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THE ABUNDANCE OF SEED PESTS OF RED CLOVER -IN
FINLAND AND THE EFFECT OF CERTAIN FACTORS ON
THEIR ABUNDANCE

MARTTI MARKKULA, SIRKKA MYLLYMAKI
and VEIKKO KANERVO

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

Received November 18, 1963

Red clover is the most important forage legume plant in Finland and is
sometimes regarded as the key agricultural crop in this country. Its cultivation,
however, is greatly hindered by its poor winter survival, which is principally
due to clover rot (e.g. YLiMAKI 1956) and according to recent studies also to
clover root rot (YLMAKT 1962). A second notable difficulty in cultivating red
clover is its poor seed yield, which is mainly due to the high rainfall in the
late summer and the scarcity of bumblebees (e.g. VALLE 1957).

Since earlier studies (HukkiNEN 1915, 1920, 1922; VALLE 1935, 1936)
showed that certain insects were important as seed pests of red clover in this
country, more detailed investigations were begun in 1953. The present study is
part of an extensive research programme on the pests of grassland legumes.
A small part of the data has previously been used in certain earlier papers
(MARKKULA 1959 2 and b; Markxura and MyirymAkr 1958, 1960, 1962 a
and b; MARKkULA and VALLE 1959).

Material and methods

This study is based on inflorescence samples taken from red clover leys in the
years 1958—1960. Each sample consisted of 200 red clover flower heads taken
uniformly from different parts of the ley mainly between July 20 and August 10,
which is the chief flowering period of the red clover. Three kinds of flower
heads were chosen: those in full bloom at the beginning of the sampling period,
those turning brownish in the middle of the period and those which were brown
at the end of the sampling period. Collection of the samples was carried out
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principally by advisers of the agricultural societies.
The samples were put in paper bags and sent to the
Department of Pest Investigation at Tikkurila,
where they were placed in cardboard rearing boxes
in the insectarium, The conditions in the insectarium
were approximately similar to those outdoors.

Two types of rearing boxes were used. Most of
them were 191515 cm in size and had one glass
tube (Fig. 1). The others had two glass tubes and
were 252510 cm in size.

More than 2000 inflorescence samples were
obtained, but after elimination of the unusable
samples (such as those taken at the wrong time,
damaged during transportation or improperly la-
belled) 1758 samples remained for investigation.

Fig. 1. Rearing boxes in which £ . .
i AT i 2 samples were Lhe origin of the samples according to agricultural

placed. Most of the boxes were  societies and communes is shown in Table 1 and

ol gix trpe. Figures 2—4 and the locations of the agricultural

societies in Figure 5. In addition to these samples of cultivated red clover,
others were also collected from wild red clover growing mainly along roadways.
There were 64 such samples (in the various years 214-26+4-17) obtained from
47 different communes. Furthermore, seven samples of zigzag clover (Trifolinm
medium L., Huds.) were taken from six communes for purposes of comparison.

The insects that had accumulated in the glass tubes of the rearing boxes were
usually collected every fifth day. The Apion and Phytonomus species that had
inhabited the inflorescences in the larval or pupal stage appeared in the tubes
as newly-emerged adults, often being still quite soft. Coleophora deauratella
Zell. appeared in the tubes at the larval stage soon after the sample was placed
in the box, while thrips occurred both as larvae and as adults. When the insects
had ceased to accumulate in the tubes, the boxes were opened and the numbers
of insects remaining were counted. All the larvae of Dasyneura leguminicola
Lintn. were at the bottom of the box, but otherwise the number of insects
remaining in the boxes was very small. About 5% of the Apion adults that
emerged were found in the boxes. The type of box had no distinct effect on
the numbers of insects remaining within it.

A total of 104 275 insect specimens were obtained from the samples and
belonged to the following main species of seed pests:

cultivared wild

red clover red clover
Apion apricans Herbst ..............0in. 65 259 1917
Apion assimile Kitby ......... ... . ... 23 088 2859
Apton trifolii L. . vovevvvmameus io smames 3402 Z
Phytonomus nigrirostris Fabr. ............ 3618 210
Phytonomus meles Fabr. ................ 557 29
Coleophora deauratella Zell. ............ 3 144 190
99 068 5207
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In -addition, the numbers of samples containing larvae of Dasyneura legu-
- minicola Lintn. and Haplothrips niger Osb. were recorded.

Many other species were also found in the inflorescence samples, but since
they were few in number and did not belong to the seed pests of red clover,
they are not discussed in this study. Such species included Apion dichroum
Bedel (= A. flavipes Payk.), A. virens Herbst, A. seniculus Kirby, Phytonomus
pedestris Payk., Sitona sulcifrons Thunb., S. flavescens Marsh., S. decipiens
Lindb., S: pispidulus Fabr. and Acyrthosiphon pisum Harris.

The numbers of adults emerging from the inflorescence samples do not give
an accurate picture of the actual abundance of the species. Examinations
revealed that only 40—50 %o of the larvae and pupae of Apion apricans and A.
assimile located in the inflorescences had emerged. The death of the remaining
larvae and pupae was caused by insect enemies, fungal diseases, and probably
also by drying of the inflorescences. Only a small proportion of the larvae
and pupae of Phytonomus nigrirostris (usually less than 10 %) is located in the
inflorescences (MarRkkuLA and TINNILA 1956, p. 25) Consequently the figures
on the abundance of P. nigrirostris as such are not comparable with those of the
other species. In the case of the Apion species, however, mutual comparisons
of their abundance can be made, since the life histories of these species are
similar. With certain reservations P. meles and Coleophora deauratella, which

Table 1. The numbers of samples collected in the regions of the different agricultural societies
in 1958-—1960 as well as the numbers of communes in which the samplings were done. The
areas of the agricultural societics are shown in Fig. 5.

Agricultural Society Samples Different communes
1958 1959 1960  Total 1958 1959 1960  Total

1. Alandia .........iiaa... 21 14 7 42 11 6 5 16
2. Finland Proper ............ 14 10 15 39 7 6 6 8
3. Uusimaa (Swedish) ........ 48 19 19 86 20 8 8 21
4. South-Western Finland ...... 79 46 37 162 32 21 23 39
5. Uusimaa Province ......... 36 29 27 92 16 16 14 21
6. Kymi River Valley ......... 12 18 22 52 6 9 7 10
7. Hime Province ............ 45 29 54 128 22 16 19 25
8. West Karelia ....oooouu.... 22 17 23 62 12 9 9 14
9. Satakunta . .....viiain.. 64 56 69 189 27 29 28 36
10. Hime—Satakunta ......... 29 37 27 - 93 17 19 13 23
11. East Hime ................ 30 13 22 65 14 8§ 13 17
12. Mikkeli Province .......... 42 22 37 101 18 12 15 20
13. Ostrobothnia (Swedish) .... 20 40 31 91 17 20 16 23
14. South Ostrobothnia ........ 51 35 41 127 24 19 15 28
15. Central Finland ........... 42 27 17 86 22 15 8 23
16. Kuopio v .vevevvnnnnniinnn. 27 13 33 73 14 8 14 20
17. North Karelia . ............ 23 39 30 92 11 16 12 16
18. Central Ostrobothnia ...... 21 14 9 44 12 9 4 15
19. Oulu Province ............ 35 30 24 89 18 16 12 25
20. Kajaani v vvvvnvnnnnnnnnn.. 3 6 6 15 3 4 3 5
21. Arctic Circle .....c........ 7 7 5 19 5 6 4 8
22. Lapland .................. 1 7 3 11 1 3 3 5
672 528 558 1758 329 275 251 418
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Fig. 5. Regions of the agricultural societies
in Finland. The names and numbers of the
societies are shown in Table 1 (p. 97).

as larvae also exclusively inhabit the inflorescences, can be included in the
comparisons. :

Each sample was accompanied by a label with the following information:
date and place of sampling, age of ley, type of ley crops and red clover content
of the ley, soil type, area of seed production, total area of ley, size of cultivated
space, distance from ley to nearest forest, and location of the ley (i.e. level
ground or slope, direction of slope). On the basis of these data, endeavours
were made to ascertain the effect of the different factors on the abundance of
the seed pests. ' _

Nearly thirty years ago, NoTint (1935, 1938) used a similar inflorescence
sample method to establish the abundance relations of the Apion speciesin Sweden.
In two years 150 + 411 inflorescence samples were collected. No information
on the age of the ley, its red clover content etc., was obtained, and Normr
(op.cit.) principally determined the influence of climate on the differences in the
abundance of Apion apricans and A. trifolii. In 1936, Prof. Otto Valle col-
lected 188 inflorescence samples from 111 communes in southern and central
Finland. The report of the results of this study (MARKkULA and VALLE 1959)
includes a discussion of the influence of the age of the ley and its red clover
content on the abundance of Apion apricans and A. assimile. ScHENKER (1951)
also used the method .of inflorescence samples in a limited study on the
abundance of Apion species in Switzerland.
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Certain investigators (e.g. ANDREEsCU 1960, Kristova 1961, Pustovorr
1937, TeoriLovi€ et. al, 1959) have studied the abundance of Apion species by
counting the number of larvae in clover flower heads. This method is very time-
consuming and furthermore the identification of the larvae is extremely diffi-
cult, if not impossible. The experimental material used by these investigators
has consequently remained small and the species were not determined.

In the present investigation the inflorescence sample method has been
expanded and improved. By obtaining information about the ley (its age, red
clover content, etc.) it was possible to study the effect of different factors on
the abundance of the most important seed pests. This method has proved very
useful in investigating the distribution and abundance of red clover seed pests.

Results
Time of emergence

The time of appearance of the seed pests in the glass tubes of the rearing
boxes is shown in Figure 6. For Coleophora deauratella the diagram shows the
time of appearance of the larvae, but for the other species it indicates that of
the adults, which fairly well corresponds to the time of emergence. The
emergence periods of the various species usually deviated widely from one
another, and there were also considerable differences between the years. In
order more accurately to compare the differences in emergence time between
the various years and species, the average date when 50 %o of the specimens
of each species had accumulated in the glass tubes of the rearing boxes (Fig. 7)
was calculated. This date was termed E 50 (Emergence 50). In 1958 and 1959,
the order of emergence of the various species was identical, but in 1960 there
were a few exceptions. The E 50 date for Apion assimile (three-year average)
was August 8, for Phytonomus nigrirostris Aug. 17 or nine days later, 4. apri-
cans Aug. 19 or 11 days later, P. meles Aug. 23 or 15 days later and A. trifolii
Aug. 30 or as much as 22 days later. The larvae of Coleophora deanratella
appeared in the glass tubes on the average one day before the adults of A.
assimile (Fig 7). :

The average of the E 50 dates of the six seed pests was quite late in 1958,
Aug. 29; in 1959 it was 17 days earlier or Aug. 12 and in 1960 20 days
earlier or Aug. 9. The differences in these emergence times were mainly due to
the temperature, as can be concluded from the following mean temperature
data during the years of the investigation:

Norm.

1958 1959 1960 1921-50
May cvveernnnininennennn 8.2 9.8 10.7 9.0
June ...t 13.4 15.1 16.0 13.5
Taly oo . 152 179 177 167
August .....eeiiiinienann 14.4 17.0 15.2 15.0
September . .............. 104 8.7 10.2 10.7

100



NUMBER OF SPECIMENS

o JuLy AUGUST SEPTEMBER | OCTOBER ,_
C L L L 1 1 - 1 [
22, ~ : : L 22
201 7N e —— 1958 | op
18 P, T e e, —--1959 [7s
161" AT, \ Y ofeee- 1960 |
o N~ N\ RN e
S RN, 1
10 1 1 . "_.'.‘T.\ > }:*“ o1 L 10
» .
. . . ,°\ / \“. L.."/‘-\‘»\q: g
200 1 ‘ .,.o".l'/" ".\\\\ ‘ N~ w’.\\ ; g 4
;A N o L
100 4 APION TR|FOL” "':/.’ \.‘\0\ )
) 4 ‘\ R 2l
0 - A RN T
20. AN . \ PHYTONOMUS | 55
' / o\ \ / MELES
10 4 A AN ¥ ~. 10
/ s
0 o N S ottt Ve O R Y
Ve | ]
400 ] ,-’ L 400
: I
300- I . . - 300
11 Ne"\ APION APRICANS
200 1A " L 200 £
-Ii'P "'. l;
100 P A . 100 3
o - ! /3" ., W
/DL APPL A = M""‘MM- 0 8")
W
200 '\ ~ PHYTONOMUS | 200 S
NIGRIROSTRIS W
100 \ 100 @
~ 100 @
D
0- = Lo =
. .\ .
200 AN _ 200
‘ RN APION ASSIMILE
. B \ L
100 ™~ A o"./' \"“\\’_& : ) 100
0 Jomnspe=® gl ‘*ﬁ---l&ﬂm — - 0
300 ’ . ' - 300 -
Ry COLEOPHORA
200 1 D ONA J L 200
i A e DEAURATELLA
4 A ) / L
100 i AN S : 100
) .., \
o ':‘" L ' L) T . i I.\I T T T T T 1 0
10 20 10 20 10 20 10 .20
JULY AUGUST SEPTEMBER OCTOBER

Fig. 6. The times of appearance of the seed pests in the glass tubes of the rearing boxes.
In the case of Coleophora. deanvatella, appearance means the emergence of larvae, but
for the other species that of adults. .
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The temperature during the spring determines the time when the hibernated
adults start to become active, the temperature of the early summer the date of
oviposition, and the temperature during the summer the developmental period
of the eggs, larvae and pupae.

Distribution

None of the species investigated were found in the two most northern com-
munes of Finland, Utsjoki and Inari (samples from these communes were
obtained only in 1959). The most northern commune of occurrence of the
three species Apion apricans, A. assimile and Coleophora deanratella was Enon-
tekid and the northernmost location approx. 68° 30’ N.lat. (Figs. 8, 9, 13).
Phytonomus nigrirostris, Dasynenra leguminicola and Haplothrips niger occur-
red almost as far north (68° N) but were not encountered in Enontekis (Figs.
11, 14, 15). Information on the distribution of these species, based on more
Jimited experimental material, has been discussed in previous publications
(MARKKULA 1959 a and b; MARkkuLA and MyLLYMAKI 1960; Markkura and
TiNnILE 1956). The present investigation shows that the above- mentioned
species have spread further north than was known from the earlier material.

The six species mentioned above occurred throughout the entire area where
red clover is cultivated and in some places north of it, too. Southwestern Finland
is the most important region of red clover seed production, although seed is
growh to some extent as far north as 66° N.lat.

Apion trifolii occurred only in a small area in the southwesternmost part
of the country, mainly in the islands off the coast (Fig. 10). The species was
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also found in one inflorescence sample taken from the same area in 1936
(MarkkuULA and VALLE 1959). In 1956 and 1957 it was obtained from only
five communes in this area in inflorescence and netting samples (MARKKULA
and MyLLymAKr 1958) but was not encountered anywhere else in these years.
The reasons for the restricted distribution of Apion trifolii have been previously
discussed (MArRkkuLA and MyLLyMAKI 1962 a). The mean annual temperature
within the range of the species and on its borders is the highest in Finland, and
furthermore the thermal growing season and the thermal summer are the
longest. This area is also one of the most arid in the country, although not as
dry as the Aland Islands, for instance, where the species is not found.

APION

APION V P .
TRIFOLII o At <

APRICANS

APION
ASSIMILE

i
Foox

|

Figs. 8—15. The distribution
¢ of red clover seed pests on the
: basis of flower samples collec-
ted in 1958—1960. The black
circles indicate the communes
where the species was found.

PHYTONOMUS
" NIGRIROSTRIS

| PHYTONOMUS T4, —
-_| | MELES
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The occurrence of Phytonomus meles was restricted to three separate areas,
and outside these the species was only found in two communes (Fig. 12). The
northernmost locality was about 68° N.lat. No suitable explanation, either
in terms of climatic or biological factors, can be presented for the exceptional
distribution of this species (MARKKULA and MyLLYMAKI 1962 b).

Frequency

Taking into consideration all the samples from the whole country, Apion
apricans was definitely the most frequent; 90 %o of the samples contained one
or more specimens of this species (Table 2). The second most frequent was
A. assimile (67 %) and the third Phytonomus nigrirostris (55 °/v). P. nigrirostris
was actually much more common than is indicated by the inflorescence samples,
since the larvae of this species live mainly within the stipules of red clover
(cf. p. 97). The other species occurred in less than half the samples.

If the frequencies are calculated only from the samples taken from the area of
occurrence of each particular species, the results for those species having a limited
range (i.e. Apion trifolii and Phytonomus meles) will be more accurate. A. tri-
folii was quite common in its range, being found in 44 ®/0 of the samples taken
from this area in 1958, 73 9% in 1959 and 92% in 1960 (average 62 o).
P. meles, likewise, is not uncommon in its range. The corresponding figures
for it were 33 %, 20 %, and 27 %o (av. 31%). As to the other species, the
frequencies calculated in this way differed by less than one unit from those
based on the entire sample material, since only a few of the 1758 samples
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Table 2. The frequencies of the various red clover pest species.

Percentage of samples containing the species

Species among the total samples

1958 1959 1960 1958-60
Apion apricans . .......... 87 89 95 90
Apion assimile ............ 63 68 71 67
Apion trifolii . ..o viu.. 4 3 4 4
Phytonomus nigrirostris . ... 65 52 45 55
Phytonomus meles ........ 13 11 8 11
Dasyneura leguminicola . . . . 57 21 10 31
Coleophora deauratella .. .. 29 24 33 29
Haplothrips niger . ........ 6 22 4 13

(those obtained from Utsjoki, Inari, and partly from Enontekié) came from
outside the area of occurrence of these species.

The regional differences in frequency of Apion apricans were somewhat less
than those of A. assimile (Fig. 16). The former species was found in all the samples
from the regions covered by the Agricultural Societies of Kuopio and the Kymi
River Valley. It was rarest in the area of the Lapland Agricultural Society
(occurring in only 18 % of the samples) and next rarest in that of the Agri-
cultural Societies of Kajaani (73 %) and South Ostrobothnia (77 %). In other
areas the species was found in at least 84 %o of the samples. A. assimile was

Fig. 16. The frequency of Apion apricans
and A. assimile. The height of each column
indicates the percentage of samples con-
taining the species among the toral samples
collected from the area.




most frequent in the region of the Arctic Circle Agricultural Society (95 %),
followed by those of the Agricultural Societies of North Karelia (91 %), East
Hime (89 o) and Kuopio (88 %0). The species was least frequent in the Aland
Islands (31 %0) and also relatively uncommon in the regions of Lapland (45 %),
the Kymi River Valley (45 %) and Oulu Province (48 %o).

In only two regions was A. assimile more frequent than A. apricans, and in
one further region they were equal in frequency. In the samples from the area of
the Lapland Agricultural Society A. assimile amounted to 45 %o and A. apricans
to 18 %. In the region of the Swedish Agricultural Society of Ostrobothnia
the corresponding figures were 87 %o and 85 %o, and in the area of the Arctic
Circle Agricultural Society both species were found in 95 % of the samples.
Moreover, in the three areas mentioned above, as well as that of the Kajaani
Agricultural Society (Fig. 25), A. assimile occurred in larger absolute numbers
than A. apricans.

The regional frequencies of A. apricans and A. assimile quite closely follow
the regional abundances of these species (Figures 21 and 22). In the case of
the other species, their frequencies correspond fairly well also to their abundance,
as is described later (Figs. 23, 30—32), and thus they are not treated further in
this section.

Abundance

Apion species are the most important seed pests of the red clover in Europe.
According to most of the reports, A. apricans is the most abundant and also
the most economically damaging species. Such is the situation in Romania
(ANDREESCU 1960, HrisaF1 et al. 1959), Yugoslavia (Janezic 1954, KOVACEVIC
and Bararmn 1960), Hungary (MANNINGER 1961), Czechoslovakia (ORBTEL
1959, 19621)), Schleswig-Holstein in Western Germanv (ScHNELL 1955), Den-
mark (BovieN and JoRGENSEN 1934) and Sweden (Notint 1935, 1938). A. tri-
folii has been stated to be the most abundant species in Bulgaria (Kristova
1961), Switzerland (SCHENKER 1951) and in parts of Wales in Great Britain
(JonEs 1950). Only in South and Central Wales has A. assimile earlier been
reported as the commonest species (JENKINS 1926). Detailed information on
the numbers of other seed pests is not available. Coleophora deaunratella has
been previously mentioned as a pest only in two ‘countries, Denmark (under
the name C. spissicornis Hw., HamMEr 1937) and Finland (MAarRkkULA and
MryrLrymikr 1960).

In Finland. Apion species have long been considered the most abundant
and destructive seed pests of red clover (e.g. HUKKINEN 1920, VALLE 1935,
1936). However, it was not at first known which of the Apion species were
involved nor the order of their relative importance. The inflorescence samples
collected from South and Central Finland in 1936 (MARKkULA and VALLE 1959)

1) c.f. also SKUHRAVY et al. 1959.
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as well as a preliminary examination of the material dating from 1958 (MARrk-
KULA 1959 a) have already revealed much valuable information of these pro-
blems,

Abundance in the whole country

The total number of specimens per sample of the six seed pest species (Apion
apricans, A. assimile, A. trifolii, Phytonomus nigrirostris, P. meles and Coleo-
phora deauratella) was 43.7 in 1958, 67.9 in 1959 and 60.5 in 1960, averaging
56.3 for the three years of the investigation (Fig. 17). In each year Apion
apricans notably exceeded the others, averaging 37.1 specimens or 65.9 %o, and
A. assimile took second place (13.1 specimens, 23.3 %) (Figs. 18, 19). The other
species only occurred in small numbers: Phytonomus nigrirostris 2.1 specimens,
3.7 %, Apion trifolii 1.9, 3.4 %o, Coleophora deauratellz 1.8, 3.2 %0, and P.
meles 0.3, 0.6 %/o. In comparing the figures for these species, it should be borne
in mind that only a small proportion of P. nigrirostris inhabit the inflorescence
samples (cf. p. 97) and that A. trifolii and P. meles occur in only limited regions
of the country (Figs. 10 and 12).

The yearly fluctuation in abundance were not very great. In the warm
dry summer of 1959, when exceptionally large numbers of many pests occurred
(KANERVO 1960), A. apricans (45.3 specimens per sample) and A. assimile (16.3)
were more abundant than in 1958 (27.0, 11.8) and 1960 (41.5, 11.7) (Fig. 18)1).
The numbers of specimens of the other species were insufficient for comparison.
It should be mentioned, however, that A. trifolii, which requires a rather long
summer and a high temperature (MARKKULA and MyYLLYMAKI 1962 a), was very
sparse during the cool summer of 1958,

In the red clover flower samples collected in 1936 from southern and
central Finland (MARKKULA and VALLE 1959) the average number of A. apricans

1) In 1957 a test sampling was made, comprising 93 samples from which 4559 insect
specimens developed. Apion apricans was found in amounts of 36.1 specimens per sample and
A. assimile 10.5. The proportion of A. apricans among the total numbers of the two species
was 78 %o.
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Fig. 18. The average abudance of seed pests  Fig. 19. The proportions of the various

per sample. The figures directly above the

columns indicate the number of specimens

per sample and the uppermost figure the total
number of specimens.

species of seed pests. The figures directly
above the columns indicate the percentage
of the species among the total numbers of
all the species, and the uppermost figures

show the numbers of specimens of the species.

was 86.2 specimens per sample, A. assimile 28.2, P. nigrirostris 3.0 and P. meles
0.4. For all of the species investigated these numbers were greater than the
mean figures from the years 1958—1960, being twice as great in the case of the
Apion species (Fig. 18). This difference in abundance is apparently real, since,
according to observations made by the Department, many insect pests occurred
in greater numbers during the relatively warm years of the 1930’s than at
present.

The proportions of Apion apricans and A. assimile were very similar in all
the years investigated. The proportion of A. apricans among the total numbers
of the two species was 70 %0 in 1958, 74 %0 in 1959 and 78 %o in 1960, averag-
ing 74 %o. In the material from 1936 (MARkxuULA and VALLE 1959), the pro-
portion of A. apricans was almost identical, 75 %o, The marked similarity in
the ratios of these species during different years indicates that the temperature
and moisture requirements of the two species are probably very similar.

In the case of each of the species, there were certain samples which did not
contain a single specimen of the species in question, as was shown by the fre-
quency figures (Table 2). The maximum numbers of each species found in one
sample were as follows:

A. apricans A. assimile A. trifolii P. nigrirostris P. meles C. deanratella
1958 ... 359 591 92 43 33 43
1959 ... ...l 1012 497 248 39 52 65
1960 . .oiv it 312 355 280 12 17 121

Fach of these maximum figures was obtained from a different sample.
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In wild red clover the abundance of the species was different than
in cultivated red clover. The average numbers of specimens per sample during
the three years were as follows: Apion apricans 29.9, A. assimile 445, Phyto-
nomaus nigrirostris 2.8, P. meles 0.4 and Coleophora deanratella 2.9. With the
exception of A. apricans all the species were thus more numerous in wild than
in cultivated red clover (Fig. 20). The large amounts of A. assimile are especially-
noteworthy, being more than three times greater in wild than in cultivated
clover (13.1 specimens pér sample). In North Finland there were much larger
numbers of A. assimile than A. apricans. In Central and Southern Finland, on
the other hdnd, the relationship between these two species was partly the
reverse, although the difference in their abundances ‘Wwas by no means as great
as in cultivated red: clover.

Analysis of the zigzag clover used as comparison material showed
an even greater divergence from the figures obtained from cultivated red
clover. Apion apricans occurred at rates of only 10.9 per sample, which was
slightly. more than one-third of its number in wild clover and less than one-
fourth of that in cultivated clover. The values for A. assimile, on the other
hand, were 74.1 per sample, or more than 1 /s times as great as in wild red
clover and nearly 6 times as great as in cultivated red clover. The average
abundance figures were approximately similar to those found in a previous
study made at Tikkurila: A. apricans 4.6 and A. assimile 68.4 (MARKKULA and
MyrrymExr 1958). The numbers of Phytonomus nigrivostris, P, meles and’
Coleophora deanrarella in zigzag clover (4.9, 0.3 and 4.4) were nearly the same
as or slightly larger than those in wild red clover.

It thus appears that Apion apricans is primarily a species of cultivated red
clover, whereas A. assimile is more common in zigzag and in wild red clover.
A. assimile emerges definitely earlier than A. apricans: its E 50 point during
the years of investigation was 11 days earlier than that of the latter (Figs. 6, 7).
However, in this country zigzag and wild red clover develop more rapidly and
flower earlier than cultivated red clover. Consequently there appears to be a
distinct coincidental relationship between the Apion species and their host plants,
a fact which explains the variations in the abundance of these species on the
different host plants. ‘

1
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Regional abundance

The investigation of regional abundance of red clover seed pests was made
on the basis of the different regions of the agricultural societies in Finland
(Fig. 5). It would also have been possible to have used the biological provinces
of the country, but the division into agricultural society regions was considered
to be more suitable for this study. Each such region forms a more or less inde-
pendent unit, in which agriculture is directed according to the individual
demands of the region concerned.

Apion apricans Herbst

In all the years investigated, Apion apricans was distinctly most abundant
in the southeastern parts of the country (Fig. 21). The highest numbers were
obtained in the region of the West Karelian Agricultural Society, averaging
144 specimens per sample (91.5 in 1958, 193.2 in 1959, 146.5 in 1960) and
in the region of the Kymi River Valley Agricultural Society, averaging 107
per sample (92.0, 133.8, 94.2). The abundance of this species decreased quite
distinctly toward the west and northwest. In the regions of the South Ostro-
bothnia and Satakunta Agricultural -Societies the numbers were only 1/9 —1/6
of those occurring in the previously-mentioned regions in Southeast Finland.
The average figure in the region of the South Ostrobothnia Agricultural Society
was only 16 specimens per sample (7.4, 22.3, 19.6) and in the Satakunta Agri-
cultural Society 17 (7.7, 22.3, 20.9). In the region of the Lapland Agricultural
Society the species occurred in very small numbers. It was found only in the
year 1959 and then occurred at the very low rate of 3.0 specimens per sample.

The map showing the abundance of the species in 1936 (Fig. 28) resembles
that for the years 1958—1960. Further, in 1936 A. apricans was more numerous
in East Finland than in the western parts of the country. It should be taken
into consideration, however, that the experimental material of 1936 did not
include samples from North Finland or from the agricultural society regions
of Swedish Ostrobothnia, the Kymi River Valley or the Aland Islands.

The abundance maps (Figs. 21 and 28) show that the most destructive seed
pest of red clover, Apion apricans, is much less abundant in Southwest Finland,
which is the most important red clover seed-producing region of the country,
than in East and Southeast Fin}and, where seed production in less common.
When clover fields are cut at the normal time just before flowering, most of the
larvae are destroyed (MARKKULA 1959 a). On the other hand, seed production
promotes the normal development of these pests. Since A. apricans and also A.
assimile are more abundant in regions other than the actual seed-production
areas, the conditions in such regions are obviously much more favourable for
the species than in the seed-production areas.
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Apion assimile Kirby

The regional abundance of Apion assimile (Fig. 22) was essentially different
from that of A. apricans. The former species was distinctly most abundant in
the region of the Arctic Circle Agricultural Society, averaging 134 specimens
per sample (175.3 in 1958, 76.7 in 1959, 150.4 in 1960)." Only in one region,
that of the West Karelian Agricultural Society, was A. apricans more numerous
(144 per sample). A. assimile was also quite abundant in the regions of the
following agricultural societies: Swedish Ostrobothnia (44 on the average; 19.4
in 1958, 59.3 in 1959, 52.3 in 1960), North Karelia (34; 46.3, 42.5, 13.3) and
Kuopio (31; 38.8, 25.4, 29.6). It occurred in very small numbers in the follo-
wing agricultural society regions: Swedish Uusimaa (3.5; 1.4, 5.2, 4.0), Uusi-
maa Province (3.1; 2.2, 4.3, 2.9) and the Aland Islands (1.9; 1.4, 3.6, 0.7). Its
minimum, however, was found in the region of the Kymi River Valley Agri-
cultural Society (1.4; 1.6, 1.6, 1.1), where the numbers of A. apricans were
especially great (averaging 107).

The regional abundance of A. assimile in 1936 (Fig. 29) resembles that of
the period 1958 — 1960. However, in 1936 samples were lacking from several
regions, such as those of the Swedish Ostrobothnia Agricultural Society and the
Arctic Circle Agricultural Society.

Apion trifolii L.

This species occurred in the regions of only two agricultural societies (Fig.
23). In the region of the Agricultural Society of South-Western Finland which
comprises’ communes exclusively in the archipelago, the species was quite
abundant, averaging 56 specimens per sample (4.1 in 1958, 90.0 in 1959, 74.4
in 1960). The numbers were much lower in the region of the Finland Proper
Agricultural Society, averaging 8.2 per sample (3.9, 7.0, 18.9). In a previous
publication (MarkxuLA and MYLLYMAKI 1962 a) the abundance of this species
and the factors affecting it were discussed in detail.

Apion apricans, A. assimile and A. trifolii

The total abundance of the three Apion species (Fig. 24) was determined
chiefly by the numbers of the most abundant species, A. apricans. In general,
those agricultural society regions in which A. apricans was numerous also
showed the highest figures for the combined numbers of the three species. In
the regions of the Arctic' Circle Agricultural Society and the Swedish
Ostrobothnia Agricultural Society, on the other hand, the total abundance was
largely determined by the numbers of A. assimile, and in the region of the
South-Western Finland Agricultural Society by A. trifolii.
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The three-year average figures for the combined abundance of the Apion
species were very high (over 100 specimens per inflorescence sample) in three
regions: West Karelia (159.4), Arctic Circle (159.4) and Kymi River Valley
(108.1).

In the fegions of six societies the numbers were moderately high (50—100)
and in thirteen societies low (under 50). The smallest numbers of Apion
species were found in the regions of Lapland (7.9) and Kajaani (22.1). The
former region is at the northern boundary of the range of these species, and
very little clover grows there. In the region of the Kajaani Agricultural
Society clover cultivation is also very sparse. The low numbers of Apion
species in Satakunta (23.3), South Ostrobothnia (24.7) and Hime—Satakunta
(26.5), as well as in the regions of the neighbouring agricultural societies, is
evidently due to other reasons, since in these areas the cultivation of red clover
is quite common.

A comparison of the abundance of Apion apricans and A. assimile (Fig. 25)
shows that in only four regions did A. assimile comprise over half the total
numbers of these two species: Lapland 85.7 %, Arctic Circle 84.1 %, Swedish
Ostrobothnia 61.5 % and Kajaani 50.7 %. In five regions the proportion of
A. assimile was 25—50 %, in nine regions 10—25 % and in four regions less
than 10%. The latter four regions were West Karelia (9.8 9/p), Uusimaa
Province (6.5 %o), the Aland Islands (4.5 %0) and Kymi River Valley (1.3 %).

It appears that the proportion of Apion apricans decreases and that of A.
assimile increases in going from the south to the north of the country (Fig. 25).
This fact may be related to the age of the ley and its clover content, since
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Figs. 28—29. The abundance of Apion apricans and A. assimile according to agricultural

society regions in 1936. This particular study has been described in a previous publication

(MarkkuLA and Varie 1959). No samples were collected from the following regions:
. 1, 6, 13, 19,.20, 21 and 22 (see Fig. 5, p. 99). . .

according to' the material obtained in this study the leys in the northern parts
of the country are generally older and their clover content smaller than in the
south. These two factors do not, however, completely explain the differences
in the regional abundance of the two species. o

The ratios between the three Apion species can be compared only in the
regions of two agricultural societies (Fig. 26). In the region of the South-
Western Finland Agricultural Society Apion trifolii was most numerous. The
three-year average proportions of the species in this region were A. trifolii
51.4 %,  A. apricans 44.0 o and A. assimile only 4.6 %o. In the region of the
Finland Proper Agricultural Society A. apricans was most abundant, comprising
63.7 %, while A. trifolii made up 20.6 %0 and A. assimile 15.7 %o of the com-
bined amounts of the three species. _ '

Since A. trifolii occurs only in a part of the region of the Finland Proper
Agricultural Society, a comparison of the ratios of the three species is more
accurate when consideration is confined to samples obtained from the areas
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where this species occurs (Fig. 27). In these areas A. trifolii was definitely
the most abundant in the years 1959 and 1960, making up 66.9 %o and 61.3 %o
of the total. In the cool summer of 1958 it occurred in small numbers (17.3 %o)
but even so was more numerous than A. assimile.

Phytonomus nigrirostris Fabr.

The abundance of Phytonomus nigrirostris (Fig. 30) was not as variable in
the different regions as in the case of the Apion species. P. nigrirostris occurred
most abundantly in the region of the West Karelia Agricultural Society, ave-
raging 4.5 specimens per sample (3.9 in 1958, 6.3 in 1959, 3.3 in 1960). In most
of the regions it was found in amounts of 1—3 per sample. It was not
encountered at all in the region of Lapland, and it occurred least frequently in
the Aland Islands (average 0.5; 0.8, 0.5, 0.1), where the related species P. meles,
on the contrary, occurred in the largest numbers. ’

Phytonomus meles Fabr.

The abundance of this species varied greatly in the different agricultural
society regions (Fig. 31). In some of the areas it was not encountered at all.
It was most numerous in the Aland Islands (3.4 specimens per sample) and
“second in the region of the North Karelia Agricultural Society (1.2). The
regional abundance of P. meles has been described in detail in a previous public-
ation (MaARKkULA and MyLLYMAKI 1962 b).

C<_‘Jléo phora deauratells Zell.

This species appears to be somewhat more abundant in western and south-
western Finland (Fig. 32) than elsewhere in the country (cf. MarkkuLA and
MyLimixT 1960). Even in the same region its numbers varied greatly from
year to year, as well as in the same year from one commune to the next. In
1960 ‘the species occurred in considerable numbers in the region of the South-
Western Finland Agricultural Society, averaging 26.7 specimens per sample.

, Effect of certain factors on the abundance
Age of ley

* There are several reports in the literature that Apion species occur more
abundantly in older leys than in younger omes. Counts of Apion species
(apparently A. apricans and A. assimile; MARKKULA and VALLE 1959) made in
1934 at the Hankkija Plant Breeding Station at Tammisto near Helsinki showed
the number of larvae per 200 flower heads to be 4 in 1st-year leys, 108 in
2nd-year leys and 242 in 3rd-year leys (VALLE 1936). Such large differences
are undérstandable when it is considered that these were seed fields from which
clover seed was harvested each year. OBRTEL (1957) established that older red
clover: cultivations are more heavily infested than' younger ones. Previous
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studies carried out in the large research programme which includes the present
investigations and which were based upon examinations of red clover inflor-
escence samples (MArRkkuLA 1959; MARKkULA and VALLE 1959; MARKKULA
and MYLLYMAKI 1962 a, cf. also VALLE et al. 1961) showed that the numbers of
A. apricans, A. assimile and A. trifolii per flower head increased as the ley aged.

In the present investigation, endeavours have been made to confirm the
previously-obtained results on the effect of age of ley and particularly to
establish with more precision the magnitude of this effect. The material
investigated included 29.7 %o 1st-year leys, 53.4 %0 2nd-year, 14.5 %o 3rd-year,
2.1°%0 4th-year, and 0.3 %o 5th-year leys.

Apion apricans. In all the years of this investigation the effect of age of
ley was quite similar (Fig. 33). In each year the abundance of the species
increased from 1st-year to 2nd-year leys and further to 3rd-year leys, but the
numbers decreased in 4th-year leys. In comparison to 1st-year leys (25 spe-
cimens per sample) the average abundance of this species in 2nd-year leys was
73 % greater, in 3rd-year leys 89 % and in 4th-year leys 49 %o greater. In
the experimental material from 1936 the effect of ley age was more pronounced,
and the numbers of A. apricans increased also from the 3rd- to the 4th-year leys
(MarkkuLA and VALLE 1959).

Apion assimile. The amounts of this species increased greatly in 1958 and
1959 from 1st-year progressively to 4th-year leys. In 1960 a similar increase
occurred as far as the 3rd-year leys, but the numbers in the 4th-year leys were
slightly less than in the 3rd-year leys (Fig. 33). In comparison to the 1st-year
leys (7 specimens per sample), the average increase in numbers in 2nd-year leys
was double (105 % greater), in 3rd-year leys nearly four times (281 %o) and
in 4th-year leys still larger (295 %o greater). In 1936 the effect of age of ley
was almost exactly the same as in 1960 (cf. Marxkura and VALLE 1959).

Apion trifolii. Only in the island communes of Southwest Finland was this
species sufficiently abundant for the effect of ley age on its occurrence to be
studied (Fig. 33). In comparison to 1st-year leys (42 specimens per sample)
the average abundance in 2nd-year leys was 29 %o greater and in 3rd-year
leys 212 %/0 greater or more than three times. There were no samples from 4th-
year leys.

Other species. It appears that the age of the ley did not affect the abundance
of Phytonomus meles. At any rate, the limited experimental material did not
show any clear effect (Fig. 33). Likewise the numbers of P. nigrirostris and
Coleophora deanratella were not as distinctly influenced by the age of the ley
as in the case of the Apion species. However, in each year P. nigrirostris and
C. deanratellz were more abundant in 2nd-year thdn in Ist-year leys. In 3rd-
and 4th-year leys no clear picture could be obtained; this was a consequence of
the limited amount of material, since 83 %o of the samples were from 1st- and
2nd-year leys.
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Age of ley and red clover content

According to TEOFILOVIC et al. (1959), the increase in numbers of insects per
inflorescence as the ley ages is due to the concurrent decrease in numbers of
inflorescences per unit area of the ley. Thus the apparent increase is not actual,
but instead is a consequence of the concentration of insects in the few remaining
inflorescences in old leys. In the present investigation no counts were made
of the numbers of red clover flower heads in leys of different ages. Instead
data were obtained on the red clover content of leys, and endeavours were made
to separate the effects of ley age and clover content on the abundance of seed
pests. It is apparent that the change in number of flower heads per unit area
and the change in clover content occur in quite a similar manner. It is also
noteworthy that studies based on netting samples (MARKKULA and MYLLYMAKI
1958) showed that as the ley ages the numbers of Apion apricans and A.
assimile do also increase in relation to the unit area of the field.

The material investigated included 44.6 % of leys in which the red clover
content was 81—100 %0 = the first category, 27.2% of leys of the second
category (red clover content 61—80 %), 13.1 /o of leys of the third category
(41—60 %0), 8.9 % of leys of the fourth category (21—40 %/0), and 6.2 %0 of
leys of the fifth category (<< 20 %o).

Figure 34 shows that the age of the ley and its red clover content each have
a separate influence on the abundance of Apion apricans, A. assimile, Phyto-
nomus nigrirostris and Coleophora deanratella. In the 1st- and 2nd-year leys
(83 %0 of the samples) the effect of each factor is quite distinct, but in the
limited amount of experimental material from 3rd-year leys (15 % of the
samples) no clear results were evident. Because of the very small number of
samples from 4th-year leys (only 2 °/0), they are not presented here.

Apion apricans. As the content of red clover decreased, the numbers of
this species increased (Fig. 34). When the content of clover was 81—100 %o,
there were an average of 33 specimens per sample. In the second category of
clover content (61—80 %) the numbers were 2 %o greater, in the third category
(41—60 /o) 35 %, in the fourth (21—40 9/g) 239 and in the fifth category
(1—20 /o) 4090 greater. The effect of red clover content appeared to be less
pronounced than that of age of ley (Fig. 33).

Apion assimile. As the content of red clover declined, the numbers of A.
assimile showed a greater increase than those of A. apricans (Fig 34). With a
clover content of 81—100 %o there were an average of 8 specimens of 4. assimile
per sample. In the second category the number was the same, in the third it
was more than twice as large (122 %o greater), in the fourth more than four
times (322 %/o) and in the fifth category over six times as large (522 °/o greater)
as in the first category of clover content (81—100%b). It appears that, contrary
to the case of A. apricans, the content of red clover has a more pronounced
offect on the abundance of A. assimile than the age of ley.
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Fig. 34. The effects of age of ley and red clover content on the abundance of Apion apricans,
A. assimile, Phytonomus nigrirostris and Coleophora deanratella, 1, 2 and 3 denote the age
of the ley.

Phytonomus nigrirostris. A decrease in the red clover content was accom-
panied by a definite, although slight, increase in the numbers of this species
(Fig. 34).- When the clover content was 81—100 %o, there were 2.9 specimens
per sample. In the succeeding categories the abundance of this species increased
by the following percentages: in the second 13 %o, third 27 %, fourth 31 %o
and in the fifth category 51 %,

Coleophora deanratella. It appears that as the red clover content decreased,
the number of specimens initially increased but later declined (Fig. 34). This
effect, however, was not very clear. When the red clover content was 81—
100 %, there were 4.6 specimens per sample. In the succeeding categories the
abundance of this species increased by the following percentages: in the second
52 %, third 65 %o, fourth 19 %, and in the fifth category 11 %.

Location of ley: level ground vs. slope, direction of slope

To judge from the experimental material in the present investigation, the
location of the ley on level ground or on a slope had no great effect on the
abundance of seed pests. Likewise, the direction of the slope was not signi-
ficant, although in general the numbers appeared to be greater on south than
on north slopes (Fig. 35).
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Apion apricans was found on fields located on slopes of the “south” group
(facing east, southeast, south and southwest) in numbers averaging 56.2 per
sample; on slopes of the “north” group (west, northwest, north and north-
east) the corresponding figure was 42.2. This difference is significant (F =
11.2"). On level ground the numbers (38.5) were approximately similar to
those on the north-facing slopes. '

Apion assimile occurred on south-facing slopes in amounts of 17.3 per
sample, and on north-facing slopes the figure was 13.9. This difference is not
quite significant. On level ground the number was 13.2 specimens per sample.
If the various slopes are grouped in such a way that those facing east, south-
east, south, southwest and west comprise one group and those facing northwest,
north and northeast a second group, then the average numbers of specimens
per sample in each of these groups show a significant difference (F = 23.8").
— Apion trifolii occurred in such small numbers that it does not provide a
reliable picture of the effect of this factor.

Coleophora deanratells was found in average numbers of 7.7 per sample
on south-facing slopes, 4.1 on north-facing slopes and 6.5 on level ground.
These differences are not significant, but the general tendency is the same as
for Apion apricans and A. assimile.

The average numbers of Phytonomus nigrirostris were 3.4 per sample on
south-facing slopes, 3.1 on north-facing slopes and 3.8 on level ground. These
differences are smaller than for the other species, and consequently the location
of the ley cannot be considered to have any effect upon the abundance of this
species. ’ ' _ . o

The results concerning Phytonomus meles have been published previously
(MarkkuLA and MyLLymERr 1962 b). -The abundance of this species seemed
to be greater on slopes facing east, southeast or.south (av. 4.4 specimens per
sample) than on level ground (2.3) and on slopes facing in other directions (1.8).
These differences were not statistically significant. If the same grouping of
slopes. is used as’in the case of Apion apricans, the numbers of specimens per
sample in the south group was 3.6.and in'the.north group 2.0.

Distance from ley to nearest forest and size of cultivated area

By marking large numbers of apion weevils with an aqueous solution of
fuchsin, SHcHERBINOVSKII (1939) found that they hibernated among fallen
leaves at the edge of forests. On clover fields, on the other hand, only a few
overwintering specimens were found. Similarly, OsrTEL (1957) reported that
the overwintering sites of these pests are forest borders, bushes, etc., and that
only minimal numbers of apion weevils hibernate in clover cultures. SCHNELL
(1955) is the only investigator thus far to have presented data on the over-
wintering sites of the various Apion species. According”to his studies, Apion
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DISTANCE FROM FOREST

apricans and A. trifolii do not hibernate in clover fields but instead in hedges
and banks on the borders of the fields as well as in the litter on the edges of
forests. A. assimile, on the other hand, hibernates in concealed spots in red
clover fields and also in hedges, while Phytonomus nigrirostris overwinters in
bushes within or on the borders of fields of red and white clover. According to
TanasjevIC (1960), A. apricans and A. trifolii hibernate either in fields of
clover or outside such fields. In the autumn some adults have been observed to
fly as far as 600 metres to nearby forests.

The above reports indicate that at least some clover seed pests hibernate
mainly outside the clover fields. Thus it is conceivable that the location of a
suitable overwintering site near the clover ley would affect the abundance of
these pest species. Since the advisers of the agricultural societies, who were
responsible for sending the samples, were unable to investigate which places
(such as ditch banks, thickets, etc.) served as overwintering sites, they were
requested to supply information only on the distance from the ley to the nearest
forest as well as the size of the cultivated area. It was assumed that if the
proximity of the forest had a pronounced influence on the abundance of these
species, this would become evident from an analysis of such data.

From the results of the present investigation, it is apparent that the distance
from the ley to the nearest forest has no great effect (Fig. 36)." In the case of
all the species, it was found that when the ley was situated ‘in the immediate
proximity of the forest (0—10 metres), there were smaller numbers of specimens
than if the forest was somewhat more distant (11—250 metres). - As the distance
increased further, Apion apricans and Phytonomus meles. appeared to become
slightly less abundant, while the numbers of A. assimile, P. nigrirostris and
Coleophora deauratells appeared to remain at the same level or to increase
slightly.
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-The size of the cultivated area had a somewhat more marked influence
(Fig. 37). When the size was very small (0.1—3 hectares), the numbers of pests
were low; as the size increased, the numbers appeared initially to rise and subse-
quently to decline. The numbers of Apion apricans and A. assimile distinctly
increased with an increase in size of the cultivated area, while the effect'on the
other spec1es was less obvious.

Other factors

In the present investigation the soil type was not found to have any distinct
influence on the abundance of seed pests. Likewise, the abundance was
apparently unaffected by the area ofthe ley producing seed. or by the size of
the entire ley. Although the experimental material as such was vety extensive,
it was perhaps not large enough to determine the poss1ble negligible effect of
these ‘factors. -

Summary |

The present investigation was based on a total of 1758 samples of red clover
inflorescences collected during the years 1958—1960. The samples, each consist-
ing of 200 flower heads, were obtained quite uniformly from throughout the
entire country.. They-were placed in cardboard rearing boxes in the i insectarium
of the Department of Pest Investigation. The insects appearing in the glass
tubes of the boxes (as well as-those few remaining within the box) were' col-
lected, identified and counted. The following total numbers of specimens of
'seed pests were found in samples of cultivated red clover: " Apion apricans
Herbst 65 259, A. assimile Kirby' 23 088, A.. trifolii L. 3.402, Phytonomus
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nigrivostris Fabr. 3 618, P. meles Fabr. 557 and Coleophora deanratella Zell.
(larvae) 3 144. In addition, 5207 specimens were found in samples of wild
red clover, so that the total experimental material consisted of 104 275 speci-
mens of seed pests. In the case of Dasyneura leguminicola Lintn. and Haplothrips
niger Osb. observations were made only on their distribution and frequency.

Time of emergence. The average date (Emergence 50) during the
three years investigated when half the specimens had emerged (= appeared in
the glass tubes of the rearing boxes) was August 8 for A. assimile; for P. nigri-
rostris it was 9 days later, for A. apricans 11 days, for P. meles 15 days and
for A. trifolii 22 days later. All of the species emerged considerably earlier in
the warm summers of 1959 and 1960 that in the cool summer of 1958.

Distribution. Most of the species of seed pests occurred considerably
further north than the principal regions of clover cultivation. A. apricans, A.
assimile and C. deauratella were found throughout practically the entire country,
as far north as about lat. 68° 30’ N. P. nigrirostris, D. leguminicola and H.
niger were encountered as far north as lat. 68° N. and P. meles also at lat.
68° N. although it mainly occurred only in three separate areas. A. trifolii
was found only in the southwest parts of the country, primarily in the islands
off the coast. ‘ A .

Frequency. 90% of the samples contained A. apricans, 67 %o A. assi-
mile, 55 %0 P. nigrirostris, 31 %0 D. leguminicola, 29 %o C. deauratella, 13 °/o
H. niger, 11 %o P. meles and 4 %o A. trifolii. In their own regions of distribution
A. trifolii and P. meles were much more frequent (62 %o and 31 %o respectively).

Abundance. In all three years A. apricans was definitely the most
abundant (av. 37.1 specimens per sample), comprising 65.9 %o of the total
numbers of the six species of seed pests. The corresponding figures for the
other species were: A. assimile 13.1 and 23.3 %o, P. nigrirostris 2.1 and 3.7 /o,
A. trifolii 1.9 and 3.4 %, C. deanratellz 1.8 and 3.2 °/o, P. meles 0.3 and 0.6 %/,
The annual differences in abundance were not very large, although in 1959
A. apricans and A. assimile were more numerous than in 1958 and 1960.

The ratio between the amounts of the two most important seed pests, A.
apricans and A. assimile, was very similar in all three years. In 1958 A. apricans
comprised 70 %o of the total numbers of both species, in 1959 74 %0 and in
1960 78 %; in the material from 1936, used for comparison, the figure was
75 9/o.+ The dependence of both species on weather conditions is thus probably
quite similar.

With the exception of A. apricans, all the species were more abundant in
zigzag and wild red clover than in cultivased red clover. A. apricans appears
especially to be a species of cultivated red clover and occurs infrequently in
wild red clover and zigzag clover. A. assimile, on the contrary, is more numerous
in zigzag and wild red clover than in cultivated clover. The former types of
clover flower and produce seed earlier than cultivated red clover, thus encourag-
ing the earlier development of A. assimile in comparison to that of A. apricans.
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Regional abundance A apricans was definitely most abundant
in the southeastern parts of the country. Counts made according to the regions
of the agricultural societies showed the maximum figures' for this species in
Southeast Finland to be 144 and 107 specimens per sample. The numbers
decreased toward the west and northwest, amounting to only 17 and 16 in two
regions in West Finland. The regional abundance of A. assimile was essentially
different. It was found to be most numerous (134 specimens) in. the second
most northern region of the country and was most sparse in the south and
southwest parts (3.1, 1.9 and 1.4 specimens per sample). The maximum count
for A. trifolii (56) was obtained from the island region off the southwest coast;
on the nearby mainland region there were only 8 specimens per sample and
elsewhere the species was not found at all. :

Among the 22 regions of agricultural societies A. apricans was most
abundant in 18 and A. assimile in only 4. The relative proportion of A. apricans
appears to decrease and that of A. assimile to increase in going from the south
to the north of the country. '

Effect of certain factors on the abundance. The
age of ley had a marked influence on the abundance of A. assimile. In second-
year leys its numbers were twice as great and in third- and fourth-year leys
nearly four times a great as in first-year leys. The abundance of A. apricans
and A. rrifolii also increased as the ley aged. The numbers of P. nigrirostris and
C. deanratella ware larger in 2nd-year than in Ist-year leys. The age of the
ley appeared to have no effect on the abundance of P. meles. ' '

As the content of red clover in the ley diminished, the amounts of A.
apricans, A. assimile and P. nigrirostris increased. The rise in numbers of 4.
assimile was especially marked; when the clover content was only 10—20 %,
this species was six times more abundant than in leys with a clover content of
81—100 %.

The numbers of A. apricans, A. assimile, C. deanratellz and P. meles were
greater on slopes facing southward than on northward-facing slopes or on level
ground. ' '

When the ley was located immediately adjacent to forest (0—10 metres
distant), the amounts of all species were smaller than when the distance was
somewhat greater (11—250 metres). When the seed field was situated on very
small cultivated areas (0.1—3 hectares), there were generally low numbers of
seed pests. As the size of the cultivated area increased, the numbers initially
increased but subsequently generally decreased. This decrease was most pro-
nounced in the case of A. apricans and A. assimile.
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SELOSTUS

Puna-apilan siementuholaisten runsaus maassamme seki eriiden tekqmden
vaikutuksesta runsauteen

MARTTI MARKKULA, SIRKKA MYLLYMAKI ja VEIKKO KANERVO

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Vuosina 1958—1960 keridsivit maanviljelysseurojen neuvojat Tuhoeldintutkimuslaitoksen
pyynndsti kaikkiaan 1758 kukintondytetti viljellysti puna-apilasta ja 64 kukintoniytetti
luonnonvaraisesta puna-apilasta.. Kukin niyte kisitti 200 kukintoa, Niytteet olivat melko
tasaisesti periisin koko maasta. Ne sijoitettiin Tikkurilassa pahvisiin kasvatuslaatikkoihin
Tuhoeldintutkimuslaitoksen insektaarioon. Kasvatuslaatikkojen lasiputkiin tulleet tai mahdol-
lisesti laatikkoihin jiineet siementuholaiset otettiin talteen, miiritettiin ja laskettiin, Viljel-
lysti puna-apilasta saatiin eri siementuholaislajeja seuraavat yksilomiirit: apilanirppua 65 259,
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pienti apilanirppua 23 088, lounaista apilanirppua 3 402, korvakekirsikisti 3 618, mykerd-
kirsikisti 557 ja apilan pussikoita 3 144. Luonnonvaraisesta puna-apilasta saatiin 5 207 siemen-
tuholaisyksilod eli puna-apilasta kaikkiaan 104 275 yksildd. Lisiksi” merkittiin muistiin apilan
siemensiisked ja apilaripsiiistd sisiltineiden niytteiden maara, mutta niiden sangen pieni-
kokoisten hydnteislajien yksilomairii ei laskettu.

\ Limpimini kesini 1959 ja 1960 kaikki lajit aikuistuivat (= ilmaantuivat kasvatuslaatikoiden
lasiputkiin) huomattavasti aikaisemmin kuin koleana kesini 1958. Vaihe, jolloin lajin yksi-
Isistd puolet oli aikuistunut, sattui kolmen vuoden keskiarvona pienelli apilanirpulla elokuun
8. piiviksi, korvakekirsikkiilli 9 vrk myohiisemmiksi, apilanirpulla 11. vrk, mykerSkirsik-
kialld 15 vrk ja lounaisella apilanitpalla 22 vrk my8hiisemmiksi. Apilan pussikoin toukat
ilmaantuivat kasvatuslaatikoiden lasiputkiin keskim. vuorokautta aikaisemmin kuin plenen apila-
nirpun’ aikuisét;

Levinneisyys ja yleisyys

Apilanirpun, pienen apilanirpun ja apilan pussikoin pohjoisin esiintymispitiji oli Enon-
tekiS. Korvakekirsikds, apilan siemensdiski ja apilaripsidinen esiintyivit lihes yhtd pohjoisessa,
Muoniossa, Kittildssi ja Sodankylissi asti. Mykerskirsikistd tavattiin pddasiassa vain kolmelta
erilliseltd alueelta: 1) Linsi-Lapin ja Pohjanmaan alueelta, 2) Pohjois-Karjalan alueelta sekd
3) Varsinais-Suomen ja Uudenmaan alueelta. Laji esiintyi varsin pohjoisessa, Muoniossa ja
Kittilissi asti. Lounaista apilanirppua tavattiin ainoastaan maamme lounammmasta osasta,
pidasiassa saaristosta.

Apilanirppu oli siementuholaisista yleisin; 90%0o nidytteisti sisilsi sitd. Seuraavina olivat
pieni apilanirppu 67 %o, korvakekirsikis 55 %o, apilan siemensiiski 31 %o, apilan pussikoi 29 %,
apilaripsidinen 13 %, mykerokirsikis 11 %o ja lounainen apilanirppu 4%. Kun mykerSkir-
sikkiin ja lounaisen apilanirpun osalta, joiden levinneisyysalue on suppea, otetaan huomioon
ainoastaan niiden levinneisyysalueilta saadut niytteet, todetaan mykerdkirsikistd olleen
31%0:ssa niytteitd ja lounaista apilanirppua 62 %:ssa.

Apilanirppua oli Lapin maatalousseuran alueella 18 %0:ssa niytteitd ja muilla alueilla 73—
100 %0:ssa. Pientd apilanirppua oli Ahvenanmaalla 31 %o:ssa ja kolmella muullakin alueella alle
5090:ssa ndytteiti. Yleisin (95 %) pieni apilanirppu oli Peri-Pohjolan maanviljelysseuran
alueella. Apilanirppu oli 19 alueella pienti apilanirppua yleisempi, kahdella (Lapin maatalous-
seuran ja Peri-Pohjolan maanviljelysseuran) harvinaisempi ja yhdelli (Kajaanin maanviljelys-
seuran alueella) lajit olivat yhti yleisii.

Runsans

Apilanirppu oli kaikkina tutkimusvuosina ehdottomasti runsaslukuisin. Sitd oli keskim. 37.1
yksildi niytettd kohti ja 65.9 % kuuden siementuholaislajin yhteenlasketusta yksilomadrasti.
Pieni apilanirppu oli yhti selvisti toisella sijalla, 13.1 yksiléd ja 23.3 %. Muiden lajien run-
saus oli varsin vihiinen: korvakekirsikds 2.1 yksiloi ja 3.7 %, lounainen apilanirppu 1.9
yksilsid ja 3.4 %, apilan pussikoi 1.8 yksiléd ja 3.2% seki mykerokirsikis 0.3 yksildd ja
0.6%. Niiden kuuden lajin yhteenlaskettu yksilomiiri kukintondytetti kohti oli kolmena
tutkimusvuotena keskim. 56.3. Vuotuiset runsauserot eivit olleet kovin suuria. Limpimind ja
kuivana kesini 1959 apilanirppu (45.3 yksilsd niytteessi) ja pieni apilanirppu (16.3) olivat
runsaslikuisempia kuin v. 1958 (27.0, 11.8) ja v. 1960 (41.5, 11.7). Vertailu v:n 1936 aineis-
toon osoitti, ettd apilanirpun (86.2 yksiloi niytteessi) ja pienen apilanirpun (28.2) runsaus oli
tillsin yli kaksinkertainen vuosien 1958—1960 keskiarvoon verrattuna. Niiden nirppulajien
runsaussuhde oli kaikkina tutkimusvuosina hyvin samanlainen. Lajien yhteismédrdsti apila-
nirppua oli v. 1957 78 %o, v. 1958 70 %, v. 1959 7490, v. 1960 78 %0 ja v. 1936 75 °/o. Suuri
yhdenmukaisuus viiden si#oloiltaan varsin erilaisen vuoden aineistossa viittaa sithen, ettd
kummankin lajin limpétila- ja kosteusvaatimukset ovat hyvin samanlaiset.
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Tutkimusten "kohteena oli Vertailun vuoksi my8s siementuholaisten runsaus luonnonvarai-
sessa puna-apilassa ja metsiapilassa. Kaikkien muiden lajien paitsi apilanirpun runsaus oli
niissi suurempi kuin viljellyssi puna-apilassa. Apilanirppua oli metsiapilassa vain 10.9 yksi-
164 niytetti kohti eli fumsas kolmannes miiristd (29.9), joka oli luonnonvaraisessa puna-
apilassa, ja vajaa neljinnes viljellyssi puna-apilassa olleesta miiristi (37.1). Pienti apila-
nirppua oli metsiapilassa 74.1 yksiloi niytettd kohti eli’ yli 1 Jo-kertainen midird luonnon-
varaisessa puna-apilassa olleeseen (44.5) verrattuna ja vajaa kuusinkertainen viljellyssi puna-
apilassa olleeseen. (13.1) verrattuna. Apilanirppu ndyttdd siis erityisesti viljellyn puna-apilan
lajilta, kun taas piéni apilanirppu esiintyy huomattavasti runsaslukuisempana luonnonvarai-
sessa puna-apilassa ja metsiapilassa. Pieni apilanirppu on kehityksessiin apilanirppua selvisti
varhempi, Luonnonvaraisen puna-apilan ja metsiapilan. viljeltyd puna- -apilaa huomattavasti
aikaisempi kukinta ja siemenmuodostus tekee ne erityisen Sopiviksi pienen apilanirpun isinti-
kasveiksi, miki ainakin' osittain selittd3 lajien runsauserot. .

Alueellinen runsaus. Apilanirppu oli selvisti runsaslukuisin maan kaakkoisosissa.
Suurimmat yksilomiirit olivat Linsi-Karjalan maanviljelysseuran alueella (keskim. 144 yksi-
[64 niytteessd) ja Kymenlaakson maanviljelysseuran alueella (107). Runsaus viheni selvisti
linteen ja luoteeseen piin. Eteli-Pohjanmaan maanviljelysseuran alueella oli lajia vain vihin
(16 yksilos niytteessi) ja samoin Satakunnan maanviljelysseuran alueella (17). Lapin maa-
talousseuran alueella apilanirppua tavattiin ainostaan v. 1959 ja silloinkin vain 3 yksiléd
niytteessi.

Pienen apilanirpun alueellinen runsaus oli olennaisesti toisenlainen kuin apilanirpun. Pieni
apilanirppu oli runsaslukuisin (keskim. 134 yksilsi niytteessi) Peri-Pohjolan maanviljelys-
seuran alueella. Melko runsas se oli myds Pohjanmaan ruotsalaisen maanviljelysseuran (44),
Pohjois-Karjalan maanviljelysseuran (34) ja Kuopion maanviljelysseuran (31) alueella. Erittdin
vihin siti oli Suomen talousseuran alueella (3.5) ja Uudenmaan liinin maanviljelysseuran
alueella (3.1) seki Ahvenanmaalla (1.9), kaikkein vihiten Kymenlaakson maanviljelysseuran
alueella (1.4). Lounaista apilanirppua oli Suomen talousseuran alucella keskim. 56 yksilsd/
niyte ja Varsinais-Suomen maanviljelysseuran alueella vain 8.2 yksilsi.

Nirppulajien yhteenlaskettu runsaus oli suuri (vihintdin 100 yhsilod niytteessi) kolmen
maanviljelysseuran alueella: Linsi-Karjalan (159), Perd-Pohjolan (159) ja Kymenlaakson (108).
Kuuden seuran alueella nirppuja oli melko runsaasti (50—100) ja kolmentoista seuran alueella
vihin (alle 50). Kaikkein vihilukuisimpia ne olivat Lapin maatalousseuran (8) ja Kajaanin
maanviljelysseuran (22) alueella.

Apilanirpun ja pienen apllamrpun runsauden vertailu osoittaa, etti apilanirppu oli runsas-
lukuisempi 18 seuran alueella ja pieni apilanirppu vain neljin seuran alueella. Lapin maatalous-
seuran alueella pienti apilanirppua oli 85.7 % lajien yhteismidristd, Perd-Pohjolan 84.1°%,
Pohjanmaan ruotsalaisen 61.5 %o ja Kajaanin maanviljelysseuran alueella 50.7 %o. Viiden seuran
alueella pienti apilanirppua oli 25—50 %, yhdeksin seuran alueella 10—25 %0 ja neljin seuran
alueella alle 10%. Viimeksi mainitut ovat Linsi-Karjalan (9.8 %) ja Uudenmaan lddnin
(6.5 %) maanviljelysseura, Ahvenanmaa (4.5%) ja Kymenlaakson maanviljelysseura (1.3 %).
Apilanirpun suhteellinen osuus niytti pienenevin ja pienen apilanirpun kasvavan maan eteli-
osasta pohjoiseen piin mentdessd.

Korvakekirsikis oli runsain Linsi-Karjalan maanviljelysseuran alueella (4.5 yksildd nidyt-
teessd) ja vihilukuisin Ahvenanmaalla (0.5), missi mykerdkirsikids oli puolestaan runsaslukuisin
(3.4). Apilan pussikoi ndytti olevan Linsi- ja Lounais-Suomessa jonkin verran runsaampi kuin
muualla. Laji oli huomattavan runsas (26.7 yksilod ndytteessi) v. 1960 Suomen talousseuran
alueella.

Eri tekijdiden vaikutus runsauteen, Nurmen ikdi vaikutti erityisen voimak-
kaasti pienen apilanirpun runsauteen. Sen miird oli toisen vuoden nurmissa kaksinkertainen
seki kolmannen ja neljinnen vuoden nurmissa lihes nelinkertainen verrattuna méirdin, joka
oli ensimmiisen vuoden nurmissa. My®s apilanirpun ja lounaisen apilanirpun runsaus lisidncyi
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selvisti nurmien vanhetessa. Korvakekirsikkdin ja apilan pussikoin miiri oli toisen. vuoden
nurmissa suurempi kuin ensimmiisen vuoden. Nurmen iki ei niyttinyt vaikuttavan mykerd-
kirsikkdin runsauteen.

Puna-apilapitoisunden vihetessi apilanirpun, pienen apilanirpun ja korvakekirsikkiin run-
saus lisddntyi. Pienen apilanirpun runsauden lisiintyminen oli erittiin huomattavaa. Kun apila-
pitoisuus oli 1—20 %o, lajia oli kuusinkertaisesti verrattuna sellaisissa nurmissa olleeseen misi-
rdin, joiden puna-apilapitoisuus oli 81—100 %o.

Rinnemaiden ja tasamaiden nurmet. Apilanirpun, pienen apilanirpun, apilan pussikoin ja
mykerSkirsikkiin runsaus oli suurempi etelin puoleisilla rinnemailla kuin pohjoisilla rinne-
mailla tai tasamailla. Korvakekirsikkdsin miiriin ei vaikuttanut se, oliko kysymyksessi tasa-
maa vaiko rinnemaa eiki mydskdin rinteen viettivyyssuunta.

Siemennurmen etdisyydelli metsistd ei ollut ainakaan suurta vaikutusta siementuholaisten
runsauteen. Nurmen sijaitessa metsin vilictdmissi liheisyydessi (0—10 m:n piissi) kaikkien
lajien runsaus oli pienempi kuin hieman kauempana (11—250 m:n pidssi). Etdisyyden suure-
tessa apilanirpun ja mykerokérsikkddn miiri niytei hieman laskevan ja pienen apilanirpun,
korvakekirsikkdin ja pussikoin pysyvin samana tai hieman lisdintyvin.

Kun wviljelyaukea, jolla siemennurmi sijaitsi, oli hyvin pieni (0.1—3 ha), siementuholaisten
runsaus ndytti yleensi vihidiseltdi. Runsaus lisiintyi aluksi viljelyaukean suurentuessa, mutta
pieneni sen edelleen suurentuessa.
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The most extensive studies on the host plants of wheat striate mosaic virus
(WSMV) and oat sterile dwarf virus (OSDV) have been carried out in
Czechoslovakia (VACKE 1960; VAcke and Pr¥Sa 1961; VACKE 1962). ThlS
problem has also been investigated in Sweden (LINDSTEN 1961).

During the studies on WSMV and OSDV carried out at the Department
of Plant Pathology (IxAHEIMO 1960, 1961, 1962; IxAnEMO and RAATIKAINEN
1961, 1963) attention has been paid to the kmds of host plants Whlch were
diseased by these viruses.

Methods. Of each plant species investigated, at least 8—12 plants,
often as many as 20—40, were inoculated. The vectors used were Calligypona
pellucids (Fabr.) leathoppers, which were either collected from the field or
reared in a glasshouse. The leafhoppers were first given acquisition feed for
7—10 days on virus-infected plants, after which they were allowed to feed
on healthy oat plants for about two weeks in order to determine whether they
were infected with the virus. During this feeding period there were 2—4 .insects
per plant. Since there were relatively few WSMV-transmitting leafhoppers
among the infected insects, the susceptibility of test plants to WSMV was certain
only when definite symptoms of this disease appeared. The perennial grasses
were inoculated in the autumn, kept for 3—4 months in an unheated part of
the glasshouse, and transferred to the heated section of the glasshouse in the
spring. The occurrence of virus diseases in the plants was determined by trans-
mission tests in the summer when they began to flower. The tests were made
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with virus-free leafhopper nymphs, which were progeny of virus-free females.
The test plant was Finnish Sisu oats. ‘

Results. Both reports in the literature and the present studies (Table 1)
indicate that the host plants of the viruses WSMV and OSDV are mainly
Graminae. According to Heskova, JERMOLJEV and CHoDp (1962), certain
dicotyledonous plants are susceptible to OSDV. Reports in the literature
mention 27 grass species susceptible to WSMV; in addition to these, the present
studies showed that following two species were also susceptible: Hordenm besca-
licow and Lolium temulentum. Previous reports have been mode of 29 grass
species which are known to have been infected with OSDV; the present work
showed that four additional species are susceptible: Avena sterilis ssp. bysantina,
A. sterilis ssp. Iudoviciana, Arrbenatherum elatins and Hordeum bescalicow
pyramidalum (Table 1).

In the case of certain grass species, the results obtained in the present studies
differed somewhat from those mentioned by other workers. LiNpsTEN (1961)
found that Festuca pratensis was not susceptible to either virus, but according
to both VACKE (1962) and the trials described here, OSDV occurs latently in
this grass species. According to the literature, Arrbenatherum elatins was not
susceptible to either of the viruses, but in the present trials OSDV produced
typical symptoms in A. elatius.

WSMV and OSDV were not found to cause disease symptoms in dicotyle-
donous plants. Flax (Linum wusitatissimwm) was most intensively tested for its
susceptibility to OSDYV, since in the U.S.A. the disease caused by OSDV was
found greatly to-resemble the disease produced in flax by the virus of blue
dwarf of oats (BANTTARI and MOORE 1962). In the present tests, however, no
visible symptoms were observed in inoculated flax. When the disease aster yellows
appears in cereals, it resembles OSDV (cf. WESTDAL, BARRETT and RICHARDSON
1961). In the present studies OSDV was not transmitted to Callistephus chi-
nensis.

Summary

A total of 34 species of Graminae and 11 Dicotyledons were inoculated with
WSMV and OSDV, Calligypona pellucida (Fabr.) leafhoppers being used as
vectors. New host plants of WSMV were found, namely Hordeum bescalicow
pyramidalum and Lolium temulentum. New host plants of OSDV were also
found, namely Avena sterilis L. spp. bysantina (Koch) Thell, A. sterilis L. spp.
ludoviciana (Dur.) Husa., Arrhenatherum elatius (L.) and Hordeum hescalicow
pyramidalum.
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Table 1. Plant species tested in WSMV and OSDV host plant trials.

Tanlukko 1. Viirumosaiikki- ja tyviversoviruksen isintékasvikokeissa olleet kasvilajit.

_ distinct symptoms

+ = S

selvit oireet

()= weak symptoms
heikot oireet

_. no symptoms

ei oireita
virus recovered in oats

k= virus saaty siirtymdin inokuloidusta
kasvista wviljakaskaiden avulla takai-
sin kauraan

QO = virus not recovered

virusta ei ole saatwn siirtymdin takai-
sin kauraan

S & W. = Slykhuis, J. & Watson, M. 1958

P. et al. = Pru$a, V., Jermoljev, E. & Vacke, J.
1959

V. = Vacke, J. 1960

V. & P. = Vacke, J. & Prufa, V. 1961

V.P.2 = Vacke, J. & Prida, V. 1962

L. = Lindsten, K. 1961

H. J. C. = Heskova, D., Jermoljev, E. &
Chod, J. 1962

(Names of the grasses according to the
worker or to HussarD, 1959) - :
(Heinien nimet joko ko. tutkijan tai Hus-
BARDin (1959) mukaan.)

Present studies
Omat kokeet, altis

2 >R
2 3 23 3 g
£ 8% =g f
Plant species 4 §§ Worker £ § Worker B.§ 8 g§
Kasvilaji 25F ek 3 ‘g‘ Tutkija 9 :zg e3 ;;*;
8T a8 KRS
23 2% o3
5% && &%
Monocotyledons
Agrostis stolonifera L. — V.&P. —_ V.P.2 — —
Alopecurus pratensis L. — —»— — —— — —_
Anthoxantum odoratum L. — —»—
Avena sativa L. + S.&wW., -+ V.P.etal, + +
V.&P. L. V.
»  barbata (Pott.) Thell. + L. + L.
»  byzantina C. Koch + L. + L.
>  bysantina var. rubida + L. + L. i
»  fatua (L.) Malz. + P.etal,L. + L,P.etal. + +
» nuda (L.) Hoej. + V.&P. + L.,V.P.2
»  nuda var. chinensis + L. =+ L. -
»  orientalis L. ) + =+
»  strigosa (Schreb) Malz -+ V.&P -+ L.,P.etal. + +
»  sterilis L. ’ (+) V.&P + L,P.etal. + +
» » L. ssp. abyssinica + L.
» »  var. maxima + L + L.
» » L. spp. byzantina (Koch)
Thell. + +
» » L. spp. ludoviciana (Dur.)
Husn. ’ + L. + +
» » x A. sativa -+ L.
»  bysantina x A. sativa + L.
Arrhenathernm elatins (L.) — V.&P, — V.P.2 + O
Briza media L — —»— :
» minor L — —
Bromus arvensis L. + V.&DP. — —»— — — 0
» inermis Leyss. : — —»—
» mollis L. + V.&DP. — —n»—
»  tectorum L. + —»— — —»— — — O
Calamagrostis epigeios (L.) Roth, — —— — —»—
Cynosurus cristatus L. — —»— — —
Dactylis glomerata L. — —»— — "0O.L,V.P.2— — O

Deschampsia caespitosa (L.) Beauv.
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Present studies

Omat kokeet,

altis

Chenopodium quinoa Wild.
» . amaranticolor
Coste et Reyn

136

S 23
Y3 8 2 AP §
PR, B 23p i
Plant species e §§ Worker 28 Worker B§ 84. 3§
Kasvilaji 2 §~§ . Tuthija §§ Tutkija g§ ng Eg
Digitaria ischaemum (Schreb) Miihlenb. — V.P.2
Echinochloa crus-galli (L.) Beauv. — —»—
Elytrigia (Agropyron) repens (L) Nevski ) . — . 0.L,V.P.2 — — 0
Festuca pratensis Huds. — V.&P. -« OL,V.P.2 — — X
»  rubra L. — —»— —_ V.P.2
Glyceria aquatica (L.) Wahlb. — —
Hordeum vulgare L. + S.&W.,, -+ L.
V.&P,L.
» distichon L. lajike Balder +  (+) k
> hescalicow pyramidalum + ()
» jubatum L. — —
» murinum. L. =+ V.&P —  P.etal + ()
Lolium multiflorum Lam. + —»—, V. + L,V.&P.2 + + >k
»  perenne L. + S.&W., + L,V.P.2 + +
V.&.P.
»  temulentum L. +
Melica nutans L. — V.P.2 _ =
»  transsylvanica Schur. — —»—
Molinia coernlea (L.) Moench. — —»—
Panicum miliacenm L. — —>—
Phleum pratense L. —_ OL,V.P.2 — — 0
Poa annua L. =+ V.&DP. + P.etal. + +
» palustris L. — V.P.2
» pratensis L. — V.&P. — OL,V.P.2 — — O
» nemoralis L. — V.P.2
» trivialis L. . : — V.P.2
Secale cereale L. + S.&VW., V.+ V., L. + —
Setaria italica (L.) Beauv. — —
»  glanca (L.) Beauv. — V.P.2
»  wviridis — P. et al.
Sorghum wvulgare Pers. . — V.P.2
Triticum aestivum L. + S.&WwW, +: V.L. + () %k
: : l2j. Timantti
. V.&P, L. " laj.Varma -+ — X
» dicoccum Schrank. + V.&P, + V.P.2. .
» durum Desf. + —»— B AR — + (1)
» compactum Host. + —— + —y—
» monococcum L. + —— e
» polonicum L. + — + —»—
» spelta L. + —y— + —p—
» turgidum L. + —>— + —y—
Trisetum flavescens (L.) P. Beauv. — + ey
Zea mays L. . — P.V. — L *VP 2
Dicotyledons
Achillea millefolium 1. — V.P.2
Atriplex nitens L. . + H.J.C
Callistephus chinensis(L.) Neevs. + —»— — —
Callistephus sativa L. -+ —y—



Present studies
Omat kokeet, altis

\ : :
B3, 83 5 n 4
S 8 23
Plant species e gE Worker 2 % ‘Worker B?: 8Q g§
Kasvilaji _44: § g Tutkija % § Tutkija °3 ¢ E E:
EET 22 4% ¥ 53
S g3 23 ES pd
5% 2% pE
Cirsium arvense (L.) Scap. — V.P.2
Dablia Cav. + H.]J.C.
Datura metel + —
Datura stramonium L. —_ V.P.2
Dancus carota. L. + H.J.C
Fagopyrum tataricum L. (Girtn.) — V.P.2
Lupinus polyphyllus Lindl. — —
Nicotiana tabacum L., lajike White
" Burley ' — —

» glutinosa L. - . o : — —
Petunia hybrida Juss. . o —_ —_
‘Plantago lanceolata L. . ) — V.D.2
Rumex acetosella L. ’ — ——

Solanum lycopersicum L. . + H.J.C.

Sonchus arvensis L. C— V.P.2

Stellaria media (L.) Vill. —O P.etal —0 — C
Taraxacum officinale Web. — V.P.2

Trifolium pratense L., lajike Tammisto ) — —

» pratense L. — P.etal )

» montanum L. —_ —»— }

» repens L. : — —»— — —_
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SELOSTUS

Vehnin viirumosaiikin ja kauran tyviversoviroosin isintikasvilajisto
Katrr IxAHEIMO

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Taulukossa 1 on esitetty sekd kirjallisuustiedor etti Kasvitautien tutkimuslaitoksella saadut
tulokset vehndn viirumosaiikin ja kauran tyviversoviroosin isintikasvikokeista.

Seki viirumosaiilki- ettd tyviversoviruksella on piiasiallisesti vain heinikasveihin rajoit-
tuva isintikasvilajisto. ‘Uusia viirumosaiikkiviruksen isintikasveja olivat seuraavat lajic:
Hordeum bescalicow pyramidalum ja Lolinm temulentum. Tyviversoviruksen uusiksi isintikas-
veiksi osoittautuivat seuraavat lajit: Avena sterilis ssp. bysantina, A. sterilis ssp. Indoviciana,
Arrhenatherum elatius ja Hordeum bescalicow pyramidalum.

Onmissa kokeissa saadut tulokser poikkeavat muiden tutkijoiden tuloksista vain erdiden lajien
osalta. Festuca pratensis ei LinpsTENin (1961) kokeiden mukaan ole ollut altis kummallekaan
virukselle, mutta seki VAckEn (1962) etti omissa kokeissa tyviversovirus esiintyi latenttina F.
pratensiksessa. Arrbenatherum elatins ei ole ollut altis kirjallisuustietojen mukaan kummallekaan
virukselle, mutta omissa kokeissa tyviversovirus atheutti taudin tyypillisine oireineen A. elatink-
sessa. Kumpikaan virus ei atheuttanut tautia meilli kokeilluissa kaksisirkkaisissa lkasveissa.
Tiéekkildisten tutkijoiden mukaan kauran tyviversovirus voi kuitenkin siirtyd erdisiin kaksi-
sirkkaisiin kasveihin.
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PERUNAN SATOTASON KEHITYS KOEASEMIEN LAJIKE-
KOKEISSA JA TALOUSVILJELYKSILLA ‘

Summary: Potato yield levels in variety trials and on fields at Finnish
agricultural experimeént stations
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Perunan satotason kehitykselle Suomessa on luonteenomaista satotason voi-
makas paraneminen’1920-luvulla, suhteellisen hyvi taso 1930-luvulla, huomat-
tava lasku sotien seurauksena 1940-luvulla ja satotason paraneminen jilleen
1950-luvulla (Yrroé 1961)." Huomioon ottaen vuodet 1931—62 oli keskimsi-
rdinen mukulasato koko maassa maataloustilaston mukaan 14.2 tn/ha eli huo-
mattavasti pienempi kuin kokeissa on yleensi saatu. Mainittakoon esimerkkini,
ettd jo 1920-luvulla oli lajikekokeissa kahdeksalla koepaikalla, joiden tuloksia
jaljempdnd tarkastellaan, kunakin vuonna antoisimman lajikkeen keskimiirii-
nen mukulasato 23.9.— 39.8 tn/ha (KoSKINEN 1932). Satotason: kehityksen
seuraaminen ndissd kokeissa on kuitenkin vaikeata, silli useimmat koeasemat
aloittivat toimintansa vasta 1920-luvun jilkipuoliskolla. Tikkurilassa ja Kari-
lassa, jossa kokeita oli eniten, pysyi satotaso suunnilleen samana.

Seuraavassa tarkastellaan perunan satotason kehitystd eriilli koeasemilla
vuosina 1931—62. Mainittu aika on jo siksi pitk#, ettd satotason muutoksia
voidaan tilastollisilla menetelmills tutkia. Eri kysymyksisti pyritiin selvitti-
miédn. erityisesti koepaikkojen keskimiidriisti satotasoa, sato-
vaihteluajasatotasonkehityksenpiidsuuntaa eli trendid.
Perusaineistoksi otettiin Ruusulehti-perunan sadot. Mainittu lajike oli useim--
milla koepaikoilla kokeissa jo vuonna 1931. Vuonna 1936 se hyviksyttiin kai-
killa koeasemilla mittarilajikkeeksi. Ruusulehden lisiksi otettiin huomioon mybs
kunakin vuonna satoisimman lajikkeen sato samoista kokeista. Vertailupohjan
laajentamiseksi seurattiin lisiksi satotason kehitysti talousvﬂjelyksﬂla Aineis-
ton tilastollisessa Ikdsittelyssi kiytettiin MuDRAn (1958) esittdmii laskutapoja.

139



Eri koepaikkojen satotason vertailussa on riittdvin pitkdn ajan lisdksi tdr-
kedtd, ettd aineisto kisittdisi samoja vuosia. Mainituista syistd tutkimus rajoi-
tettiin seuraaviin, jo vuonna 1931 toiminnassa oleviin Maatalouden tutkimus-
keskuksen laitoksiin ja koeasemiin: 1. Kasvinviljelylaitos (Tikkurila), 2. Kas-
vinjalostuslaitos (Jokioinen), 3. Satakunnan koeasema (Peipohja), 4. Himeen
koeasema (Pilkine), 5. Eteli-Savon koeasema (Karila), 6. Eteli-Pohjanmaan
koeasema (Ylistaro), 7. Pohjois-Savon koeasema (Maaninka) ja 8. Pohjois-
Pohjanmaan koeasema (Ruukki). My&s Peri-Pohjolan koeaseman (Apukka)
tulokset otettiin tarkasteltavaksi aseman pohjoisen sijainnin vuoksi, vaikka sen
sdsnnollinen toiminta alkoikin vasta sotavuosien jilkeen.

1. Kasvuolot

Taulukkoon 1 on koottu eriitd tietoja kasvuoloista. Koepaikat on siind
ryhmitelty leveysasteen mukaan eteldstd pohjoiseen. Taulukon selitykseksi mai-
nittakoon seuraavaa:

a. Maalaji

Maantutkimuslaitos suoritti edelli mainituilla koetiloilla vuonna 1948 ote-
tuista maandytteistd viljavuustutkimuksen (VUORINEN 1952). Useimmilla koe-
paikoilla on sen lisiksi analyysituloksia muilta vuosilta. Aineiston perusteella
saadaan varsin hyvi yleiskuva maalajisuhteista ja maan laadusta. Maan vilja-
vuuden muutoksista ko. vuosien aikana on siti vastoin vaikeata saada selvdid
kisitystd, silld siinnollisid tutkimuksia ei ole suoritettu.

Taulukko 1. Eriiti tietoja kasvuoloista perunan lajikekokeista v. 1931—62.

Table 1. Some data on growing conditions in potato wariety trials, 1931—62.

. Lannoitus - Manuring 4
Leveys- ERS Vikil. - Chem. il 5 Limpétila | Sademiiri E
Koepaikka. astle 5 3 - kglh,: Sert 8 §§ Temper. Precip. % E
Trial location p.L z 3 E 3 § VI-VIII VI-VLI R "
N.lar. 8 ; El %; oC mm E\E
33 N | PO; | KO |5 §= ¢ 8§
S O B V- v
1. Tikkurila ...| 60°18’ M, HtS 53 106 135 — 15.5 '195 30/5
2. Jokioinen ...| 60°49° AS 35 103 99 15 14.9 189 29/5
3. Peipohja . ... 61°17° KHt 46 92 74 16 15.0 195 25/5
4. Pilkine ..... 61°20° » 63 109 115 9 15.3 189 28/5
5. Karila ...... 61°40° » 41 69 86 26 15.0 205 31/5
6. Ylistaro ..... 62°55 LjS 38 75 76 9 14.8 196 | 31/5°
7. Maaninka ...| 63°09’ KHt 58 85 125 1 15.0 191 30/5
8. Ruukki ..... 64°40° Ht 43 76 100 24 14.2 205 1/6
9. Apukkal) ...| 66°35 HtMr 41 98 123 11 13.2 216 6/6
1) 1951—62
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-Tikkurilassa sijaitsi perunan pdikoe vuosina 1938—47 multavalla
hietasavimaalla, jossa oli humusta 4—8 %o ja pH 5.5—6.0. Muina vuosina oli-
vat koealueina pddasiallisesti multamaat, joiden pH 5.0 — 5.5. Koealue kisitti
yhteensi noin 10 ha. Alue ei ollut tasainen, silli maalajierojen lisiksi oli huo-
mattavia eroja ravinnepitoisuudessa, kostéussuhteissa jne.

Jokioisissa olivat perunakokeet vuosina 1931—39. Peltosuo-nimiselld
sivutilalla multamaalla ja sen jilkeen Jokioisissa aitosavimaalla. Edelli maini-
tun viljavuustutkimuksen mukaan oli savimaissa humusta keskimiirin 5.3 %o.
Niiden pH oli 5.8. Alue oli epdtasainen mm. kosteussuhteiltaan. Peltosuon koe-
kenttd kisitti noin 3 ha ja varsinainen koealue Jokioisissa 18 ha. Kun alueiden
etiisyys oli noin 3 km, kasvoi peruna eri vuosina hyvin erilaisissa oloissa.

Peipohjassa peruna oli useimpina vuosina hietamaalla, jonka laatu
vaihteli melkoisesti. Esimerkiksi pH-luku oli 5.0 — 6.1. Tilan kivenniismaissa
todettiin humusta keskimédrin 5.3 % (1948). Kokeita oli tilan kaikilla pelto-
lohkoilla yhteisalaltaan noin 30 ha. Tistd syysti perunan kasvuolot vaihtelivat
" eri vuosina huomattavasti. o

Pilkineelld kokeet olivat piiasiallisesti karkealla hiedalla, jossa oli
humusta hieman alle 4 %. Maan pH vaihteli 5.0 — 6.0. Koealueena oli vain
noin 1.3 ha:n suuruinen alue, jolla oli oma viljelykierto: kesanto, syysvilja ja
peruna. -

Karilassa koealueet olivat erilaisia hietamaita, joitten multavuus oli
yleensi hyvi ja pH keskimiirin 5.6 (1948). Kokeet kiersivit tilan kaikkia
peltoja, joita on noin 40 ha.

Ylistarossa sovellettiin kokeiden jirjestelyssi samaa periaatetta kuin
Pilkineelld. Kokeita varten oli varattu noin 3 ha:n alue, jolla oli oma viljely-
kierto. Alue oli piiasiallisesti lieju- ja aitosavea, jossa oli humusta 5—10 %o ja
pH 5.0 — 6.5. Vaikka alue olikin pieni, esiintyi siind melkoista vaihtelua mm.
kosteussuhteissa.

Maaningalla sijaitsivat kokeet noin 2 ha:n suuruisella Johkolla, joka
oli tasaista, karkeata hietaa. Humusta oli 3—5 %o, pH-luku vaihteli 5.7 — 6.2.
Vuonna 1960 suoritettu viljavuustutkimus osoitti; ettd fosfori- ja kalipitoisuus
oli hyvi ja koko alueella verrattain tasainen. Lohkolle oli jérjestetty oma vil-
jelykierto.

Ruukissa maalaji oli pdidasiallisesti hietaa, jonka laatu eri kokeissa
vaihteli, silli kokeet kiersivit tilan useita peltoja, joiden yhteinen ala oli noin
23 ha. Maan multavuus oli erdini vuosina hyvi, humusta 8—10 %o. Vallitse-
vana maalajina oli kuitenkin karkea hieta, jonka multavuus oli huonompi. Maan
keskimiirdinen happamuus oli noin pH 5.8 (ANTTINEN 1963).

Apukassa peruna oli l3hinni hietamoreenimailla, joita tilalla on lihes
4 ha. Maan multavuus oli verrattain hyvi, humusta' 6—10 % Maat olivat
lievdsti happamia, pH keskimdédrin 5.7. '

Talousviljelyksilla oli maalaji suunnilleen sama kuin kokeissa.
Kasvinjalostuslaitoksella ei ollut talousviljelyksii lainkaan. Perunan suhteel-
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linen viljelyala vaihteli eri koetiloilla. Esimerkiksi 1950-luvulla se oli pienin
Tikkurilassa ja Peipohjassa (2—3 %o pelto-alasta) ja suurin Karilassa ja Ylis-
tarossa (6—8 %), -

" b. Lannoitus

Eri koepaikkojen keskim#dirdinen. lannoitus kokeissa selviid taulu-
kosta 1. Vikilannoitteiden lisiksi kiytettiin useimmilla koetiloilla myds kar-
janlantaa, ei kuitenkaan kaikkina vuosina. Karjanlannan kiyttd oli runsain ja
sddnnollisin Karilassa ja Ruukissa. Hyvin usein karjanlanta annettiin esi-
kasville, ' ’

Huomioon ottaen vikilannoitteissa ja karjanlannassa annetut kasvinravin-
teet, kokeiden lannoitus oli voimakkain Karilassa ja Ruukissa. Lannoitus oli
muillakin koepaikoilla runsas. Keskimiirdinen vuotuislannoitus vastasi seuraa-
via lannoitemddrid: 450 kg kalkkisalpietaria, 650 kg superfosfaattia ja 330 kg
50-%0:sta kalisuolaa ha:lle. Apukassa oli lannoitus 1950-luvulla suunnilleen
samaa suuruusluokkaa. Karjanlannassa annettiin keskiméairin 30—40 %o ravin-
teista. Eri koepaikkojen keskiset erot olivat siini suhteessa hyvin suuria, silli

N kg/ha ) P205 kgtha K20 kg/ha
10} A 220} ) 250
100} 200 ] 230+
'évq-“ 180 210}
8o} 160} 190}
70k 140 170}
s0|- 120 150}-
50} 100 130}
40} : . {eo 10}
,
o 193;—4; “1‘9.41;50 1?51‘-62 o 193‘1-40 1941‘<50 1951162 o 1931[-40 194‘fl-50 195;-52

Kuva 1. Perunakokeiden lannoitus (vakil. + karjanl.) eri koepaikoilla. Koepaikkojen
numerot kuten taulukoissa. Pisteviivat kuvaavat keskimidirdisii lukuja.
“Fig. 1. Amounts of fertilizers (Chem.fertil. + Barnyard man.) in potato trials at
. different locations. The numbers refer to the locations in the tables. The dotted lines
’ ; represent the averages from all locations.

142



esimerkiksi Tikkurilassa ei karjanlantaa kiytetty lainkaan. Laskettaessa karjan-
lannassa annettuja ravinnemiirii kiytettiin SALOSEN esittimii lukuja (Peller-
von kalenteri 1963). o

Useimmilla koepaikoilla lisittiin lannoitusta vuosien kuluessa. Ty ppi-
lannoituksen lisiys oli suuri erityisesti Ruukissa, Pilkineelld ja Jokioi-
sissa. Suhteellisen pieni, mutta sitd tasaisempi oli lisiys Karilassa, jossa typped
kiytettiin runsaimmin. Verrattain tasaisina pysyivit typpimadrit Tikkurilassa,
Ylistarossa ja Maaningalla. Kaikki koepaikat huomioon ottaen (ei Apukkaa)
kdytettiin typped vuosina- 1951—62 lihes 20 kg/ha eli 30 % enemmin kuin
vuosina 1931—40. Lisdystd tapahtui pdasiallisesti 1950-luvulla (kuva 1).

Fosforilannoitusta lisittiin 1940-luvulla erityisesti Peipohjassa ja
seuraavalla kymmenluvulla Jokioisissa, Pilkineelld ja Tikkurilassa. Lisiys oli
suuri my6s Ruukissa. Ylistarossa, Karilassa ja Maaningalla lannoitus pysyi suun-
nilleen samana. Fosforia annettiin perunalle vuosina 1951—62 keskimiirin 50
kg/ha eli 50 %0 enemmiin kuin 1930-luvulla. Niin suuri lisiys johtui mm. siiti,
ettd erdilli koepaikoilla kiytettiin sodan jilkeisini vuosina hyvin suuria, jo
peruslannoitukseen kuuluvia fosforimairii. :

Kalimdird suureni 1940-luvulla erityisesti Peipohjassa ja Ruukissa.
Seuraavalla kymmenluvulla nousu oli huomattavin Jokioisissa ja Pilkineells.
Lisdystd oli myds Tikkurilassa, Karilassa ja Maaningalla. Peipohjassa kalimisri
sitd vastoin viheni, kuten fosforilannoituskin. Ainoastaan Ylistarossa pysyivit
lannoitemiirit jokseenkin muuttumattomina. Huomioon ottaen kaikki koepai-
kat (ei Apukkaa), kiytettiin vuosina 1951—62 kalia 70 kg/ha eli 54 % run-
saammin kuin vuosina 1931—40. _

Lannoituksessa tapahtuneet muutokset eivit olleet niin suoraviivaisia kuin
kuvasta 1 voitaisiin paitelld. Eri vuosina oli kaikilla koepaikoilla huomattavia
lannoitemdirien vaihteluja. o » '

Talousviljelyksiid lannoitettiin suunnilleen samalla’ tavalla kuin
kokeita. Tirkein ero oli siind, ettd vikilannoitteita kiytettiin yleensi vihem-
min, mutta karjanlantaa enemmin. Karjanlannan ansiosta talousviljelykset sai-
vat ravinteita runsaammin kuin kokeet. Erot olivat esimerkiksi 1950-luvulla,
huomioon ottaen kailki koepaikat (ei Jokioista), ravinteesta riippuen, 10—20 %/
talousviljelysten hyviksi. Voimakkaimmin lannoitettiin talousviljelyksia Maa-
ningalla, Ruukissa ja Apukassa. ' '

c. Sakolot

Perunan kasvun kannalta tirkeimpien kuukausien kesi—elokuun keski-
limpétilat ja sademiirit selvidvit taulukosta 1. Siiti nihdidin mm., miten
limpotila laski eteldstd pohjoiseen. Keskilimpbtila oli esimerkiksi Tikku-
rilassa 15.5° C (eri vuosina 14.2 — 17.1°), Ruukissa sitid vastoin vain 14.4° C
(11.8 —16.9°). Koekauden kuluessa limpétila osoitti laskua kaikilla koepai-
koilla (kuva 2). Vuosina 1951—62 oli kesi—elokuun limpétila, huomioon
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Kuva 2. Kesi—elokuun keskilimpotila © C ja sademiiri mm eri koepaikoilla.
Koepaikkojen numerot samat kuin taulukoissa.

Fig. 2. Mean temperature ©C and precipitation mm in June—August at different
locations. The numbers refer to the locations in the tables.

ottaen kaikki koepaikat (ei Apukkaa), keskimiirin 0.8° C viileimpi kuin vuo-
sina 1931—40. Siin viileneminen oli pienin Tikkurilassa. Muilla koepaikoilla
se oli suunnilleen samanmiiriisti. Lasku oli pienin kesikuun limpdtiloissa,
keskimidrin vain 0.2° C ja suurin heinikuussa, keskimidrin 1.3° C. Vuosi-
vaihtelu oli suuri, kuten edelli mainitut Tikkurilan ja Ruukin raja-arvot osoit-
tavat. Mainitusta syysti limpdtilan aleneminen oli vain poikkeustapauksissa
tilastollisesti merkitsevi. Tallaisia poikkeuksia oli mm. Karila, jossa regressio-
laskussa saatiin kesi—elokuun limpdtilan keskimiirdiseksi laskuksi 0.04° C
vuodessa (regressiokerroin b = —0.04%). Kuten kuvasta 2 n#hddin, oli lasku
Karilassa verrattain jyrkki ja tasainen.

Kesi—elokuun sademidri oli vuosina 1931—62 eri koepaikoilla 189
—205 mm (taul. 1). Erot olivat siis varsin pienet. Niin kuitenkin vain keski-
arvojen valossa, silli vuosivaihtelu oli erittdin suuri. Sademidird suureni yleensd
vuosien kuluessa (kuva 2). Huomioon ottaen kaikki koepaikat (ei Apukkaa)
satoi kesi—elokuussa vuosina 1951—62 keskimiirin 31 mm eli 17 %o enemmin
kuin 1930-luvulla. Lisdys oli selvisti suurin Tikkurilassa, keskimddrin 2.78
mm vuodessa (b = 2.78%). My&s Jokioisissa, Pilkineelld ja Karilassa sademdd-
rit lisiintyivit suhteellisen tasaisesti, kun sitd vastoin Peipohjassa, Ylistarossa,
Maaningalla ja Ruukissa sademiiri laski 1940-luvulla. Mainitut muutokset
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eivit olleet tilastollisesti merkitsevid. Kesdkuut olivat sateisimpia 1940-luvulla,
heindkuut 1930- ja 1950-luvuilla ja elokuut 1950-luvulla. Satovaihtelua aiheut-
tavista sddvekijoistd olivat pouta ja halla tirkeimmit. Ankaria poutakausia
sattui esimerkiksi Tikkurilassa vuosina 1937, —38, —46, —51, —55 ja —59.
Halla vieraili varsinkin pohjoisilla koeasemilla usein, e51merk1k51 Ruuklssa vuo-
sina 1933 —35, —42, —44, —50 ja —52.

2. Satotaso

Seuraavassa tarkastellaan perunan keskimiirdistd satotasoa, josta tulokset
on koottu taulukkoihin 2 ja 3. Eri koepaikkoja verrataan siind lihinnd Tikku-
rilaan.

a. Ruusulebti

Kuten jo alussa huomautettiin, Ruusulehti (P.S. G.; Saksa 1928) oli lajike-
kokeissa 1930-luvun alkuvuosista ldhtien. TZhin tutkimukseen otettiin tulokset
lihinni piikokeesta. Vihiisisti poikkeuksista mainittakoon Tikkurilan tulok-
set nayteruuduilta vuosina 1959—62, Jokioisten tulokset valmistavasta kokeesta
1932 ja Maaningan tulokset samanlaisesta kokeesta 1937. Aineisto ei ole aivan
tiydellinen, silli eriini vuosina ei kokeita ollut kaikilla koepaikoilla. Koko
aineisto kisitti yhteensi 265 koetta.

Ruusulehden mukulasato oli Tikkurilassa vuosina 1931—62 keski-
miirin 32.9 tn/ha (taul. 2). Satotaso oli selvisti heikoin Jokioisissa ja Apukassa,
suhdeluvut 80 (Tikkurila = 100). Taso oli suhteellisen heikko myds Karilassa,

Taulukko 2. Ruusulehti-perunan sadot lajikekokeissa v. 1931—62.
Table 2. Yields of Rosafolia potato in variety trials, 1931—62.

Mukulasato Tirkkelys-% Tirkkelyssato
Tuber yield " Starch cont. Starch yield
Koepaikka Puutrevat | Vuosia e
Trial location Years lacking J;Te'zozrif tnfha Suhdel. Igﬁllas}a) kg/ha Subdel. 1)
. . rel. % rel.
fonsiha | (Ti1a—100) Diff. from' | kslba | 10— 100)
1. Tikkurila ..... L — 32 329 100 116.0 — ‘[ 52601 100
2. Jokioinen ..... 1931 31 26.5 80 17.1 0.8% 4530 845
3. Peipohja ...... 1940—44 27 343 103 18.0 1.8%%% | 6170 115%
4, Pilkine ...... — 32 35.0 106 15.8 |—0.1 5530 105
5. Karila ........ 1931—40 30 29.0 89% 15.0 | —1.0%% 4350 §3*
6. Ylistaro. ....... 1931 31 31.6 96 16.2 0.1 5120 97
7. Maaninka ..... 1940 31 383 117%= 15,1 | —1.0%* | 5780 112%%
8. Ruukki ....... 1940—41 30 30.9 94 115.6 |—0.6 4820 93
9, Apukka ....... 1931—38, 21 27.7 -80% 155 {—0.2 4290 78%
, —41, —44, .
—45
1) Laskettu samoilta vuosilta — Calc. from the same years.
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suhdeluku 89. Parhaita satoja saatiin Maaningalla, jossa suhdeluku oli 117
Peipohjassa, Pilkineelld, Ylistarossa ja Ruukissa satotaso-oli suunmlleen sama
kuin Tikkurilassa. : :

Ruusulehden tdrkkelyspitoisuus oli TikkUrilaSsa keskimidarin
16.0 %0. Selvisti alhaisempi kuin Tikkurilassa tirkkelysprosentti oli Karilassa
_ ja Maaningalla. Hyvin tirkkelyspitoista perunaa saatiin sitd vastoin Jokioisissa
ja varsinkin Peipohjassa. Pilkineelld ja Ylistarossa oli tirkkelysprosentti suun-
nilleen sama kuin Tikkurilassa. Pohjoisilla koeasemilla, Ruukissa ja Apukassa,
prosenttiluku oli hieman pienempi kuin Tikkurilassa, mutta ero ei ollut tilastol-
lisesti varma. Ka1kk1 tarkkelysprosentnt on lasikettu HALS & BuccroLzin
mukaan.

Ruusulehden tirkkelyssato ol lekurllassa 5260 kg/ha Sato oli
selvisti heikompi Jokioisissa (suhdel. 84), Karilassa (suhdel. 83) ja Apukassa
(suhdel. 78). Huomattavasti suurempia tirkkelyssatoja kuin Tikkurilassa saa-
tiin Peipohjassa (suhdel. 115) ja Maaningalla (suhdel. 112).. Pilkineelld, Ylis-
tarossa ja Ruukissa sadot olivat suunnilleen samat kuin Tikkurilassa - (taul. 2).

b. Satoisin lajike

Kunakin: vuonna satoisimman lajikkeen sadot otettiin samoista kokeista
kuin edelld mainitut Ruusulehden sadot. Keskimiiriiset sadot selvidvit taulu-
kosta 3. Satotaso oli luonnollisesti huomattavasti parempi kuin Ruusulehdelld.
Jos Ruusulehden mukulasato otetaan 100:ksi, oli satoisimman lajikkeen suh-
teellinen sato eri koepaikoilla seuraava: Tikkurila 120, Jokioinen 121, Peipohja

Taulukko 3. Perunan mukulasato (a), vaxhtelukerrom (s) ja kesk1m ~sadonlisiys tai -vihennys
vuodessa (b) v. 1931—62.

Table 3. Potato tuber yield (z), coeff. of wariation (s) and average annual yield increases
or decreases (b) 1931—62,

Lajikekokeet - Variety trials Talousviljelykseq - Farm fields
ik E - Ruusulehti Satoisin lajike _;JEG . Eri lajikkeet
K:oepal 2 28§ Resafolia Highest-yield variety EY Diff. varieties
Trial location o = P Ry
"g‘ E a s b a s b .-o';’ E‘ a s b
2| tnjha [ % % to/ha | % % 22| tnfha | % %
1. Tikkurila ....| 32 | 32.9 25 072 39.6 29 1.52%*% {31 | 16.3 | 28 1.837%%%
2. Jokioinen ....| 31| 265 32 0.25| 32.0 31 0.11 —_| - — —_
3. Peipohja ..... 27 | 343 22 |—0.63| 371 24 | —0.29 29 | 263 22 | —0.86
4, Pilkine .....| 32350 | 21 0.38| 41.6 | 20 0.88* 25 | 18.5 15 [—0.43
5. Karila . ...... 30| 29.0 | 18 0.06( 33.2 | 17 0.40 30220 | 20 0.53
6. Ylistaro ...... 31| 31.6 | 21 [—0.24| 36.8 25 0.49' 32| 212 | 21 |—046
7. Maaninka ....| 31| 383 16 0.39] 43,5 19 0.79* 32| 25.2 19 0.58
8. Ruukki ...... 301309 |23 0.66| 35.5 20 0.66 291223 § 27 0.00
9. Apukka ...... 21 | 27.7 | 33 |—0.28| 33.5 32 0.21 15 | 19.7 | 44 3,70




108, Pilkine 119, Karila 114, Ylistaro 116, Maaninka 114, Ruukki 115 ja
Apukka 121. Suhdeluvut olivat siis suunnilleen samansuuruiset lukuun otta-
matta Peipohjaa, jossa Ruusulehti oli menestynyt suhteellisesti parhaiten. Huo-
mioon ottaen koko aineiston Ruusulehti oli satoisin lajike 32 kokeessa. Kun
satoisimman lajikkeen ja Ruusulehden satoero oli eri koepaikoilla jokseenkin
sama, pysyi koepaikkojen satoisuusjirjestys suunnilleen samana kuin Ruusu-
lehden sadoissa. :

Satoisimman lajikkeen tirkkelysprosentti oli yleensi alhaisempi
kuin Ruusulehden vastaava luku. Keskimiiriiset erot olivat aineistossa, joka
kasitti yhteensd 230 koetta, seuraavat: Tikkurila —0.9%*, Jokioinen —1.2%%%,
Peipohja —0.5, Pilkine —0.6%, Karila —0.2, Ylistaro —1.6*** Maaninka
—0.7%%, Ruukki —0.8% ja Apukka —1.2% prosenttia. Ero oli siis pienin Pei-
pohjassa ja Karilassa, jossa satoisimman lajikkeen tirkkelyspitoisuus oli melkein
yhtd hyvd kuin Ruusulehden. Vaikka tirkkelyspitoisuudet olivatkin alhaisem-
pia, kohosivat satoisimman lajikkeen tirkkelyssadot suhteellisen suuriksi. Esi-
merkiksi Tikkurilassa oli tirkkelyssadon suhdeluku Ruusulehteen verrat-
tuna 114.

c. Satotaso talousviljelyksilli A

Talousviljelyksiltd saatiin selvisti heikompia satoja kuin kokeista. Keski-
médrdinen satotaso oli heikoin Tikkurilassa, 16.3 tn/ha, ja paras Peipohjassa
sekd Maaningalla, 26.3 ja 25.2 tn/ha. Koepaikkojen satoisuusjirjestys oli osit-
tain toinen kuin lajikekokeissa (taul. 3). Tikkurilan talousviljelysten heikko
taso johtui osittain 1930-luvun alkuvuosien poikkeuksellisen huonoista sadoista
(kuva 4).

3. Satovaihtelu

Sadot vaihtelivat eri vuosina kaikilla koepaikoilla hyvin paljon. Vaihtelu
kasitti, kuten jiljempini selviii, piiasiallisesti satunnais- eli vuosivaihtelun.
Vaihtelua voidaan kuvata graafisesti (kuva 4) tai laskemalla esimerkiksi vaih-
telukertoimet (hajonta %o:eina keskisadosta), kuten on tehty taulukossa 3. Miti
suurempi on kerroin (s %), sitd enemmin ovat sadot eri vuosina vaihdelleet.

Ruusulehden mukulasadon kokonaisvaihtelu oli kokeissa suh-
teellisesti pienin Maaningalla ja Karilassa (vaihtelukertoimet 16 ja 18) ja suurin’
Jokioisissa ja Apukassa (kertoimet 32 ja 33). Satovaihtelun laajuudesta mai-
nittakoon esimerkkini, ettd Ruusulehden sato oli pienin (5.7 tn/ha) Jokioisissa
poutakesind 1955 ja suurin (53.2 tn/ha) Maaningalla v. 1948. Tarkkelys-
pitoisuuden vaihtelut olivat suhteellisesti huomattavasti pienempii kuin
mukulasatojen, kertoimet eri koepaikoilla vain 6—14. Vaihtelu oli pienin
Karilassa ja Pilkdneelld ja suurin Tikkurilassa, Ruukissa ja Apukassa. Ruusu-
lehden tirkkelyspitoisuus oli pienin (11.0 %) Ylistarossa v. 1954 ja suurin
(24.0 %) Jokioisissa ja Peipohjassa v. 1939.
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Satoisimman lajikkeen mukulasatojen vaihtelu oli samaa suuruus-
luokkaa kuin Ruusulehden vastaava vathtelu. Huomioon ottaen kaikki koepai-
kat oli vaihtelukerroin keskimiirin 24 (Ruusulehdelld 23). Suurin mukulasato,
miki kokeissa yleensd saatiin, oli Jo 059:n (Peipon) sato Tikkurilassa v. 1950,
68.9 tn/ha.

Talousviljelyksilli oli vaihtelu verrattuna satotasoon keskimidi-
rin hieman suurempi kuin kokeissa, vaihtelukertoimet olivat eri koepaikoilla
15—44, keskiarvo oli 25 (Ruusulehden kerroin ilman Jokioista 22). Satovaihtelu
oli suurin pohjoisilla koeasemilla Apukassa ja Ruukissa.

4. Satotason kehitys

Satotason kehityksen padsuunnasta eli trendistd antaa kisityksen
kuva 3, johon on merkitty keskimdiriiset mukulasadot vuosilta 1931—40,
1941—50 ja 1951—62.

Ruusulehden mukulasato pysyi jokseenkin muuttumattomana Tikku-
rilassa, Ylistarossa ja Maaningalla. Muilla koepaikoilla oli muutoksia ldhinnd
1940-luvulla, jolloin satotaso laski Jokioisissa, Peipohjassa ja Karilassa, mutta
parani Pilkineelld ja Ruukissa.

tn/ha
7
451 - 1
3 4
7
40+ - 5
7
3 4 3
7
6 8
351 4 - 5 s
4 5 6]
2
6 8 2
1
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5
30} 5 -
8
20\/24
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011 ] ] S A | | ] T
1931-40 1941-50 1951-62 1931-40 1941-50 1951-62

Kuva 3. Ruusulehden (vas.) ja satoisimman lajikkeen (oik.) mukulasadot lajikekokeissa.
Koepaikkojen numerot samat kuin taulukossa.

Fig. 3. The tuber yields of Rosafolia (left) and the highest-yielding wariety (right)
in the variety trials. The numbers refer to the locations in the tables.
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Satoisimman lajikkeen (lajikkeiden) satotason kehitys oli yleensi
samansuuntainen kuin Ruusulehden (kuva 3). Huomattavimmista eroista mai-
nittakoon tulokset Tikkurilassa, Ylistarossa ja Maaningalla, joissa sato parani
1950-luvulla.

Tarkemmin selvidi trendin luonne taulukosta 3, johon on koottu keskimii-
rdiset mukulasadon nousut tai laskut. Siti kuvaavat b-luvut ovat regressioker-
toimia, laskettuna %o:na keskisadoista. Mahdolliset vilivuodet, jolloin kokeita
ei ollut, otettiin laskussa ajan kulumisena huomioon.

Ruusulehden satotason muutokset olivat pienid. Satotason parane-
minen oli huomattavinta Tikkurilassa (0.77 %) ja Ruukissa (0.66 %0). Mainitut
Juvut eivit kuitenkaan olleet tilastollisesti merkitsevid. Tilanne oli sama muil-
lakin koepaikoilla. Jokioisissa, Pilkineelld, Karilassa ja Maaningalla suunta
oli lievisti nouseva, Ylistarossa ja Apukassa siti vastoin laskeva. Huomioon
ottaen kaikki koepaikat regressiokertoimien keskiarvo oli vain 0.12 %. Ruusu-
lehden satotaso pysyi siis kdytinnollisesti katsoen samana.

Ruusulehden tirkkelyspitoisuus aleni regressiolaskun valossa kai-
killa koepaikoilla. Mainittu lasku oli keskimdidrin kuitenkin vain 0.04 %o-
yksikkod vuodessa. Luvut eivit olleet ainoassakaan tapauksessa tilastollisesti
merkitsevid.

Satoisimman lajikkeen satotason muutokset olivat osittain suu-
rempia kuin Ruusulehden vastaavat muutokset. Satotaso parani kaikilla koe-
paikoilla lukuun ottamatta Peipohjaa. Nousu oli selvd kuitenkin vain Tikku-
rilassa (1.52 %), Pilkineelli (0.88 %) ja Maaningalla (0.79 %). Muilla koe-
paikoilla taso pysyi jokseenkin samana, silld pienet muutokset eivit olleet tilas-
tollisesti merkitsevid. Huomioon ottaen kaikki koepaikat parani satoisimman
lajikkeen mukulasato keskimiirin 0.53 % vuodessa.

Talousviljelyksilld oli satotasossa suurempia muutoksia kuin
kokeissa, mutta tdilldkin oli suurin osa muutoksista epivarmoja. Hehtaari-
satojen paraneminen oli riittivin selvdd vain Tikkurilassa, keskimdirin 1.83 %
vuodessa (taul. 3). Peipohjassa, Pilkineelld ja Ylistarossa suunta oli laskeva.
Apukassa sadot nousivat eniten, mutta nousu jii suuren vuosivaihtelun ja vuo-
sien pienen lukumiddrdn vuoksi epdvarmaksi.

Kuvaan 4 on piirretty Ruusulehden ja talousviljelysten mukulasadot eri vuo-
silta sekd niiden regressiosuorat eli trendit. Kun satoisimman lajikkeen
vuosivaihtelu seurasi melko tarkkaan Ruusulehden vaihtelua, ei sen satoja ole
merkitty kuvaan, mutta kylldkin trendit. Trendin laskussa kiytettiin ensim-
miisen asteen regressioyhtdlod, vaikka satotason kehitys ei ollutkaan aivan
suoraviivaista (vrt. kuvaa 3). Tulokset on kuvassa 4 piirretty aritmeettiseen
asteikkoon, mistd syystd trendi tulee nikyviin sitd jyrkempini, miti parempi
oli satotaso. Asia olisi voitu korjata kiyttimilli esimerkiksi puolilogarit-
mista astetkkoa, jolloin kuitenkin absoluuttisten lukujen vertailu olisi vaikeu-
tunut. Kuva antaa havainnollisen kisityksen satoisuussuhteista, vuosivaihte-
lusta ja trendistd eri tapauksissa.
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Kuva 4. Perunan mukulasadot v. 1931—62. Ruusulehden sato lajikekokeissa, ++«+-*
sato talousviljelyksilld, Suorilla on kuvattu trendit, ------- Kunakin vuonna satoisimman
lajikkeen trendi.

Fig. 4. Potato tuber yields, 1931—1962. yield of Rosafolia in wariety trials, +<+*+*
on farm fields. The straight lines are regression lines, ------- Regression line of the highest-
yielding wariety in each year.
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5. Tulosten tarkastelua

Edelld todettiin sangen selvid eroja koepaikkojen satotasossa. Koepaikan
maantieteelliselld sijainnilla ei ollut siihen selvii vaikutusta,
silli satotaso oli esimerkiksi Apukassa suunnilleen sama kuin Jokioisissa.
Tulokset kdyvit siind suhteessa yhteen maataloustilaston kanssa, jonka mukaan
perunasadot ovat Pohjois-Suomessa suunnilleen samansuuruisia kuin maan eteli-
osissa. Koeasemien satotason erot johtuvat siis pidasiallisesti paikallisista
oloista. Niistd ovat maan viljavuus ja sithen vaikuttavat tekijit
tirkeimpid. Kasvuolot olivat siini suhteessa parhaat Maaningalla, jossa sato-
taso oli jo 1920-luvun kokeissa parempi kuin muilla koepaikoilla. Vuosina 1931
—62 oli Maaningan satotaso kokeissa ylivoimaisesti paras. Sadot olivat hyvii
my&s Pilkineelld, Peipohjassa ja Tikkurilassa, kun sitd vastoin muilla koepai-
koilla satotaso jdi keskimdiriistd heikommaksi (taulukot 2 ja 3). Lannoi-
tuksella ei voinut olla kovin suurta vaikutusta satotason eroihin, silld
lannoitus oli kaikilla koepaikoilla runsasta. Maan alttius poud an vaikutuk-
sille oli huomattava satotasoa alentava tekiji, joka vaikutti erityisesti Jokioi-
sissa, Tikkurilassa ym. Aikaisten syyshallojen haitallinen vaikutus oli
suuri erityisesti pohjoisilla koeasemilla. Siiti huolimatta satotaso oli kokeissa
hyvi. Ruusulehdesti saatiin keskimiirin 31.8 tn mukuloita ha:lta.

Talousviljelysten satotaso oli huomattavasti heikompi kuin kokei-
den taso, mukulasato keskiméddrin vain 21.4 tn/ha. Kunnollinen siemen, parempi
hoito, huolellinen korjuu ja reunavaikutus olivat tirkeimpii syiti kokeiden
parempaan satotasoon. Erot olisivat todennikdisesti olleet vielikin suurempia,
jos talousviljelyksilld olisi koko ajan viljelty Ruusulehtei. Sen sijaan otettiin
uusia ja satoisia lajikkeita viljelyyn. Kun lannoitus oli yleensi runsaampi kuin
kokeissa, el ravinteiden puute voinut olla syyni suhteellisen heikkoon sato-
tasoon. Koepaikkojen satoisuusjirjestys oli talousviljelyksilld osittain toinen
kuin kokeissa. Esimerkiksi Tikkurila putosi viimeiselle sijalle. Sadot olivat par-
haita Peipohjassa (keskim. 26.3 tn/ha) ja Maaningalla (25.2 tn/ha).

Kun perunan sato oli koko maassa vuosina 1931—62 keskimiirin vain 14.2
tn/ha, oli koeasemien satotaso sithen verrattuna erittdin hyvi. Voimaperiinen
viljely oli siis tuottanut hyvii tuloksia.

Myts tirkkelyspitoisuudessa oli koepaikkojen kesken selvid
eroja. Nidyttdd siltd, ettd pohjoisilla koeasemilla tirkkelysprosentti oli hieman
pienempi kuin eteldisilli (taul. 2). Se johtuu ilmeisesti alhaisemmasta limps-
tilasta. Térkkelyspitoisuus oli yleensi sitd pienempi mitd suurempi oli mukula-
sato. Ruusulehden mukulasadon ja tirkkelysprosentin vilinen korrelaatioker-
roin olikin useimmilla koepaikoilla negatiivinen, joskin pieni ja tilastollisesti
epivarma — lukuun ottamatta Jokioista, jossa vuorosuhde oli r = —0.42%,

Satovaihtelu kisitti padasiallisesti vuosivaihtelun, silli satotason kehi-
tyssuunnasta johtuva muuntelu oli vihiisti. Esimerkiksi oli Tikkurilassa s a to i-
simman lajikkeen kokonaisvaihtelu 29 % (taul. 3). Kun siiti eliminoitiin
trendi, saatiin vuosivaihteluksi 25 %o keskisadosta. Pilkineelld olivat vastaavat
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luvur: kokonaisvaihtelu 20% ja vuosivaihtelu 19%.
Suunnilleen sama oli tilanne Maaningalla — kokonaisvaihtelu 19 %o ja siitd
vuosivaihtelu 18 %. Muilla koepaikoilla olivat erot satoisimman lajikkeen
osalta vieldkin pienempii. Samaa on sanottava Ruusulehdestd kaikilla koepai-
koilla. Vuosivaihtelu oli, huomioon ottaen kokeet ja talousviljelykset, suurin
pohjoisilla koeasemilla Ruukissa ja Apukassa. Se oli suuri my0s Jokioisissa ja
osittain Tikkurilassa. Vaihtelun syyt olivat moninaisia.

Maalajierot olivat eri vuosina huomattavia varsinkin sellaisilla koe-
paikoilla, joilla kokeet kiersivit tilan kaikkia peltoja. Esimerkkind mainitta-
koon Jokioinen, jossa v. 1932—39 kokeet sijaitsivat sivutilalla multamailla,
tillin vuosivaihtelu jdi verrattain pieneksi. Kun kokeet siirrettiin varsinaiselle
koeasemalle jiykille savimaille, suureni' vuosivaihtelu huomattavasti (kuva 4).
Maalajin vaihtelu oli pienin Pilkineelli, Maaningalla ja Ylistarossa, joissa
kokeet sijaitsivat pienilld alueilla. Lannoitus vaihteli eri vuosina kaikilla
koepaikoilla. Piiravinteiden (kg/ha) vaihtelukertoimet olivat esimerkiksi Tik-
kurilassa seuraavat: typpi 30, fosfori 51 ja kali 30. Perunalle kédytettdvissd ole-
vien ravinteiden vaihtelu oli kuitenkin pienempi, silli lannoituksessa otettiin
maan kunto huomioon. Toisaalta sifolot lisdsivit vuosivaihtelua vaikuttamalla
ravinteiden hyviksikdyttoon. Lannoituksen vaikutus tuli esiin myds korrelaatio-
laskussa, vaikka kertoimet jiivitkin pieniksi. Tikkurilassa olivat vuorosuhteet:

kasvinravinnemiiri kg/ha — Ruusulehden mukulasato tn/ha (suluissa tirk-
kelys-%/0) seuraavat: typpi r=10.02 (r=20.39%), fosfori r=—0.05 (r=0.36%)
jakali r = 0.09 (r = —0.12). Selvemmin tuli esiin typen ja fosforin positiivi-

nen vaikutus tirkkelyspitoisuuteen. Kertoimien pienuus johtuu ainakin osittain
siitd, ettd lannoitus oli runsas.

Laaja aineisto  antoi aiheen tarkastella mySs istutusajan merkitystd.
Istutuspiivien ja Ruusulehden mukulasadon vilinen vuorosuhde oli kaikilla koe-
paikoilla (ei Apukassa) negatiivinen, joten aikaisella istutuksella saatiin yleensd
suurempi sato kuin mydhiiselli. Vuorosuhde oli tilastollisesti merkitsevd kui-
tenkin vain Pilkineelld, r = —0.53**. Mainittakoon, etti kovin aikaista istu-
tusta ei juuri kdytetty. My®s istutusajan ja tirkkelyspitoisuuden vilinen vuoro-
suhde oli yleensi negatiivinen, mutta vielikin heikompi kuin mukulasadoissa.
Korrelaatiokerroin oli suurin nytkin Pilkineelli, r = —0.27. My®dhiinen istu-
tus alensi siis tirkkelysprosenttia. Nostoajalla ei voinut olla kovin suurta vai-
kutusta Ruusulehden satovaihteluun, silld peruna nostettiin yleensd kasvun pait-
tymisen jilkeen. Kasvu pidttyi usein lilan aikaisin kuivuuden, hallan
tai ruton vuoksi

Satotason kehityksen pidsuunta eli trendi oli useimmissa tapauksissa
nouseva (kuva 4). Lukuun ottamatta vahiisiad poikkeuksia satotason nousu (tai
Jasku) oli pieni ja tilastollisesti epavarma. Huomioon ottaen kaikki koepaikat
oli Ruusulehden mukulasadon keskimiirdinen lisdys 0.12 %0 ja satoisimman
lajikkeen vastaava lisiys 0.53 %o vuodessa. Ero oli siis lahes viisinkertainen.
Vuosien kuluessa oli kokeisiin saatu yhi satoisampia lajikkeita, jotka paransivat
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satotasoa. Mittarin (Ruusulehden) ja satoisimman lajikkeen trendien vilisesti
kulmasta voidaan tehdi johtopiitdksii jalostustydn saavutuksista.
Kuvasta 4 nihdiin, etti tulokset ovat varsin vaatimattomia. Uusien lajikkei-
den positiivinen vaikutus tuli nikyviin lihinni vain Tikkurilassa, Pilkineelld,
Maaningalla ja Ylistarossa. Tdssd yhteydessd on otettava huomiocon myds Ruusu-
lehden mahdollinen taantuminen. Se oli ilmeisesti vihiisti, silld mittarin tervey-
destd pyrittiin kokeissa pitimdin huolta. Lajike on sitd paitsi melko vastustus-
kykyinen. Se, etti Ruusulehden tirkkelyspitoisuus laski vuosien kuluessa, joh-
tuu ldhinnd sidolojen kehityksesti (kuva 2). Uusien lajikkeiden heikohko vai-
kutus satotasoon on selitettivissi osittain silld, etti kokeissa oli lihinni ruoka-
perunaksi tarkoitettuja lajikkeita, joiden jalostuksessa sadon miiri oli jddnyt
toisarvoiseksi tekijiksi.

Talousviljelyksilld satotaso pysyi keskimidrin jokseenkin muut-
tumattomana, kuten kokeissakin. Eri koepaikkojen kesken oli kuitenkin huo-
mattavia eroja (taul. 3). Koeasemien satotason kehitys poikkesi koko maan
vastaavasta kehityksestd sikili, ettei siind ollut huomattavaa satotason laskua
sota- ja sddnndstelyvuosina. Yhteisti oli, ettd satotason paraneminen oli kokeissa
yhtd heikkoa kuin maan keskisadoissa. Mainittakoon, etti hehtaarisatojen lisiys
oli koko maassa v. 1931—62 vain 0.16 % vuodessa.

Kuten edelld selvisi, sai peruna koeasemilla 1950-luvulla keskimiirin run-
saamman lannoituksen kuin aikaisempina vuosina (kuva 1). Satotaso pysyi siitd
huolimatta samana tai parani vain vihin. Syiti tihin on hyvin vaikeata yksi-
tyiskohtaisemmin selvittdd, silli eri tekijoisti ja niiden vuorovaikutuksista ei
ole tarkempia tietoja. Mainittakoon vain, etti lannoitus oli runsas ja etti koe-
asemien keskimdirdinen satotaso oli hyvid. Huippusatoihin
paistiin vain sellaisina vuosina, jolloin eri kasvutekijoiden yhteisvaikutus oli
paras mahdollinen.

Vertailupohjan laajentamiseksi suoritettiin satotason selvitys myds kau-
ran lajikekokeissa, lihinni Kultasade II:n (Apukassa Tammen) jyvisadoista.
Aineisto kisitti, vihiisid poikkeuksia lukuun ottamatta, samoja vuosia kuin
perunan kokeetkin. Kokeiden lukumiiri oli yhteensi 254. Kauran (mittarin)
jyvidsato oli keskimiddrin 3 330 kg/ha, satovaihtelukerroin 30
ja keskimidrdinen hehtaarisadon lisiys 0.42%0 vuodessa. Mainitut luvut
ovat, kuten vastaavat luvut aikaisemminkin, eri koepaikkojen tulosten aritmeet-
tisia keskiarvoja. Koepaikkojen satoisuusjirjestyksessi oli tirkeimpini erona
se, ettd Jokioisissa, jossa perunan satotaso oli koepaikkojen heikoimpia, oli kau-
ran sato paras. Kauran satotaso laski eteldstdi pohjoiseen ja samalla suureni
vuosivaihtelu. Satotason paraneminen oli selvin Tikkurilassa, Jokioisissa ja
Maaningalla. Peipohjassa, Karilassa ja Apukassa oli havaittavissa laskua. Kau-
ran ja perunan hehtaarisatojen vuosivaihtelu oli jossakin miirin samansuun-

shats)

taista. Vuorosuhde oli selvin Ruukissa, r = 0.45***, Muilla koepaikoilla se
oli heikko ja tilastollisesti epdvarma, miki osoittaa, ettd perunan ja kauran vaa-
timukset suuresti poikkeavat toisistaan. -
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6. Tiivistelmi

Tutklrnuksessa selvitettiin perunan satotason muutoksia vuosina 1931—62
Maatalouden tutkimuskeskuksen Kasvinviljely- ja Kasvaalostusla1t0k5111a ja
seitsemilld koeasemalla. eri puolilla Suomea. Tirkeimmistd tuloksista mainit-
takoon seuraavaa:

Ruusulehden m yukulasato oli lajikekokeissa, huomioon ottaen
kaikki koepaikat, keskim3irin 31.8 tn/ha ja satoisuusjirjestys: 1. Maaninka (38.3
tn/ha), 2. Pilkine, 3. Peipohja, 4. Tikkurila, 5. Ylistaro, 6. Ruukki, 7. Karila,
8. Apukka ja 9. Jokioinen (26.5 tn/ha).

Ruusulehden tirkkelyspitoisuus oli eri koepaikoilla 15.0
— 18.0 %0 ja keskimidrin 16.0 %. Tarkkelysprosentti oli yleensd sitd suurempi,
miti pienempi oli mukulasato.

Ruusulehden tirkkelyssato oli keskimidrin 5090 kg/ha ja
koepaikkojen jirjestys: 1. Peipohja (6 170 kg/ha), 2. Maaninka, 3. Pilkine,
4. Tikkurila, 5. Ylistaro, 6. Ruukki, 7. Jokioinen, 8. Karila ja 9. Apukka
(4 290 kg/ha)

Satoisimman lajikkeen mukulasato oli keskimdirin 37.0 tn/ha
eli lihes 12 % suurempi kuin Ruusulehden sato samoissa kokeissa. Koepaik-
kojen satoisuusjirjestys oli melkein sama kuin Ruusulehden mukulasadoissa.
Vaikka satoisimpien lajikkeiden tirkkelysprosentit olivat suhteellisen alhaisia,
saatiin niistd runsaampia tirkkelyssatoja kuin Ruusulehdestd.

Talousviljelyksilli oli keskimdiriinen mukulasato 21.4 tn/ha
eli 6690 Ruusulehden sadosta kokeissa. Satoisuusjirjestys oli osittain toinen
kuin kokeissa. Maan keskisatoihin verrattuna koeasemien satotaso oli hyvi.

Perunan sadot vaihtelivat eri vuosina huomattavasti kaikilla koepaikoilla.
Satovaihtelukertoimet olivat: Ruusulehden mukulasadot 23, satoi-
simman lajikkeen sadot 24, talousviljelysten sadot 25 ja kauran sadot 30. Sato-
vaihtelu oli siis perunalla suhteellisesti pienempi kuin kauralla. Térkkelyspitoi-
suus vaihteli eri vuosina huomattavasti vihemmin kuin mukulasadot. Vuosi-
vaihtelun voimakkuudessa oli eri koepaikoilla suuria eroja.

Satotason kehityksen pidsuunta eli trendi oli yleensd lievisti nouseva.
Ruusulehden mukulasadon lisiys oli kokeissa keskimiirin 38 kg/ha eli 0.12 %o
vuodessa. Kunakin vuonna satoisimman lajikkeen satotason nousu oli hieman
suurempi, 196 kg/ha eli 0.53 %. Sadonlisiys oli selvin Tikkurilassa, Palki-
neelli ja Maaningalla. Talousviljelysten sadot paranivat eniten Tikkurilassa,
298 kg/ha eli 1.83 %o vuodessa. Useimmilla koepaikoilla satotason muutokset
olivat suuren vuosivaihtelun vuoksi tilastollisesti epavarmoja.

Yhteenvetona mainittakoon, etti perunan satotaso oli koeasemilla
keskimiirin hyvd ja huomattavasti parempi kuin maataloustilaston mukaan
koko maassa. Vuosivaihtelu oli suuri — ei kuitenkaan niin suuri kuin esimer-
kiksi kauran. Satotason muutokset olivat viosina 1931—62 verrattain vihii-
sizg. Kehityksen suunta oli useimmilla koepaikoilla lievdsti nouseva.
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SUMMARY

Potato yield levels in variety trials and on fields at Finnish agricultural
experiment stations

LEo YiLb

Agricultura] Research Centre, Department of Plant Husbandry, Tikkurila, Finland

This study deals with the mean yield level of potatoes, the fluctuations in
yield, and the overall change in yield level in the years 1931—62 at the following
departments and stations of the Agricultural Research Centre: 1. Department of Plant
Husbandry (Tikkurila), 2. Department of Plant Breeding (Jokioinen), 3. Satakunta Exp.
Station (Peipohja), 4. Hime Exp. Sta. (Pilkine), 5. South Savo Exp. Sta. (Karila), 6. South
Ostrobothnia Exp. Sta. (Ylistaro), 7. North Savo Exp. Sta. (Maaninka), 8. North Ostro-
bothnia Exp. Sta. (Ruukki), and 9. Arctic Circle Exp. Sta. (Apukka). The material investigated
comprised: 1. the yields of Rosafolia (standard) in the variety trials, 2. the yields of the
highest-yielding variety each year in these same trials, and 3. the yields on the ordinary
potato fields at the station.

At Tikkurila the potatoes were grown principally on humus and sandy clay soils, at Jokioi-
nen on heavy clay, and at the experiment stations on various kinds of sandy soils. The
manuring of the trials is shown in Table 1 and Fig. 1. In general the potatoes were planted
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at the end of May or beginning of June and were lifted in the latter half of September. The
weather conditions are presented in Table 1 and Fig. 2.

The average tuber yield of Rosafolia in all the trials was 31.8 tons per hectare. The
average starch content was 16.0 %o and the total starch yield 5090 kg/ha. The starch content
was calculated according to the method of HaLs & BuccHorz, which gives slightly higher
values than that of Maercker. Table 2 gives the yields from the various trial Jocations.

The average yield of the highest-producing variety was 37.0 tn/ha, and the
order of the yield levels at the various trial locations (Table 3) was nearly the same as that
for Rosafolia. At many locations, the starch content of the highest-yielding variety was
definitely lower than that of Rosafolia.

The average yield on the potato fields at the stations was 21.4 tn/ha. This figure
can be considered quite good, since the average potato yield for the whole country during the
period 1931—62 was only 14.2 tn/ha.

At all the trial locations the yields varied widely from year to year. The mean coefficients
of yield variation were as follows: Rosafolia 23, highest-yielding variety 24, yields on
station fields 25. Large differences in these coefficients occurred between the various stations
(Table 3). The variation in potato yield, however, was less than that of oats, whose coefficient
of variation in the variety trials was 30. The variations in starch content were relatively
considerably smaller than those in tuber yield.

The trend of the yields showed, on the average, a slight increase. The annual increases
in tuber yield were as follows: Rosafolia 0.12 %o, highest-yielding variety 0.53 %o and ordinary
field yields 1.05 %. At certain of the stations a slight decrease in yield level occurred (Table 3,
Fig. 4). Because of the wide annual fluctuations, the overall changes in yield level were
generally not statistically significant.

The experiences obtained at the experiment stations indicate that under Finnish conditions
it is very difficult to obtain high average yields of potatoes, since weather factors,
especially drought and early autumn frosts, are often harmful. The growing conditions,
however, favour the health of potatoes, and thus there are few symptoms of degeneration
in Finland. This is confirmed by the yield level of Rosafolia, which, in spite of continued
cultivation for several decades, has remained stable.
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STRONTIUM 90 AND CAESIUM 137 IN COW’S FODDER
AND MILK IN FINLAND 1961 —1962
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Helsinki, Finland Finland

Received March 17, 1964

Regular bulletins on the levels of the long-lived fission products in the food
chain are published in many countries. In Finland, however, few data concerning
the subject have been raported

The present investigation was carried out in order to continue the work
started by Paakkora et al. (1960), VUORINEN and MIETTINEN (1960). In this
paper some analytical data are presented about the radiostrontium and -caesium
level in cow’s fodder and milk in Finland 1961—62.

The ob)ect was also to get a picture of the change in the activity level due
to fall-out in summer 1962 after atmospheric nuclear weapon testings during
the autumn of 1961. This fall-out was expected to be heaviest in the beginning
of July 1962, and this time was therefore chosen for the sampling. However,
later analyses indicated that the °°Sr activity of milk in Finland reached a
maximum some weeks later (PAAKKOLA 1964).

The sampling was done from five different places already investigated in
1959 (PAAKKOLA et al. 1960; VUORINEN and MIETTINEN 1960). The samples
representing the activity level of 1961 were taken during the indoor feeding
period of 1962, when the fodder harvested in summer 1961 was still in use.

Fodder samples, approximately 5 kg (as dry matter) in paper or plastic bags
and milk samples of 10 litres of whole milk in polyethylene bottles were sent
to the laboratory. For preservation 20 ml of 3.5 % formaldehyde was added
to each milk sample. The sampling data are given in Table 1.

1) Present address: Institute of Radiation Physics, Helsinki, Finland.
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~ Table 1. Place and time of sampling.

Taulukko 1. Niytteenottopaikka ja -aika.

Place of sampling Latitude Date of sampling
Ndiysteenottopaikka Leveysaste Ndytteenottoaska

Arctic Circle Agr. Exp. Sta.
Apukka, Rovaniemi
Perd-Pobjolan koeasema 66° 35’ N 28. 5. 1962, 4. 7. 1962

North Ostrobothnia Exp. Sta.
Ruukki - .
Pohjois-Pobjanmaan koeasema 64° 40°' N 19. 5. 1962, 5. 7. 1962

North Savo Agr. Exp. Sta. -
Maaninka
Pobhjois-Savon koeasema 63°09° N 22. 5. 1962, 4. 7. 1962

Hime Agr. Exp. Sta.
Pilkine
Himeen koeasema 61°20° N 24. 5. 1962, 9. 7. 1962

State Farm of Jokioinen
Jokioinen
Jokioisten kartano 60° 49° N 21. 5. 1962, 4. 7. 1962

Methods

Pretreatments of samples: The air-dry plant samples were ground, dried at
105—110° C, and ashed at 450° C. The milk samples were evaporated to dryness and ashed
at 450° C,

Strontium separation from milk samples: After addition of carrier (50
mg Sr) the milk ash (15 g) was dissolved in HCI. The insoluble residue was ashed and
redissolved in HCl. Strontium separations by fourfold HNO3 precipitation were made according
to the method of BRYANT et al. (1959).

Strontium separation from plant samples: After the addition of carrier
the plant ash (10 g) was dissolved in HCL. The insoluble residue was ashed and the silica
dissolved by HF treatment. Oxalic acid precipitation was done with 50 g oxalic acid at pH 4.
After ashing the samples were dissolved in HCl. Fe(OH)s and Al(OH)s were precipitated
with NHsOH. After carbonate precipitation three HNO3 separations were made according to
the same procedure as for milk ash.

Checking of Sr separations: a) Some of the %0Sr analyses were done in
duplicate. b) Spectrographic and flame photometric purity controls were carried out at
different stages of the work. The final controls showed the Ca content to be < 1% or
<< 1% of the Sr content of the final Sr preparation.

Flame photometric calcium and potassium determinations: The
ash was dissolved quantitatively (1 mg/ml). Potassium was determined directly from the
solution (4044 A, Beckman DU, acetylene-oxygen flame) and calcium (4227 A) after 1+ 4
dilution. Standard series were prepared by dissolving CaCOs and KH2POj in the ratio of
K = 1.3 X Ca for milk and K = 5 X Ca for plant ash. Some of the Ca determinations
were checked gravimetrically as Ca oxalate.

Strontium recovery: The flame photometric determinations were based on a
standard series made with Sr carrier solution corresponding to 40, 60, 80 and 100 %o recovery.
The wavelength 4078 A was used instead of 4607 A, since the latter showed more selfabsorption
in the concentration range used.
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Radioactivity measurements: The strontium 90 content was determined by
separating the yttrium 90 daughter activity at equilibrium and counting it with a low-level
f-counting assembly type PW 4127, Philips. The counting system was calibrated with 90Sr
standard solution from the Radiochemical Centre, Amersham, and the counting efficiency
for 99Y was found to be 33.7 %. The statistical error of the counting was less than 2%/ and
the radiochemical purity of the counting preparations was checked by following the 90Y decay.

For 137Cs determinations the dried samples were measured in a 2.5 litre container on a
Harshaw 3 in. X 5 in. sodium iodide crystal with a 512 channel pulse-height analyser by the
Finnish Cable Works. The counting system was calibrated with an Amersham 137Cs standard
solution CDR 4 and potassium chloride p.a. (Merck.) Corrections for the background and the
potassium counts in the Cs range (0.60—0.72 MeV) were made as well as corrections for the
differences in the sample density. The grass samples of July 1962 were measured 1 V4 years
after sampling. The interference of shortlived activity was diminished but since the samples
still contained several interfering nuclides the 13%Cs content of the grass was estimated
graphically from the gamma spectra.

Results and discussion

The results of the ®°Sr and 137Cs analyses are presented in Tables 2 and 3.
The activities are of the same order as values for Scandinavia, Germany and
Great Britain. The 1962 level is higher than that in 1961, as expected. The
903y content of the milk samples from different places varies only slightly. The
milk from Jokioinen is an exception, however, with very low 29Sr in 1961.
The 137Cs content of milk is highest in North Finland.

The observed ratio (OR) shows the discrimination of radiostrontium from
fodder to milk and was calculated as follows:

__pc ?9St/1 g Ca (milk)
OR = pc °9Sr/1 g Ca (fodder)

The diet of the cows during the indoor feeding period (May 1962) consisted
mainly of hay and acid ensilage. In addition to these the cows were fed on
variable amounts of potatoes and other root wvegetables, grain products, etc.,
which are, however, of minor significance in the calculation of the OR. Grass
was the only fodder in July 1962. The observed ratios are presented in
Table 4.

The overall mean 0.047 of the discrimination factors is very similar ot the
value of 0.048 found by PaskkoLa et al. (1960). Thus the Finnish values seem

Table 4. Observed ratios for 99Sr from diet to milk.
Tanlukko 4. Diskriminaatiokertoimet 90Sr:lle vebusta maitoon siirryttiessi.

Apukka Ruukki Maaninka Pilkine Jokioinen

1961 oo 0.038 0.034 0.055 0.079 0.021
1962 o oo e 0.055 0.035 0.040 0.075 0.035
Mean — Keskiarvo ......ccvuv.n... 0.042 0.035 0.048 0.077 0.028
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to be considerably lower and more favourable than those found elsewhere,
ranging from 0.09 to 0.16 with most values falling close to 0.11 (Rep. U.N.
Sci. Comm. Effects of Atomic Radiation 1962). A possible explanation of this
may be the rather high amount of inactive strontium in Finnish soils and plants
analysed in the Department of Soil Science. To get more information the
inactive strontium was determined spectrochemically from three representative
Finnish milk samples and from the TAEA milk samples Nos. 54 and 173 (Kiel,
Germany). The analyses indicated that the Sr content was 2.7 times higher
and the inactive Sr/Ca ratio 2.7 times higher in the Finnish milk. The subject
is being investigated further.

Summary

The 2°Sr and 37Cs contents of fodder, grass and milk were analysed. The
samples originated from five different places in Finland and represented the
activity level in summer 1961 and in the beginning of July 1962.

The mean values (°°Sr pc/g Ca) were: Fodder (1961) 70, grass (1962) 256,
milk (1961) 3.2 and milk (1962) 11.3.

The mean values (}37Cs pc/g K) were: Fodder (1961) 31, grass (1962) 88,
milk (1961) 22 and milk (1962) 63.

The observed ratio for 2°Sr from diet to milk gave a mean value of 0.047,
which is considerably lower than OR of 0.1 reported elsewhere. A possible
explanation is the rather high inactive Sr/Ca ratio of .some Finnish plants

and milk.
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Finnish Atomic Energy Commission is acknowledged.
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SELOSTUS®

Rehun ja maidon strontium 90 ja caesium 137 -pitoisuuksia
Suomessa 1961—62

- Esko LAKANEN ANNELI SALO
Maatalouden tutkimuskeskus, Helsingin 'Yliopiston'
Maantutkimuslaitos, Helsinki radiokemian laitos, Helsinki

Suomalaisen rehun ja maidon radioaktiivisuudesta on toistaiseksi ollut sangen vihin tie-
toja. Esilld olevassa tySssi midritettiin strontium 90 ja caesium 137 -pitoisuudet rehu-, laidun-
ruoho- ja maitoniytteistd, jotka edustivat aktiivisuustasoa, kesilli 1961 ja heinikuun alussa
1962. Niytteenottopaikat ovat taulukossa 1.

Tulokser nihdidn taulukoista 2 ja 3. Kiytetty aktiivisuusyksikks pc = pikocurie vastaa
2.22 hajoamista minuutissa. Aktiivisuustaso ei poikkea selvisti tiedossa olevista pohjoismaisista
ja keskieurosppalaisista arvoista. Vuoden 1962 moninkertainen aktiivisuus on perdisin syksyn
1961 ydinasekokeista. 137Cs-pitoisuus on korkein Apukassa. 90Sr-pitoisuudet ovat eri niyt-
teenottopaikoista samaa tasoa, poikkeuksena Jokioisten maidon (1961) alhainen aktiivisuus.

Rehusta maitoon siirryttiessi tapahtuu voimakasta radiostrontiumin diskriminoitumista,
joka lasketaan seuraavasti (OR = observed ratio):

_pc 95r/1 g Ca (maito)

OR =
pec 90Sr/1 g Ca (rehu)

dmin perusteella lasketut OR-arvot ovat taulukossa 4. Kaikkien keskiarvo 0.047 on sangen
alhainen ja edullinen verrattuna muualla saatuihin arvoihin (n. 0.1). Kysymyksessi saattaa
olla suomalaisen maan ja rehun suuremmasta inaktivisen strontiumin midrdsti johtuva vaiku-
tus. Suoritetut analyysit osoittavat my®s, ettd suomalaisessa maidossa suhde inaktiivinen
strontium : kalsium on lihes 3-kerrainen eriisiin ulkomaisiin maitoniytteisiin verrattuna. Tutki-
musta jatketaan,
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AIKAKAUSKIRJAN KIRJOITTAJILLE

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

Artikkelit, joiden tulee olla lyhyehkdji ja keskitettyjd, laaditaan joko
kotimaisella kielelli 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 kuvacekstien suhteen. Tau-

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

Harvennettavat kohdatr alleviivataan kisikirjoituksessa katko-
viivalla (— — —) ja kursivoitavat kohdat yhteniiselld viivalla. Kursivoin-
tia kiytetdin lihinnd vain kasvien ja eliinten latinankielisissi nimissi sekd
kaksikielisten taulukkojen ja kuvien toissijaisissa teksteissi. Pitkii harven-
nuksia ja kursivointeja on syytd vilerdd,

Desimaalimerkkini kiytetiin pisterti. Tuhannet, miljoonat jne. ero-
tetaan toisistaan tyhjin vilein.

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

Kisikirjoitukset liitteineen lihetetdin toimitukselle osoitteeseen: MAA-
TALOUDEN TUTKIMUSKESKUKSEN AIKAKAUSKIR]JA, Erottajan-
katu 15—17, Helsinki. Vedokset toimitetaan kirjoitrajien tarkastettaviksi ja
korjattaviksi. Korjaukset tehdiin vedoksen marginaaliin yleisesti kiytetyin
merkinndin.

Kaikki yhteydet kirjapainoon hoidetaan toimituksen kautra.




DEPARTMENTS, EXPERIMENT STATIONS AND BUREAUS OF THE
AGRICULTURAL RESEARCH CENTRE IN FINLAND

1. Administrative Bureau, Bureau for Local Experiments (HELSINKI) — 2. Departments of
Soil Science, Agricultural Chemistry and Physics, Plant Husbandry, Plant Pathology, Pest
Investigation, Animal Husbandry and Animal Breeding; Office for Plant Protectants, Pig
Husbandry Exp. Sta. (TIKKURILA) — 3. Dept. of Plant Breeding (JOKIOINEN) — 4, Dept.
of Horticulture (PIIKKIO) — 5. Southwest Finland Agr. Exp. Sta. (HIETAMAKI) — 6. Sarta-
kunta Agr. Exp. Sta. (PEIPOHJA) — 7. Karelia Agr. Exp. Sta. (ANJALA) — 8. Hime Agr.
Exp. Sta. (PALKANE) — 9. South Savo Agr. Exp. Sta. (Karila, MIKKELI) — 10. North
Savo Agr. Exp. Sta .(MAANINKA) — 11. Central Finland Agr. Exp. Sta. (KUUSA) — 12. South
Ostrobothnia Agr. Exp. Sta. (PELMA) — 13. Central Ostrobothnia Agr. Exp. Sta. (Laitila,
KANNUS) — 14. North Ostrobothnia Agr. Exp. Sta. (RUUKKI) — 15. Arctic Circle Agr. Exp.
Sta. (ROVANIEMI) — 16. Pasture Exp. Sta. (MOUHIJARVI) — 17. Frost Research Sta.
(PELSONSUOQO)



