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THE BIONOMICS OF THE RASPBERRY APHIDS APHIS IDAEI V.D. GOOT
AND AMPHOROPHORA RUBI (KALT. (HOM., APHIDIDAE)

JORMARAUTAPAA

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

The first information about the life-habits of
Aphis idaei v.d. Goot was presented by v.d. Goor
(1912) as a reference to the dense colonies of
aphids on raspberries. For almost thirty years
subsequently, only short reports were published
regarding new places where the species had been
found, or mention of the species was made in the
lists of aphids living on plants of the genus Rubus
(Winter 1929, Dicker 1939). Dicker (1940)
gave the first description of the general biology
of A. idaes. HiLe Ris LamBers (1950) supple-
mented the information regarding hatching, the
time of appearance of sexuals and oviposition.
De Frurrer and v.d. Meer (1952) and Nysom
(1960) presented brief summaries of the life-
habits of the species. The importance of A. idaei
as a virus vector has been known for about 15
yeats (see CaApmaN 1961), but detailed data on
the resistance of raspberries to A. idaei has been
presented only by Baumerster (1961).

KavrensacH (1843) and Buckron (1875) gave
a quite accurate description of the morphology
of Amphorophora rubi (Kalt.) and a general de-
scription of its life-habits. Later, HrLLe Ris
LamBers (1949) provided supplementary and
more accurate information regarding the mor-
phology of the species. The most important
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general descriptions of the life-habits of A. rubi
are those published by Winter (1929), Dicker
(1940) and Hirre Ris Lamsirs (1949, 1950), but
the bionomics was not examined in detail.

The significance of A. rubi as a vector of rasp-
berry viruses has been proved in many studies
(see e.g. CapmaN 1961) and a large amount of
information has been presented about the re-
sistance of raspberries to A. rubi (reviewed by
KnrgHT et al. 1959 and BauMEISTER 1961). The
host plant relationships of biological strains of
A. rubi have been clarified in many studies (see
e.g. Brigas 1959, '1965), and Hirre Ris Lam-
BERS (1949) has studied the morphological dif-
ferences between the strains.

A few shortt reports and observations on rasp-
berry aphids have been published in Finland.
A. idaei was mentioned in the atchives of the
Dept. of Pest Investigation for the first time in
1934. Linnantemz (1935) mentioned that 4. rubi
was observed in the Iisalmi region in 1921. Ac-
cording to HeErkiNzHEMO (1959), the significance
of the two species as vectors of raspberry viruses
in Finland is probably great (see also Tar1o 1961).
THUNEBERG (1962) and VarruLa (1965) presented
data on the distribution of the species in this
country.
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The purpose of this study was to obtain more
accurate data on the bionomics of A. 7dae; and
A. rubi. At the same time the host plant relation-
ships of both species was studied (Raurarii
1968). A short description of the results has al-

Material

In order to study the distribution of species in
Finland, samples of living and parasitized aphids
were gathered during trips made in different parts
of the country. The aphid mummies were reared
in the laboratory.

The majority of rearings of both species were
carried out in the insectary of the Dept. of Pest
Investigation, Tikkurila. According to measure-
ments made duting previous experiments in the
insectary (e.g. MARKKULA 1953) and during the
present study, the mean daily temperatures re-
corded at the insectary and at the meteorological

station of the Agricultural Research Centre were

almost identical. The minimum diurnal tempera-
ture was higher, however, and the maximum
lower in the insectary than outdoors.All the mean
temperatures given below have been figured from
the temperatures recorded at the meteorological
station. :

Host plants were planted in pots (diam. 20 cm),
and once a week artificial fertilizer »Kasvu» was
added to the water.

According to observations made prior to the
investigation, during the early summer the num-
bers of both species was greatest in inflorescences
and in the tops of first-year canes. For this reason
the first four generations of both species were
reared in inflorescences and the other agamic
generations in the uppermost open leaf and near
the growing point of the first-year canes. The
sexuals were confined to the lower leaves of the
first-year canes. Fach aphid was protected by a
cylindrical rearing cage of transparent plastic and
terylene-voile gauze (diam. 10 cm, length 15 cm).
Rearings were checked as often as possible, at
least every fifth day. To each male and female
rearing some specimens of the opposite sex were
added.
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~ ready been published (RauTarii 1964), as has
a report on the parasitic Hymenoptera species col-
lected during the study (MARKKULA and RAUTA-
PAA 1963).

and methods

"' A idaei. 17 fundatrices that hatched on April
128, 1961, in-the vicinity of the insectary were
isolated at the age of three days onto recently
sprouted, buds of raspberry vatiety Malling
Promise. The rearing method was largely the
samé as the first-born line method used by
MarkkurA (1953). After the reproduction of
fundatrices had begun, the oldest larva of each -
of 12 fundatrices was transferred to a new rearing
cage, where its life course and reproduction were
kept under observations. Rearings were con-
tinued generation® by generation, the oldest
apterous larva of each:female being transferred
to a separate rearing. The number of first-born
lines decreased after the death before onset of
reproduction of one female in the third genera-
tion and two in the fourth generation. The life
periods and reproduction of ten alate viviparous
females were studied in-1962: The larvae born
on June 27 were isolated at.the age of three days
onto flower buds of Preussen variety grown in
the insectary. T : o )

A. rubi. A number of eggs were gathered into
the insectary on April 30,:1962. The majority
of the hatched fundatrices were parasitized, how-
ever, and only three reached maturity. The
rearings were started from these fundatrices, and
the host plant was raspberry vatiety Preussen.
The number of aphids was increased by trans-
ferring the three oldest larvae of each of two
fundatrices, and the oldest larva of one fundatrix,
to rearings. The number of aphids varied in the
different generations because some of the larvae
died before reaching maturity. With the change
to the subsequent generation the number of
aphids was increased by transfer of several of
the larvae of one female to the rearings. There-
fore, the method was not the first-born line



method used when the biology of A. idaei was
studied. Six of the aphids in the fourth genera-
tion were alate, all others in every generation
were apterous. In 1963, a comparison was made
of the larval period of the.alate and apterous
females by rearings made on the variety Pressen,
which was growing in the field in the vicinity
of the insectaty. A number of apterous females

Results and
Distribution in Finland

A. idaei, which is known to be quite common
throughout Europe, is distributed in Finland at
least as far as Kuusamo (lat. 66° N, Fig. 1). The
northernmost occutrences in Sweden have been
found, according to OssIANNILSSON (1959), in the
provinces of Gistrikland and Dalarna (lat. 61—
62° N). A. rubi, like A. idaei, is very. common
in southern and central Finland (Fig. 1).

A Number of ‘;'ge)‘_zeratio;z} !

The greatest number of generations of A. idaei
was nine’ per yéar (Flg 2): One of the females
in - the seventh generation produced agamic
sexuparae, the oldest of ‘Wh'ichrformed: the eight
generation. The offspring of the latter were sex-
ualg and formed the ninth generation. The‘speci—
mens of the seventh generation of all other first-

botn lines were either sexuparae or sexuales, and

A.idaei

were placed on the tops of first-year canes inside
reaﬂng cages on July 25. All the aphids were
descendants of the same fundatrix. The adults
were removed from ‘the cages after about 17
hours. After three days only the largest larva
was -left- inside each cage. The rearings were

checked daily.

conclusions
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Fig. 1. Communes whete A. idaci (opén citcles) an
A. rubi. (dots) have been-found. . - :

Kuva 1. Kunnat, joissa A. idaei (ympyrit) ja A. rubi ( pisteect)
on tavarin.”

NOV.

A.rubi

Fig. 2. Distribution of the agamic (solid line) and the oviparous (dotted line)
generations in the various parts of the growth period. The beginning of the
reproductive period is indicated by an intersecting line.

Kuva 2, Agamisten (yhtendinen viiva) ja oviparisten (pisteviiva) sukupolvien ajoitiumi-
nen kasvukanden eri osiin. Lisidntymiskanden alku on osoitettn poikkiviivalla.
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consequently only eight generations were pro-
duced in these lines. The greatest number of
generations of A. rubi was seven (Fig. 2).

According to HEeigINHEIMO (1952), Aphis
grossulariae Kalt. had twelve generations in Fin-
land in 1951. The greatest number of generations
of Brevicoryne brassicae L. was seven in 1949 and
nine in 1950 (MarkkurLa 1953) and that of
Acyrthosiphon pisum (Harris) ten in 1959 and 1960
(MarRkkULA 1963).

Hatching of fundatrices

In 1961; the first fundatrices of .A. idaei hatched
on April 26—27, and during the following year
on May 5—7, while in 1963 hatching took place
on April 27—29. Thus in three consecutive years
hatching began around the turn of April—May.
In England, the young larvae were observed in
the first half of March in 1937 and 1938 (D1ckER
. 1940)..

On May 2, 1961, eggs of A. rubi were moved
into a greenhouse (+ 24 4 4°C), and into the
insectaty. -In the greenhouse the first larvae
hatched on May 8, and in the insectary on May 9.
In 1962, the first just-hatched fundatrices were
found on. May 7 on raspberties that had over-
wintered in the vicinity of the insectary. In
England: (Dicker 1940) and in Holland (HrrrE
Ris Lamsers 1950) it was found that the earliest
fundatrices hatched at almost the same time, in
the beginning of March.

To establish the number of eggs destroyed
during the winter of 1960—1961, the hatching
percentage of A. idaei was counted on June 5,

1961, from four Preussen raspberries that had
overwintered in the vicinity of the insectary.
Altogether, 2344 eggs wete examined, of which
23.0 9, were found to have been destroyed. The
causes of destruction were not clarified. By the
day on which the count was made the majority
of fundatrices had hatched: only 24 unhatched,
but apparently undestroyed eggs were found.
According to Zirnrrz (1932), about 20 9, of the
eggs of A. idaei were destroyed in Latvia during
the severe winter of 1928—29.

130

Length of life periods: fundatrices and virginoparae
Larval period

The difference between the mean larval period
of species (A. idaei 16.3 days and A. rubi 17.8
days) was not significant (P > 0.05) (Table 1).
In both species the average larval period of the
third generation was the shortest (A. idaei 9.2
days and A. rubi 15.8 days) and that of the funda-
trices the longest (A. idaei 22.9 days and A. rubi
26.6 days), if a single specimen of the eighth
generation of 4. idaei is not taken into account.

Table 1. The larval period, in days, of the agamic females,
and the average temperatures during the larval petiod.
t = the correlation coefficient of the larval petiod and the
temperature. ** P < 0,01
Taulukko 1. Agamisten neitsyiden tonkkakausi vuorokansina ja
toukka-ajan keskilimpitila. r = toukka-ajan ja limpitilan
korrelaation kerroin. ** P < 0.01

Number Range
Generation of females _ B o
Sukupolvi Yksilo- x Sx Adri- ¢
Iukn arvot
A. idaei
I..... 17 22,9 + 0.3 21 —26 7.5
I..... 12 12.8 4 1.9 10 — 16 15.3
Imr..... 11 9.2 + 0.6 9—14 19.2
Iv..... 9 15.2 + 1.3 11 —24 14.8
V..... 9 14,5 4- 1.0 11—21 15.8
VI..... 9 15.3 4- 0.8 12 —19 15.8
VII..... 9 18.4 4- 1.4 12 — 26 14.3
VIII..... 1 23.0 9.8
S ... 77 x 16.3 4+ 1.6 £ = —0.952%*14,0
A. rubi ) :
I..... 3 26.6 & 1.5 24-—29 9.6
IIr..... 7 19.0 + 1.5 15 —26 12,3
or..... 13 15.8 4- 0.5 13 — 20 14.s
Iv..... 17 16.9 4- 0.9 13 — 27 14.6
V..... 13 17.3 4+ 1.2 11 —24 13.0
VI..... 4 21.5 4+ 1.3 18 — 24 12.1
S veinn. | 57 x 17.8 £ 1.1 r=—0.955%¥13.1

The negative correlation between the average
larval periods of the different generations and
temperature was highly significant (P < 0.01).

The larval period of alate females of A. idaei
in 1962 was on average 10.5 4 0.2 days, and the
average temperatute during the developmental
period was 14.4°C. The developmental period
was 4.7 days shorter than the larval period of
the apterous females of the fourth generation
(15.2 days) during the previous year, at neatly
the same average temperature (14.8°C).



The mean larval period of 11 apterous females
that belonged to the fourth generation of A. rubi
was 17.6 4 1.1 days and the mean temperature
during that time was 14.7°C. The developmental
period of 6 alate females of the same generation
averaged 15.5 4- 0.4 days at a temperature of
+14.4°C. The 2.1 day difference was not signifi-
cant (P > 0.05) and the larval period for the
fourth generation, given in Table 1, is conse-
quently the average of both ai)terae and alatae.
The average larval period for the 21 A. rubi that
developed into apterous specimens in 1963 was
14.5 - 0.4 days, and that of the 10 aphids that
developed into alate specimens was 12.7 4 0.5
days (P < 0.05).

The larval periods of the apterae and alatae
of various species have been compared in many
studies, and the apterae have usually had a shorter
development period than the alatae (e.g. MARK-
xurA 1953, MACGILLIVRAY and ANDERsSON 1958,
MarkxuLa and MyvLyMAkI 1963, Apams and
Drew 1964). When studying Rhopalosiphum maidis
Fitch Apams and Drew (1964) found that alatae
had a shotter larval period than apterae on Avena
species, but a longer one on other host plants.

The theotetical larval petiod of the two species
at different temperatures, expressed as hyperbolas
in Fig. 3, has been figured by means of the equa-
tion K =T (t—a) (sece é.g. SCHWERDTFEGER
1963, p. 141). The thermal constant K and the
development threshold a were figured by em-
loying the average larval periods and the aver-
age temperatures for the third and fourth genera-
‘tions of A. idaei and the second and third genera-
tions of A. rubi. These generations were selected
firstly because the average temperature of their
larval periods differed greatly, and secondly be-
cause all the specimens were living in the middle
of the growing season (see Fig. 2) and on the
same parts of the host plants. The thermal con-
stant of the development of A. idaei was 111.2°
and the threshold of development -7.5°C. The
corresponding values for A. rubi wete 205.8° and
+4-1.5°C. .

On the basis of insectary rearing, MARKKULA
(1953) reckoned the threshold of development
of B. brassicae to be -+1.7°C and the thermal con-

DAYS
36

A. rubi A.idaei
32
F 205.8=Tt15)

28

MA=TX-7.5)

24

201

(e} 1 1 ' 1 It 1 L I 1 I ! 1 L,
2 6 10 14 18 22 26 30C

Fig. 3. The theotetical larval period of the agamic fe-
males at different temperatures. The dots indicate the
larval petiods of the genetations of A. #daei, and the open
circles those of “A. rubi, at the ptevailing temperatute.

Kwa 3. Agamisten neitsyiden teorecttinen toukka-aika eri
lampitiloissa. Pisteet osoittavat A. idaein, ympyrds A. rubin
sukupolvien tonkka-ajan vallinneessa limpitilassa.

stant to be 187°. TanakA (1957) reported the
development threshold of Rhopalosiphum padi L
to be 6.1°C. According to Kawapa (1964),
the threshold of development of Rhopalosiphum
psendobrassicae Davis was +7.6°C and the thermal
constant 123.6°, while in the study by BarLow
(1962) the corresponding values for Macrosiphum
euphorbiae (Thomas) were —0.03°C and 221.24°.
The comparison of the results is madé difficult
by the fact that some of the studies were carried
out in npaturally varying temperatures (MARK-
KULA 1953, and the present study), while others
(Tanaka 1957, Barrow 1962, KawApA 1964)
wete carried out at an almost constantfftempera—
ture. The effects of constant and of changing
temperatures upon larval petiods of aphids has
been compared in only a few studies. According
to Barrow (1962), the larval period of M . enphor-
biae at a constant temperature was the sail*ne length
as MAcCGriuivrAY and ANDERsoN (1958) had
previously treported it to be in 2 terfnpcrature
equally high but varying. MESSENGER (1964), on
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the other hand, found that Therioaphis macniata
Buckton reached maturity sooner in a varying
than in a constant temperature.

Reproductive period

The fundatrices of A. idaei produced the first
larvae on an average 1.5 4 0.2 (range 0 and 2)
days after the final moult. The reproduction of
the third generation of A. rubi began on average
1.1 £ 0.3 (range 1 and 2) days after the final
moult. Sufficiently accurate observations were
not made on the beginning of the reproduction
of othet females, and therefore the reproductive
petiod of all generations of both species has in
Table 2 been counted as having started from the
final moult. The period from the final moult to
the beginning of reproduction has varied in dif-
ferent species from six hours (Banks and Macau-
LAY 1964, A. fabae) to two'days (MARKKULA and
MyLLyMAKT 1963, Macrosiphum avenae (F.)).

The average reproductive period of apterous
temales of A. idaei was 21.5 days (range 3 and
43) and that of A. rubi was 24.7 days (range 1
and 58) (Table 2). The 3.2 day difference is not
significant (P > 0.05). The internal variation was

Table 2. The reproductive period in days of the ‘agamic
females, and the average temperatures during the repro-
ductive petiod. r'= the correlation coefficient of the
" teproductive period and the tempetature
Tanlukko 2. Agamisten neitsyiden lissintymiskansi vuorokas-
sing ja lisddntymiskanden keskilampitila. r = liséintymisajan
Ja limpitilan korrelaation kerroin

great within lines descending from different fun-
datrices of A. idaei, and no line had a reproduc-
tion period repeatedly shorter or longer than
that of other lines. .

The correlation between the reproductive pe-
riod and the temperature was not significant for
either species (Table 2).

The reproductive period of alate females of
A. idaei averaged 9.7 - 2.4 (range 3 and 24) days
in 1962. The average temperature of the repro-
ductive period of the alatae was of almost the
same length as the reproductive period of the
fourth generation in 1961 (10.2 days, Table 2).
The 0.3 day difference between the repro-
ductive period of alatae and apterae in the
fourth generation of A. rubi was not significant
(P > 0.05).

Post-reproductive period

A. idaei lived on average 4.7 days (range 0
and 33) after completion of reproduction ‘and
A. rubi 5.8 days (0 and 48). The correlation
between the length of the post-reproductive
period and the temperature was negative but
not significant (P > 0.05) (Table 3).

Table 3. The life span in days of the agamic females after
termination of reproduction, and the average tempera-
tures during this period. r = the correlation coefficient
of the post-reproductive period and the temperiture
Tanlukko 3. Agamisten neitsyiden elinaika vrorokansina lisiin-
Lmisen phdityttyd ja keskilimpitila tini aikana. r = lisiinty-
misen jilkeisen ajan ja limpitilan korrelaation kerroin

Generation olgfl'::\l;?ets _ — Range o Generation olgtl'::igfets R?nge o
" Sukupolsi Ykiils- x Sx Adri- ¢ Sukupolvi Yheils- x Sx Adri- ¢
luku arvot Iuku arvot
A. idaei A. rubi
I..... 17 22.1 4+ 1.9 5—34 15.9 I..... 17 0.7 4+ 0.1 0— 4 14.0
II..... 12 24.8 42,6 15—36 17.7 II..... 12 3.9 L 1.9 0—24 16.9
or..... 11 27.4 42,4 18 —41 15.6 or..... 11 544 1.3 0—11 15.8
Iv..... 9 10.2 - 2.4 5—23 15.¢6 Iv..... 9 6.0 + 1.2 0—13 15.5
V..... 9 30.3 4 3.5 9—43 15.1 V... 9 5.3 L 5.0 0—15 12.2
VIi..... 9 17.7 &+ 3.5 3—30 13.6 VI..... 9 8.7 + 8.7 0—19 12.8
VI ..... 9 12.8 - 2.8 3—-25 11.6 VII..... 9 6.8 4 3.6 0-—33 10.5
VII..... 1 15.0 8.0 VIIT..... 1 0
S ..., 77 x 21.5 429 r= 40,517 15.1 S ... 77 x 47422 ¢=—0.357 14.0
A. rubi : A. idaei
I. 3 10.3 4- 4.9 1—18 10:1 I..... 3 3.0 4 3.0 0— 9 9.3
I-.... 7 24,9 4- 4.2 3—33 13.4 I..... 7 2.9 + 1.1 0— 9 14.3
Ir..... - 13 25.2 4- 2.7 2—40 - 14.6 II..... 13 3.3 L 1.4 0— 1 13.0
IvV..... 17 22.9 -+ 3.0 4 —42 13.0 Iv..... 17 7.1 + 2.4 0—25 10.6
V..... 13 29.2 4- 4.1 7 — 58 111 V..... 13 9.8 - 3.4 0—48 9.8
VI..... 4 22.2 4+ 6.6 7 —38 8.7 VIi..... 4 3.0 4 0.7 1— 4 8.8
S . : 57 x 24.74-3.9 r==—0.402 12.5 S ..., 57 x 58421 r=—0.283 11.2
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The alate females of A. idaei lived in 1962 on
average 15.6 1 4.2-days (0 and 35) after com-
pletion of reproduction, which is about 3.3 times
as long as the average for apterous females in
1961. During this period the average temperature
was 13.4°C. The post-reproductive periods of the
11 alatae (7.5 &= 3.5 days) and the 6 apterae (6.8
+ 1.9 days) of the fourth generation of A. rubi
were of neatly the same lengths (P > 0.05).

Total life spanv

The larval period, the reproductive period and
the post-reproductive period of the agamic gen-
erations have been brought together in Fig. 4.
On avetage all the life periods of A. idaei wete
2 little shorter than those of A. rubi (see Tables 1,
2 and 3), and consequently the average life span
of A. idaei (42.5 days) was 5.8 days shorter than
the life span of A. rubi (48.3 days). The difference
is not significant (P > 0.05).

The total life span of the fourth generation of
A. idaei was 11.8 days shorter than that of the
third generation and 18.7 days shorter than that
of the fifth generation (Fig. 4). From Table 2
and Fig. 4 it ‘can be seen that the exceptionally

A. idaei A. rubi

DAYS

60

501 LIFE SPAN /\
OST-REPRODUC-

,,_. %PER oo>
“of \ \\
EPRODUCTIVE
301 ‘\

200 /! \ o
c\./o/ .//.
10} \/
LARVAL PERIOD
o 1 I 1

1 Il i 1
5 6 7 8 1.2 3 4 5 6
GENERATIONS

Fig. 4. The average lcngths of the life petiods of the
agamic generatlons

Kuva 4. Agamisten sukupolvien eliménvaibeiden keskipitundet.

Table 4. The relative length of the life periods of agamic
females as percentages of life span
Taulukko 4. Agamisten neitsyiden eliméanvaibeiden subieelliset
pitundet prosentteina elinajasta

A, idaei A. rubi
Apterae Alatae Apterae
Siivettomat Siivelliset Siivestomat
Larval period—7 onk- o .
ka-aika . ........ 38,4 28.1 36.9°
Reproductive period: - . .- :
Lisddntymiskausi . . 50.6 -30.1 51.1
Post-reproductive pe- :
riod — Lisadntymi- o
sen jdlkeinen elmazka 11.1 41.8 12.0
Number of females — :
Yeksiloluku ... ... 71 10 .57

short total life span of the fourth generation was
caused by a very short reproductive period. It
has been established in many studies that the re-
production of the various aphid species is smaller
in the middle of summer than it is in the begin-
ning or end of the growing season, and the same
can also be seen from the results of the present
study (see later p. 137).

The propottion of the larval period in the life
span of apterous females of the two species was
nearly 40 9%, that of the reproductive period was
50 %, and that of the post- -teproductive period
slightly more than 10 % (Table 4). The larval
period and reproductive period of alate females
of A. idaci were relatively shorter than were the
same periods of the apterae. In contrast, the post-
reproductive period was approximately 40 %, of
the total life span (Table 4).

The relative lengths of the three life periods
of apterous A. idaei and A. rubi diffexrs somewhat
from that of other aphid species that have been
studied in Finland. It is possible on the basis of
the study by MarkkuLA (1953) to calculate that
the relative lengths of each of the three life pe-
tiods of B. brassicae is about one-third of the
total life span. On the other hand, the length of
the larval period of A. pisum was app. 20 %, the
reproductive period app. 50 %, and the post-re-
productive petiod app. 30 9, of the total life span
(MarkkULA 1963).-
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Length of life periods: sexnals
Males

The first-born males of A. idaei belonged to
the seventh generation, and were born on August
2—4. In order to establish the frequency and time
of occurrence of the males their number was
counted on the raspberries in three mass-rearing
cages in the insectary. On September 20, 1961,
their number was 31 and on October 12 there
were 7 of them. On October 28, one hundred
leaves of the variety Preussen were examined in
the field in the vicinity of the insectary. The num-
ber of A. idaei females per leaf averaged 9.4 but
only 5 males were found. According to Dicker
(1940), the males of A. idaei in England appeared
from the beginning of October to the middle of
December.

The first males of A. r#bi were born on August
19—21 in 1962. In August, larvae, probably of
second degree, were found in the mass-rearing
cages in the insectary, and these were later ascet-
tained to be males. In mass-rearings and on field
raspberries males were not found after the end
of October. Males have been found in USA in
eatly October (WiNTER 1929). In England, the
first males were born towards the end of Sep-
tember, and males were found on raspberries in
mid-November (Dicker 1940).

The males of A. idaei in line rearings were
progeny of sexuparae of the sixth and seventh

generations. Some further males which were iso-
lated in rearings were the progeny of sexuparae
obtained from mass rearings in the insectary, and
were born on August 19—20. No observations
were made of the larval petiod of 4. idsei males,
and Table 5 consequently only shows the total
life span. The males of A. rubi that were studied
in individual rearings were the progeny of the
fifth generation.

The life span of 4. idae; males (33.9 days) was
8.6 days shorter, and that of A4, r#bi males (38.5
days) 9.8 days shorter, than the average life span
of the agamic generations (42.5 and 48.3 days).
The males of A. rubi spent 34 of their total life
as larvae, which is relatively twice as long as the
agamic females. The larval period of the males
(29.5 days) in the prevailing temperature (10.1°C)
was not significantly (P > 0.05) longer than the
larval period of the females (27.2 days) at almost
the same temperature (10.6°) (see Table 6).

Females

The females of the ninth generation of A. idaei
died from lack of food after the leaves had fallen
during early November. Table 6 shows only the
average larval period of this generation.

The time between the final moult and the be-
ginning of oviposition was established from six
specimens of the seventh A. idaei generation and

Table 5. The length of the life periods of the males in days
Tanlukko 5. Koiraiden eliminvaibeiden pittndet vuorokansina

Temperature
during latval
Generation N?:IZTZSOf b}i‘:ﬁgsa?; Larval period urpt;%ioii Va Adult period 1 ig?:;slm
Sukupolvi Yeksililuku Syntymiaika Tonkka-aika Tonkka-ajan Aikuiskansi Elinaika
keskilinpitila
°C
A. idaei
VII oo 10 8.—16.VIII 1961 — — —_ 32,0 4+ 2.1
VII oo 6 2.—10.IX — — — 28.6 + 1.9
From mass-reating — Massakasva-
tuksesta .. .................... 10 19.—20.VIII — — — 39.1 4 1.8
A, rubi
VI oo 9 2.—12.TX 1962 29.5 £+ 0.7 10.1 9.0+ 1.6 385+ 1.0
% 76.6 23.4
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five specimens of the seventh A. r#b; generation.
The oviposition of 4. idaei began 1.5 4- 0.3 days
(range 1 and 2), and that of 4. ru#bi 1.9 4- 0.5
days (1 and 3) after the final moult. In Table 6,
however, the oviposition period of all genera-
tions has been reckoned as beginning from
maturity,

The larval period of the eighth generation
of A. idaei (23.0 days) was 9.0 days shorter
(P < 0.01), and that of the ninth generation
(26.0 days) 6.0 days shorter (P < 0.05), than the
larval period of the females of the seventh
generation (32.0 days). Nevertheless the average
temperature during the larval period of the
seventh generation was 11.7°C, during the eighth
generation 10.9°C, and during the ninth 7.1°C.
These results suggest that among the causes of
the relative shortness of the larval periovds of the
eighth and ninth generations of 4. 7daei may
have been the acclimatization of the females to
lower temperatures.

The developmental period of the sixth genera-
tion of A. rubi (27.2 days) was on average 2.2
days shorter (P > 0.05) than that of the seventh
generation (29.4 days) (Table 6). The average
temperature during the larval period of the
seventh generation was 2.7°C lower than during
the sixth, and the results do not suggest an
acclimatization to the lower temperatures.

The females of the seventh generation of
A. idaei lived as larvae approximately 23 pet-
centage units longer than the females of the
eighth generation (Table 7). The oviposition
periods were of equal relative length — about

Table 7. The relative length of the life periods of the
females as percentages of life span

Tanlukko 7. Naaraiden eliminvasheiden subteelliset pitnndet
prosentieina elinajasta

Generations A. idaei A. rubi
Sukipolyet VIt VIt VI VI
Larval period—Tonk-
ka-aika ......... 62.5 39.8 57.3 | 61.3
Reproductive period
Munintakansi . . . .. 11.3 8.3 34.3 | 27.7
Post-reproductive pe-
riod — Muninnan
Jélkeinen kausi ....| 26.2 51.9 9.6 11.0
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10 9%, of the total life span — but the post-re-
productive period of the seventh generation oc-
cupied one-fourth and that of the eighth genera-
tion half of the total life span.

Compared with the agamic females, the
oviparous females of .A. idaei lived as larvae
relatively longer, and reproduced and survived
after completion of reproduction a shorter pe-
riod. The larval period of oviparous females of
A. rubi was longer, the reproductive period
shorter than, and the post-reproductive period
almost the same length as that of the agamic
females.

Reproduction of fundatrices and viviparae
Number of progeny

The average number of larvae of A. idaei was
30.4 (range 2 and 108) and of A. rubi 31.7 (1 and
65) (Table 8). On average, A. idaei produced 1.6
larvae per day, and A. ru#bi 1.5. The fundatrices
of A. idaei produced most larvae, 64.4, and the
seventh generation fewest, 9.3. Correspondingly,
the females of the fifth generation of A. rubi
produced most latvae, 39.4, and the fundatrices
and the females of the second generation fewest,
16.3.

The alate females of A. idaez produced on aver-
age of 13.2 4 2.1 ]larvae (range 5 and 24) in 1962.
The mean was 17.2 larvae fewer (P < 0.05) than
that of all the apterous females in line rearings,
but only 3.8 fewer (P > 0.05) than that of the
fourth generation that had been living during
almost the same time and in the same parts of
the raspberries. The difference between the larvae
produced by apterous and alate females of the
fourth generation of A. rubi (31.0 -~ 3.6 and 42.0
+ 5.7) was 11.0 larvae (P < 0.05). In studies
made on other species, the total number of prog-
eny of apterae has been found to be greater than
that of alatae (Herkmnueimo 1952, MARKKULA
1953, 1963, MarkkurA and Myriymikr 1963).

The females of thé fourth generation of A. idaei
produced 11.5 larvae fewer than the females of
the third generation, and 24.2 larvae fewer than
the females of the fifth generation (Table 8). It



Table 8. The number of larvae produced by the agamic females, and the average temperature during the reproductive
period. r = the cotrelation coefficient of number of larvae and the temperatute
Tanlukko 8. Agamisten weitsyiden toukkaluku ja lisdintymiskanden keskilimpitila. r = tonkkamddrin ja limpétilan korre-
laation kerroin

i Number of Larvae
Generation females p st .l.{angc per day oC
Sukupolvi Yksilolnkn Adriarvot Tonkkial
; urk,

A. idaei

1 17 64.4 4 2.1 11— 108 2.7 15.9

0 12 35.3 4 5.2 29 — 56 1.4 17.7

T e 11 38.5 4+ 5.4 9 — 64 1.4 15.6

IV 9 17.0 &+ 5.3 3— 49 1.7 15.6

Vo e e 9 41.2 4 6.2 20— 74 1.4 15.1

VI o 9 22.2 + 4.6 5— 40 1.3 13.6

VII 9 9.3 4- 2.6 2— 27 0.7 11.6

VIIL L e 1 15.0 1.0 8.0

S e e 77 x30.4 £ 6.9 r = -}-0.602 1.6 14.2
A, rubi

A 3 16.3 4+ 10.3 1— 36 1.5 10.1

6 7 16.3 - 5.6 4 — 45 1.3 13.4

TIT 13 31.6 4 4.4 4— 59 1.6 14.6

IV e 17 34,9 + 5.2 7— 61 1.5 13.0

Voo e 13 39.4 4 5.9 18 — 65 1.4 11.1

VI e 4 19.5 + 2.2 14— 24 0.9 8.7

S | 57 X317 + 5.5 | r= +0.128 1.5 12.5

appears from Table 2 that the reproductive pe-
riod of the fourth generation was shorter than
the reproductive periods of the third and fifth
generations. The females of the fourth genera-
tion, however, lived 6.0 days after completion
of reproduction, while the females of the third
and the fifth generations lived 5.4 and 5.3 days
respectively (Table 3). Evidently the small num-
ber of larvae of the fourth generation females
was caused by a decrease in the reproduction
potential and not by the untimely death of the
aphids. It has previously been shown in many
studies that the reproduction of various aphid
species decreased in mid-summer and changes
taking place in the food plant during the period
of growth have been suggested to be the cause
of this (see e.g. KENNEDY and StrOYAN 1959).

The effect of temperature upon the total num-
ber of aphid progeny has been clarified in several
studies (e.g. Tanaxa 1957, Taxaoxa 1960, Bar-
Low 1962, Kawapa 1964, MEssENGER 1964,
MargkuLA and PurniamNen 1965). The lower
and upper limits of the temperature range most
advantageous for reproduction varied between
+15°C (MESSENGER 1964) and +25°C (TaNAKA

1957). A change in temperature to below or
above these figures decreased the total number
of progeny. The minimum average temperature
during the reproductive petiods of the different
generations of A. idaei was 8.0° and the maximum
average was 17.7°C (Table 8). Correspondingly,
the temperature limits during the reproductive
petiods of A. rubi were 8.7° and 14.6°. The cor-
relations between the temperatures and the aver-
age number of larvae of the generations were
for both species positive but not significant
(P > 0.05) (Table 8).

From the results it is possible to draw some
conclusions regarding the effect of temperature
on the daily number of larvae of the fundatrices
and alate females of A. idaei. The fundatrices
began to reproduce on May 24—27, and the Jast
larva was produced on June 17. Subsequent to
the beginning of reproduction the cultures were
not examined daily, and the daily number of
progeny has therefore been reckoned from aver-
ages of 1—3 day periods (Fig. 5). The daily
number of progeny was greatest in the middle
of the teproductive petiod, when the tempera-
tures were highest. During the first six periods
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Fig. 5. The daily number of larvae of the A. idaei fun-
datrices, and the average temperature during the parts
of the reproductive petiod varying in length.

Kuva 5. A. idacin kantaemojen vnorokautinen toukkaluku ja
keskilampotila lisiintymiskanden eri pituisten osien aikana.

of inspection, the correlation coefficient between
the daily temperature and the daily number of
larvae was r = 4-0.935 (P < 0.01) and the cor-
relation equation y = —0.396 + 0.250 x. Cor-
respondingly, during the last seven periods of
inspection the correlation coefficient was r =
—0.880 (P < 0.05) and the correlation equation
y = 2.257 + 0.757 x. Thus, a one-unit change
in the temperature caused a smaller change in
the number of larvae in the beginning of the
reproductive period (1°= 0.250 larvae) than it did
towards the end of the period (1°=0.757 larvae).
The daily number of larvae of alate A. idaei
was greatest in the beginning of the reproductive
period, and decreased during the reproductive
period (Fig. 6). The negative cortelation between
the temperature and the daily number of progeny
was not significant (r = —0.405, P > 0.05).

Morph composition of progeny

The proportion of alatae among the total
progeny was 10.6 9, in A. ideei and 4.5 9, in
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Fig. 6. The daily number of latvae of the alate viviparous

females of A. idaei, and the average temperature during
the parts of the reproductive period varying in length.

Kuva 6. A. idaein sitvellisten neitsyiden vuorokantinen toukka-
Inkn ja keskilimpitila liséintymiskanden eri pituisten osien
atkana.

A. rubi (Table 9). 92.5 %, of the offspring of
A. idaei were viviparous females, 4.8 9, were
sexuals and 2.7 9, died before determination.
Correspondingly, A. ru#bi produced 76.6 9, vivi-
parous females and 22.2 9, sexuals. 1.29, of
larvae died before determination. The number
of males in the progeny of 4. idaei was 32 (24.1%,)
and that of oviparous females 101 (75.9 9,). The
ratio was consequently 1 : 3.7. On the other
hand, 34 males (8.3 %) and 409 oviparous fe-
males (92.3 9,) were produced by A. rubi, giving
a ratio of 1:12.0.

The sexuparae of both species produced males
as well as females, and most of them also agamic
temales (Fig. 7). The nine .A. rubi sexuparae of
the fifth generation produced their offspring in
the following order: agamic females were pro-
duced in the beginning of the reproductive
period, the males in the middle of the period,
and the oviparous females towards the end of
it. The other four females in the same gener-
ation produced only agamic or oviparous fe-
males.



Table 9. The relative number in percentages of agamic females as well as males and females in the offspring
of the different generations

Taulukko 9. Aganisten neitsyiden sekd koiraiden ja naaraiden subteelliset mddrit prosentteina eri sukupolvien jilkeisossd

rotal b Agamic females Dead as
tal numl { £ inow:
! Generation Oof l::rvaeer Agemisel neilgyet Males Females u:,t”;mn
Suknpoloi Tf;;{ea'f:;.elx Apterac Alatac Koiraita Naaraita ,” fla;’;il ,} d-
Siivettomia Siivelisia it
A. idaei
I e 1095 82.4 17.6 0 0 0
1 N 420 91.7 7.9 0 0 0.4
L oo 423 88.3 9.4 0 0 2.3
IV 163 93.0 6.8 0 0.3 0.2
Ve 371 81.8 14.5 5.5 14.9 3.4
VI o e 201 71.6 7.0 18.1 59.5 1.0
72 1 PSP 94 1.1 0 33.3 66.6 21.3
VIII e 15 0 0 0 0 0
S e 2782 x 81.9 10.6 1.2 3.6 2.7
A. rubi
N 49 89.6 10.4 0 0 0
18 221 87.8 12.2 0 0 0
05 546 90.0 10.0 0 0 0
IV e 593 95.8 4.2 0 0 0
Y 512 25.3 0 5.9 66.0 2.8
2 (PP 78 0 0 3.8 87.1 9.1
S e 1999 x 72.1 4.5 1.7 20.5 1.2
L 1 1 i 1 1 1 1 1 ] -1 1 1 1 1 1 1 J I |
o) 8 24 32 20
DAYS OF REPRODUCTIVE PERIOD
Fig. 7. Order of production of the offspring of the nine agamic females belong-
ing to the fifth generation of A. rwbi. Unshaded surface = agamic females,
shaded surface = males, black sutface = females.
Kuva 7. A. rubin viidenteen snkupolveen kunluneiden yhdeksin neitsyen jilkeldisten synty--
méjérjestys. Viioittamaton alue = agamisia neilsyild, vitvoitettn alue = koiraita,
' musta alue = naaraita.
s the ninth generation had to be discontinued.
Oviposition

The oviposition of A. idaei began in the in-

sectary on August 27—28, 1961 and September
3—4, 1962. In the line rearings the females laid
their last eggs on November 2—8, 1961. Because
of defoliation of the food plants the rearings of

Yellowish eggs, resembling recently laid ones,
were found on field rapbetries as late as Novem-
ber 19.

The first eggs of A. rubi were found in the
daily-examined mass-rearing cages in the in-
sectary on September 12, and in the line rearings
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on September 15, 1962. In the insectary the fe-
males laid their last eggs on November 7—10,
but yellow eggs resembling recentlylaid ones
were found on November 19 on raspberries
growing in the field.

Number of eggs. On average, the
oviparous females of A. idaei laid 2.2 eggs, and
those of A. r#bi 7.8 eggs (Table 10). The largest
number of eggs among A. idaei was 5, and among
A. rubi 19. The 12 females that were transferred
as larvae from mass rearings to cages, and that

had not been fertilized by males, did not lay any -

eggs.

Table 10. Number of eggs produced by the females
Taulukko 10. Naaraiden munamiiri

Numb .
Generation offcx:xai::s — P~ Re:x“lg.c Eggs per day
Sukupolvi Ysils- x X ﬁ‘,‘,;’, Muniafork
luky

A. idaei

VII..... 19 1.9 £ 0.2 0— 3 0.3
VIII..... 7 3.8+03, 1— 5 0.8
S veinins 26 |x2.2-40.4
A. rubi

VI..... 9 10.8 1.5 5—19 0.6
VII..... 16 4.1 4-0.9] 1— 8 0.3
S iinn. 25 |x7.8 410

EGGS PER OVIPAROUS FEMALE PER DAY
1ar

0.9} °
o ] . 4
7 \.\ /\/
0.3r e » - ]
0.1t | »
) 1 1 E— | R 1 L 1 C I
1 2 3 4 5 6 7 8 9

10

TEN PARTS OF OVIPOSITION PERIOD

Fig. 8. The average number of eggs of nine oviparous females belonging to
the sixth generation of A. rubi during the different parts of the reproductive
) - period.
Kuva 8. A. rubin kundenteen sukupolveen kunluneiden yhdeksin oviparisen naaraan
keskimddrdinen munaluku eri osissa munintakantta.

Table 11. The location of eggs in the different parts of seven fitst-year canes of Preussen variety, expressed as

percentages. The numbers wete counted on October 11th 1962. The A. idae eggs totalled 810, the A. rubi eggs 107

Tanlukko 11. Munien sijainti Preussen-lajikkeen seitsemin ensimmdisen vioden verson eri osissa prosenttiluvuin ilmaistuna. Luku-
mddrit laskettiin 11. 10. 1962. A. idacin munia yhteensé 810, A. rubin munia 107

lel:g ﬁaiines Eggs in axils Eggs on canes s
Munia lehdissé Munia lebtibangoissa Munia varrella

Uppet part of cane —|.A. idaei ........... 0.2 18.9 0 19.1
Verson yliosa A rabi ... 16.8 0 0 16.8
Midd part of cane —|A. jdaei ........... 0.4 27.2 0 27.5
Verson keskiosa A rubi oL 13.1 6.5 0 19.6
Lower part of cane —|A. idaei ........... No leaves 42.1 11.2 53.3
Verson alaosa A rubi oL Ei lebtid 20.6 43.0 63.6

A ddaei ........... 0.6 88.1 1.2

""""""""" A rubi ..l 29.9 271 3.0



The number of eggs deposited by A. idaei has
previously been reported to be about 4 (BORNER
and HEinze 1957). Of three A. rubi females reared
by WintTER (1929), one laid 1 egg and two laid 6.
Hire Ris Lamsers (1950) stated that the num-
ber of eggs was 3—10. .

Fig. 8 shows the frequency of oviposition in
the sixth A. rubi generation. The frequency was
counted by dividing the oviposition period of
each female into 10 phases of equal length, and
the average daily number of eggs was calculated
for each phase. The frequency decreased during
the oviposition period and reached its minimum
when about 80 %, of the period had elapsed.

Location of eggs. In the beginning
of August 1962, a group of agamic females of
both species were transfetred to three raspberries,
vat. Preussen which had been planted in separate
cages. Two of the plants had 2 first-year canes
and one had 3. When the eggs were counted on
October 11, the canes were divided into three
equal lengths of 20—30 cm each. There were
altogether 810 eggs of A. idaei and 107 of A. rubi
(Table 11). Most of the A. idaei eggs (88.1 %)
were located in the axils. In the lower part of
the cane the frequency (53.3 9,) was greater
than in the midpart (27.5 %) or the upper part
(19.1 %,). Most of the A. rubi eggs (43.0 %) were

located on the stalk of the lower part of the
cane or on the spines (cf. Winter 1929). The
numbers were nearly the same on the leaves
(29.4 9%, as in the axils (27.1 %).

Notes on the parasites of raspberry aphids

Thete is little information available regarding
the Hymenoptera species parasitizing A. idaei and
A. rubi. Dicker (1940) mentioned that an uni-
dentified species of the Aphidius genus destroyed
about 80 %, of A. rubi of a rearing. Praon volucre
Hal. has been known to parasitize 4. rubi (e.g.
MacgAUER 1959). No previous information re-
garding the parasites of A. idaei could be found
in the literature. :

In addition to the three species mentioned for-
metly by MarkxurLa and Raurarii (1963),
Trioxys acalephae Matsh. also parasitized A. idaei.
The few specimens were found at Tikkurila in
1964. The species is new to this country. In the
same year Aphidius rubi Stary, a parasite of A. rabi,
was also found at Tikkurila and at Piikkis (lat.
60° 30’ N, long. 22° 30’ E). This species, too, has
not previously been recorded in Finland. All the
parasites were kindly determined in Czechoslo-
vakia by Dt. Petr Stary.

Summary

The biology of Apkis idaei v.d. Goot and
Amphorophora rubi (Kalt.) was studied mainly by
insectary rearings during 1961—1963 at the De-
partment of Pest Investigation, Tikkurila, Fin-
land.

The fundatrices of both species hatched at the
end of April or beginning of May. The greatest
number of generations of A. idaei was nine, and
that of A. rabi was seven. The first sexuals were
produced in the middle of August.

The larval period of the apterous agamic fe-

males of A. idaei averaged 16 days, and that of

A. rubi 18 days. The reproductive periods avet-
aged 22 and 25 days, and the post-reproductive
periods were 5 and 6 days respectively. The total
life span of A. idaei was in average 43 days and

that of A. rubi 48 days; A. idaei spent 38 %, and
A. rabi 37 9, as larvae. The relative lengths of
the reproductive periods were 51 % and 51 9;
and that of the post-reproductive periods 11 %,
and 12 %,. No essential differences could be found
between the life periods of the species.

The alate females of .A. idae had a relatively
longer (42 %) post-reproductive period than had
the apterous females (11 %). The larval period
(13 days) of the alate 4. rubi was significantly
(P < 0.05) shorter than that of the apterous fe-
males (15 days).

The negative correlation between temperature
and the length of the developmental period was
significant in the case of both species. In contrast,
the temperature did not significantly affect the

141



length of the reproductive period nor that of the
the post-reproductive period.

The thermal constant of the development of
A. idaei was calculated to be 111.2°C, and the
threshold of development +47.5°C. The corte-
sponding values for A. rabi were 205.8°C and
+1.5°C.

The larval period of males of A. idaei was not
clatified. 4. rubi males lived on average 30 days
as larvae and 9 days as adults. The total life span
of A. idaei males averaged 34 days, and that of
A. rubi males 39 days.

The larval petiod of oviparous females avet-
aged 29 days (A. idaei) and 28 days (A. rubi).
The oviposition period lasted 6 days and 16 days,
and after the termination of oviposition the fe-
males lived 18 days and 5 days, respectively. The
total life span of 4. idaei females thus averaged
53 days and that of 4. rubi 49 days. Compared

with agamic females, the oviparous females of .

the two species lived longer as larvae but their
reproductive periods were shorter. After termi-
nation of reproduction the oviparous females of
A. idaei lived relatively longer than and the
oviparous females of A. rubi about as long as
the agamic females.

The A. 7daei females produced on average 30
larvae, and the A. rubi females 31 larvae. The
daily numbers of larvae were 1.6 and 1.5 respec-
tively.

Independently of the temperature, the alate fe-
males of A. idaei produced more larvae in the
beginning of the reproductive period than in the
middle and towards the end of it. The number
of larvae produced by the fundatrices was greatest

in the middle of the reproductive period, when
the temperatures were highest.

The sexuparae of the two species produced
both males and females, and most of them also
produced agamic females. The agamic females
were produced in the beginning of the repro-
ductive period of A. rubi sexuparae, the males
during the middle of it, and the females towards
the end of it.

The number of A. idaci eggs averaged 2.2 and
that of A. rubi 7.8. Most of the A. idaei eggs
(88 %) were located in the leaf axils of raspberry
canes. The frequency was greater (53 %) on the
lower parts of the canes than in the middle parts
(28 9,) or on the upper parts (19 %). Most of
the A. rubi eggs (43 Y,) were located on the stalk.
64 9, of eggs were on the lower part of the canes,
20 % on the middle part, and 17 9%, on the upper
patt.

During the study parasitized aphids were col-
lected. Four Hymenoptera species were found to
be primary parasites of A4. idaei, and two species
to be primary parasites of A. rubi. Trioxys
angelicae Hal. and T. acalephae Marsh., both of
which parasitized A. idaei, as well as Aphidins
rubi Stary, which parasitized A. rubi, proved to
be new species in Finland.
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SELOSTUS

Vadelman kirvojen biologiaa

JorMa Raurarii

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Vadelmissa elivit pieni vattukirva (Aphis ideei v.d.
Goot) ja iso vattukirva (Amphorophora rubi (Kalt.)) ovat
maassamme erittdin yleiset. Erityisesti 4. idae; saattaa
runsaana esiintyessddn vaikuttaa imennillddn epiedulli-
sesti vadelmiin, mutta imentivioitusta haitallisempia ovat
kirvojen levittimit virustaudit. Lukuisista maassamme
tavatuista vadelmien virustaudeista levida tiettivisti yksi
A. idaein ja muut A. rubin vilitykselli. Virusvektorien
menestyksellinen torjunta edellyttdd niiden biologian
petusteellista tuntemista ja siksi on ollut syyti tutkia
vksityiskohtaisesti lajien eliminkulkua ja lisidntymisti.
Vaikka molemmat lajit ovat erittiin yleiset Euroo-
passa ja A. rubi mybs Pohjois-Amerikassa, on niiden
eliminvaiheista aikaisemmin esitetty vain summittaisia
tietoja.

Tutkimus tehtiin vuosina 1961—1963 Tuhoeldintutki-
muslaitoksen inscktaariossa Tikkurilassa. Kummankin
lajin kantaemot, joiksi ensimmiisen sukupolven yksiliti
nimitetddn, kuotiutuivat talvimunista huhti-toukokuun
vaihteessa. 4. idaein sukupolvien enimmiisluku oli
yhdeksin ja .A. rubin seitsemin. Ensimmaiset aviolliset
(= koiraat ja naaraat) syntyivit elokuun puolivilissi.

Kirvojen elinaika jakautui kolmeen osaan: toukka-
aikaan, lisddntymiskauteen ja lisddntymisen jilkeiseen
elinaikaan. Eri eliminvaiheiden pituuksissa ei todettu
mitddn oleellisia lajieroja. Partenogeneettisesti lisadntyvit
kesisukupolvien siivettdmit yksilor elivdt toukkina
keskim, 1/3 elinajastaan (4. idaei 16 vek, A, rubi 18 vrk),
lisddntymiskauden osuus elinajasta oli noin puolet (22 vrk
ja 25 vrk) ja elinaika lisddntymisen padtyttyi oli noin
1/10 (5 ja 6 vrk) koko eliniisti. A4. idaein koko elinaika
oli siten keskim. 43 vrk ja A4. rubin 48 vrk.

Kummankin lajin toukka-ajan ja vallinneen limpétilan
korrelaatio oli negatiivinen ja merkitsevd. Limpétila ei
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sitivastoin vaikuttanut lisééintymiskauden eiki lisiinty-
misen jilkeisen elinajan pituuteen.

A. idaein koiraiden toukkakauden pituutta ei selvitetty,
mutta koko elinaika oli keskim. 34 vrk. .A. rubin koiraat
kehittyivit aikuisiksi keskim. 30 paivissi ja elivit aikui-
sina 9 vrk. Elinaika oli siten keskim. 39 vrk.

Naaraiden kehitys syntymistd aikuiseksi kesti keskim.
29 vrk (A. idaei) ja 28 vik (A. rubi). Munintakauden
pituudet olivat vastaavasti 6 vrk ja 16 vrk, ja muninnan
padtyttya elivit naaraat 18 vrk ja 5 vrk. A. ideein naaraiden
eliniki oli siten keskim. 53 vrk ja A. rubin 49 vrk. Parteno-
geneettisesti lisddntyviin keskikesin sukupolvien kir-
voihin verrattuina elivit naaraat kauemmin toukka-
asteella, mutta lisidntymiskausi oli Iyhyempi. Lisdinty-
misen padtyttyd elivit 4. ideein naaraat suhteellisesti
kauemmin mutta A. rubin naaraat lihes saman ajan kuin
partenogeneettisesti lisddntyvit kirvat.

Partenogeneettisten yksildiden jilkeliismiirit olivat
miltei samat (4. idaei 30, A. rubi 31). Vuorokaudessa
syntyi vastaavasti 1.6 ja 1.5 toukkaa.

Limpétilasta riippumatta synnyttivit siivelliset A.
idaeit eniten toukkia lisddntymiskauden alussa. Siivet-
tdmien kantaemojen vuorokautinen toukkaluku siti-
vastoin oli suurin lisidntymiskauden keskelld, jolloin
limpéotila oli korkein,

A. idaein naaraat munivat vihemmin talvimunia
(2.2/naaras) kuin A. rubin (7.8/naaras). Valtaosa A.
idaein talvimunista (88 %) sijaitsi vadelman verson lehti-
hangoissa. Verson alimmassa kolmanneksessa oli runsaus
suurempi (53 %) kuin keskimmiisessi (28 %) tai ylim-
missi (19 %). A. rubin talvimunista enemmisté (43 %)
sijaitsi verson varrella ja muut lehtihangoissa ja lehdissa.
Verson alimmassa kolmanneksessa sijaitsi munista 63 %,
keskimmiisessd 20 %, ja ylimmissi 17 %.
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Larvae of an unknown species of gall midge
({tonididae) were found damaging timothy in-
florescences in Finland more than seventy years
ago (Reuter 1900, p. 105, and 1901, pp. 28—
30). In England, too, the occurrence of a gall
midge on timothy inflorescences was recorded
(Bagnarr and Harrison 1918). However, the
species was not identified until 1958, when
Barnges (1958) described Contarinia kanervoi on
the basis of material sent from Finland.

Little has been reported on the bionomics and
control of C. kanervoi. The publication by BARNES
(1958) contains what are so far the most exten-
sive data on the bionomics of the species, the
information being obtained from cultures reared
in England. RAATIKAINEN (1966) has published
a brief note on its bionomics and distribution.
TimnNind (1959), Kanervo (1962, p. 411) and
Kanervo and Varpura (1962, 1965) have pub-

lished preliminary information on the control of -

the species. Varrura (1965) has gathered infor-
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mation on its occurrence as a pest in Finland up
to 1961, and RaaTikaiNen and TinnNiri (1967)
have studied its occurrence in Sweden.

Towards the end of the 1950s, C. kanervoi
became an economically very important pest in
Finland, and this prompted research to ascertain
the main outlines of its bionomics and control.
The present work was done in the years 1957—
1961, and the part published here was carried
out at Nivala (64° N, 25° E), Laihia (63° N, 22°
E), Vaasa (63° N, 22° E) and Tikkurila (60° N,
25° E). In addition, data on distribution have
been gathered from various parts of Finland.
At Nivala and Laihia two of the present authors,
Raatikainen and Tinnild, investigated the bi-
onomics and control of C. kawmervoi. The other
author, Savas, did his research chiefly at Laihia
and Vaasa. He also clarified the diagnostic charac-
ter of the damage. Together we have studied the
life cycle of the gall midge, its distribution and
the crop losses due to its activities.

Bionomics

Emergence of adults

The emergence of C. kanervoi was studied on
peat soil at Nivala. A cloth funnel mounted on
a square wooden frame, 43 cm high and having

a base area of 0.5 m?, was used for collecting
adults (Fig. 1). The cloth was double, the outer
layer being grey and the inner layer black. At
the peak of the funnel there was a wooden frame
with two glass tubes. The funnels were placed
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Figure 1. Cloth funnel used to trap midges emerged from
the soil.

Kuva 1. Kangaspyramidi, jolla pyydystettiin maasta kuoriutuvia
sddskid.

out in the open field, with their edges were sunk
to a depth of about 5 cm. The temperature inside
the cloth funnels was higher than outside.
Daily rhythm. The
timothy midges rose into the glass tubes of the

emergence

funnels chiefly in the morning. 93 9 of the 242
males and 72 9 of the 411 females obtained in
funnels at Nivala on June 26—27, 1959, were
obtained before 11 a.m. The males appeatred in
the glass tubes earlier than the females, y* =
43.26%**. According to Barnes (1958, p. 63),
79 9, of the males and 76 %, of the females of
C. kanervoi sent from Nivala to England emerged
in the morning before 12 noon, this material, too,
showing a similar difference between the sexes.
In the vicinity of Vaasa emergence occurred in
the early hours, between 5 and 8 a.m. C. kanervoi
appears to emerge at an earlier hour in Finland
than in England, and this may be due to the
earlier rise of the sun and the temperature. Ac-
cording to Frouvricu (1960, p. 22), all other
phytopathologically important gall midges, too,
hatch in the night or morning, or at noon. Some
species, however, such as C.. #ritic/, emerge chiefly
in the evening (Barxgs 1956, p. 40).
Emergence period. When the emer-
gence period was being investigated, the funnels
were on timothy leys at Nivala for the periods
June 14—July 17, 1959, June 11— July 20, 1960,
and June 2—]July 15, 1961. The funnels were
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Figure 2, Emergence of C. kanervoi adults in the field at
Nivala, 1959—1961.
Kuva 2. Timoteisiiskien aiknistuminen pdivitidin kesi
heindkuussa 1 w*:n alalta v. 1959—1961 Nivalassa.



inspected daily between 6 p.m. and 8 p.m. The
rainfall was measured at the research locality and
temperature observations made at Reisjirvi Me-
teorological Station, about 25 kilometres from
the research locality.

" The emergence of C. kanervoi is shown in
Fig. 2. Some emergence occurred at Nivala
throughout almost the whole observation period
each year, and it had obviously begun before the
period of observation and continued subsequent
to it. The majority of the population emerged
within a short time, however, which varied be-
tween 14 and 16 days over the different years.
At Laihia in 1958—1959, the values were 13 and
18 days. During the different years the main
emergence began at Nivala around the period
June 15—25. The emergence maxima occurred
on June 20, 1960, July 1, 1961 and July 2, 1959.
The day-to-day emergence of both males and
females seemed to be rather sensitively dependent
on the air temperature and the rainfall. Short pe-
riods of lower temperature and rain during the
emergence period caused a considerable decrease
in the number of midges emerging daily.

In order to compare the emergence times of
males with those of females the data for each
year were divided into three consecutive groups
of about equal size (Table 1). It appears that in
1960 and 1961 in the first third of the emergence
petiods there were more males than there were
in the second and last thirds. The year 1959 was
exceptional. When the data of the different years
are combined, it can be seen that the proportion
of males was greatest in the first third of the

emergence periods. The differences between the
first third and the second ( y%== 68.58%**) and be-
tween the first and the last third (2 = 91.78%*¥)
are highly significant, but no real difference can
be said to exist between the second and the last -
third (y? = 2.02).

The parasitic hymenoptera of C. kanervoi (cf.
BarxEs 1958) emerged both in the field at Nivala
and in the laboratory at Vaasa towards the end of
the emergence period of the midge.

Emergence in different types
of timothy fields. Timothy is grown
for fodder, in which case it is cut at the begin-
ning of July, and for seed, in which case it is
cut at the beginning of August. Generally speak-
ing, the purpose that the timothy ley is to serve
is not finally decided until the haymaking season.
The decision is primarily influenced by the suc-
cess of the timothy crop and by the prices of
fodder and seed. In 1959—1961, some of the
funnels at Nivala were on leys from which timo-
thy seed had been taken the previous year. Some
of them were on timothy leys that had been cut
for fodder the previous year but prior to that
had been seed timothy. On the timothy leys that
had been cut for fodder the midges that emerged
the following year did not show a definite peak
of emergence, unlike those that emerged in leys
following seed timothy (Fig. 3). Very few midges
emerged on leys from which timothy had been
cut for fodder during the previous year, and
those that did so emerged over a long period
of time. The reason was presumably that in this
type of ley there were no C. kanervei larvae that

Table 1. The sex ratio of C. kanervoi in each of the three thirds of the emergence period at Nivala in 1959—1961
Taulikko 1. Timoteisiiskikoiraiden osundet kuorintumisajan eri kolmasosissa Nivalassa vuosina 1959—1961

The three thirds of the emergence period — Kuoriutumiskanden kolmasosat
Year 1 2. 3.
Vuosi -
Males — Koiraat Males — Koiraat Males — Koiraat
Total Number by Total Number | Total Nutnber N
Yhteensi kpl ° Yhteensi &pl % Yhieensi kpl %
1959 . 4 815 2105 43.7 5532 2257 40.8 4 830 2259 46.8
1960 ... 225 . 134 59.6 261 91 34.9 297 143 48.t
1961 ..o 2557 1463 57.2 2424 1117 46.1 21729 824 30.2
1959—1961 .............. 7579 3702 48.7 8 217 3465 42.2 7 856 ! 3226 411
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Figute 3. The emetgence of C. kanervoi specimens that

had probably been more than a year in diapause, in the

field at Nivala, 1959—1961. The major emergence periods

of specimens that had evidently been less than a year in
diapause are matked out with rhombuses.

Kuva 3. Timoteisidsken todenniikoisesti yli vnoden diapanssissa

olleiden yksilsiden aiknistuminen 0.5 mn alalta kesi—bheind-

kusissa v, 1959—1961 Nivalassa. Vinoneligilla merkitty

ilmeisesti alle vwoden diapausissa olleiden yksiliiden pai-
kaorintnmiskandes,

JUNE
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Figure 4. The emergence period of C. &amervoi in the

insectary at Harpenden (H) 1956 (Barnes 1958, p. 63,

altered), outdoors at Tikkurila (T) 1959, in the field at

Nivala (N) 1959 and in the insectary at Vaasa (V) 1959.

1957 emerged at Harpenden, 72 at Tikkurila, 15177 at
Nivala and 539 at Vaasa.

Kuva 4. Timoteisidsken kuorintumiskansi kesi—bheindkuussa

Englannissa () insektaariossa 1956 (BARNES 1958, 5. 63,

muntettn), Tikkurilassa (T') ulkona 1959, Nivalassa (N)

kentilld 1959, ja Vaasassa (V') insektaariossa ». 1959,

Englannissa knoriutui 1957, Tikkurilassa 72, Nivalassa 15 177
- Jja Vaasassa 539 aikuista.

148

had begun their diapause during the previous
year, but only specimens that had been in
diapause for more than a year and that had a
long emergence period. From the fields used for
seed timothy for at least the two preceding years
some specimens (app. 2 %,) of C. &kanervoi emerged
before and after the main emergence period, while
from the fields that had been seed timothy for
only one preceding year all the midges emerged
during the main emergence period. These data
likewise indicate that diapause may last more
than one year and that there was an exceptionally
long emergence period for that part of the popu-
lation which had thus been in diapause for an
unusually long time.

different dis-
tricts. The emetgence period of C. Ranervoi
at different latitudes was clatified by transferring

Emergence in

larvae in the year prior to emergence, from Ni-
vala to south Finland (Tikkurila) and to the
British Isles (Harpenden). The peat clods brought
to Tikkurila were grown out-of-doors. The spot
was covered with a funnel in the early summer,
before the emergence period. The treatment of
the material transferred to the British Isles is
described in the paper by Barnes (1958). In
addition to this, C. Akanervoi material was taken
at Lathia in the summer preceding emergence
and transferred to Vaasa. In these experiments
(Fig. 4) C. kanervoi emerged in south Finland
about a week eatlier than at Nivala. The midges
belonging to the material kept in an insectary in
the British Isles (BARNEs 1958) emerged in 1956
about 4 days earlier than at Nivala in 1959, and
in 1957 about 17—18 days earlier. The midges
from the material near the seashore at Vaasa
emerged about 3 days later than those at Nivala.
The differences in emergence time are probably
due to differences in temperature.

Sex ratio and copulation

Among the adult C. kanervoi that had been
taken from Laihia as larvae and raised in an
insectary at Vaasa there was a slight prepon-
derance of females. A similar ratio was obtained
with the matetrial obtained from the funnels at



Table 2. The sex ratio of C. kanerzoi adults from leys that had been grown for timothy seed the preceding year.
In calculating %2, the expected sex ratio was 1:1

Tanlukko 2. Edellisend vuonna siementimoteina olleista nurmista kuorintuneiden timoteisddskikoiraiden osuudes. Odotettu subde 1 : 1

Year Place Females — Naaraat | Males — Koiraat . N

Viuosi Paikka Number — &/ Number — &p/ % %

1958 | Laihia .....oovviiiniiioiiieiiieieei e 641 484 43 21, 9 1k
1959 | Laihia . ...vvveirn e 273 266 49 0.09
1959 | Nivala . ovoeviiiiieii i 8 541 6610 44 246, 11%%*
1960 | Nivala ....coiniiiiiii i 394 356 47 1.93
1961 | Nivala . ..o iiniiiiiii i 4288 3382 45 107.02%*x

Nivala (Table 2). Mote females than males have
also been found in many other Contarinia spe-
cies (BarnEs 1958, p. 62). The sex ratio of the
C. kanervoi specimens obtained from timothy at
Nivala which had been cut for fodder the pre-
vious year and for timothy seed the year before
that, may also have been female-dominated. It
is true that only 45 males and 54 females were
obtained from these leys. The sex ratio of the
midges that had spent more than a year in
diapause thus appears to be much the same as
the sex ratio of those which had a diapause of
less than a year.

According to observations made by Savas,
copulation takes place almost immediately after
emergence, usually on the lower leaves of the
timothy, on the culm or on the ground.

Migration

After emergence, C. kanervoi specimens did not
usually move over long distances but rose to the
timothy in the vicinity where they emerged. The
temperature, wind and air humidity all had a
great influence on the activities of this species,
as is the case with many other gall midges (e.g.
FroéuLica 1960, p. 22). In windy weather C.
kanervoi kept to the lower part of the vegetation,
and there wete often more midge eggs and larvae
in the lower ears of the stand than in the upper

- ones. But if there was no timothy in the imme-
diate vicinity of the site of emergence the imago
would fly to timothy. In the evening in very calm
weather Savas found C. kanervoi forming swarms
in the same fashion as Contarinia tritici (Kirby)
(WALLENGREN 1935, p. 20). The migrating midges
were moving to timothy leys a few hundred me-

tres distant. In leys of this type the number of
midges. was often greatest at the edges of the
field.

The occurrence of adult and immature stages

The period of occurrence of adults was inves-
tigated at Laihia and Nivala by netting samples
(60 sweeps each) taken from timothy at 3-day
intervals. Judging from this material (Fig. 5)

“

60

Number per 60 sweeps

JULY

JUNE

Figure 5. The number of C. kanervoi adults according
_ to net samples at Laihia (L) 1958 and at Nivala (N)
1959, There were 18 900 imagos in the samples taken
at Laihia, and 1 261 in those taken at Nivala.
Kuva 5. Timoteisdisken mdidré kesi—heinikuissa
baavinvetoa kobden Laibialla (L) 1958 ja Nivalassa
(N) 1959. Laibialta otetuissa niytteissi oli 18 900 ja
Nivalasta otetnissa 1 261 aikuista.
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Figure 6. Diagrammatic presentation of the life cycle of C. kasnervoi.

Kiva 6. Kaavamainen esitys timoteisidsken elimanknlusta.

C. kanervoi reached its maximum density imme-
diately after the main emergence period (see Fig.
2). The life-span of the adults was very short,
often only a couple of days, and they were not
found taking in nutrition.

Oviposition usually took place in warm
weather between 9 a.m. and 9 p.m. The female
laid several dozen eggs at least and usually placed
the eggs singly inside the glumes. The eggs were
white and shiny, about 0.5 mm in length and
0.1 mm in breadth. The egg stage lasted about
4—75 days.

A single flower might carry from one to five
larvae. Usually, however, there were only one or
two larvae per flower. The larva may reach its

full size, 1.4—1.5 mm in length and 0.5 mm in
breadth, in about 3 weeks. In dry weather in 1959,
however, there were larvae of small size as much
as two months after oviposition.

The latvae leave the flowers rear end first, and
fall to the ground. According to observations
made at Laihia in 1957—1959, most of the larvae
evidently left the panicles in the first half of
August in moist weather. Having reached the
soil the larva did not move away but dug into
the surface layer of the soil where it fell, spun
a cocoon around itself and spent the winter
within it as a larva. According to observations
made by Savas, pupation did not take place until
the spring. C. &anervoi is univoltine (Fig. 6).

Distribution and abundance

Distribution

So far, C. kanervoi is definitely known only
in Finland and Sweden (BarNEs 1958, VarrurLa
1965, RAaATIKAINEN and TINNILA 1967). There
is also information from England regarding
the occurrence of gall midges in timothy in-
florescences (see Barnes 1958, p. 59). How-
ever, it has not been possible to identify the
species. The distribution of C. kanervoi is pre-
sumably much wider than present information
suggests.
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In 1958, the Department of Pest Investigation
requested that Agricultural Societies should send
in timothy ear samples. It was requested that a
sample of about 200 timothy ears should be taken
and sent in between August 1—10, 1958. 205
samples were obtained from 115 communes. -
These samples revealed that C. &anervei occurred
in large numbers in 14 communes (Fig. 7). The
species was found in altogether 34 communes.
When Fig. 7 is compared with Fig. 8 it can be
seen that C. A&anervoi is most abundant in those
areas where seed is chiefly grown. .
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Figure 7. The abundance of C. kanervoi in 1958. Crosslines
— more than 100 larvae per sample (200 ears), vertical
lines = 1—100 larvae per sample, — no larvae per
sample.
Kuva 7. Timoteisidsken runsaus v. 1958, Ristiviivoitus =
toukkia yli 100 kpllndyte, pystyviivoitus = toukkia enintddn
100 kpllndyte, — — néytteessi tai ndytteissi ei tonkdkia.
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Figure 9. Known localities C. kanervoi in Finland.
Kuva 9. Timoteisidsken tunnettu levinneisyys Suomessa.

In 1959, a similar survey was made. On this
occasion, however, the study was only concerned
with west and central Finland, and it was re-
quested that the samples should be sent earlier
(July 17—25) than the previous year, because it

13656—67

Figure 8. The area under crop for timothy seed according
to VALLE (1962, p. 260). The acreage of seed leys expressed
as percentages of arable land.

Kuva 8. Timotein siemenviljelyalueet VALLEn (1962, 5. 260)
mnkaan. Siemennurniien ala ilmaistn prosentteina peltoalasta.

was considered that the samples from 1958 had
been taken too late. 200 samples were obtained
from 98 communes. This survey, like the pre-
vious one, indicated a concentration of C\. kanuervo
in timothy seed-growing areas. In 1959, however,
there were many fewer midges than during the
previous year, and samples with a large number
of C. kanervei were obtained only from the com-
munes of Ylistaro and Seindjoki.

Fig. 9 shows the present known distribution
of C. kanervoi by communes. The species has so
far been encountered in the biogeographical
provinces St, EP, PH, KP, Kn, in 46 communes
altogether.
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Abundance

Apparently the earliest report of an outbreak
of C. kanervoi larvae came from Ylistaro in 1892
(Reurer 1901, p. 30). In 1899, C. kanervoi was
abundant in at least 9 communes (ReuTer 1900,
p. 105, and 1901, pp. 28—30). The next record
of the occurrence of the midge is from 1939,
when it was found in at least 2 communes (VAp-
PULA 1965). In 1948, a report of C. kanervoi was
received from one commune, and in 1955—1959
it was abundant in some of the communes of

“south and central Ostrobothnia (Varrura 1965).
All the above records of C. &anervoi centre around
the same region on the west coast of Finland,
where the species was also abundant in 1958 (see
Fig. 7). ‘

The variation in abundance between different
areas during one year, and within one area during
different years, was very great. The most impot-
tant reason for the spatial variation in abundance
is probably the ratio of the area under crop for
timothy seed to the total timothy area. Where
timothy is grown for fodder it is cut at the end
of the midge’s oviposition period, and the small
larvae in the panicles are destroyed, whereas
where timothy is grown for seed it is not cut
until August. At that time great numbers of
C'. kanervoi larvae have already had time to fall
to the ground. Timothy is grown in south and
central Ostrobothnia, usually for 3 or 4 years
cénsecutively, and sometimes for 7 or 8 years,
in the same field without tilling. In these condi-
tions the larvae have an excellent opportunity to
survive until the following year.

There is very little information regarding the
causes of the variation in abundance from year
to year. In the summer of 1959, it was found that
the prolonged drought was very destructive to
the larvae of the species. At the Vaasa meteoro-
logical staiion, for example, the rain in June was
only 32 9%, and in" July 52 9%, of the averages for
the corresponding months (1921—1950), these
averages being 53 and 56 mm respectively. The
average temperatures were, respectively, 1.7° and
0.2°C higher than the average temperatures of
these months in 1921—1950. Thus the relative
humidity was 61 in June, 64 in July and 74 as
late as August. Evidently, the C. &anervoi larvae
remained small as a result of the drought and
were largely destroyed in the ears. The drought
was probably the primatry factor that decreased
the abundance of C. kanervoi, until by 1960 it
was very scanty. In 1960, the humidity in June,
July and August was fairly normal, and the
midges increased and survived well. The fol-
lowing year they occurred again in relatively
large numbers. This can also be seen from the
material collected at Nivala (Fig. 2). 5050 C.
kanervoi specimens per m? were obtained there
in 1959 from funnels on timothy leys used for
seed growing for at least one preceding year;
there were 750 per m? in 1960 and 7670 in 1961.

Enemies also affect the numbers of C. kanervoi.
In 1958, for instance, 250 midges and 177 hy-
menoptera emerged from a larval sample taken
at Kauhava. The percentage of pdrasites was con-
sequently 40. To what extent enemies are able to
affect the variations in abundance of C. &anervoi
is not known, however.

Diagnostic character and damage

Diagpostic character

In timothy flowers that are damaged by C.
kanervoi larvae the ovary and often the whole
gynoecium wrinkles and withers. The stamens,
however, often appear to be undamaged. Tt is
very difficult to spot the damaged flowers while
the ear is young. After flowering, the difference
is already noticeable. The damaged flowers do
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not shed their stamens, and they remain puck-
ered, not opening as do the healthy spikelets
which will produce seed. When the seeds mature,
the ears become variegated. At this stage the
orange-coloured larvae of C. kanervoi are usually
visible enough to be spotted from outside (Fig.
10). Parasitic hymenoptera also very often occur
on the ears damaged by C. kanervoi.



Figure 10. C. kanervoi latvae in timothy spike-
lets. At top right 2 healthy spikelets. Photo
by O. Heikinheimo.

Kuva 10. Timoteisidsken toukkia timotein idbky-
léicsi. Qikealla ylhddlld kaksi tervettd tihkylda.
Valok. O. Heikinbeimo.

Danage

The loss caused to the timothy seed crop by
C. kanervoi is sometimes considerable, but at
other times the losses are apparently negligible.
ReuTer (1900, p. 30), for instance, mentions that
in 1899 the crop loss on several farms was 85 9.
In 1957—1959, there were several crop losses of
more than 50 9/ in the Vaasa region. In 1957,
one farmer living in Mustasaari obtained only
about 20 9 of the seed crop of the previous
year. In his timothy seed fields the damage caused
by the midge amounted to over one million old
Finnish marks (well over $ 3 000), the price being
reckoned at 130 marks per kilogram. Similar
losses were caused by C. kawervoi in the com-

mune of Nivala in Central Ostrobothnia during
the same years.

To the private farmer the crop losses caused
by C. kanervoi are on occasion economically a
great blow. During the seasons of crop loss the
damage occurs over a large area, and the losses
consequently affect the purchases of seed buyers,
and may even be felt on a nation-wide scale.
Beginning with the postwar period the sales of
timothy seed increased fairly steadily. But from
1955 to 1958, a steady decline could be perceived
(see NuorTEVA 1959, p. 29), evidently in part
due to the crop losses caused by C. kanervoi. This
decline is seen even more clearly in the amount
of timothy seed purchased from the farmers by
the co-operative Nivalan osuuskauppa, which is
located in an area where damage has been severe.
This firm is the chief purchaser of timothy seed
in the commune. From 1955 on, when C. &anervo:
occurred in great numbers in the district, the
amount of seed purchased was small for several
vears. In 1959 and 1960, the crop losses caused
by the midge were slight. The land cultivated,
the crops per hectare and the amounts of seed
purchased increased in the following manner:

Amount of timothy sced

Year bought by the Nivala co-
operative firm, kg
1954 o saennias o aonn 109 591
1955 i cnsuanmn somees 175 503
1956 ...l 24 412
1957 oosnsvmnas oo 20 322
1958 cvvvwmswen swows 54 200
1959 .o 97 880
1960 s smmans s i 85 568

Control

Control by enltivation technique

Delayed eating of timothy. The
peak of abundance of C'. &anervoi imagos lasts a
very short time each year (Figs. 2 and 5). In
theory, it would seem possible to delay the earing
of a ley intended for seed timothy so much that
most of the timothy reached the earing stage only
when the peak of C. kanervoi had been passed.
In 1959, experiments on cutting time were carried

out at Nivala on ley that had been seed timothy
the previous year. The effects of the cutting times
upon earing time were studied. One of the trial
plots was cut on June 2 to 10 cm stubble with a
mowing machine, and the second trial plot on
June 9 to the same height of stubble. When
earing of the timothy began on June 26, how-
ever, there were no notable differences between
the trial plots. The same must be said regarding
the occurrence of C. kanervei larvae. A 200-ear
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Table 3. The number of C. kanersoi specimens that emerged in different types of timothy leys at Nivala. ST = seed
timothy, FT = fodder timothy, T = timothy for unknown use, and C = cereal

mista Ruoriutuneid

timoteisddskiatkuisten méadrdt. ST = siementimotei, FT =

Tanlukko 3. Nivalassa erilaisista timores

rebutimotei, T = timotei, jonka kdytisti ei tietoa ja C = vilja

Cloth Previous crop on field Total C. kanervoi pee
Year funnels Lobkon csikasvit Yhteensd 0.5 m?

Viosi Kangas- Male: male Imoteisidskii

pyr ””fideja 1957 1958 1959 1960 Kuirlaasi f\(;aariaj ! 0.; m? ’
1959 . 4 ST ST 5360 6672 3008
e 1 C ST 162 187 389
D e 2 ST FT 11 15 13
1960 ... 2 C ST ST 356 394 375
D e e 1 ST ST FT 12 21 33
1961 ..o 2 C ST ST | 3382 4288 3835
D e 1 ST FT 22 18 40

sample from the first trial plot contained 87 lar-
vae, a similar sample from the second trial plot
contained 75 larvae, and the one from the con-
trol plot had 77 larvae.

Decreasing the number of tim-
othy seed crop fields. The abundance
of C. kanervoi (Figs. 7 and 9) and the observa-
tions made at Nivala and in the vicinity of Vaasa
indicated that this pest reached an economically
harmful level when a considerable proportion of
the timothy fields were continuously hatrvested
for seed (Fig. 8).

The cutting of timothy for fodder has a deci-
sive effect upon the numbers of C. kanervoi. Some
of the cloth funnels were placed on fields that had
been established at the same time but had been
grown for seed for varying lengths of time. The
results (Table 3) indicated that the number of
midges emerging in the old timothy ley which
had been cut for fodder the previous year was
only 1 9% (0.4 — 8.8 %) of the number in the
old timothy ley that had been left for a seed ctop

the previous year. The same material (1959) also
seems to indicate that a timothy ley which has
been a seed crop for only one year will have a
smaller number of midges than a ley which has
been a seed crop for two or more years in suc-

_ cession.

Chemical control

To develop a method for the chemical control
of C. kanervoi three different field experiments
were carried out at Nivala in 1958. Each of the
trial plots was a strip (6—16 ares), and the leys
were 1—4 years old. The control treatments were
carried out on July 11—14, when there were
many C. Ranervoi on the trial plots. The timothy
was threshed on September 10—29 and the crop
weighed. The results of the experiments are
shown in Tables 4—o6.

In 1959, the trials were carried out on timothy
ley grown for seed for the second year in suc-
cession. The treatment was cartied out with a

Table 4. C. kanervoi control trial in first-year timothy at Nivala 1958. Size of plots 9 X 67 metres. Trearment applied
July 11, amount of liquid 200 litres per hectare or amount of dust 10 kg per hectare
Tanlukko 4. Timoteisidsken torjuntakoe ensimmdisen vuoden timoteissa Nivalassa 1958. Runtujen koko 9 x 67 .
Kasittely sworitestiin 11. 7., nestemiird 200 liba ja pilytemdird 10 kglba

‘Treatment (Product) No. of trial plots Seed crop —J‘Ie;flemato
Koejasen Koeruntuja kgfha Rc?’:;:lzzlucs
Parathion spray 35 % (Bladan E 605), 0.25 litre a.i. per ha
Parationiruisknte 35 %, , 0.25 | tehoainettalha ... .................... 3 389 135
Parathion dust 2.5 %, (Wofatox) 0.25 kg a.i. pet ha
Parationipilyte 25 % 0.25 kg tehoainettalba ....................... 1 355 123
Untreated — Kdsitlelemdton .. ... .0 i 3 289 100

154



Table 5. C. kanervoi control trial in third-year timothy at Nivala 1958, Size of plots 8 x 176 m. Treatment given on

July 12, amount of liquid 200 litres per hectare

Taulukko 5. Timoteisiisken torjuntakoe kolmannen vioden timoteissa Nivalassa 1958. Runtujen koko 8 X 176 m.

Ksittely suoritettiin 12. 7., nestemdidrd 200 I[ha

No. of trial No ngOC. kanervoi Seed 5
Treatment (Product) plots per Julys v;gcps, cec crop T{e]::itl:::;ue
Koejisen Koe- sackia 13, 7. kgfha
ruutuja 60 bi;;ﬁedo;jrt,@itee::i Subdelnks
Methyldemethone spray 50 % (Metasystox), 0.5 litre
a.i. per ha — Metyldemetoniruiskute 50% , 0.5 / teho-
aimettalba ... ... 1 112 638 123
Malathion spray 50% (Betnerin Malation), 1 kg a.i.
per ha — Malationiruiskute 50 %, 1 kg teboainettalha 1 28 628 121
DDT dust 59% (Tiystuho H), 0.5 kg a.i. per ha
DDT-pilyte 5 %, 0.5 kg tehoainettalha .......... 1 213 542 104
Trichlorphone spray 50%, (Dipterex), 0.5 litre a.i. per ha
Triklorfonirniskute 50 %, 0.5 I tehoainetiafba . . ... 1 1243 512 99
Malathion dust 4% (Liro-Malation), 0.6 kg a.i. per ha
Malationipilyte 4 %, 0.6 kg tehoainettalba . ........ 1 40 506 98
Untreated — Kdsittelemdtin .......oooveveoio oot 2 1990 519 100

Table 6. C. kanervoi control trial in fourth-year timothy at Nivala 1958. Size of plots 10 X 166 m.

Treatment given July 14, amount of liquid 200 litres per hectare

Taulukko 6. Timoteisidsken forjuntakoe neljinnen vuoden timoteissa Nivalassa 1958. Runtujen koko 10 X 166 m.

Kisittely suoritettiin 14. 7., nestemédrd 200 l[ba

Treatment (Product) No.Plolft;nal Seed crop ;j::::fﬁues
Koejasen Koernntuja kg/ha Subdeluks
Malathion dust 4 9% (Liro-Malation), 0.4 kg a.i. per ha
Malationipilyte 4 %, 0.4 kg tehoainettalba .............. ...l 1 565 111
Malathion dust 4 9, (Liro-Malation), 0.8 kg a.i. per ha
Malationipilyte 4 %, 0.8 kg tehoainettalba .. ... ... ... ... ..... 1 557 109
Untreated — Kdasittelemdton .. ......covvvinniiiiiiiiannan e, 2 511 100

50 9, malathion spray (1 litre of active ingredient
per hectare) and a 4 9, malathion powder (1 kg
of active ingredient per hectare). The treatments
were given between June 25 and July 3, before
the peak of abundance of the C. kanervoi (see
Fig. 2). The timothy began to ear about June 26.
Larvae of C. kanervoi were present in very small
numbers, and there wete no distinct differences
between the crops of the different trial plots.

Discussion

Because the damage caused by C. karervei is
severest in those places where a large part of the
timothy leys are left for seed crop, control by
cultivation technique is possible. If, in areas
where C. kanervoi is a scourge the ley is cut for
hay one year, the number of midges will decline

to about one hundredth of what it would be if
seed were taken from all the leys. Subsurface
drainage and the cutting of the timothy at the
edges of the fields would also reduce the num-
ber of midges: There may be cause to make
experiments with deferred earing as a control
method, in spite of the fact that no positive
results were obtained here.

The control trials revealed that C. kanervo
adults can be destroyed with malathion, parathion
and methyldemethone sprays. Malathionand para-
thion dusts also had a satisfactory effect. In con-
trast, the effect of DD'T and trichlorphon prepa-
rations was rather weak. The young larvae of
C. kanervoi are well sheltered inside the timothy
flower, and at this stage control is consequently
difficult. There can be no question of destruc-
tion of latvae in the soil. The chemical protection
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of the seed crop must be carried out when the
adults start oviposition. The most advantageous
result is evidently obtained with a single treat-
ment performed just before the peak of abun-
dance is reached. If there are two treatments, the
first should be carried out about one ot two days
after the timothy has eared and the second ap-

proximately 5—7 days later (see TiNnini 1959).
Control of the midge cannot be combined with
that of the timothy flies (Amanrosoma flavipes Fall.
and A. armillatum Zett.), because timothy flies
must be destroyed about three weeks earlier
than C. kanervoi (see BorG 1959, RAATIKAINEN
1963). :

Shmmary

Contarinia kanervoi Barnes (Dipt., Ifonididae),
known as a pest on timothy seed, has so far been
definitely found only in Finland and Sweden. The
investigations presented here on the bionomics,
damage and control of the species were carried
out in Finland from 1957 to 1961.

At a latitude of 64 degrees the C. kanervoi
imagos emerged early in the morning, 93 9, of
the males and 72 9, of the females emerging
before 11 a.m. Emergence took place over a pe-
riod of at least 37 days, but the major emergence
period lasted only two weeks. In the years 1959—
1961 the major emergence period began on June
15—25, and maximum emergence occurred be-
tween June 20 and July 2. At a latitude of 60
degrees midges of the same population emerged
in trial conditions approximately one week
earlier. In the British Isles in 1956 and 1957 they
emerged about 4—18 days earlier than they did
at a latitude of 64 degrees. On leys that had been
seed timothy the preceding year 750—7670 speci-
mens of C. kanervoi per m? emerged in the dif-
ferent years. More females emerged than males,
and in the largest sample, for example, the pet-
centage of males was 44.

The midges migrated to nearby fields of timo-
thy where, inside the glumes, they laid dozens of
eggs at least, The eggs hatched in 4 or 5 days.
The larvae reached full size in about 3 weeks.
They fell to the ground in the first half of August,
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hibernated in the soil, and pupated the following
spring.

Specimens of C. kanervoi were found in 46
communes in Finland. Their abundance was in-
fluenced by the prevalence of timothy seed culti-
vation and by weather conditions, and also by
natural enemies to some extent. When it occurred
in great numbers, the species caused considerable
crop losses in timothy seed fields.

Preliminary experiments on the control of
C'. kanervoi reveal that an effective control method
is to refrain from growing timothy to the seed
stage in the same clearing in consecutive years.
Suitable plant protection chemicals are malathion,
parathion and methyldemethone, used as sprays.
The treatment must be carried out just before
the peak of abundance of C. &anervoi.
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SELOSTUS

Timoteisddsken bionomiasta, vioituksesta ja torjunnasta

Mikko RAATIKAINEN, Oravi E. Savas ja Aurrs TinNrLA

Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila,
Rikkihappo Oy, Helsinki ja Bang & Co.,. Helsinki

Timoteisdtski (Contarinia kanervoi) aiheutti timotein
siemenviljelyalueillamme pahoja tuhoja 1890- ja 1950-
luvun lopussa. Laji on 16ydetty vain Suomesta ja Ruot-~
sista, Sadsken bionomian ja torjunnan péipiirteet selvi-
tettiin v. 1957—1961 Nivalassa, Laihialla ja Vaasassa.

Kuvassa 1 esitettyjd suppiloita kiyttien selvitettiin
aikuisten kuoriutumiskausi Nivalassa v. 1959—1961. Pai-
kuoriutumiskausi alkoi 15.—25. 6. ja sitd kesti kaksi viik-
koa (kuva 2). Koiraat kuotiutuivat aikaisemmin kuin naa-
raat, ja niitd oli yleensi vihemmin kuin naaraita (kuva 2
ja taul. 1—2). Pidosa sidskistd oli diapausissa alle vuoden,
mutta muutamien diapausi kesti ilmeisesti yli vuoden
(kuva 3). Tikkurilassa sdisket kuoriutuivat noin viikkoa

ajkaisemmin ja viileihkén rannikon liheisyydessi Vaa-
sassa noin 3 vrk. mydhemmin kuin Nivalassa (kuva 4).
Aikuisten elinaika oli lyhyt, ja niitd oli timoteissa vain
noin parin viikon aikana (kuva 5).

Aikuistuttuaan sidsket hakeutuivat timoteihin ja muni-
vat piivisin timotein kukkiin. Toukkien vioittamien kuk-
kien sikidin ja usein koko emié surkastui eikd muodosta-
nut siementi. Toukat kasvoivat kolmessa viikossa noin
1.5 mm:n pituisiksi ja pudottautuivat maahan elokuun
alkupuoliskolla. Ne kaivautuivat putoamispaikalla maan
pintakerrokseen ja kutoivat ympirilleen kehdon, jossa
viettivit talven. Koteloituminen tapahtui vasta keviilli
(kuva 6).
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Timoteisddsked oli runsaimmin alueilla, joilla timotein
siemenviljelyksid oli eniten (vit. kuvat 7 ja 8). Laji on
16ydetty 46 pitdjastd (kuva 9). Kun timotei niitetddn re-
huksi kukissa olevat toukat kuolevat. Mitd suurempi osa
timoteista j44 siemeneksi siti suurempi osa sddskistd jiid
eloon. Sdiskii kuoriutui v. 1959 5 050 kpl/m?, mutta nii-
den toukat jdivit ilmeisesti kuivuuden takia pieniksi ja
suuri osa niistd kuoli tdhkissd. Seuraavana vuonna aikui-
sia kuoriutui vain 750 kpl/m? (taul. 3). Loispistidiset vai-
kuttivat myo6s lajin runsauteen.
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Saiski aiheutti 1950-luvun lopulla useissa siemennur-
missa yli 50 %:n sadon alennuksia, ja kauppojen saamat
timotein siemenmidrit jdivit tuhokausina pieniksi.

Tehokas totjuntakeino on luopuminen timotein sieme-
nen otosta perittiisind vuosina samalla viljelyaukealla.
Rehuksi niitetyiltd lohkoilta®aikuistui sifiskii seuraavana
vuonna vain 1 % siemeneksi jitettyjen nurmien sididski-
midristd (taul. 3). Malationi-, parationi- ja metyylideme-
toniruiskutukset ovat myos kiyttokelpoisia torjuntatapoja
(taul. 4—6). Kisittely on suoritettava kesikuun lopulla
juuri ennen sddsken kuotriutumiskauden huippua (kuva 2).
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Summary: Svenno spring wheat under Finnish conditions

TIMO MELA

Maatalouden tutkimuskeskus, Kasvinviljelylaitos
Tikkurila

Weibullsholmin Svenno-kevitvehnin tullessa
kauppaan 1954, samaan aikaan kun leikkuupuinti
oli yleistymissi, sithen kiinnitettiin suuria toi-
veita nimenomaan leikkuupuintilajikkeena. Se
polveutuu meillikin viljellystd Kéirni (Kirn II)
_vehnisti. Svennon viljelyalan laajeneminen Suo-
messa oli huomattavan nopeaa, kuten Maatalous-
hallituksen kerddmisti tilastotiedoista ilmenee
(taul. 1): 1955 29, 1960 14 %, ja 1965 359,

kevitvehnin  viljelyalasta. Svenno  korvasi

HELVI MARJANEN

Maatalouden tutkimuskeskus, Paikalliskoetoimisto
Helsinki

Saapunut 29. 5. 1967

nopeasti Kirni-vehnin, jonka viljelylaajuus
1955 oli 12 9%, koko kevitvehnialasta (ANoN.
1966).

Svenno-vehnin viljely on sen pitkin kasvu-
ajan takia keskittynyt Eteli-Suomeen (kuva 1).
Valtalajikkeena se on Uudenmaan, Uudenmaan
ruotsalaisen, Varsinais-Suomen ja Himeen li4nin
maanviljelysseurojen sekid Suomen Talousseuran
alueilla. Keskimidrin 45 9%, (61 500 ha) vehni-
vainioista kasvoi kesilli 1965 Svenno-vehnii

Taulukko 1. Eriiden kevitvehnilajikkeiden yleisyys Suomessa vuosina 1955, 1960 ja 1965
Table 1. Cultivated area of some spring wheat varieties in 1955, 1960 and 1965 in Finland

Viljelyala — Cultivated area
Lajike 1955 1960 1965
Variely
1000 ha ~ l % 1000 ha % 1000 ha %
Timantti — Diamond ............ 28.9 27.8 9.9 6.9 14.9 6.9
Timantti I — Diamond II ... .... 26.0 25.0 16.2 11.3 10.4 4.8
SYENNO .. ovvvviiei e 1.6 1.5 20.0 13.9 76.4 35.3
Apu .. e e 11.3 10.9 63.1 43.9 59.5 27.5
Nottdna . ..covvviiiniin e, — — 17.2 12.0 31.0 14.3
Ring «.ovoviiiiin ... — — — — 1.7 0.8
Kirni — Kérn IT ............... 12.5 12.1 1.1 0.8 0.2 0.1
Kevitvehnidn ala ha — Total spring.
wheat area ha . ......00iien... 103 800 143 700 216 500
Osuus peltoalasta %, — Percentage of
total field area ................ 4.5 5.4 7.9
5 13656—67 159



KEVATVEHNAN VILJELYALA 5
CULTIVATED AREA OF SP;?/NG WHEAT

SVENNO-VEHNAN VILJELYALA
CULTIVATED AREA OF SYENNO SPRING WHEAT

Kuva 1, Kevitvehnin koko viljelyala ja Svenno-vehnin
viljelyala maanviljelysseuroittain 1965,

Figure 1. Cultivated area of spring wheat and of Svenno
spring wheat in different Agricultural Associations in 1965,

tilli maamme parhaalla vehninviljelyalueella.
Timd vastasi 70 9%:a Svennon koko viljely-
alasta.

Svenno-vehnin viljelyalan kehitys vuodesta
1960 vuoteen 1965 oli maanviljelysseuroittain
seuraava (Anon. 1963, 1966): '

Kiytetty

Koeaineisto kiy selville taulukoista 2 ja 3.
Tutkimus kisittdd seitsemin tutkimuslaitosta ja
koeasemaa (taul. 2). Nimi ovat Kasvinviljelylai-
tos (Tikkurila), Kasvinjalostuslaitos (Jokioinen),
Hankkijan kasvinjalostuslaitos Tammisto (Hel-
singin pitdjd) sekd Lounais-Suomen (Mietoinen),
Satakunnan (Peipohja), Karjalan (Anjala) ja
Himeen (Pilkine) koeasemat. Lounais-Suomen
koeaseman tuloksiin sisiltyy my6s Puutarhan-
tutkimuslaitoksen (Piikkié 1952—58) ja Lou-
nais-Suomen liikkuvan koetoiminnan (1955—58)
tuloksia koeasemaa edeltineelti ajalta. Kokeiden
lukumiiri vaihtelee eri vuosina, koska kaikilla
koeasemilla Svenno-vehni ei joka vuosi ole ollut
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1960 1965
% keviit- % keviit-
. vehnin 1000 vehnin 1000
Maanviljelysseura viljely-  ha:a viljely-  ha:a
alasta alasta

Uudenmaanldinin ........ 22 3.8 55 17.5
Nylands Svenska ......... 18 3.8 42 124
Varsinais-Suomen ........ 22 - 5.8, 42 19.0
Suomen Talousseura ...... 42 2.8 43 3.8
Satakunnan .............. 10 1.1 31 6.6
Himeen-Satakunnan ...... 12 0.5 32 1.5
Himeen lddnin ........... 10 1.4 40 9.1
Iti-Himeen .............. 7 0.4 32 2.7
Kymenlaakson ........... 6 0.5 20 2.3
Linsi-Katjalan ........... 2 0.1 9 0.4
Mikkelinlddnin ........... 1 0.0 5 0.3
Eteli-Suomi ............. 14 18.4 39 75.2
............. 1 0.2 1 0.2

Keski-Suomi

Svenno-vehnin viljely on laajentunut pohjoi-
seen suuntaan. Huomiota kiinnittds erityisesti sen
yleistyminen Satakunnan ja Iti-Himeen maan-
viljelysseurojen alueilla, jotka ovat sijaintinsa
puolesta Svenno-vehnin viljelyn 4irialueita.
Tistd huolimatta Svennon viljely oli 1965 vat-
sinkin Satakunnan maanviljelysseuran alueella
huomattavan laajaa.

Svenno-kevitvehni on ollut Suomessa lajike-
kokeissa mukana vuodesta 1950 lihtien. Tissi
tutkimuksessa tarkastelemme niiti koetuloksia,
joita Svennosta on saatu vuosina 1950—65 niilld
koepaikoilla, jotka sijaitsevat sen pidasiallisim-
malla viljelyalueella Eteli-Suomessa.

koeaineisto

mukana kokeissa, joillakin paikoin taas tillaisia
lajikekokeita on ollut samana vuonna useita.
Mikidli jossakin kokeessa Timantin (Svaldf) ja
Svennon lisiksi on ollut mukana Apu (Joki-
oinen), Norréna (norjalainen) tai Ring (Weibulls-
holm) -lajikkeet, on myds niiden tuloksia kiy-
tetty hyviksi Svenno-vehnin ominaisuuksia
arvosteltaessa.

Edelld
Svenno-vehni on vuodesta 1954 lihtien ollut
Paikalliskoetoimiston lajikekokeissa Eteli-Suo-
messa. T4td laajaa neuvontajirjestdjen kiytinnoén
viljelyksilld suorittamista kokeista saatua aineis-
toa tarkastellaan seuraavassa muiden tuloksien

mainittujen  koepaikkojen lisdksi



Taulukko 2. Eriiden tutkimuslaitosten ja koeasemien Svenno-vehnii sisiltineiden lajikekokeiden lukumiiri 1950—65
Table 2. Number of variety trials with Svenno spring wheat at some experimental institutions and stations 1950—65

. Kokeiden luka — Number of trials . .

Koepaikka Yhteensi
Locality 1950 ‘ 51 [ 52 ' 53 ‘ 54 55 ' -56 l 57| 58 | 59 | 60 | -61 l 62 l 63 f -64 l 65 | Total
Tikkutila .......... 1 1 1 1| — 1 1 1 1 1 1 1 1 1 1 2 16
Tammisto ......... 1 1 1 1 1 1 1 1 1 17 1 1 1 1 3 1 18
Jokioinen ......... 1y — 1 1 1 1 1 1 1 1 2 1 2 3 2 20
Mictoinen .........| —| —| 1/D1]1)1]1) 4[12)3[L2 6L 2LH2( 3| 3| 3| 2 2| 2| 35
Peipohja .......... —_ —| — 1 1 1 1 1 1 1 1| 2 2.2 4 2 20
Anjala ............ —| — — 1 1 1 1 11 = — = = = =] = = 5
Pilkdne ........... — — 1 1 1 1 1 1 1 1] 1 1 2 2 2 2 18

Kokeita yht. — Tozal )

trials ... ... 3 2 5 7 6 10 9 12 7 7] 8| 10| 10| 10| 15] 11] 132

1y Puutarhantutkimuslaitoksen (Piikkid) tuloksia — Results from the Department of Horticulture, Piikkié
%) Lounais-Suomen liikkuvan koetoiminnan tuloksia — Results from S.W. Finland Movable Field Experiments

Taulukko 3. Kevitvehnilajikkeiden esiintyminen paikalliskokeissa
Eteli-Suomessa vuosina 1954-—64

Table 3. Spring wheat varicties in trials of Burean for local experiments
in South Finland, 1954—64

Kokeiden luku — Number of trials
Vuosi . X

Year ’B::::’:: Svenno | Apu | Norréna| Ring
1954 .. .. 12 8 3 — —
—55 15 10 15 — —_
—56 e 8 8 4 2 —
T e 15 14 11 8 —
—B8 13 9 8 11 —
—59 24 14 21 24 —_
—60 ... 24 24 22 24 -
—61 .. 30 20 21 24 —
—02 e 38 35 24 1 —
—03 i 43 40 15 22 19
—64 e 39 29 12 25 13
Kokeita yht. — Total trials| 261 211 156 151 32

ohessa. Koska kysymyksessi on suuri aineisto,
on kasvuaikoja verrattaessa voitu menetelld
siten, etti on laskettu jokaiselle lajikkeelle keski-
arvotulos kaikista Eteli-Suomessa suoritetuista
kokeista, joissa lajike on ollut mukana riippu-

matta siiti, onko kokeeseen sisiltynyt Svenno-
vehnii. Satotulokset eri lajikkeista esitetddn kui-
tenkin mittariin verrattuna samoista kokeista.
Titi koeaineistoa selventdi taulukko 3.

Kasvukausien 1950—65 limpo- ja sadeolot

Eri koepaikoilla kasvukausina 1950—65 val-
linneet ldampo- ja sadeolot kiyvit selville taulu-
kosta 4.

Huomio kiintyy lihinnd normaalista eniten
poikkeaviin kasvukausiin. Limp6suhteiltaan epi-
edullisimpia ovat olleet kasvukaudet 1952, 1956,

1958 ja 1962. Varren (1958, 1962, 1966) mukaan
nimi vuodet ovatkin olleet viljanviljelyn kan-
nalta’ episuotuisia. Niinpd kasvukausi 1952 oli
kolein 25 vuoteen; myohiiset viljalajikkeet jaivit
silloin kokonaan tuleentumatta. Kasvukautena
1956 heini-, elo- ja syyskuu olivat 1—2°C not-
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maalia viileAmpii ja syyskuun alkupuolelle antoi-
vat leimansa poikkeuksellisen ankarat hallat.
Niin ikddn viileiod kasvukautena 1958 viljelykas-
vit kehittyivit hitaasti, ja myohdisimmit kevit-
viljalajikkeet kirsivit jo ennen syyskuun puoli-
vilid halloista. Epidedullisuudessaan vertaansa
vailla oli kasvukausi 1962. Viljojen tuleentumi-
nen siirtyi silloin my&hiissyksyyn ja sadosta oli
vain vihiinen osa laadultaan kunnollista.
Sademiirien vaihtelu eri koepaikkojen vililld
on ollut huomattava. Kasvukaudet ovat olleet
kuitenkin sdityypiltdin samanlaiset puheena ole-
villa koeasemilla. Normaalia sateisempia kasvu-
kausia olivat 1952, 1953, 1954, 1956, 1957, 1960,

1961 ja 1962. Runsaimmat sateet ovat yleensi
sattuneet syyskesilld, jolloin ne ovat haitanneet
sadonkorjuuta ja alentaneet :viljasadon laatua.
Suurimmat tﬁhkﬁidﬁntivahingot olivat vuosina
1954, 1956 ja 1962. _

Edelld mainitun perusteella Voidqdn,pﬁiitell'a‘.,
ettd ajanjaksona 1950—65 on ollut lukuisia
kasvukausia, jotka joko viileytensi tai satei-
suutensa puolesta ovat olleet vehrgib',nviljelylle
epiedullisia. Sadon laadun kannalta edullisia
olivat varsinkin kasvukaudet 1959 ja 1963,
joskin satomiirit kuivuuden johdbsta' jaivit
pieniksi. ' S

Svenno-vehnin ominaisuuksia muihin yleisiin kevitvehnilajikkeisiimme verrattuna

Jyvdsato

Taulukossa 5 nihddin tutkimuslaitosten ja
koeasemien koetuloksista lasketut keskimédrdiset
Svenno-vehnin jyvisadot verrattuina mittarin
(Timantin) jyvisatoihin. Svenno-vehni on kaik-
kina vuosina antanut Timanttia paremman sato-
tuloksen. Kuitenkin kiinnittii taulukossa huo-
miota erdinlainen jaksoittaisuus. Niinpd vuosina
1951—54, siis ennen kauppaan tuloaan, Svenno-
vehni antoi keskimiirin 19 9%, Timanttia suu-
remman sadon. Viiteni seuraavana vuotena,
1955—59, satotulos jii huomattavasti heikom-
maksi ja oli vain 4—5 9, Timanttia parempi;
ainoastaan vuonna 1958 satoero oli tilastollisesti
merkitsevi. Vuosina 1960—63 Svenno-vehnin
satoero Timanttiin muodostui keskimidrin 13
%:ksi ja tilastollisesti joko hyvin tai erittiin
merkitseviksi. Vuosi 1965 oli Svenno-vehnin
kannalta jonkin verran edullisempi kuin vuosi
1964. Paikalliskokeista saadut tulokset ovat pdi-
plirteissdéin samansuuntaiset (taul. 6). Tutkimus-
laitosten ja koeasemien seki toisaalta paikallis-
kokeiden keskimiiriisten jyvisatojen vertailu
osoittaa kokeiden sijainneen kasvukunnoltaan
tiysin erilaisilla pelloilla.

Jotta vertailu muihin lajikkeisiin olisi mah-
dollista, on taulukkoon 5 laskettu Timantille ja
Svennolle tulokset myds niisti kokeista, joissa

kulloinkin kyseessi oleva kolmas lajike on
ollut Yleisisti kevitvehnilajikkeis-.
tamme Norréna on ollut (6 %) Svennoa satoi-

mukana.

sampi. Norrdna-vehnin satotaso niyttid pysy-
neen eri vuosina mittariin verrattina muuttu-
mattomana, kun taas Svennon sadoissa on
havaittavissa edelli mainittuja’ vaihteluja.” Apu-
vehnin sadon vaihtelut eri vuosina olivat vield
huomattavampia. Apu on antanut }ceskimiiéiri_n
6 9%, pienemmin jyvisadon kuin Svénno-vehni.
Vasta kuusi vuotta kokeissa ollut Ring-vehni '
ehki

parempj. Paikalliskokeissa (taulukkd '6) Svenno

on satoisuudeltaan hieman Svennoa
ja Norréna ovat olleet jokseenkin yhtd satoisia,
Avun jyvisato on’ ollut 7 9, pienempi kuin
Svennon. Ring niyttii olleen myds paikallis-
kokeissa Svennoa satoisampi.

Kun lasketaan keskiarvot koepaikoittain (taul.
7), voidaan todeta Svenno-vehndn antaneen
jokaisella koepaikalla keskimiirin Timanttia
paremman satotuloksen. Useimmilla koepaikoilla
Norréna on ollut satoisampi kuin Svenno.
Jokioisissa ja Pilkineelli Svennon' jyvisadot
ovat olleet suhteellisesti parhaat ja yltineet
Norrénan  tasolle.
menestynyt Anjalassa, missi se on jéinyt ver-
tailtavista lajikkeista vihdsatoisimmaksi.

Taulukkoa 8 varten tutkimuslaitosten ja koe-
asemien tulokset on ryhmitelty Timantin jyvi-

Huonoimmin Sveano on
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Taulukko 5. Kevitvehnilajikkeiden jyvisadotr, Tutkimuslaitosten
Table 5. Grain yields of spring wheat varieties. Trial resulis from

Koleita 1950 1951 1952 1953 1954 1955 1956
Trials
Timantti  kg/ha —

Diamond kglha . .. 132 3250 2350 4070 3200 2 360 2270 2220
Svenno ........... 105 120* 114%:* 118%x* 122%%* 105 105
Timantti  kgfha —

Diamond kglha . .. 67 — 1820 — 3170 2310 2 660 2390
Svenno ........... — 125 — 122 122 105 | 107
Apu ... — 90 — 122 107 98 102
Timantti  kgfha —

Diamond kglha . .. 69 — — — — — 2600 2340
Svenno ........... — — — — — 108 107
Notrona .......... — — — — — 103 116
Timantti  kgfha —

Diamond kglha . .. 25 — — — — — — —
Svenno ........... — — — — — — —
Ring ............. — — — — — — —

Taulukko 6. Kevitvehnilajikkeiden jyvisadot
Table 6. Grain yields of spring wheat varieties. Results of trials of
Lajjke Kokeita
ey Tricle 1954 1955 1956 1957 1958
Timantti kgfha — Diamond

kglha ... ool 211 1990 2080 1680 2 540 1790
Svenno .........0ienn 123 105 100 101 100
Timantti kglha — Diamond

kglha ... ... oL 156 2510 1980 1650 2 530 1900
Apu ...l 104 103 96 107 101
Timantti kgfha — Diamond :

kglha ... ... Ll 151 — — 1430 2250 1790
Notténa ................ — — 131 102 118
Timantti kglha — Diamond

kglba ...l 32 — — — — —
Ring ........oooiinnt — — — — —
Svenno ......... .. ... 125 — 2130 2030 2620 1910
APU oo — 99 90 107 102
SVENNo ..........0eiviinn 126 — — 1700 2310 1890
Nortdéna ...........vvn.. — — 111 103 117

» »
» »

merkjtsevy}rs — significance P < 5.09%,

P <1.09%
P <£0.19

satojen mukaan eri satotasoluokkiin, ja tauluk-
koon on laskettu kuhunkin luokkaan kuuluvien
kokeiden keskiarvot. Kutakin lajiketta varten
on laskettu eri mittarin arvot niistd kokeista,
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joissa lajike on ollut mukana. Taulukon mu-
kaan Svenno-vehnin suhteellinen jyvisato on
sitdi parempi, miti korkeammasta satotasoluo-
kasta on kysymys. Apu niyttid suhtautuvan

ja koeasemien tuloksia 1950—65. Timantti kg/ha = 100
experimenial institutions and stations in 1950—65. Diamond kglha = 100

1957 1958 - 1959 1960 1961 1962 1963 1964 1965 Keskim.
Average
2770 2 840 2670 3550 3140 2470 2340 2500 2 550 2790
104 104* 104 114%* 110%%% 117%%x 111%% 105 109% 110
2 820 3070 2 560 3430 2 800 2 390 2 480 2390 3 640 2710
105 104 103 112%%% 110 116%* 108 107 107 b S
105 103 107 101 104 120%** 102 101 97 104**
2 800 2920 2630 3550 3000 2310 2 050 2780 3120 2 740
101 103 106 114%% 110%* 119%% 108 107 111 F109%**
112* 116 116%* 110 119%** 128%%% 116%% 115%* 111 115%%*
— — — 3 840 2700 2500 2 140 2530 2 680 2730
— — — 109 106 120 108 103 110 109**
— — — 109 107 128* 117 107 101 112%%
paikalliskokeissa 1954—64, Timantti kg/ha = 100
Burean for local experiments in 1954—64. Dianond kglha = 100
Keskim,
1959 1960 1961 1962 1963 1964
Average
2 460 2820 2510 2070 2310 2210 2270
101 115% 100 120%%* 118%* 108 111
2220 2 860 2500 2050 2190 2 470 2300
96 100 94 104 105 107 101
2190 2820 2510 2030 2310 2 280 2330
109 106 108 117 114 112 110%4%
— — — 2 800 2200 2 160 2200
— — — 83 122 114 118*
2610 3320 2700 2370 2 460 2 570 2 470
98 86 89 92 94 93 93
2520 3 260 2 540 2 580 2710 2 380 2430
112 92 104 92 97 100 100

satotasoon vaikuttaviin tekijoihin samalla tavoin
kuin Timantti. Sen sijaan Norréna niyttii viih-
tyvin Timanttia suhteellisesti patemmin epé-
edullisissa oloissa. Ring on toistaiseksi ollut

mukana niin harvoissa kokeissa, ettei niiden

perusteella voida esittidd johtopdidtSksid.

Satotasoon

vaikuttavat

mm. kasvupaikan

maantieteellinen sijainti, maalaji, maan kasvu-
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Taulukko 7. Kevitvehnilajikkeiden jyvisadot tutkimuslaitoksilla ja koeasemilla keskimiirin vuosina 1950—G65.

Timantti kgfha = 100
Table 7. Grain yields of spring wheat varieties at experimental institutions and stations on an average in 1950—65.
Diamond kglha = 100
— .
V:‘w; i Tikkurila Tammisto Jokioinen Mietoinen Peipohja Anjla | Palkine
Timantti kgfha — Diamond
kglha ... ... . ... 2720 3430 3080 2 440 2010 2780 2940
Svenno ...l 109 113 114 103 113 111 116
Timantti .kg/ha — Dianrond
kglha ... ... . Ll 2290 3530 2 360 2470 2 330 2420 1 3030
Svenno ................. 110 111 107 105 114 97 | 114
Apu ..ol 106 101 97 102 114 101 109
Timantti kgfha — Diamond
kglha ... oL 2430 3530 3960 2520, 2330 2420 3070
Svenno ................. 104 111 116 103 115 97 | 120
Nordna ......oovennna.. 116 118 115 111 123 11 - 119
|
Timantti kgfha — Diamond i
Eglha .. ... ... ... 1740 3040 2330 2320 2 480 — 1 369
Svenno ................. 101 113 102 108 111 — | 110
Ring .................... 106 117 112 105 116 — | 121

Taulukko 8. Kevitvehnilajikkeiden satoisuus eri satotasoluokissa. Tutkimuslaitosten ja koeasemien tuloksia 1950—65.
Timantti kg/ha = 100

Table 8. Productivity of spring wheal varieties in different yield classes. Results from excperimental institutions and stations in 1950—65

Diamond kglha = 100

Satotasoluokka kgfha
Lajike Yield class kglha
Variety N
< 1500 | —2000 [ —2500 —3000 —3500 —4000 I 4000<
i
Timantti — Diamond . . .. .. ! 1180 1790 2240 2790 3250 3700 4670
Svenno ................. ! 102 109 108 109 111 112 115
Kokeita kpl — Number of | I
trials ... .. .. ... ! 10 17 18 36 17 15 ; 8
Timantti — Diamond .. . ... 1220 1 860 2260 2 800 3200 3690 ‘ 4 880
Apu .. i 104 102 102 108 105 102 ! 103
Kokeita kpl — Number of | i
trials .. ! 5 9 10 25 7 7 | 2
Timantti — Diamond . .. ... i 1220 1 860 2210 2790 3230 3760 | 4690
Nortdéna ................ i 115 118 119 118 109 112 112
Kokeita kpl — Number of | ‘
trials ... | 6 8 9 23 9 7 4
kunto ja tilapiiset sifinvaihtelut. Edelld mainitun .
Kasvnaika

perusteella Svenno-vehni on niissi suhteissa
Timanttia vaateliaampi, Apu samanarvoinen ja
Norréna vaatimattomampi kuin Timantti.

Svenno-vehni kuuluu jyvisadoltaan parhai-
siin  kevitvehnilajikkeisiimme, wvaikka vaate-
liaana lajikkeena se ei Suomen oloissa kykene
tuottamaan runsaimpia satojaan.
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Kevitvehnin kasvuaika tutkimuslaitosten ja
koeasemien kokeissa nihdiin taulukossa 9.
Svenno-vehni on tind ajanjaksona tuleentunut
keskimaidrin 3 paivdd myShemmin kuin Timantti-

vehnd. Svennoon verrattuna Apu oa ollut 10 -

pdivdd ja Norréna 8 piivid aikaisempi. Vield

Taulukko 9. Kevitvehnilajikkeiden kasvuajat (piivid)

Timanttiin verrattuna. Tutkimuslaitosten ja koeasemien

tuloksia 1950—65

Table 9. Growing times (days) of spring wheat varisties compared with Diamond. Trial results of experimental institutions
and stations, 1950—65

Lajike

R 1950 | 1951 | 1952 | 1953 | 1954 { 1955
Variety

1956 | 1957 1958 | 1959 | 1960 | 1961 | 1962 ! 1963 | 1964 | 1965

Keskim.
Average

Timantti — Diamond | 110| 110| 121} 107} 102| 95

114| 104} 109 103| 100| 116| 135 99| 108} 123 110

Svenno ........... +2] 41| +3) +3| 43| +2) 43| +3] +4| +2| +4] +3| +5 +2| +3] +3 +3
Timantti — Diamond| —| 108 —| 98| 100 . 95| 112 102| 109 101| 100| 114( 134 99| 106| 120 107
Svenno ........... —| 42| —| +4 +2 +1| +3} +3} +2| +4 +4 +3] +5 +2| +3| +5 +3
Apu ... oLl - —4 —| —8{ —7| —6}{—11} —8; —8| —5| —7} —9|—13] —8|—12| —6 -7
Timantti — Diamond| —| —| —| —| —| 97| 114{ 102| 110} 104| 1001 115| 135| 99| 108} 123 110
Svenno ........... — = —| —] —| +1| +3| 3| 44 +4 +4 +3] +5 +2! +2| +3 +3
Notténa .......... - - - -] - —2| —8| —3{ —4} —2{ —3| —4} —9; —5] —5] —5 —5

Timantti — Diamond — - = - - —
Svenno ........... —_ = =] == - —
Ring ............. - - = = -1 —

Svennoakin my6hiisempi on ollut Ring. Svenno-
vehnin myohiisyys rajoittaa sen viljelyd Suo-
messa.

Eri koepaikoilla (taul. 10) lajikkeiden kasvu-
ajat suhtautuvat toisiinsa samansuuntaisesti.
Erot vaihtelevat eri lajikevertailuissa niin paljon,
ettd voidaan piitelld niiden johtuvan tilapéiisistii
tekijoistd. Koepaikan maantieteellisen sijainnin
vaikutusta el timidn taulukon perusteella lajik-
keiden kasvuajoissa ole havaittavissa.

Kasvuajat  vaihtelevat vuosittain  suuresti
vehninviljelylle epdedullisen ilmaston takia

—| —| —| —| 104| 112 135/ 97| 110 123] 114
—| —| —| —| +1| +2| +5| +2| +3| +3| +3
—| — — —| £0| +4| +8] +4] +5] +5] +4

(taul. 9). Ero suurimman ja pienimmin keski-
midriisen vuotuisen kasvuajan vililld on Timan-
tilla 40 (95—135), Svennolla 43 (97—140),
Avulla 33 (89—122) ja Norronalla 33 (93—126)
piivdd. My6hdisten lajikkeiden kasvuaika vaih-
telee paljon runsaammin kuin aikaisempien.
Lajikkeiden tuleentumispdivien vilinen ero muo-
dostuu erityisen suureksi episuotuisina kasvu-
kausina, jollaisia olivat mm. vuodet 1956 ja 1962.
Sidolothan muuttuvat yleensd sitd epidedullisem-
miksi, miti myShempdin tuleentuminen siirtyy,
ja tistd kirsivit erityisesti mydhiiset lajikkeet.

Taulukko 10. Kevitvehnilajikkeiden kasvuajat (piivid) tutkimuslaitoksilla ja koeasemilla Timanttiin
verrattuina 1950—65

Table 10. Growing times (days) of spring wheat varieties at experimental institutions and stations compared
with Diamond in 1950—65

;:i;:; Tikkurila Tammisto Jokioinen Mietoinen Peipohja Anjala Pilkine
Timantti — Diamond .. .... 108 110 114 108 114 101 106
Svenno ........iieee. +3 +1 +4 +5 “+3 +3 +4
Timantti — Diamond .. .. .. 109 112 105 109 116 99 102
Svenno ................. +3 +1 +4 +3 +3 +4 +4
Apu ... —7 —6 —12 —9 —10 —7 —7
Timantti — Diamond . ... .. 108 112 111 109 116 929 110
Svenno .............. ... +2 +1 -+2 +3 +3 +4 +4
Norréna ..oo.ovve e —5 —3 —3 —5 —5 —3 —5
Timantti — Diamond .. .. .. 104 112 111 115 121 — 105
Svenno ................. +2 +2 +4 +3 +1 — +5
Ring .............. . ... —+3 +2 +3 +6 +5 — +8

6 13656—67
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Taulukko 11. Kevitvehnilajikkeiden kasvuajat (piivid) Timanttiin verrattuina paikalliskokeissa 1954—64
Table 11. Growing times (days) of spring wheat varicties compared with Diamond. Results of trials of Bureau for local excperiments

in 1954—64

Lajike Kokeita Keskim.

Variety Trials 1954 —55 —56 —57 —58 —59 —60 —61 —62 —63 —64 Average
Timantti — Diamond | 138 110 103 112 | 110 | 111 | 104 | 103 | 112 | 135 | 111 | 115 112
Svenno ......,.... 112 +3 +4 -5 +4 +2 +8 +7 +1 -7 +4 +4 44
Apu ........ ..., 88 — —7 —6|—10| —6) —6| —7| —7|—13 | —12 | —7 —8
Notréna .......... 87 — — -2 —2| —6) —3| —3| —4| —1| 3| —2 —3
Ring ............. 7 - = = = =] = = =] <! 46! 45| 16

Paikalliskokeissa aikaisimman Avun ja myohii-
simmin Ringin kasvuaikojen erotus on muo-
dostunut vieli suuremmaksi, 14 piiviksi (taul.
11). Svenno-vehni on ollut 12 piivid Apua
my®&hiisempi.

Korrenlyjuns

Svenno-vehnin arvokkaimpia ominaisuuksia
on sen luja korsi. Erityisesti viime vuosina,
jolloin sateet ovat koetelleet korren lujuutta,
timid ominaisuus on tullut esille ja on ollut
omiaan laajentamaan Svenno-vehnin viljelya.
Taulukosta 12 niemme, etti Svenno-vehnin
korrenlujuus on muihin yleisiin kevitvehni-
lajikkeisiimme verrattuna omaa luokkaansa.
Timantti, Apu ja Norrdéna ovat lakoutuneet

suunnilleen yhti voimakkaasti.

Jyvésadon laatnominaisuudet

Svenno-vehni on suurijyviisin kevitvehni-
lajikkeemme (taul. 12). Keskimiirin sen 1 000
jyvin paino on ollut 3 grammaa korkeampi

kuin Timantin ja 5 grammaa korkeampi kuin
Avun ja Norronan; keskiarvot ovat vaihdelleet
vuosittain rajoissa 32—42 g. Vastaava vaihtelu
Timantilla on 31—37, Avulla 27—36 ja Notrd-
nalla 26—37 g. Svenno-vchnin suurijyviisyys
on edullinen myllyteollisuuden kannalta, koska
hyvin tuleentuneen suurijyviisen viljan jauhatus-
prosentti muodostuu suuremmaksi kuin pieni-
jyviisen viljan, mutta on Suomen oloissa erittiin
haitallinen Svennon viljelyi rajoittava tekija.
Suurijyviisyys hidastaa tuleentumista ja haittaa
hyviitoisen kylvGsiemenen tuotantoa.
Svenno-vehnin hehtolitrapaino on keskimai-
rin muodostunut korkeammaksi kuin Avun ja
Norrénan ja ollut yhti korkea kuin Timantin
(taul. 12).
kasvukautena 1962, jolloin kaikkien lajikkeiden
hehtolitrapainot jaivit alhaisiksi, heikkolaatuisin
sato saatiin kuitenkin myohiisisti lajikkeista.
Timantin ja Svennon hehtolitrapainot olivat

Sddoloiltaan erittiin epiedullisena

tutkimuslaitoksilla ja koeasemilla keskimidrin
vain 70 kg. Laadultaan parasta viljaa saatiin
aikaisesta Apu-vehnisti (hehtolitrapaino 72 kg),
samoin my6s Norroéna (71 kg) niytti kirsineen

Taulukko 12, Kevitvehnilajikkeiden lakoisuus, 1 000 jyvin painét (g) ja hehto-
litrapainot (kg) tutkimuslaitosten ja koeasemien kokeissa keskimiirin vuosina
1950—65
Table 12. Lodging, 1 000-grain weights (g) and hectolitre weights (kg) at experimental
institutions and stations on an average in 1950—65

1000 jyvin | Hehtolitra-

Lajike Kokeita Lako-%, paino g paino kg

Variety Trials Lodging % 1 000-grain Hectolitre

. weight g weight kg
Timantti — Diamond ............ 132 26 34 79
Svenno .......... ...l 132 12 37 78
ADU oot 67 33 32 76
Norréna ......ccovvvinnan ..., 69 28 32 77
RINE oo 25 5 35 76
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epiedullisista sdfoloista suhteellisesti vihemmin
kuin siti myohiisemmit lajikkeet. Vuoden 1956
Svenno-sadon hehtolitrapaino oli my&s voi-
malkkaasti alentunut, se oli 73 kg, Timantin
75 kg, Avun 74 kg ja Norrdnan 74 kg.

Hehtolitrapainojen vuotuista vaihtelua voita-
neen jossain midrin pitdd lajikkeen viljelyvar-
muuden kuvastajana. My&hiisilld lajikkeilla vuo-
tuinen vaihtelu on suurempi kuin aikaisemmilla.
Timantin ja Svennon hehtolitrapainot vaihtele-
vat rajoissa 70—83 kg, Avun 70—80 kg ja Nox-
ronan 71—80 kg..

Tarkastelna

Svenno-vehnin suosio johtuu ensi sijassa sen
hyvisti satoisuudesta ja korrenlujuudesta. Var-
sinkin 1960-luvulla, kun kotjuuajan sateet ovat
useina vuosina lakouttaneet viljakasvustoja ja
tihkiiddntsd aiheuttanut suuria tapplioita, korren-
lujuus on saanut entisti enemmin huomiota
osakseen. Vaikka Svenno-vehni on varsin herkka
itimiin tihkidssi heti keltatuleentumisasteen
sivuutettuaan, se lujakortisena lajikkeena valttid
tibkiidinnin varmemmin kuin fysiologisen
idintikestavyytensi puolesta vaikkapa parempi-
kin, mutta korreltaan heikko jaloste (K1vz 1961).

Svenno-vehnin tuleentumisen my6hiisyys on
erdini vuosina sadstinyt lajikkeen tihkdiddnti-
vaurioilta, kun elo-syyskuun vaihteen sateiset
sdit ovat muuttuneet mydhemmin, Svennon
tuleentumisaikaan, poutaisiksi. ~Mydhiisestd
tuleentumisajankohdasta on yleensi kuitenkin
haittaa jyvisadon laadulle. PAATELA ja SUOMELA
(1960) mainitsevat kevitviljojen tuleentumisvar-
muuden olevan tirkeimpid niiden viljclyvarmuﬁ-—
teen vaikuttavia tekijoitd. Svenno-vehnin kasvu-
aika on lilan pitki, jotta se ehtisi tuleentua Eteld-
Suomessakaan joka vuosi. Timd nikyy taulu-
kosta 13. Ajanjaksona 1950—65 on Tikkurilassa
kolmena syksyni, siis joka viides syksy, ensim-
miinen ankara halla sattunut jo ennen Svenno-
vehnin tuleentumista, misti seurauksena on
vihintddn itivyyden menetys. Mutta normaali-
nakin syksyni syyssateiden pelko ajaa viljelijit
kotjaamaan mydhiisid lajikkeita tuleentumatto-
mana tai mirkini. Lilan kostean viljan leikkuu-
puinti puolestaan aiheuttaa itivyyden alenemisen.

Puintikosteuden vaikutus itivyyteen riippuu
lajikkeesta. Tami ilmenee VALLEN (1965 a) tutki-
musten tuloksista. Han on suorittanut itivyys-
miirityksid vuosina 1953—64 Maatalouden tut-
kimuskeskuksen koetilalla Tikkurilassa leikkuu-
puiduista  viljaeristd. Kevitvehnilajikkeista on

Taulukko 13. Svenno-vehnin tuleentumispiivé ja ensimmiisen ankaran hallan
© (—2.2°C tai alle) esiintyminen Kasvinviljelylaitoksella Tikkurilassa
Table 13. Ripening day of Svenno spring wheat and first killing frost (under —2.2°C)
at the Depariment of Plant Husbandry, Tikkurila

- Tuleentumispiivistd
Vuosi Tulcentumispiivi Ankara halla ankaraan hallaan
Year Ripening day Killing frost From ripening day to
killing frost

1950 ..o © 30/8 25/8 —5
R 27/8 11/9 15
—52 e 9/9 15/9 6
BB e 18/8 719 20
Y — (20/9) —
B e 28/8 29/9 32
6 e 7/9 6/9 —1
BT e 23/8 29/9 37
58 e .. 6/9 11/9 5
80 e 10/8 9/9 30
60 e 16/8 11/9 26
6l e 16/8 5/9 20
—62 ... R 20/9 16/9 —4
—63 e 10/8 20/9 41
64 e 18/8 10/9 23
S 8/9 16/9 8

Keskim, — Average 29/8 | 13/9 | 15

169



Timantista midrityksid kuudelta vuodelta ja
Svenno-vehnisti yhdeltitoista vuodelta. Koska
aineisto on suuri, tulokset antavat selvin kisi-
tyksen asiasta.

Ttdvyys- o/, eri vesipitoisuusluokissa

bz 8. 8 § 8 8 58 3 2 g
SEes | T T2
Z22 & tddasddaz
Timantti . . ... 110 — 97 97 93 88 88 82 — —
Svenno ...... 289 97 94 91 86 83 81 72 61 60

Hyvissikin korjuuoloissa, viljan kosteuden
ollessa 20—21 9, Timantin itivyys oa ollut
parempi kuin Svennon. Kosteuden vastatessa
oloissamme varsin tavallista puintikosteutta,
2425 9, lajikkeiden itdvyyksien ero on ollut
vield useita prosentteja suurempi. Hyvin kosteata
(30—34 %,) viljaa puitaessa Timantista on saatu
vield varsin kelvollista siementi, Svennon sato
ei sen sijaan endi ole ollut siementavaraksi kel-
paavaa.

My6s KOYLijARVEN (1965) mukaan puinti-
kosteuden ja puidun erin itivyyden vililld val-
litseva vuorosuhde on erilainen eri kevitvehni-
lajikkeilla. Norronalla ja Svennolla puintikos-
teuden on pitinyt olla niin alhainen kuin 18—
20 %,, ennen kuin on saatu 90 O%:sesti itdvaa
viljaa. Samaan tulokseen piisemiseksi on esim.
Timantilla riittinyt 27 % :n kosteus. Siemenviljan
puinnin onnistumiseksi vaativat siten Norréna
ja Svenno pieninti puintikosteutta, seuraavina
ovat jirjestyksessi Apu-, Touko- ja Timantti-
Koska
Svenno-vehnin puintikosteus pyrkii pakostakin

kevitvehnit. mydhdin tuleentuvan
olemaan korkea, on silli saavutetut huonot iti-
vyystulokset edelli mainitusta syysti helppo
ymmirtii.

Kylvésiemenliiton vuoden 1965 sadosta teke-
missd otantatutkimuksessa mdiritettiin  myos
niytteiden itivyys. Jos kiyttokelpoisen kevit-
vehnin siemenen itivyyden alarajana pidetiin
80 %:a, niin tutkituista 483 kevitvehnieristi oli
siemeneksi kelpaavia 29 9. Titd keskiarvoa
parempia olivat Timantti- ja Apu-vehnit, siti
huonompia taas Svenno- ja Norréna-vehnit. Jos
edelld mainitusta kevitvehnin siemenen itdvyy-
den vihimmiisvaatimuksesta pidetddn kiinni,
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saatiin Timantti-eristi 42 9/ :sta kelvollista sie-
mentd, Svenno-eristi 23 Y,:sta, Apu-eristi 34
%:sta ja Norréna-eristid 20 9:sta. Ehdottomasti
paras oli siis tdssi mielessd Timantti-vehni, josta
18 % iti yli 90 %:sesti, Svenno-eristi vain 1 9.

Siementarkastuslaitoksen vuosien 1958, 1961
ja 1962 sadoista suorittamista kauppasiementut-
kimuksista laatimassaan yhteenvedossa Hrrrr
(1963) on pannut puheena olevat kevitvehni-
lajikkeet tiysin samaan jirjestykseen kuin ne
vuoden 1965 otantatutkimuksenkin mukaan
ovat: parhaiten itivid Timantti ja Apu, keski-
tasoisia Touko, Tammi, Terd ja Drott ja kaik-
kein heikoimmin itividi Svenno ja Norréna.
Vuoden 1962 sadosta suoritetun tutkimuksen
tuloksista mainittakoon seuraavat keski-itivyy-
det: Timantti 67 %, (825 niytettd), Apu 60 %,
(1813), Svenno 56 %, (2 108) ja Norréna 51 %
(1 810).

Svenno-vehnin suuresta viljelylaajuudesta seu-
raa sen siemenviljelyn epionnistuessa kevitveh-
nin siemenpula, josta pissemiseksi on usein ollut
tuotava siementi ulkomailta. Kevitvehnin sie-
menen tuonti on-puolcstaan edistinyt Svenno-
vehnin nopeaa yleistymistd maassamme. Poh-
joismaissa ja Englannissa viljeltivisti kevit-
vehnilajikkeistahan Suomeen tuotavaksi sovel-
tuu ldhinnd vain Svenno. Timi tuontisiemen on
useinkin parasta meilld kaupan olevaa siementi,
miké osaltaan vaikuttaa viljelijiden lajikevalin-
taan. Epiedullisten kasvukausien jilkeen vilje-
lijdt joutuvat ostamaan Svennon siementi eniten,
vaikka juuri tilloin mielessi olisikin siirtyminen
aikaisempien kevitvehnilajikkeiden viljelyyn.
Niinpd vuoden 1963 kylvéihin kaikesta kaupan
viljelijéille vilittimisti tuontisiemenesti 53 9%,
(7400 tn) oli Svenno-vehnid (VALLE ja MELa
1965). Vuosina 1958—65 kevitvehnin siemenen
tuonti on ollut yhteensi 34 milj. kg, josta
Svenno-vehndd n. 20 milj. kg eli lihes 60 %
(Varie 1965 b).

Leipiviljan laatuvaatimusten tiukentuessa ja
varsinkin sakoluvun tullessa kiyttoon leipiviljan
hyviksymisen ja hylkdimisen perusteena kevit-
kiinnitettivi

vehnin lajikekysymykseen on

eatisti enemmin huomiota. Jo suhteellisen

vihiiseltd ndyttivisti hallan vioituksesta tai



tahkdiddnnisti seuraa, etti jyvidsato muuttuu
rehuviljan arvoiseksi. Samaan suuntaan vai-
kuttaa viljan puinti ennen tuleentumista, jolloin
viljan joukossa on vield vihreitd jyvid. Aikaisen
lajikkeen viljelylld on niin ollen suuremmat mah-
dollisuudet onnistua kuin myohiisen lajikkeen.

Toistaiseksi meilli ei ole kuitenkaan riittdvisti
tietoa. eri tekijoiden vaikutuksista sakolukuun,
silli ensimmiiset sakolukumiiritykset ovat vasta
vuodelta 1965. Tilldin kuudella tutkimuslaitok-
sella ja koeasemalla yhteensd yhdeksistd kokeesta
tehdyissi madrityksissi saatiin Timantin sako-
luvuksi keskimiirin 214, Svennon 129. 1966
Timantin sakoluku oli 265, Svennon 170, seitse-
min koepaikan ja kahdentoista kokeen jyvi-
sadoista miiritettyind. Timantti oli siis molem-
pina vuosina huomattavasti viljelyvarmempi kuin
Svenno. ]

Muista kevitvehnilajikkeista sakolukumddri-
tyksid on tehty vield vihemmin kuin Timantista
ja Svennosta. Niukasta aineistosta huolimatta
voidaan nyt jo ennustaa, ettd juuri sakolukumii-
ritysten kiyttédnotto ja leipiviljan laatuvaati-
musten kiristyminen aiheuttavatkin Svenno-veh-
nin viljelyn taantumisen Suomessa.

Edelli on todettu Svenno-vehni satoisaksi
lajikkeeksi. Sen jyvdsadon suuruus mittarin
satoon verrattuna vaihtelee kuitenkin vuosittain
runsaasti. Syynd satojen vaihteluun on lajikkeen
Timanttia suurempi vaateliaisuus ja myo6hiisyys.
Sen korrenlujuuskaan ei pysty eliminoimaan tois-
tuvia laatutappioita. Svenno-vehnin huonosta
viljelyvarmuudesta huolimatta sen viljelyd Suo-
messa on vaikea kokonaan tuomita, koska meilld
ei ole kiytettivissi ehdottomasti hyvidd kevit-
vehnilajiketta  viljeltdviksi sijasta.
Niinpi Svennoa 8 piivdd (paikalliskokeissa 7
piivid) aikaisemman ja 6 %, (paikalliskokeissa
0 9,) satoisamman Norronavehnin laatutappiot
ovat olleet Svennon luokkaa. Eivit my&skiin
Timantin 10 9% (11 %) ja Avun 6% (7 %)
Svennoa pienemmit jyvisadot tunnu tyydyttd-

Svennon

viltd. Kylvésiemenhuoltoamme ja tiukentuneita
leipiviljan laatuvaatimuksia ajatellen on kuiten-
kin pidettivi suositeltavana siirtymistd Svennoa
aikaisemmin tuleentuvien kevitvehnilajikkeiden
viljelyya. Viljelyvarmuuden kannalta katsoen
saattaisi jopa vanhojen Timantti-lajikkeiden vil-
jelyalan lisidminen olla paikallaan.

Tiivistelmi

Svenno-vehni oli 1965 yleisimmin viljelty
kevitvehnilajike Suomessa. Mainittuna vuonna
kaikkiaan 35 %, kevitvehnivainioistamme kasvoi
Svenno-vehnii. Uudenmaan, Uudenmaan ruot-
salaisen, Varsinais-Suomen ja Himeen lddnin
maanviljelysseurojen sekd Suomen Talousseuran
alueilla, siis varsinaisella vehninviljelyalueel-
lamme, vastaava luku oli 45 9.

Tutkimuksessa tarkastellaan Svenno-vehnin
ominaisuuksia muihin yleisiin kevitvehnilajik-
keisiimme, Timanttiin (Sval6f), Norrénaan (not-
jalainen), Apuun (Jokioinen) ja Ringiin (Wei-
bullsholm) verrattuna. Aineistona on kiytetty
Kasvinviljelylaitoksen, Kasvinjalostuslaitoksen,
Hankkijan kasvinjalostuslaitoksen Tammiston,
Lounais-Suomen (tulokset vuoteen 1958 saakka
Puutarhantutkimuslaitoksen ja Lounais-Suomen
liikkuvan koetoiminnan kokeista), Satakunnan,

Karjalan ja Himeen koeasemien lajikekokeiden
tuloksia 16 vuoden ajalta (1950—65), sekd Pai-
kalliskoetoimiston Eteli-Suomessa sijainneiden
kokeiden tuloksia 11 vuoden ajalta (1954—
64). '

Niiden lukuisien ja pitkdaikaisten kokeiden
tulosten perusteella voidaan Svenno-vehnin omi-
naisuuksista péitelli seuraavaa:

Svenno-vehni on jyvisadoltaan keskimiirin
10 9%, mittarilajiketta Timanttia satoisampi. Mit-
tariin verraten Svenno-vehnin keskimiirdiset
suhteelliset jyvisadot ovat vuosittain kuitenkin
vaihdelleet suuresti, 104—120. Muista yleisistd
kevitvehnilajikkeistamme Norronasta saatiin
keskiméirin 6 9, (paikalliskokeissa 0 %) run-
saampi jyvisato kuin Svennosta, Avusta 6 %
(7 %) beikompi. Ringin sato oli hieman parempi
kuin Svennon.
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Svenno-vehnin arvokkaimpia ominaisuuksia
on sen luja korsi. Lakoisuutta on koelaitos-
ten ja koeasemien kokeissa ollut vihin, paljon
vihemmin kuin Timantilla, Avulla ja Norrd-
nalla. :
Tulokset

osoittavat Svenno-vehnisti saadun Timanttiin

Svenno-vehni on vaatelias lajike.

verrattuna sitd parempi jyvisato, mitd korkeam-
masta satotasoluokasta on ollut kysymys. Sato-
tasoluokassa 2 000—2 500 kgfha, joka kiytin-
ndn  viljelyksillimme on normaali jyvisato,
Svenno-vehnd oli 8 9%, Timanttia satoisampi,
satotasoluokassa yli 4 000 kgfha 15 9.
Svenno-vehnin epdedullisin ominaisuus sitd
Suomessa viljeltiessi on sen pitkd kasvuaika.
Se on 3 piivdd (paikalliskokeissa 4 paivid)
Timanttia, 8 (7) pdivid Norronaa ja 10 (12) piivii
Apua my6hiisempi, Ringii sen sijaan pari piivii
aikaisempi. Eteli-Suomessakin, Kasvinviljely-
laitoksen koekentilld Tikkurilassa, ensimmiinen

ankara syyshalla on vuoden 1950 jilkeen kolmena
vuotena yllittinyt Svenno-vehnin vield tuleentu-
mattomana. Vuosina 1956 ja 1962 Svenno-veh-
nin voimakkaasti alentuneet hehtolitrapainot
osoittavat hallan aiheuttaneen suurta vahinkoa.

Myéhiiselld tuleentumisella on merkitysti
nimenomaan jyvisadon laadun kannalta. Useiden
tutkimusten mukaan Svennon itivyys on jiinyt
huomattavasti huonommaksi kuin Timantti- ja
Apu-vehnien. Itivyydeltidn kaikkia muita lajik-
keita huomattavasti parempaa on ollut Timantti-
vehni.

On todettava, etti Svenno-vehni ei Eteli-Suo-
messakaan viljeltyni tiytd hyville kevitvehni-
lajikkeelle asetettavaa viljelyvarmuusvaatimusta.
Kevitvehnin viljelyimme kehitettiessi olisikin
kiinnitettivi huomiota Svennon korvaamiseen
jollakin toisella lajikkeella, mahdollisesti jopa
vanhoihin Timantti-vehniin turvautuen.
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SUMMARY

Svenno spring wheat under Finnish conditions

TiMoO MELA

Agricultural Research Centre,
Dept. of Plant Husbandry, Tikkurila, Finland

The spring wheat variety Svenno, developed at the
Weibullsholm Plant Breeding Station in Sweden, was
introduced to the Finnish market in 1954. The cultivation
of this variety spread rapidly; in 1955 it made up 2 %
of the total area under spring wheat, in 1960 14 9%, and
in 1965 35 9%, (75 600 ha). In the southernmost parts of
the country, where Svenno is best suited owing to its
longer maturity period, this variety made up nearly half
of the area devoted to spring wheat in 1965. The areas
of Svenno cultivation appear to be expanding year by
year in inctreasing amounts towards the interior.

Svenno spring wheat has been included in variety
trials in Finland since the year 1950. The present investi-
gation analysis deals with the trials carried out at the
Department of Plant Husbandry, Tikkurila, and at six
other experimental institutions and stations in South
Finland in 1950-—65 as well as the trials conducted by
the Bureau for local experiments in 1954—64 (Tables
1—13). In these trials the petformance of Svenno was
compared with that of four other commonly grown
spring wheat varieties in Finland: Diamond (Svaldf,
Sweden), Apu (Jokioinen, Finland), Norréna (Norway)
and Ring (Weibullsholm, Sweden).

On the basis of these long time and numerous trials
we can draw the following conclusions about the charac-
teristics of Svenno wheat:

The grain yield of Svenno averaged about 10 9,
higher than that of the standard variety Diamond (Tables
5—7). However, in comparison with the standard variety,
the average yields of Svenno varied widely from year
to year, 104—120. Norréna gave an average yield 6 %
(in the local experiments 0 9) higher than that of Svenno,
while Ring was slightly better and Apu 6 % (7 %) lower
than Svenno in grain yield.

One of the most valuable characteristics of Svenno
is its straw strength. It lodged only slightly in the trials,
and the extent of lodging was much less than that of
Diamond, Apu and Norténa (Table 12). .

Svenno has high growth requirements. The trials
showed that, in comparison with Diamond, Svenno
yielded proportionally mote in the higher yield classes

Hervi MARJANEN

Agricultural Research Centre,
Bureau for Local Experiments, Helsinki, Finland

than in the lower. In the yield class 2 000—2 500 kg/ha,
which is the usual level under ordinary conditions in
Finland, Svenno yielded 8 9, higher than Diamond, while
in the yield class exceeding 4 000 kg/ha the figure was
15 9%, (Table 8).

The most serious drawback of Svenno under Finland’s
conditions is its late maturity (Tables 9—11). It is 3 days
later than Diamond (in the local experiments 4), 8 (7)
days later than Notténa and 10 days (12) later than Apu.
Even in southern Finland, at the Department of Plant
Husbandry at Tikkurila, during three years since 1950
the first killing frost have occurred when Svenno was
still immature (Table 13). The greatly reduced hectolitre
weights of Svenno in 1956 and 1962 reflect the serious
damage caused by frost.

The late ripening of Svenno has a notable influence
on the quality of the grain. Production of satisfactory
seed has proved to be more difficult in Svenno than in
spring
wheats. Separate investigations have shown that, even

numerous other varieties of Finnish-grown
during summers of normal plant growth, Svenno wheat
seed has had a significantly inferior germination as com-
pared, for instance, to Diamond and Apu.

Owing to the extensive area grown to Svenno wheat,
failure of the crop is followed by shortage of seed, and
consequently it is often necessery to import seed from
abroad. On the other hand, such imports of spring
wheat seed have stimulated the rapid increase in culti-
vation of Svenno in Finland. Of the spring wheat varieties
grown in Scandinavia and England, Svenno is the best
one suited to be imported to Finland. In the years 1958—
65, the total imports of spring wheat seed amounted to
34 million kg, of which Svenno comprised about 20
million kg, or neatly 60 9%.

It must be realized that even in southern Finland
Svenno does not meet the requirements of a dependable
spring wheat vatriety. In developing the cultivation of
spring wheat in Finland, consideration should be given
to the replacement of Svenno by some other variety,
perhaps even by returning to the old varieties of Dia-
mond.
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STUDIES ON THE HOST PLANT RELATIONSHIPS OF APHIS
IDAEI V.D. GOOT AND AMPHOROPHORA RUBI (KALT.)
(HOM., APHIDIDAE)

JORMA RAUTAPAA

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

Rubus idaens L. and R. occidentalis L. are genet-
ally known to be host plants of Aphis idaei v.d.
Goot (e.g. BORNER and HEmnze 1957). Dicker
(1940) states that the species also lives on some
hybrids between raspberry and blackberry, and
Janrszewska (1963) found the blackberty spe-
cies R. fissus Lindley to be a host plant.

More than 20 species of raspberry, blackberry
and dewberry have been reported to be host
plants of Amphorophora rubi (Kalt.) (e.g. Patcu
1918, Winter 1929, Dicker 1940, CONVERSE
1960, Janrszewska 1963). A. rabi also has been
found to live on R. arcticns L. and R. chamaenmorys
L. (OssianNiLssoN 1959) as well as on R. saxatilis
L. (WiNTER 1929).

Ever since aphids were shown to be vectors
of raspberry viruses the suitability of raspberry
varieties as host plants of aphids has been
subjected to investigation both in Europe and
in North America. The purpose has been to
find varieties on which the vitus vectors form
the sparsest possible populations. Appatently,
only one study (BaumEersTer 1961) has been
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published on the suitability of raspberry varieties
as host plants of 4. iduei. In contrast, the resist-
ance of raspberries to 4. r#bi has been described
in about twenty studies (see Table 3). There have
also been investigations of the genetics of resist-
ance (Kwrcur et al. 1959, 1960, BAUMEISTER
1962) and of the host plant relationships of
different A. r4bi strains (e.g. BR1Gcs 1959, 1965,
KniguT et al. 1959, 1960). The most recent
reviewes of previous studies have been pre-
sented by KnrguT et al. (1959) and BAUMEISTER
(1961).

The purpose of the present study was to
investigate the resistance of the raspberry
varieties most commonly cultivated in Finland,
R. idaens X arcticus hybrids, wild R. idaens popu-
lations and some other species of the Rubus
genus to A. idaei and A. rubi. At the same time
also the biology of both the aphid species was
studied (RauTapAA 1968). Preliminary infor-
mation regarding the results of these investi-
gations has already been published (Rauraprii
1964).



Numbers of aphids in the field

Material and methods

In 1961—1964 a count was kept of the num-
bers of the aphids living on the raspberry
varieties, R. idaens X arcticus hybrids and wild
R. idaeus populations that were growing in four
separate fields. The R. ddaens X arcticus material
employed consisted of the F; hybrid and several
F, and F, clones. These are referred to herein
by the numbers used at the Agticultural Research
Centre’s Department of Horticulture at Piikkio
where breeding work is being done with this
material. Two methods were employed, an exam-
ination being made either of (A) all the leaves
of first-year canes or of (B) the tops (topmost
open leaf with growing point area above it),
one leaf of the middle and the lowest but one
leaf of first-year canes. When the significance
of differences of frequency was tested by the
_ Tukey-Hartley method three consecutive obser-
vations of the original material were combined,
and the varying frequency of the aphids on
the different parts of the canes was disregarded.
The vegetation in the fields was not treated
with pesticides during the years of investiga-
tion.

Field 1, Dept. of Plant Pathology, Tikkurila

19 raspberry and R. idaens X arcticus varieties
as well as the wild R. idaens were planted in
autumn 1959 in rows of five bushes in a field
of approximately 20 X 30 metres. Four rows
were selected at random of the Asker, Herbert,
Malling Promise and Preussen II varieties. In
August 1961 one cane from each bush was
examined by method A and one by method B.
Rikala and wild R. idaens wete growing in two
rows, and 10 canes from each of these rows
were examined by method A and 10 by method
B in 1961. There was one row of other varieties
(see Fig. 3), and five canes from each of them
were examined by method A and five by method
B. The number of leaves on the different varieties
inspected varied from 99 to 396.

7 13656—67

Field 2, Dept. of Pest .Investigation, Tikkurila

4 raspberry varieties were planted in spring
1962 in alternating order in four rows of five
bushes each in a field of approximately 5 X 20
metres. In August 1962, 40 canes of each variety
were examined by method B. In July and August
1963, 33 canes of each variety were examined by
method B. '

Field 3, Dept. of Horticulture, Piikki6

17 R. idaeus X arcticus hybrids were planted in
autumn 1962 in rows of 5—20 metres length in
an area of approximately 15 X 30 metres (see
Roust 1965a). 33 canes of each hybrid were
examined by method B in June, July and August
1963 and in June and August 1964. 33 canes of
the blackberry variety Majestic (R. fraticosus L.,
s. lat.) growing in the Dept. of Horticulture area
were also inspected by method B in August 1963
and in June and August 1964.

Field 4, Dept. of Horticulture, Piikkit

Samples of wild Finnish R. 7daens populations
were planted in autumn 1961 and spring 1962
in a field of approximately 15 X 30 metres (sce‘
Rousrt 1965b). The number of aphids on 33 canes
were counted by method B in June, July and
August 1963 and June and August 1964.

Results

Numbers of aphids in the growing season’s
different periods

The number of A. idaei on three examined
leaves averaged 0.1 in June, 4.7 in July and 23.5
in August (Fig. 1). The number of ‘A. idaei thus
increased almost fiftyfold in the three weeks
between the June examination and the July
examination, and almost fivefold in the period
of about one month between the July and August
examinations. The number of A. r#bi on three
leaves averaged 0.1 in June, 2.7 in July and
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Fig. 1. The mean numbers of A. idaei and A. rubi per 3
leaves in fields 1—4 at different times of the growing
period in 1961—1964.

Kuva 1. A. idaecin ja A. rubin keskim. runsaus kolniessa
lehdessé  kentillé 1—4 eri aikoina kasvukantta vuosina
1961—1964.

2.5 in August (Fig. 1). The number increased
almost thirtyfold between June and July but
remained almost constant thereafter for the rest
of the summer. If fields 3 and 4 had been exam-
ined also in July 1964 and not only in August,
the difference between the number of aphids
found in July and that found in August might
have been great. This is suggested by the fact
that the number of A. r#bi was larger in all the
fields in July than in August the same year.

Numbers of aphids on the different parts of the
canes

68.9 %, of the A. idaei females were found on
the tops of the canes in June, 22.7 9% in July
and 26.4 9, in August (Fig. 2). 21.4 %, of the
aphids were found on the leaves of the middle
part of the cane in June, 35.9 % in July and
36.7 % in August. 9.6 9 of the aphids were
living on the leaves of the lower part of the
cane in June, 41.59% in July and 36.9 9, in
August. The relative numbers of aphids on the
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Fig. 2. The relative numbers of A. idaei and A. rubi

at different times of the growing period on the

tops of the first-year canes, on the leaves of the

middle part, and on the leaves of the lower patt.

The broken lines indicate the averages for different
years and fields.

Kuva 2. A. idaein ja A. rubin subteellinen runsaus kasvu-

kanden eri aikoina ensimmidisen vuoden verson latvoissa,

keskiosan  lebdissd  ja alaosan  lebdissd. Murtoviiva
osoittaa kaikkien farkastusten keskiarvon.

different parts of the plants did not, hence, show
any considerable change in July and August.
The great majority of the 4. rubi specimens
found in June (91.2 9,) were at the tops of the
canes (Fig. 2). The corresponding relative num-
ber was 63.0 9%, in July and 37.0 9, in August.
The relative number of aphids at the top of the
cane consequently decreased during the growing
season. The percentage of aphids was 4.4 on the
leaves of the middle part and 4.4 on the leaves
of the lower part in June, 19.9 and 17.0 respec-
tively in July and 34.1 and 27.9 in August.

Differences between host plants

In figutes 3—6 the raspberry varieties, the
R. idaens X arcticys hybrids and the wild R.
idaens populations have been placed in order
according to that examination where the average
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Fig. 3. The numbers of A. idaei and A. rubi on the varieties of field 1 on 31 August 1962
(©), 2 July 1963 (O) and 7 August 1963 (@). The vertical lines connect averages (©) whose
differences are not significant (P > 0.05).

Kuva 3. A. idacin ja A. rubin runsans kentin 1 lajikkeissa 31. 8. 1962 (), 2. 7. 1963 (Q) ja
7.8.1963 ( @). Pystysuorat janat yhdistivit keskiarvot ( © ), joiden ero ei ole merkitsevi (P> 0.05).

number of aphids on the canes was greatest.
The figures show only the significance of the
differences established in these examinations.

Raspberry varieties. In no rasp-
berry variety was the number of A. idaei repeat-
edly significantly greater or smaller than in the
other varieties. In all the examinations the num-
ber of A. rubi in field 1 (Fig. 3) was smaller
on Indian Summer than on Preussen (P < 0.01).
There were fewer aphids on Malling Promise

A. rubi
Aphids /3 leaves

10 1
-
° M. Promise Rikala
| o—e0 Preussen Asker
Rikala Preussen

Asker

than on Preussen in field 1 in August 1962 and
July 1963 (P < 0.01). The. difference was not a
significant one in August 1963 (P> 0.05). The
number of aphids on Malling Promise, Rikala
and Asker in field 2 was a little smaﬂér than on
Preussen in July and August 1963; but the
differences were not significant ones (P> 0.05).

R. idaeus X arcticus hybrids.
The number of A. idaei was repeatedly small on
36/a and great on 16 and 25 (Figs. 3 and 5).

A.idaei

Aphids /3 leaves

M. Promise

Fig. 4. The numbers of A. idaei and A. rubi on the varieties of field 2 on 31 August

1962 (O), 3 July 1963 (©)-and 8 August 1963 (@). The vertical lines’ connect

average (A. idaei @, A. rubi O) whose differences are not significant (P > 0.01).

Kuva 4. A. idacin ja A. rubin runsans kentin 2 lajikkeissa 31. 8. 1962 (Q), 3. 7. 1963

(©)ja8. 8.1963 ( @). Pystysnorat janat yhdistiivit keskiarvot (A. idaci 9, A rubiQ),
joiden ero ei ole merkitsevi (P > 0.01).
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" Fig..5. The numbers of A. idaei and A. rubi on R.
and R. fruticosus on 3 July 1963 (O), 8 Au
The vertical lines connect averages (A.

idaeus X arcticus hybrids in field 3
gust 1963 (@) and 16 August 1964 (o).
idaei @, A. rubi ©) whose differences are

. not significant (P > 0.01),
Kuva 5. A. idaein ja A. rubin runsans kentin 3 mesivadelmissa Jja R. fruticosuksessa 3. 7.
1963 (0),8.8.1963 (@) ja 16.8. 1964 (o ). Pystysuorat janat yhdistivit keskiarvot,
(A. idaei @, A. rubi © ), joiden ero ei ole merkitsevi (P> 0.01).

Fig. 6. The numbers of A. idaei and A. rubi in field 4 on wild R. idaens
various parts of Finland on 4 July 1963 (O),
The vertical lines connect averages (A. idaei @, A. rubi O) whose differences are not sig-

nificant (P >-0.01).

Kuva 6. A. idacin ja A. rubin runsans Suomen eri osista kerdityissi I
4.7.1963 (O), 9. 8. 1963 (@) ja 18. 8. 1964 (©). Pystysuorat Janat yhdistivit keskiarvot

Ao/ L,

(A. idaei @, A. rubi O), joiden ero eiole merkitsevi (P > 0.01 ).
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The difference between 36/a on one hand and
16 and 25 on the other was significant in field
3 in August 1963 and 1964 (P < 0.01) but not
in July 1963 (P > 0.05). The number of A. rubi
was repeatedly almost equal on 16, 25 and 36/a
(Figs. 3 and 5). No specimens of A. rubi were
found on the F, hybrid 48 growing in field
3 in July 1963, and in August 1964 they were
significantly fewer than on e.g. 16, 25 and 36/a
(Fig. 5). In contrast, the differences between 48
F, and 16, 25 and 36/a were not significant in
August 1963 (P > 0.05).

Wild R.
the number of A. idaei was significantly greater
(P < 0.01) on the population originating from
Sahajirvi in Mintsili commune than on the

idaeus. Inall the examinations

population no 1 brought from Hautjirvi in
Mintsili (Fig. 6). In July 1963 the number of
A. rubi was significantly greater (P <0.01) on
the population originating from Tuulos than it
was on many other populations (Fig.’ 6), but the
number of aphids was not repeatedly éigniﬁéantly
greater or smaller on any population in all the
examinations. 3

On the blackberry variety Ma]estlc examined
in 1963 and 1964 neither spec1es of aphxd was
found (Fig. 5).

The great majority of the 4. rﬂbz;;spe(;;mens
found in the fields were green, but a few red
females and larvae were found in all the exami-
nations in fields 3 and 4 in 1963 and- 1964.

Effect of host plant on reproduction

Material and methods

" The effect of the host plant on reproduction
was investigated by tests arranged in fields 1—5.
Field 5, in which the number of aphids was not
counted, was located on the land of the Depart-
ment of Horticulture in Piikkioé, where the
raspberries had been planted in spring 1963 in
rows of 5—20 metres on an area 20 X 50 metres.
10 first-year canes, as similar to one another as
possible, were selected from the test plants, and
one agamic female was placed upon the region
of growing point at the top of each. The top
of the cane was protected with a rearing cage
made of transparent plastic and terylene gauze
(diameter 10 cm, length 10 cm). The aphids,
which were raised on the Preussen variety in
insectaty, were the progeny each year of a single
fundatrix and were of equal age within 1—2
days accuracy at the beginning of the test. The
test period was 10 days. In 1965 the reproduction
of aphids on R. arcticus and R. chamaemorus
was investigated in insectary by placing 15
females each separately upon in rearing corks
the young leaves of potted plants (see MARK-
kurLa 1963). In some experiments the effect of
the host plant upon the reproduction of green

and red A. rubi females was comparéc'i.:”Thc red
aphids were each year the progeny of a female
found in field 3. These populations that remained
red throughout the summer, were reared on the
Preussen variety in insectary. The significance
of the differences in number of progeny was
calculated by the Tukey-Hartley method.

The index of susceptibility was calculated for
the experiment plants from the number of larvae
borned as well as from the mortality of adults
and larvae during the experiment by ‘means of
the following equation: '

A+ L o
Index = P , where
200 -

P =.number of progeny per female during 10 days

A = number of females alive after 10 days; in percen-
tages

L. = number of larvae alive after 10 days per.female;
in petcentages

Results

The host plants had a great effect upon the
aumber of progeny of the females and upon
the mortality of females and of larvae (Tables
1 and 2). Generally, the smaller the total number
of progeny the greater the mortality of females
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Table 1. The average number of larvae per A. idaei female on vatious host plants and the relative numbers of females
and latvae alive at the end of the tests. Unless otherwise stated the females were alate. Number 11 was made in
insectary, and the others in the fields. Experiments 1—3 were made in 1962, experiments 4—10 in 1964 and
experiment . 11 in 1965. Only the date of beginning of each test is mentioned. The R. idaens X arcticus hydrids are
entered by cardinal number. The vertical lines connect averages whose differences were not significant (P > 0.01)
Tanlukko 1. A. idacin keskim. toukkalukn eri ravintokasveissa sekd elivien aikuisten ja toukkien subteelliset midirdt kokeiden
pddtyttyd. Ellei erikseen mainita, olivat kirvat siivellisia. Koe 11 jirjestettiin insektaarioon, munt kentille. Kokeet 1—3 tehtiin
1962, kokeet 4—70 1964 ja koe 11 1965. Mesivadelmat on merkitty numeroin. Py:lywwat yhdistivit keskiarvot, joiden ero ei
. ollut merkitsevd (P > 0.01).

Number of living Number of living
Larvae per larvae  females Larvae per larvae  females
Host plant female % Host plant female %
Ravintokasvi Toukkiaf Elivié Ravintokasvi Tonkkiaf . Llirid
. neitsyt toukkia  neitsyitd neitsyt toukkia  neitsyiti
o % %
Exp. 1. Apterae. 10 July. Exp. 2. 3 July.
Asker ..o 9.4 93 40 16 .o 14.9 | 100 50
Malling Promise ......... 8.9 90 30 25 e 13.3 | | 100 60
Preussen ................ 7.3 90 10 39 8.2 100 0
Rikala .................. 4.5 87 10 65 7.7 100 0
o 22 6.7 100 30
Exp 3. 24 July. Exp. 4. 15 June

...................... 16.5 98 100 25 L 210 100 100
Herbert ................. 14.9 93 40 67 oo 15.2 99 100
16 o 13.6 99 100 16 oo 14.5 100 100
27 13.4 99 100 68 o 14.3 100 100
20 L 13.1 97 100 1o 12.3 ' 99 100
Asker ......... ... .. ..., 10.4 93 90 48 F 10.7 97 100
Preussen ................ 10.3 93 30 66 ot 7.8 98 50
22 i 9.3 | 93 90 65 L 7.6 } 94 80
Malling Promise ......... 8.0 | 79 0 36fa . 4.6 67 40
36/a .ol 7.6 86 70
Rikala ;........cc........ 3.8 72 20
Exp 5 25 jzme : Exp. 6. 7 June.

...................... 23.4 100 100 Malling Landmark ....... 10.8 ’ 99 90
13 ..... e 13.5 100 100 Preussen ................ 10.4 100 90
64 ... e 12.8 100 100 Kelleris ................. 7.6 97 80
18 ... 12.6 100 100 34 e 7.2 89 90
67/a oot 11.3 100 90 Rikala .................. 6.5 ! 91 88
23 e 11.2 100 100 66 oo 5.2 ‘ 56 20
61 (..., e 10.8 99 100 65 e 4.8 48 40
30 .....0 e 10.2 100 100 36/a . e 3.3 | 49 10
34 e 9.0 93 90
36/a Lol 1.2 42 30
R. fruticosus, apterae ...... 0.3 0 0

calatae ... .. 0 0 0
Exp. 7. 15 July. Exp. 8 15 July.
Asker ....... ... 10.2 100 90 Preussen ................ 8.9 99 100
Lloyd George ........... 9.4 95 100 R. ddaeus ................ 7.8 98 70
R. idaeus ........... PR 6.8 96 80 Lloyd George ........... 7.8 96 90
Exp 9. 16 July. Exp. 10. 28 July.

...................... 19.7 99 100 25 Lo 1809 99 100
Ottawa e 15.3 98 100 Sygna ..., 15.6 97 100
Notna: iuvv.veeeennn... 13.3 94 100 Viking ...... ...l 12.2 98 100
Miranda ................ 11.3 94 100 Rideau .................. 11.6 97 100
Preussen “:............... 10.4 90 100 | Madawaska .............. 10.9 97 100
Asker ....... ... ... ..., 9.7 94 90 Kelletis ......cvvvvvvnn.. 10.5 91 80
Veten .......ooviiiia... 9.6 97 100 Andenken an Paul Camenzid 10.3 96 100
Chief ................... 9.2 90 80 Preussen ................ 9.9 94 90
Malling Exploit .......... 8.4 i 94 100 Muskoka ................ 9.6 94 80
65 L 4.9 65 70 Trent ovvvern i, 9.4 96 100
66 ..o 3.8 * 58 50 Malling Landmark ....... 9.1 98 100
36/a . 1.3 77 10 Rikala .................. 8.0 95 80
Exp. 11.°6 Juby. 6Cé11ef ................... "GIZ gg gg
Preussen ................ 10.1 93 87 65 Tt 5 g 389 70
R arctions ... ... 3.7 86 47 36/2; """"""""""" 30 53 20
R. fruticosus ............. 0.5 0 [ :

R. chamaemornis™. .. ........ 0.3 20 33
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Table 2. The average number of larvae per A. rubi female on various host plants and the relative numbers of ferales
and lacyae alive at the end of the tests. All the females were alate. Experiments 1 and 2 were made in 1962, experiments

3—5 in 1964 and experiment 6 in 1965. Numbers 5 and 6 were made in insectary,

and the others in the fields. The

vertical lines connect averages whose differences were not significant (P > 0.01)
Tanlukko 2. A. rubin keskim. loukkalukn eri ravintokasveissa sekd eldvien aikuisten ja toukkien subteelliset mddrit kokeiden
paityttyé. Kokeet 1 ja 2 tebtiin vuonna 1962, kokeet 3—5 1964 ja koe 6 1965. Kokeet 5 ja 6 jirjestettiin insekiaarioon, muui
kentille. Pystyviivat yhdistivit keskiarvos, Jjoiden ero ei ollut merkitsevd (P > 0.01)

Number of living

Number of living

and larvae. The data obtained from the experi-
ments can be described by the log curves and
regression equations presented in Fig. 7. On
average, 76.7 %, of the A. idaei females died,
as did 52.0 %, of the larvae, on the host plants
* on which the number of latvae per female was
3.0 or less. At the end of the experiment all the
females were alive on the plants on which the
number of larvae was greater than 15.1. All the
larvae were alive at the end of the experiment
on the plants on which the mean number of
larvae per female was greater than 21.0. Corre-
spondingly, 40.0 %, of the females and 26.1 %
of the larvae of A. rubi died on the host plants
on which the mean number of larvae per female

Latvac per  larvac  females Larvae per Jarvae  females
Host plant female % Host plant female %
Ravintokasvi Toukkial Elivid Ravintokasvi Toukkial Elivié
neitsyt Iot/,(z,éia“/rwit{yifd neitsyt Ionk,leiao/mil.rjifi
Exp. 1. 30 July Exp. 2. 9 Aungust.
Preussen .............c0- 20.8 100 100 |36/a .........ccoieiiin.nn 18.8 100 100
Rikala ..........cooviitn 18.8 100 100 |14 ... 18.6 100 100
Asker ... .iiiiiiiiinnn 18.4 100 100 B e 18.0 100 100
Malling Promise ......... 15.6 100 100 {27 ..ovniiiiiieainnn 17.1 100 100
R. idaeus ................ 14.6 100 100 |53 ... 16.2 100 100
16 e 15.8 100 100
P 14.6 100 100
Exp. 3. 6 July. 19 e 13.7 100 100
R. fruticosus O i 10.1 100 100
red females ............ 6.8 47 40 {22 i 4.5 100 100
green females .......... 5.2 44 10 (21 oo 4.3 100 100
Exp. 4. 7 August. Exp. 5. 15 July.
Rideau .........ovvnonnn 37.3 100 100 [Preussen ................ 19.4 100 100
Viking ... 30.5 100 100 |Lloyd George ........... 16.6 98 100
Muskoka .........iiiiinn 29.8 100 100 | R. idaeus ..............:. 13.1 100 100
S OttaAWa e 25.8 100 100 i
Asker ... 22.0 99 100
Kelleris . ...ovviieinnnnn 21.6 99 90 |Exp. 6. 6 Juby.
Trent «vvvieneeeenins 20.8 100 100 [Asker ...............-... 18.9 98 100
Rikala .................. 20.0 99 100 | R: arcticus ............... 11.2 ‘ 68 47
NOMZA tivvennrnnnnnnns 16.5 99 80 | R. chamaemorus ........... 6.1 56 40
Miranda .......ocoinnn 15.2 98 80 | R. fruticosus ............. 6.0 ‘ 52 30
SYENA vivenii e 14.9 100 100 ‘
Veten . .ovveeeeneennnnnns 12.7 74 90
Malling Landmark ....... 11.5 91 70
Chief ........c.ciiiiintn 9.5 88 40

was 3.0 or less. All the females and larvae were
alive on the plants on which the number of
larvae was greater than 24.1. Thete was no
essential difference between the species.
Differences betweenthe Rubus-
species. A. idaci produced on R. fraticosus
only a few larvae, and all the females and larvae
died before the end of the experiment (index 0,
Fig. 8). R. arcticus (ind. 2.4) was somewhat more
susceptible than R. chamaemorns (ind. 0.1).
Wild R. idaens (ind. 6.3) was at a level with
most cultivated raspberry varieties and with
R. idaens X arcticus hybrids. As host plant for
green females of A. rubi, R. fraticosss (ind. 1.4)
was somewhat less suitable than R. chamaemorus
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8 A.idaei females

arcsin \Vy = -15.9+77.7 log x

& -.- larvae arésin \fy = 19.9 +51.3 log x
0 A. rubi temales arcsinV/y = 13.8+53.4 log x
- A -4~  larvae . aresin\/y = 2754+ 45.1 log x
(@) I ) L ! L 1 ! I I L R L )
34 6.1 9.1 121 15.1 181 211 241 271 301 331 364
3.0 60 90 120 150 180 210 240 270 300 330 360 39.0

LARVAE PER FEMALE

Fig. 7. The relative numbers of females and larvae alive at the end of the reproduction tests
in different reproduction groups. The continuous log curves show the means for A. idaei,
the broken ones for A. rubi.

Kuva 7. Lisdantyvyyskokeiden piityttyi elossa olleiden aikuisten Ja toukkien subteelliset mdidrit eri

lisiantyvyyslokissa.  Yhiendiset viivat = A.

(ind. 2.9), and R. arcticus (ind. 6.4) was more
susceptible than either. On R. fraticosus the red
females produced on average 1.6 more larvae
than did the green females (Table 2), but the
difference was not a significant one (P > 0.05).
The index for R. fruticosns was 2.4 as reckoned
from experiments made with red females and
1.4 with green females. The wild R. idaens (ind.
13.9) was at a level with most raspberry varieties
and with. R. 7daens X arcticus hybrids.
Raspberrty varieties. Among the
raspberry varieties it appeared that Sygna (ind.
15.2) and Ottawa (ind. 15.0) were the most
susceptible to A. idae, and Rikala (ind. 4.1) and

idaei, katkoviivat = A. rubi.

Malling Promise (ind. 4.3) the most resistant.
Rideau (ind. 37.3) and Viking (ind. 30.5) were,
to judge from the indexes, the most suitable
hostplants for 4. r4bi while Chief (ind. 3.4) and
Malling Landmark (ind. 7.3) were the least
favourable.

R. idaeus X arcticus hybrids.
From the reproduction experiments it appears
that 25 (ind. 18.2) and 16 (ind. 13.1) were the
most susceptible for A4. idaei and 36/a (ind. 2.3),
65 (ind. 3.8) and 66 (ind. 3.4) the least suscep-
tible. As host plant for A. rubi, however, 36/a
(ind. 18.8) was the most suitable and 21 (ind.
4.3) the least one.

Host plant selection

Material and methods

The settling of the alate females on the plants
was studied in 1962 and 1965. Experiments 1 and
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2 were made in 1962. Pieces 20 cm in length,
cut from the tops of the first-year canes of
raspberry varieties and R. idaens X arcticus
hybrids, were inserted through the holes of



Susceptibility index
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Fig. 8. Susceptibility indexes calculated for host plants from the results of the
reproduction tests. One circle indicates the index obtained from one test. For

detailed explanation see text.

Kuva 8. Lisiintyyyyskokeiden tulosten perusieella ravintokasveille lasketut alitiusindeksit.
Kukin ympyrd osoittaa yhdesti kokeesta saadun indeksin arvon. Yksityiskobtainen selostus

the inner floors of chambers (diameter 40 cm,
height 15 cm) made of white non-transparent
plastic into water. The aphids were placed at
the centre of the citcle of the plants, and at

tekstissd.

certain intervals the number of aphids that had
settled on the leaves was counted. In experiment
1 the number of R. idaens X arcticus hybrids was
5, and 50 alatae .A. idaei females and 60 A. rubi
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Fig. 9. The number of aphids settling on different
plants and the number of larvae on plants at the end of
host plant selection tests 1 and 2.

Kuva 9. Ravintokasvinvalintaa selvittivissd kokeissa 1 ja 2
eri kasveille asettuneciden koe-eldinten luku sekd tonkkien
mddrd  kasveissa Rokeiden pidtyttyd.

females were at the same time placed in the
chamber. In experiment 2 there were 4 raspberry
varieties and 100 4. /daei females and 170 A. rubi
females. The experiments were made in labora-
tory in an illumination of 2500 lux and at a
temperature of 21 4 2°C. Expeﬁments 3—9
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Fig. 10. The number of aphids settling on different
plants and the number of larvae on plants at the end of
host plant selection tests 3—9.

Kuva 10. Ravintokasvinvalintaa selvittivissi kokeissa 3—9
eri kasveille asettuneiden koe-eldinten lukn sekd tounkkien
mddrd kasveissa kokeiden padtyttya.

were made in 1965. The 5-cm long pieces cut
from the tops of first-year canes were sunk into
water through the inner bottom of the chambers
(diameter 15 cm, height 20 cm) made of PVC
plastic. The settling of the aphids was checked
on only two varieties at any one time. In every



experiment there were four chambers, each
having four replications of two variety. The
number of aphids in each chamber was 120—
260. The experiments were carried out in labor-
atory in an illumination of 3000 lux and at a
temperature of 20 4= 2°C. The alate females used
in experiments were in each year the progeny
of a single fundatrix and of equal age within
1—2 days accuracy. The significance of the diff-
erences in the numbers of aphids was calculated
by the Tukey-Hartley method.

Results

During the first two hours in experiment 1
most of the A. idaei females settled on hybrid
36/a but some of them moved later to other
ones (Fig. 9). After twenty-four hours the diff-
erence between the number of aphids settled on
22 and on 36/a was a significant one (P < 0.05).
At the end of the experiment the number of
larvae was smallest on 36/a. In experiment 2 the
aphids did not settle in significantly different
numbers on different varieties. At the end of the
experiment the number of larvae was greater on
Asker than on the others (P < 0.05). At the

Conclusions

The species of the Rubus genus that were
experimented with can be inferred from the
results to be suitable host plants to A. idaei
and A. rubi in the following order: R. idaeus >
R. arcticus > R. chamaemorns = R. fruticosus.

So far as is known only JaNiszEwska (1963)
has found A. 7daei living on blackberry. In vari-
ous parts of Europe there may live different
A. idaei strains and the blackberries may vary
greatly as host plants, too. According to the
present study the blackberry variety Majestic
(R. fruticosus, s. lat.), at least, was nota suitable
host plant for A. idaei.

The females of A. rubi that were used in the
present investigation probably belong to the
raspberry strain (= Nectarosiphon idaei CB; BOR-
NER 1952) separated from the species, as the

beginning of experiment 3 (Fig. 10) A. idaei
settled in nearly equal numbers on Asker and
65 but at the end of the experiment there were
mote larvae on Asker than on 65 (P < 0.05).
In experiment 4 the number of aphids was nearly
the same on R. idaeus as on 65 (Fig. 10) but at
the end of the experiment there were more larvae
on R. idaens than on 65 (P < 0.05). A. idaei settled
in nearly equal numbers on Asker and Lloyd
George, and the difference in the number of lar-
vae, was, likewise, not a significant one (P> 0.05)
(Fig. 10). In experiments 6 and 7 more aphids
settled on Asker than on R. arcticus and R.
fraticosus (P < 0.01). At the end of the experi-
ments there were on average 1.8 larvae on R.
arcticus, while no larvae were found on R.
Sfraticosus.

In experiment 1 A. rubi settled on the different
R. idaens X arcticus hybrids in nearly equal num-
bers (Fig. 9). At the end of experiment 2 there
were more aphids on Asker than on other varie-
ties (P < 0.05). After an hour from the beginning
of experiment 9 the number of A. rabi was greater
on Asker than on R. fraticosus (P < 0.05). Larvae
were found only on Asker.

and discussion

aphids reproduced significantly less on R. frati-
cos#s than on R. idaens, and no specimens were
found on the R. fraticosss in three examinations.
According to Hurten (1950) the only black-
berry (s. lat.) that has a distribution extending
to the present area of Finland is R. caesius.
As blackberry varieties are not extensively culti-
vated in Finland, the possibilities of the A. rubi
blackberty strain (= . rubi Kalt.; BORNER 1952)
to be very common are evidently slight.

Table 3 shows the correlation coefficients
between the susceptibility indexes of the rasp-
berry varieties and the R. idaens X arcticus hyb-
rids and the numbers of aphids found on the
same varieties in the field. Correlations were not
calculated from the small numbers of aphids
found in June. 11 of the coefficients proved to
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Table 3. The correlation between the susceptibility in-
dexes of certain host plants and the numbers of aphids
found on the same plants in the fields, *P < 0.0s,
**P < 0.01, For detailed explanation see the- text

Tanlukko 3. Vadelmien ja mesivadelmien alttinsindekesien seks
samoissa lajikkeissa kentilli todettujen Rirvamddirien korre-
laatio. Yksityiskohtainen selostus tokstisss, *P < 0.05,

*¥*P < 0.01
Field Date of inspection Cogelation cocflicicncs
Kentta Tarkastns A, idaei A, rubi
1 ....... 8. 8. 1961 +0.339 +0.309
2.7.1963 +0.32¢6 +0.821%
7.8.1963 —~0.100 +0.079
2 . 31. 8. 1962 +0.533  4+0.418
3.7.1963 +0.445  —0.862
8. 8. 1963 —0.556 —0.002
3 ... 3.7.1963 +0.809%* ‘
8. 8. 1963 +0.719%*
6. 8. 1964 +0.350

be positive — 3 of these were significant ones —
and 4 to be negative. The significant coefficients
can be interpreted as suggesting that the number
of aphids on the plants depended on the sdscepti-
bility index, i.e. the mean number of larvae per
female and the mortality of the larvae and
females. The negative and the near-zero coef-
ficients probably indicate, however, that the
numbers of the aphids on the plants growing
in the field were affected by factors other
than the aphids’ reproduction and ability to
survive.

Among the raspberry varieties tested, Chief
and Malling Landmark seemed to be less suitable
host plants than the others to .A. rubi. The same
result has been arrived at in several investigations
made in Europe, but in North America both

Table 4. The suitability of certain raspberry varieties as host plant of A. rubi, according to investigations made in

North America and Europe.

= raspberry strain (N, jdaei), ** = blackberry strain (N, rubi)

Tanlukko 4. Eriiden vadelmalajikkeiden soveltusnus A. rubin ravintokasveiksi Pobjois-Amerikassa ja Euroopassa tehtyjen

tutkimusten mukaan. * = A. rubin vadelmissa elivi votn (IN. idaei) ** = 4.

rubin karbunvadelmissa elivi rotn

(IN. rubi)
North-America Europe
Pohjois- Amerikka Eunrooppa
Varicty
Lajike . . . .
Resistant Intermed. Susceptible Resistant Intermed. Susceptible
Kestivd Vilittivi Altis Kestavi Vialittari Altis
Andenken an Paul Kamenzid 1,12,
Asker ................... 1,12,
Chief ................... 4, 10, 16, 1,12, 14,
Deutschland ............. 1%, 1%%,
Herbert ................. 16, 18, 15, 1,
Hotmet .................. 1%, 1%,
Indian Summer .......... 4, 6,10, 11, 1, 13,
Lloyd George ........... 4,5, 6,8, 10, 1,2,7,9,
11, 16, 17, 13, 14,
Madawaska .............. 4, 1,
Malling Exploit .......... 1,3, 11,
Malling Landmark ....... 8, 12,9, 12,
13, 14,
Malling Promise ......... 8, 1H%) 3, 1%, 9,12,
13, 14,
Marlboro ............... 1,
Miranda ................ 6, 1% 1k* 14,
Muskoka ................ 4,
Preussen ................ 12, 14,
Rideau .................. G, 4, 1,
Viking .................. 6, 16, 9, 13,
Trent ................... 6, 1,

References: 1 BAUMEISTER 1961; 2 CADMAN 1957; 3 CapmaN and Frskex 1958; 4 CoNVERSE and BAILEY 1961; 5 DarRrROW
1937; 6 DauBeNY and STACE-Smrra 1963; 7 Dicker 1940; 8 Hrrr 1956; 9 Hirw 1957; 10 HuskR and SCHWARTZE
1938; 11 JerrErs 1953; 12 KNiGTH et al. 1959; 13 KroNenBERG and DE FLUITER 1951; 14 Nysom 1960; 15 RANKIN
1927; 16 ScawArTZE and HusEer 1937; 17 Stace-Smrra 1960; 18 WinTER 1929.

186



Chief and Malling Landmark have not been so
resistant (Table 4). Lloyd George, which A. rubi
do not live on in North America (Hrrr 1956),
was according to the present study very suscep-
tible to A. rubi.

The experiments with the host plant selection
indicated that the aphids wete able to distinguish
between plants of different host-plant value.
Presumably, those characteristics of the plants
which in the experiment caused the settling of
the aphids on the plants in different numbers
also had effect in the fields. From this assumption
it is possible to conclude that the low number
of A. idaei on hybrid 36/a, as well as the absence
of either species of aphid on R. fraticosus, was
primarily caused by the fact that few aphids
settled on them, the ones that settled produced

few larvae, and a large proportion of these
larvae died.

Many recent studies have emphasized the
significance of amino acids in the reproduction
of aphids (see e.g. AucrLar 1963). Paper-chro-
matographic amino-acid analyses were made in
1963 of the top leaves of the first-year canes of
six raspberry varieties and sixteen R. idaeus X
arcticns hybrids, by the method presented by
MarkkurA and Laurema (1964). It was not
possible to establish any relationship between
the reproduction of the aphids and the amino-
acid content or composition of the cellular tissue
of the leaves. Nor was any relationship found
between various features of growth of the wild.
R. idaens populations (see Roust 1965 b) and the
numbers of the aphids.

Summary

An investigation was made in 1961—65 to
clarify the suitability of raspberries, Rubus idaens
X arcticns hybrids, wild R. idaens populations
gathered from different parts of Finland and
certain other Rubus species as host plants of
Aphis idaei and Amphorophora rubi. The investi-
gation comnsisted of three parts: the numbers of
the aphids on the plants in four separate fields
were ascertained, the effect of the host plant on
the reproduction and ability to survive of the
aphids was studied, and the settling of the aphids
on different plants was clarified by host-plant-
selection experiments.

The numbers of the aphids on the plants in
the fields were counted in the middle of June,
in the beginning of July and in the beginning
of August. The number of A. idaei was smallest
in June (0.1 aphids on 3 leaves), somewhat
greater in July (4.7) and greatest in August
(23.5). Cotrespondingly, the number of A. rubi
on 3 leaves averaged 0.1 in June, 2.7 in July
and 2.5 in August.

In June a considerable majority of the speci-
mens of each of the species were found at the
tops of first-year canes (A. idaei 68.9 %, and
A. rubi 91.29,). For July the corresponding

percentages wete 22.7 and 63.0, and for August
26.4and 37.0. In August nearly equal proportions
of the specimens of each of the species were found
on the tops of the canes, on the leaves of the
middle part, and on the leaves of the lower part.

The species of the Rubus genus that were
studied were suitable as host plants for both
A. idaei and A. rubi in the following order:
R.idaeus > R.arcticus > R.chamaemorus > R. fru-
ticosus. The differences between the raspberry
varieties were concluded to be insufficient to
cause repeatedly different numbers of aphids on
the same varieties. Nevertheless, from the results
of the reproduction experiments it was estab-
lished that the differences between the suscepti-
bility indexes calculated for the different varieties
were quite large ones. Sygna and Ottawa were
the most suitable host plants for A. idaei, and

_Rikala and Malling Promise were the least

suitable. In contrast, Rideau and Viking were
the most suitable host plants for A. rubi, and
Chief and Malling Landmark the least.

The R. idaeus X arcticus hybrids were of greatly
varying value as host plants of A. idaei. 36/a,
which had the smallest susceptibility index and
repeatedly in the field the smallest number of
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aphids, proved to be the least suitable. In con-
‘trast, A. rubi reproduced in great numbers on
36/a, and the number of aphids on this hybrid
was great in the field. None of the R. idaeus X
arcticus hybrids proved clearly and repeatedly to
be less suitable as host plants of 4. rubi.

The number of A. idaei was repeatedly greater
on one wild R. idaens population than it was on
the others. The number of A. rubi on any one
population did not repeatedly vary from that on
any other.

The results of the host-plant-selection experi-
ments suggested that the alate aphids were able
to distinguish between plants of varying host
value and that they settled on them in different
numbers.

No connection was established between the
reproduction of the aphids and the amino-acid
content and composition of the leaf tissue of the
raspberries and the R. idaens X arcticus hybrids.

Nor was it possible to find any connection
between the morphological characteristics of the
various wild R. Zdaeus populations and the num-
bers of the aphids found on these in the fields.
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SELOSTUS

Eriiden Rubus-suvun kasvien soveltuvuus vadelman kirvojen ravintokasveiksi

Jorma RautaArdL

Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila

Yleisimpien Suomessa viljeltyjen vadelmalajikkeiden,
mesivadelmien (Rubus idaens X arcticus), maan eri osista
kerittyjen luonnonvadelmakantojen seki erdiden muiden
Rubus-suvun lajien soveltuvuutta pienen vattukirvan
(Aphis idaei v. d. Goot) ja ison vattukirvan (Amphorophora
rubi (Kalt.)) ravintokasveiksi tutkittiin vuosina 1961—
1965. Tutkimus oli kolmiosainen: selvitettiin kirvojen
runsautta neljin erillisen kentin kasveissa, tutkittiin
ravintokasvin vaikutusta kirvojen lisdéintymiseen ja elin-
kykyyn seki selvitettiin ravinnonvalintakokein koe-eldin-
ten asettumista eri kasveille.

Kirvojen runsaus kenttien kasvustoissa laskettiin kesd-
kuun puolivilissi seki heinikuun ja elokuun alussa.
A. idaein runsaus oli pienin kesikuussa (0.1 kirvaa kol-

messa lehdessd), hieman suurempi heindkuussa (4.7) ja -

suurin elokuussa (23.5). Vastaavasti oli A. rabin luku
kolmessa lehdessd kesikuussa keskim. 0.1, heindkuussa
2.7 ja elokuussa 2.5.

Kesikuussa oli valtaosa kummankin lajin yksildistd
ensimmiisen vuoden versojen latvoissa (A. idaei 68.9 %

ja .A. rubi 91.2 %). Heindkuussa vastaavat midrit olivat
22.7% ja 63.0 % seki elokuussa 26.4 % ja 37.0 %. Elo-
kuussa lihes yhti suuri osa kummankin lajin yksiloistd
eli verson latvoissa, keskiosan lehdissi ja alaosan leh-
dissg. .

Tutkitut Rubus-suvun lajit soveltuivat sekd 4. idaein
etti A. rubin ravintokasveiksi seuraavassa jirjestyksessi:
R. idaens > R. arcticus > R. chamaemorus = R. fruticosus.
Vadelmalajikkeiden erot paiteltiin riittiméttomiksi aiheut-
tamaan toistuvasti samoihin lajikkeisiin merkitsevisti eri-
suuret kirvamiadrit. Silti todettiin lisidntyvyyskokeiden
perusteella eri lajikkeille laskettujen alttiusindeksien erot
varsin suuriksi. 4. idaein ravintokasveiksi soveltuivat
Sygna ja Ottawa parhaiten ja Rikala sekd Malling Promise
huonoiten. Siti vastoin 4. rubin ravintokasveina olivat
Rideau ja Viking parhaat ja Chief sekd Malling Landmark
huonoimmat.

Mesivadelmat olivat A. idaein ravintokasveina hyvin
eriarvoiset. Bpiedullisimmaksi osoittautui 36/a, jonka
alttiusindeksi oli pienin ja jossa kentilli tavattiin toistu-

189



vasti vahiten kirvoja. A. rubi sitd vastoin lisddntyi 36/a:ssa
runsaasti, ja kentilld oli kirvojen luku tissi mesivadel-
massa suuri. Mikddn mesivadelma ei selvisti ja toistu-
vasti osoittautunut A. rubin ravintokasvina muita epi-
edullisemmaksi.

Eriidissd Juonnonvadelmakannassa oli A. idaein runsaus
toistuvasti suurempi kuin muissa. 4. rubin méiri ei ollut
missién kannassa toistuvasti muista poikkeava.
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Ravinnonvalintakokeiden tulokset viittasivat siihen,
ettd siivelliset kirvat erottivat ravintokasveina eriarvoiset
kasvit toisistaan ja asettuivat niihin erisuurin masrin.

Kirvojen lisiéintymisen ja vadelmien seki mesivadel-
mien lehtisolukon aminohappopitoisuuden ja -koostu-
muksen vililld ei todettu olleen mitidn yhteytti. Ei myos-
kidn voitu I&ytdd yhteyttd luonnonvadelmakantojen eri-
laisten morfologisten ominaisuuksien ja kentilli kasva-
vissa vadelmissa elineiden kirvamidrien valill.
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Zusammenfassung: Einfluss der Wltterungsfaktoten auf der Abnahme des Wassergehaltes
des Kornes von Sommerget;:elde

LEO YLLO

Maatalouden tutkimuskeskus, Kasvinviljelylaitos, Tikkutila

Seuraavassa tarkastellaan Kasvinviljelylaitok-
sella Tikkurilassa v. 1953—66 ns. leikkuupuinti-
ruuduilta saatuja tuloksia, joista on julkaistu vili-
aikatietoja jo aikaisemmin (VarLre 1953, 1954,
1955, 1956, 1958, 1962, 1965, vrt. myds Hirvora
1958). Mainituissa kirjoituksissa on tulokset
esitetty lihinni havainnollisina piirroksina. Kun
tutkimuksessa on vuosien kuluessa kertynyt huo-
mattavan laaja aineisto, on paikallaan suorittaa
yhteenveto tilastollisia menetelmid hyviksi kiyt-
tien, . T

Tutkimuksen jitjestelysti mainittakoon ly-
Eri viljalajikkeita’ kylvettiin
niyteruuduille, jotka sijaitsivat hietasavimaalla.

hyesti seuraavaa.

Keskimiddriinen kylvoaika oli 13/5 (eri vuosina
29/4—25/5). Viljelytoimenpiteet olivat suunnil-
leen samat kuin muissa viljakokeissa. Jyviniyt-
teiden otto aloitéttiin muutamia piivid ennen
Niyte (15—20
tihkas) otettiin kisin, jyvit irroitettiin hiero-
malla tihkid kangassikissi, roskat puballettiin

keltatuleentumisasteen alkua.

pois ja jyvistd suoritettiin kuiva-ainemdadritys .
kaappikuivatusta kiyttden (16 tuntia/130°C). -

Niytteet otettiin yleensi klo 13—14. Vesipitoi-
suusmuutoksia pyrittiin seuraamaan piivittiin,
mikili sade- ja muut olot sen sallivat. Sateen

9 13656—67
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sattuessa ridytteen otto siirtyi seuraavaan piiviin.
Tihin yhteenvetoon on otettu vain Timantti-
kevitvehnilli (v. 1953—54 Kimi, v. 1960
Svenno), Balder-ohralla ja Sisu-kauralla saadut
tulokset ja niistikin vain osa.

Tutkimuksen aikana vallinneista sddoloista
mamlttakoon etti élokuun limpdotild (keskxm
14. 9°C) oli hieman alempi, sademiiri (93 mm)
siti vastoin suurempi kuin mitd pitki-aikaiset
(1931—60) havainnot Tikkurilassa osoittavat.

Aineiston kisittelyn yhteydessi laskettiin
aluksi muutamia keskiarvoja. Kun vuosia oli
paljon (yht. 14), kuvaavat niin saadut luvut

. suunnilleen keskimairiisid oloja Etelid-Suomessa,

Kun ei ollut tietoja'siitd, minkd muotoinen jyvin
kuivumiskiyrd on, jaettiin kuivumisaika kahtgen
jaksoon. Ensimmiinen .jakso kisitti ajan, joka

* kului vesipitoisuuden alenemiseen noin 40 9/,ista

noin .30 %:iin ja toinen jakso vastaavasti ajan
30 Yyista 20 %:iin. Kuivumisnopeuden kuvaa'i
jaksi walittiin jyvin vesipitoisuuden lasku vuoro~
kaudessa 9,-yksikkoini -lausuttuna. '
Keskiarvojen lisiksi pyrittiin selvittdimiin
kuivumisnopeuden riippuvaisuutta siitelkijbisti.
Tillainen tarkastelu oli mahdollista sen vuoksi,
ettd siiﬁhavéiint.qagema sijaitsi lihelld koealueita.
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Tarkastelun kohteeksi otettiin limpétilan (vﬁo—’ -
rokauden keski- ja ylimmin limpétilan), ilman.

suhteellisen kosteuden, sademiirin ja sadepii-
vien (sadetta vihintiin 0.1 mm vrk:ssa) luku-
miirin vaikutukset.

Tulokset ja niiden tarkastelu

Mainittakoon aluksi, ettid kevitviljojen sato-
vaihtelu oli €xi viosina huomattava. Esimerkiksi
Timantin jyvisato oli lajikekokeissa, vuodesta
tiippuen, 1 450—3 470 kg/ha. Tilld seikalla oli
vaikutusta my6s tuleentumiseen ja jyvin vesi-
pitoisuuden muutoksiin,

Tutkitut kevitviljat tuleentuivat (saa-

vuttivat keltatuleentumisasteen) keskimairin seu-
raavasti: Timantti-kevitvehni 23/8 (eti vuosina
8/8—8/9), Balder-ohra 14/8 (3/8—26/8) ja Sisu-
kaura 20/8 (7/8—7/9). Tuleentumisajan vaihtelu
oli siis erittdin suuri johtuen lihinni sidstd.
Poikkeuksellisina vuosina 1956, 1958, 1962 ja
1965 kevitvehni ja kaura tuleentuivat vasta
syyskuun puolella.

Jyvin vesipitoisuus oli tuleentumis-
piivini, ottaen huomioon kaikki vuodet, keski-

midrin seuraava: Timantti 37.9 9, Balder 41.7 %/,
ja Sisu 34.7 9. Mainitut luvut ovat suuria ver-
rattuna esim. GEssLENin (1959) julkaisemiin
lukuihin, joiden mukaan vehnissi ja ohrassa on
keltatuleentumisasteella vetti 30—35 9%, ja kau-
rassa noin 30 %, Tillaiset erot saattavat johtua
keltatuleentumisasteen midritystavasta ja sii-
oloista. Tikkurilassa katsottiin vilja tuleentu-
tuneeksi silloin, kun jyvi taittui helposti ja
sen taittopinta jii tasaiseksi. Sen lisiksi otettiin
huomioon kasvuston yleiskuva, erityisesti sen
viri. ' B oo '
Leikkuupuinnin kannalta on mielenkiintoista
tietdd, milloin kevitviljat saavuttivat ns. leik-
kuupuintiasteen. Mainittu kisite on

epimiiriinen, Ulkomaisten kokemusten mukaan

viljan kosteuden pitﬁisi olla leikkuupuitaessa
noin 20 %, (vrt. esim. Dopps ja PErron 1967,
GEssLEIN 1959). Niin alhaista vesipitoisuutta ei
Tikkurilassa liheskddn kaikkina vuosina saavu-
tettu. Useina vuosina vei jo 25 9,:n kosteusrajan
saavuttaminen liian paljon aikaa, jos asiaa tarkas-
tellaan sadon laadun kannalta. Kokemus onkin
osoittanut, ettd leikkuupuintiin on epiedullisissa
oloissa ryhdyttivi jo aikaisemmin. .

Taulukko 1. Jyvin vesipitoisuuden aleneminen (% -yksikk&4 per vrk) Kasvinviljelylaitoksella Tikkurilassa v. 1953—66.
Tabelle 1. Abnabme des Wassergehaltes des Kornes in %, -Einbeiten pro Tag in der Abt. f. Pflangenban in Tikkurila in den Jabren

1953—66.
Kevitvehnd Ohra Kaura
Vuosi— Jabr Sommermeizen Gerste Hafer
40—30%"Y) 30—209% 40—309%, 30—20 %, 40—30 %, 30—20 %
1953 ... o 2.5 1.4 2.3 0.8 0.9 2.3
1954 .. il 1.7 1.2 3.0 3.5 2.0 1.4
1955 ..o 3.3 1.0 2.1 2.1 2.0 0.7
1956 ..o 0.5 1.4 3.4 3.5 0.4 1.3
1957 o 0.8 2.1 1.4 0.6 1.8 0.8
1958 . . 1.2 1.7 2.3 5.3 1.3 1.9
1959 .l 2.4 4.9 5.1 6.3 - 3.0 2.3
1960 ... 1.2 3.3 1.1 5.3 2.0 5.8
1961 ..., 1.1 1.0 1.1 1.3 1.9 0.8
1962 ...l 0.6 1.6 0.4 0.8 0.5 0.8
1963 (..., 1.4 3.0 4.6 1.0 2.3 2.1
1964 ...l 0.9 1.9 1.8 0.8 1.8 1.3
1965 ... ..o 1.8 0.6 0.9 0.5 1.3 1.2
1966 ...l 2.1 3.5 2.1 3.4 1.0 1.6
Keskim., — Miztzel ........ 1.5 2.0 2.3 | 2.5 1.6 1.7
$% 2 .. P - 74 62‘ 56 81 44 . 78
') Aikana, jolloin jyvin vesipitoisuus laski 40:sti 30 prosenttiin jne. — Wabrend d. Zeit der Abnabme des Wassergebaltes

der Kornes vom 40% bis zum 30% n.saw.
%) Vaihtelukerroin — Variationskosffizient.
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Taulukosta 1 selvidd kuivumisnopeuden erit-
tdin suuri vuosivaihtelu, joka oli esimerkiksi Ti-
mantilla ensimmiisen jakson (40—30 9,) aikana
0.5—3.3 %,-yksikkod. Mainittu seikka oli luon-
teenomainen muillekin viljoille, kuten vaihtelu-
kertoimet (s 9,) taulukon alaosassa osoittavat.
Vaihtelu oli toisen jakson (30—20 %) aikana
suurempi (keskim. s = 74 %) kuin ensimmiisen
jakson aikana (52 9%,). Vertailun vuoksi mainitta-
koon kevitviljojen ha-satojen vaihtelukertoimet,
jotka ovat Tikkurilan kokeissa olleet vain noin
30 %. Suuri vuosivaihtelu viittaa siihen, ettd
jyvin kuivuminen on herkisti riippuvainen val-
litsevasta sddstd.

Ottaen huomioon kaikki vuodet jyvin kuivu-
misnopeus oli eri jaksoina keskiméiirin seuraava:
Timantti 1.5 ja 2.0, Balder 2.3 ja 2.5, Sisu 1.6 ja
1.7 9%,-yksikk6d vuorokaudessa (taul. 1). Kuivu-
minen oli ensimmiisen jakson ajkana hieman
hitaampi (keskim. 1.8 9,-yks.) kuin toisen jakson
aikana (2.1 9,-yks.), mutta erot eivit olleet tilas-
tollisesti merkitsevid. Jyvdn kuivumiskiyrdi oli
siis mainitussa vesipitoisuusrajoissa (40—20 9%,)
keskimdirin jokseenkin suoraviivainen.

Huomioon ottaen molemmat jaksot kuivui
Balder nopeammin (2.4 9,-yks./vrk:ssa) kuin
Timantti ja Sisu (1.7 %). Mainitut erot eivit ol-
leet tilastollisesti merkitsevid. Eri kevitviljat kui-
vuivatsiis keskiméddrin suunnilleen

yhtd nopeasti. Eri vuosina oli kuitenkin
suuria eroja. Erot johtuivat todenndkdisesti kas-
vien erilaisesta kehitysrytmistd ja sddolojen erit-
tiin suuresta vaihtelevaisuudesta. Esimerkiksi
Balderin tuleentuminen sattui aikaisempaan ja
usein limpimédmpiin ajankohtaan kuin Timantin
ja Sisun tuleentuminen. Mainittakoon, etti vil-
jankuivatuksessa kaura kuivuu erdiden tietojen
mukaan nopeammin kuin ohra. Vehni sijoittuu
kuivumisnopeudessa edelld mainittujen viliin
(ZAaussiNGER 1966). Tissd tutkimuksessa olivat
olot kentilld luonnollisesti kokonaan toiset kuin
kuivurissa,

Seuraavassa asetelmassa esitetdin tirkeimmiit
tiedot keskimddriisistd sidoloista kummaltakin
jaksolta.

40-30%  30—20%
Keskilimpétila °C ...........oun. 14.4 13.5
Ylin limpétila °C .........ovnan. 19.6 18.5
Ilman keskim. suht. kost. — 9, klo 8,

14,20 oo 76 75
Ilman suht. kost. klo 14, % ...... 63 60
Sademddsrd mm ................L 22 18
Sadepdivien lukumddrd ............ 5.3 4.2

Limpétilan lasku toisen jakson aikana on ym-
mirrettivissi. Kosteusolojen kehityksen suunta
poikkesi sitd vastoin normaalista. Poikkeamat
olivat kuitenkin pienii.

Taulukko 2. Kevitviljojen jyvin kuivumisnopeuden (y) ri.ippuvuus erdistd sditekijdistd Tikkurilassa v. 1953-—66.

Tabelle 2. Begichungen wischen einigen Witterungsfaktoren und Abnabmegeschwindighkeit des Wassergehaltes des Kornes (y) von
Sommergetreide in Tikkurila in den Jabren 1953—G6.

Kevitvehni Ohra Kaura -
Sommerweizen Gerste Hafer
40—30 % 30—20 % 40—30 % ' 30—20% 40—-30 % 30—20 %
r = r = r = r = r = r =
y — Keskilimpotila °C —
MitH. Temp. °C ..... 0.72%* 0.51 0.48 0.31 0.8 2%%* 0.27
y — Ylin limpétila °C —
Max. Temp. °C ...... 0.76%* 0.59% 0.54% 0.53 0.85%%* 0.30
y — Suht. kosteus 8—201)
Rel. Luftf. % 8—20 .| —0.39 —0.75%* —0.28 —0, 8 4%x¥ —0.69%* —0.48
y — Suht. . koskeus 14 %) —
Rel. Luftf. % 14 —0.41 —0.54* —0.53 —0.71%* —0.54% —0.44
y — Sademiddrd mm — Re- ' ‘
genmenge, Mmoo ... .. .| —0.48 —0.44 —0.61% —0. 68%* —0.55% —0.43
y — Sadepiiv. lukum. —
Zahl d. Regentage . . .. .. —0.72%* —0.68%* —0, 68** —0, 7 9%** —0.62% —0.49

1) Ilman keskim. suht. kosteus klo 8, 14, 20, — mitt/. rel. Luftfeuchtigkeit um 8, 14, 20 Ubr.

2) Suht. kosteus klo 14 — rel. Luftfeuchtigkeit um 14 Ubr.

10 13656—87
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Kuva 1. Jyvin kuivumisnopeuden y (% -yksikkd4 vrk:ssa) riippuvuus ylimmésti limpétilasta (vas.) ja ilman suh-

teellisesta kosteudesta klo 14 (oik.) vesipitoisuuden alenemisen aikana 409 :sta 30 9:iin Tikkurilassa 1953—G66.

Abbildung 1. Abbingigkeit der Abnabmegeschwindigkeit des Wassergebaltes des Kornes y (in% -Einh. pro Tag) von der max.

Tagestemperatur (links) wund der rel. Luftfenchtigkeit um 14 Ubr (rechts), wihrend der Zeit der Abnabme des Wassergehaltes
vom 40 % bis gum 30%, in Tikkurila in den Jabren 1953—66.

Kuten taulukosta 2 havaitaan, edisti 14 m p 6-
tilan kohoaminen erityisesti kevitvehnin ja
kauran kuivumisnopeutta ensimmiisen jakson
aikana (r = 0.72—0.82). My®ds toisen jakson ai-
kana kertoimet olivat positiivisia, mutta pienii

(r =0.27—0.51). Ylimmin limpétilan vaikutus

tuli hieman selvemmin esiin (r = keskim. 0.60)
kuin vuorokauden keskilimpétilan vaikutus
(r = 0.52).

Kosteutta lisddvien tekijoiden vaikutus jyvin
kuivumisnopeuteen oli pidinvastainen, kuten ne-
gatiiviset korrelaatiokertoimet osoittavat., Ilman
keskimiiriisen suhteellisen kosteuden vai-
kutus tuli kevitvehnilld ja ohralla selvemmin
esiin toisen jakson (r = —0.75 ja —0.84), kau-
ralla siti vastoin ensimmiisen jakson aikana
(t = —0.69). Mainituista eroista ei ole syytd
tehdd pidemmille menevid johtopiitéksid. To-
dettakoon vain, ettd niin paivin keskimiiriisilla
kuin my6s klo 14 ajkaan mitatuilla ilman suht.
kosteusluvuilla saatiin riippuvuussuhteet suun-
nilleen yhti selvisti esiin.
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Sateen wvaikutus jyvin kuivumiseen oli
melko selvd ohran ja jossakin miirin myds kau-
ran osalta. Ensimmadisen ja toisen jakson kesken
ei ollut mainittavia eroja. Sadepidivien lu-
kumiiri osoittautui kuivumisnopeutta tutkit-
taessa paremmin soveliaaksi tekijiksi (r = kes-
kim. —0.66) kuin sademiiri (r = —0.53).

Kuvassa 1 on esitetty jyvin kuivumisnopeuden
riippuvuus ylimmastd limpotilasta ja ilman suht.
kosteudesta klo 14 ensimmiisen jakson aikana.
Kevitvehnin ja kauran regressiosuorat ovat mel-
kein samanlaisia. Ohra poikkeaa jonkin verran
niisti lihinnd limpimien vuosien 1959 ja 1963
ansiosta, Poikkeamat eivat olleet tilastollisesti
merkitsevid. Kuvasta selvidd havainnollisesti
erittidin suuri, monista eri syistd johtuva hajonta.
Suunta on kuitenkin selvi erityisesti limpotilan
kohdalla. Kysymyksessd ovat ns. kokonaisreg-
ressiosuorat. Regressiokertoimien mukaan lisisi
yhden asteen ylimmin limpétilan kohoaminen
mainituissa
nopeutta, riippuen viljasta, 0.13—0.21 9 -yksi-

kosteusrajoissa jyvin kuivumis-



kolld vuorokaudessa. Ilman suhteellisen kosteu-
den suureneminen esim. 10 %,:1la siti vastoin hi-
dasti kuivamista 0.3—0.7 9,-yksikolld. Viimeksi
mainituista regressiokertoimista vain kauran ker-
roin oli tilastollisesti merkitsevd. Kun limpétila
ja kosteussuhteet ovat keskenddn negatiivisessa
korrelaatiossa, suoritettiin aineistosta myds osa-
regressiolasku. Tulokset eivit oleellisesti muut-
taneet edelld esitettyjd riippuvuussuhteita,

Tiivistelmi

Kasvinviljelylaitoksella Tikkurilassa vuosina
1953—66 suoritetuissa tutkimuksissa tuleentui-
vat kevitviljat keskimairin seuraavasti: Timantti-
kevitvehni 23/8, Balder-ohra 14/8 ja Sisu-
kaura 20/8.

Timantin jyvien vesipitoisuus oli tuleentumis-
paivind keskimddrin 37.9 9,, Balderin 41.7 %,
ja Sisun 34.7 %,.

Jyvin kuivumisnopeus oli ensimmdisen jakson
aikana keskimiirin: Timantti 1.5, Balder 2.3 ja

Sisu 1.6 %,-yksikk6d vuorokaudessa. Erot eivit
olleet tilastollisesti merkitsevid. Toisen jakson
aikana kuivumisnopeus oli. suunnilleen. sama.
Limpétilan kohoaminen edisti erityisesti ke-
vitvehnin ja kauran jyvien kuivamista ensim-
miisen jakson aikana (r = 0.72—0.82). Ylimmin
limpétilan vaikutus tuli ainakin yhtd selvisti esiin
kuin vuorokauden keskilimpétilan vaikutus.
Ilman suht. kosteuden negatiivinen vaikutus
oli kevitvehnilli ja ohralla selvin toisen (r =
—0.75 ja —0.84), kauralla sitd vastoin ehsimmii-
sen jakson aikana (r = —0.69). Kello 14 mitatut
suht. kosteudet olivat riippuvuussuhteita tutkit-
taessa suunnilleen yhtd hyvid kuin piivin keski-
miiriiset kosteudet. c
Sadepiivien lukumdirin avulla saatiin riippu-
vuussuhteet hieman paremmin esiin (r = kes-
kim. —0.66) kuin sademiirin avulla (r =
—0.53). Sademdirii kuvaavat luvut olivat tu-
losten kannalta suunnilleen samanarvoisia kuin
ilman suhteelliset kosteusluvut. Sateen hidastava
vaikutus jyvin kuivumiseen ilmeni eri kevitvil-
joilla keskiméirin suunnilleen samalla tavoin,
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ZUSAMMENFASSUNG

Einfluss der Witterungsfaktoren auf der Abnahme des Wassergehaltes des Kornes von

Sommergetreide

LeEo YLLO

Zentrale fiir Landwirtschaftliche Forschung, Abteilung fiir Pflanzenbau, Tikkurila, Finnland

In den Jahren 1953—1966 wurden in der Abteilung
fiir Pflanzenbau in Tikkutila Untersuchungen iiber die
Verinderung des Wassergehaltes der Koérner verschie-
dener Getreidearten von Versuchsparzellen durchgefiihrt,
die auf sandigem Lehmboden angelegt worden waren. In
der gleichen Anbautechnik wie die eigentlichen Getrei-
deversuche ausgefiihrt, war der durchschnittliche Aus-
saatterimin des Sommergetreides der 13.5, wihrend' mit
der Probenentnahme einige Tage vor Beginn der Gelb-
reife begonnen wurde. Die Ahren wurden mit der Hand
in kleinen Sicken ausgedroschen und anschliessend der
Trockensubstanzgehalt der Kérner im Trockenschrank
(16 Stunden bei 130°C) bestimmt. Die Probenahme
erfolgte zwischen 13 und 14 Uhr. Die Untersuchungen
wurden an Diamant-Sommerweizen (Svaléf), an Som-
mergerste Balder (Weibullsholm) und Hafer Sisu (Tam-
misto) durchgefiihrt und brachten folgende Ergebnisse:

Im Durchschnitte wurde bei den angefiihrten Getrei-
dearten die Gelbreife am 23.8. (Diamant), 14.8.
(Balder) und 20.8. (Sisu) erreicht, wobei erwihnt sei,
dass in den verschiedenen Jahren erhebliche Abweich-
ungen auftraten. Zu Beginn der Gelbreife lag der
Wassergehaltdes Sommerweizens durchschnittlich
bei 37.9 %, bei Gerste hingegen bei 41.7 % und- bei
Hafer durchschnittlich bei 34.7%. In der Zeit, als der
Wassergehalt von 40 % auf 30 % sank, betrug die
Abnahme des Wassergehaltes pro Tag bei Diamant durch-
schnittlich 1.5 %, bei Balder 2.3 und bei Sisu 1.6 %-
Einheiten (Tabelle 1). Diese Untetschiede waren jedoch
statistisch- nicht gesichert und weichen in den einzelnen
Jahtren etheblich von einander ab. Wihrend des zweiten
Abschnittes (30—20 9%,) erfolgte die Abnahme ein klein
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wenig schneller, doch waren auch diese Unterschiede
nicht gesichert. Im unteren Teil der Tabelle 1 sind die
Variationskoeffizienten angefiihrt, die relativ ungefihr
doppelt so gross waten als bei den Kornertrigen in dem
Versuchen in Tikkurila.

Wihrend des ersten Zeitabschnittes (40—30 %) wirkte
sich ein Ansteigen der Temperatur besonders bei
Sommerweizen und Hafer aus. Das Temperaturmaximum
zeigte einen etwas grosseren Einfluss als es dieser der
Tagesdurchschnittstemperatur war. Der negative Einfluss
der relativen Luftfeuchtigkeit war bei Som-
merweizen und Gerste im zweiten Abschnitt klarer, im
Gegensatz zu Hafer, wo dieser im ersten Zeitabschnitt
stirker hervortrat. Die Unterschiede kénnen infolge der
grossen Streuung aufgetreten sein. Die durchschnittliche
Tagesluftfeuchtigkeit gab keine klareren Beziehungen
als die nur um 14 Uhr gemessene relative Luftfeuchtigkeit
wider. Der Einfluss der Regenmenge zeigte sich
ziemlich klar bei Gerste und in einigen Fillen zum Teil
auch bei Hafer. Auch die Anzahl der Regentage
war gut brauchbar, bei denen die Beziehungen sogar
besser als bei der Hilfenahme der Niederschlagsmenge
zum Ausdruck kamen (Tabelle 2).

In der Abbildung 1 ergeben sich die Beziehungen
zwischen der Abnahmegeschwindigkeit des Wassergehal-
tes und der maximalen Tagestemperatur sowie der rel.
Luftfeuchtigkeit um 14 Uhr. Selbstverstindlich haben
ausser den erwihnten Witterungsfaktoren auch weitere
Verhiltnisse die Ergebnisse beeinflusst. Bei der -Teil-
regressionsberechnung verinderte sich das vorausge-
zeigtes Bild nicht wesentlich.
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STRONTIUM IN FINNISH SOILS

ESKO LAKANEN

Agtricultural Research Centre
Isotope Laboratory

Tikkurila, Finland

The behaviour of strontium in soil and plaats
has lately been of special interest to investigators,
in spite of the fact that Sr is not at present con-
sidered an essential element for plant growth.
This is due to the danger of radioactive strontium
to human health. The uptake of strontium by
plants is usually studied with the aid of Sr®® and
Sr *¢ but knowledge of the normal amounts and
behaviour of inactive strontium is also of mate-
rial importance when efforts are made to channel
the St reactions in the biosphere in the desired
direction. Because of the chemical similarity of
strontium and calcium, investigations of the ratio
of Ca to Sr and factors affecting this are essential.

In the present investigation the occurrence and
behaviour of native strontium in Finnish soils
has been studied by means of chemical and sta-
tistical analyses.

Materials and methods

The material, consisting of 221 surface soil samples
(0—20 cm layer), was collected from vatious parts of
Finland from grass fields. Of the material, 94 samples
represent (silt, clay), 66
coarse mineral soils (moraine, sand, finesand)

fine mineral soils
and 61 organogenic soils (mould, peat). The samples were
air-dried and passed through a 2 mm sieve.

The humus content was determined colori-
metrically after sulphuric acid — potassium dichromate

MIKKO SILLANPAA

Agricultural Research Centre
Department of Soil Science

Tikkurila, Finland

Received September 21, 1967

wet digestion, and nitrogen by the Kjeldahl method.
Soil pH was determined from both soil: watér and
soil: 0.01 M CaCl, suspensions (1 : 2.5). e

Total strontium: The organic matter of a
weighed sample was temoved by combustion at 450°C;
the sample was ground and mixed with a twofold quantity
of carbon powder containing 25 ppm Pd as an internal
standard. St was determined with a 2 metre ARL grating
Spectrograph (D.C. arc 12 A, 75 sec., cathode layer excit-
ation) by reading lines Sr 4077.7 A and Pd 3421.2 A.

Cationexchange capacity wasdetermined
with a modified Mehlich’s method: percolation with BaCl,
triethanolamine solution (pH 8.1), washing with BaCl,
solution and with water, Ba displacement with MgCl,
solution and Ba determination with a Beckman DU flame
photometer.

Exchangeable cations (Ca, Mg,:K and Sr)
were extracted by shaking the soil samples with acid am-
monium acetate (0.5 N CH;COOH, 0.5 CH;COONH,,
pH 4.65) for one hour in a volumetric ratio 1:10. The
method is the same as that used in soil testing in Finland
and gives approximately 85 per cent of the total exchange-
able calcium and potassium (VUORINEN and MAKITIE -
1955). The determinations were made by flame photo-
metry. The interferences caused by alkalis and alkaline
earths as well as by aluminium and phosphates wete
eliminated by using standards containing the average-
amounts of intetfering components in acid ammonium
acetate, When Mg and Sr were determined with an oxy-
gen-acetylene flame, addition of 1 ml ethanol to 5 ml of
soil extract was found to increase the sensitivity. Stron-
tium determinations were made by reading the differ-
ences between the St line (4607 A) and the background
(4660 A).

197



Table 1. Mean values and variations of analytical data
Taulukko 1. Analyysitnlosten keskiarvot ja vaibtelurajar

Sloil group Vol, Icw:xght H, C N Sr
Maalajiryhma n :r,i,, . paitio PREL0) PH(CaClg) % ) % ppm
Fine mineral soils
Hienot kivenn.maat . .. ... 94 0.971 5.47 5.18 3.74 0.296 738
(0.73—1.18) (4.6—5.9) (4.6—5.9) | (1.74—8.34) |(0.151—0.522) | (222—1 716)
Coarse minetal soils
Karkeat kivenn.maat . . ... 66 1.066 5.55 5.25 © 3,54 0.227 905
(0.80—1.,28) (4.6—6.7) (4.4—6.3) | (1.10—7.94) |(0.098—0.465) | (236—2 730)
Organogenic soils
Eloperdiset maat .. ...... 61 0.552 4,99 4,62 21,55 1.89 578
0.22—0.84) (4.3—5.6) (3.7—5.2) | (8.7 —48.0) | (0.423—2.40) | (109—1 280)
All soils
Kaikki maat .. ........ 221 0.884 5,36 5.05 8.60 | 0.522 744
(0.22—1.28) (4.3—6.7) (3.7—6.3)

Readily soluble phosphorus was de-
termined colorimetrically as molybdenum blue from the
acid ammonium acetate extract.

Volume weight of soils was calculated after
weighing the measured 25 ml subsamples.

i . : -
) Results and discussion

The analytlcal data, mean values and variation
ranges are given in Table 1.

The sample matetial represents typical acid
Finnish soils, the pH of which usually varies be-
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Fig. 1. Distribution of total contents of strontium,

Kuva 1. Strontiumin totaalimédran Jakantuminen eri pitoi-
suuksiin.
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Fig. 2. Distribution of exchangeable strontium.
Kuva 2. Vaibtuvan strontinmin jakautuminen eri pitoisunksiin.

tween 4 and 6 in mineral soils and is somewhat
lower in organic soils. The pH values from water
suspensions are about 0.3 pH units higher on the
average than those from CaCl, suspensions. The
organic matter content of soil varies considera-
bly, which largely explains the variations in the
volume weight and in the cation exchange ca-
pacity. The content of exchangeable calcium is
rather low and so, therefore, is the base satura-
tion degree; especially in organic soils.

Acid NHg-acetate extractable .
CEC : Happamalla NH j-asetaatilla unituvat Sol. of St
me/100 g Srin dink.
Kat.vaibt. kap. Ca? + Mg? + K+ Sp2 + ps — %
me/100 g me/100 g me/100 g pef100 g me/100 g CafSt
26.93 10.44 4.09 0.621 41.24 0.161 253 2.45
(11.5—47.8) (1.86—17.41) (0.45—11.57) | (0.200—1.489) (9.50—74.93) | (0.031—0.498) (161—401) (0.60—7.66)
18.15 6.99 1.28 0.313 26.89 0.258 260 1.30
(5.8—34.8) (1.22—15.85) (0.10—5.00) | (0.059—0.940) (5.34—61.89) | (0.058—0.941) (104—408) (0.34—4.32)
74,15 18.15 5.71 0.412 66.13 0.334 274 5.01
(25.0—123.0) (3.21—36.30) (0.52—19.33) | (0.115—1.175) (9.22—145.6) | (0.075—1.256) (180—430) | (0.58—26.21)
37.34 11.54 3.70 T 0.470 43,83 0.238 263 2.58
(5.8—123.0) (1.22—36.30) (0.10—19.33) | (0.059—1.489) (5.34—145.6) | (0.031—1.256) (104—430) | (0.34—26.21)
contents of many trace elements are generally
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Fig. 3. Distribution of solubility percentage of strontium.
Kuva 3. Strontiumin linkoisuuden jakautuminen.

The distribution of the total strontium in va-
rious soil groups is given in Fig. 1. The total
strontium content of Finnish soils seems to be
higher than that reported elsewhere. The mean
for all soils (744 ppm) is about twice as high as
the results (270, 380 and 430 ppm) obtained by
SwaiNg (1955) from Scottish soils. The results
reported by LAkANEN and Saro (1964) are also
in agreement with the present data. The total

lowet in organic than in mineral soils in Finland
(SiLrANPAA 1962, VuorINEN 1958) and strontium
seems to be no exception. The wide variation of
the organic matter content of organogenic soils
is probably responsible for the wider variation
of total Sr in these soils.

The distribution of exchangeable strontium

.(‘ue/lo(} g) in the three soil groups is given in

Fig. 2. Expressed as ppm the mean values for
soil groups vary from 11.8 to 29 ppm. These

" values are somewhat higher than those (up to

20 ppm) reported by SwaINE (1955) in Scottish
soils when using neutral N ammonium acetate
as extractant. In Finnish wooded moraine soils,
which were extremely low in calcium, the neutral
N ammonium acetate-exchangeable St values
were markedly lower (Viro 1952).

The solubility percentage of strontium is
highest in organogenic soils and obviously
higher in fine than in coarse mineral soils (Fig.
3). For otganogenic soils heterogeneity of the
Sr solubility is characteristic, apparently owing
to the variation in the organic and mineral matter
contents of these soils.

Exchangeable strontium

The effects of various soil factors on the ex-
changeable strontium were studied with the aid
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Table 2. Partial regressions of exchangeable strontium (#e/100 g) on total strontium (ppm), organic matter
potassium (me/100 g) and readily soluble phosphotus (me/100 g). R, F, b and t are given.

Taulnkko 2. Maan vaibtuvan strontiumin (ue[100 g) riippuvins (osittaisregressiot) stromtinmin totaalimiirdstd (ppm),
Kalsiumin, magnesiumin ja kalinmin mdidiristi (me]100 g) sekd belppolinkoisen fosforin mddristi (me[100 g).

Soil group bSc bC biN
Maalajirybmé 2 2 ® ® ®
Fine mineral soils
Hienot kivennmaat ...................... 94 37 0.008 —0.899 —11.15
(1.83") (0.43) (0.35)
Coarse mineral soils
Karkeat kivenn.maat .................... 66 21 0.004 —2.416 30.69
(1.61) (2.22%) (1.47)
Organogenic soils
Eloperdiset maat ........................ 61 —123 0.02¢6 0.016 5.384
(3.18%%) (0.03) (0.61)
All soils .
Kaikki maat ........................ .. 221 — 27 0.009 —0.539 13.78
(4.00%xx) (1.51) (2.46%)
Table 3. Mean values of analytical data at various CEC levels
Taunlukko 3. Analyysitulosten keskiarvot kationinvaibtokapasiteetin eri tasoilla
CEC level Vol. weight c N Se
Kationinvaibto- gfem? PH(n,0 PH, o
Xaa;ai'oi’t’:tpsxl jl:.m B Tilay.paine 10 (Gt % % epm
30—123 me/100 g ........ 98 0.693 5.12 4.76 15.12 0.869 585
40—123 » . 61 0.575 5.02 4.65 20.95 1.162 535
50—123 » ... 47 0.520 4,98 4.61 23.90 ©1.301 520
70—123 » o . 35 0.485 5.01 4.63 26.60 1.437 520
80—123 » ... 25 0.476 4,99 4.58 27.76 1.488 477
< 30 » L. 123 1.036 5.54 5.27 3.39 0.24¢6 870
30—80 » .. 73 0.767 5.17 4,82 10.80 0.657 623

Table 4. Partial regressions of exchangeable strontium (ue/100 g) at various CEC levels on total strontium
magnesium and potassium (me/100 g) and readily soluble phosphorus (me/100 g). R, F, b and t are given.
Taulukko 4. Maan vaibtuvan strontinmin méidrin (ue[100 g) riippuvaus (osittaisregressiot) kationinvaihtokapasiteetin eri
vaihtokapasitectista (me|100 g), vaibinvan kalsiumin, magnesinmin ja kaliumin miiristi (me]100 &) seka helppo-

C .
Ketmpite- . . e b b
kapasiteetin taso :
30—123me/100 g ...t 98 —88 0.016 —0.732 13.61
(2.98%%) (1.45) (1.817)
40—123 D e e 61 —141 0.030 0.002 5.486
(3.44%%) (0.003) (0.61)
50—123 Y e 47 —188 0.045 0.478 2.418
(4.75%%%) (0.61) (0.25)
70—123 D e e 35 —206 0.051 0.282 2.049
(3.69%%) (0.31) (0.18)
80—123 B e e e 25 —148 0.018 —0.891 —1.770
(1.16) (0.94) (0.16)
< 30 D e e 123 39 0.005 —1.430 6.057
(2.52%) (1.49) (0.40)
30—80 Y e 73 —18 0.012 —0.332 21.28
(2.38%) (0.44) (1.66
200

content (C %), nitrogen (N %), pH, cation exchange capacity (me/100 g), exchangeable calcium, magnesium and

Significances at 107, 5%, 1#* and 0.1%%* per cent levels

orgaanisen aineksen madrdstié (C %, ), typpipitoismudesta (N % ), pH:sta, kationinvaibiokapasiteetista (me|100 g), vaibtuvan

R, F, b ja ¢ on esitetty. Merkitsevyydet 10°, 5%, 1%* ja 0.1%*%* prosentin tasoilla

bpH bCEC bCa bMg bK bP R

) ® ® ® ® ® (F)
—6.975 0.077 2.762 0.955 9.684 14.95 0.843
(1.15) (0.29) (5.04%%+) (1.63) (2.52%) (1.31) (22.88%%%)
—4.734 0.211 3.015 —-0.065 6.698 14.69 0.895
(1.31) (0.60) (5.74%%%) (0.07) 1.31) (2.25%) (25.14%%%)
19.05 0.359 1.519 0.960 11.37 24.30 0.928
(2.67%) (2.95%x) (5.01%%x) (1.64) (1.39) (1.96") (35.15%%%)
3.482 0.180 2,021 1.304 9.810 15.06 0.931
(1.60) (2.57%) (10.89%%%) (4.83%%%) (3.77%+%) (3.12%%) (153.38%%%)

Acid NH,-acetate extractable

CEC Happamalla NH -asetaatilla unttuvat Sol. of St
mef100 g Srin link.

Kat.vailt. kap. Cat + Mg? + ¥+ Sp2 + ps — %

mef100 g mef100 g mef100 g nef100 g mef100 g CafSt

59.98 15.51 5.74 0.504 57.44 0.245 270 4,30
75.22 18.56 6.31 0.436 67.36 0.299 | 276 5.51
84.32 20.46 6.55 0.433 74.26 0.328 ' 276 6.25
94.01 23.08 7.36 0.442 83.45 0.344 | 2717 7.02
101.77 23.57 7.05 0.450 83.47 0.346 ! 282 7.67
19.30 8.36 2.07 0.445 32,97 0.232 | 254 1.66
45.66 12,75 5.29 0.523 48.52 0.211 ] 263 3.42

(ppm), organic matter content (C %), nitrogen (N %), pH, cation exchange capacity (me/100 g), exchangeable calcium,
Significances at 10°, 5%, 1** and 0.1%¥** per cent levels
tasoilla strontiumin totaalimidrists (ppm), orgaanisen aineksen maiirdstd (C %, ), typpipitoisundesta (N %, ), p H:sta, kationin-
linkoisen fosforin madrdstd (me|100 g). R, F, b ja t on esitetty. Merkitsevyydet 10°, 5%, 1%% ja 0.1%%* prosentin tasoilla

7

bpH bCEC bCa bMg bK bP R

® ® ® ® ®) G )
13.31 0.360 1.62¢ 1.207 8.821 35.23 0.930
(2.67+%) (3.46%%%) (6.36%**) (3.01%%) (1.91%) (3.06%*) (63.00%%%)
22.26 0.341 1.412 0.537 17.34 35.54 0.926
(3.13%%) (2.83%%) (4.66%*+*) (1.00) (2.17%) (2.52%) (34.35%%%)
31.23 0.282 1.090 0.387 24.93 27.92 0.929
(3.79%%%) (1.92%) (3.27%%) (0.59) (2.43%) (1.817) (25.74%%%)
35.29 0.334 0.750 0.645 28.04 28.86 0.905
(3.56%*) (1.65) (1.53) (0.78) (1.93%) (1.57) (12.53%x%)
25.48 0.594 1.344 —0.179 —0.308 94,21 0.960
(2.49%) (2.19%) (2.88%) 0.23) (0.02) (4.94%%%) (19.63%%%)
7.731 0.016 3.158 0,938 8.087 15.51 0.883
(2.43%) 0.07) (8.13%*x) (1.72%) (2.42%) (2.99%%) (44.49%%%)
1.037 0.174 2.713 0.147 13.44 —36.31 0.923
0.18) (1.08) (7.78%%%) (0.31) (3.17%%) (2.24%) (40.44%%%)

11 13656—67

201



Table 5. Partial 1-gressions of exchangeable strontium (ue/l00 g) on total strontium (ppm), organic matter
(me/100 g). R, F, b and t are given. Significances at 10°, 5%, 1** and 0. 1*¥* per cent levels

Tanlukko 5. Maan vaibinvan strontinmin (ue[100 g) riippuvuns (osittaisregressior) strontiumin totaaliméiristi (ppm),
sekd helppolinkoisen fosforin mairdsti (me[100 g). R, F, b ja ¢ on esitetty. Merkitsenyydet 10°, 5%, 1%% jg (). 1%k

Soil group bSr bC

Maalajirybhmi a a ®) ()
Fine wmine al soj’s — Hienot kivenn.maat .............. 94 —90 0.098 —1.120
1979 (0.48)
Coarse wireia: soils — Karkeat kivennomaat .. . ... . ... 66 —62 0.002 —1.404
(0.55) (1.26)
Organogenic soils — Eloperdiset maat ................ 61 —198 0.043 2.495
(3.38%%) (2.82%%)
All soils — Kaikki mat ... ... .00 ... 221 —75 0.010 1.364
(2.80%%) (2.89%%)

Table 6. Partial regressions of exchangeable strontium (ue/100 g) at various CEC levels on total strontium (ppm),
soluble phosphorus (me/100 g). Significances at 10°, 5%, 1#* and 0.1%%* per cent levels

Tanlukko 6. Maan vaibiuvan strontinmin miirin (ue[100 g) riippuvans (osittaisregressiot) kationinvaihiokapasiteetin eri
magnesinmin ja kaliumin mdarista (me|100 g) seké helppolinkoisen fosforin mairastd (me[100 g). Merkitsevyydet

CEC level
I\’alionin:a‘;:h» n a lEtS)r ](Jg
kapasiteetin taso

30—123 me/100 g ..o e 98 —137 0.025 2.095
(2.94%%) (3.06%x)
40—123 D e e e 61 —215 0.054 2.759
(4.43%5%) (3.45%%)
50—123 D e e 47 —277 0.068 2.450
(5.52%%%) (3.11%%)
70—123 B e e 35 —231 0.059 1.330
(4.03xx) (1.47)
80—123 e e e 25 —224 0.054 0.992
(3.14%%x) (0.93)
< 30 D e e e e, 123 —60 0.005 —1.389
(1.97%) (1.23)
30—80 D e e 73 —84 0.018 2.535
(1.96") (2.12%)

of multiple regression analysis. Nine factors were
included: C %,, N 9, cation exchange capacity,
pH(t1,0), total Sr, exchangeable Ca, Mg and K
and readily soluble P.

The statistical analyses for the three soil groups
are given in Table 2. The multiple correlation
coefficient for the whole material was highly sig-
nificant (R = 0.931%**), The same is true for oz-
ganogenic soils, while in the two mineral soil
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content-(C %), nitrogen (N %), pH, exchangeable magnesium and potassium (me/100 g) and readily soluble phosphorus

orgauitisen aineksen midristi (C % ), typpipitoisnudesta (N % ), p H:sta, vaibtuvan magn

prosestin tasoilla

esinniin ja kaliumin médristd (me[100 g)

bN bpH bMg bK bP R
0] O] () ® ®) ®

39.10 18.00 2.017~ 15.23 0.685 0.777

(1.11) (4.51%%%) (4.23%+%) (3.62%%%) (0.05) (18.74%xx)

75.37 10.98 0.880 20.41 26.01 . 0.798

(3.03+%) (3.08%%) (0.68) (3.61%%) (3.40%%) (14.54%%x)

—8.524 36.14 1.030 30.83 —10.67 .0.801

(0.62; (3.65%%*) (1.12) (2.59%) (0.70) (13.54%%)

8..12 14.63 2.049 19.81 — 0.097 - 0.838

1.r5) (5.18%+%) (5.23%%%) (5.32%%%) (0.02) (72.07%%%)

organic matter content (C %), nitrogen (N %), pH, exchangeable magnesium and potassium (me/100 g) and readily

tasoilla strontinmin iotaalimidristd (ppm), orgaanisen aineksen madristd (C %), typpipitoisundesta (N %, ), p H:sta, vaibtuvan
107, 5%, 1%* ja O 1%%* prosentin tasoilla

bN bpH bMg bK bP R

® ®) O] O] ® (]
-~ 2.571 26.27 1.159 16.61 0.257 0.812
(0.22) (3.93%%) (1.85%). (2.39%) (0.02) (24.96%%%)
—14.13 38.90 —0.031 34.59 5.850 0.823
(1:10) (4.25%%%) (0.04) (3.16%%) (0.33) (15.92%%%)
—10.65 50.68 —0.297 41,21 7.832 0.875
(0.91) (5.80%+%) (0.37) (3.48%%) (0.48) (18.13%%%)
T 611 46.60 —0.024 33.57 25.32 0.867
{0.50) (4.99%x%) (0.03) (2.13%) d.25) (11.68%%%)
1132 48.43 —0.429 26.68 57.21 0.912
(0.74) - (4.55%%) (0.42) (1:04) (2.04) (12.07%%%)
37.76 12,32 2.162 - 19.23 8.823 0.771
(1.98) (4.21%%%) (3.28%%) (4.84%%%) (1.39) (24.01%%%)
—22.32 17.55 2.193 12,33 —0.021 0.732
(1.08) (2.31%) (2.86%*) (1719 (0.001) (10.72%%%)

groups two or three soil factors seem to domi-
nate. A closer examination of the analytical data,
applying the principle of moving averages, re-
vealed three relatively distinct levels of CEC and
exchangeable strontium in the material. Because
of this, multiple regtession analyses with the same
nine variables were also carried out separately for
soils having cation exchange capacities of less
than 30, from 30 to 80 and over 80 me/100 g.

The average values of the soil properties at the
different CEC levels ate given in Table 3 and
the results of the multiple regression analyses in
Table 4.

Concerning the whole material (Table 2) the
significances of the partial regression coefficients
decrease in the following order: Ca, Mg, total
Sr, K, P, CEC, N, pH and C. The significance
of calcium is clearly highest in the subgroups as

well. It can be assumed that such a strong re-
gression may diminish the apparent significance
of other factors involved in multiple regression
analysis. Moreover, the significance of C 9, may
partly be diminished by CEC, between which
factors the mutual correlation is obvious. Because
of this, the multiple regression analyses were re-
peated on the same basis of grouping as before
but without Ca and CEC as variables. The results
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are given in Tables 5 and 6. The order of sig-
nificance of the seven variables in the whole ma-
terial is somewhat changed, being now: K, Mg,
pH, C, total Sr, N and P. The exclusion of cal-
cium has strongly increased the significance of
pH but also that of potassium and magnesium.
The regression between exchangeable strontium
and humus content (C 9,) is also more apparent
after excluding CEC from the calculations. The
multiple correlation coefficients are somewhat
lower but still at a high level of significance.

Exchangeable Ca, Mg and K are
in positive correlation with exchangeable Sr,
especially at lower CEC levels, while towards
higher CEC the cotrelation seems to decrease
or disappear. Because of the similar character of
Sr and Ca a strong positive correlation exists be-
tween these elements.

Total Sr. The increase of total Sr in more
weatherproof coarse mineral soils does not mark-
edly increase the exchangeable St fraction. In the
more weathered fine mineral soils a slight increase
is to be expected. The correlation between ex-
changeable and total Sr is strongest in the group
of organogenic soils, which is apparently due to
the high solubility of Sr in these soils. In general,
the correlation increases with increasing organic
matter content and CEC (Tables 3 and 4).

Soil pH and exchangeable Ca are usually
strongly correlated, which makes it difficult to

evaluate the influence of pH alone. The exclusion

of Ca from the multiple regression gave signifi-
cant positive correlations between pH and ex-
changeable Sr in all soil groups, which is ap-
parently due to the indirect effect of calcium. In
the group of CEC less than 30 me/100 g the
increase of pH significantly lowers the content
of exchangeable Sr. In coarse and fine mineral
soils exchangeable Sr also decreases with increas-
ing pH, although the correlation is without sta-
tistical significance. In other subgroups of lower
pH level, higher C %, and CEC, soil pH is posi-
tively correlated with exchangeable Sr.

Many trace elements in the soil are typical
heavy metals, the fixation of which is clearly in-
creased by increasing pH (e.g. SitrANrpAA 1962).
The effect of pH on the solubility of alkalis and
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alkaline earths is less marked. On adding inactive
or radioactive strontium to soils of wvarious
types, several investigators have found that more
strontium is adsorbed by those of high pH (e.g.
Ruoprs 1957, McHenry 1958, Prour 1958,
ScHROEDER and BusscHE 1962, LAxANEN 1967).

Cation exchange capacity. The
CEC of soils depends mainly on their organic
matter and clay contents, which makes interpre-
tation of the role of CEC in multiple regression
analysis more difficult. CEC is not correlated with
‘exchangeable St in mineral soils representing the
lowest level of CEC, while it is in significant posi-
tive correlation in organogenic soils, with high
CEC and C 9%,. Thus increase of C 9/ increases
both the CEC and the solubility of Sr.

The behaviour of St as a function of CEC and
of C 9, has also been studied by adding strontium
and radiostrontium to soils. von REicHENBACH
and von dem BusscHE (1963) found that the non-
exchangeable fraction of strontium increased
with increasing humus content and exchange
capacity. A small increase was also obtained
with decreasing clay content and pH values.
However, the material consisted of soils with a
very low humus content (C%, = 0.435) and low
CEC level (20.8 me/100 g) compared with the
soils examined in this study.

Organic matter. The influence of this
component can be interpreted in two ways. In
mineral soils with very low C'9, an increase of
humus content increases the number of active
groups capable of binding cations. A.decrease
of exchangeable Sr may follow. With further in-
crease of organic matter the fraction of exchange-
able Sr increases. In pure peat soils, however, an
increase of exchangeable Sr is not to be expected,
owing to their low total St content.

The influence of organic matter on exchange-
able Sr can also be seen from the results.of mul-
tiple regression analysis (9 variables, Table 2.),
although only in coarse mineral soils is a statis-
tically significant negative correlation -reached.
Organic matter has probably lost statistical sig-
nificance to CEC (Table 6).

Nitrogen. The total N 9, of the soils is

closely related to C %, and its influence seems at



least partly similar to that of C 9. The active
cation-binding groups of humus are probably
composed of carbon and oxygen, mainly carb-
oxyl groups, and thus the influence of N 9%, on
cation binding is small, as can be seen from the
results. A positive correlation exists between
N 9, and exchangeable Sr in the whole material.

Readily soluble phosphorus.
Exchangeable Sr and readily soluble phosphorus
are in significant positive correlation in the whole
material and in several subgroups. It should be
noticed, however, that at the same time calcium
and pH are positively correlated with strontium.
An exception is the CEC level 30—80 me/100 g,
in which phosphorus and strontium are in sig-
nificant negative correlation. Samples from both
fine mineral soils and organogenic soils belong
" to this subgroup. In this group the content of
exchangeable St varies but little with increasing
CEC and organic matter content.

The ratio of exchangeable calcinm to exchangeable
strontinm

The calcium/strontium ratio (equivalent basis)
is calculated from the amounts extracted with
acid ammonium acetate. The distribution of the
Ca/St ratio in various soil groups is given in
Fig. 4. The differences between the soil groups
are relatively slight, apparently owing to the
similarity of the chemical behaviour of these ele-
ments. The ratio in the whole material varies
from 104 to 430 (Table 1), i.e. the difference
between the lowest and highest ratio is about
fourfold. -

In the study of Viro (1952), the exchangeable
Ca and Sr contents (extracted with neutral N
NH ,-acetate) were 98.1 and and 1.01 ppm on
the average and correspondingly the Ca/Sr ratio
212. This is somewhat lower than the corre-
sponding average value (263)'in the present in-
vestigation, apparently owing to the lower Ca
content of the wooded moraine soils in the for-
mer study. The average Ca/St ratio in 93 plough-
layer samples from Maryland was 770 (MENZEL
and HeALD 1959) or about three times as high
as the ratio in Finnish soils. In 114 Australian
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Kuva 5. Vaihtnvan kalsinmin ja strontiumin vilinen korrelaatio.
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soils the Ca/St ratio varied from 109 to 328 in
88 9, of the samples when extracted with 1
N NH,Cl (Wirriams and Davip 1963). A direct
comparison between the results reported in the
literature is of dubious value, because of the
considerable variability of the methods used by
different investigators.

A strong correlation exists between calcium
and strontium exchanged with acid ammonium
acetate (Fig. 5). The ratio of Ca to Sr is highest
in organogenic soils even though the differences
from other soil groups are relatively small (Table
1). Since the data in Table 3 indicate a possible
regression of Ca/St on CEC and C 9, both linear
and curvilinear regressions between these fac-
tors were calculated. No linear correlations were
found but a significant curvilinear correlation

existed between C 9, and Ca/Sr (Fig. 6).

Summary

The contents of total and exchangeable stron-
tium in Finnish'soils (221 samples) were found
to be higher than values reported elsewhere.

The behaviour of exchangeable strontium and
the Ca/St ratio as a function of soil pH, organic
matter content, N, total Sr, cation exchange ca-
pacity, exchangeable Ca, Mg, K and readily solu-
ble P was studied with the aid of multiple regres-
sion analysis and the results are discussed. '
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SELOSTUS

Strontium viljelysmaissamme

Esxo LAKANEN

Maatalouden tutkimuskeskus
Isotooppilaboratorio
Tikkurila

Strontium on kalsiumin lihisukuinen hivenaine, jota
ei vield ole kyetty osoittamaan vilttimittomiksi ravin-
teeksi. Kiinnostus strontiumia kohtaan johtuu radiostron-
tiumin (Sr-89 ja St-90) vaarallisundesta. Tdssd tutkimuk-
sessa selvitettiin strontiumin midrdd ja kiyttdytymistd
viljelysmaissamme kemiallisten ja tilastomatemaattisten
analyysien avulla.

Aineisto kisitti 221 kpl heindpeltojen pintamaaniytteitd
eri puolilta Suomea. Analyysitulosten keskiarvot ja vaih-
telurajat maalajiryhmittiin ja koko aineistossa ndhddin
taulukossa 1. Maan totaalistrontiumin jakautuminen eri
pitoisuuksiin esitetidn kuvassa 1. Koko aineiston keski-
arvo 744 ppm ja erityisesti karkeiden kivenniismaiden
keskiarvo 905 ppm ovat selvisti korkeampia kuin tie-
dossa olevat ulkomaiset analyysitulokset. Vaihtuvan Srin
jakauma on esitetty kuvassa 2. Kun pitoisuudet ilmoite-
taan ppmina ovat maalajiryhmien keskiarvot 11.9--29
ppm. Luvut ovat jilleen korkeampia kuin muualla saa-
dut. Tarkastettaessa strontiumin liukoisuutta eri maalaji-
ryhmissid (kuva 3) ndhdéddn, ettd liukoisuus kasvaa jirjes-
tyksessd karkeat kivenndismaat, hienot kivenniismaat,
eloperiiset maat. Jakauma eloperdisten maiden ryhmissi
poikkeaa jilleen muista. Syyni on suuri eloperdisen ja
kivenniisaineksen pitoisuuksien vaihtelu.

Vaihtuvan Stin pitoisuuden riippuvuutta eri tekijSistd
selvitettiin 9:n muuttujan moniregressioanalyysin avulla
tietokonetta kiyttien. Tulokset ovat maalajiryhmittdin
taulukossa 2. Koko aineistolle on kokonaisselvitys erittdin
korkea (R = 0.931%%¥), Liukuvien keskiatrvojen avulla
todettiin, ettd vaihtuvan strontiumin pitoisuuden kasvu
voidaan ryhmitelli eri kationinvaihtokapasiteettien ta-

MikkO SILLANPAA

Maatalouden tutkimuskeskus
Maantutkimuslaitos
Tikkurila

soille, raja-arvoina 30 ja 80 millickvivalenttia/100 g. Tau-
lukossa 3 esitetdin analyysitulosten keskiarvot uuden ryh-
mittelyn mukaisesti. Suoritettiin my6s uusi 9:n muuttu-
jan analyysi, jonka tulokset ovat taulukossa 4. Tuloksia
koko aineistossa (taul. 2) tarkasteltaessa ndhdéin, ettd eri
tekijiin merkitsevyys vihenee jirjestyksessi Ca, Mg, to-
taali Sr, K, P, kationinvaihtokapasiteetti, N, pH ja C.
Koska vahvin muuttuja Ca on saattanut riistid merkitse-
vyyttd muilta samansuuntaisilta muuttujilta ja heikoin
muuttuja C % on mahdollisesti menettinyt merkitse-
vyyttdin kationinvaihtokapasiteetille, suoritettiin uusi 7:n
muuttujan analyysi ilman Ca:ta ja kationinvaihtokapasi-
teettia (taul. 5 ja 6.) Eri tekijdin merkitsevyys alenee jir-
jestyksessi K, Mg, pH, C, totaali Sr, N, P. Kalsiumin
jattiminen pois lisdsi pH:in positiivista merkitsevyytti,
mikd lienee epdsuora seuraus Can ja pH:n vilisestd voi-
makkaasta korrelaatiosta. Myos kaliumin, magnesiumin
ja bumuksen merkitsevyydet kasvoivat.

Vaihtuvan kalsiumin ja strontiumin suhteen (ekviva-
lentteina laskien) jakauma esitetidn maalajiryhmittdin ku-
vassa 4. Koko aineiston Ca/St -suhteen vaihtelu 104—430
ei ole suuri, miki todistaa niiden aineiden samankaltai-
suutta. Kuvasta 5 ilmenee vaihtuvan kalsiumin ja stron-
tiumin vilinen voimakas positiivinen korrelaatio. Myds
tutkittiin Ca/Syr -suhteen muuttumista eri maaperitekijdin
funktiona. Merkitsevimmin korrelaation antoi C %, paraa-
belina (kuva 6).

Moniregressioanalyysi kiyttokelpoiseksi
menetelmiksi. Se antaa tapahtumista kuitenkin vain yleis-
kuvan. Tuloksia on tulkittava kriittisesti ja monet yksi-
tyiskohdat vaativat lihempii tarkastelua.

osoittautui
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