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CHANGES IN THE CONCENTRATION OF FREE AMINO
ACIDS IN PLANTS INDUCED BY VIRUS DISEASES AND
THE REPRODUCTION OF APHIDS

MARTTI MARKKULA and SEPPO LAUREMA

Agricultural Research Centre, Department of.Pest Investigation, Tikkurila, Finland

Received June 6, 1964

In recent years the interaction of plant viruses, their insect vectors and plant
hosts has attracted increasing attention. One interesting problem is the effect
of the diseased plants on the insects themselves.

SEVERIN (1946) first clearly demonstrated that several plant hoppers thrive
better on plants infected by a virus than on healthy plants. Arenz (1951),
Kennepy (1951), Hinjer and Gorpon (1953), MaramoroscH (1958) and
BakEr (1960) have reported similar observations in regard to aphids or plant
hoppers. Recently LowE and STRONG (1963) have presented a case in which
aphids throve better on healthy plants than on similar plants infected by a
virus disease. MARAMOROSCH and JENSEN (1963) have reviewed the problem
with special reference to the direct effects of the viruses on the insect vectors.

The reasons for these phenomena have been uncertain, but it may be supposed
that the concentration of the insect nutrients in diseased plants is increased.
LowE and STRONG (/. c.) express the opinion that the altered concentration of
free amino acids in diseased plants affects the reproduction of aphids. A
sufficient supply of nitrogen compounds is known to be necessary for normal
aphid reproduction, and so far as the influence of the virus on the concentration’
of free amino acids in plants is known, in all the cases cited above there is a
positive correlation between the aphid reproduction rate and the concentration
of amino-acids (cf. REINDEL and BIENENFELD 1956, FIvE 1961 and PORTER and
WEINSTEIN 1960).

The purpose of the present study was to examine the reproduction of the
pea aphid Acyrthosiphon pisum Harris on the red clover Trifolium pratense
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and the pea Pisum sativum infected with bean yellow mosaic virus (BYMV)
and the reproduction of Rhopalosiphum padi L., Macrosiphum avenae F. and
Acyrthosiphon dirbodum (Wlk.) on the oats Avena sativa infected with barley
yellow dwarf virus (BYDV), and to compare the results with changes in the
concentration of free amino acids in plants.

Material and methods

The test plants and the aphids were reared in the insectary of the Agri-
cultural Research Centre at Tikkurila, near Helsinki, in conditions which closely
correspond to those outdoors. The chromatographic amino acid analyses were
performed in the Department of Biochemistry, University of Helsinki.

The reproduction of A. pisum was studied on healthy and BYMV-infected
red clover, variety Tammisto. The plants were sown on 11. V. 1963 and the
virus was inoculated by rubbing on 2. VII. The number of infected plants was
15 and the control plants 10. The first symptoms of the disease appeared on
16. VII. The amino acid contents of the plants were analysed on 10. and 24.
VII. and 10. VIII. Three samples were taken from infected plants and two
from control specimens.

The reproduction of the aphid was studied separately on young and mature
leaves, on leaves with moderate viral symptoms and on leaves with strong viral
symptoms (the leaves partly twisted and curled up). These plants were several
months old and not the same as those from which the amino acid determination
was made. The aphids were placed on the leaves in special rearing corks (cf.
MARKKULA 1963), one at a time. The aphids, which had just become full-grown,
were apterous females all belonging to the same parthenogenetic line (green
form of the species). They were allowed to reproduce for ten days. Each trial
unit included at least ten aphids. The daily mean temperature during the
experiment was 19.4 (16.9 — 21.8) °C.

A similar study was performed on healthy and BYMV-infected pea, variety
Englannin Miekka. At the beginning of the experiment the plants were one
month old and the symptoms were visible in the diseased plants. The aphids
were allowed to reproduce throughout the breeding period. On the infected
plants there were 16 parthenogenetic females and on the healthy plants 6.

The reproduction of R. padi, M. avenae and A. dirhodum was studied on
healthy and BYDV-infected oats, variety Sisu. The plants were sown 14. VI.
1963. Inoculation was performed by means of R. padi 28. VI. The plants
were analysed on 10. and 24. VII. The breeding of the aphids was tested
simultaneously in PVC cylinders on similar plants (see MARKKULA and RavTa-
PAX 1963). Apterous females, all of the same parthenogenetic line, were placed
one on each plant. The aphids were allowed to breed for 8—10 days. In all,
there were 12—18 specimens of each aphid species on healthy and on diseased
oats.
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The amino acid analyses were made using two-dimensional ascending paper
chromatography. Clover leaves weighing about 1 gm (fresh wt.) were cut off
near the base of the rib, weighed accurately and extracted with 80 per cent
ethyl alcohol at 5° C. The analysis of the oats was made from the first leaves
of the straw. A 1 ml sample of the alcohol extract was evaporated to dryness
in a vacuum and dissolved in 0.1 ml 70 per cent ethyl alcohol, and 10 ul of this
solution was pipetted on to Whatman No. 1 chromatography paper (30 X 30
cm). Chromatography was performed with water-saturated phenol in an
ammonia atmosphere with n-butanol: acetic acid: water as solvents (MIETTI-
NEN 1959). The amino acid spots were developed with 0.5 per cent ninhydrin
in n-butanol-acetic acid (FiscHER and DORrrFEL 1953). The concentrations were
estimated semiquantitatively by means of the maximum density method with
a Photovolt Densitometer.

Results

The number of progeny of A. pisum on the young leaves of the red clover
with moderate viral symptoms (32 per female) was significantly greater than
on the young healthy leaves (21.3 per female; t= 2.1%), but on the young
leaves with severe viral symptoms the progeny was significantly smaller (5.0
per female; t = 3.9%%*) than on the healthy leaves. On the mature leaves the
results were similar and there was no statistically significant difference between
the progenies on young and mature leaves (Fig. 1).

On the pea the number of progeny of A. pisum was on the average 52.7
per female on the healthy plants and 58.3 per female on the BYMV-infected
plants, The difference is not statistically significant.

On the ground of the chromatographic data (Table 1) the concentration of
the free amino acids in the healthy and BYMV-infected red clower was
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Table 1. Concentration of free amino acids in healthy and BYMV-infected Trifolium pratense
8 (10. VIL) and 22 (24. VIL) days after inoculation. The concentration is expressed as 10-6 M/g
fresh weight.
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10. VII. BYMV .......... 04 | 07| 03| 05| 16| 05| 02| 07| 03
healthy .......... 03| o7 | 03| 05| 15| 04 | 02| 08 | 03
24. VII. BYMV .......... 03 | 3.1 10| 12| 18] 07 | 04 | 20| 16
healthy .......... 05 | 29| o7 | 11| 10| 06 | 03 17 | 10

Table 2. Concentration of free amino acids in healthy and BYDV-infected Avena sativa
12 (10. VIL) and 26 (24. VIL) days after inoculation. The concentration is expressed as 10-6 M/g
fresh weight.
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10. VII. BYDV..........| 0.5 1.3 0.9 0.1 0.1 0.7 0.4 1.0 0.9
healthy .......... 0.7 0.9 0.7 0.1 0.1 0.3 0.4 0.9 0.6
24.VII. BYDV..........| 0.5 2.1 0.8 0.7 1.4 3.0 1.0 1.5 1.5
healthy ......... 0.1 0.9 0.3 0.1 0.1 0.4 0.4 0.8 0.6

essentially identical on 10. VIL,, i.e. 8 days after the inoculation, but on 24. VIL,
ie. 22 days after the inoculation, the concentration of the free amino acids
was increased in the diseased plants. This also appeared on 10. VIII. Between
leaves with different viral symptoms no other difference was found except
that glutamic acid was present in greater amount in leaves with clear’symptoms.
The leaves with severe symptoms were not analysed. An analysis was made
of the pea in the late stage of the disease and according to this the concentration
of the free amino acids was decreased in the BYMV-infected plants.

The number of progeny of R. padi, M. avenae and A. dirbodum on oats
3—13 days after the inoculation was the same on the healthy and BYDV-
infected plants. In another breeding test 18—26 days after inoculation the
number of progeny of R. padi on diseased plants (24.7 per female) was about
four times the progeny of the species on healthy plants (8.4 per female). The
number of progeny of M. avenae and A. dirbodum was still the same on the
healthy and diseased plants.

The concentration of the free amino acids in the oats on 10. VII, ie. 12
days after the inoculation, revealed only slight differences between healthy
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and diseased plants (Table 2). 24. VIL, i.e. 26 days after the inoculation, the
concentration of the free amino acids was clearly increased in the diseased plants.
This appeared with regard to all the amino acids identified. In addition to
the amino acids given in table 2, y-aminobutyric acid, pipecolid acid,
methionine and leucine/isoleucine were present in BYDV-infected oats.

Discussion

According to the results, the reproduction of A. pisum increased on the red
clover with moderate BYMV infection, but decreased on the leaves with severe
viral symptoms. The concentration of the free amino acids in BYMV-
infected red clover was slightly increased 22—39 days after the inoculation.
Hecur and FrrrscH (1962) have studied the influence of several virus diseases
on the concentration of the free amino acids in red clover and found that
the amount of amino acids is smaller in the diseased plants. However they
do not mention the age of the plants analysed or the stage of the disease.
There is a possibility, which has been found with regard to other virus diseases,
that the concentration of the amino acids changes during the disease (cf.
MiczyNsk1 1959 and SELMAN ez al. 1961). Simultaneously with BYMV-infected
red clover, red clover infected with pea mosaic virus (PMV) was analysed.
During 39 days after inoculation no decrease in the concentration of amino
acids was found. However in the pea severely infected with BYMV a decrease
in the concentration of free amino acids in the late stage of the disease was
found.

In the reproduction of A. pisum on young and mature leaves of red clover
no such difference was found as has been observed with regard to other plants
and aphids (KENNEDY 1958).

It is apparent that the concentration of the free amino acids in virus-
diseased plants alone cannot explain all thé changes found in the reproduction
of insects. The influence of the virus disease in the plant on the reproduction
of different insect species may be different. CARTER (1962, s. 624—625)
is of the opinion that an increased amount of carbohydrates in virus-diseased
plants provides a more efficient diet for the growth and reproduction of the
insects. This does not seem probable, at least with regard to aphids, since
these normally excrete large amounts of carbohydrates.

Summary

The reproduction of Acyrthosiphon pisum Harris is found to increase on
BYMV-infected Trifolium pratense with moderate viral symptoms and to
decrease on plants with severe symptoms. The concentration of the free amino
acids in the diseased plants is increased 22—39 days after the inoculation. There
was no difference in the reproduction of A. pisum on healthy and BYMV-
infected Pisum sativum. ‘
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The reproduction of Rhopalosiphum padi L. increased with increasing con-
centration of the free amino acids on Avena sativa infected with BYDYV, but
the reproduction of Macrosiphum avenae F. and Acyrthosiphon dirhodum
(Wlk) on similar plants remained unchanged.
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SELOSTUS

Vapaiden aminohappojen miirin vaikutus kirvojen lisadntymiseen
viroottisilla kasveilla

MARTTI MARKKULA ja SEPPO LAUREMA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Tutkimuksessa verrattiin kirvojen lisiintymisti terveelli ja viroottisella puna-apilalla,
herneelli ja kauralla. Samalla selvitettiin kromatografista analyysia kiyttden virustaudin
aiheuttamia kasvien aminohappojen miirin muutoksia.

Hernekirvan jilkeldismdiri oli pavun keltamosaiikkiviruksen infektoimalla puna-apilalla
suurempi kuin terveelli. Vastaava ero ilmeni vapaiden aminohappojen méidrdssi. Milloin
lehdissi oli erittiin voimakkaat symptomit, jii hernekirvan jilkeldismiiri sangen pieneksi.
Sama ilmié voitiin todeta sekid nuorilla ettid vanhoilla lehdilli. Hernekirvan lisidntymisessd
terveelli ja pavun keltamosaiikkiviruksen infektoimalla herneelli ei ollut tilastollisesti merkit-
sevid eroa.

Tuomikirvan jilkeldismadra kasvoi selvisti ohran kidpiskasvuviruksen infektoimalla kau-
ralla vapaiden animohappojen mi4rin kohotessa, mutta viljakirvan ja elokirvan jilkeldismidrd
samoilla kasveilla sdilyi muuttumattomana. Timi osoittaa, ettd eri kirvalajien suhtautuminen
saman virustaudin kasveissa aiheuttamiin muutoksiin voi olla erilaista.
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THE EFFECT OF PYRETHRUM PREPARATIONS ON CERTAIN
COMMON HORTICULTURAL PESTS

KATRI TIITTANEN

Agricultural Research Centre, Department of Pest Investigation, Tikkurila, Finland

Received June 27, 1964

Among the plant protection chemicals, pyrethrum preparations have the
advantage that their use entails virtually no risk. They are only slightly toxic
and are rapidly broken down, leaving no harmful residues on the plants. Thus
these preparations can be used without danger even at harvest time in the
control of pests of vegetables, berries, fruits, and indoor ornamentals.

Since the beginning of the 1930°s pyrethrum compounds have been tested
in Finland against various insect pests, but so far they have been used relatively
little in the control of plant pests, since they are not so effective and diversified
as many synthetic insecticides. However, in recent years new products have
appeared on the market, and it was therefore considered desirable thoroughly
to investigate the possibilities of using pyrethrum preparations to control insect
pests of horticultural plants.

During the years 1960—63, the Department of Pest Investigation has tested
17 pyrethrum aerosols and 4 pyrethrum sprays on various insect pests. Twelve
of the aerosols were so-called universal aerosols, intended for control of both
plant pests and also pests of dwellings and storehouses. The remaining five
were garden aerosols, intended for use against plant pests only. The former
group contained pyrethrum and piperonyl butoxide as well as other ingredients,
which were either methoxychlor, sulphoxide, MGK 164, or lindane and DDT.
The active ingredients of the garden aerosols were pyrethrum and piperonyl
butoxide; some contained, in addition, rotenone or bucarpolate and lindane.
The pyrethrum sprays contained only pyrethrum and piperonyl butoxide; they
were intended for use against both plant pests and also pests of dwellings
and storehouses.

Tests were made on the effectiveness of the aerosols against the following
common insect pests of greenhouse and indoor ornamental plants: hop red spider
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mite (Tetranychus urticae Koch), peach aphid (Myzus persicae Sulz.), rose aphid
(Macrosiphum rosae L.), citrus mealy bug (Pseudococcus citri Risso), and brown
scale (Eulecanium corni Bché). In addition, control of Trioza apicalis Forst.,
the commonest pest of carrots, was also studied. There were no appreciable
differences in the effectiveness of the various aerosols against the hop red
spider mite, aphids, citrus mealy bug, or brown scale. Only one preparation
failed to give satisfactory control. In general, aphids and the red spider mite
were controlled by a single treatment. Against citrus mealy bug and brown
scale, however, three treatments at 10-day intervals were required for suc-
cessful control, since these products were effective against these pests only in
the larval stage. The best results against Trioza apicalis were obtained with the
universal aerosols containing methoxychlor.

Larger differences were observed in phytotoxicity than in effectiveness
between the aerosols. When treatment was carried out at a distance of 30—40
cm, most of the preparations caused no injury to the plants. However, some
compounds produced severe damage at this distance. When the distance was
20 cm, most of the preparations injured the plants severely. So far, the reason
for the differences in phytotoxicity between the various aerosols has not been
completely determined.

The pyrethrum sprays were tested against the following species: hop red
spider mite, fruit tree red spider mite (Metatetranychus ulmi Koch), peach
aphid, rose aphid, pea aphid (Acyrthosiphon piswm Harr.), been aphid (Aphis
fabae Scop.), apple aphid (Doralis pomi DeG.), plum aphid (Brachycandus
cardui L.), citrus mealy bug, brown scale, tarnished plant bug (Lygus spp.),
cabbage seed weevil (Ceuthorrbynchus assimilis Payk.), as well as the larvae
of the common gooseberry sawfly (Pteronidea ribesiiScop.), onion fly (Hylemyia
antiqua Meig.), cabbage root fly and turnip root fly (Hylemyia brassicae Bché
and H. floralis Fall.), diamond-back moth (Plutella maculipennis Curt.), and
large white butterfly (Pieris brassicae L.).

All of the pyrethrum sprays gave excellent control of leaf aphids, one
treatment generally being sufficient. Similar results were also obtained in Italy
against aphids with these compounds (TrENTINI 1962). However, because
pyrethrum is rapidly decomposed, the effect soon disappeared and the plants
became infested again within a short period of time. Against the citrus mealy
bug, brown scale, and larvae of the common gooseberry sawfly only moderate
control was obtained. The effect of the pyrethrum sprays was poor against
mites, tarnished plant bug, and cabbage seed weevil, as well as larvae of the
onion fly, cabbage root fly, turnip root fly, diamond-back moth, and large
white butterfly.
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SELOSTUS

Pyretriinivalmisteiden teho huone- ja puutarhakasvien
tirkeimpiin tuholaisiin

KATRI TIITTANEN

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Pyretriinid tehoaineena sisiltidvien aerosolien tehoa on tutkittu huone- ja koristekasvien tir-
keimpiin tuholaisiin, vihannespunkkiin (Tetranychus ntricae), persikka- ja ruusukirvaan (Myzus
persicae ja Macrosiphum rosae), villakilpikirvaan (Pseudococcus citri) ja kilpikirvaan (Euleca-
nium corni), joihin suurin osa valmisteista on tehonnut erittiin hyvin, ja porkkanan yleisimmin
torjuttavaan tuholaiseen porkkanakemppiin (Trioza apicalis), johon vain kolme valmistetta on
tehonnut riittivisti.

Pyretriiniruiskutteiden tehoa on tutkittu vihannespunkkiin, hedelmipuupunkkiin (Metatetra-
nychus ulmi), persikka- ja ruusukirvaan, hernekirvaan (Acyrthosiphon pisum), papukirvaan
(Aphis fabae), omenakirvaan (Doralis pomi), luumukirvaan (Brachycaudus cardui), villakilpi-
kirvaan, kilpikirvaan, niittyluteeseen (Lygns spp.), rapsikirsikkiiseen (Ceuthorrbynchus
assimilis) ja ison karviaispistidisen (Pteronidea ribesii), sipulikirpisen (Hylemyia antigua), kaali-
kirpisten (Hylemyia brassicae ja H. floralis), kaalikoin (Plutella maculipennis) ja kaaliperhosen
(Pieris brassicae) toukkiin. Pyretriiniruiskutteet ovat olleet erittiin tehokkaita lehtikirvoja
vastaan, mutta muihin mainittuihin tuholaisiin niiden teho on ollut huonompi.
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In seed treatment experiments carried out in the years 1957—59 at the
Department of Pest Investigation in attempts to control flea beetles and the
cabbage root fly, four kinds of stickers — water, a water solution of syrup,
ethyl cellulose, and paraffin oil — were used (TUTTANEN and Varis 1960 a).
Paraffin oil proved to be the most suitable and practical of these agents, and
hence it has regularly been used as a sticker in germination trials with encrusted
crucifer seeds (TIITTANEN and Vawris 1960 b). Since several kinds of oil are
commonly used on farms, experiments were carried out in 1962—63 on the
possibilities of using these as stickers in treatment of crucifer seed with lindane.
In addition to oils, the ethylhydroxy ethyl cellulose preparation Modocoll E
was also tested; this preparation has been used in Sweden as a sticker in
insecticide treatment of rape seed (HELLQVIST 1957).

Material and methods

The test plant species were swede (var. Mustiala) and turnip (var. Teuto-
burger).
The treatments were as follows:

1. Untreated 5. Linseed oil

2. Fuel oil, light 6. Olive oil

3. Gas oil 7. Paraffin oil

4. Kerosene 8. Ethylhydroxy ethyl cellulose (Modocoll E)

The stickers were used at a rate of 30 ml per kilogram of seed. The
insecticide was the preparation Gamatin (Rikkihappo Oy, Finland), containing
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Fig. 1. The effect of various stickers used in lindane seed treatment on the germination
of swede and turnip.
O Healthy seedlings. The dotted line indicates the number of healthy seedlings on
the 4th day after the start of the experiment.
# Deformed seedlings.
B Sterile seeds.
Stickers: 1. None, 2. Fuel oil, 3. Gas oil, 4. Kerosene, 5. Linseed oil, 6. Olive oil,
7. Paraffin oil, 8. Ethylhydroxy ethyl cellulose (Modocoll E). -

75 %/0 lindane and 10 %o thiram, and it was used at a rate of 160 g per kilo-
gram of seed.

Germination tests were performed in Jacobsen’s germinator. The seed was
treated the day before the start of the tests. Four germination tests were made
with swede and three with turnip. Each test was performed with 12 X 50
seeds for each of the treatments. Evaluations of germination were made on the
fourth, seventh and tenth days. 4

Observations on emergence and damage caused by the cabbage root fly
(Hylemyia brassicae Bouché) were made in field trials with turnip on clay soil.

Results

Germination. All the stickers proved to have an unfavourable effect
on the germination of swede and turnip seed (Fig. 1). Germination was delayed
and the number of ungerminated seeds and deformed seedlings increased. Swede
suffered more than turnip.

The effect of linseed oil and olive oil on swede seed was similar to that of
the paraffin oil used as standard. Fuel oil and gas oil were slightly more harm-
ful, while kerosene and ethy! cellulose had the most injurious effect. In certain
cases there were appreciable differences in the injury caused to different seed
lots, but the mutual relationships between the various stickers were the same.

The germination of turnip seeds was harmed least by ethyl cellulose and
linseed oil. Olive oil had an effect similar to that of paraffin oil, while kerosene,
fuel oil and gas oil were slightly more injurious.
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Emergence. In the trials with turnip, all the stickers had a detrimental
effect on the seedlings, but the injury was considerably slighter than in the
germination tests. There were no significant differences between the various
treatments in their effect on emergence or on the final yields obtained.

The insecticidal effect on the larvae of the cabbage root fly
was satisfactory with all the stickers used (Fig. 2). No significant differences
between the preparations were observed. Damage to the plants was very slight.
These trials indicate that the most suitable stickers for use in lindane treatment
of swede and turnip seed were paraffin oil, olive oil and linseed oil.
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SELOSTUS

Lantun ja nauriin siementen lindaanikuorrutuksessa kiytettyjen
kiinnitysaineiden vaikurus itivyyteen

KATrRr TIITTANEN ja ANNA-Lisa VAris
Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila
Vuosina 1957—59 jirjestetyissi kokeissa kiytettiin siementen insektisidikisittelyssi kiinnitys-
aineena parafiiniéljyi. Kun maatiloilla kiytetiin muihin tarkoituksiin useita 6ljyji, tutkittiin,
voidaanko n#itd kiyttii myds kiinnitysaineena ristikukkaiskasvien siementen lindaanikisit-

telyssi. Kokeissa kiinnitysaineina kiytetyt 8ljyt olivat polttodljy I, kaasudljy, petroli, pellava-
o6ljy, oliividljy ja mittarina parafiinidljy. Insektisidinid oli 759 lindaania ja 109 tiramia

277



sisiltivi valmiste (Gamatin, Rikkihappo Oy), jota kiytettiin 160 g siemenkiloon. Itdvyys
tutkitriin laboratoriokokeissa. Koekasveina olivat lanttu ja nauris. Taimistuminen ja teho
kaalikirpistoukkiin tutkittiin kenttikokeissa. Koekasvina oli nauris.

Kaikki kisittelyt vaikuttivat jossain mdirin haitallisesti lantun ja nauriin siementen itdvyy-
teen. Haitallinen vaikutus oli lantussa suurempi kuin nauriissa. — Lantussa vaikuttivat pel-
lavadljy ja kaasudljy kuten mittarina kiytetty parafiinidljy. Polttodljy ja kaasudljy vaikut-
tivat hieman haitallisemmin, petrolin haitallinen vaikutus oli suurin. — Nauriin itivyys aleni
vihiten pellavadljyd kiytettiessi. Oliividljy vaikutti kuten parafiinidljy; petroli, polttodljy
ja kaasudljy vaikuttivat hieman haitallisemmin.

Nauriin taimistumiseen lindaanin ja kiinnitysaineiden vaikutus oli lievempai kuin itdmiseen.
Eri kiinnitysaineiden keskeiset erot eivit olleet merkitsevii, eiki sadoissa ollut eroja.

Teho kaalikirpistoukkiin oli tyydyttdvi kaikkia kiinnitysaineita kiytettiessi. Eri aineiden
vililld el ollut merkitsevid eroja,

Tulosten perusteella lantun ja nauriin. siementen lindaanikisittelyyn sopivat kiinnitys-
aineiksi parhaiten parafiinidljy, oliivibljy ja pellavaéljy.
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In autumn 1961, we were informed of an interesting case of the occurrence
of hairless calves in connection with prolonged gestation periods in Hailuoto,
an island in northern Finland, about 30 km from the mainland (lat. 65°N).
A total of 12 hairless calves were observed in inbred matings of a bull Saku,
which had been brought from the mainland at the beginning of the year 1956.
Because this occurrence of hairless calves in a geographically isolated area
was so clear-cut, we decided to investigate it more closely and to study the
possible relationship of this apparently recessive lethal gene to the blood
group genes. Finding an association between a recessive lethal gene and a
dominant marker gene would be of practical importance for future detection
of lethal carriers, and of theoretical interest from the viewpoint of mapping
bovine chromosomes.

Case history and discovefy of the lethal factor

The bull Saku 8024 belonged to the Finncattle breed, a native cattle breed
in Finland, in which very few lethals are known to occur. In any case, there
was no previous knowledge of the existence of a gene for hairlessness and
prolonged gestation in this breed. Saku was born on 25.9. 1954, being a son
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Table 1. Hairless calves born in Hailuoto in the years 1960—61.

Dbz}t[fh()f Name Cow Born Sire Mz:(t’ed Glzit;:lfn Remarks
days
20. 1.60 Alku 19.2.57 Saku  Saku 324  Stillborn
28. 3.60 Elo1 28.5.58 » » (319) » , dam culled before birth
4.60 Hertta 57 » » (290) Alive, died, dam culled before birth
30. 5.60 Elo 2 27.3.58 » Saku’s son (299) Stillborn » » » »
12.10.60 Leppana 57 » Saku (353) » » » » »
14.10.60 Enne 2.8.58 » » (323) » » » » »
5. 8.60 Elina 56 » » 325 »
17.12.60 Ilona 56  » » 300 »
7. 4.61 Lykky ? » » 363 »
12. 5.61 Pzhkini 4.58 » » 358 »
23. 6.61 Punikki 58 » » 314 Alive, died, round neck
18. 9.61 Heluna P > » 314  Stillborn
60 Pekuna ? Unrel. » > 300 »
61 » ? » » > 300 »

of an A.I.bull Hauhon Raiku 1364 and of a cow Hilu 53600, which was also
a dam of 4 other registered bulls. Saku was brought to Hailuoto on 2. 1. 1956
by the local bull association. The numbers of cows mated to him in the years
1956, -57, -58, -59 and -60 were 224, 281, 201, 187, and 144, respectively.
Because of the isolation and primitive conditions, Saku was used continuously
- and thus a great number of his own daughters were mated to him after the
end of the year 1958.

On Jan. 20th, 1960, the first hairless calf was born, followed by many
others during the years 1960 and -61. In most cases the calf was stillborn, but
in some cases it died some hours after birth. The gestation period varied from
10/, to 12 months, whilst in some cases the cow was slaughtered before
parturition because of the prolonged gestation. In every such case the fetus
was hairless. Only a few hairs could be observed on the back line, around
the eyes and on the edge of the hoofs.

At least one hairless calf was born from matings of Saku’s sons to his
daughters, and one cow not related to Saku was reported to have given birth
to two hairless calves after prolonged gestation periods after having been mated
to Saku.

A detailed list of the births of hairless calves is shown in Table 1, and one
of the calves can be seen in Fig. 1.

Reliable statistics concerning the segregation ratio of the gene for hairlessness
are a little difficult to obtain, because most of the cows mated to Saku were
in non-recorded herds. From herds of this kind it has been difficult to obtain
data concerning the sire x daughter matings giving rise to normal calves, while
the cases of abnormal calves will more likely be reported. However, when
data from recorded herds only are considered, the ratio of hairless calves to
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Fig. 1. A stillborn hairless calf in Hailuoto in the spring 1961. (Photo: K. G. Suvenvuo)

normal calves from the back-cross matings is 4:16 against an expected ratio
of 21/5:171/5, on the basis of the assumption of autosomal recessive
inheritance. The %2 value of this deviation is 1.03, which means 0.25<<P<0.5.
Taking into account that some of the daughters which gave a hairless calf lost
their chance to calve any more, it can fairly safely be concluded that this is
a case of a recessive lethal gene and that Saku was heterozygous for this gene.
This conclusion is supported by the ratio of 1:26 against the expected
1.69:25.31 (32>=0.30; 0.5<<P<C0.75) from the martings of Saku’s sons to his

daughters in milk-recorded herds.

Blood group determinations

Unfortunately, the bull Saku, all of his sons, and 5 of his carrier daughters
were slaughtered before we were informed of the situation. However, we were
able to get blood samples from 7 carrier daughters and from the dams of three
of them. We also got blood samples from Saku’s sire and dam, and from the
unrelated cow Pekuna, which had given hairless calves when mated to Saku.
For comparison and to make certain of Saku’s genotype in regard to blood
groups, we took samples from 17 other daughters of Saku, some of which had
been mated to Saku or/and to his sons. For 11 of these, it was also possible
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Table 2. Blood types of family members of the bull Saku and of two unrelated cows mated to
him. Alleles and factors which must have come from Saku are printed in bold face type or,
in the case of the “empty” allele, dotted.

Cow A B C FV J L M SU zZ Dam  Test
typed matings

Carrier danghters:

Alku1 -/~ BGKEZ/Q CIWL  F/F /- /- -/~ Si/ -/~ not x(x)
Ilona AH BGKE2/Y2 wL F/E /- ~[-. -I-. Saof Z/ » XX (x)
Lykky A YA/ WXz L F/F J/ L/-. -/~ S ZI ~ » x
Punikki  -/-. Y2A’/D’Eg’ CiwW L F/E JI <= /- <[~ Z] » X
Elina A/- BGKEg/T’ CiRoW L F/F /-, -[-. -[-. So/- Z/ yes X
Pihkind A/- BGKEy/ EwWL F/E Y- /- /-  -I-. Z/ » XX
Heluna 1 AH Y2A’/D'T XoRo L’ F/V Y/ wfee <)o =/~ /- > X
Other dangbters:

Juli A  BGKE2 /YA’ L/ F/E J/  «l-. -I-. Sof  -/-. »

Iina A/- Y2A'T CiEDL F/E J/ /- -/-. So/- /- »

Jatta AH Y2A’/Oy (20 Py F/E J/- -[-. -/-. Sof Z/ »

Ipana A/- Y2A’/BPD2’ WXa L F/E  f-. ~[-. -I-. Sof Z] »

Essu -/-. YoA’/O1D’E3’ CiE L F/F Y- -/-. -/-. So/ z/ »

Ttu A/- YoA’/BOgY2ADe> CeEW L F/F -/~ L/-. -/-. Sof Z/ »

Heluna 2 A/- Y2A°/BPDg’ WXo L F/F -/~ ~[-. -/-. Saf- ZI- » (%)
Enne 1 A/ BGKEQ/T’ ~ CoER2W L’ F/F —/f-i ~f=. /-, -/-. Z]- » (%)
Elo 1 A/ BGKE/YD’ CiRe I’ F/F Y- /- -[-. Sof- ZI » (%)
Enne 2 A/ YoA’/- WX L2 F/E /-, -/-. -I-. Sof- Z] » X

Elo 2 -/-. YoA’/T1B’ Ccw L F/B J/ Li-. -/~ S ZI -~ » x
Arhikki  -/-. Y2A’/Oq CEXe L’ F/F JI . I~ - Z] not xx
Nelly Al YA’/ cr F/E J/ L/i-. -I-. Sof Z/ » XX
Alku 2 A/ BGKE2/YaA’ CiEXo L’ F/F /- /-0 -I-. Sof /- » XX (XX)
Ajja -/-. YA’/ CLEL F/E J/ L/~ -~  -[-. Z] » X (xxx)
Piiryni A/ BGKEy/Ys (o) % F/IE /- -/~ /- -[-. Z] > x(x)
Hela A/ BGKEg/A’ Ci1EWL F/F J/ -/~ -/-. Sof /- »

Sire: -/- BGKEg/ L F¥/EF 3 - - -/~ -

Dam: A/ YoA’/BEy WX2L F/F /- LI- -I- Sof Z/

Saku: A/- BGKE' /YA’ L/ F/F JI- ~[- -I- Sof- ZI-

Unrelated cows:

Pekuna AHI Ci WXL B/E /- /- -/- -~ Z/ not Xx
Opri AH G2T1 Ci1 ¥V /- <[~ - Si -/ »  XXXXX

[x = mating to Saku; (x) = mating to Saku’s son]

to obtain samples from the dams. In addition, tre unrelated cow Opri, which
had not given hairless calves after 5 successive conceptions by Saku, was also
sampled.

The erythrocytes of the blood samples were tested with the conventional
hemolytic technique against the following specific antibodies:

AHBGIKO1OsPQT1 Te Y1 Y2 A B D DS EVES T TR
OCiCoERa WXy Xo ’FVJLMS: Sz Uy U’ and Z.

The blood types of the parents and daughters of Saku as well as those of
the unrelated cows Pekuna and Opri are shown in Table 2. The alleles or
factors of the daughters which must have come from Saku are specially
marked. The blood type of Saku, as reconstructed on the basis of the blood
types-of his parents and daughters, is also shown in the table.
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Table 3. The distribution of the blood group alleles of Saku among his carrier and other
daughters, and the numbers of carrier cows having the alleles in question without regard
to origin,

Number of Saku’s daughters getting Carriers having the
System or locus Alleles of Saku the allele in questien from Saku factor or allele in
question without
Lethal carriers Other daughters regard to source
A A 2 4 6
—_ 2 4 2
B BGKE’s 4 4 4
YoA’ 3 12 3
C r 7 17 8
FV F 7 17 8
J J 2 3 4
— 3 7 4
L @ — — 1
— 7 17 7
M — 7 17 8
SU Sa 1 4 2
—_ 3 4 3
Z Zz 0 2 5
. — 2 4 2
Total no. of daughters 7 (3) 17 (11) 8+
(Numbers in brackets indicate the number of Saku’s daughters with blood typed dams. * = the

unrelated carrier cow Pekuna included)

Only in the C system is there any uncertainty about the genotype of Saku.
However, on the basis of the 7 dam-daughter pairs where the dam did not
have the factor L’ but the daughters did have it, the probability that Saku
could have been heterozygous for the factor L’ is only 0.78 %. Because all
the other daughters also possessed the factor L, it can fairly safely be concluded
that Saku was homozygous L’/L’.

Relation of the blood group genes to the lethal gene

By studying the segregation of Saku’s blood group alleles among the carrier
daughters and by comparing the paternal alleles of the carriers with those of
the other daughters, it is possible to get an idea of whether any of the blood
group alleles or loci is closely linked to the lethal gene for hairlessness. This
can easily be done from Table 2, and the results are shown in Table 3.

It can be seen that in systems A, B, J, and SU, both of Saku’s alleles
are represented among the carrier daughters with about equal frequency. Thus
there is no close linkage between the lethal gene and the blood group loci in
question. Similarly, the possibility that some of the alleles at these loci might
cause the Jethal effect as a pleiotropic effect can be ruled out.
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In the C and FV loci, the homozygosity of Saku eliminates the possibility
of a general linkage or pleiotropy, applying to the whole breed, but it is still
possible that ‘a mutation causing the lethal effect has recently taken place in
one L’ or F allele of Saku or in the vicinity of the C or FV locus. With regard
to the C locus this possibility is lessened by the fact that theunrelated carrier cow
Pekuna could hardly have inherited the same recently mutated gene as Saku.
Most probably the L’ allele of Pekuna is the same as that occurring previously
in Hailuoto with a high frequency. On the other hand, attention is drawn to
the fact that the unrelated cow Opri, which did not give any hairless calves
in spite of several chances, did not have the L’ factor.

In the L and M loci, Saku can be regarded as homozygous for the
“empty” allele, whence the reasoning is about the same as in the C and FV
loci, with the exception that the unrelated cows can here be excluded from the
discussion.

In the Z system, some of the carrier daughters lacked the Z factor,
while some of them did have it. Thus, there cannot exist any general association
between the Z locus and the gene for hairlessness. No conclusions are possible
with regard to the special case of Saku’s family.

Discussion

As far as is known to the present writers, only one case of combined
symptoms of prolonged gestation period and hairlessness has been reported
earlier (RasBecH 1950), although there are several reports concerning prolonged
gestation periods on the one hand (rev. Rassecu 1950) and hairlessness or
Hypotrichosis Congenita on the other hand (Monr et al. 1928, ErseLe 1936,
TsHIHARA 1950, LARssON 1952). The symptoms of the calf reported by RassecH
and those of the calves in this study do not agree completely, however, and
there is no possibility to test any hypothesis concerning the mode of inheritance
of the RASBECH’s case.

The evidence that the gene for hairlessness is not closely linked with or
identical with a blood group allele is fairly conclusive with regard to the loci
A, B, J, and SU.

The homozygosity of Saku with regard to alleles in blood group loci C, FV,
L,and M excludes any closer association of wider applicability between these loci
and lethal gene. This does not mean that the gene for hairlessness could not
be located in the same chromosome as one of these blood group loci, but such
an association would presuppose that only a small fraction of the chromosomes
carrying the blood group locus in question would simultancously carry the
lethal mutation. An association of this kind would have only theoretical impor-
tance. For the sake of completeness, it should, perhaps, be pointed out that
a bull can sometimes be homozygous for a lethal gene: either (a) when the
penetrance of the gene is incomplete, or (b) when the mutation to the lethal
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has taken place in the reproductive track at such an early stage that all the
germ cells receive the mutated gene, but the soma is not affected. The prob-
ability of such a mutation takmg place in an animal that previously already
had a similar mutated gene in its homologous chromosome is extremely small,
however. A lowered penetrance can hardly come in question here, because the
segregation ratios of the gene for hairlessness corresponded so closely to expect-
ation based on the hypothesis of autosomal recessive inheritance.

Unfortunately, only the practical conclusion that the presence of the anti-
genic factor Z does not indicate the presence or absence of the gene for hair-
lessness in the Finncattle breed, was possible to draw with regard to the Z locus.
The question of whether this locus really is located in a different linkage
group from that of the hairless factor remains as open as the corresponding
question with regard to the C, FV, L, and M loci.

Summary

A case of occurrence of hairless calves associated with prolonged gestation
periods was studied both genetically and immunologically. On the basis of the
information available the gene in question is in all probability a recessive lethal
which is not closely connected with any of the blood group loci A, B, J, and
SU. Further it appeared that the blood group loci C, FV, L, M, and Z cannot
be generally used as markers of the lethal gene for hairlessness in the Finn-
cattle breed.
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SELOSTUS

Veriryhmii sditelevien geenien ja karvattomuutta sekd pidentynyttd
tiineysaikaa aiheuttavan letaalitekijin vilisisti suhteista

KaLLe MAJALA ja VILJO VAINIKAINEN

Maatalouden tutkimuskeskus, Kotieldinjalostuslaitos, Tikkurila

seki GuUNVOR LINDSTROM

Keinosiemennysyhdistysten Liiton veriryhmilaboratorio, Helsinki

Tutkimuksen kohteena oli Hailuodossa vuosina 1960—61 paljastunut ilmis, jossa sonnin
Saku 8024 sukusiitosparituksista syntyi karvattomia, kuolleita vasikoita pidentyneen tiineysajan
jilkeen. Kiytettivissi olleiden tietojen mukaan kysymyksessi on viistyvi letaalitekijd, joka ei
ole ainakaan kiinteisti kytkeytynyt veriryhmijirjestelmii A, B, J ja SU siiteleviin geeneihin.
Niin ikd4in on varsin todennikdisti, ettd sanottu letaalitekiji periytyy my®s veriryhmijirjestel-
mii C, FV, L, M ja Z siitelevisti geeneisti riippumatta. Ainakaan ei viimeksimainittuja
veriryhmijirjestelmii voida kiyttii yleisesti karvattomuuden perint8tekijin kantajien paljas-
tamiseen suomenkarjalla. .
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Summary: The effect of simultaneous application of lime and phosphate
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Saapunut 8. 8. 1964

Kalsiumin ja fosfaatin reagoidessa toistensa kanssa syntyy olosuhteista riip-
puen erilaisia kalsiumfosfaatteja. Tulos on siti vaikealiukoisempi, mitd enem-
min kalsiumia on lisnd ja mitd emiksisemmissi muodossa se on. Asiasta kas-
vinravitsemuksen kannalta tehdyistd tutkimuksista mainittakoon tdssi vain
LARSEN, PARTON ja SVENsSON 1963. Sen mukaan kalsiumkarbonaatti ja mono-
kalsiumfosfaatti voivat reagoida ilmasta saatavassa kosteudessa, jolloin' syntyy
dikalsiumfosfaattia. Tillainen muutos ei vieli voi olla kovinkaan haitallinen,
silld dikalsiumfosfaatti tunnetaan hyvini kasvien fosforinlihteeni, mutta on
mahdollista, ettd syntyy vield vaikealiukoisempia ja siten huonotehoisempia
fosfaatteja.

Mainituista syisti useimmissa vanhemmissa lannoitusopin esityksissi varoi-
tetaan saattamasta kalkitusaineita ja fosforilannoitteita kosketuksiin toistensa
kanssa. Milloin maa on seki kalkittava ettd lannoitettava fosfaateilla, on suosi-
teltu sellaista menettelyd, ettd ensin levitetdin ja mullataan kalkki ja vasta sitten
fosforilannoite (esim. VALMARI ja SALONEN 1940, s. 177).

Nédmid vaatimukset aiheuttavat todellista hankaluutta verraten harvoin.
Lannoitteita el nykyisin endd juuri koskaan sekoiteta maatiloilla, vaan on siir-
rytty valmiisiin seoksiin, joita tehtdessi kaikki tirkedt nikokohdat on otettu
huomioon. Kalkitus ei ole vuosittainen toimenpide, vaan tulee tehtiviksi har-
voin, ja silloinkin tavallisimmin ajankohtana, jolloin fosforilannoitteiden levitys
el tule kysymykseen. Toisinaan kuitenkin sattuu tilanne, jolloin maa olisi sekd
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kalkittava ettd lannoitettava fosfaateilla. Silloin voi vaatia-melkoisesti jirjes-
telyjd ja merkitd lisitydtd sekd ajanhukkaa, jos mainittuja siintdjd noudatetaan.
Niinpi voidaan kysyd: kuinka paljon kalkin ja fosforilannoitteen kosketuksiin
joutuminen vaikuttaa satotuloksiin?

Kalkin ja fosforilannoitteiden erilaisia kiyttotapoja koskevat astiakokeet

Vuosina 1961—63 oli maatalouden tutkimuskeskuksen maanviljelyskemian
ja -fysiikan laitoksella kiynnissd sarja astiakokeita, joissa oli tarkoitus saada
tietoja siitd, mitd kasvien fosforinsaantiin ja kasvuun vaikuttaa, kun 1) kalkki
ja fosforilannoite pidetiin mahdollisimman tarkoin erilliin tai 2) ne saatetaan
titviiseen kosketukseen toistensa kanssa.

Kokeet suoritettiin emaljoiduissa Mitscherlich-astioissa, joithin pantiin maata
5.5 litraa. Koemaana oli kaikkina vuosina sama tutkimuskeskuksen maatilalta
otettu liejusavi, jonka aikaisempien kokemusten mukaan tiedettiin olevan sel-
vasti sekd kalkituksen ettd fosforilannoituksen tarpeessa. Sen kemialliset omi-
naisuudet olivat:

humusta ... 4.0%0
PH vedessi . ..... oot e 4.7 » -
pH kahumklor1d1huoksessa ....................... 3.8 »
vaihtuvaa kalkkia CaCOzmma ........covvvviennn... 8.9 tn/ha
» magnesiumia MgCOgma ................. 64 »
» kalia 40-%0:sena kalisuolana .............. 1680 kg/ha
helposti liukenevaa fosforia 18-%0:sena superfosfaattina 30 »

Koekasvin piti olla sellainen, ettd se herkisti tuntee sekd kalkituksen ettd
fosforilannoituksen. Sellaiseksi valittiin ohra Balder. Sato kor;attun vaiheessa,
jossa padosa kasveista oli tuleentunut.

Kalkitusaineena oli (yhtd pienti poikkeusta lukuun ottamatta, taulukko 1)
kaikkina vuosina puhdas saostettu kalsiumkarbonaatti, mutta fosforilannoitteita
oli useita. Kaikille koekisittelyille yhteiseni aluslannoituksena oli kaikkina
vuosina astiaa kohti 1000 mg typpei ammoniumnitraatissa, 500 mg kalia
kaliumkloridissa ja 10 ml hivenaineseosta. Kaikki kisittelyt ovat olleet kol-
mena kerranteena.

Kun koe on jokaisena vuotena ollut hieman erilaisena, tdytyy kunkin vuo-
den tulokset esittdd erikseen. Kaikki satotiedot on kisitelty varianssianalyysilla,
joissa F-arvoille on tullut korkea merkitsevyys, todennikdisyysarvo P 0.01
tai yli.

Kokeessa 1961 oli fosforilannoitteena puhdas monokalsiumfosfaatti.
Koe onnistui teknillisesti hyvin. Korjuun aikana olivat ilman fosforilannoitusta
kasvaneet kasvit vield vihantia, vaikka muut olivat hyvin tuleentuneita.

Katsaus koekisittelyihin ja saatuihin kuiva-ainesatoihin seki satojen sisdled-
miin kasvinravinnemiiriin esitetiin taulukossa 1. Nzhdidin, ettd sekd kalkitus
ettd fosforilannoitus ovat vaikuttaneet hyvin. Sato on tietenkin ollut korkein
silloin, kun on annettu seki kalkitus etti fosforilannoitus, mutta erilaisuudet
niiden antamistavassa eivit ndytd aiheuttaneen juuri mitddn eroja satotuloksiin.

288



Taulukko 1. Koekisittelyt ja katsaus saatuihin tuloksiin kokeessa 1961.
Table 1. Treatments and results of the trial in 1961.

Koekisittel: / Lusl " (1000 N+ Sato kuiva-ainetta gfastia | Sadossa kasvmravmtexta mg{asna
oekisittelye glast. alus annoituksen me Dry matter yield glpot Mineral nutrients in yield mglpot

500 mg KZO -+ hivenain.) lisiksi

Treatments glpot in addition to the basal “dressing | . .. Iki h
(1000 mg N + 500 mg K20 + trace elements) jyvia 1a | yht
. grain | straw total

PyOs K0 CaO | MgO

1. 0 '
untreated ... 21| 114 | 135 48 | 448 39 39

2. 24.000 kalsiumkarb., sek. maahan
calcium carbonate, mixed into soil 36,5 | 50.0| 86.5 | 269 |1316 | 270 | 218

3. 1.775 monokals. fosf., sek. maahan

monocalcium phosphate, mixed into : »
O 1 P 459 | 46.8 | 92.7 | 373 | 974 | 172 | 190

4. kalstumkarb. sek. maahan, sen jil-
keen monokals. fosf. sek. maahan

cale. carb. mixed into soil, after : - .
which monocalc. phos. applied .... 53.4 | 54.6 [108.0 | 428 [1049 | 362 | 243

5. kalsiumkarb. ja monokalsiumfosf. sek.
toisiinsa, seos sek. maahan

calc. carb.+monocalc. phos. inter- 1 - .
mixed and then mixed into soil . 539 | 55.4 [109.3 |- 430 |1067 | 392 | 245

6. kalsiumkarb. ja monokalsiumfosf. sek.

. toisiinsa kuukautta aikaisemmin, sek.
maahan kylvon edelld

calc. carb.~+monocalc. phos. inter-

mixed one month previously, mixed .
into soil at sowing time .......... 534 | 53.7 |107.1 429 (1073 357 | 229

7. 23.579 kalsiumhydroksiidia+mono-
kals. fosf. sek. toisiinsa, seos sek.
maahan

calcinm hydroxide-+monocalc. phos.
intermixed and then mixed into_soil 54,6 | 51.7 [106.3 | 441 | 1063 | 346 | 244

Kokeessa 1962 oli monokalsiumfosfaatin ohella myds dikalsiumfos-
faatti fosforilannoitteena. Taulukosta 2 nihddidn, ettd nimi kaksi fosfaatti-
lajia ovat olleet melkoisen samanarvoisia. Tulokset muistuttavat lisiksi paljon
kokeessa 1961 saatuja.:

Kokeeseen 1963 otettiin varsinaisia lannoitteita, nim. super-, tomas-
ja hienofosfaattia. Niissd kussakin annettiin samat mairit fosforla kuin oli ollut
kokeessa kahtena edellisenikin vuotena. Taulukossa 3 esitetidn koekisittelyt ja
katsaus tuloksiin. Kuvasta 1 nihdididn, miltd koekasvit ndyttivit heinikuun
alkupuolella 1963. Mainittakoon, etti kuvan ottamisen jilkeen hienofosfaatin
ja muiden fosfaattilajien viliset erot v%ihenivéit ‘tuntuvasti Siten hienofosfaatti
mukaan voisi piitelld. Tassakm kokeessa saadut tulokset ovat samantapaiset
kuin parina aikaisempana vuotena puhtailla kemikalioilla saadut.
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Taulukko 2. Koekisittelyt ja katsaus saatuihin tuloksiin kokeessa 1962.
Table 2. Treatments and results of the trial in 1962.

L . oy Sato kuiva ainetta gfastia Sadossa kasvinravinteita mglastia
Koekisitcelyt aluslannoituksen lisiksi A A , .
(kuten koe 1961) Dry matter yield glpot Mineral nutrients in yield mglpot

Treatments in addition to the basal dressing

(cf. Table 1) )yvx.éi olkia yht. N P05 | K0 | ca0 | MeO
grain | straw rotal

L0 I
BRETEated ..., 11.4 | 291 | 45 353] 30 | 28

2. 24.000 kalsiumkarb., sek, maahan
calcinm carbonate mixed into soill 154 | 60.0 | 75.4 | 786 | 206 | 1448 | 178 | 165

3. 1.775 monokals. fosf., sek. maahan

monocalcinm phosphate mixed into
SOl e e e e 312 | 449 | 76.1 | 758 [ 269 989 [ 115 | 127

4. kalsiumkarb. sek. maahan, sen jil-
keen monokals, fosf. sek. maahan
cale. carb. mixed into soil, after . :
which monocalc. phos. applied ....| 52.2 | 62.8 |115.0 [ 973 | 349 | 1212 | 292 | 235

5. kalsiumkarb. ja monokalsiumfosf. sek.
toisiinsa, seos sek. maahan

calc. carb.+monocalc. phos. inter-
mixed and then mixed into soil ....| 53.6 | 59.5 [ 113.1 | 941 | 352 | 1250 | 281 | 246

6. 2.424 dikalsiumfosf., sek. maahan
dicalcium phosphate mixed into soil) 47.5 | 49.6 | 97.1 | 969 | 278 |1022 | 168 | 169

7. kalsiumkarb. sek. maahan, sen jal-
keen dikalsiumfosf. sek. maahan
calc. carb. mixed into soil, after
which dicalc. phos. applied ........ 54.1 | 65.0 | 119.1 | 971 | 430 |1154 | 335 | 248

8. kalsiumkarb. ja dikalsiumfosf. sek.

toisiinsa, seos sek. maahan

cale. carb.+dicalc. phos. intermixed
and then mixed into soil ........ 52.1 | 59.2 |111.3 | 934 | 370 [ 1141 | 302 | 244

Tulosten tarkastelu

Tirkein tavoite, johon timin koesarjan suorittamisessa pyrittiin, oli tietojen
saaminen kalkin ja fosforilannoitteen kosketuksiin jou-
tumisen vaikutuksista. Sen vuoksi kokeissa oli kaksi dirimmiistd
menettelytapaa: 1) kalkki ja fosforilannoite mahdollisimman suuressa madrissi
erilliin ja 2) kalkki ja fosforilannoite mahdollisimman kiintedssi kosketuk-
sessa toistensa kanssa. Jotta tdstd keskeisimmisti asiasta saataisiin mahdolli-
simman tyydyttivi selvitys, on nidilld kahdella eri menettelytavalla saatujen
tulosten tilastollinen vertailu tehty kayttden t-testid, taulukko 4.

Nzhddin, ettd ndilld kahdella erilaisella kalkin ja fosforilannoitteen kdyttd-
tavalla saadut tulokset ovat siini miirin samat, etti erotus muodostuu tilas-
tollisesti merkittiviksi vain yhdessi tapauksessa. Niin kdy superfosfaatin koh-
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Taulukko 3. Koekisittelyt ja katsaus saatuihin tuloksiin kokeessa 1963,
Table 3. Treatments and results of the trial in 1963.

Koekisittelyt aluslannoitaksen lisiksi Sato kuiva-ainetta gfastia | Sadossa kasvinravinteita mgfastia
(iuten koe 1961) Dry matter yield glpot Mineral nusrients in yield mg|pot

Treatments in addition to the basal dressing

(cf. Table 1) jyvid | olkia | yhe. | 5l g6 | cao | MgO
grain | Sstraw toral

1. 0 : . .
UNLreated ... ...t i 6.2 16 144 21 14

2. 24.000 kalsiumkarb., sek. maahan
calcium carbonate mixed into soil 385 | 479 | 86.4 | 277 {1362 | 249 | 220

3. 5.025 superf. sek. maahan
superphosphate mixed into soil .... 36.1 | 380 741 | 195 | 1187 | 167 | 139

4. kalsiumkarb. sek. maahan, sen jil-
keen superf. sek. maahan

calc. carb. mixed into soil, after
which superpbos. applied ........ 48.8 | 56.3 |105.1 | 420 (1393 | 427 [ 250

5. kalsiumkarb. ja superf. sek. toisiinsa,
seos sek. maahan

calc. carb.Fsuperphos. intermixed .
and then mixed into soil ........ 450 | 53.0 | 98.0 | 395 |1301 | 376 | 246

6. 6.061 tomasfosf. sek. maahan
basic slag mixed into soil ........ 385 | 453 | 83.8| 401 {1032 | 200 | 144

7. kalsiumkarb. sek. maahan, sen jil-
keen tomasfosf. sek maahan

calc. carb. mixed into soil, after
which basic slag applied .......... 46.5 | 53.6 | 100.1 | 458 {1252 | 402 | 209

8. kalsiumkarb. ja tomasfosf. sek. toi-
siinsa, seos sek. maahan

cale. carb.+basic slag intermixed and
then mixed into soil ............ 47.3 | 55.7 [103.0 | 406 | 1343 | 423 231

9. 3.289 hienofosf. sek. maahan
hyperphosphatel) mixed into soil .. 306 | 355 | 66.1 | 188 |1331 | 188 127

10. kalsiumkarb. sek. maahan, sen jil-
keen hienof. sek. maahan

calc. carb. mixed into soil, after
which hyperphos. applied ........ 422 | 432 | 85.4 | 344 |1412 | 267 | 219

11. kalsiumkarb. ja hienofosf. sek. toi-
siinsa, seos sek. maahan

calc. carb.+-hyperphos. intermixed )
and then mixed into soil ........ 40.8 | 519 | 92.7 | 319 | 1412 | 310 210

1) wery finely ground soft rock phosphate

dalla 1963. Tuolloinkaan ero ei ole varsin suuri, mutta hyvi yhdenmukaisuus
kerranteissa edistii merkitsevyyden syntymistd. Siten ei niyti olevan kovin-
kaan suurta merkitystd silld, joutuvatko kalkkikivijauhe ja fosforilannoite kos-
ketuksiin toistensa kanssa vai ei. On lisiksi huomattava, etti pellolla eivit
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Kuva 1. Koe 1963, valok. 9. 7. 1963
Fig. 1. Trial 1963, photo July 9, 1963

Koekisittelyt — Treatments:
Astia - Pot No. 167 ei kalkkia, ei fosforia — wuntreated
» » 168 kalkki — lime
» » 169 superfosfaatti — sug)erp/aosphare
» » 170 kalkki ja superfostaatti erikseen — lime and superphosphate
separately
» » 171 kalkki ja superfosfaatti sckotettuina — lime and superphosphate
intermixed
» » 172 tomasfosfaatti — basic slag
» » 173 kalkki ja tomasfosfaatci erikseen — lime and basic slag separately
» » 174 kalkki ja tomasfosfaatti sckoitettuina — lime and basic slag inter-
mixed
» » 175 hienofosfaatti — hyperphosphate
» » 176 kalkki ja hienofosfaatti erikseen — lime and hyperphosphate
separately
» » 177 kalkki ja hienofosfaatti sekoitettuina — lime and hyperphosphate
intermixed

kalkki ja fosforilannoite koskaan joudu sekaantumaan toisiinsa niin perusteel-
lisesti kuin tdssa astiakokeessa on ollut asian laita.

Koekidsittelyjen vaikutus sadon kasvinravinnepi-
kaikkiaan sisiltimit miirit. Nimid luvut muodostuvatr kuitenkin kahdesta
tekijistd, nim. sadon miiristi ja sen ao. aineen pitoisuudesta. Viimeksimainit-
tuihin ei kalkin ja fosforilannoitteen erilainen antaminen kuitenkaan ole aiheut-
tanut sanottavia eroja, joten niitd el tdssd esitetd.

Kokeissa saatiin sivutuotteena numeroita fosforilannoituksen
vaikutuksesta ohran kehitysnopeuteen ja tuleentumi-
seen, Varsinkin pilviseni ja kylmini kasvukautena 1962 olivat erot hyvin
selvit.

Kasvin tuleentumisasteen mddritteleminen ja ilmaiseminen on aina jossain
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Taulukko 4. Kalkin ja fosforilannoitteiden erilldin ja toisiinsa sekoitettuina antamisen vaikutus

ohran satotuloksiin, jyvii ja olkia yhteensi g/astia.

Table 4. The effect of lime and phosphate fertilizers when applied separately and intermixed
on the yields of barley (graintstraw g/pot)

Keskiarvo + keskiarvon

Kisittely standardipoikkeama Erotus m-diff. t-arvo
Treatment Mean + standard error  Difference m-diff. t-value
of mean :

Koe — Trial 1961
Monokalsivmfosfaatti — Monocalcium phosphate

Kalkki ja fosfaatti -erikseen -
Lime and phosphate separately ........ 108.0 £ 2.92

Kalkki ja fosfaatti sekoitettuina 1.3 2.99 <1
Lime and phosphate intermixed ........ 109.3 + 1.77
Koe — Trial 1962
Monokalsiumfosfaatti — Monocalcium phosphate
Kalkki ja fosfaatti erikseen
Lime and phosphate separately ........ 115.0 £ 3.46
Kalkki ja fosfaatti sekoitettuina 1.9 3.50 <1
Lime and phosphate intermixed ........ 113.1 £ 0.75
Dikalsiumfosfaatti — Dicalcium phosphate
Kalkki ja fosfaatti erikseen
Lime and phosphate separately ........ 119.1 + 1.69
Kalkki ja fosfaatti sekoitettuina 7.8 10.06 <1
Lime and phosphate intermixed ........ 111.3 £ 10.48
Koe — Trial 1963
Superfosfaatti — Superphosphate
Kalkki ja fosfaatti erikseen
Lime and phosphate separately ........ 105.1 £ 1.20
Kalkki ja fosfaatti sekoitettuina 7.1 1.40 5.07 1%
Lime and phosphate intermixed ........ 98.0 - 2.28
Tomasfosfaatti — Basic slag
Kalkki ja fosfaatti erikseen
Lime and phosphate separately ........ 100.1 £2.75
Kalkki ja fosfaatti sekoitettuina 29 4.39 <1
Lime and phosphate intermixed ........ 103.0 + 3.43
Hienofosfaatti — Hyperphosphate
Kalkki ja fosfaatti erikseen
Lime and phosphate separately ........ 85.4 +4.16
Kalkki ja fosfaatti sekoitettuina : 7.3 6.14 1.189
Lime and phospbate intermixed ........ 927 £ 452
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Taulukko 5. Satojen kuiva-aineprosentti korjuuhetkellid kokeessa 1962.
Table 5. Dry matter percentage of yield at time of harvest, 1962,

Kuiva-aineprosentti

Koekisittelyt - Treatment
Dry matter percentage

L0 — mmtreated ...t 22.8
2. kalkki — lime ....iiiiii e 33.0
3. monokalsiumfosfaatti — monocalcium phosphate ...................... 40.8
4. kalkki ja monokalsiumfosf. erikseen — lme-~+monocalc phos. separately 411
5. kalkki ja monokalsiumfosf. sekoitettuina lime~+monocalc. phos. inter-
MUXEA oottt e 41.9
6. dikalsiumfosfaatti — dicalcium phosphate ............... e 443
7. kalkki ja dikalsiumfosf, erikseen — lime+dical. phos. separately ........ 40.9
8. kalkki ja dikalsiumfosf, sekoitettuna — lime+ dicalc, phos. intermixed . . 429
pienin merkitsevd ero — least signif. diff. 3.92
Taulukko 6. Satojen kuiva-aineprosentti korjuuhetkelli kokeessa 1963.
Table 6. Dry matter percentage of yield at time of harvest, 1963
Koekisittelyt - Treatment Kuiva-aineprosentri
Dry matter percentage
L0 — amtreated ... i e 37.8
2. kalkki — lime oo 41.6
3. superfosfaatti — superphosphate ............oeeieeiii 45.5
4. kalkki ja superfosfaatti erikseen — lime-+superphosphate separately ..... 48.5
5. kalkki ja superfosfaatti sekoitettuina — lime+ superphosphate intermixed 48.4
6. tomasfosfaatti — basic slag ....... ... . .. . 52.5
7. kalkki ja tomasfosf. erikseen — lime+ basic slag separately ............ 49.5
8. kalkki ja tomasfosf. sekoitettuina — lLime+basic slag intermixed ........ 47.9
9. hienofosfaatti — hyperphosphate ... ... ... ... . 45.1
10. kalkki ja hienofosfaatti erikseen — lime+byperphosphate separately ..... 40.7
11, kalkki ja hienofosfaatti sekoitettuina — lime+byperphosphate intermixed . 42.8
pienin merkitsevd ero — least signif. diff. 3.80

(jyvit+oljet) kuiva-aineprosenttina korjuuhetkelli. Niitd madrityksii on vuo-
silta 1962 ja —63, ja ne esitetddn taulukoissa 5 ja 6.

Nzhdién, ettd kun on annettu kalkkia ja varsinkin kun on annettu fosfori-
lannoitetta, koesatojen kuiva-ainepitoisuus on korkeampi, ts. tuleentuminen on
edistynyt pitemmille. Kalkin ja fosforilannoitteen antaminen erilliin tai toi-
siinsa sekoitettuna ei ndytd aiheuttavan ainakaan suuria ja johdonmukaisia
eroja kuiva-ainepitoisuudessa.

Tiivistelmi

Selostetuissa kolmena vuotena kiynnissi olleissa astiakokeissa fosforilan-
noitteen saattaminen miti kiinteimpiin kosketukseen kalsiumkarbonaatin
kanssa ei ole aiheuttanut sanottavaa muutosta sen vaikutukseen. Ilmeisesti voi-
daan ilman pelkoa tehon huononemisesta fosforilannoitteita levitti pellolle,
jolla on kalkkikivijauhetta levitettyni, mutta vieli multaamatta.
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SUMMARY

The effect of simultaneous application of lime and phosphate fertilizers
on their efficiency

MARTTI SALONEN

Agricultural Research Centre, Department of Agricultural Chemistry and Physics, Tikkurila
Finland

Hitherto, the generally accepted view has been that lime and phosphate fertilizers should
not come in contact with one another, since if they do so, the phosphorus is changed into a
difficultly soluble form and its efficiency thus reduced. In cases where fields require both liming
and a phosphate dressing, the recommended method has been to apply the lime first and mix it
into the soil, and only after this to make the phosphate application. This procedure, however,
may cause extra work and inconvenience.

In order to determine how significant the close contact of lime and phosphate actually is,
the Department of Agricultural Chemistry and Physics carried out a pot trial on this problem
during three years. The soil type used was muddy clay, which is known to require both
lime and phosphorus fertilizing. Barley was used as test crop in all three years. The liming
agent was precipitated calcium carbonate (in one case calcium hydroxide was used, cf. Table
1). In the first two years the phosphorus was given in the form of chemical reagents, in
the third year as ordinary commercial fertilizers. In order to obtain the greatest possible
differences between the procedures; in the one case the lime was first mixed with the soil
after which the phosphate fertilizer was applied, and in the other case the lime and phosphate
were thoroughly mixed together and this mixture then incorporated into the soil. Determinations
were subsequently made of the grain and straw yields, and in addition analyses of the most
important mineral elements in the yield were made. Data on the various treatments and the
results are presented in Tables 1—3.

It can be seen that both lime and phosphorus fertilizers had a positive effect, which was
similar in all three years. In order to obtain a clear and definite picture of the most essential
aspect of the trial, namely the effect resulting when lime and phosphorus fertilizer are in
close contact with one another, the results of the two different procedures are shown in
Table 4, with an analysis of the significance of the differences according to the t-test. It
is evident that in general the results of the two procedures were quite similar. Only in one
case was there a significant difference, and in this instance separate application proved to
be superior.

From the results of the trials, it appears that it is not particularly important whether
liming agents and phosphate fertilizers are applied separately or not. It should also be borne
in mind that under normal field conditions the contact between lime and phosphorus fertilizer
is never so close as in these trials. :

These trials also gave some data on the effect of lime and especially phosphorus on the
rate of growth and maturation of the crop. In 1962 and 1963, determinations were made
of the dry matter content of the yield at the time of harvest, which can be regarded as an
indication of maturation. These results are presented in Tables 5 and 6. It can be seen that
both lime and phosphorus, but especially the latter, caused an increase in dry matter percentage
at the time of harvest,
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TUTKIMUKSIA PORON JALOSTUSMAHDOLLISUUKSISTA

Summary: Investigations on the possibilities of reindeer breeding
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Maatalouden tutkimuskeskus, Kotieldinjalostuslaitos, Tikkurila

Saapunut 12. 9. 1964

Ne eldinkokeet, joiden tuloksia seuraavassa selostetaan, ovat poronomista-
jien itsensi kustantamia niilli korvausvaroilla, jotka valtio v. 1962 maksoi
sodan porokannalle aiheuttamista vahingoista. Aloitteen tutkimustoiminnan
aloittamiseen on tehnyt Paliskuntain Yhdistyksen toiminnanjohtaja, talousneuvos
Yrjs Alaruikka, joka myds on huolehtinut niistd toimenpiteistd ja jirjes-
telyistd, jotka ovat tehneet koeohjelman toteuttamisen mahdolliseksi. Kokei-
den kiytinnollisesti ohjelmanmukaisesta jirjestdmisestd ja koeporojen hoidon
ja paimentamisen valvonnasta seki punnituksista, mittauksista ja eldinten mer-
kitsemisestd on huolehtinut Paliskuntain Yhdistyksen neuvoja, agrologi Soini
Juujidrvi. Timin kirjoittajan tehtivini on maatalouden tutkimuskeskuksen
edustajana ja kotieldinjalostuslaitoksen johtajan, prof. Viljo Vainikaisen
toimelsiannosta ollut laatia koeohjelma jalostustydn perusteiden selvittdmiseksi
ja toteutettavissa olevien valintamenetelmien kehittdmiseksi. My®ds tulosten
tilastollinen kisittely on kirjoittajan toimesta suoritettu kotieldinjalostuslaitok-
sella. Kun minulla nyt on tilaisuus tuoda julkisuuteen ensimmiiset kokeiden
antamat tulokset, on minulla samalla suuri ilo lausua parhaat kiitokset talous-
neuvos Alaruikalle, agrologi Juujirvelle ja monille poroisinnille, poromiehille
ja eldinten omistajille, jotka ennen kokemattoman auliisti, innokkaasti ja tar-
mokkaasti ovat olleet toteuttamassa toivomuksiani epdilemitti maailman vai-
keimmissa koeolosuhteissa eldinjalostuksen hyviksi.

Ty6td porotalouden tuottavuuden parantamiseksi voidaan tehdid monin
tavoin. Laitumien riittivyyden parantaminen, petojen aiheuttamien vahinko-
jen rajoittaminen, loiseldinten torjunta ja hitiruokinnan jirjestdminen vaikeina
talvina ovat porojen kasvuympiriston kohentamiseen liittyvid suuria ongelmia,
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joiden ratkaiseminen kutsuu tutkijoita ja kdytinnon miehid ty6hon kaiken vil-
jelyn didrialueilla ja jopa sen takana elivdn kansanosan hyviksi. Poronhoidon
menetelmien kehittiminen ja porotalouden teknillinen ja kaupallinen edisti-
minen voivat olennaisesti muuttaa elinkeinon kannattavuutta ja lisdtd sen har-
joittajien viihtyvyyttd. Niiden keinojen ohella itse eldinaineksen paranta-
minen, jalostus, on yksi tie tuottavuuden lisiimiseen. Tamin keinon merki-
tystd korostaa poronkasvattajien keskuudessa melko yleinen kisitys, ettd eldin-
aines on vuosikymmenien aikana pienentynyt ja heikentynyt. Timin syyni
tulee etsimitti mieleen metsien “médrdmittahakkuita” muistuttava teurastus-
tapa, joka jatkuvasti karsii joukosta nopeakasvuisimman ja kookkaimman eldin-
aineksen ja jittdd huonomman edelleen varttumaan ja samalla my8s jatkamaan
sukua. Poron tutkimustensa kohteeksi valinnut ja domestikaation vaikutusta
eldinainekseen selvitellyt HERRE (1943 a, b, c) onkin paitynyt kisitykseen, ettd
ihmisen suorittama monessakin mielessd harhautunut ja luonnollisen valinnan
vaikutuksen kumoava valinta on ollut ehki suurimpana syyni siihen, ettd
thmisen taloudessa elivi poro poikkeaa ominaisuuksiltaan villistd kantamuo-
dostaan. Mm. hirvaskannan vibentdminen on vihentinyt myds sitd kilpailua,
jonka voittaminen luonnontilassa antaa vain voimakkaimmille ja kookkaim-
mille oikeuden naaraisiin. IThmisen taloudessa on heikoillekin hirvaille riitti-
nyt vaatimia, ja heikon perintSaineksen yleistymiselle seuraavissa sukupolvissa
on siten luotu suotuisat olosuhteet. Villien hirvieldinten kiyttiytymistd tutki-
neet ROBINETTE ja GASHWILER (1950) ovat havainneet, ettd Odocoilens hemionus
hemionus -urosten pariutumisen miiri todella on riippuvainen yksilon fyysil-
lisestd ylivoimasta. Samalla he ovat todenneet, etti vanhemmat urokset taltut-
tavat niitd heilkommat nuoret urokset, jotka osoittavat kiinnostusta naaraisiin.
On uskottavaa, ettd tdssi kuvattu kilpailu on my®ds poron villilli kantamuo-
dolla ollut varmistamassa voimakkaimman ja kookkaimman eliinaineksen etu-
oikeuden uusien sukupolvien' tuottajana. HERREn kuvaama valinnan hdltymi-
nen “kesylld” porolla on siten todella ollut sangen mahdollinen. HEeRRE koros-
taa edelleen, ettd harhautunut valinta on domestikaatioon liittyvien haittojen
syynd todenndkdisesti vaikuttavampi kuin elinolosuhteiden muutos. Niin onkin
saatu ldhtokohta toimenpiteille, joiden tavoitteena on eliinaineksen paranta-
minen: tehtdvini tulee olemaan valinnan suunnan palauttaminen sellaiseksi,
ettd se on sopusoinnussa luonnollisen valinnan kanssa ja ettid se samalla suosii
ihmiselle suurimman hySdyn antavan elinvoimaisen, terveen, kookkaan ja
yleensi edulliseen lihantuotantoon soveltuvan eldinaineksen yleistymistd.

Se, ettd jalostustyd ja sen edellytysten tutkiminen on saanut niin huomat-
tavan aseman nykyisessi sovelletussa porotalouden tutkimuksessa, lienee perus-
teltavissa paitsi silld, ettd pyritdin korjaamaan edelld jo mainittua episuotuisaa
kehitystd, myos silld, ettd ympiristdn ja nimenomaan ruokintaolosuhteiden
yleiseen kehittimiseen entistd suotuisammiksi ei liene kovin suuria mahdolli-
suuksia, Kannattavan porotalouden edellytykseni lienee siilyttd4d poro puoli-
kesyng riistaeldimend, joka luonnonlaitumien varassa huoltoa ja suojaa kaipaa-
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‘matta itse kerdd ravintonsa. Poro on lisiksi mukautunut eldmiin niin erikoisissa
olosuhteissa, ettd niiden merkittivi muuttaminen tuskin voisi olla hiiritsemdotd
melkoisesti eldinten sopeutumista ympiristéonsd. Mutta timid seikka asettaa
epiilemitti tiukat rajansa my&s jalostustoiminnalle. Voi olla uhkarohkeaa
pyrkid jalostusvalinnalla jyrkisti muuttamaan poron rakennetta tai fysiologisia
ominaisuuksia koettamatta samalla varmistua siitd, ettei muutos ole ristiriidassa
sen kyvyn kanssa sopeutua ankaraan ympiristdonsi. Jalostustyon mahdolli-
suuksia ei tule sen vuoksi liioitella, joskaan ei viheksydkddn. Onnistuminen
niytrdd kylli mahdolliselta sen tydn tulosten valossa, jota viime vuosikym-
menini on arktisilla alueilla tehty porotalouden edistimiseksi.

Porotalouden siilyminen meidin piiviimme menettelytavoiltaan sangen
alkukantaisena johtunee ainakin osaksi siitd, ettd sithen kohdistunut tutkimus
on sangen nuorta, vaikka itse poronhoidon perinteet ovatkin vanhat. Norjassa
on poroista tietoja jo vuodelta 890 ja DonnERrin (1946) mukaan se mainitaan
ensimmiisen kerran Venijin kirjallisuudessa jo v. 1114 ja sitdkin vanhempaa
historiaa tunnetaan piirrosten perusteella. ZOLOTAREV ja LEVIN (1940) sanovat
poronhoidon alkaneen itsendisesti monilla arktisilla alueilla. Poro on metsi-
seuduilla korvannut koiran vetoeldimeni jo ennen kuin hevonen on tullut sielld
hy&tyeliimeni tunnetuksi. Poronjiinnoksid ei kuitenkaan ole tavattu paleo- tai
neoliittikauden kerrostumista.

Kiinnostusta porotalouden tutkimusta ja kehittdmisti kohtaan tunnetaan
kaikissa niissi maissa, joissa poroja hoidetaan. Niinpa Norjassa johtaa titd
toimintaa maatalousministeridn porotoimisto (VORREN 1946—47), ja Ruotsissa
on lihelle Jillivaaraa perustettu tarkoitusta varten erityinen porokoeasema.
Lisiksi sielli on pohjoisten liinien liZninhallituksissa lapinvoudit, joiden teh-
tiviin kuuluvat my8s porotalouteen liittyvit asiat. Ruotsin ja Norjan poro-
talous ovat porojen vaelluksen ja osittain yhteisten laidunmaiden johdosta var-
sin liheisessi kosketuksessa ‘toisiinsa (UTst 1957).

Ehki enemmin kuin muualla on porotalouden hyviksi tehty tydtd Neu-
vostoliitossa. Tutkimuksia eri porokantojen ominaisuuksien selvittimiseksi on
tehty runsaasti. Paitsi viriltidn vaihtelevat eri seutujen porot myds kooltaan.
Niinpi MERTZ (1939) mainitsee, ettd Siperian metsialueen poro Narymin pii-
rissi on tundran poroa pienempi ja kiyttdeldimend heikompi. Paino on 90—
120 kg ja korkeus 124 cm; vasojen syntymépaino on n. 5—6 kg. Vasojen kuol-
leisuus on ollut suuri. Molemmat sukupuolet ovat olleet sukukypsid jo 1 v:n
4 Kklo:n idssd, mutta vaatimien on annettu vasoa vasta 4 v:n idssd. Tiinehtyvyys
on ollut vain n. 80 %o, minkd kirjoittaja sanoo johtuvan jalostushirvaiden lian
pienesti midristd, 2.2 %. Sen pitiisi olla vihintiin 4 °o. Drurt (1951) kertoo
tundralta metsdalueelle Ukhtan piirissi siirrettyjen porojen akklimoituneen
hyvin uudessa ympiristdss ja niiden jilkeldisten kehittyneen alkuperiisen poro-
kannan jilkeldisii kookkaammiksi. Varsin pieni on Bolshezemelskajan poro
(Soxorov 1935), jonka korkeus 2-vuotiaana oli naarailla 92 ja uroksilla 97 cm.
Pituus oli vastaavasti 92 ja 102 cm. Virilti4dn on timd poro yleisimmin musta,
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ja sitd virii valinnassa edelleen suositaan, vaikkei yhteyttd virin ja tuotanto-
arvon vililli -ole havaittukaaan. Kuitenkin ovat albinot muita heikompia.
Ulkomuodon ja teurasarvon vililli on havaittu korrelaatiota, mutta siihen ei
kidytinnossi kiinnitetdi huomiota. Ruhon paino on tavallisesti 33—35 kg,
vasoilla n. 20 kg. Teurassaalis, 51—52 %o, on uroksilla hyvin vdhin parempi
kuin naarailla. Vasoilla se on 57—58 %. Vaadin antaa tavallisesti 15 vasaa,
harvoin jopa 30. Urokset ovat tiysikokoisia vasta 5—6 v:in idssi, mutta ne
kastroidaan yleensi 4—5 v:n idssd. Avokastraation on havaittu vaikuttavan
kasvuun haitallisemmin kuin puremisen, mutta myds vuodenajalla ja idlli on
tissi suhteessa merkitysti, OGNEw ja Cyrpanov (1951) mainitsevat Petsora-
joen varsilla elivin poron urosten elopainon olevan 100—120 kg ja naaraiden
90—100 kg. Aikuisten teuraspainot ovat olleet 48—74 kg. Hyvissi ymparis-
tOssd voi vaadin. tilnehtyi jo 5 kk:n idssd, vaikka tavallisesti saavutetaan suku-
kypsyys 1.5 v:n ikidiseni. Tiinehtymisprosentti on ollut 79. Hirvas astuu taval-
lisesti 12—15 vaadinta, Vanhimmat porot ovat olleet 22—27-vuotiaita.
Huomattavan suurikokoinen on GOLJARKINin ja FiLiepovin (1950) kuvaama
harmaa Sabalinin poro, jota kiytetiin kesilli satula- ja kantojuhtana ja tal-
vella valjastetaan reen eteen. Vasojen syntymipaino on 7—9 kg ja aikuisten
elopaino 170—190 kg. Siitoseldimet pidetdin 10-vuotiaiksi. Hirvas astuu
enintdin 20 vaadinta, joten tdti suhdetta vastaava mididri hirvaista jitetdin
jalostuseldimiksi ja muut purraan 1.5—2.5 vin idssd. Guri€ax (1950) toteaa,
ettd porojen paino vaihtelee erittiin paljon vuodenajan ja laitumien laadun
mukaan. Aikuisten painot voivat laskea talvella 25—30 kg. Vasomiskauden
alussa syntyneiden vasojen kasvu on ollut nopeampi kuin vasomiskauden lopussa
syntyneiden. Emidin imeneet vasat ovat kasvaneet paremmin kuin muulla
tavoin ruokitut, ja talvikautena on niiden vasojen painon lasku ollut pienin,
joita el ollut erotettu emistddn. Tdmikin kirjoittaja toteaa tundran poron
akklimoituvan hyvin metsdseudulla, jossa jilkeldiset kehittyvit suuremmiksi ja
jossa sairaudet vaivaavat vihemmin ja vuodat kehittyvit paremmanlaatuisiksi.
Jdrjestelmillisen jalostustoiminnan suorittamisesta mainitsevat monet tutki-
jat. SERGEEV (1950) kertoo, ettd 1932 perustettiin poronjalostuslaitos. Vasomis-
prosentti on saatu kohoamaan esimerkiksi Muurmanskissa 55.3 %o:sta 1946 73.7
%0:iin v. 1949. Populaation lisdimistd on erdilli alueilla estinyt paitsi epi-
tarkoituksenmukainen jalostusvalinta myds laitumien riittimittdmyys ja petojen
torjunnan puutteellisuus seki tiineiden vaatimien kiyttd vetoon. GuLy¢ax (1950)
mainitsee, ettd Nargan-Mar -alueen jalostusasema perustettiin 1931 ja kokeet
alkoivat 1936. Valitsemalla jatkuvasti parhaat yksilot siitokseen pyritiin eldin-
aineksen yhtenidistimiseen, painon, pitkidikiisyyden ja hedelmillisyyden lisdi-
miseen ja tyokyvyn parantamiseen. 10 vuoden aikana on ruhon paino noussut
aikuisilla 35 ja nuorilla 43 %. Jalostuseldinten paino ylittid keskitason 6.4
—14 prosentilla. Tiinehtymittdmien osuus on saatu hyvin pieneksi. Talvista
painonhiviotd torjutaan lisirehulla. Muualta tuoduilla hirvailla astutettujen
vaatimien vasojen syntymdpainot ovat olleet suurempia kuin omilla hirvailla
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astutettujen. Viitanneeko timid sukusiitosrasituksen ilmenemiseen sulkeisessa
porokarjassa?

Mrin (1951) kertoo poronjalostuksen jirjestdmisestd Sahalinin saarella 1947.
Jalostusainekseksi valittiin 15 hirvasta’ ja 148 vaadinta sekd nididen 131 vasaa.
Seuraavana vuonna valittiin niisti uudet ryhmit, joihin kuului hirvas ja 20
vaadinta. Vasomisprosentti oli 96.2. ‘

PREOBRAZENSKII (1952) kentoo, etti sen jilkeen kun jalostustyd vuosina
1938—40 jirjestettiin, on hedelmidttdmyys ja kuolleena syntyneitten midrd
monissa porokarjoissa vihentynyt. Kirjoittaja pitdd tulosta huolellisen valinnan
seurauksena. Vuosina 1947—48 vaihdettiin hirvaat useille tiloille, jolloin vaa-
timien hedelmittdmyys viheni ja vasojen syntymipainot suurenivat. Onko
tissi jilleen vihje mahdollisesta heteroosista sukusiitosdepression rasittamissa
porokarjoissa?

Edells esitetyistd kirjoituksista ilmenee, ettd poroa pidetddn veto- ja kanto-
juhtana, ratsuna ja lihaeliimeni ja siitd kiytetddn hyviksi lisiksi nahat ja
karvat. JalostustyOn tavoitteena on yleensi niiden ominaisuuksien parantami-
nen, jotka voivat lisitd monipuolisen tuotannon taloudellisuutta. Myds sarvilla
on tuotannollista arvoa ja Mrrjusev (1949) sanoo, eotd eriilld tiloilla arvos-
tellaan ulkomuodon, rakenteen, sopeutuvuuden ja kestivyyden ohella my6s sar-
vien laatu ja yksilot luokitellaan valintaa varten sarvien mukaan neljddn luok-
kaan. Mittauksen ja punnituksen lisiksi tehdddn sarvista my0s kemiallinen
analyysi. Kastraatio, taudit ja huono kunto vaikuttavat haitallisesti sarvien
kasvuun.

Myds Alaskassa ja Pohjois-Kanadassa, joissa poro on vasta 1800-luvun
lopun tulokas, tunnetaan porotalouteen kiinnostusta (PRESNALL 1943; LANTIS
1950; Scottish Naturalist 1939). HADWEN (1942) mainitsee vasojen synty-
vin yleensd huhtikuun 10. ja toukokuun 15. pdivin vilisend aikana. Vasomis-
kausi lienee sen mukaan hieman aikaisempi kuin vanhalla mantereella. Nuo-
rista vaatimista n. 5 %o vasoo jo vuoden vanhoina. Yleensi on vasomisprosentti
91. Kirjoittajan mukaan pariutuvat vanhat hirvaat nuorien vaatimien kanssa
ja nuoret taas tdysi-ikdisten tai vanhojen vaatimien kanssa. Nuoret vaatimet
on todettu emini vanhoja paremmiksi.

Myos Skotlantiin on istutettu poroa (Reindeer in Scotland 1952, 1956;
StEPHEN 1955; Utst 1957) toivossa, ettd sikildisilli jakéldmailla siitd kehictyisi
arvokas riistaeldin. V. 1952 aloitetun tuonnin jilkeen ndyttdd sopeutumista
tapahtuneen, joskin ennen muuta loiset ovat tehneet tuhojaan kannassa.

Tutkimuksen tuloksia
Kokeiden jarjestiminen

Ensimm3inen koeryhmi, 6 hirvasta ja yhteensi 120 vaadinta, on koottu
Puolangan pitdjin Askankankaan kylin alueelle ldhiseudun paliskunnista.
Omistajat ovat luovuttaneet eliimet koeajaksi Paliskuntain Yhdistyksen hal-
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tuun. Kokeen alkaessa syksylli 1962 ennen kiima-aikaa suljettiin kukin hirvas
20 vaatimen kanssa paritteluaitauksiin, joissa eliimet ruokittiin jakililld ja
melassileikkeelli. Kiima- eli rykim3ajan pddtyttyd laskettiin koko eldinjoukko
helposti siirrettdvddn suureen aitaukseen, jossa se on laiduntanut jikilimailla
lihes luonnonvaraisissa olosuhteissa. Lisirehuna on jouduttu kuitenkin anta-
maan pienid midrid melassileikettd, joka kenties on voinut muuttaa porojen
ravitsemustilaa jonkin verran erilaiseksi, kuin on vapaana eldvilld eldimilld,
mutta timi ei ole voinut vaikuttaa kokeesta saataviin tuloksiin.

Hedelmillisyys ja vasominen

Ensimmiiset vasat syntyivit kevailli 1963 huhtikuun 29. ja kesikuun 10.
piivan vilisend atkana, syntymipiivien keskiarvon sattuessa toukokuun 16.
paiville. Kuitenkin oli tdsmilleen puolet vasoista syntynyt toukokuun 13.
pdivin loppuun mennessi. Naarasvasoista oli tilldin syntynyt 55 ja uros-
vasoista 44 %, joten naarasvasat ndyttivit syntyvian hieman uroksia aikai-
semmin, ehki sikickautensa lyhyemmyyden takia. My6s emin idlli voi olla
vaikutusta syntymiaikoihin, silli samaan ajankohtaan mennessi kolmivuotiai-
den emien vasoista oli syntynyt 56, 4-vuotiaiden 54 ja 5-vuotiaiden 38 %b.
Timin mukaan vasoisivat vanhat vaatimet mychemmin kuin nuoret. Edelli
esitetyilld eroilla ei ole kuitenkaan tilastollista merkitsevyytta.

Vasojen syntymiajat jakaantuivat mediaaniin nihden seuraavasti:

Syntymikausi Vasoja
The time of births Fawns
aika piivid kpl %
period days number ?
12, 5. —15, 5. 4 - 25 329
11, 5. —16. 5. 6 39 51.3
10. 5.—17. 5. 8 53 69.7
9. 5.—18. 5. 10 61 80.3
8. 5.—19. 5. 12 63 . 829
7. 5.—20. 5. 14 68 89.5
29, 4, —10. 6. 43 76 100.0

Kantamisajasta ei ole saatu tdsmillisti tietoa, koska jatkuvasta valvonnasta
huolimatta parittelua on havaittu vain viidessi tapauksessa ja niistd vaatimista
vain nelji vasoi. Nidmi tunnetut kantamisajat olivat 219, 219, 221 ja 224 eli
keskimdidrin 221 pdivdd. Tiinehtymisprosentti voitiin laskea tarkoin siitd
huolimatta, ettd yksi vaadin kuoli talvella verenmyrkytykseen. Valtion eldin-
lidketieteelliselld laitoksella suoritetun tutkimuksen perusteella se todettiin
mahoksi. Tiinehtyminen niytti riippuvan erittiin selvisti emin iistd. Tulos
nihdiin taulukosta 1.
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Taulukko 1. Vaatimien tiinehtymis- ja vasomisprosentti ikiluokittain.
Table 1. The conception and fawning percentages of does in different age classes.

lkiluokka Vaatimien luku Tiineitd Tiinehtyminen  Elivii vasoja Vasominen
Age class Number of does Conceived Conception rate  Fawns a live Fawning rate
3-vuotiaat
3-year-old  ............ 25 9 36 8 32
4-vuotiaat -
4-year-old  ........ ceen 68 47 69 43 63
5-vuotiaat
S-year-old  ............ 27 21 78 21 78
Kaikki 120 77 64.2 72 60.0

Total

Yhdessi tapauksessa vaadin loi vasansa maaliskuun lopussa, kolme vasaa
kuoli heti syntymin jilkeen ja yksi kolmen piivin idssd. Lisdksi oli yksi vasa
varsin heiverdinen, yhdelld oli epimuodostuneet etujalat ja yhdessi tapauksessa
emi hylkisi vasansa. Timi saatiin pysymiin hengissd kermaruokinnalla. Tii-
nehtyvyys oli eri ikdluokissa merkitsevisti erilainen (2 = 11.52"%) ja samoin
tietysti vasominen, jossa erot olivat vielikin suuremmat (z* = 12.02**). On
siis ilmeistd, ettd porojen keskimiiriisen tiinehtymis- tai vasomisprosentin ohella
on tunnettava myos eldinaineksen iinmukainen jakaantuma, ennen kuin ver-
tailujen tekeminen on mahdollista. Hirvaiden vaadinryhmit eividt eronneet
hedelmillisyydeltiin merkitsevisti toisistaan, kun vaatimien ikéddn ei kiinnitetty
huomiota. Kun hirvaille annettiin tiinehtymiskyvyn mukainen jirjestysluku
erikseen kussakin vaadinikiluokassa, saatiin oheinen lukuasetelma:

3-v. 4-v. 5-v. 3-v. 4-v 5-v.

Hirvas 1 2 2 1 Hirvas 4 5 5 6
» 2 1 4 3 » 5 6 3 2

» 3 4 6 5 » 6 3 1 4

Kun niin saaduista jirjestysluvuista laskettiin varianssianalyysi, voitiin
todeta, ettd hirvaiden tiinehtgmiskyky oli merkitsevisti erilainen (F = 3.51%).
Tulokselle ei kuitenkaan voi vieli antaa muuta merkitystd, kuin ettd se osoittaa
jatkotutkimukset tarpeellisiksi. Niin pienen aineiston perusteella ei voi vield
piitelld, onko hirvaiden tiinehtmisen erilaisuuteen ollut syynd mahdollisesti
eri suuri astumiskyky tai -halu taikka ehki perintotekijoisti johtuva sikididen
kuolleisuus. Hirvaskannan sopivan suuruuden miirittelemiseksi on tietojen
tiydentiminen joka tapauksessa vélttimatontd.

Tiinehtymisen ja vasomisen riippuvuus emin iisti ja painosta samanaikai-
sesti kiy ilmi taulukosta 2, jossa emit on kussakin ikdluokassaan jaettu kahteen,
lukumiiriltiin mahdollisimman samansuuruiseen painoluokka.an. Painoluok-
kien rajat tulivat tilldin olemaan 3-vuotiailla 48—61 ja 62—76, 4- vuot1a1lla
46—62 ja 63—75 seki 5-vuotiailla 49—67 ja 68—80 kg.
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Taulukko 2. Ikiluokissaan eripainoisten vaatimien tiinehtymis- ja vasomisprosentit.
Table 2. The conception and fawning percentages of does in.different weight.groups-in-different =
age classes.

: Tiinehtyminen Vasominen
Tkiluokka Conception Fawning
Age class Pienet Suuret Pienet Suuret
Light does Heavy does Light does Heavy does

3-vuotiaat
3-year-old  ............ 17 54 17 46
4-vuotiaat
4-year-old ............ 53 90 - - 47 87
5-vuotiaat )
S-year-old  ............ 50 100 50 100

Vaatimien lukumdirit olivat eri pa1nolu0k1ssa 3-vuotiailla 12 Ja 13 4-vuo-
tiailla 38 ja 30 sekd 5-vuotiailla 12 ja 15.

42-testin mukaan olivat painoluokkien erot 4- ja 5-vuotiailla vaatimilla
seki tiinehtymisessi ettd vasomisessa hyvin merkitsevid. Sen sijaan kolmivuo-
tiailla olivat tiinehtymiserot vain 90 prosentin ja vasomiserot 80 prosentin
todennikdisyydelld merkitsevii. Tamin lisiksi on tietysti syytd panna merkille,
ettd aineisto kokonaisuudessaan on sangen pieni ja tilastollisesta merkitsevyy-
destiin huolimatta voivat tulokset muuttua, jos koeaineistoa onnistutaan vas-
taisuudessa suurentamaan. Saamamme tulokset ovat kuitenkin, kuten kirjalli-
suuskatsauksesta nihdddn, muualla tehtyjen havaintojen kanssa yhtdpitdvid
siind, ettd niin ikd kuin kuntokin ovat hedelmillisyyteen voimakkaasti vaikut-
tavia tekijoiti sikdli kuin painoa voidaan pitid kunnon kriteeriona. Aineis-
tomme osoittaa lisdksi, ettei kunnon, se on painon, vaikutus rajoitu vain nuoriin,
vaan tuntuu verraten izkkiissikin vaatimissa.

Sikili kuin painoa voidaan pitii kunnon mittapuuna, antaa timi tulos
tutkimukselle uusia tehtdvid ja osoittaa, ettd kiytinn6llisen poronhoidon talou-
dellisuuden parantaminen rakentuu, kuten muukin tuotannollinen toiminta,
rutkimustyon varaan. Vasominen ja vasojen elinvoima on koko porotalouden
perusta. Niissi porokannan uudistumisen perustekijoissi ilmenevii puutteita
ei voi korjata, ennen kuin tunnetaan niiden alkusyyt ja niiden syiden keskinii-
nen painavuus. Jos painoerojen aiheuttajina ovat yksilolliset kasvutaipumukset,
sairaudet, loiset tai muut “sisiiset” syyt, antaa perintStekijiin ja ympiristdn
osuuden selvittiminen ohjeen siihen, saavutetaanko parempia tuloksia itse eldin-
aineksen jalostamisella vai ulkonaisten hiiridtekijoiden poistamisella. Jos taas
hdirididen syyni on ympiristdn selvd puutteellisuus, kuten laitumen riittd-
mittdmyys, on oikea ratkaisu l5ydettivissi vasta sitten, kun on selvitetty, onko
perussyyni laitumien tuotantokykyyn nihden virheellisen suuri eldinmiird
yleensi vai kenties vain tilapdinen ravinnonsaannin estyminen, joka on kor-
vattavissa hitdruokinnalla.
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Painon ja hedelmillisyyden yhteisvaihteluun voi olla syyni myds yksilsl-
linen kehitysnopeus. Jos sen muuntelu voidaan todeta perintdtekijoistd riip-
puvaksi, on porokannan tuotantokyvyn parantamiseen jalostusvalinnalla hyvit
edellytykset. Onhan toisaalta luultavaa, etti epitarkoituksenmukainen valinta,
joka on jittinyt hitaasti kasvaneet yksilot edelleen kehittymiin kookkaimpien
joutuessa teuraiksi, on tihdn asti johtanut hitaan kehitysnopeuden yleistymi-
seen. Voi olla, ettd juuri tdssi piilee HERREn mainitsemaan taantuvaan kehi-
tykseen johtaneen harhautuneen valinnan suurin haitta.

Vasojen syntymdipainot

Kaikkien vasojen syntymipaino oli keskimiirin 5.797 kg-ja hajonta ¢ =
0.604 kg. Suurin vasa painoi 7.450 ja pienin 4.700 kg. Sukupuolten vililld oli
pieni, joskin tilastollisesti merkitsevi ero (F = 4.48%). Naarasvasat painoivat
ndet keskimddrin 5.668 ja urosvasat 5.956 kg. Sukupuolten vilinen ero oli
tilastollisesti merkitsevd myds 4- ja 5-vuotiaiden vaatimien ryhmissi (F =
3.47%). Keskimddrdiset vasojen painot nihdiin taulukosta 3.

Taulukko 3. Eri-ikdisten vaatimien vasojen keskimiiriiset syntymipainot.
Table 3. The average birth weights of fawns of does in different age classes.

. Urosvasat Naarasvasat
Tkiluokka Male fawns Female fawns
Age class Luku Syntymipaino Luku Syntymipaino
Number Birth weight Number Birth weight

3-vuotiaat
3-year-old ............ — — 9 5.517
4-vuotiaat
4-year-old ............ 24 5.829 22 5.766
5-vuotiaat
S-year-old  ............ 10 : 6.260 11 5.595

Eri-ikdisten vaatimien vasat eivit sen sijaan eronneet painoiltaan merkitse-
visti toisistaan. Koska eri sukupuolta olevien vasojen painoerot ovat varsin
pienet ja sukupuolisuhde hirvaiden jilkeldisryhmissi vaihtelee vihin, on vasat
seuraavassa kisitelty yleensi yhteni ryhmini.

Vield eris seikka on havaittavissa edelld esitetystd lukusarjasta: 3-vuotiaiden
vaatimien vasat ovat olleet yksinomaan naaraita, vaikka urosvasojen osuus
koko aineistossa oli 45 ja molemmissa vanhemmissa ikiluokissa keskimidrin
51 %o. Tdmi poikkeama on niin suuri, ettd eri ikidluokissa niyttii urosvasojen
osuus olevan merkitsevisti eri suuri (x? = 8.39%), ja verrattaessa 3-vuotiaita
kaikkiin muihin, ndyttii ero olevan jopa hyvin merkitsevi (3> = 8.27**). Nuo-
rimman ikdluokan pienuuden takia tulos voi silti olla sattumanvarainen. Jos
ero on todellinen, sen syyni voi olla lisi4dntymiskypsyydeltiin ilmeisen kesken-
kasvuisten nuorten vaatimien tarjoama epiedullinen kehitysympiristd yleisesti
elinvoimaltaan heikommalle urossukupuolelle.
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Eri hirvaiden vasojen keskipainot olivat seuraavat:
The average weights of fawns of different sires were:

1.  5.686 kg. 4.  5.600 kg.
2. 5981 » N 5. 5893 »
3. 6.278 » 6. 5479 »

Varianssianalyysi osoitti, ettd nimi keskiarvot erosivat toisistaan merkitse-
visti (F = 2.90%). Puolisisarusten vilinen korrelaatio oli suuruudeltaan 0.129,
joten syntymipainon heritabiliteettikertoimeksi saatiin h? =0.52. Tdmin
kokeen mukaan niyttdi siis vasojen syntymipaino olevan perintdtekijoistd
suhteellisen voimakkaasti riippuva ominaisuus, joten sen lisiimiseen, mikili
timi tutkimusten myShemmissi vaiheessa voidaan todeta suotavaksi, on ole-
massa varsin hyvit edellytykset.

Mainittakoon, ettd hirvaiden viliset erot tulivat yhti selvisti esiin, kun ver-
tailu tapahtui erikseen eri sukupuoliryhmissid. Sen sijaan saman hirvaan eri
sukupuolta olevat vasat eivit eronneet merkitsevisti toisistaan. Hirvaiden, jotka
kaikki olivat 4-vuotiaita, omat painot olivat 72, 74, 83, 93, 100, 118 kg. Suu-
resta vaihtelusta huolimatta oli hirvaan oman painon vaikutus vasojen syn-
tymipainoon sangen heikko ja tilastollisesti tiysin merkitsemitdn. Sen sijaan
emdn painon ja vasan syntymipainon yhteys oli varsin liheinen, mitd osoittaa
kohtalaisen suuri korrelaatiokerroin r = 0.37*** ja regressiokerroin b = 0.033.
Vastaavat kertoimet isittdin (= isien sisilld”) olivat r = 0.34™ ja b = 0.030.
Vasan syntymédpaino nousee siis 30—33 g emin painon noustessa kilolla. Tul-
koon vield mainituksi, etti vanhempien painot ovat syyspainoja, jotka on pun-
nittu ennen kiima-aikaa. T4mi paino ennen hirvaita laithduttavaa kiima-aikaa
on arveltu sopivimmaksi sen vuoksi, etti eliimet ovat kesin aikana kuntou-
tuneet ja korvanneet talviset painonhividt. Tosin emien paino ei liene vield
saavuttanut maksimiaan imetysajan vuoksi, mutta useiden punnitusaikojen
soveltaminen ei niin vaikeissa oloissa ole mahdollista.

Emien painojen suureen vaihteluun nihden ovat eri ikiluokkien pamoerot
pienet, joskin tilastollisesti merkitsevit (F = 6.55%*). Keskipainot olivat eri
ikdluokilla niet: 3-vuotiailla 61.0, 4-vuotiailla 62.0 ja 5-vuotiailla 67.5 kg.
Sen sijaan vaihtelurajat olivat vastaavasti 48—76, 46—75 ja 49—80 kg ja
hajonnat ja muuntelukertoimet 6.92 ja 11.3, 7.14 ja 11.5 sekd 7.78 ja 11.5.
Tdstd johtuukin, ettd eri hirvaille tulleet emit eivit eroa keskipainoiltaan mer-
kitsevisti toisistaan, joten hirvaidenviliseen muunteluun perustuva vasojen syn-
tymépainon heritabiliteetin arvioiminen edelli esitetylld yksinkertaisella tavalla
on ollut oikeutettua. Tdtd osoittaa sekin, ettd kun kovarianssi-analyysilla kai-
kesta huolimatta poistettiin isienvilisesti muuntelusta vasojen syntymipainon ja
emien painon lineaariseen regressioon perustuva osuus, niyttivit isien vilisten
erojen merkitsevyys (F = 3.22**) ja vasojen syntymipainon heritabiliteetti (h?
=0. 60) pikemminkin suurenevan, miki ilmeisesti johtui siitd, ettd virhevarians-
sin pieneneminen oli erittiin merkitsevi (F = 12.39*%).
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Taulukko 4. Ikiluokissaan eripainoisten vaatimien vasojen syntymipainot.
Table 4. The average birth weights of fawns of does in different weight groups in different
' age classes. :

Jkiluokka Pienet vaatimet Suuret vaatimet Kaikki keskimdirin
Age class Light does Heavy does Total average
3-vuotiaat
3-year-old ............. e 4.950 5.679 5.517
4-vuotiaat
4-year-old ... .. ... o 5.633 5.927 5.799
5-vuotiaat
S-year-old ... ... .ol 5.508 6.073 5.912

Vasan syntymipainon huomattavasti suurempi riippuvuus emin kuin isin
painosta on varsin tavallinen ilmid. Samalla kun isin painon ja vasan syntyma-
painon yhteys on piiasiassa perinttekijdista johtuvaa, liittyy emiltd saatujen
perintotekijiin vaikutukseen my®ds ulkonaisia syitd kuten emin kunto, terveys,
Joiset ym. Emiin kohdistuvalla valinnalla ei kenties voida lisitd jilkeldispolven
lopullista kokoa niin suurella teholla kuin mihin todetut korrelaatiokertoimet
viittaavat, mueta silli lienee erittdin suuri merkitys siini mielessd, ettd hyvi-
kuntoiset, terveet ja kookkaat emit varustavat jilkeldisensd paremmin elimin
alkutaipaleelle kuin kitukasvuiset ja huonokuntoiset. On hyvin luultavaa, ettd
kookas ja voimakas vasa selviytyy ddrimmiisen ankarassa ympéristdssidn niin
kesdn kiusoista kuin talven vaivoista heiverdistd toveriaan paremmin.

Myds vasojen syntymipainojen riippuvuutta emén idstd ja painosta saman-
aikaisesti on tarkasteltu, ja tulokset on koottu taulukkoon 4. Samoin kuin
tiinehtyminen ja vasominen on vasojen syntymipainokin vaihdellut emien idstd
ja painosta riippuen. Myds tissi lienee siis vaatimen oma kasvu ja painon-
kehitys iin ohella sen lisdintymiskypsyyden osoittaja. Tosin voi emdn painon
ja vasan syntymipainon yhteys olla my&s vain koon periytymistd. Syy-yhteyk-
sien tarkempaan analysoimiseen tullee tilaisuus sitten, kun kevddlld 1964 saa-
daan samoista vaadin-hirvas-pareista uudet vasat.

Tiivistelmi

Syksylli 1962 aloitettiin jalostusmahdollisuuksien tutkimiseksi koe, jossa
kuudella 4-vuotiaalla hirvaalla astutettiin kullakin 20 vaadinta. Kiima-ajan
jilkeen paimennettiin ryhmit koko talven helposti siirrettdvissi yhteisessd
aitauksessa mahdollisimman luonnonmukaisissa olosuhteissa. Jossakin mddrin
jouduttiin apurehuna kiyttimiin kuitenkin melassileikettd. Kun vasat syntyi-
vit kevidlli 1963, saatiin timin kokeen ensimmiiset, nyt julkaistavat tulokset.

Vaatimien kantamisaika voitiin todeta vain 4 vaatimelta. Sen keskimiirii-
nen pituus oli 221 paivid.

Tiinehtyminen oli keskim3irin 64.2 %o, mutta se vaihteli eri ikdluokissa var-
sin paljon ja oli 3-vuotiailla 36, 4-vuotiailla 69 ja 5-vuotiailla 78 0. Tki-
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luokkien erot olivat hyvin merkitsevii (x* = 11.52**). Vasominen, joka keski-
miirin oli 60.0 %, vaihteli niin ikdin ikiluokittain hyvin merkitsevisti (z* =
12.02*%), keskiarvot olivat vastaavasti 32, 63 ja 78 %o (taul. 1).

Myos vaatimien painon havaittiin vaikuttavan seki tiinehtymiseen ettd vaso-
miseen erittiin voimakkaasti, kun vaatimet jaettiin ikdluokittain kahteen mah-
dollisimman tasalukuiseen painoluokkaan (taul. 2). Seki 4- ettd 5-vuodailla
vaatimilla olivat painoluokkien erot hyvin merkitsevii. Pienessid 3-vuotiaiden
ryhmissi painoluokkien erojen merkitsevyys oli tiinehtymisessi 90 ja vaso-
misessa 80 %,

Kun kullekin hirvaalle annettiin jirjestysluku erikseen jokaisen vaadiniki-
luokan tiinehtymisen mukaan (sivu 302), ndyttivit hirvaat eroavan tiinehtgmis-
kyvyltdin merkitsevisti (F = 3.51%). Timi tulos viittaa mahdollisuuteen, ettd
hirvaidenkin tiineht@miskyvyssi voisi olla eroja, ja osoittaa laajempiin aineis-
toihin perustuvat tutkimukset aiheellisiksi.

Suurin vasa painoi syntyessiin 7.450 ja pienin 4.700 kg, keskipaino oli
5.797 kg. Urosvasojen keskipaino 5.956 kg oli merkitsevisti (F = 4.48") suu-
rempi kuin naaraiden 5.668 kg. My®s vain 4- ja 5-vuotiaiden emien eri suku-
puolta olevien vasojen painoero oli merkitsevdi (F = 3.47%). Sen sijaan eri-
ikdisten emien vasat eivit eronneet syntymdpainoltaan toisistaan merkitsevisti.

Koska eri hirvaiden vaadinryhmit eivit eronneet ikidjakautumaltaan eivitkd
keskipainoiltaan toisistaan merkitsevisti eiki mydskdin vasojen sukupuolisuh-
teessa ollut eroja hirvaittain, laskettiin vasojen syntymipainojen isienvilisen
muuntelun osuus yksinkertaisella varianssianalyysilla koko vasaryhmistd. Isien-
viliset erot olivat merkitsevid (F = 2.90%) ja syntymipainojen heritabiliteetin
arvoksi saatiin h® = 0.52. Tulos oli sama laskettuna erikseen eri sukupuoli-
ryhmistd. Jilkeldisryhmissi eivit sukupuolet eronneet merkitsevisti toisistaan.
Kun kovarianssianalyysilla poistettiin vasojen syntymipainon ja emien syys-
painon lineariseen regressioon perustuva osa, naytti isienvilisten erojen merkit-
sevyys vain kasvavan ja heritabiliteetin arvio suurenevan.

Hirvaiden oman painon vaikutus vasojen syntymipainoon oli vihdinen ja
epivarma, mutta emien syyspainojen ja vasojen syntymipainojen korrelaatio oli
sen sijaan erittiin merkitsevd ja kohtalaisen suuri r = 0.37***, (b =0.033).
“Isien sisilld” arvioituna oli vastaava arvo r = 0.34", (b = 0.030). Ikiluokis-
saan suurten vaatimien vasojen syntymipainot olivat selvisti suuremmat kuin
pienilli vaatimilla (taul. 4).

Eri-ikdisten vaatimien omat painot olivat hyvin merkitsevisti erilaiset (F =
6.55"*), 3-vuotiailla 61.0, 4-vuotiailla 62.0 ja 5-vuotiailla 67.5 kg. Hirvaiden
keskipaino oli 90.0 kg.

Vasojen sukupuolisuhde oli koeaineiston 3-vuotiailla vaatimilla merkitse-
visti (z2=8.27**) toinen kuin muilla. Niiden vasat, 9 kpl, olivat yksinomaan
naaraita.
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SUMMARY
Investigations on the possibilities of reindeer breeding

Mixxo Varo

Agricultural Research Centre, Department of Animal Breeding, Tikkurila, Finland

The trial for the investigation of breeding possibilities was started in autumn 1962. 120
does were mated by six 4-year-old bucks, 20 does by each buck. After the breeding season
the groups were tended in an easily movable enclosure during the whole winter in conditions
as natural as possible. It was necessary, however, to supplement the animals feed with dried
sugar beet pulp. The first results of the trial were obtained when fawns were born in spring
1963, and are published here.

The length of the gestation period could be ascertained for four does only; the average
length was 221 days.

The average conception rate was 64.2 %o, but it varied considerably in different age classes.
The conception rate of the 3-year-old does was 36 %, of the 4-year-old 690 and of the
5-year-old 789/, Statistically the differences between the age classes were very significant
(x2 = 11.52%%), The average fawning rate was 60.0%, but it also varied very significantly
(x% = 12.02**) between the age classes. The average fawning rates were correspondingly 32,
63 and 789 (Table 1).

It was also realized that the weight of the does had a rather strong effect on both conception
and fawning. When the does in every age classes were divided into two weight groups, as
equal in size as possible, the differences between the groups were very significant for both 4-
and 5-year-old does. In the small class of the 3-year-old does the significance of the differences
was only 90 in conception and 80 % in fawning rate (Table 2).

When every buck was given a number according to the conception rate calculated separately
for each age class of does, it seems from these figures that the bucks differed significantly
(F = 3.51%). This result suggests that the different bucks may have different fértilizing abilities,
and indicates the desirability of investigations on a larger scale.
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The biggest fawn weighed 7.450 kg at birth and the smallest 4.700 kg, while the average
birth weight was 5.797 kg. The average weight of the male fawns, 5.956 kg, was significantly
higher (E = 4.48%) than that of the female fawns, which was 5.668 kg. The weight differences
between male and female fawns were also significant (F = 3.47%) in the groups of 4- and 5-
year-old does. On the other hand, the differences berween the birth weights of fawns of the
dams in different age classes were not significant.

Because the doe groups of different bucks were not different in age and in average weight,
and because the sex ratios of the fawns were not different in the different doe groups, the
variance of the birth weights of fawns between sires was calculated by simple variance
analysis on the whole progeny groups. The differences between sires were significant
(F = 2.90%), and the estimate of heritability was h? = 0.52. The result. was the same when the
calculations were made separately for male and female fawns. In the progeny groups the
differences between the sexés were not significant. When the propostion of the variance that
was based on the linear regression of the birth weights of the fawns on the autumn weights
of the dams was removed by covariance analysis, it seems that the significance of the dif-
ferences between sires was increased and the estimate of heritability higher,

The effect of the actual weights of the sires themselves on the birth weight of the fawns
was slight and uncertain, but the correlation between the autumn weights of the dams and the
birth weight of the fawns was considerable and highly significant, r = 0.37%%%, (b = 0.033).
Within sires the correlation was r = 0.34%* (b = 0.030). In all age classes of the dams the
birth weights of the fawns of the heavy dam group were distinctly greater than those of the
lighter dam gioup (Table 4).

The weight of the fawns varied very significantly with age (F = 6.55%%). The average
weight of the 3-year-olds was 61.0, of the 4-year-olds 62.0 and of the 5-year-olds 67.5 kg. The
average weight of the bucks was 90.0 kg. In the sex ratio of their fawns, the 3-year-old does
differed very significantly from the other does (y2 = 8.27%%). The 9 fawns of the 3-year-old
does were exclusively female,

These investigations are being continued with the same animals and future additional
animals. Our aim is to find means of preventing that mistaken selection which has long
destroyed the best developed, fertile reindeer and left the weaker part groving and breeding,
and to try to select for higher growth rate, viability, health and greater size.
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The biology of Dicranotropis hamata (Boh.) has been studied by many
workers. Among these can be mentioned Hassan (1939), who investigated the
life cycle and parasites of this species in England, and LinpBERG (1949), who
established that Elenchus tenuicornis (Kirby) was a .parasite of D. hamata.
The chromosome number of D. hamata was found by Harkka (1959) to be
2n = 29. According to HALKKA (op. cit.), there are both XO and XY males of
D. hamata in Finland. This species is Palaearctic, occurring in the temperate
zone in Europe, North Africa and Siberia. In Sweden it has been found to
transmit the virus causing the oat dwarf tillering disease (ODTD) in cereals,
especially oats (LINDSTEN 1961, p. 219). :

Since the year 1956, investigations have been carried out by the Department
of Pest Investigation on the biology and significance of leafhoppers occurring
in spring cereals. The present work, dealing with the biology of D. hamata, is
part of the above series of studies. In a previous study, published jointly with
the Department of Plant Pathology, D. hamata was proved to be a vector of
the oat sterile-dwarf virus (IKAHEIMO and RAATIKAINEN 1963).

Area and methods

Studies on the life cycle and abundance of D. hamata were made in the years
1956—64 in the communes of Sulva, Mustasaari, Koivulahti, Laihia, Vihikyro,
Isokyrd and Ylistaro, all of which are located in the region of the city of Vaasa,
In addition, field observations were made in various parts of the country.
Because of the scarcity of D. hamata, it was difficult to collect adequate material
from the field. Consequently, it was necessary to study the life cycle of this
species in cages set up in the field at Laihia. These cages were made of gal-
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vanized wire netting supported on wooden frames (cross-sec. 20 X 43 cm, height
25 ¢m). Grass plants of the species that are commonest in the area were trans-
planted into the cages: Phleum pratense, Deschampsia caespitosa, Poa pratensis
and Agrostis tenuis. During the reproductive period of the leafhoppers, oats
were also grown in the cages. The nymphal stages were examined by removing
the cover of the cage and collecting nymphs, whose stage was determined.

In order to determine the size of the eggs and egg groups, D. hamata was
reared outdoors in 6” flower pots covered with gauze; the same method was
used in the studies on Megadelphax sordidula (Stal) (cf. RAATIKAINEN 1960, p.
230).

The migration of macropterous adults was investigated with the aid of a
netting apparatus (cf. RAATIKAINEN op. cit., Fig. 2). The abundance of the leaf-
hoppers was determined by the net sampling method described by HEeIkINHEIMO
and RAATIKAINEN (1962).

Morphology and anatomy of Dicranotropis hamata

E gg. The eggs of D. hamata are initially greyish-white and later become
yellowish-grey. They do not appear to become orange-coloured, like the eggs
of Javesella pellucida (Fabr.). They have the typical shape of araeopid eggs,
oval and slightly curved (Fig. 1). In size (Table 1) they are similar to M.
sordidula eggs (cf. RAATIKAINEN 1960, p. 231), and consequently it is difficult
to distinguish the eggs of these two species in the field.

Nymph. A detailed description of the nymph of D. bamata has been
given by Hassan (1939, p. 359). This nymph can be distinguished from that
of M. sordidula on the basis of its broad frons and the grey or blackish-grey
spaces between its keels (Fig. 1); the spaces between the keels of M. sordidula
are brown. The dorsal part of the abdomen of D. hamata does not have diagonal
spots like M. sordidula (cf. RAATIKAINEN op. cit., p. 232). The nymph is thus

Fig. 1. Egg and head of 5th nymphal stage of
Dicranotropis hamata.
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Table 1. Size of eggs (mm) of Dicranotropis hamata; eggs 1—21 days old.

Leafhopper No. of Length Breadth Breadth of anterior end
No.

eggs

Min. Mean Max. Min. Mean Max. Min. Mean Max.

20 0.85 0.90 0.96 0.19 0.20 0.23 0.10 0.12 0.14
20 0.85 0.95 1.00 0.18 0.20 0.22 0.10 011 0.14
20 0.90 0.95 1.03 0.19 0.20 0.23 0.12 0.14 0.14
20 0.97 1.01 1.05 0.19 0.20 0.21 0.12 0.14 0.16
20 1.00 1.07 1.12 0.23 0.24 0.25 0.11 0.13 0.15
20 0.98 1.07 115 .0.22 0.24 026 012  0.13 0.15
20 1.05 1.10 1.15 0.22 0.23 0.25 0.11 0.13 0.14

NOUVhA W=

Limits and means  0.85 1.01 1.15 0.18 022  0.26 0.10 0.13 0.16

more like that of J. pellucida (cf. TULLGREN, 1925, p. 55), but can be distinguis-
hed from the latter species by its grey fronms, since the inter-keel spaces of J.
pellucida nymphs are black. The different nymphal stages are distinguished
from one another on the basis of differences between the joints of the hind leg
(Table 2). ‘

Adult. The morphology of the adults, has been described in numerous
manuals as well as by LINDBERG (1949). HaNDLIRSCH (1928) gave a description
of the wings of brachypterous and macropterous adults. The genital organs of
the females have been described by Ivanov (1928) and by StrUBING (1956 b).
The sound-producing organs of D. hamata have been described by OssIANNILS-
SON (1949).

Life cycle

In both Finland and England D. hamata has only one generation per year.
According to Hassan (1939, p. 350), in England oviposition begins about
35—40 days after the females have attained the adult stage. In Finland the
preoviposition period is apparently somewhat shorter. In the region under
investigation, the first adults were encountered in the beginning of June and
the first eggs on June 25. In the insectary at a mean temperature of 4+ 12.5° C,
the nymphs hatched 24—29 days after oviposition.

In the laboratory, under favourable conditions, the nymphal period may
take as little as one month (FHassaN op. cit., p. 353). In the field, both in the

Table 2. Length (mm) of femur and tibia of hind leg as well as number of spines on spur of
Dicranotropis hamata at different nymphal stages. Ten spccimens of each stage were examined.

Nymphal Femur Tibia No. of
stage Min. Mean Max. Min. Mean Max. O?I:rf\ir
) 0.18 0.19 0.21 0.26 0.28 0.30 1—2
Im......... 0.26 0.27 0.28 0.37 0.39 0.42 1—3
I . ...... [ 0.34 036 0.38 0.48 0.52 0.56 3—6
v......... 0.49 0.51 0.53 0.66 0.72 0.78 6—38
Voo, 0.66 0.70 0.72 0.91 0.99 1.03 9—10
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Eggs

1st nymphal stage
2nd ”
3rd " "
4th " n
5th " " T
Adults

Fig. 2. Life cycle of Dicranotropis hamata in 1959—1961 at Laihia (ca. lat. 63° N,

long. 22° E.). The broken line indicates uncertainty in the occurrence of nymphal stages.

region of the present study and also in England, this period lasts about 10
months. Fig. 2 shows the life cycle of D. bhamata in the area investigated. In
comparing this life cycle with that described by Hassan (op. cit., p. 348) for
the conditions in England, it is evident that in England emergence of the adults
begins about 1 /2 months and oviposition nearly 1 month earlier than in Fin-
land. The period during which adults and eggs occur terminates in England
about 3 weeks earlier than in Finland. The difference in development is thus
greatest in the spring, but becomes less marked during the early part of the
summer.

According to LINDBERG (1949, p. 8), D. hamata hibernates in southern Fin-
land in the middle or late nymphal stages. In the rearing trials in Wwire netting
cages it was found to hibernate in stages II—IV. In inspections made in the
autumn of 1959 and spring of 1960, the nymphs of different stages were
distributed as follows:

No. Nymphal stage, %
I 1I I v

September 2, 1959 46 4 35 54 7
April 29, 1960 15 0 7 86 7

According to these data, D. hamata hibernates during a stage which is, on
the average, one later than M. sordidula (cf. RAATIKAINEN 1960) and about the
same as J. pellucida (cf. KaNErvO et al. 1957, p. 14). The summer of 1959,
however, was exceptionally warm, and it is thus obvious that D. hamata nymphs
developed more rapidly than usual that summer.

Host plants and oviposition

D. hamata has been reared in the insectary or greenhouse for more than a
month on oats, spring wheat, timothy, Deschampsia caespitosa and Agrostis
tenuis. HAsSAN (1939, p. 360) stated that it feeds on different kinds of grasses,
such as Holcus lanatus, Agropyron repens, Arrhenatherum elatus, Alopecurus
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Fig. 3. The size of egg groups of Dicranotropis hamata in the leaves (l.) and stems

(r.) of oats. On the abscissa the number of eggs per group, on the ordinate the

percentage of each egg group class of the total. The numbers above the columns are

the numbers of egg groups. A total of 318 eggs in the leaves and 2 112 in the stems
were examined.

pratensis and Lolium perenne. It is thus apparent that this species, like /. pel-
Iucida (cf. RAATIKAINEN and TINNILA 1959), is able to live on numerous different
grasses. It can possibly also use other monocotyledonous or even dicotyledonous
plants as hosts.

D. hamata usually deposits its eggs in groups in the stems of grasses, in a
similar way to M. sordidula; a description of such egg groups has been given by
Hassan (1939, p. 349). In the present studies D. hamata deposited its eggs in
groups averaging 8.5 in the stems of Tammi oats sown at the normal time.
The number of eggs per group ranged from 1 to 41 (Fig. 3). The egg groups
deposited in the sheaths and blades of the leaves consisted of an average of
3.1 eggs, ranging from 1 to 6 (Fig. 3). In the pot trials, 32 % of the egg groups
and 15.1 %o of the eggs were deposited in the leaves. In these trials D. hamata
oviposited a higher proportion of eggs in the leaves than M. sordidula (3% =
266.86""") (cf. RAATIKAINEN 1960, p. 235—236).

Migration

D. hamata is a dimorphic species, having both a brachypterous and a
macropterous form. In Finland brachypterae appear to be more numerous than
macropterae. According to calculations made by KonNTkaNEN (1952, p. 31) on
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three field samples, the proportion of macropterous adults was 35 %0 in the
sampling of LINDBERG at Tvirminne on 10. 7. 1945, 45 °/o in that of KONTKA-
NEN at Pridshi (Soviet Karelia) on 13. 6. 1943, and 6 %0 in that of KONTKA-
NEN at Hammaslahti on 21. 6. 1947. In the region of the present investigation,
this species occurred so sparsely that it was not possible to obtain sufficient
material to determine the proportion of macropterae. Combining the material
collected from leys in June during the seven years 1958—64 (totalling 123
specimens), it was found that macropterous adults made up 55 %o of the total.

In the material collected by KONTKANEN (1947, p. 121) at Pridshd, the
proportion of D. hamata brachypterae was 57 %o in June and 96 % in July.
This increase is highly significant (32 = 13.60%**). The same tendency is seen
in the material collected by LinpBErRG (1949, p. 8) from a meadow at Tvir-
minne. During the period July 7—11 brachypterae made up 71 %o of the total
unparasitized specimens of D. hamata, while during the period July 18 —
Aug. 12 the figure was 95 %. This difference is not statistically significant,
however, (z2=3.51). The higher proportion of brachypterous leafhoppers in
the later samplings may be due either to the later appearance of this form or
to the migration of macropterous individuals away from the location studied.
KONTKANEN (1952, p. 29) believed that the higher percentage of brachypterae
of Xanthodelphax flaveolus (Flor), X. stramineus (Stal) and M. sordidula in
later samplings was due to the greater longevity of this form compared with the
macropterae. Another possible explanation is that, since a higher proportion
of the macropterae obviously migrate from the above-mentioned habitats than
of the brachypterae, their relative numbers in the original habitat may decrease
during the course of the summer. This situation occurs particularly in areas
where cereals are cultivated every year, and macropterous specimens of D.
bamata move more readily than brachypterous individuals into such cereal
stands. For example, during the years 1958—1964 (Tables 3 and 4) 84 °/o of the
49 D. bamata leafhoppers collected from oat and spring wheat fields were
macropterous. In the same years there were only 55 %0 macropterae in samples
taken from grass leys at the beginning of migration.

Endeavours were made to investigate the movements of brachypterous
D. hamata leafhoppers by taking netting samples during the period June 14 —
July 17, 1961. These samples were taken both in the ley, which was the site of
reproduction of the species, and also in an adjoining oat field, at different
distances from the edge of the field. In the ley 5 brachypterae were found
and in the oat field 3 were found within 5 metres of the edge of the field;
however, at distances of 15, 25, 35 and 45 metres no brachypterae
were encountered. This result is not conclusive, but it may be indicative of the
general tendency. It shows that the brachypterous form of D. hamata in cereal
fields is more numerous along the edges bordering the reproduction sites in the
adjacent ley than in other parts of the field.
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Fig. 4. Distribution of Dicranotropis hamata
in Finland.

On the basis of the samples obtained with the netting apparatuses, migration
of macropterous D. hamata adults occurred in the years 1957—1964 during the
period June 4 — July 13. As a consequence of this migration, macropterae
appeared in cereal fields, both along the edges and also in the centre of the fields.

Distribution, abundance, and factors affecting these

Distribution in Finland. According to the early studies of Sanr-
BERG (1868, p. 216; 1871, p. 34), D. hamata occurs in southern Finland in
meadows, woods and cultivated fields close to dwellings. In the region of the
present study, the species was found mainly in leys, at the edges of fields, and
in meadows, pastures, yards and cereal fields. According to LINDBERG (1947,
p. 15), D. hamata is common, occurring in the southern part of Finland as far
north as the geographical provinces of Tb — Kb. The map showing the distri-
bution of D. hamata in Finland (Fig. 4) has been drawn on the basis of the
insect collections from the following sources: the Zoological Museum of the Uni-
versity of Helsinki, the Department of Agricultural and Forest Zoology of the Uni-
versity of Helsinki, Turku University, and the Department of Pest Investigation;
in addition, data obtained from the literature and also from the present
investigation were used in preparing the map. It is seen that D. hamata occurs
in southern Finland up to a latitude of about 63° N. It appears to be most
abundant in the southern part of the country and is scarcest along the northern
boundary of its range.

Abundancein cereal fields. During the latter part of the migra-
tion of D. hamata to cereal fields in South Ostrobothnia in 1960 (June 27 —
July 1), netting samples were taken to determine the numbers of this species.
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Two hundred net sweeps were made in each of 7 fields of each kind of cereal
studied. The following results were obtained:

Araeopid
leafhoppers,
total no.
Oats ....ooviivinn... 1667
Spring wheat . ........ 1045
Barley . .......ooo..n. 883
Rye . oeviiviiieni.. 121

D. hamata
No. %
13 0.8
2 0.2
0 0
5 4.1

According to these samples, D. hamata occurred in all cereals except barley.
It has, in fact, been encountered in barley, but not in this small series of samples.

During the years 1958—1964, the numbers of D. hamata in oats and spring
wheat in South Ostrobothnia were determined in the region investigated (Tables
3 and 4). It was found that the numbers of this species were very small in the
above cereals and that the proportion of D. hamata among all araeopid leaf-
hoppers was only 0.2°%. According to the net samples, D. hamata was most
numerous in 1960, a fact confirmed by field observations and by collecting
leafhoppers. The previous summer, 1959, was warmer and drier than normal,
thus favouring D. hamata, which is evidently a species preferring warm climatic

Table 3. Abundance of Dicranotropis hamata on oats in South Ostrobothnia, 1958—1964.
In 1959 and 1960, 60 + 140 = 200 net sweeps were made, in the other years 60 sweeps.

No. of No. of No. of araeopid D. hamaia
Year Date fields sweeps leafhoppers

: No. %

1958 28. 6. — 10. 7. 7 420 1263 o] 0

1959 25. 6. — 11. 7. 10 2 000 5266 0 0
1960 17. 6 — 1. 7. 13 2 600 4822 21 0.4
1961 19. 6. — 30. 6. 20 1200 741 1 0.1
1962 5.7. — 7.7. 20 1200 1857 2 0.1
1963 26, 6. — 27. 6. 20 1200 2015 2 0.1
1964 29. 6. — 30. 6. 20 1200 1073 8 0.7
1958 — 1964 110 9820 17 037 34 0.2

Table 4. Abundance of Dicranotropis hamata in spring wheat in South Ostrobothnia, 1958—1964.

In 1960, 60 + 140 = 200 net sweeps were made, in the other years 60 sweeps.

No. of No. of No. of araeopid D. hamata
Year Date fields sweeps leafhoppers

No %

1958 1. 7. — 10, 7. 5 300 1377 0 0
1960 17. 6. — 1. 7. 8 1 600 1688 7 ' 0.4
1961 19. 6. — 30, 6. 20 1200 929 1 0.1
1962 5.7. — 7.7. 20 1200 1656 1 0.1
1963 26. 6. — 27. 6. 20 1200 1734 2 0.1
1964 29. 6. — 30. 6. 20 1200 1479 4 0.3
1958 — 1964 93 6700 8 863 15 0.2
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Table 5. Abundance of Dicranotropis bamata in 1st-year timothy leys established under spring
cereals in South Ostrobothnia, 1958—1964. In 1958, 60 net sweeps were made, in the other years
60 + 140 = 200 sweeps.

¢ . Nymphs Adults
No. No.
Year Date fi(e)ld(; swoeepc:s Araeop. D. bamata Araeop. D. hamata
No. No. % No. No. %
1958 8. 5. — 18. 6. 20 1200 2 647 0 0 359 0 0
1959 14. 5. — 4. 6. 20 4 000 6316 o 0 1388 0 0
1960 20, 5. — 2. 6. 17 3 400 4796 1 0.0 1217 0 0
1961 29. 5. — 6. 6. 20 4 000 4755 6 0.1 409 0 0
1962 2. 6. — 7.6. .20 4 000 1811 0 0 282 0 0
1963 23,5, — 31. 5. 20 4 000 1269 0 0 404 0 0
1964 25. 5. — 26, 5. 20 4 000 17 596 1 0.0 1222 0 0
1958 — 1964 137 24 600 39190 8 0.02 5281 0 0

conditions. In consequence it apparently increased in numbers along the north-
ern boundary of its range. The following winter was favourable for the species
and it suffered no great losses. As a result, in 1960 there were larger numbers
of D. bamata than usual; this increase in abundance, however, was evidently
limited to a single year. Likewise, in 1963 most of the summer was warmer
than usual and consequently D. hamata was abundant in the summer of 1964.

Abundance on timothy leys. During the period 1958—64 the
density of nymphs of D. hamata in first-year timothy leys established under
spring cereals was extremely low (Table 5). It is possible that nymphs of D.
hamata are more difficult to catch by netting than those of Javesella pellucida,
which were most numerous in the samples. D. hamata also occurs in older leys,
perhaps even more abundantly than in first-year leys, but no samples were
obtained from older leys and hence no data are available.

Natural enemies. There are no data on egg predators of D. hamata.
This is mainly due to the fact that it is very difficult to distinguish the eggs
of this species from those of closely-related aracopid leafhoppers. It has been
demonstrated experimentally, however, that Panstenon oxylus (Walk.) (Hym.,
Prevomalidae) deposits its eggs on egg groups of D. hamata in oats and that this
predator develops to the adult stage on this source of food. It is evident that
P. oxylus destroys the eggs of D. hamata under natural conditions also.

On 6. 6. 1959, Achorolophus gracilipes (Kramer) (Acarina, Erythraeidae)
was found parasitizing D. hamata nymphs at Laihia. Also at Laihia on 2. 9.
1959 a male of Meioneta rurestris (C. L. Koch) (Araneae, Linyphiidae) (det.
P. Lehtinen) was seen feeding on nymphs of D. hamata.

Strepsipterous parasites have been found to be natural enemies of D. hamata
in England (Hassan 1939, p. 377), in Finland (LinpBERG 1939, p. 160; 1949,
p. 8; KONTKANEN 1950, p. 109) and in Hungary (Szfxessy 1959, p. 332). In all
these records the species was possibly Elenchus tenuicornis (Kirby).

HassaN (1939, pp. 361—362) reported Dicondylus bicolor (Haliday) (Hym.,
Dryinidae) to be a parasite of D. hamata in England and BenriscH Psendo-
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gonatopus distinctus Kieffer (Hym., Dryinidae) in Germany (STRUBING 1956 a,
p. 147). In Finland, KONTKANEN (1950, p. 102) found a larva of a dryinid in
D. hamata, but the species of this parasite could not be determined.

Influence of agriculture. D. hamata is a species which benefits
from the effects of agriculture, since it occurs mainly in cultivated fields and
other areas of grass cleared by man. In the area investigated, leys and cereal
fields make up a very large proportion of thearableland; according to the official
statistics of Finland (1962), leys comprised 57 %0 and cereals 33 %o of the cul-
tivated land in the area in 1959. This type of agriculture evidently favours
the increase of D. hamata. The brachypterous form, in particular, living in
biotopes consisting of grasses, maintains the population and produces both
brachypterous and macropterous progeny. The former mainly stay in the same
biotope to continue the maintenance of the population, while the latter cause
its spread by moving to newly established fields of cereals and leys. In the
area investigated, grass leys are kept for 3—4 years, and thus provide D. hamata
with a habitat suitable for living and reproduction.

Decreasing the proportion of leys would reduce the numbers of this species,
and ploughing of cereal fields after the harvest effectively destroys D. hamata
nymphs. Although the type of agriculture practiced in this region favours the
occurrence and increase of D. hamata, the species is nevertheless not found in
large numbers. This is probably mainly due to the fact that in this region
D. hamata has reached the northern boundary of its natural range, and climatic
factors have the most important effect in controlling its population size. This
was evident, for examble, in the marked increase in numbers after the warm
summers of 1959 and 1963.

Summary

The biology of Dicranotropis hamata (Boh.) was investigated in 1956—1964,
principally in the region of West Finland near the city of Vaasa.

The egg of D. hamata closely resembles that of other aracopid leafhoppers,
and the five nymphal stages are distinguished according to the characteristics
of thelegs. Eggs havebeen found between June and September and nymphs between
July and the following June. The species was found to hibernate in nymphal
stages II—IV and emerge at the beginning of June. D. hamata feeds on many
grass species and oviposits in their stems. The egg groups in the stems of Tammi
oats were found to contain an average of 8.5 eggs and those in the leaves 3.1
eggs.

- Most of the macropterous adults migrated in June. The brachypterous
adults did not move much, and hence their relative numbers in the leys increased
as the macropterae went elsewhere. After migration, the macropterous form
appeared in cereals, as did small numbers of the brachypterous form also.

In the region investigated D. bamata comprised only 0.2 %/ of all araeopid

leafhoppers in oats and spring wheat during the years 1958—1964. In two years,
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1960 and 1964, there were large outbreaks of the species; these were evidently
due to the exceptionally warm summers of 1959 and 1963, which resulted in a
marked increase in numbers at the northern boundary of the range of this species.

Experiments have shown that Panstenon oxylus (Walk.) (Hym., Pteromali-
dae)’is an egg predator of D. bhamata. Under natural conditions Achorolophus
gracilipes (Kramer) (Acarina, Erythraeidae) has been observed to parasitize
nymphs, and Meioneta rurestris (C. L. Koch) (Araneae, Linypbiidae) has been
known to feed on nymphs. Cultivation of leys and cereals tends to increase
the abundance of D. hamata, while tillage of the soil decreases it.
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SELOSTUS

Elokaskaan, Dicranotropis hamata (Boh.) (Hom., Araeopidae) biologiaa

Mixko RAATIKAINEN ja ARJA VASARAINEN

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Tuhoeldintutkimuslaitoksella on tutkittu kevitviljoissa. esiintyvien kaskaiden biologiaa ja
merkitystd vuodesta 1956 alkaen. Vuosina 1961— 1964 nimid tutkimukset on suoritettu USA:sta
saaduilla markkatilivaroilla. Tdmi tyd, jossa selvitetiin elokaskaan (Dicranotropis hamata)
biologiaa, liittyy osana niihin tutkimuksiin, jotka on tehty pddasiassa Eteld-Pohjanmaalla.
Aikaisemmin on jo julkaistu elokaskaan merkitystd virusten levittdjini koskeva osa (IxKAHEIMO
ja RAATIRAINEN 1963).

Tissi tutkimuksessa elokaskas on voitu erottaa liheisistd kaskaslajeista seki toukkana ettd
aikuisena. Elokaskas munii kesikuun loppupuoliskon ja elokuun lopun viliseni aikana heini-
kasvien korsiin ja lehtituppiin. Tammi-kauran korsissa on munaryhmissi ollut keskimiirin 8.5
ja lehtitupissa 3.1 munaa. Toukkia on esiintynyt heindkuusta seuraavan vuoden kesikuuhun,
toukka-asteita on viisi ja laji on talvehtinut II—IV toukka-asteilla. Aikuistuminen alkaa touko-
kesikuun vaihteessa. Aikuiset pitkisiipiset kaskaat, joita nidyttid olevan noin puolet tai sitd
vihemmin, siirtyvit etenkin lentimilli etupidissi kesikuussa. Till6in niitd ilmaantuu viljoi-
hin. Lyhytsiipiset kaskaat niyttivit lilkkuvan kasvustossa lyhyitd matkoja ja niitd esiintynee
eniten viljapeltojen reunaosissa. Elokaskasta esiintyy paitsi viljapelloissa my6s heindnurmissa,
pientareissa, niityissi ja pihoissa. Se kilyttdd ravinnokseen heindkasveja.

Elokaskas esiintyy maamme eteliosissa noin 63. leveysasteella saakka. Siti on ollut v.
1958—1964 Eteli-Pohjanmaalla kaurassa ja kevitvehnissi vain 0.2%0 Aracopidae-heimon kas-
kaista. Kevitviljoihin perustetuissa ensimmiisen vuoden nurmissa sitd on ollut vielikin vihem-
min. Elokaskaalla on ollut vihiinen joukkoesiintymiskausi noin v. 1960. Silloin sitd oli kau-
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rassa ja kevitvehnissi 0.4 %0 Aracopidae-kaskaista. Piisyyni joukkoesiintymiseen niyttdd olleen
kuiva ja limmin kesi 1959, jolloin pohjoisrajallaan olevat elokaskaspopulaatiot tihenivit. Seu-
raavana talvikautena toukkien kuolleisuus ei liene ollut suuri, joten laji saattoi esiintyd run-
saana v. 1960. Samankaltainen joukkoesiintymiskausi oli’ vuoden 1963 limpimin kesin jilkeen.

Elokaskaan munia on hivittinyt kasvatuksissa Panstenon oxylus -niminen pistidinen ja touk-
kia luonnossa Achorolophus gracilipes -punkki seki Meioneta rurestris -himihdkki. Maassamme
on todettu my®ds ilmeisesti Elenchus tenuicornis -kierresiipisen ja midrittdmittdmin keripistidis-
lajin (Dryinidae) syévin elokaskasta. ‘

Peltojen syys- ja kevitmuokkaukset hivittidvit tehokkaasti toukka-asteella olevat elokas-
kaat. Heininurmien perustaminen suojaviljaan ja pitkiikiiset heininurmet taas edistivit lajin
siilymistd ja lisddntymistd. Tutkimusalueella noudatettu kasvijirjestys ilmeisesti lisid elokaskaan
runsautta, mutta epdsuotuisat ilmastolliset tekijit ovat miirddvimpid eiki laji voi esiintyd
runsaana.
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The first report of Agropyron mosaic virus was made in 1937 in the U.S.A.,
when examinations of wheat virus diseases also revealed the presence of virus
in couch grass (Agropyron repens). There were two symptomatic forms of the
disease, ”Agropyron green mosaic” and “Agropyron yellow mosaic” (McKin-
NEY 1937). The disease was later found in Canada also where it was
encountered in spring and winter wheat as well (Stykxuis 1952, 1962a). A
similar virus disease of couch grass has furthermore been observed in New
Zealand (SrykHUIS 1962 a).

Agropyron mosaic virus is transmitted by the sap (McKiINNEY 1937, SLYK-
HUts 1952). It has been suggested that mites might transmit the virus, but so
far no mite vectors have been found (Sryxmuis and Bavris 1958, SiykHUIS
1961 b).

Several different strains of Agropyron mosaic virus are known (McKINNEY
1937, SLYkHUIS 1961 a, 1962 b); some of these resemble the wheat streak mosaic
virus, which is transmitted by mites. STaPLES and BRAKKE (1963) assume that
the Agropyron mosaic virus is a strain of the wheat streak mosaic virus which
is able to infect both wheat and couch grass. Wheat streak mosaic virus does
not spread to couch grass (MCKINNEY 1937, SiLL and CONNIN 1953); it has been
found only in the U.S.A., Canada, Rumania and Jordan (Sryxmus 1962 a),

In studies on the virus diseases of gramineous plants carried out by the
Department of Plant Pathology, a mosaic virus encountered in couch grass in
the spring of 1962 was also included in the investigations. The disease has

appeared in couch grass in several different fields at Tikkurila in the years
1962, 1963 and 1964.

1) née Ikiheimo
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A preliminary report on the occurrence of Agropyron mosaic virus in Fin-
land was made at the congress of the "Nordiska Jordbruksforskares Forening”
(the Association of Scandinavian Agricultural Research Scientists) in Helsinki,
June 1963.

Host plants and symptoms of Agropyron mosaic virus

Infected couch grass plants were collected from the field, and the virus
was readily transmitted by manual inoculation to Apu spring wheat, which
was used as test species. The undiluted sap obtained from the leaves of virotic
wheat plants was used to inoculate (with carborundum powder as abrasive)
about 15—20 plants of each species of certain monocotyledons as well as a
few dicotyledons. After about four weeks, inoculations were made from these

Table 1. Host plants of Agropyron mosaic.
Taulukko 1. Juolavebnin mosaiikin isintikasvit,

Reinfection of wheat
plants with sap of plants
inoculated with the virus

Plants with distinct
symptoms/plants

Species inoculated ¢ __ .
Kailej Seia it amacuar UL (L e
haswis bpl A
Monocotyledoneae
Arrbenatherum elatius (L) J. & C. Presl. .......... 0/10 0/31
Avena sativa L., var. laj. Sisu ...ooeniiiiiiiin 0/20 0/30
Bromus inermis Leyss. ..ot 0/20 0/29
* »  japomicus Thumb. . ... ... ...t 15/15 15/33
Elymns canadensis L. ... ..ot 9/10 30/31
»  osibiricus Lo i e 0/10 0/30
Elytrigia (Agropyron) repens (L.) Beauv. .......... 9/20 20/20
Festuca pratensis Huds, laj. Balder .............. 0/15 0/29
>  rmbra Lo oo 0/15 0/32
Hordenm aestivum L., var. laj. Balder ............ 0/24 0/48
» » » » Paavo ............ 0/29 0/20
» » » » Tammi ........... 0/30 0/21
» jubatum L. . ... i 0/15 0/37
¥ » murinum L. ... 15/15 28/32
Lolium perenne L. . ....... oo linniii 0/20 0/30
»  multiflormm Lam. . ... i, 0/20 28/29
Phleum pratense var. laj. Tammisto ............. 0/10 0/31
Secale cereale var. laj. Pekka ................. ... 3/15 50/51
Setaria viridis (L) Beauv. ........... i - 0/15 . 0/36
Triticum aestivwm L. spring wheat, var. Apu
kevitvebnd, laj. Apn 28/28 24/24
» » winter wheat, var Varma :
syysvebnd, laj. Varma 35/35
Dicotyledoneae
Cbenopodmm amaranticolor Coste et Reyn. ...... 0/6
quinoa Wdld .................... 4/6
Gompbrcna globosa L. . ...l i 0/2
Nicotiana glutinosa L. . ... ... ... ... ..... 0/4
» tabacum L. var. laj. White Burley ...... 0/4

* new host plants
nusia isintikasveja
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Table 2. Effect of Agropyron mosaic on the growth of certain spring wheat varieties.
Taunlukko 2. Juolavebnin mosaitkin vaikutus erdiden kevitvebnilajikkeiden kasvuun.

No. of plants  AV. stem length cm Av. plant weight g Leaf mottling

Variety examined  Korren keskim. pituuscm  Kasvin keskim. paino g . L.,

.. L i . Lebtien kirjavoi-
Lajike Tutkittuja control infected control infected tuminen

kasveja kPl ponsroll infekroidut kontrolli  infektoidut

N 5 61 60.2 56.3 2.1 1.6 moderate
kobtalainen
Norréna ................ 54 73.7 64.1 2.2 1.4  pronounced
voimakas
Nora.......covvvvrunnn. 46 74.3 76.6 2.2 2.3 weak
heikko e
Timantti . .............. 54 70.2 70.4 2.0 22 weak
heikko
Svenno . .......oiiiinnn. 43 62.1 61.6 2.6 2.5 moderate
kohtalainen

test plants back to Apu spring wheat seedlings. The trials were conducted in
a glasshouse at a temperature of about 20—25° C.

A total of seven species of grasses proved susceptible to Agropyron mosaic
(Table 1). Among the cereal species, spring wheat, winter wheat and rye were
susceptible. All the 5 spring wheat varieties tested became infected. Bromus
japonicus and Hordeum murinum were new host plants, whereas Festuca rubra,
which according to Srykmuis (1961 a) was susceptible, proved in these trials
to be resistant to the disease.

The symptoms of this disease were most pronounced in spring wheat. Leaf
mottling was especially distinct, and furthermore the infected plants were
smaller than the healthy ones. There were certain variations in the intensity
of the disease among the different spring wheat varieties (Table 2). None of
the host plants, however, were greatly weakened by the virus. Leaf mottling
was also quite marked in Hordesm murinum (Fig. 1) and Elymus canadensis.
In Lolium multiflorum the disease was latent. In couch grass the disease was
generally very mild, and symptoms were visible only in the young leaves. There
appeared to be no decrease in vitality in the infected couch grass plants.

Among the dicotyledons, only Chenopodium quinoa showed any symptoms;
this species was a new host plant. Irregularly-shaped, yellow lesions appeared
on the leaves but not in all the plants inoculated. The lesions disappeared
within a couple of weeks. ‘

The symptoms were as a rule greatly dependent upon the temperature. When
the temperature of the glasshouse rose above 25° C, the symptoms began to
diminish, and at still higher temperatures they disappeared almost completely.
This effect of temperature on the intensity of the symptoms was most pronoun-
ced in couch grass and least evident in spring wheat. The symptoms were
also quite mild in plants growing under weak illumination in the wintertime.
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Fig. 1. Agropyron mosaic on leaves of Hordeum murinum. The
leaf on the left is healthy.

Kuva 1. Agropyron-mosaiikkiviruksen aibeuttamia laikkuja
Hordenm murinumin lebdissd. Vasemmalla oleva lebti terve.

In Apu spring wheat seedlings kept at a temperature of 18—20° C with low
illumination, the first symptoms appeared about 10 days after inoculation. On
the other hand, when there was ample light and the temperature was 20—25° C,
the first signs of the disease were seen in about 6—7 days. The most marked
evidence of leaf mosaic was visible 10—15 days after inoculation. When the
plants had reached the stage of heading, leaf mottling had almost completely

disappeared.
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Fig. 2. Local lesions caused by AMV on Chenopodium quinoa.
The leaf on the right is healthy.

Kuva 2. Agropyron-mosaiikkiviruksen aiheuttamia laikkuja
Chenopodium quinoan lebdissd. Oikealla oleva lebti on terve.

Attempts to transmit Agropyron mosaic virus with aphids

Some tests were made to find out if aphids of the following species: Rho-
palosiphum padi (L.), Macrosiphum avenae (F.), Macrosiphum (Acyrthosiphon)
dirhodum (Walk.) and Myzus persicae (Sulz) were able to transmit Agropyron
mosaic from wheat to wheat.

About 200 aphids of each species were allowed to feed for two days on
diseased Apu wheat leaves, then each group was transferred to 10 healthy Apu
seedlings for two days. None of the plants became diseased.

Myzus persicae and R. padi aphids, after fasting for about 4 hours, were
allowed to feed for 2 minutes on diseased wheat. The aphids were then trans-
ferred, 5 aphids to each wheat seedling, for two days. None of the 30 plants
fed on by M. persicae or of the 38 plants fed on by R. padi became infected.
So these aphid species do not seem to be vectors of Agropyron mosaic virus.

Thermal inactivation and dilution end-points of Agropyron mosaic virus

Tests were made to determine the thermal inactivation point and the dilution
end-point of the virus. Leaf sap from virotic seedlings of Apu spring wheat
was pressed through a cloth and clarified by centrifuging for 10 minutes at
3000 rpm. In the dilution end-point tests the sap was diluted with distilled
water to provide dilutions increasing by multiples of 4 from /4 to /65 536.

These tests showed that the /14 dilution was the most potent, since it caused
94.9 %/o infection of the plants (112 out of 118) (Table 3). The dilution /16 384
had very little activity, producing only 1.5 % infection (1 plant out of 68),
and the weakest dilution used, /65 536, had no effect at all.
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Table 3. Dilution end-point of Agropyron mosaic virus.
Taulukko 3. Juolavebnin mosaiikin laimennusraja.

Ratio of infected to inoculated plants at the dilutions

Time of tests ) e ! s et o :
Infektoituneet kasvitlinokuloidut kasvit eri laimennnksissa

Koe tebty 171 1/4 116 1/64 1256 111024 14096  1/16384 1/65536
13. 2.—10. 3. 64 19/26  22/30 26/32 14/26 8/24 5/29 0/24
5.3.— 5. 4. 64 20/20 21/22 29/29 22/22. 23/24 12/20  20/24
17. 3.— 9. 4. 64 15/16 15/15 13/13 15/15 17/17 8/15 4/16  0/15
13. 4.— 5. 5, 64 15/15 29/30 25/25  21/27 18/27 4/25 0/30 1/32
20. 5.—10. 6. 64 21/21 24/24 19/19  21/21 13/23 3/20 1/19  0/21 0Q/22

Total — Yht. 90/98 111/121 112/118 93/111 79/115 32/109 25/113 1/68 0/22
/o 91.8 91.7 94.9 83.8 68.7 29.4 22.1 0.1 0

Table 4. Thermal inactivation point of Agropyron mosaic virus.
Taulukko 4. Juolavebnin mosaiikin limménsietoraja.

T £ test Ratio of infected to inoculated plants at the temperatures Control
ime of tests Infektoituncet kasvit|inokuloidut kasvit eri lampitiloissa hpl unheated

Koe sebty Kontrolli ei

380 40° 420 440 46° 48° 500 520 Sde gt
19. 12.—30. 1. 64  13/27 14/26 3/12  2/26 2/28 0/30 12/23
21. 1.—20. 2. 64 31/37 10/16  6/22 6/23 2/24  0/20 0/20 0/21 19/20
13. 2.—10. 3. 64 15/18 13/20 6/21 0/21 0/21 0/17 17/19
3, 3.— 5.4 64 23/26 12/25 0/18 1/24  0/25 0/25 23/24
15. 5.—10. 6. 64 12/12  13/13  20/24 9/23 0/24 0/13 17/17

Total — Yhe. 13/27 45/63 63/84 46/106 34/114 12/122 0/90 0/75 0/21 88/103
%o 48.1 714 750 434 29.8 1.0 0 0 0 85.4

The virus was inactivated at relatively low temperatures. Heating for 10
minutes at 422 C clearly weakened the virus, which caused infection in 75 %0 of
the plants (63 out of 84) (Table 4). The unheated control sap produced 85.4 %o
infection. When heated to 48° C, the sap still retained some of its potency,
infecting 1.0 %o of the plants (12 out of 122). At 50° C the virus was com-
pletely inactivated.

Electron microscopy of Agropyron mosaic virus

Preparations from virotic leaves of couch grass and Apu spring wheat were
made by the dip method of BraNDES (1957) and were shadow-cast with pal-
ladium. This method, however, resulted in only 10 virus particles with lengths
ranging from 600 to 800 mu. The particles were flexible and rod-shaped.

Preparations from the leaf sap of virotic wheat seedlings were also made,
using the negative staining procedure of BRENNER and HORNE (1959). The sap
was purified in the following way:
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Fig. 3. Electron micrograph of particles of Agropyron mosaic
virus, negatively stained. X 108.000.
Kuva 3. Agropyron-mosaiikkiviruksen partikkeleita. Negatiivi-
nen varjays. X 108 000,

The sap was pressed through cloth, centrifuged for 10 min. at 3000 rpm,
heated for 10 min. to 42° C, centrifuged 2—4 times for 10 min. at 3000 rpm
and then for /2 hour at 10,000 rpm. The precipitate was discarded and the
supernatant centrifuged for 2 hours at 10,000 rpm. The precipitate obtained
was diluted with an amount of distilled water equal to one-tenth the original
volume of sap. This purified sap was infective, causing infection in 15 out
of the 19 plants inoculated. The solution was mixed with 2 % phosphotungstic
acid in a ratio of 1:1 and the mixture sprayed onto carbon-coated formvar
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Fig. 4. Length distribution of particles in electron micrographs of purified
Agropyron mosaic virus.

Kuva 4. Agropyron-mosaiikkiviruskappaleiden pituus.

films. The preparations made from the sap of virotic plants showed a great
number of virus particles, which did not appear in the preparations made
from the sap of healthy plants.

The preparations were examined with a Siemens Elmiskop I electron micro-
scope at the Electron Microscope Laboratory of the University of Helsinki.
Micrographs with a primary magnification of 24,000 were made and subsequently
enlarged to 48,000 for measurements of the virus particles. The particles were
flexible and rod-shaped,and had a clearly visible central channel (Fig. 3). Thelengths
of 200 measured particles varied from 457 to 1150 mu, but the great majority (87) of
them measured 700—750 mu in length (Fig. 4). The diameter of the particles,
determined from 4-fold enlargements of the original micrographs, was found
to be 14—15 mu.

The above measurements agree well with those reported by StarLes and
BrAKkE (1963) for the size of the Agropyron mosaic virus; they obtained a
most frequent length of 700—760 mp.

Summary

The Agropyron mosaic virus found in couch grass at Tikkurila, Finland,
was readily transmitted by the sap to spring and winter wheat and to certain
other gramineous plants, but only with difficulty to rye and couch grass. The
virus produced local lesions on the leaves of Chenopodium quinoa Willd. In
addition to this species, other newly-established host plants were Bromus japo-
nicus Thun, and Hordewm murinum L.
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Attempts to transmit the virus with the aphids Rbopalosiphum padi (L.),
Macrosiphum avenae (F.), M. (Acyrthosiphon) dirbodum (Walk.) and Myzus
persicae (Sulz) failed.

The virus retained its potency quite well when diluted (dilution end-point
/¢5 536), but was inactivated at very low temperatures (thermal inactivation
point + 50° C).

Purified sap obtained from virotic plants was examined by electron micro-
scopy and found to contain rod-shaped flexible particles with lengths ranging
from 457 to 1150 mu (most frequent length 700—750 mu). '

On the basis of the symptoms produced by the virus, its thermal and dilution
end-points, as well as the size and shape of its particles, the above-described
virus is identical with the Agropyron mosaic virus found in the U.S.A,

In Finland, Agropyron mosaic has been encountered under natural conditions
only in couch grass. Spring and winter wheat are readily infected by artificial
inoculation, but in all the tests the disease was especially mild in these plants.
Consequently this virus does not present a serious problem in agricultural
practice.

Acknowledgement. 1 wish to thank Prof. A. Telkk i, M.D., chief of the
Electron Microscope Laboratory, University of Helsinki, for providing facilities
for the electron microscopical examinations of the virus. I am also indebted
to Mr. M. Ny holm, M.Sc., for taking the mlcrographs and to Mrs. Sigrid
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SELOSTUS
Agropyron-mosaiikkiviruksen esiintyminen Suomessa

KATRI BREMER 1)

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Tikkurilassa juolavehnissi todettu virus siirtyi mehussa helposti kevit- ja syysvehndin sekd
erdisiin muihin heinilajeihin, mutta vaikeasti rukiiseen ja juolavehniin. Virus aiheutti laik-
kuja inokuloituihin Chenopodinm quinoan Willd. lehtiin. Uusia isintikasveja C. guinoan ohella
ovat Bromus japonicus Thun. ja Hordenm murinum L.

Rhopalosiphum padi (L.), Macrosiphum avenae (F.), M. (Acyrthosiphon) dirbodum (Walk.)
ja Myzus persicae (Sulz) -kirvat eivit siirtineet virusta.

Virus kesti melko hyvin laimentamista (laimennusraja /g5 536), mutta inaktivoitui jo varsin
athaisessa lampétilassa (limménsietoraja + 50° C).

Viroottisista kasveista puristetussa, puhdistetussa mehussa todettiin elektronimikroskoopissa
esiintyvin sauvamaisia, taipuisia kappaleita, joiden pituus vathteli 457—1150 mu. Useimpien
kappaleiden pituus oli 700—750 mg.

Todettu virus on aiheuttamansa taudin oireiden seki inaktivoimisrajojensa ja viruskap-
paleiden koon ja muodon perusteella sama kuin U.S.A:ssa esiintyvd Agropyron mosaic -virus.

Agropyron-mosaiikkia on meilld todettu luonnossa vain juolavehnissi. Kevit- ja syysvehni
saastuvat helposti, mutta tauti on ollut kaikissa kokeilluissa lajikkeissa varsin lievd. Siten
timin virustaudin merkitys Suomessa lienee vihiinen.

1) o.s. Ikiheiro

333



AIKAKAUSKIRJAN KIRJOITTAJILLE

Kisikirjoitukset kirjoitetaan koneella vain liuskan toiselle puolelle kiyt-
tien A4-kokoista paperia. Liuskan vasempaan laitaan jitetiin n. 4 cm:n
levyinen marginaali, ja kullekin liuskalle kirjoitetaan keskimiirin 30 rivii.

Artikkelit, joiden tulee olla lyhyehkdjd ja keskitettyjd, laaditaan joko
kotimaisella kielelld englannin- tai saksankielisine selostuksineen tahi piin-
vastoin. Kieliasun tulee olla huoliteltua ja tiivistd, taulukkojen ja piirros-
ten yksinkertaisia ja selvii.

Taulukot kaksikielisine teksteineen kirjoitetaan erillisille liuskoille ja
numeroidaan juoksevasti. Samoin menetelliin kuvatekstien suhteen. Tau-
lukkojen ja kuvien sijoituspaikat merkitiin kisikirjoituksen marginaaliin.

Valokuvien tulee olla teknillisesti moitteettomia ja mieluummin kova-
kiiltopaperille valmistettuja. Piirrokset laaditaan vihintiin 1 ¥ — 2 kertaa
lopullista painoasua suurempaan kokoon, graafiset esitykset millimetripape-
rille. Toimitus piirrdttdd ne tarpeen vaatiessa puhtaaksi.

Harvennettavat kohdat alleviivataan kisikirjoituksessa katko-
viivalla (— — —) ja kwursivoitavat kohdat yhteniiselli viivalla. Kursivoin-
tia kdytetddn lihinni vain kasvien ja eliinten latinankielisissi nimissi seki
kaksikielisten taulukkojen ja kuvien toissijaisissa teksteissd. Pitkii harven-
nuksia ja kursivointeja on syytd viletii.

Desimaalimerkkinid kiytetdin pistetti. Tuhannet, miljoonat jne. ero-
tetaan toisistaan tyhjin vilein.

Kirjallisuusluettelon laadinnassa ja lyhennysmerkinndissi noudatetaan
Maatalouden koetoiminnan keskusvaliokunnan 1956 julkaisemaan kirjascen
“Maataloustieteellisten julkaisujen kirjallisuusluettelojen laatiminen™ sisil-
tyvid ohjeita. Jakaja: Valtion julkaisutoimisto, Annankatu 44, Helsinki.

Kisikirjoitukset liitteineen lihetetddn toimitukselle osoitteeseen: MAA-
TALOUDEN TUTKIMUSKESKUKSEN AIKAKAUSKIR]JA, Erottajan-
katu 15—17, Helsinki. Vedokset toimitetaan kirjoittajien tarkastettaviksi ja
korjattaviksi. Korjaukset tehdiin vedoksen marginaaliin yleisesti kiytetyin
merkinn®in.

Kaikki yhteydet kirjapainoon hoidetaan toimituksen kautta.
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