuori
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ELoNeN, P. Bevattning och jordpackning i varsid.
Nord. Jordbr.forskn. 57:733—740.

— Eri viljelykasvien sadetus. Sadetusopas. p. 41—59.
Forssa.

— , RiNNg, S.-L. & Svomera, H. Influence of
irvigation and witrogen fertilization om grain yield
and some baking quality chavactevistics of spring
wheat. J. Scient. Agric. Soc. Finl. 47:166—180.

Ervis, R. Kyrénjoen vesistéalueen rikkipitoiset
viljelysmaat. Summary: Cultivated sulphate soils
in the drainage basin of the river Kyronjoki. J.
Scient. Agric. Soc. Finl. 47:550—561.

— Hivenainelannoituksen ja kalkituksen vaikutus
maan ja timotein ravinnepitoisuuksiin. Referat:
Mikron#ringsgédslingens och kalkningens inverkan
pa jordens och timotejns niringssammansattning.
Kehittyvd Maatalons 23: 16—24.

— Rikkipitoiset viljelymaat
Koetoim. ja Kayt. 32:40.

RINNE, S.-L. & SteroLa, J. Lannoitetypen kertyminen

Kyrénjoen varsilla.
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maahan nurmiviljelyssi. Referat: Gédselkvivets
upplagring i jorden vid wvallodling. Xehittyvi
Maatalous 27: 12—21.

SEUNA, P. & ELoNEN, P. Sadetustarve. Sadetusopas.
p. 14—39. Forssa.

SiLranpAA, M. Hivenaineet suoprofiilissa. Sumimnary:
Distribution of trace elements in peat profiles.
Suo 26: 83—86.

— , LaxkaneN, E., Tarss, T. & Virri, K. Hiven-
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— & RINNE, S.-L. The effect of heavy wnitrogen
Jertilization on the uptake of nurtients and on some

properties of soils cropped with grasses. Ann.
Agric. Fenn. 14:210—226.
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ja Kayt. 32:22.

— Runsaan kaliumlannoituksen vaikutus nurminadan
magnesiumpitoisuuteen astiakokeessa.  Referat:
Effekten av riklig kaligédsling pad #ngssvingelns
magnesiumbalt vid kirlférsék. Xehittyvd Maa-
talous 27:3—11.

Urvas, L. Metsityypin riippuvuus maalajista. Koe-
toim. ja Kiyt. 32: 38.

— Metsatyyppi ja viljavuus.
32: 41—42.

Virri, K. Hiesumaiden ominaisuuksista.
pirkan Pédivintieto 21:97—104.

— & Tares, T. Maan hivenaineista Maatalouden
tutkimuskeskuksen tiloilla. Koetoim. ja Kiyt.
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V. 1975 painetut maaperikartat (1:20 000),
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Koetoim. ja Xiayt.

Pelto-

Soil

Kynsikangas 1143 10
Viitapohja 2142 01
Lauttakulma 2142 03
Renkomiki 311102
Orimattila 3111 04

Maanviljelyskemian ja ~fysiikan laitos, Vantaa

Institute of Agvicultural Chemistry and Physics, Vantaa

HAnNINEN, P. (1), TAutinen, H. & SiMmojok:, P.
Puna-apilan siemensadon korjuuaika. Koetoim.
ja Kiayt. 32:22. .

JaaxrkorLa, A, Tulvatja viljelymaa. Miti-Missi-Milloin
1976. p. 277—280. Helsinki.

— Lannoita oikein sadekesidn jilkeen. Leipi Levedim-
miksi 23, 1:5—6.

— , Haxxora, H.,, K6vLiJ&rvi, J. & SiMojoxi, P.
Fosforilannoitus ja kalkitus viljan- ja nurmen-
viljelyssd. Koetoim. ja Kiyt. 32:26.
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tuotanto. Peltopirkan Piivintieto 21:92—95.
— Példravinteiden puutosoireet. Ienttimestareiden
jatkokoulutuspdivit. Maanviljelyskemian ja -fy-

siikan laitos. 2 p.

— Kalkitus. Kasvinviljelyn, kotieldin- ja suunnitte-
lutalouden nakymit I. Helsingin yliopiston Neu-
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Puutarhantutkimuslaitos, Piikkio

Institute of Horticulture, Piikkid

ANoN.  SF-vihanneskasvilajikkeet.  Referat: SF-
gronsakssorter. Kehittyvd Maatalous 22:1—14.
— SF-vihanneskasvilajikkeet. Referat: SF-gronsaks-

Kehittyva Maatalous 25:1—10.

— SF-vihanneskasvilajikkeet. Kotoim. ja Kayt. 32:
39—40.

Hursarmi, H. Luonnonmarjat viljelytutkimusten
kohteina. Koetoim. ja Kiayt. 32:1.

— Pélyttijien, ilman kosteuden ja limpétilan merki-
tyksestd mesimarjan marjonnalle. Koetoim, ja
Kiyt. 32:3—4.

— Marjakasvien resistenssijalostusta
Kasvinsuojelulehti 8: 9—12.

— Koe polyttdjien, ilman kosteuden ja ldmpétilan
vaikutuksesta mesimarjan marjontaan. Puutarhan-
tutkimuslaitoksen tiedote 1:18-—23.

— Akerbirshallon (Rubus idaeus x Rubus arcticus).
Nord. Jordbr.forskn. 57:459—460.

— Luonnonmarjojen viljelytutkimukset. »Kasvituo-
tannon kehittely»-luentopiiva, Viikki 28.11.1975.
Moniste p. 32—36. Helsingin yliopiston Puutarha-
tieteen laitos,

— Ahomansikka, Fragaria vesca L., sen viljely ja
kdyttd jalostuksessa. Puutarhantutkimuslaitok-
sent tiedote 4: 1—9. .

— Luonnonmarjojen viljelytutkimukset Suomessa.
Puutarhantutkimuslaitoksen tiedote 4:31—40.

sorter.

tehostettava.



— Juolukan ja pensasmustikan ominaisuuksien periy-
tyminen lajiristeytymiin. Puutarhantutkimuslai-
toksen tiedote 6:38—51.

— & SAKo, J. Mesivadelma, Rubus idaeus x Rubus
arcticus — uusi viljelykasvi. Puutarhantutkimus-
laitoksen tiedote 1:10—17.

— & SAx®, J. Mesivadelmasta viljelykasvi. Puu-
tarha 78:336—337.

— & SAk®, J. Pensasmustikan lajikekokeet Puu-
tarhantutkimuslaitoksessa vuosina 1964 —1975.
Puutarhantutkimuslaitoksen tiedote 6:29—37.

— & SAk®, J. Mesivadelmadta ensimmadinen lajike
viljelyyn. Koetoim. ja Kiyt. 32:30—31.

Karrto, T. K. Terveet tarkastetut kiyttétaimet
marjanviljelyssi. Koetoim. ja Kayt. 32:13.
— Terveet taimet satotasoa kohentamaan. Hedelmi

ja Marja 22:73—78.

— Tarkastetut kdyttdtaimet — tie mansikan sadon-
lisiyksiin. Hedelmid ja Marja 22:116—118.

— Hardigheten hos prydnadstrad och -buskar i
Finland. Nord. Jordbr.forskn. 57:465—469.

— XKoristepuiden ja -pensaiden talvenkestdvyydestd
Suomessa. Puutarha 78: 547 —549.
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tannon kehittely»-luentopdivi, Viikki 28.11.1975.
Moniste p. 48—49. Helsingin yliopiston Puutarha-
tieteen laitos.

— , HemxingEmMo, O. & Karuiniemi, A. Mansikan-
viljelyssd terveilld taimilla huomattavaan sadon-
lisddn. Xoetoim. ja Kiayt. 32:29.

KaruinieMr, A, Erdiden peittokasvien lisddminen
tutkimuskohteena. Puutarha 78:272—273.

— Juurenpaloista uusia kasveja. Puutarha 78:556
—557.

— & Karuio, T. K. Taimikasvatuksen ja istutusajan
vaikutus mansikan satoon. Koetoim. ja Kiyt.
32:10.

— & Kaivrio, T. K. Puunvartisten kasvilajien juuris-
ton pakkasenkestivyydesti. Koetoim. ja . Kayt.
32: 38. .

— , Prssara, R., Pessara, T., SAkS, J., TATTARI, A.
& ViroLAINEN, V. Puutarhaviljelysten rikkakas-
vien torjunta-aineiden tehokkuus- ja kayttokelpoi-
suustutkimukset vuonna 1974. Kasvinsuojelulai-
toksen tiedote 4:1—42.

Kurki, L. Kevittalven salaatti. Puutarha 78: 14—15.

— XKasvutiheys melonin syysviljelyssd. Puutarha 78:
586—587.

— XKotimaista maa-artisokkaa. Xotoim. ja Kiyt.
32:19.

— Lehtiselleri varastossa ja markkinoilla. Koetoim.
ja Kayt. 32:25.

— Kasvihuoneen ilmaston ja kastelun siitomenetel-
mien vertailua. Puutarha-Uutiset 27:478—479.

— ZKasvihuonetomaattilajikkeitten nimet mutkistuvat
ja selventyvdt. Puutarha-Uutiset 27:1030.

,

Kasvihuonetomaatin lajikekokeiden tuloksia. Puu-
tarha-Uutiset 27: 1066.

Solintegrator gav bra resultat. Tridgddsnytt 29:
149—150.

Salaattilajikkeet 1975. Puutarha-alan hankinta-
opas 1975. p. 58. Helsinki.
Kasvihuonevihannesten suositeltavat lajikkeet.
Puutarhaliiton Julk. 207: 179—183.
Saitdilmavarasto. Puutarhaliiton Julk. 207:203.
Vihannesvaraston suunnittelu. Puutarhantutki-
muslaitoksen tiedote 2: 1—2.

Séaitoilmavarasto. Puutarhantutkimuslaitoksen
tiedote 2: 3—5. .

Vihannesten varastointi. Puutarbantutkimuslai-
toksen tiedote 2:6—7.

Tuorevihannesten varastointi ja markkinointiolo-
suhteet. Puutarhantutkimuslaitoksen tiedote 2:
8-—-10.

Lehtiselleri varastossa ja markkinoilla. Puutar-
hantutkimuslaitoksen tiedote 2: 11—14.
Kotimaista maa-artisokkaa. Puutarhantutkimus-
laitoksen tiedote 2:15—18.

Vihannesten sokeripitoisuus ja tuorevarastointi.
Puutarhantutkimuslaitoksen tiedote 2:19—21.
Kasvihuonetomaatin  lajikekokeitten. tuloksia.
Puutarhantutkimuslaitoksen tiedote - 5: 6—10.
Tomaattilajikkeiden nimet mutkistuvat ja selven-
tyvat. Puutarhantutkimuslaitoksen tiedote 5:
11—12.

Melonin lyhytviljelymenetelmé. Puutarhantutki-
muslaitoksen tiedote 5: 13 —15.

Limpétilan ja kukkien polytysjakson vaikutus
’Aroma’-melonilajikkeen satoon. Puutarhantutki-
muslaitoksen tiedote 5:16—19.

Kasvutiheys melonin lyhytviljelyssi. Puutarhan-
tutkimuslaitoksen tiedote 5:20—21.
Kasvihuonesalaatin lajikkeita eri vuodenaikoja
varten. Puutarhantutkimuslaitoksen tiedote 5:
22—-29.

Meloni. »Kasvituotannon kehittely»-luentopiivi,
Viikki 28.11.1975. Moniste p. 17. Helsingin yli-
opiston Puutarhatieteen laitos.

Maa-artisokka. »Kasvituotannon kehittelys-luen-
topdiva, Viikki 28.11.1975. Moniste p. 18. Hel-
singin yliopiston Puutarhatieteen laitos.

& Prssara, R. SF-Vihanneskasvilajikkeet. Puu-
tarha 78:356—359.

& VIRoLAINEN, V. Kasvihuonekurkun Ilajike-
valinta. Puutarhantutkimuslaitoksen tiedote 5:
1-—-5.

& VIROLAINEN, V. Kasvihuonekurkun lajikevalin-
ta. Koetoim. ja Kayt. 32:31—32.

Leumusuovi, A. Pohjoismaissa tutkitaan luonnon-

marjojen viljelyd. Puutarha 78:20-21.

— Puolukka satoisammaksi. Kiytinnén Maamies

1975, 7: 60—61.
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— Mustikan ja puolukan luonnonvarainen risteytymé
Vaccinium x intermedium Ruthe. Pro gradu-
tutkielma. Turun yliopiston Biologian laitos.
99 p.

— Puolukan polytyskokeista ja marjonnasta.
tarhantutkimuslaitoksen tiedote 1:24—30.

— Kate- ja lannoituskokeista puolukalla vuosina
1972—74. Puutarhantutkimuslaitoksen tiedote 1:
3137,

— Puolukan peltoviljelysti. Koetoim. ja Kiyt. 32: 29.

— Puolukka, uusi viljelykasvi, Pellervo 76:32—34.

— Puolukan (Vacsinium vitis-idaea L.) viljely Suo-
messa. Puutarhantutkimuslaitoksen tiedote 4:
10—15.

~— Puolukan esiintyminen, muuntelu ja ekologia.
Puutarhantutkimuslaitoksen tiedote 4:16—28.

— Methods of propagating the cowberry. Ann. Agric.
Fenn. 14:325—333.

— & SAKO, J. Domestication of the cowberry ( Vacci-
nium vitis-idaea L.) in Finland. Ann. Agric.
Fenn. 14: 227 —230.

Pessara, R. Lehtisellerilajikkeista.
380—381.

— Lanttulajikkeiden sadoissa todettu merkittivis
eroja. Koetoim. ja Kiyt. 32: 30—31.

— Avomaaviljelyyn suositeltavat vihanneskasvila-
jikkeet. Puutarhaliiton Julk. 207:183—196.

— Lantun lajikekoe vuosina 1971—73. Puutarhan-

tutkimuslaitoksen tiedote 3: 1—6.

Lehtisellerin lajikekoe vuosina 1971—73. Puutar-

hantutkimuslaitoksen tiedote 3:7—11.

— DPinaattilajikkeita kesdviljelyyn. Puutarhantutki-
muslaitoksen tiedote 3:12—13.

— Varhaisperunan viljely muovihuoneessa.
hantutkimuslaitoksen tiedote 3:14—17.

— & VIROLAINEN, V. Muovihuoneen kiytté porkka-
nan ja sipulin varhaistuotannossa. Puutarha 78:
490 —491.

Pessara, T. Neilikan ja ruusun kastelu.
78: 63 —65.

— Kasvihuoneruusun talvehtimiseen vaikuttavat te-
kijat. Puutarha-alan hankintaopas 1975. p. 50—51.
Helsinki.

— Kasvihuoneruusut perusrungolla ja pistokkaina.
Puutarha 78: 423 —424.

— Ruusun maljakkoikddn vaikuttavat tekijit. Koe-
toim. ja Kiayt. 32:31.

— Asterit leikkokukkina. »Kasvituotannon kehittely»
luentopdivé, Viikki. 28.11.1975. Moniste p. 61—
62. Helsingin yliopiston Puutarhatieteen laitos.

— Keinovaloldhteet kasvien valotuksessa. Puutarha-
liiton Julk. 207:233—235.

SAkS, J. Avmejning av bladverket ondding i jord-
gubbsodling. Tridgardsnytt 29:133—134.

— Mansikan lehdistén niiton vaikutus seuraavan
vuoden satoon. Puutarha 78:118-—119.

Puu-

Puutarha 78:

Puutar-

Puutarha
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— Mansikan lehdiston niiton vaikutus seuraavan
vuoden satoon. Puutarhantutkimuslaitoksen tie-
dote 1:1-—09.

— The effect of post-harvest defoliation on the cropping
of sfrawbervies. Ann. Agric. Fenn. 14:319—324.

— Nya hirdiga dppelsorter och grundstammar. Nord.
Jordbr.forskn. 57:446—450.

— Tyrni, arvokas luonnonmarjamme.
tutkimuslaitoksen tiedote 4:29—30.

— Uusia talvenkestivid omenapuuperusrunkoja ja

Puutarhan-

-lajikkeita. Puutarhantutkimuslaitoksen tiedote
6:1—10.
— Muovin kidytté katteena mansikan viljelyssi.

Puutarhantutkimuslaitoksen tiedote 6:11—17.

— Varhaismansikan tuotanto muovihuoneissa ja
-tunneleissa. Puutarhantutkimuslaitoksen tiedote
6:18—28. S

TATTARI, A. Atratsiinista uusi rikkakasvihivite ome-
natarhaan. Puutarha 78:164—165.

VIiRoLAINEN, V. Kurkun lajikevalinta. Puutarha-
alan hankintaopas 1975. p. 59—60. Helsinki.
— & PessaLa, R. Katteiden kiytté kurpitsan vil-

jelyssi. Puutarha 78:216—-217.

— & Pessara, R. ZKurpitsalajikkeet ja erilaisten
katteiden kdytto kurpitsan viljelyssd. Puutarhan-
tutkimuslaitoksen tiedote 3:18—25,

— & PessarLa, R. Siirrettdvdn muovihuoneen kiytts
avomaan vihanneskasvien viljelyssi.
tutkimuslaitoksen tiedote 3:26—38.

Puutarhan-

Tuhoeldintutkimuslaitos, Vantaa

Institute of Pest Investigation, Vantaa

AwoN. Second Report of the Working Party on Field
Rodents. Joint Meeting with the Panel for Biological
Evaluation of Rodenticides. EPPO Publ. C 37:
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BANG, P., CHRISTIANSEN, E., Hanssown, L. & MyLLy-
MAKI, A. Novdic Swall mammal vesearch. Ecol.
Bull.,/NFR 19: 287 —290.

— , CHRISTIANSEN, E., HanNssoN, L. & MYLLYMAKI,
A. Conclusions on the possibilities of using ecalogi-
cally acceptable methods in the control of rodents.
Ecol. Bull./NFR 19:297—306.

ExBowM, P. Tuhoelididen torjunta museoissa, Symposio
Tukholmassa 5.—6.1974. Suomen Museoliitto Tie-
dottaa 1975, 3—4:39—41.

— Termiittisuoja — haaste
Kyllastaja 1975, 2: 25—29.

— Materiaalituholaisten torjuminen. Museoesineiden
sidilytys- ja hoito-opas. Suomen Museoliiton Julk.
13: 23, 29-30.

— , MvyrLyMAKI, A., Rautaprii, J. & Trurranen, K.
Tuhoeldinten torjunta-aineiden tehokkuus- ja kdyt-
tokelpoisuustutkimukset vuonna 1974.
suojelulaitoksen tiedote 3:1—17.

puutaloteollisuudelle.
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