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STUDIES ON THE HIBERNATION OF CERTAIN SPECIES
OF THRIPS LIVING ON CEREAL PLANTS

PEKKA KOPPA

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

Some species of thrips hibernate where they
have been living during the growing season.
Other species migrate from the cereal fields in
autumn to winter shelter, principally to the grass
in the forest edge-zone or to winter cereals.
Thrips are able to hibernate at various stages
of development.

Several studies specifically concerned with the
hibernation of thrips have been published, no-
tably by PrresNEer (1924), KorrinG (1928, 1930),
Lewis and Navas (1962) and Werzer (1963).
Some investigators have also presented indi-
vidual observations on the hibernation of
species of thrips on cereal plants (OETTINGEN
1936, 1952, WerrMeier 1956).

Material and methods

Investigations into the hibernation of thrips
were carried out both at the Department of Pest
Investigation and at Somero in 1961—64. Sam-
ples of plants were collected for this purpose
during the winter seasons, from November to
April, from various bibtopes: winter cereal
shoots, cereal stubble, cereal nurse-crop stubble,
grass and moss growing in forest edge- zones,
grassy road verges, leys and bark of trees, Each
sample taken from the young cereal and stubble
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:ﬁeld covered an area of approximately 10 dm?,
and the sample of litter, hay and moss had ap-
proximately the same volume as that of bark.
The samples were collected in cloth bags tied at
‘the neck and dried at room temperature for 1—2
days. .'The thrips that appeared were then col-
lected and identified.

- During the period of study a total of 403
samples were collected from vatious biotopes,
and the number of thrips obtained was 1759,

Results

In the investigations on hibernation the fol-
lowing 16 species were found:

Limdtbrip.r denticornis Hal.
Anaphothrips obscarus Mill.
Frankliniella tenuicornis Uz,
Haplothrips aculeatus Fabt.
Chirothrips hamatus Tryb.
Chirothrips manicatus Hal.
Aptinothrips rufa Gmel.
Aptinothrips stylifer Tryb.
Frankliniella intonsa Tryb.
Taeniothrips vulgatissimus Hal,
Taeniothrips atratus Hal.
Thrips tabaci Lind.

Thrips major Usz.

Ouxcythrips brevistylis Tryb.
Bolacothrips jordani Usz.
Cephalothrips monilicornis O.M. Reut,



The first eight of the above species may be
regarded as true pests of cereals, and the first
four may be regarded as common pests of cereal
plants in Finland (KoprA 1967).

Hibernation sites

One and the same species of thrips may hiber-
nate in several different biotopes, preference
being assessed from the abundance which is
best expressed as the number of specimens pet
10 samples (Table 1).

L. denticornis hibernates chiefly in grasses in
the forest edge-zone and on mossy patches and
under leafy litter, and appears to prefer sites
that are damp. (Table 1). In the forest the
ground vegetation and the litter keep the hu-
midity even and favourable for hibernating speci-
mens of thrips. L. denticornis also hibernates in
fairly large numbers on roadside patches of grass.
Biotopes that produce grass are generally re-
garded as the favourite hibernation sites of this
species (PRiEsNER 1924, KOrTING 1928, LEWIS
and Navas 1962, WerzeL 1963). Less frequently,
L. denticornis hibernates on shoots of winter ce-
reals and on cereal stubble. The species migrates
to its hibernation sites quite eatly in autumn,
generally already in August. In these cases it is
usually able to leave the cereal fields in good

time before the onset of winter. At the time of
migration the winter cereals have not yet sprouted
in fact, have hardly yet been sown, and the spe-
cies would have little chance of migrating to
them. Nevertheless, occasional specimens of L.
denticornis have been found hibernating in these
biotopes. In autumn part of the population mi-
grates' to hibernating sites under the bark of trees
or into cracks in the bark, where these insects
may be found in winter (Table 1; Hoop
and Herrick 1926, Rostrur et al. 1940, MELIs
1960, Lewrs and Navas 1962, Werzer 1963).
Tre0oBALD (1922) and WErzEL (1963) also men-
tion that the species hibernates on the ground,
and LiNDEMAN (1886, 1887) states that the spe-
cies also hibernates in pieces of wood and in
cracks in rocks. According to FraNsSEN and
MantEL (1965 a) L. denticornis withstands very
severe winters, -

A. obscurus hibernates in several different bio-
topes. Part of the population migrates to winter
ceteals in the autumn, and individuals live
wedged in the sheath of the shoots (Table 1),
as was also found by Huxkkinen (1932).
At Somero in the autumn of 1964 the frequency
of the species averaged 25 specimens per m? in
winter rye, although in places it reached 77 spe-
cimeris per m2 This species also hibernates in

Table 1. Hibernation sites of thrips according
Tanlukko 1. Ripsidisten talvebtimispaikat

Number of thrips

Ripsidisten middri

A. obscurus A. obscurus
Numb: L. denticorni
Hibema.ti\?n'biotogc of ;al;‘x]l;_j;s e J. macraptera S bradyptera

Talvebtimishiotooppi Na')];::;:den Number Number Number

Number szi:pigs Nurber sl:gp}gs Number SPB:P}COS

&l &pl]10 ol &pl]10 &p! kpl]10

niylettd niytettd naytetta
Shoots of winter cereal — Syysviljan oraat .. .. .. 124 2 0.2 139 11.2 — —
Cereal stubble — Viljan sinki ................ 24 3 1.2 2 0.8 — —
Ceteal nurse-crop stubble — Sugjavilian sinki .. 171 1 0.1 32 1.9 72 4.2

Grass -+ mosses — Heinikks + sammalet
dry forest edge-zone — kuiva metsinrenna .. .. 25 66 26.4 — — — —
fairly damp forest edge-zone — melko kostea

PRCLSGHFEUAG oo e v v ee e i aaeaeneaas 23 107 46.5 — — — —
.Grass by roadsides — tienvarsibeinikki .. ...... 21 18 8.6 10 4.8 18 8.6
Ley — Heindnurmi . oo voiviien .. 9 — — 1 1.1 7 7.8
Park of trees — Puunkuori ................... 6 2 3.3 — — — —
Total — Yhteonsi 403 | 199 — | 184] — 97 —



fairly large numbers in grassy roadside verges
and in ley. Grass has generally been regarded
as typical hibernation sites for this species (CARY
1902, PriesNER 1924, BATLEY 1948, STRICKLAND
1956). Less frequently it has been found in the
stubble of cereals (HEwrrr 1911, STRICKLAND
1956). According to Table 1 the
occurs in great numbers in the stubble of cereal

species

nurse-crops, but then almost exclusively in the
sheaths of undetgrowth hays. In the hay the
brachypterous type of the species was commoner
in winter than was the macropterous type.

F. tennicornis hibernates chiefly in cereal stub-
ble and in winter cereal shoots. In autumn it mi-
grates very largely to winter rye, in which its
frequency was found in places e.g. at Somero in
the autumn of 1964, to be, as much as 220 spe-
cimens per m?, while the average was 69 speci-
mens per m?. HUKKINEN (1932, 1936 2) likewise
mentions the shoots of winter cereals as hiber-
nation biotopes of this species. In the spring of
1961, F. tensicornis was found to be extremely
numerous in the stubble of the previous year’s
spring wheat at Tikkurila, where it had evidently
hibernated. Its frequency was then much greater
than it was in the winter rye in the autumn of
1964. It is consequently evident that in this spe-
cies part of the population migrates in autumn

to samples taken in the years 1961—64
vrosina 1961—G64 otettujen niytieiden perusteella

from grainfields directly to sprouting winter ce-
reals, while part remains in the stubble of the
cereal. STRANAK (1912) also assumes that this
kind of migration takes place in thrips, while
SCHANDER (1928) regards it as unlikely. A pro-
pottion of the F. tenuicornis stock also hibernates
in roadside grasses and in leys (Table 1),
as has also been established by Priesner (1924)
and WeTzEL (1963).

Of H. acnleatns only 8 hibernating specimens
were obtained during the study period, and it is
consequently not possible to form a definite pic-
ture of the hibernation sites of this species. The
sites where it was found included shoots of win-
ter cereal, cereal stubble and grasses in
forest edge-zones and by roadsides (Table 1).
Unfortunately, the material of WerzeL (1963)
from the years 1958—60 is also very scanty, only
29 specimens, which he found chiefly in grass in
dry and fairly humid forest edge-zones and by
roadsides. Grass is generally recognised as the
hibetnation site for this species (AHLBERG 1926,
KorTING 1928, Rostrup et al. 1940, OETTINGEN
1942, Barrey 1948). KorTING (1928) mentions the
species as particularly favouring lowlying humid
protected hibernation sites. Occasionally the spe-
cies has been found under the bark of trees
(PriesNER 1924, KOrTING 1930).

F. tenuscornis H. aculeatus C. nanicatus A. rafa A. stylifer Oil;;;p:gi;zi;lgip s y%‘z;::ii
Number Number Number Number Number Number
Number sg:pigs Number sienrxp}gs Number sI:;fI';p}gs Number sfz:i:p}gs Number g;xrlp}gs Number s[;:x: %35 Number
“pl plj10 ! £plj10 L pl]10 e plj10 “l 110 kel l[10 Apl
niyterta niytettd niytettd niytettd niyiesid niytettd
518 41.8 2 0.2 1 0.1 — — — — 29 2.3 691
175 72.9 1 0.4 1 0.4 — — — — 1 0.4 183
84 4.9 2 0.1 — — — — — — 41 2.4 232
— — 2 0.8 14 5.0 2.0 74 30.0 20 8.0 181
— — — 1 04| 52| 226| 116| 504 18 7.8 | 294
12 5.7 1 0.5 —_ — 18 8.6 57 27.2 20 9.5 154
3 3.3 — 1 11 —_ —_ 5 5.6 2 2.2 19
— — — — —_ — —_ —_— - —_— 3 5.0 |. 5
792 —1 s —] 18] —| 7] —| 22| —| 14] . —| 1759




The material of C. manicatus collected in the
wintets is very scanty, including only 18 speci-
mens. It is nevertheless evident from the material
that this species chiefly hibernates in biotopes
containing grass (Table 1), as was earlier
observed (PrresNeEr 1924, OETTINGEN 1952). In
contrast to L. denticornis it appears especially to
favour dry sites. C. manicatus was found singly
also on the shoots of winter cereal and in cereal
stubble.

- A. stylifer and A. rafa chiefly hibernate in
fairly humid forest edge-zones where grass and
moss. grow (Table 1). These
in the same sites where they lived during the
growing season, for, being apterous, they are
incapable of migrating long distances. Grasses

species stay

have generally been regarded as the most impor--

tant hibernation biotope of the species (REUTER
1900, PrresNer 1924, AHLBERG 1926, KORTING
1928, 1930, Rapuresco 1930, PUSSARD-RADU-
1Esco 1931, Rostrup et al. 1940, OETTINGEN
1942, Lewis and Navas 1962, Wrrzer 1963).
For the rest of the Apzinothrips species hiberna-
tion sites may also include leys, (Table 1),
cereal stubble (RosTRuP et al. 1940), the ground
(WErTMEIER 1956, WETZEL 1963) and bark (LEwts
and Navas 1962). A. s#ylifer seems to prefer hi-
bernation sites .drier than those favoured by..A4.
rafa (Table 1, WETZEL 1963).

The other species of thrips discovered in the
hibernation investigations were found (Table 1)
in the following biotopes:

C. hamatus grassy roadside verges

O. brevistylis grassy roadside verges and

forest edge-zones

shoots of winter cereal,
cereal stubble, grassy road-
side verges and bark of
trees

F. intonsa

stubble of cereal nurse-crop,
grass in forest edge-zones,
leys and bark of trees

T. vulgatissimus

shoots of winter cereal,

stubble of cereal nurse-

7. atratus

crop and grasses in forest
edge-zones and roadside
verges

T. tabaci and T. major shoots of winter cereal

Hibernating forms and development stages

Long ago, JorpAN (1888) mentioned that most
species of thrips hibernate as imagines, some of
them also as larvae and pupae. According to
BarLey (1938) eggs, too, may hibernate. The spe-
cies of thrips living on cereals hibernate chiefly
as imagines (WeTzEL 1963).

During the period of investigation, only fe-
male specimens of L. denticornis were found hi-
bernating. Several investigators of thrips have
made the same observation (Kurpjumov 1913,
Wrirrrams 1913, AurBErRG 1926, K6rTING 1928,
1930, Rostrur et al. 1940, OerTINGEN 1936,
1942, BarLey 1948). In contrast, WetzeL (1963)
found one male specimen hibernating, in addi-
tion to females. '

Of A. obscurus only female specimens have been
found in Finland, as elsewhere in Europe. The
species hibernates as macropterous as brachyp-
terous imagines (Table 1, OrTTINGEN 1942,
Morison 1943, Bamrer 1948), and
cording to WEITMEIER (1956) also as second in-
star larvae. In the autumn some of the macrop-

ac-

terous specimens migrate to winter cereals and
hibernate there. In biotopes containing cultivated
and wild grasses the brachyptetous form seems
to be, in contrast, the commoner hibernating
form. (Table 1). According to some inves-
tigators (Hinps 1900, FErnALD and Hinps 1900,
OrTTINGEN 1942, Barrey 1948) the proportion
of the brachypterous specimens in A. obscaras
populations increases towards the autumn. Thus
Hmps (1900) reckoned that about 98 9, of the
hibernating population of this species is of the
brachypterous form.

Of the F. tennicornis species, only female spe-
cimens were found hibernating. Yet Morrson
(1943) asserted that males can also hibernate.
Neither did Hukkinen (1936 a) regard it as im-
possible, although he did not find male speci-
mens in winter. Males of the species do, however,
occur quite late in the autumn.

Both females and males of H. aculeatns hiber-
nate, a fact also established by Kor1inG (1928),
Werzer (1963) and FransseNn and MANTEL



(1965 a, 1965 b). Rostrup et al. (1940) found
larvae of the species in wintet. .

It seems that both females and males of C.
manicatus hibernate. It is true that no males have
been found in mid-winter, but when samples
wete collected from cocksfoot panicles in 1962
one male specimen of this species was found as
late as November 8. Early in the spring, on May
17, 1963, the first males of the species were found

in a sample taken from meadow foxtails. In no

case had these males had time to develop out
of eggs during the spring. The view is generally
held that only the females of this species are able
to hibernate (ABLBERG 1926, MaArtBAEK 1932,
OETTINGEN 1952, WeTzEL 1963). MORISON
(1943) conjectutes morover that this species
might be able to hibernate at the larval stage.
The hibernation of the closely-telated C. hamatus
is probably similar in its main outlines. JomANs-
soN (1938) mentions that he found males of this
species as late as October, and HuxkiNex (1936
b) in his samples obtained the first males speci-
mens as éarly as the beginning of May.

During the petiod of investigation females and
2nd instar larvae of A. stylifer and A. rufa were
found hibernating. It is impossible to determine
which of the species the larvae belonged to, as
both species are common in Finland. On the
other hand, according to PRIESNER (1964), larvae
of Aptinothrips cannot be distinguished from one
another. WerzEL (1963) found A. rufa hiber-
nating in all the stages of development except
the egg, and at least imagine female of A.
stylifer.

Of T. tabaci, only females of the f. palla form
were found hibernating, a fact already previously
established by PriesNeEr (1924).

Only female specimens of F. intonsa, I. vul-
gatissimus, T. atratus, T. major, B. jordani and C.
monilicornis were found hibernating, while in the
case of O. brevistylis male specimens too, were
found.

Discussion

Species of thrips living on cereal plants are
able to hibetnate in a great variety of places.

The chief hibetnating sites are biotopes growing
cereals or grass.

L. denticornis is one of the common species of
thrips in cereal plants in Finland (K&pri 1967).
It migrates to its hibernation sites fairly early in

- the autumn chiefly to grass in forest edge-zones

and by roadsides. Migtation takes place almost
completely, and only seldom do specimens re-
main in the cereal stubble. During the autumn
it seldom has an opportunity to migrate to the
winter cereals, which in Finland are not generally
sown until the end of August or eatly September,
at least in southern Finland. In its migration to
wintering quarters F. acnleatus largely behaves
in the same manner as L. denticornis.

"The commonest species of thtips living on ce-
real plants in Finland are F. femuicornis and A.
obscurus (KopeA 1967). These remain fairly late
in their food plants, and migrate from them to
winter cereals, in so far as the opportunity exists,
as soon as the latter have sprouted. Only. the
macropterous specimens of A. obscurus are able
to migrate to winter cereals. Some. of these, how-
ever, and some of the F. zennicornis population
remain in the cereal stubble. A fair proportion
of the brachypterous specimens of A. obscuraus hi-
bernate in cereal nurse-ctop stubble. Such speci-
mens of both species are also found hibernating
in biotopes containing ordinary species of grass,
where they must have lived throughout the
growing season. Especially the first generation
of A. obscurns often develops quite vigorously in
Finland in leys, from where it is able to migfate
to the spring cereals (KéppA 1967). The migra-
tion of thrips from one biotope to another- re-
quires favourable weather conditions. In the win-
ter season of 1961—62, great numbers of F. fensui-
cornis were found in spring cereal stitbble at Tik-
kurila. It is possible that the conditions of autumn
1961 wete unfavourable for the migration of this
species to winter cereals. And in different winters
the population may be divided in different pro-
portions between these two chief hibernation
biotopes. Thus in Finland F. fennicornis hiber-
nates in very great numbers in cereal stubble, at
least in some years or in some localities. This
observation is at variance with the conclusions
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of some investigators, according to whom thrips
seldom hibernate in such biotopes (BraTrny
1923, KOorTING 1930). Autumn ploughing obvi-
ously destroys a large proportion of the F. fensui-
cornis population in some years.

In Finland the macropterous form of A. ob-
scurus hibernates chiefly in the shoots of winter
cereals. In contrast, in North America this form
is seldom found hibernating (FERNALD and
Hinps 1900, Cary 1902, Hinps 1902), 98 9%, of

the hibernating specimens being of the brac- .

hypterous form, which is forced to remain on
its food plants over the winter. It is, morover,
evident from the samples taken at Tikkurila that
a considerable proportion of the species hiber-
nates in the macropterous form.

It is certain only that the females of F. fenni-
cornis and L. denticornis hibernate, although
WeT2EL (1963) found one male specimen of the
latter species hibernating. Males of both species
have been found at Tikkurila very late in the
autumn, but not later, -either in mid-winter or
eatly in the following spring. Thus it is evident
that the males of the species die before the onset
of winter.

Males of C. manicatus have been found in
cocksfoot panicles as late as early November,
and in the following spring on meadow foxtails
as early as mid-May. They have not, however,
been found in mid-winter. As it is evident that
this species cannot have formed a new generation
by the time at which it was found in the spring —
ie. a generation formed out of eggs laid that
same spring — it is fairly certain that the males
found in the spring are males that have hiber-
nated or, at least, that they have developed out
of pupae or prepupae that had hibernated. As
HukxkiNen (1936 b) has found males of the re-
lated species C. hamatys eatly in spring, in the

beginning of May, it may be regarded as fairly
certain that both females and males of the Chiro-
thrips species hibernate.

Summary

The investigations were carried out in the
winters of 1961-—64, both at the Department of
Pest Investigation of the Agricultural Research
Centre, Tikkurila, and at Somero, and are based
on samples taken from various biotopes.

Attention chiefly was paid to species of thrips
living on cereal plants, and it was ascertained
in what biotopes and at what stages of develop-
ment hibernation takes place.

L. denticornis hibernates as female imagines
chiefly in the grass in forest edge-zones and by
roadsides.

A. obscurns hibernates in its mactopterous and
brachypterous forms at the imago stage. Only
macropterous specimens are found hibernating
in the shoots of winter cereals; both macropterous
and brachypterous specimens are found in other
biotopes containing grasses.

Only the females of F. zenwicornis hibernate.
‘These are found primarily in cereal stubble and
and in shoots of winter cereals.

Both female imagos and males of H. acaleatns
hibernate primarily in the grass in forest edge-
zones and by roadsides.

The males, as well as the females of the Chiro-
thrips species, evidently hibernate, and the hi-
bernation sites are primarily grassy forest edges
and roadsides.

The Aptinothrips species likewise hibernate in
the grass in forest edge-zones and by roadsides.
Second instar larvae were found as well as fe-
males.
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SELOSTUS

Viljakasveissa elivien ripsiiislajien talvehtimisesta

Pexka Korri

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

. Tutkimukset suoritettiin talvikausina 1961—64 pié-
asiassa Tuhoeldintutkimuslaitoksella Tikkurilassa ja ne
perustuvat ndytteisiin, joita otettiin erilaisista biotoo-
peista. Tarkoituksena oli lihinni selvittis, millaisissa
biotoopeissa sekd milli kehitysasteilla ripsidiset talveh-
tivat,

Viljaripsidinen (Limothrips denticornis) talvehtii aikui-
sina naaraina pidasiassa metsin- ja tienreunojen hei-
nikdissi.

Ruohoripsidinen (Anaphothrips obscurns) talvehtii seki
pitkd- ettd Iyhytsiipisend muotona aikuisasteella. Syysvil-
jojen oraissa tavattiin vain pitkisiipisii, muissa heinikas-
vikasvustoissa sen sijaan seki pitkd- etti lyhytsiipisid
yksil§its.

Kauraripsidinen (Frankliniella tenuicornis) talvehtii vain
naaraina. Niitd tavataan lihinni viljan singessi sekd syys-
viljojen oraissa.

Kahuripsidinen (Haplothrips aculeatus) talvehtil seki
aikuisina naaraina etti koiraina pidasiassa metsin- ja
tienreunojen heinikdissa.

Puntarpairipsidinen (Chirothrips hamatus) ja tdyhy-
ripsidinen (Chirothrips manicatus) talvehtivat aikuisina
naaraina sekd ilmeisesti myés koiraina, ja talvehtimis-
paikkoina ovat lihinni heindi kasvavat metsin- ja
tienreunat,

Heiniripsidinen (Aptinothrips rufa ja stylifer) talvehtii
niin ikd4n metsin- ja tienreunojen heinikdissi. Naaraiden
ohella tavattiin myds toisen asteen toukkia.
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EFFECT OF FERTILIZERS ON THE REPRODUCTION OF TETRANYCHUS
TELARIUS (L.), MYZUS PERSICAE (SULZ.) AND ACYRTHOSIPHON PISUM
HARRIS

"MARTTI MARKKULA and KATRI TIITTANEN

Agticultural Research Centre, Depaztmcnf of Pest Investigation
" ‘Tikkurila, Finland

A number of studies have been made on the
effects of fertilizer treatment of plants upon the
numbers of pests and the damage caused by them.
But the results have been inconsistent and it is
difficult to obtain a clear picture from them. Er-
TrcAnt (1962) has published, in addition to his
own studies, a detailed review of the literature
on the effect of fertilization upon the reproduc-

“tion of insects and mites, and van EMDEN (1966)
on the reproduction of aphids.
. A high rate of nitrogen fertilization promotes
the reproduction of the two-spotted spider mite
Tetranychus telarins (L.), as was observed in nine
of the eleven cases reported in the literature (LE
Roux 1954, Er-Trcant 1962, HENNEBERRY 1962
and 1963, HENNEBERRY and SHRIVER 1964, WaT-
son 1964, Larr et al. 1965). Less research has
been done on the, effects of potassium and phos-
photus, and the résults have varied considerably.

Appatently, there have been no publications
clarifying the effects upon the reproduction of
the green peach aphid Myzus persicae (Sulz.) of fer-
tilizer treatment of the experimental plants em-
ployed in the present study. In other plants fet-

. tilizers affected the number of progeny in various
ways (Er-TiGant 1962, MicHEL 1963, VIJVER-
BERG 1965, van EMDEN 1966). In experiments by
Er-Trcanr (1962), the abundance of pea aphid
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Acgyrthosiphon pisum Harris, on broad beans was
greater at low levels of nitrogen, potassium and
phosphotus than at normal levels. The effects of
high levels were varied. In three cases out of
four low rater of nitrogen fertilizets to peas
caused an increase in progeny (EL-Trcanr 1962).

Material and methods

The pests studied in the present experiments
were the two-spotted spider mite ZTetranychus
telarius, the green peach aphid Myzus persicae and
the pea aphid Acyrehosiphon pisum, and the plants
the broad bean Vicia faba cv Hangdown, the
chrysanthetmum Chrysanthemuns hortornm cv Flame
Gaiety, the cucumber Cucamis sativas cv Atla W,
the sugar beet Beta vulgaris v. saccharifera cv
Hillesheg Aa Be Ce and the tomato Lycopersicum
esculentym cv Selandia Orig. OE.. The experiments
with the two-spotted épider mite and green peach
aphid were carried out in Septembet-January
1965—66 in greenhouses where the natural light

- was supplemented with artificial lighting (about
8000 lux) and where the average temperature

was 22—26°C. The experiments with the pea
aphid were carried out during the spring of 1966
when there was enough light and the average
temperature of the greenhouse was 26—29°C.
The stock cultures of mites and pea aphids were
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reared on broad beans and those of peach aphids
on sugar beet. The plants were raised in plastic
pots containing 1.5 1 of Sphagnum peat. There
were 20 plants in each treatment. They were
young, measuring 7—15 cm, at the beginning of
the experimental period.

A rearing cage (MarkkuLA 1963) containing
two teleiochrysalis females and one adult male
of the mite was placed on one leaf of each plant.
A progeny count was made three weeks later.

All the peach aphids, like all the pea aphids,
belonged to a single line descended from one
nymph. The aphids used in the experiments were
of the same age to within a day. These newly-
matured wingless nymphs were placed, one each
plant, in rearing cages on the leaves of the ex-
perimental plants. The cultures were inspected
every week, the progeny being removed and
counted, and every mother was removed to the
leaf immediately above. The total number of
progeny of the aphids was ascertained.

The soil testings and fertilizer recommenda-
tions were made by Viljavuuspalvelu Oy (Soil
Testing Service Ltd, Helsinki) The results of soil
testings before application of fertilizers were as
follows: pH in water 3.7, specific conductivity 1.8,
various nutrients mg/l of soil extracted with acid
ammonium acetate exchangeable Ca 300 and K
46, readily soluble P 4.4 and NO,-N 20, watersolu~
ble P 1.1, acid-soluble Cu 2.5 and exchangeable
Mn 28.

The fertilizers and fertilizer quantities recom-
mended, N1P1 K1 = normal rates, in g per m®
of soil, for the various plants were as follows:

Chrysan- To- Sugar Cucum- Broad
themum mato beet ber bean
Dolomite lime
51.8 9%, CaO + MgO
Potassium sulphate

. 7500 8500 8500 8500 6 500

50 % K,0,189% 8§ .... 1075 1500 750 1500 525
Double superphosphate

459 PO wns svawaens 875 1000 625 1000 500
Borate fertilizer

14%B .............. - 5
Copper sulphate

25 9, easily soluble Cu . 25 25 25 25 25

Oulu saltpetre
25 % N (50 9% NH,,

50.% NO3) & sowu s 400 400 400 400 200

The following treatments were given: N1 P1 K1,
NO PO KO, N0 P1 K1, N5 P1 K1, N1 P0 K1,
N1 P5 K1, N1 P1 KO, N1 P1 K5.

The treatments had great effects upon the
growth and appearance of the plants. All plants
grew best in peat fertilized with normal quantities
and worst in unfertilized peat. Phosphorus defi-
ciency in the substrate also has a very harmful
effect; the growth of the plants stopped entirely
and the colour turned purple. Potassium defi-
ciency became apparent two or three weeks after
stocking with seedlings or planting by the yel-
lowing and drying of the edges of the leaves.
Nitrogen deficiency led to a paling of the colour.
Fivefold quantities of nitrogen and phosphorus

-
%

Fig. 1. The chrysanthemums six weeks after planting. The effect of fertilizers
upon the size of the plants is quite distinct

Kuva 1. Krysanteemit kuuden viikon kuluttua istuttamisesta. Lannoituksen vaikutus
kasvien kokoon ilmence varsin selvdsti
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Fig. 2. The number of Tetranychus telarius and Myzus

persicae progeny on variously fertilized plants grown
in Sphagnum peat.

Kuva 2. Vibannespunkin ja persikkakirvan jalkeldismdari

eri tavoin lannoitetussa rabkaturpeessa kasvaneissa kasveissa.

did not distinctly affect the appearance of the
plant. A fivefold quantity of potassium retarded
growth in height, but otherwise the plants ap-
peared healthy. The growth disturbances were
mildest in the broad bean and severest in the
cucumbet. The changes occurring in the growth
of the chrysanthemum are shown in Fig. 1.

The mites and peach aphids clearly reproduced
less well than normal, evidently because of the
plants’ shortage of light (cf. Evans 1938). The
peach aphids survived fairly well on the cucum-
ber but reproduced very pootly. On tomato they
died without progeny within a week.

In the statistical analysis of the results the
Tukey-Hartley test was employed.

Results

Fertilizer treatment had a greater effect upon
reproduction in the two-spotted spider mite than
in the green peach aphid. The effects were varied
and were dependent on the plant (Fig. 2). ‘The
reproduction of the pea aphid was not affected
(Fig. 3). In what follows mention will chiefly be
made the statistically significant differences be- -
tween reproduction rates on plants after various

Table 1. The significances of the differences occutring in the multiplication of Tetranychus telarius and Myzus persicae.
The Table refers back to Figure 2

Tanlukko 1. Vibannespunkin ja persikkakirvan lisaintymisessi esiintyneiden erojen merkitsevyydet. Tanlukko littyy kuvaan 2.

Tetranychus telarius

Broad Chrysan- Cucum- Sugar
bean themum ber beet Tomato
~N5 P1 K1~ N5 P1 K17 N1 P1 KS_] TN5 P1 K15 N5 P1 K15
N1 P1 K1 N1 P1 KO |7 N5 P1 K1- ‘NO P1 K1 N1 P5 K1-
T| N1 P1 K5 N1 P1 KS—'\ N1 P1 K1 =NO PO KO N1 P1 KO
=NO P1 K1 N1 P1 K1= NO PO KO N1 P1 K5= N1 P1 K1
N1 P5 K1- NO PO KO N1 PO X1 N1 P1 KO N1 PO K1
N1 PO K1 - N1 P5 K1 N1 P1 KO N1 P5 KO N1 P1 K5
N1 P1 KO ‘N1 PO K1 NO P1 K1 N1 P1 K1 N0 PO KO
—NO0 PO KO NO P1 K1— N1 P5 K1 N1 PO K1 NO K1 P1
Myzus persicae
Broad Chrysan- Cucum- Sugar
bean themum ber beet
NO P1 K1 N1 P1 KO'I' N1 PO K1 N5 P1 K1
N1 P1 KO N5 P1 K1- N5 P1 K1 N1 PO K1
N1 P5 K1 - N1 P5 K1 N1 P1 K1 NO P1 K1
N1 P1 K1 NO P1 K1 NO P1 X1 N1 P1 K57
N1 P1 K5 NO PO KO N1 P1 X5 N1 P1 KO
NO PO KO N1 P1 K1 N1 P5 K1 ~N1 P1 K1
N5 P1 K1 N1 PO K1 NO PO KO N1 P5 K1
N1 PO K1 N1 P1 K5 N1 P1 KO NO PO KO-
[ P<0.05
] P<0.01
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Fig. 3. The number of Acyrthosiphon pisum progeny on
variously fertilized broad bean plants grown in Sphagnum
peat.

Kuva 3. Hernekirvan jilkeldismadrd eri tavoin lannoitetussa
rabkaturpeessa kasvaneessa hirkéipavussa.

fertilizer as compared with normal fertilizer.
Other differences are shown in Table 1.

The two-spotted spider mite

As compared with normal fertilizer treatment,
a fivefold quantity of nitrogen caused an increase
in the number of progeny on chrysanthemum,
sugar beet and tomato, and a fivefold quantity
of potassium did so on cucumber. Excesses of
these nutrients did not decrease the reproduction
of the mite on a single plant species.

Potassium deficiency promoted the reproduc-
tion of mites on chrysanthemum. Simultancous
lack of all fertilizers caused a decrease in the
number of progeny on broad bean,

The green peach aphid

As compared with the normal group, the
progeny were more numerous only on sugar
beet that had reéceived the fivefold quantity of
nitrogen.

Lack of nutrients had effects upon reproduc-
tion on chrysanthemum and sugar beet only.
With deficiency of potassium the progeny were
more numerous on chrysanthemum than in other
treatments, and were more numerous on sugat
beet when phosphorus was lacking than when
the level was normal.

12

The pea aphid

The various treatments caused no differences
in reproduction. The number of progeny was
extremely steady, ranging between 98 and 108.

Discussion

The effect of fertilizer treatment is essentially
dependent upon the species of plant and pest
subject to investigation. It is known that a large
quantity of nitrogen or relative deficiency of po-
tassium, in the fertilizer applied to the plant, will
raise the amount of soluble nitrogen in the plant,
and that this will have a favourable effect on the
growth and reproduction of the animals living
on the plant (see e.g. van EmpEN 1966). The
present investigations were, in part, consistent
with this: the abundant reproduction of the two-
spotted spider mite, as compared with normal,
on the broad bean, chrysanthemum, cucumber,
sugar beet and tomato which received a fivefold
quantity of nitrogen, and in the chrysanthemum
with a potassium-deficient substrate; and the
abundant reproduction of the green peach aphid
on sugar beet receiving the fivefold quantity of
nitrogen and on chrysanthemum with a potas-
sium-deficient substrate. An important exception
was the very great number of progeny of mites
on cucumber receiving the fivefold quantity of
potassium. This result, however, was consistent
with the result obtained by Lt Roux (1954).

In the present investigation fertilization had
no effect whatsoever upon the reproduction of
the pea aphid on broad bean. In the experiments
of Er-Trgant (1962), however, fertilization had
quite a distinct effect. This alone is enough to
show that clarification of the effects of fertiliza-
tion is only in its beginning. Much mote infor-
mation about the effects of fertilization upon, the
chemical composition of plants will be necessary
before it becomes possible satisfactorily to clarify
the problem presented in this investigation.

In evaluating the results of the present inves-
tigation it must be remembered that Sphagnhum
peat absorbs nutrients in quite different amounts
than other substrates used in similar investiga-
tions: sand, mineral soil and nutrient solution.



Summary

The reproduction of the two-spotted spidet
mite Tetranychus telarins (L.) and the gréen peach
aphid Mygus persicae (Sulz.) was investigated in
broad bean, chrysanthemum, cucumber, sugar
beet and tomato that had received various fer-
tilizer treatments, and the reproduction of the
pea aphid Acyrthosiphon pisum Harris in broad
bean similarly treated. The substrate was Sphag-

num peat. Fertilizers had a greater effect upon.

reproduction in the two-spotted spider mite than
in the green peach aphid. Fertilizers had no effect
upon the number of progeny of the pea aphid.

The effects of nitrogen and potassium upon
the reproduction of mites and peach aphids were
greater than the effects of phosphorus. Nitrogen
at fivefold the normal rate caused an increase in
the numbers of mite progeny on chrysanthemum,
sugar beet and tomato, and in those of the peach
aphid progeny on sugar beet. A fivefold rate of
potassium caused an increase in the numbet of
mites on cucumber. Potassium deficiency pro-
moted the reproduction of mite and peach aphid
on chrysanthemum. Lack of phosphorus caused
an increase in the number of peach aphid prog-
eny to a level above that on normally fertilized
sugar beet.
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SELOSTUS

Kasvien lannoituksen vaikutuksesta vihannespunkin, persikkakirvan

ja hernekirvan lisdintymiseen

Marrrt MARKKULA ja KATRI TIITTANEN

Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila

Vihannespunkin Tefranychus telarins (L.) ja persikka-
kirvan Myzus persicae (Sulz.) lisdintymistd tutkittiin eri
tavoin lannoitetussa hirkipavussa, krysanteemissa, kur-
kussa, sokerijuurikkaassa ja tomaatissa sekd hernekirvan
Acyrthosiphon  pisum Harris lisddntymisti hirkipavussa.
Kasvualustana oli turve. Lannoitus vaikutti enemmin
vihannespunkin kuin persikkakitrvan lisiintymiseen. Her-
nekirvan jilkeldismiirddn ei lannoituksella ollut vaiku-
tusta.

Typen ja kalin vaikutus vihannespunkin ja petsikka-
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kirvan lisddntymiseen oli suurempi kuin fosforin. Viisin-
kertainen typpimdiri lisisi normaalisti lannoitettuun vet-
rattuna vihannespunkin jilkeldism4irid krysanteemissa,
sokerijuurikkaassa ja tomaatissa sekd persikkakirvan jil-
keldismiddrdd sokerijuurikkaassa. Viisinkertainen Ikali-
mdird lisisi vihannespunkin miirii kurkussa. Kalin
puuttuminen edisti vihannespunkin ja petsikkakitvan
lisdéintymistd krysanteemissa. Fosforin puuttuminen nosti
persikkakirvan jilkeldismidrin suuremmaksi kuin nor-
;maalisti lannoitetussa sokerijuurikkaassa.
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DIE WIRKUNG VON SORTE UND CHLORCHOLINCHLORID (CCC)
AUF DIE ERTRAGSSTRUKTUR BEI SOMMERWEIZEN

LEO YLLO

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

Die Ertragsanalyse ist seit HEusEr (1928) in
vielen Untersuchungen angewandt worden. In
Finnland hat man jedoch bis heute in den Feld-
versuchen fast ausschliesslich nur mit Gesamt-
ertrigen gearbeitet. Bei den vorgenommenen
Qualititsuntersuchungen ist uw.a. auch das Tau-
sendkorngewicht gepriift worden. Auf die Be-
stimmung der Bestandsdichte hat man wegen des
grossen Arbeitsaufwandbedarfs verzichtet.

Das Problem der Lagerung von Getreide hat
auch in Finnland in den letzten Jahren grOssere
Beachtung gefunden. Thm dienen z.B. die Untet-
suchungen mit CCC. Bei den 1963—66 in vet-
schiedenen Gegenden Finnlands durchgefiihrten
Feldversuchen (insges. 64) fiel die Wirkung von
CCC bei Sommerweizen in den meisten Fillen
recht giinstig aus (Muxura 1967).

In der Abteilung fiir Pflanzenbau in Tikkurila
hat man 1964—67 eine Reihe von vier Klein-
parzellenversuchen mit je acht Sommerweizen-
sorten dutchgefithrt, wobei die Wirkung von
Sorte und CCC vort allem auf die Ertragsstruktur
gepriift wotrden ist.

Die Versuche waren auf sehr humusreichem
sandigem Lehmboden mit einem Humusgehalt
von ca. 30 %, angelegt. Die Bodenanalyse (durch-

Eingegangen am 28. 3. 1968

gefithrt in der Abteilung fiir Bodenforschung)
lieferte folgende Ergebnisse:

Bodenanalyse Diingung Mai—August

Mittl. Nieder-
Ca K r N K P 5

Jabe - pH mgfl mg/l mg/l kg/ha kgiha kgiha Tg:lp. scgl;ge
1964 6.2 5270230 11 62 82 43 138 156
1965 6.5 4780 130 6 62 75 44 126 250
1966 5.3 2100240 9 62 75 44 14.6 155
1967 6.7 3400220 15 100 75 44 141 218

Aus den Zahlen geht hervor, dass der Boden
cinen guten pH- (mit Ausnahme von 1966) und
Ca-Zustand und eine zufriedenstellende K- bzw.
P-Versorgung aufwies. Die Anbautechnik war
in allen Versuchsjahren weitgehend gleich. Bei
der Diingung wurde besonders der Stickstoff
beriicksichtigt, um eine eventuelle Lagerung het-
vorzurufen. Die Saatdichte betrug je nach dem
Jahr 650—700 keimende Kérner je m?, und die
Drillweite betrug 13 cm. Die Aussaat konnte in
allen Jahren zu normaler Zeit durchgefihrt
werden.

Die CCC-Spritzung (5 kg Wirkstoff je ha) et-
folgte im Vier- bis Funfblatt-Stadium bei einer
Wuchshéhe von etwa 20—25 cm. Nach dem
Beginn des Gelbreife-Stadiums wurden fiir die
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Ertragsanalyse den Bestinden Proben je 1 m in
dreifacher Wiederholung entnommen und spiter
im Laboratorium eingehend untersucht. Es sei
erwihnt, dass die Weizenbestinde fast ohne Aus-
nahme gleichmissig aussahen. Das untersuchte
Material umfasste insgesamt 13 293 Halme bzw.
Ahren. Die selten vorkommenden ihrenlosen
Halme wurden nicht beriicksichtigt.

Fiir alle vier Versuchsjahre war eine in Siid-
finnland oft vorkommende Trockenheit im Vor-
sommer charakteristisch, die die Entwicklung
und das Wachstum des Weizens nachteilig be-
cinflusste. Nur dierelativ kithleund niederschlags-
reiche Vegetationsperiode 1965 war fiir die Er-
tragsbildung einigermassen giinstig.

Die Versuchsergebnisse

Keimung und Anfangsentwicklung der Wei-
zensorten erfolgten in allen Jahren unter giin-
stigen Feuchtigkeitsverhiltnissen im Friihling
gleichmissig und normal. Im Monat Juni traten
jedoch infolge von Wassermangel Verzégerun-
gen im Wachstum ein, aus welchem Grunde u.a.
die Halmlinge unter dem Normalen blieb. Des-
wegen gab es auch keine Lagerung. Es
muss betont werden, dass die Lagerung im all-
gemeinen jedoch hidufiger vorkommt, z.B. bei
langjihrigen Versuchen in Tikkurila durchsch-
nittlich jedes zweite Jahr.

Als Beispiel fiir den Einfluss von Umweltfak-
toren auf Entwicklung und Wachstum in den
einzelnen Versuchsjahren seien die Ergebnisse
fir die in Finnland zur Zeit am meisten verbrei-
tete Sommerweizensorte Svenno (unbehan-
delt) im folgenden angefiihrt.

Khren- Korn-

Ahren- Halm- Lage- zahl =zahl 1000K- Korn-
Jahr SM_t- schicben G:_ib— linge rung je je  gewicht ertrag

ZEIt  (Svenno) M€ ¢m o m® Ahre 2 g/m?*
1964 11/5 11/7 20/8 53 0 489 154 339 254
1965 7/5 13/7 8/9 79 1 481 253 343 418
1966 12/5 5/7 16/8 61 0 488 15.6 34.4 264
1967 8/5 10/7 25/8 59 0 496 17.2 33.2 283

Da die Anbautechnik in allen Jahren ungefihr
gleich war, sind die relativ grossen Jahressch-
wankungen hauptsichlich auf den verschiedenen
Witterungsverlauf zuriickzufithren. Man sieht
aus den Ertragsziffern, dass das Jahr 1965 bei
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weitem am giinstigsten war. Der gute Flichener-
trag in jenem Jahr war hauptsichlich eine Folge
der hohen Kornzahl (25.3) je Ahre.

Die wichtigsten Versuchsergebnisse sind in
Tabelle 1 zusammengefasst. Die Sorten sind in
der Tabelle nach ihrer Reifezeit geordnet. Apu
ist eine frithreifende finnische, schon i. J. 1950
zugelassene Sorte der Abteilung fiir Pflanzen-
zlichtung, Jokioinen. Koga IT muss als eine fiir
finnische Verhiltnisse zu spite Ziichtung ange-
sehen werden.

Es zeigte sich durch die Behandlung mit CCC
eine sehr deutliche Ve rkii r z u n g der Halme,
die im Durchschnitt der Sorten und Jahre 21.1 9,
betrug. Im Rahmen des ganzen Materials gab es
gute bzw. sehr gut gesicherte Unterschiede zwi-
schen den Sorten, Jahren, Behandlungen usw.
Die fiir uns interessante Wechselwirkung Sorten
X CCC-Behandlung, die in den einzelnen Jahren
in manchen Fillen deutlich zum Vorschein kam,
wurde teilweise durch sehr grosse Jahresschwan-
kungen iiberdeckt. Nach den Ergebnissen scheint
die halmverkiirzende Wirkung von CCC haupt-
sichlich von anderen Faktoren als von denen der
Sorte abhingig zu sein.

Bei der statistischen Bearbeitung des Materials
konnte weiter festgestellt werden, dass CCC die
Streuung in der Halmlinge vergrésserte.
Der Variationskoeffizient der Halmlinge betrug

Abb. 1. Einfluss von CCC auf Sommerweizen in der Abt,
fur Pflanzenbau 1965. Sorten: Diamant II (links),
Svenno (rechts).



bei den unbehandelten Parzellen im Mittel 18 %,
bei den CCC-Parzellen dagegen 21 9. Die Sot-
tenunterschiede waren sehr klein.

Inder Bestandsdichte (Ahrenzahl/mz)
gab es statistisch gesicherte Sorten- und Jahtes-
unterschiede. Eine positive CCC-Wirkung war
nur i.J. 1965 deutlich erkennbar. Im Durch-
schnitt der Jahre und Sorten erhohte die CCC-
Spritzung die- Bestandsdichte um 1.6 %,. Die
Sorten reagierten dabei auf ungefihr gleiche
Weise. Auch die Wechselwirkung Sorten X
Jahre blieb ungesichert. -

Bei der Kornzahl je Ahre war das Bild
ungefihr gleich. Die CCC-Anwendung hatte im
Mittel keinen nennensswerten Einfluss auf diese
Eigenschaft, die mittlere Abnahme betrug nur
1.0 9%,. Die Jahtesschwankungen waren dagegen
recht betrichtlich. In den Jahren 1964 und 1966
zeigte sich eine positive, 1965 und 1967 dagegen
eine negative Wirkung von CCC. Die sorten-
bedingten Schwankungen fallen in den Bereich
des Versuchsfehlers.

Béim Taus endkorngew1cht waren
die Ergebnisse etwas cindeutiger. Es gab sehr
gut gesicherte Sorten- bzw. Jahresunterschiede.
Auch CCC hatte einen unverkennbaren Einfluss
— alle Sorten zeigten eine Abnahme des Tau-
sendkorngewichts um durchschnittlich 6.9 %.

Die Sorten reagierten durch CCC auf ungefihr
gleiche Weise. Dagegen‘ bestanden gesicherte
Wechselwitkungen Sorten X Jahre und Jahre X
CCC-Behandlungen. Eine negative Beeinflussung
des Tausendkorngewichts durch CCC-Anwen-
dung war am deutlichsten in- dem normalen Jahr
1965. - ,

Beim Einzelihrenertrag ergaben sich
sehr deutliche Sorten- bzw. Jahresunterschiede.
Das Versuchsjahr 1965 war viel giinstiger als die
iibrigen Jahre. Auch die CCC-Anwendung hatte
trotz einiger Abweichungen eine relativ deutliche
Wirkung. Die mittlere CCC-bedingte Depression
betrug 7.5 %. Die sortenbedingten Unterschiede
in der Ertragsdepression wurden durch Stand-
orts- und Umweltfaktoren fast vollkommen
iiberdeckt, weshalb keine gesicherten Wechsel-
wirkungen Sorten X CCC-Behandlung festge-
stellt werden konnten. Dagegen reagierten die
Sorten in den einzelnen Jahren verschieden. Die
negative Wirkung von CCC war am deutlichsten
im -Jahre 1965.. :

An sonstigen Ergebnissen sei folgendes er-
wihnt. In Ahrengewichtbestanden deut-
liche Die CCC-Spritzung
iibte einen untergeordneten Einfluss auf diese
Eigenschaft aus. Im Jahre 1965 machte sich je-
doch eine negative Wirkung von CCC bemerkbar.

Sortenuntetrschiede.

Tabelle 1. Die Witkung von Chlorcholinchlorid (CCC) auf Sommerweizen in der Abt. fiir Pflanzenbau in lekurlla

i. J. 1964—67

Halmlinge Zahl d. Ahren Kornzahl 1000-Kornge wicht Einzelertrag

Sorte mm jem? je Abre £ . mg/Ahre
h 0 CCC 0 ’ ccC 0 CCC 0 ccec 0 ccCc
Apu ...l 672 —122 498 +49 22.8 —1.6 26.9 —1.1 613 —66
Notréna .......... 718 —194 534 +37 21.2 —0.6 29.6 |- —2.7 627 —73
Diamant .......... 728 —138 536 —40 17.0 +1.1 30.8 —0.2 523 +31
Diamant IT ........ 683 —154 526 —54 17.2 +0.7 30.8 —3.1 530 —35
Erli .....coovoant 614 —112 609 —26 17.4 +0.6 31.8 —3.7 553 —47
Svenno ........... 632 —138 489 +30 18.4 —1.4 34.0 —2.7 626 —94
Ring ..........o00 639 —123 517 —13 18.3 +1.2 32.2 —1.6 589 + 7
Koga IT .......... 655 —147 404 +85 22.7 —1.4 32.7 —1.9 742 —82
Mittel ...vvennn.ns 668 | —141 514 | + 8 | 194 | —0.2 | 311 | —21 | 600 | —45
Werte von F

Sortenl .......iannn 32.0%%% 4.4x* 12.1%* 19.8%4% 9,Q%kk
Jahte ...l 356.5%%* 5.6%* 606.3%*x 121.3%*% 18.3%%*
Behandlung ....... 834, 9%k 0.4 0.2 42, 5%k 5.0%.
Sorten X Beh. ..... 4.9%% 1.7 1.0 1.5 1.0
Sorten X Jahre .... 9.1%%% 1.5 3.0%* 8. 1%k 5.0%%%
Jahte X Beh. ...... 23, 2% 4.6% 10.3%** 8.3%%* 5.0%%

3 8337—69



Im Wassergehalt des Kornes gab es
sehr deutliche Sorten- bzw. Jahresschwankungen,
wie auch zu erwarten war. Die entsprechenden
Proben wurden bei allen Sorten gleichzeitig, in
den einzelnen Jahren jedoch zu verschiedenen
Zeitpunkten, entnommen. Die CCC-Behandlung
liess im Durchschnitt einen den Wassergehalt
vermehrenden Einfluss erkennen. Der Wasser-
gehalt des Kornes betrug auf den unbehandelten
Parzellen im Mittel 33.0 9, auf den CCC-Par-
zellen dagegen 0.7 9,-Einheiten mehr. Die reife-
verzégernde Wirkung von CCC war demnach
recht gering und praktisch unbedeutend. Auch
die sortenbedingten Unterschiede waren in dieser
Hinsicht sehr klein. Es gab dagegen gut ge-
sicherte Wechselwirtkungen Sorten X Jahre
sowie Jahre x CCC-Behandlung.

Zusammenfassung

In den in der Abteilung fiir Pflanzenbau mit
acht Sommerweizensorten durchgefithrten Un-
tersuchungen von 1964—67 konnten die ver-
schiedenen Sortenmerkmale durch Anwendung
der Ertragsanalyse verhiltnismissig gut erfasst
werden.

Die mittlere Halmlinge (ohne Ahrenlinge)
betrug auf den unbehandelten Parzellen je nach
der Sorte 61 (Erli) bis 73 cm (Diamant).

Die Bestandsdichte wechselte zwischen 404
(Koga II) und 609 (Etli) Ahren je m® Die Korn-
zahl je Ahre war gering (17.0—17.4) bei Dia-
mant, Diamant IT und Erli sowie etwas grosser
(21.2—22.8) bei Apu, Norréna und Koga IL

Die niedrigsten Einzeldhrenertrige (523—530
mg) erzielte man von beiden Diamant-Sorten;
Koga II war in dieser Hinsicht die ertrags-
reichste Sorte, 742 mg. Die Jahresschwankungen
waren sehr gross.

Die Wirkung von CCC kam am deutlichsten
in der Halmverkiirzung (durchschn. 21.1 9) zum
Vorschein. Der negative Einfluss war bei dem
Tausendkorngewicht (durchschn. 6.7 9) und in
gewissem Masse auch beim Einzelihrenertrag
merklich, Die CCC-bedingte Verspitung der
Reife betrug nur etwa einen Tag. Die Sorten
reagierten durch die CCC-Anwendung im Duzch-
schnitt der Jahre auf ungefdhr gleiche Weise.
Die Unterschiede sind hauptsichlich auf die
Schwankungen in den Umweltfaktoren zuriick-
zufithren.
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SELOSTUS

Lajikkeen ja CCC:n vaikutus eriisiin kevitvehnin ominaisuuksiin

Leo Yi16

Maataloudeh tutkimuskeskus, Kasvinviljelylaitos, Tikkurila

Kasvinviljelylaitoksella vuosina 1964—67 kevitveh-
nilld suoritetuissa tutkimuksissa saatiin eri lajikkeista
patempi kuva satoanalyysilla kuin vain kokonaissatoa
kiyttien. Jakamalla sato eri komponentteihin (tdhkit
kpl/m?, jyvit kpl/tihkid, jyvin paino) voitiin osoittaa,
milld tavoin CCC vaikutti erdisiin kevitvehnin ominai-
suuksiin ja missi suhteessa jalosteet poikkesivat toisistaan.

CCC:n vaikutus ilmeni selvimmin kotren lyhenemisens,

miki oli keskimiddrin 21.1 %. Kisittely alensi selvisti ‘
1 000 jyvin painoa ja jossain miirin myos tihkin jyvi-
satoa., Vuosivaihtelut olivat suutia. Eri lajikkeiden suh-
tautumisessa CCC-kisittelyyn ei keskimiirin ollut kovin
suuria eroja, kuten mm. F-arvot (lajikkeet X kisittely)
taulukossa 1 osoittavat. Tuloksia atvosteltaessa on otet-
tava huomioon, etti kiytetty CCC-midrid oli verrattain
suuri-ja ettei koealueella esiintynyt lakoa.
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- - MINERAL COMPOSITION OF FINNISH TIMOTHY
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The mineral content of crop plants must sat-
isfy the nutritional requirements of the plants
themselves and the need for essential mineral
elements of animals and people. Determinations
of numerous trace elements in soils and plants
are therefore necessary to ensure the proper
development of plants and animals. The subject
has been reviewed by Russerr and Duncan
(1956), MrrcueLL (1963) and FLEming (1965).

Plant analyses serve primarily as a basis for
estimating the nutritional value of crops, and the
nutrient status of soils is estimated by means of
soil analyses. At the present stage joint observa-
tions on soils and plants are used to provide use-
ful information concerning the nutrient status of
the growth medium. Many factors affect the
mineral composition of plants, making it difficult
to use plant analyses alone as a guide to nutrient
requirements. Rerra (1965) refers to the follow-
ing factors: (1) type of soil, (2) soil acidity, (3)
soil drainage conditions, (4) soil moisture, (5)
soil temperature, (6) crop species or variety,
(7) seasonal variations, and (8) fertilizer appli-
cations.

The mineral composition of crops in Finland
has been reported mainly by Saronex and his
co-workers (Saronen and Tamio 1957, 1961,
SALONEN et al. 1962 b, Saronen and Hnvora
1963, KerANEN and Tainio 1964). The analyses
have been carried out in connection with field
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trials. Pure timothy samples and trace element
determinations were not included. In other con-
nections, however, SALONEN et al. (1962 2) re-
ported the contents of potassium, calcium, mag-

Fig. 1. Sampling localities
Kuva 1. Niytteenottopaikat



nesium, phosphorus and sulphur in timothy, and
RinG (1964) exarnlned the quahty of hay in Fm-
land.

'The aim of! this study was to gain a -general
picture of the mineral composition, particularly
that of trace elements, of Finnish timothy. Timo-
thy has low growth requirements and is cultivated
all over Finland. Knowledge of the mineral com-
posmon of timothy is of importance in’animal
nutrition and also throws light on soil fertility

and other environmental factors in various parts

Results’ and

Major nutrients

Contents of major nutrients of timothy are
presented in Table 1. As seen in Fig. 2; the dis-
tribution of results seems to be quite normal.
The ranges and coefficients of variation are not
wide. The most constant is the ash per cent with
a variation coefficient of 4+ 13.8 %,. The other

of the country. In addition, the study was in-
tended as a systematic investigation of the effect
of several soil characteristics 6n the mineral com-
position of the plant. The results will be pub-
lished later. - vl

The plant and soil sarnples were collected at
the time of hay-making in July 1960. The distri-
bution of the sampling localities is shown in Fig.
1. The material is the same as reported by Laga-
NEN and Srzr.aNpii (1967). The analytical meth-

‘ods have ‘b‘een' described by Laxanen (1961).

7.0

-discussion -

variation coefficients are mainly of the order
- 20 %, The mean value 1.62 %, for potassium
is normal in Finland. RiNG (1964) reported mean
contents of 1.60 — 1.90 %, in Finnish hay. The
results of 1.68 — 1.90 %, in timothy (SALONEN
et al. 1962 a) are higher, however. The lowest
contents in the present material — for instance
1/10 less than 1.21 9, already represent defi-

Table 1. Contents of major nutrients of timothy in various ateas of the country
T aulukko 1 Timotein piiravinteiden pitoisundet maan eri alueilla

Area - . o A.,/Sh 9, in dry matter,
. . ° K | C o Ca [ P \ Mg -
T oo 6 a 4.72 1.592 0.218 0:193 0.197
-b’ 410—5.58" | 1.26—1.78 0.13—0.27 '0.10—0.28 0.145-—-0.298 -
[ + 0.54 + 0.195 3. 0.065 -+ 0.070 + 0.055
d 4-11.4 +4-12.2 29.9 +36.2 j;28‘.0.
)5 S 35 .a 523 1.626 . .0.254 . 0.200 . 0139 .-
b | 3.07—6.67 0.85—2.37 | 0.16—0.35 0.11—0.31 0.087—0.208
c + 0.88 L 0450 | ==.0.055 £ 0.046 | == 0.037
d +£16.9 +£27.7 218 228 1268 1 -
5 1 40 a o 5.80 1.820 - 0.268 - 0.220 <0114
. b | 4.61—7.95 1.36-—2.21 . 0.11—0.47 0.16—0.27- | 0.064—0.172.
c 4 0.62 + 0.247 4- 0.061 + 0.027 .4 0.028°
d © 1107 ;tl;’).6 : +2277 - +12.1 -+24.2
IV e | 135 2| 546 1.561 0.246 0.204 Coa12
‘b | 3.25—8.56 0.83—2.40 0.11—0.40 -0.10—0.29 0.059—0.214 -
c + 0.72 -4 0.302 4- 0.055 4= 0.032 - ‘+ 0.028
d| F132 Y193 1223 115.8 k246
Whole country .... 216 a 546 |- 1.620 - 0.250 0.206.. . .| . .0.120.. -
) b | 3.07—8.56 0.83—2.40 0.11—0,47 0.10—0.31 0.059—0.298
el & 075 + 0.332 -£ 0.057 4700360 | -4 0.035
-d | 4-13.8 +20,5 . +$-22.7 +17.3. 4268, ..
'a = mean B ‘
b = jange '

¢ = standard deviation
. d = variation coefficient (%)
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Fig. 2. The distribution of the contents of major nuttients.
Kuva 2. Pidravinteiden pitoisunksien jakautuminen.

ciencies. According to ScHILLER et al. (1967), a
potassium content of less than 1.60 9%, in dry
matter is not sufficient for mineral nutrition of
animals. Clover samples (32) were collected, to-
gether with timothy, and analysed for major
nutrients. The mean potassium content was
2.14 9 (1.03 — 3.65).

The content of calcium obtained, 0.250 9, is
in good agreement with the timothy analyses of
SALONEN et al. (1962 a), which revealed means
of 0.221 and 0.257 9%, depending on the geo-
graphical region. Timothy obviously does not
suffer from Ca deficiency but the lowest contents
are far from sufficient as a Ca supply for animal
nutrition (ScHILLER et al. 1967). The calcium
content of clover was considerably higher, 1.43
% (0.57 — 2.18).

The mean wvalue, 0.206 9, for phosphorus
agrees well with other Finnish data. Saronenx
et al. (1962 a) reported mean contents of 0.209 9,
and 0.231 9%,. The results of RiNG (1964) varied
from 0.175 9%, to 0.225 %, in dry matter in the
yeats 1962—64. The material was not pure timo-
thy but also contained some clover. The average
phosphorus content of Finnish clover is prob-
ably not very different from that of timothy. The
mean P content of 32 mixed clover samples, for
comparison, was 0.215 9, (0.15 —0.24 9,). A
high phosphorus uptake by plants from Finnish
soils generally low in pH is not to be expected.
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The mean content of timothy is probably too
low to satisfy the phosphorus requirements of
cattle. Nor are the lowest contents (7—8 9, less
than 0.16 %, in dry matter) sufficient for proper
growth of timothy. KerANEN and TAmNIO (1964)
reported phosphorus contents from 0.16 9 to
0.18 %, in hay samples consisting mainly of tim-
othy. Danish data, 0.53 9%, phosphotus in dry
matter of timothy, gives considerably higher
values (HENRIKSEN 1965). In Austria mean con-
tents of 0.26 9, in hay and 0.29 9, in meadow
grasses, have been published by Zacuerw et al.
(1965) and by ScHILLER et al. (1967). Phosphorus
contents of timothy close to 0.2 %, have been
reported by English and Irish investigators
(WarTEHEAD 1966 and FreEminc 1963).
Magnesium has the highest average vatiation
coefficient (- 28.8 %) among major nuttients.
The mean value of 0.120 9/ in dry matter is little
lower than the average content of 0.13 — 0.14 9,
reported by SALONEN et al. (1962 a). The lowest
magnesium values suggest the possibility of mag-
nesium deficiency. The high Mg values 0.197 9,
and 0.139 9, from areas I and II are partly ex-
plained by the corresponding low contents of
calcium in timothy. The differences between
magnesium contents of timothy grown in va-
rious areas are distinct. It is surprising to notice
that the lowest average magnesium content was
found in the southern part (area IV) of the



country, where clay soils rich in magnesium are
abundantly represented.

Trace elements

Contents of trace elements decrease in the fol-
lowing ordet: Fe, Mn, Zn, St, Cu, Pb, Ni, Mo,
V, Co (Table 2). The differences between the

contents of the various trace elements are of a

different order of magnitude from those of the

major nutrients. The same also concerns the
raﬁges of the trace elements. Thus the average
content of iron is 1 500 times that of cobalt. The
highest content of iron, manganese, zinc, coppet
and cobalt is approximately ten times that of the
smallest amount. This range is clearly exceeded,
however, by that of vanadium and molybdenum,
elements which are supposed to be present in the
soil solution as anions. Vanadium and cobalt
were analysed from 147 sampies cortesponding
to 6, 30, 28 and 83 samples from areas I, IT, III
and IV respectively.

In contrast to the obviously normal distribu-
tion of the contents of major nutrients (Fig. 2),
there is a skewness in the distribution of the trace
elements (Fig. 3). There is a peak in the contents
of iron, copper and lead. Thus 60—70 9%, of the
samples are within the range from 50—100 %, of
the corresponding mean value. On the other
hand, the same calculation gives a distribution
of 30—40 %, for nickel, molybdenum and vana-
dium.

Owing to the wide range of trace elements in
plant material, exact comparison of data pub-
lished in various countries is impossible. Exami-
nation of the mineral composition of a known
species like timothy is difficult, because most of
the analytical data available refers to the trace
element contents of mixed pasture herbage (Mrr-
cuELL 1954, 1963) or hay or meadow hay (Ko-
CIALKOWSKI 1967, ZACHERL et al. 1965, ScHIL-
LER et al. 1967). FLeminG (1963) has made 2
detailed analysis of some common pasture spe-
cies, including timothy. Russer and Duncan
(1956) surveyed the contents of some trace ele-
ments in timothy. Exman et al. (1952) and
KarLssoN (1952, 1961) have investigated cobalt,
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Fig. 3. The distribution of the contents of trace elements
Kuva 3. Hivenaineiden pitoisunksien jakautuminen

zinc and molybdenum in Swedish vegetation,
including timothy.

The content of iron in Finnish timothy is in
general higher than that of manganese. The
converse is also possible, especially in plants
growing in soils of organic origin. The con-
tents of these essential trace elements seem to
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be normal. Higher contents have been reported

in pasture herbage and in meadow hay but also-

lower contents in timothy (e.g. FLEMiNG 1963,
Russer, and Duncan 1956). ‘Deficiency of iron
and manganese is not very likely in Finland,
owing to the soil acidity. Particular areas suf-
fering from manganese " deficiency are' known,
however. On the basis of limiting values of 50
ppm Fe and 40 ppm Mn (ZACHERL et al. 1965,
ScHILLER et al. 1967) in only a minority of plants
(5—10 9,) are the requirements of proper food
not fulfilled. o .

The mean content of zinc (30.8 ppm) is quite
normal and does not suggest Zn deficiency. This
level may be sufficient also in fodder. Contents
of less than 15 ppm occur in 7 %, of the samples
content of 19.5 ppm in Swedish timothy has been
reported by Karrsson (1952) and 22.9, 30.7 and
38.0 ppm in meadow hay of other countries
(Kociazkowski et al. 1967, ZACHERL et al. 1965,
ScHILLER et al. 1967).

Thete are not many analytical results available
on the content of strontium in timothy. The
mean value of the present material is clearly
higher than that of FrEmiNG (1963), which is
probably due to the fact that in Finland the
content of soil strontium is also high (LAKANEN
and Sirraneii 1967). The effect of soil type on
the Sr content of plants may be reflected in the
low uptake from clay soils in area IV. The
uptake of ‘strontium by timothy is discussed in
detail in another connection (LAKANEN and Str-
LANPAX 1969).

Deficiencies of copper in some peat and coarse
mineral soils in Finland are known (TamNro 1953),
although the mean value 6.32 ppm of timothy
analyses does -not yet reveal this phenomenon.
The content is close to 6.37 and 6.9 ppm as
reported by SCHILLER et al. (1967) and ZACHERL
et al. (1965). The results of FLEMING (1963) are
somewhat lower, while those of KocrALKOWSKI
et al. (1967) are higher. The range of copper
contents in timothy in Finland is narrow, being
only 1.86—12.5 ppm if an exceptional content
of 20 ppm is disregarded. The narrow range is

shown by the fact that in 30 9%, of the samples

the content of copper is less than 5 ppm, which

4 8337—69

is considered to be the lower limit in_hay for
proper feeding. -- ’

Lead and nickel ate of interest mainly owing
to the toxic effects of high contents. The be-
haviour of these elements is also interesting. The
peak in the distribution of lead content is due
to the fact' that 74 9, of the samples are in the
range 0.51—1.50 ppm. On the other hand, ex-
ceptionally high contents are possible. According
to MrrcuerL and REerrH (1966); the lead content
of pasture herbage was 10 ppm in late autumn
and reached 30—40 ppm in winter. The maxi-
mum, 7 ppm, of Finnish timothy is not toxic
and the mean value, 1.4 ppm, is normal. The
same also concerns nickel, the mean value of
which is very close to the results of FLEMING
(1963). Nickel and cobalt have a similar chemical
character. The content of nickel in soils and
plants is higher and easier to determine, espe-
cially from plant material. The analysis of nickel
gives an estimate of cobalt status, if the Ni/Co
ratio is known. This ratio is higher in plants
than in the soils in which they grow, as there is
strong enrichment of ‘nickel. The Ni/Co ratio in
Finnish arable soils-is 1.7 when calculated from
the total amounts of these elements in the soils
(MAkrrie 1962). The Ni/Co ratio increases to
2.5 in soil extracts (SrrLanpii and LAKANEN
1966) and up to 15—20 in timothy.

The range of molybdenum is widest among the
elements analysed. 63 9, of the results are below
the mean content, 0.60 ppm, which points to a
possible Mo deficiency in Finnish conditions.
More evidence is given by the fact that 20 %,
of the samples have a Mo content below 0.20
ppm of the dry matter. One of the reasons is
probably the low pH: of Finnish seils. The ap-
proximate pH values (measured from soil water
suspension 1:2.5) of Finnish soils during the
sampling year were within 4.8—5.7, depending
on the soil type (Kurxr 1963). The effect of
other soil factors on the low Mo content in
timothy will be investigated later. The somewhat
higher Mo content, 0.75 ppm (KArrsson 1961),
of Swedish timothy may be due to the higher
liming rate of the soils. o

Vanadium and cobalt were analysed from only
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part of the material (147 samples). The range of .

vanadium is wide and may prove almost as great
as that of molybdenum in the whole material.
‘The mean content, 0.26 ppm, is exactly the same
as in the mixed pasture herbage analysed by
MrrcueLL (1963) but higher than the content
in timothy as reported by FLEmMING (1963). The
mean Co content (0.05 ppm) of Finnish timothy
is in agreement with the corresponding Swedish
results (EXMAN et al. 1952) and data from other
countries (e.g. FLEMING 1963, 1965). It is likely

that higher cobalt contents will be found in some .

other species as well as in plants grown in soils
of different types and origins. According to
MrrcrerL (1963), the mean conterit of cobalt
in mixed pasture herbage is 0.11 ppm dry matter.
Mean contents of 0.10, 0.20 and 0.26 ppm in
hay and meadow hay were found by ZacHErL
et al. (1965), ScHILLER et al. (1967) and KocIAz-
KOWsKI et al. (1967). The average cobalt content
of Finnish timothy is probably slightly too low
for fodder, since many research workers agree
that 0.06—0.08 ppm is the minimum content to
maintain animals in good health. Approximately
25 %, of the samples contain less than 0.03 ppm,
which is further evidence of the insuffiency of
pure timothy as a source of cobalt.

Comparison between varions areas of the country

The importance of the soil type as a factor
affecting the mineral composition of the plant
has been emphasized in the foregoing. Soil types
of the sampling sites in various areas are pre-

sented in Table 3, which gives a rough estimate
of the distribution of cultivated soil groups in
areas I—IV. Statistical comparisons of major and
trace element contents of timothy between these
areas ate shown in Tables 4 and 5. Significances
are given at 5%, 1**and 0.1%** per cent levels.
Minus in front of the t-value indicates that in
the first-mentioned area the mean value of the
corresponding content is smaller.

Table 3. Soil groups in various areas
Taulukko 3. Maalajirybmit alueittain

% from soils
Area
Coarse I Clay Organogenic
| SRR 17 ‘ — 83
A 40 — 60
IO ..o 72 3 25
IV 36 46 18
Mean ............. 43 | 29 28

A general examination of the results reveals
the following points. The clearest differences in
the major nutrients are found in the magnesium
contents of plants. The smallest differences are
firstly in calcium and secondly in phosphorus
contents. The ash and phosphorus contents pat-
allel each other closely. An increase in ash is
accompanied by an increase in phosphorus and
vice versa. The most obvious differences between
trace elements are observed in the cases of
molybdenum, nickel and lead. There are no
statistically significant differences in the contents
of zinc and cobalt. The lack of significance is
mainly explained by the smaller number of co-
balt determinations and at least partly by the

Table 4. Statistical compatison of major nutrient contents between vatious areas
Tanlukko 4. Pidravinnepitoisunksien tilastollinen vertailu ers alueiden kesken

t value and significance
Comparison
Ash | K ] Ca ] Mg | 3

I—10 ...ols —1.911 —0.314 —1.253 3.070** —0.225

I ...t —4.490%%* —2.573% —1.745 3,558%** —0.914

I—IV ..., —3.217%* " 0.372 —1.006 3.688%¥* —0.366
II—II ........... —3.205%* —2.262% —1.046 3.195%x* —2.245%
II—Iv ..., —1.393 0.818 0.778 3.9174:k* —0.469
OI—IV ........... 2.995%* 5.524%* 2.073% 0.387 3.153%%

I—Others ....... —3.375%%* —0.352 1.219 3.481x%% —0.450
II—Othets ....... —1.751 0.094 0.404 3.436%%% —0.865
III—Othets ....... 3.669*%* 5.276%** 2.052% —1.217 3.378%**
IV—Others ....... —0.185 —3.340%** —1.534 —3.658%** —1.021
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high standard deviation of the spectrochemical
zinc determinations (LAKANEN 1961).

In the examination of various areas attention
is first paid to magnesium and potassium. In the
northern part (areas I and II) of the country,
where 63 9%, of the samples in this study were
from peat soils, the magnesium content of timo-
thy is highest. One of the reasons for this may
be the low content of exchangeable soil calcium.
Liming of acid peat soils with dolomite also
favours the uptake of magnesium by plants.

The low K and Mg contents of plants in area
IV came as a surprise. A higher uptake of these
nutrients from fine mineral soils naturally rich
in these elements was to be expected. The pro-
portion of clay soils (fraction of < 0.002 mm

over 30 9%) is 46 9, and in addition to this
the group of coarse mineral soils includes 31 9,
of silty soils in this area. Clay soils seem to
reduce 'the plant uptake of strontium, molybde-
num and manganese. On the other hand, the

lead and nickel contents of plants are signifi-

cantly highest in area IV. The same also partly
applies to vanadium.
Coarse mineral soils dominate in area III. Con-

‘tents of plant potassium, calcium, phosphorus
‘and ash are highest in this area. This high uptake

is also demonstrated by the significantly higher
strontium, molybdenum and vanadium contents.
Only the contents of lead and nickel are lower
than in other areas. Plants from area III exhibit
the best average nutrient status in this study..

Summary

The average mineral composition of 216 Finn-
ish timothy samples was: K 1.62, Ca 0.250,
P 0.206, Mg 0.120 9%, and Fe 81.0, Mn 65.8,
Zn 30.8, Sr 18.7, Cu 6.32, Pb 1.40, Ni 0.94,

Mo 0.62, V 0.26, Co 0.053 ppm in dry matter.
The composition varied significantly between
various areas of the country, according to soil

tyPCS B
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SELOSTUS

Suomalaisen timotein kivenniisainekoostumus

Esko LAKANEN . .

" Maatalouden tutkimuskeskus, Isotooppilaboratorio ja Maantutkimuslaitos, Tikkurila

Kasvien kivenniisainepitoisuuksien pitdisi tyydyttdd
seki kasvien itsensi ettd eldinten ja ihmisten valttimattd-
mien ravinteiden tarve. Koska timi tarve jéd usein tyy-
dyttimittd, on vilttimétonti madrittdd sekd maan ettd
kasvin ravinnetila. Maa-analyysi on osoittautunut tarkoi-
tuksenmukaiseksi keinoksi ravinnevaroja ja niiden kiytt6-
kelpoisuutta miiriteltiessd. Kasvien ravinnepitoisuuksiin
vaikuttaa useiden tekijéiden. joukossa my&s maan
ravinnetila, jota voidaan arvioida kasvianalyysien perus-
teella. Luotettavimman kuvan antaa tietenkin maa- ja
kasvianalyysi yhdessa.. .

Téssd tutkimuksessa analysomm yksityiskohtaisesti eri
puolilta Suomea (kuva 1) samanaikaisesti heininkorjuu-
aikana otetut 216 puhdasta timoteindytettd. Pidmidrind
oli saada yleiskuva hivenainepitoisuuksista (taul. 2) joista
tHedetddn lijan vahin tai ei lainkaan. Mukaan otettiin myds
padravinnemadritykset (taul. 1). Analyysitulosten jakau-
mat esitetddn kuvissa 2 ja 3 sekd pitoisuuksien tilasto-
matemaattinen vertailu maan eri osien kesken taulukoissa
4 ja 5. Hallitsevina maalajiryhmini (taul. 3) ovat pohjoi-
sessa eloperdiset maat, keski- ja itdosissa karkeat kiven-
nalsmaat ja Etelid-Suomessa hienot kivenniismaat.

" Koko aineiston keskiatvojen perusteella voidaan arvi-

oida; ettei ésiinny minkddn yksittdisen kasvinravinteen

muita voimakkaampaa yleisti puutetta. Alimmat pitoi-
suudet osoittavat kuitenkin, ettd yksittiistapauksissa
esiintyy yhden tai useammankin tavinteen puutetta.
Kuparin puute on maassamine tunnettu tosiasia. Timo-
teianalyysien perusteella niyttdd kuitenkin siltd, ettd
esiintyisi'my&s molybdeenin puutetta. Molybdeenin kes-
kimairiinen pitoisuus 0.62 mg/kg kuiva-ainetta ei sitd
vield todista. Mutta kun viidesosa niytteistd sisilsi keski-
midrin vain alle 0.20 mg/kg, viittaa se jo molybdeenin
puutteeseen. Tlmotem kaikkia pdi- ja hivenravinteiden
mairii ei voida pitdd riittdvind karjan ruokinnassa. Myr-
kyllisen korkeita hivenainepitoisuuksia ei todettu.
Néytteiden epdtasaisesta jakautumisesta huolimatta
ilmenee maaperisti johtuvia tilastollisesti merkitsevid
eroja eri alueiden timotein kivenniisainekoostumuksessa.
Magneslumpltolsuus on korkein pohjoisessa osassa
maata. On himmistyttivad todeta, etti magnesiumin ja
kaliumin miirit ovat pienimmit eteldisessi osassa maata
(alue IV). Onhan savien luontainen K- ja Mg -pitoisuus
tunnetusti korkea, Keski- ja Iti-Suomen (alue III) kasvi-
niytteet edustavat keskimidriisesti parasta ravinnetasoa.
Hivenaineiden pitoisuuksissa on lukuisia eroavuuksia eri
alueiden kesken. Selvimmiit etot ovat molybdeemn lylj
ja nikkelin mdirissi.
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TYPHULA BLIGHT OF CLOVERS

AARRE YLIMAKI

Agricultural Research Centre, Department of Plant Pathology,
Tikkurila, Finland

The oldest report of Typhula fungus found on
clover is from 1885, when Rostrup discovered
its sclerotia among seeds of red and white clover
that he had received from East Prussia, Moravia,
Hungary and Norway. He gave the fungus the
name Iyphula trifolii Rostr. but did not describe
it until later (Rostrur 1890). In Europe the
fungus has since been found in Denmark, Po-
land, the Soviet Union and Sweden (NosLE 1937,
ExstranD 1938, VanG 1945, IeNnaTovIcZ 1951,
Kasx 1966), while the species is unknown in
Canada and the USA (Leacu 1958, Axon. 1960,
Conners 1967). In these latter countries, as in
Europe, the following fungi, which normally
parasitize Gramineae, have occasionally been
found on clover as well. Typhula ishikariensis Imai
(syn. T idaboensis Remsb., T. borealis Ekstr.) and
T. incarnata Lasch ex Fr. (syn. T. ifoana Imai)
(cf. ExstrAND 1955, LEACH 1958, PoTATOSOVA
1960). Porjararrio and SALONEN (1956) state
that Typhula was the most important fungal dis-
ease of clover at the University of Helsinki
Research Station in Lapland. There is no other
report from Finland of the occurrence of Typhula
fungi on clover, although T. ishikariensis and T.
imcarnala are very common as parasites on
Gramineae in Finland (JamALAINEN 1957).

When examining the factors adversely affecting
the overwintering of grassland legumes, the
author has frequently found on these legumes
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not only the sclerotia of Sclerotinia trifoliorum
Erikss. but also those of Typhula sp. A total of
137 such samples has been gathered over the
years, and the samples come from 35 communes
in various parts of the country (Fig. 1). As
macroscopic examination of the sclerotia sam-
ples suggested that they were not all of the same
species, a closer examination of them was made.
It appeared that determination of species of
Typhula on the basis of macroscopic characteris-
tics, or of the shape and size of the sporophores
and basidiospores, is extremely difficult on ac-
count of their great variation, and, conscquentljr,
a microscopic examination of the structure of the
sclerotia was also made, a method regarded by
RemMsBERG (1940) as more reliable than the size
and shape of the spore for identifying these fungi.

Symptoms

Clovers contaminated by Iyphula fungi are
most clearly distinguishable in the spring, at the
very time that the healthy clover starts to grow.
The diseased clover is retarded in growth, if it
has any vitality left at all. It develops lateral
shoots, but these grow weakly and do not reach
the flowering stage. At worst, the parts of the
plant above the ground are entirely destroyed.
The leys will then have clovetless patches similar
to those caused by destruction due to the fungus
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Fig. 1. The communes in which the Typhula samples
originated
® 7. trifolii found alone or with other species
© Only 1. ishikariensis andfor T. incarnata
Kuva 1. Kunnat, joista Typhula-niytteet ovat perdisin
@ 7. rifolii favattu yksin tai muiden lajien kanssa
© Vain T. ishikariensis jaltai T. incarnata

Sclerotinia trifoliorum (Fig. 2). These two fungi
may infect the plant simultaneously. However,
Typhula destroys clover much more slowly than
S. trifoliorum.

On the surfaces and also within the destroyed
parts of the plant there are sclerotia with a diame-
ter of 0.5—2 mm which are quickly shed on the
ground when the remnants of the plant dry up.
In favourable circumstances sclerotia may form
in great numbers; IonaTovicz (1951) states that
he found as many as 1 500 sclerotia of 7. #rifolii
on an area of one square metre. The thin weblike

Fig. 2. Destruction of red clover caused by Typhula
trifolii at Palosalmi in the rural commune of Rovaniemi,
spring 1956 (M. Haavisto)

Kuva 2. Typhula trifoliin aihenttamaa puna-apilan tuboutu-
mista  Rovaniemen mlk:n Palosalmella  keviilli 1956
(M. Haavisto)

mycelium of the fungus is hardly noticeable be-
fore it starts to form coils of mycelium, at first
light in colour but later darkening, that are the
origins of the sclerotia.

Typhula destruction is greatest in early spring,
right after the thaw, and again in autumn before
the onset of winter. In a favourable microclimate,
the fungus may occasionally cause destruction
even during the growing season, just like S¢/ero-
tinia trifoliorum.

The causal organisms

The standard culture medium employed in
these studies was oatmeal agar, consisting of a
decoction of 50 g oatmeal, 14 g agar, 5 ml glyc-
erin, 1 000 ml distilled water; malt extract agar,
made up of 20 g malt extract, 15 g agar, 5 g
peptone and 1 000 ml water, was also used.

Monospore cultures were established from
basidiospores, dilute sterile water suspensions of
which were smeared over the water agar plates.
Single germinating spores were removed after
24 hours. Cultures were maintained mostly at
8—10°C. The growing of sporophores from
sclerotia was done on sterilized quartz sand that
was kept constantly moist in pots (Fig. 7). These
were kept in the shade outdoors either all the
time or for only a few hours every second day
or were kept constantly in the laboratory, in
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Fig. 3. Typhula trifolii. a. clamp connections in mycelium, b. basidia, ¢. basidiospores
Kuva 3. Typhula trifolii. a. sinkiliitd ribmastossa, b. basidivita, ¢. basidiosporeja

which last case they were given artificial ultra-
violet light. When the sporophores were being
raised the temperature was 5—10°C.

More than half the samples gathered (88) were
Typhula ishikariensis, and only 4 T. incarnata; 45
samples seemed to correspond most closely to
the descriptions given in the literature of 7.
trifolii. The same opinion was reached by Doctor
Leach of Oregon State College after he had ex-
amined the Typhuia samples isolated from clover

Fig. 4. Sclerotia of Typhu'a itrifelii on nutrient medium
Kuva 4. Typhula trifoliin sklerootioita ravintoalustalla
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that were sent to him from Finland in 1958. In
his letter of February 20, 1958, he states »macro-
scopically the sclerotia are quite similar to 7.
idahoensis, however microscopically they differ
noticeably in both the structure of the rind and
medulla. I presume that this is 7. z‘r{ﬁ;lz‘z’ Rost.
and wonder how we have escaped its presence
in America.»

On studying the material dealt with in the
present investigation, the author found that the
third Typhula fungus was Typhula trifolii. In the
examination a comparison was made in particular
of the corresponding characteristics of 7. ishi-
kariensis and T trifolii.

The mycelia of both 7. #ifolii and 7. ishi-
Fkariensis were grown on nutrient substrata, both
supetficially and submerged. They grew rather
sparsely, the individual hyphae were very slender
and colourless, and they had a great number of
clamp connections (Fig. 3). The mycelium grew
best at temperatures of 10—15°C, although
growth was also quite good at temperatures of
8§—12°C, whereas at temperatures above 20°C
the mycelium did not grow and there was no
formation of sclerotia. On the nutrient substrates
most of the sclerotia grew singly (Fig. 4) and
both were at first light brown, but the sclerotia
of 7. trifelii soon became darker and at maturity
were almost black, their surface being smooth
when fresh and wrinkled when dry. The sclerotia
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Fig. 5. Sclerotia from nature. a. 7. frifolii, b. T. ishikariensis, 5 X
Kuva 5. Sklerootioita Inonnosta. a. T. trifolii, b. T. ishikariensis, 5 X

of T. trifolii were in diameter 0.5—1.0 mm larger
than the sclerotia of 7. ishikariensis (Fig. 5). The
microscopic structure of the sclerotia of these
species differed essentially only where their sur-
faces were concerned. The surface cells of the
sclerotia of 7. #rifolii were less regular in shape,
thinner walled and darker than those of 7. ishi-
kariensis. The cuticle of the former was thinner
than that of the latter (Fig. 6). The structure of
the surface and the cortex of the sclerotia varied
somewhat, however, depending on the age of
the sclerotia.

The most favourable temperature for the for-
mation of the sclerotia was the same as for the
growth of the mycelium, although it also took
place at temperatures of 15—20°C.

The development of sporophores was chiefly
observed in sclerotia placed on moist quartz sand
(Fig. 7). It was irregular: sometimes the sporo-
phores developed in a week or two, and some-
times only after months. Sporophores often de-
veloped on the nutrient substrates very soon
after the completion of the sclerotia, as NosLE
(1937) had also found. They were, however, not
fertile as were those raised on quartz sand, evi-
dently because of the lack of short-wave light
rays, for the experimental pots were kept under
ordinary window glass, which is impervious to
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these rays (cf. RemssErG 1940, LEacH 1962)-
Ultraviolet rays proved to be necessary for the
fertility of the sporophores also in the sporo-
phore-raising experiments carried out on quartz
sand. In Petri dishes and Erlenmeyer flasks kept
until the nutrient substrate had become exhausted
and dried out, the fungi were observed to form
nonfertile sporophores from the scurfy, brown
mycelium, as NosLe (1937) found could occur
with T. trifolii.

In nature, sporophores are found mainly in
the autumn but also eatlier in the growing season
when there is enough humidity and the tempera-
ture does not exceed 20°C. Completely viable
sporophores have been found in the autumn
even when the temperature of the air has fallen
to —2°C.

While 7. ishikariensis usually develops several
sporophores from each sclerotium, 7. trifolii
usually develops only one. The size of the
basidiospores varies quite a lot in both species,
and this is why RemssErG (1940) and CorNER
(1950) regard size as a poor basis of determina-
tion.

As the 7. trifolii species has not previously
been reported and described in Finland, a syn-
opsis of its characteristic features is presented
here.
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T trifolii

T. ishikariensis

T. ishikariensis

Fig. 6. The microscopic structure of the sclerotia. A. from the surface, B. from the intetior, 500 X
Kuva 6. Sklerootioiden mikroskooppineir rakenne. A, pinnalta, B. sisistd, 500 %

Typhula trifolii Rostrup 1890

The sclerotia (Fig. 5 a) are almost ball-like and
often have a shallow depression; the diameter is
1.4—2.0 (0.3—3.4) mm; when fresh they are
fairly smooth, when dry they are hard and
wrinkled, initially brown but soon changing to
black. The surface of the sclerotia (Fig. 6) is
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composed of a layer of irregularly distorted and
rather thin-walled peripheral cells; the cortex
consists of a layer of enlarged and often partly
agglutinated hyphae, and.the medullary hyphae
are freely interwoven and compact. Usually, only
one sporophore (Figs. 7, 8) develops from each
sclerotium, being unbranched, fibrous, 10—18
mm long and 0.2—0.3 mm thick (diameter),



light-brown, radially very hairy in the lower
part, the clavula 0.3 —0.4 x 5.0 —7.0 mm,
subacute at the upper end, the basidia (Fig. 3)
being 5.3 — 7.4 x 21.0 — 26.0 u, 4-spored, the
basidiospores ovoid, slightly one-sided, lower
end subacute, but no apiculus, 3.9 x 10.6 (2.1 —
4.8 x 6.3 —12.2 u).

Host plants: Trifelium pratense, T. hybridum, T.
repens, T. incarnatum, Medicago lupulina, M. sativa,
Lotus corniculatus, Anthyllis valneraria, A. poly-
phylla (Exstranp 1938, Vanc 1945, CornER
1950, Porarosova 1960).

Taxonomically, Typhula trifelii, like T. ishi-
Fkariensis, belongs, in the classification by CORNER
(1950), to the subgenus Swhcarnosae Corner,
while 7. incarnata belongs to the subgenus Pha-
corrhizae I'r.

Pathogenicity

In nature Typhula fungi characteristically thrive
on and infect plants at relatively low tempera-
tures. On the basis of pot experiments conducted
in controlled temperature and humidity condi-
tions the author reached the conclusion that 7.
trifolii infects living red and white clover very
effectively at temperatures from +2 to +10°C
with a relative humidity of 50—70 per cent. By
contrast, on vigorously growing clover it was
not possible to get the fungus to infect at tem-
peratures of 417 to +22°C, whether the plants
were inoculated with fresh sclerotia or basidio-
spore-mycelium suspension or fertile sporo-
phores placed among the plants for infection. It
is evident that 7. #rifolii and T. ishikariensis, like
other winter-killing fungi, are weak pathogens.

The degree of damage to clover caused by
Typhula trifolii and T. ishikariensis was not clari-
fied in connection with the present study. But
the distribution of these fungi (Fig. 1) and scat-
tered observations of destruction (Fig. 2) suggest
that they may at times play a great part in destruc-
tion by clover crown rot.

Conditions favouring infection

Basidiospores spreading from the sporophores
in late summer and especially in the autumn are

Fig. 7. Cultivation of the sporophores of 7. trifolii on
moist quartz sand
Kupa 7. T. trifoliin itiemien kasvattaminen kostealla
kvartsibiekalla.

a b

Fig. 8. The sporophores of Typhula trifolii* a. young
(8 x), b. mature (3x)
Kuva 8. Typhula trifoliin itidemii. a. nuorena (8§x ), b.
kypsdnd (3 %)
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the chief soutce of infection. One of the condi-
tions for infection is sufficient humidity, i.e. a
relative atmospheric humidity of at least 50
per cent. A low temperature in the autumn is
no obstacle, for infection has been found to oc-
cur even at very low temperatures such as —2°C
and even at —4°C (cf. Icenartovicz 1951).

Thus the destruction caused by these fungi can

also continue during the winter, even under
snow, and again in the spring. Actually, the mass
destruction caused by 7. #rifolii does take place
in the autumn and in the spring immediately
after the thaw. If the microclimatic conditions
are favourable to the fungus, destruction by

Typhula may occasionally occur during the
growing season also. In the latter event, the
sclerotia of the fungus will form as early as late
summer on those parts of the plant that are above
the soil. 'This is extremely important where the
spread of the fungus is concerned. When clover
is grown for seed, the scletotia are mixed, at
threshing, among the seeds and are not likely
to be extracted even at sorting, for most of them
are precisely the same size as the clover seeds.
It was, indeed, from among clover seeds that
the earliest finds of 7. #ifoli wete made, as was
mentioned at the beginning (p. 1) and as DorpH-
PerERrsEN (1931) and other authors have shown

Summary

Among the pathogens of clover crown rot
found in Finland beside Sclerotinia trifoliornm
Erikss., finds are commonly made of Typhula
ishikariensis Imai and T. #rifolii Rostr. and oc-
casionally of the T incarnata Lasch ex Fr. fungi.
Of these, the species 7. #rifolii has not previously
been reported and described in Finland.

All the Typhula species prefer relatively low
temperatures. The mycelium of 7. #rifolii was
found to grow and form sclerotia well at tem-
peratures of 8—15°C but to infect clover most
effectively at 2—10°C. A condition is that the
relative humidity of the atmosphere in the vege-
tation layer should be at least 50 per cent.
The chief source of infection is the basidium

stage of the fungus, which develops mainly in
the autumn and to 2 minor extent as eatly as
late summer.

The study describes the microscopic structure
of the sclerotia of T. ishikariensis and T. trifolii.
The surface cells of the sclerotia of 7% #rifolii
are less regular in shape, have thinner walls and
are darker than those of 7. ishikariensis. The
former has a thinner cuticle than the latter. In
both, the medulla consists of closely intertwined
hyphae. The structure alone will not serve as a
basis for species determination, owing to its
great variation with age. But it can be used as
an additional character in the taxonomy of the
Typhula species.
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SELOSTUS

Apiloiden Typhula-tauti

AARRE YLIMAKI

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Apiloiden midintymisen aiheuttajina tavataan maas-
samme Sclerotinia trifoliorum Erikss. -sienen ohella yleisesti
my6s Typhula ishikariensis Imai ja T. trifolii Rostr. sekd
satunnaisesti 7. sncarnata Lasch ex Fr. -sienid. Niistd
T. trifolii -lajia ei ole maassamme aikaisemmin kuvattu.

Kaikki Typhula-lajit suosivat verrattain alhaisia limpd-
tiloja. 7. #rifoliin rihmaston todettiin kasvavan ja muo-
dostavan sklerootioita hyvin 8—15°C:ssa. Edellytykseni
on, etti ilman suhteellinen kosteus kasvillisuuskerrok-
sessa on vihintiin n. 50 9. Pidasiallinen infektiolihde
on sienen basidioaste, joka kehittyy etupdissi syksylls,
oskin vihiisessi midrin jo aikaisemmin loppukesilla.

Tutkimuksessa selvitettiin 7. ishikariensis ja T. trifolii-
sienten sklerootioiden mikroskooppista rakennetta. 7. f#i-
foliin sklerootioiden pintasolut ovat muodoltaan epdsiin-
nollisempii, ohutseindisempid ja tummempia kuin 7.
ishikariensisen. Edellisen kutikula on ohuempi kuin jil-
kimmiisen. Keskusta (medulla) koostuu kummallakin
toisiinsa tiiviisti kietoutuneista sienirihmoista (hyphae)
(kuva 6). Todettiin, etti rakenne vaihtelee eri ikikausina
siksi paljon, ettei yksistdin sen perusteella voida suorittaa
lajimédritystd. Kuitenkin se on varsin kiyttSkelpoinen
lisipiirre Typhula-lajien taksonomiassa kiytettiviksi.
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Finl. 40: 88—95, ‘

HANNiNEN, P. (1) & Jamavainen, E. A. Syysviljojen tal-
vehtiminen Keski-Suomessa. Summary: Overwintering of
winter cereals in Central Finland. Ann. Agric. Fenn. 7:
194—218,

Jamavamen, E. A. Resistance of Scandinavian gramineous
blant breeding material to low temperature parasitic fungi.
First Intern. Congt. of Plant Pathology, London,
July 14—26, 1968. Abstracts of Papers, p. 96.

— Viljan peittauskysymys Pohjoismaissa. Summary: The
question of seed itreatment of cereals in Scandinavia, Ann.
Agtic. Fenn. 7, Suppl. 1: 5—9. ’ ’

— Kasvien puutostaudit.' 128 p. Helsinki.

— Avomaan koristekasvien taudit ja niiden torjunta.
Puutarhakalenteri 1969: 303—337.

— Om skandinaviska Gramineae-vixters resistens mot
utvintringssvampar, Resistensbiologiskt symposium
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28. 4. 1968, Dickursby. Nord. Jordbr.forskn. 50; 425.

— Syysviljojen talvituhosienet voidaan tehokkaasti torjua.
Koetoim. ja Kiyt. 25: 37.

— Mykotoksiinit kotieldinsairauksien aiheuttajina. Ibid.
25: 42—43,

— Syysviljojen talvituhosienien torjunnalla saatu suuria
sadonlisdyksii Keski-Suomessa. Leipi Leveimmiksi
16: 9—11.

— Omenan Gloeosporium-varastolaikkua selvittivit ko-
keet. Hedelméd ja Matja 15: 90—92,

— Glocosporium-rSta  pa idpple vid lagringen.
girdsnytt 22: 338,

— Viljan peittaus tinid kevdini. Kiyt, Maam.: 118,

— Kasvinsuojeluseuran lehti. Kasvinsuojelulehti 1: 1—2.

— Viljan peittausaineista. Ibid. 1: 32—33.

— Elohopeapeittausaineet syyttdmit meilld lintujen jouk-
kohividmisiin. Maas. Tulev. 28. 3. 1968.

MurToMaa, A. Kasvinvirusten tutkimusta Tekkoslova-
kiassa. Kasvinsuojelulehti 1: 15—16.

— Rikkakasvihivitteiden aiheuttamista vioituksista lasin-
alaiskasveissa. Puutarha 71: 188—189,

— Viimekesiinen kurkun vihermosaiikkiviroosiepidemia.
Sama 71: 582, _

— Tomaatin tarttuvista kasvitaudeista. Puutarha-Uutiset
20: 270, 272, 284—286.

— Kurkun vihermosaiikkiviroosi. Ibid. 20: 1023—1025.

— Svamp- och virussjukdomar pi tomat och deras
bekimpning. Tridgirdsnytt 22: 110—112,

— Om icke smittsamma sjukdomar pa tomat. Ibid. 22:
130—131. ‘

— Om skadegorelse av ogrismedel pi kulturer under
glass. Ibid. 22: 156—157.

— Gurkans gronmosaikvirus. Ibid. 22: 374—375.

— & VALENTA, V. Transmission of a leafhopper-borne virus
Srom naturally infected Poa annua in Czechoslovakia (Slo-
vakin-, venijin- ja saksankielinen selostus). Biolégia
23: 389—392.

PurroneN, Rauna. Kasvitaudit 1967. Koetoim. ja Kiyt.
25: 2—3.

— Kotikukkien tarttumattomat taudit. Kotipuutarha 2:
22, 39,

— Kasvinsuojeluaineiden kaasuttaminen ja haihduttami-
nen puutarhaviljelyssd. Puutarhakalenteri 1968: 267—
271, .

— Tomatkrifta (Didymella lycopersici) och férhindrandet
av dess spridning. Tridgardsnytt 22: 226.

Trid-

— Vitrost pid krysantemum i frilandsodlingar, Ibid. 22:
292,

— Kirysanteemin valkoruostetta jilleen maassamme. Puu-
tarha-Uutiset 20: 798,

— Diseases of cultivated plants in Finland in 1967. Selostus:
Viljelykasvien kasvitaudit Suomessa 1967. Ann. Agric.
Fenn, 7: 189—193.

Rouvara, Y. Syysviljojen kylvdsiemen kannattaa pei-
tata. Maas. Tulev. 10. 8. 1968.



SerrANEN, E. Mitd mitad petunassa> Pellervo 69:
272—273.

— Enemmiin ja parempaa perunaa Uuden Suomen Maa-
talousliite 1968: 39.

— Huomio ruokaperunan laatuun. Pellervo 69: 764—765.

— Ruokaperunan laatu. Kasvinsuojelulehti 1: 45—46.

— Varastoi oikein perunasi. Viljelija 18, 5: 10—11.

— Onko tarpeen vaihtaa perunalajiketta? Kayt. Maam.:
536—537.

— Perunan mukuloiden mekaanisen vioittumisen merki-
tyksestd. Koetoim. ja Kiyt. 25: 41.

— Influence of weather conditions on potato yields in Finland.
Abstracts of papers read at the Meeting of the Physio-
logy Section at Innsbruck and Vienna, June 1968.
Eur, Potato J. 11: 290.

TaLvia, P. Kasvinsuojelu kotipuutarhamme .vihannes-
maalla, Almanakka 1968: 56—60.

— Vixtskyddet i hemtridgirdens gronsaksodling. Alma-
nack 1968: 59—63.

— Vanhoja ja uusia kasvitautien totjunta-aineita, Puu-
tatha 71: 337—338.

— Varo tyvimitdd ja Atirania kurkkuviljelyksilld! Puu-
tarha-Uutiset 20: 96.

— Varo kasvinsuojelumyrkkyji! Ibid. 20: 96.

— Varastot puhtaiksil Ibid. 20: 852—853.

— Gamla bekanta och nyare, mindre kiinda fungicider.
Tridgirdsnytt 22: 174,

— Andra flicksjukdomar pa ipple. Ibld 22: 339.

— Harmaakiiltotauti. Hedelmi ja Matja 15: 56—57.

— Omenissa esiintyvisti laikkutaudeista. Ibid. 15: 100.

— Kesiinen kasvinsuojelu kotipuutarhassa. Emintilehti
66, 6: 21. .

Tarro, EEva. Marjakasvien taudit ja niiden torjunta. Kas-
vinsuojelulehti 1: 16—18.

— Marjakasvien tautien torjunnasta. Hedelma ja Marja
15: 63—64.

— Mansikan kasvinsuojelua. Harmaahomeen torjunta.
Puutarha-Uutiset 20: 550.

YrMAxi, A. Mitrula sclerotiorum Rostr., a parasite on the
sclerotia of Sclerotinia  trifoliorum [Erikss. Selostus:
Mitrula sclerotiornm Rostr. loisii Sclerotinia trifoliorum
Erikss. pahkoilla. Ann. Agric. Fenn. 7: 105—106.

— Winter-killing fungi in Scandinavia. Bucarpia fodder

crops section, Rep. Meet. Koln-Vogelsang 1967:
57—62.

Kotieldinhoidon tutkimuslaitos, Tikkurila
Department of Animal Husbandry, Tikkurila

KAJANOJaA, P. (1) & Lamria, M. Energiaruokinnan tason
vaikutus lypsylehmin maitotuotokseen. Summary: The
effect of different planes of nutrition on milk production in

- dairy cows. Ann. Agric. Fenn. 7: 9—15.

Kancas, J., MAkeLA, J. & Huinaya, J. Tutkimuksia
mintaj’n kiytostd mmkmrehuna Turklstalous 40:
150—158.

Lameira, M. Urea supplements in the ration of dairy cows.
Selostus: Lypsylehmien rehuannosten tiydentiminen
urealla, Ann. Agric. Fenn. 7: 46—58.

— Hogug, D. E., CuirForp, A. J., Prior, R. L. &
Visex, W. J. Cystine and straw supplementation and
urease immunization of lambs fed purified diets containing
urea or soy protein. J. Anim. Sci. 27: 1167.

Larrrs, Eeva, Eldinrasva ja kuivaruokinta vasikoiden
kasvatuksessa. Koetoim. ja Kiyt. 25: 2—3.

— Koetuloksia nuoren naudan kasvatuksessa. Ibid. 25: 4.

" — Tiysmaito ja kurri lihovasikan kasvatuksessa. Ibid.

25: 5, 8.

Maixkeri, J., Huinaja, J. & KANGAS J. Ruokintakoe
tueskajauholla. Turkistalous 40: 285—287.

— & — & — Ruokintakoe maitojauheella. bed 40:
387—389.

PouriaiNeN, E. Factors influencing the flow of fluid, saliva aﬂd
some cations through the reticulo-omasal orifice of the cow.
Selostus: Tekijoitd, jotka vaikuttavat nesteen, syljen
ja eriiden kationien kulkuun lehmin verkkomaha-
satakerta-aukosta. Ann. Agric. Fenn. 7, Suppl. 3:
1—66. Viitoskirja.

R, O. & Karrrokoskr, P. K. Alkoksialkyylimerku-
riyhdisteiden vaikutus kanoihin peitatun viljan sy6ttd-
kokeessa. Summary: The effects of alkoxy alkyl mercury
derivatives on bens in a foed test with disinfected cereal. Ibid.
7, Suppl. 1: 10—14.

Uoria, Irja. Heinid vaiko sdilérehua kat]aIIc Kiyt.
Maam.: 62—63.

— Karkearehu valokeilassa. Koneviesti 16: 25—26. -

— Kralitetsfragor. Notrdiska Jordbruksforskares Fore-
ning, Bygnad och maskinsektion. Diskussions pro-
tokoll frin seminarium om ensilering: 15—16. Moniste.

— Suokotte vahingoittaa myds hevosia. Maas. Tulev. 52,
24: 4.

— Lehmien lisirehun tarve laitumella. Koetoim. ja Kiyt.
25: 22,

— Nautakatjan kivenniisaineiden tarve laitumella. Thid.
25: 24.

-— Tlmari Poijirvi. Ann. Agric. Fenn. 7: 3—6.

Kotieldinjalostuslaitos, Tikkurila
Department of Animal Breeding, Tikkurila

LinpsTROM, U. Prinsipper ved utvalg av oks&nodrc.
Buskap og Avdritt 20: 225—226.

— Voimakasta keskittymisti Ruotsin ja Norjan karjan-
jalostuksessa. Maas. Tulev. 21.9. 1968.

— Tehokkaalle keinosiemennysjalostukselle suuret jalos-
tusyksikét vilttimittomid. Ibid. 17.10. 1968.

— Nopeakasvuisuus ja teurastusika keskeisid lihaa mark-
kinoivia laatutekl)oxta Ibid. 19. 10. 1968.

— Lihan maallmankulutusennustect osoittavat kulutuk-

sen kasvua ja tuotannon niukkuutta. Pohjola tulevai-
suuden sianlihavyshyketti! Ibid. 24. 10..1968.
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— Perinndllinen edistyminen maidontuotantoon ja rasva-
prosenttiin nihden Suomen ayrshirerodussa v. 1961—
1966. Suom. Ayr.karja 42: 177—184.

— Ihmiskunnan ravintona eldinvalkuainen ensiarvoista.
Maas. Tulev. 14. 11. 1968.

— Husdjursforskning och framtiden. Landsb. Folk 15. 11.
1968.

— Vad betyder stamtavlan vid val av avelsdjur? Lant-
mannabladet 20, 11, 1968.

— Aktuellt inom kreatursféridlingen. Hufvudstadsbladet
25. 11. 1968.

— Kotieldintutkimuksen tulokset eivit saavuta kenttdd
kyllin nopeasti. Maas. Tulev. 3. 12. 1968.
— Sukutaulun merkitys kotieldinjalostuksessa.

Maam. 11: 12.

— Miten tehostaa naudanlihan tuotantoa I. Osuusteu-
rastamo 9. 12, 1968.

Maryavra, K. Grouping of different biological and chronological
components of egg-producing ability with the aid of factor
analysis. Selostus: Kanojen munantuotantokyvyn eti-
laisten biologisten ja kronologisten osatekijéiden ryh-
mittely faktorianalyysilla. Ann. Agric. Fenn. 7: 59—71.

— Data processing in national breeding schemes in respect to
poultry selection in Finland. Intern. Summer School on
Biomathematics and Data Processing in Animal Exp.
7 p.

— Mojligheter att piverka kvantiteten och kvaliteten av
fjaderfikott via avel. NJF:s Kottsymp, 1968: 134—143,

— Repeatability of Random Sample Test results. Proc. 1st
Eur. Conf. on Poult. Breed. and Random Sample
Testing. 12 p.

Kiyt.

— Suomenlampaan sikidvyys ja sen hyviksikiytté, Koe-
toim. ja Kiyt. 25: 6.

— Suomenlammas kiinnostaa ulkomaisia asiantuntijoita.
Pellervo 69: 704—707.

— Montako karitsaa uuhelle. Ibid. 69: 768—769.

— Lampaamme erikoisominaisuuksien hyviksikiytts.
Ibid. 69: 962—963.
— Keinosiemennyssonnien
talous 44: 380—381.
— Keinosiemennyssonnien hedelmillisyyden perinnél-
lisyydestd. Liikeuutiset 3 a: 1—3.

— Perinnéllinen muuntelu — karjanjalostuksen perusta.
Maas. Tulev. 9. 1. 1968.

Ruonomixr, HrLxka. Charolaisristeytyskokeiden tulok-
sia V. Koetoim. ja Kiyt. 25: 1,

— Charolaisristeytyskokeiden tuloksia VI. Ibid. 25: 7.

— & Nixura, A. Charolaisristeytyskokeiden tuloksia
VIIL. Ibid. 25: 22.

Uusisarmr, U. Miti silavaluotaus on — ja miki vaikuttaa
silld saatuihin tuloksiin? Sika 193: 6—8.

VAINIKAINEN, V. Koiramme kehityksestd IT. Koiramme 3.

emien valinnasta. Karja-

Maantutkimuslaitos, Tikkurila
Depariment of Soil Science, Tikkurila

MaxitiE, O. Potentiometric studies on the stabilities of
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several lanthanide chelates of Nitroso-R acid. Suom.
Kemistilehti B 41: 31—32,

— Aluminium, extractable from soil samples by the acid

Maan
alumiinin liukenemisesta viljavuusanalyysin happa-
maan ammoniumasetaattiliuokseen. J. Sci. Agric. Soc.
Finl. 40: 54—59.

— A study on the method of spectrophotometric determination
of traces of irom in soil extracts with Nitroso-R salt.
Selostus: Raudan hivenmiirien spektrofotomettisesta
mairittimisesti maauutteissa Nitroso-R suolan avulla.
Ann. Agric. Fenn. 7: 117—122.

— The dissocation constant of 5-methoxy-2-nitrosophenol in
agueons solution and ifs partition coefficient between chloro-
Jorm and water. A spectrophotometric study. Acta Chem.
Scand. 22: 2703—2708.

— Maan ravinteidenpidityskyky ja sen mdirittiminen.
Koetoim. ja Kiyt, 25: 21—22,

— 5-Methoxy-2-nitrosophenol as a Spectrophotometric Reagent
Jor Determination of Trace Amounts of Iron. Tiedonanto
IIL. Pol. Anal. Chem. Conf., Warsova, Commun. p. 21.

Somni, Syrvi & Virri, K. Oulu—Liminka. Summary:
Soil map of Oulu—Liminka. Ann. Agric. Fenn. 7,
Suppl. 2: 1—100 + 12 karttaa.

Virri, K. Limingan seudun maaperisti. Koetolm ja
Kiyt. 25; 23,

V. 1968 painetut maaperiikartat (1:20 000). Sos! maps
(71:20 000) printed in 1968:

amnionium acetate soil-testing method. Selostus:

Kauvatsa 2021 01 Ahtiala 3111 06
Lakkiniemi 2021 05 Oikarainen 3612 10
Suodenniemi 2021 06 Olkkajirvi 3612 11
Veikkola 2041 07 Olkka-Toramoselkd 3612 12

Maanviljelyskemian ja -fysiikan laitos, Tikkurila
Department of Agricultural Chemistry and Physics, Tikkurila

KerinNeN, T. Kalilannoitus-kalkituskokeiden tuloksia
hieta- ja savimailla. Koetoim. ja Kiyt. 25: 29.

— Magnesiumlannoitus ja maan happamuus. Sementti-
yhdistyksen Tied. 2, p. 49—53.

— & Tamio, A. (). Hiesu- ja savimaiden kalilannoitus-
tarpeesta, Kenttikokeiden tuloksia vuosilta 1951—66.
Zusammenfassung: Uber den Kalidiingungsbedarf von Lebm-
und Tonbioden. Ergebnisse von Feldversuchen in den Jabren
1951—66. Ann. Agric. Fenn. 7: 161—174.

LArrEs, G. Savimaiden kyntdsyvyys. Maatalouden tutki-
muskeskus, tietokortti 1 C 1.

— Minimimuokkaus eli kerralla valmiiksi -menetelmi.
Ibid. 1 C 2

— Kevitviljojen rivilannoitus. Ibid. 1 E 12.

— Koneiden painon aiheuttamat haitat peltomaassa.
Ibid. 1 H 1.

— Lantbruksmaskinernas
Landsb. Folk 22: 3.

— Radgddsling till varsid. Ibid. 22: 3.
— Minimum jotdbearbetning. Ibid. 22: 13.

korskador pa  dkerjorden.



— Lerjordarnas plojningsdjup. Ibid. 22: 28—29.

— Radgddsling rekommenderas. Ibid. 22: 7.

— Radgodslingsforsok 1965—67. Lantm. Andelsfolk 49:
166—170.

— Rivilannoituskokeet vv. 1965—67. Maas. Tulev. 52:
58—59.

— Rivilannoitus perunalle? Koetoim. ja Kiyt. 25: 46—48.

— Radgédsling till potatis? Fors. Framit 7. '

SaLoNEN, M. Rivilannoitus, sen kehittiminen ja sovelta-
minen kasvinviljelyyn. Leipid Leveimmiksi 16: 20—23.

— Maanparannus kivenniismailla, historiaa vaiko tule-
vaisuutta? Viljelija 12: 6—7.

— Typpilannoitus ja heinisato seki sen trehuarvo. Hank-
kijan Saroilta 11: 1.

— Apatite as a phosphorus fertilizer. Selostus: Apatiitti
fosforilannoitteena, Maatal.tiet. Aikak. 40: 209—218.

— Rikki Suomen peltoviljelyssi. Asian tarkastelua scki
kenttd- ja astiakokeiden tuloksia. Koetoim. ja Kiyt.
25: 47.

— Urea typpilannoitteena. Swmmary: Urea as a nitrogen
fertilizer. Ann. Agric. Fenn. 7: 16—20.

— TAHTINEN, HiLkka, JoxiNeN, RaLr & KErANEN, T.
Kipsi moniravinteisen lannoitteen osana. Astiakokei-
den tuloksia vuosilta 1961—65. Summary: Gypsum as
a constituent of multi-nutrient fertilizer. Ibid. 7: 111—116.

— & — & — & — Nitraatti- ja ammoniumtypen suh--

teen merkitys moniravinteisissa lannoitteissa. Astia-
kokeiden tuloksia vuosilta 1961—65. Summary: The
importance of the proportion of ammonium and nitrate
nitrogen in multi-nutrient fertiligers. Ibid. 7: 156—160.

Puutarhantutkimuslaitos, Piikkio
Department of Horticulture, Piikkis

Hursaumi, H. Foradling av dkerbirshallon (Rubus idaens
arcticus). Tridgirdsnytt 22: 283—284.

— Marjakasvien jalostus I. Jalostustybn menetelmisti,
Puutarha 71: 8—9.

— Marjakasvien jalostus II. Jalostustyon padsuuntaukset
kidytinnossd. Ibid. 71: 72—74.

— Marjakasvien jalostus III. Jalostustyon paamiiristd.
Ibid. 71: 120—121.

— Tiivistd marjanjalostustoimintaa puutarhantutkimus-
laitoksessa. Koetoim. ja Kiyt. 25: 16.

Kavrrio, T. K. Pensashanhikki — Pozentilla fruticosa Puu-
tarhantutkimuslaitoksen lajikekokeiden valossa. Puu-
tarha 71: 590—592.

— Villiviini — Parthenocissus. Ibid. 71: 658.

— Ruusukvitteni — Chaenomeles. Ibid. 71: 666—667.

— Ryhmiruusujen hoito. Maatalouden tutkimuskeskus,
tietokortti 3 D 2.

— Suositeltavia ryhmiruusulajikkeita. Ibid. 3 D 3.

— Pohjois-Suomeen suositeltavia koristepuita ja -pen-
saita. Ibid. 3 D 5.

— Ryhmiruusujen hoito. Puutarha 71: 286.
— Ryhmiruusujen hoito. Koetoim. ja Kiyt. 25: 16.

— Suositeltavia ryhmiruusulajikkeita. Puutarha-Uutiset
20: 544.

Kurkr, LEA, Bor och lagringsduglighet av gronsaker.
Nord. Jordbt.forskn. 50: 90.

— Peat in Convallaria growing. Acta Hort. Techn. Comm.
ISHS 8: 38—42,

— Kasvihuonekurkun kuljetus- ja varastointiolot. Koe-
toim. ja Kiyt. 25: 29, 32.

— Leukoijan lasinalaisviljely. Maatalouden tutkimuskes-
kus, tietokostti 3 E 5.

— Tiriksen hyéts. Ibid. 3 E 6.

— Kielon hy6tésilmujen kotimainen tuotanto tutkimuk-
sen kohteena. Puutarha-Uutiset 20: 374.

— Salaatin lehdenreunapolte ilmentdd hairiétd vesitalou-
dessa. Ibid. 20: 1151.

— Kielon hyétosilmujen kaupallinen tuotanto. Puutarha
71: 460.

— Vihannesten ja perunan varastointi. Puutarha-Uutiset
20: 14—18, 21—23, 23—24, 42—43, 45—50, 61—63,
65—173. Erip. 92 p.

SALOkANGAs, Kirstr. Finn- ja Jiffypotit taimikasvatuk-
sessa. Puutarha 71: 10—12,

— Muovin kiyttd avomaan vihannesviljelyssi. Yhteistyo
2: 49—51. '

— »Muovimakkaray-viljely. Puutarha 71: 219,

— Avomaankurkun viljely muovihuoneessa. Puutarha-
kalenteri 28: 228—232.

— Muovin kiyttd avomaankurkun viljelyssi. Maatalou-
den tutkimuskeskus, tietokortti 3 C 9.

— Porkkanan lajikekokeitten tuloksia. Puutarha-Uutiset
20: 1153,

Sixd, J. Mansikan lajikekokeet puutarhantutkimuslaitok-
sella ja koeasemilla vuosina 1959—65. Summary: Straw-
berry variety trials at the Department of Horticulture, Piik-
kis, and at different experimental stations in Finland in
1959—65. Ann. Agric. Fenn. 7: 1—14.

Tuhoelidintutkimuslaitos, Tikkurila
Department of Pest Investigation, Tikkurila -

ExsoM, P. Main problems in connection with stored products
in Finland. EPP Publ. Set. A, 46 — E: 43,

— Papintappaja. Maatalouden tutkimuskeskus, tietokortti
6 D 3.

ExmoLM, S. Skadegérare pa birbuskar. Tridgardsnytt 22:
127—128.

— Skadedjur pd vixthusvixter. Ibid., 22: 340—341.

— Klidmalen och dess bekdmpning. Lantmannabladet
35, 6: 4.

— Skalbaggar i garderoben. Ibid. 35, 12: 5—6.

— Frukttridens besprutning. Ibid. 35, 15—16: 7—38.

— Potatisalen sprider sig. Ibid. 35, 35: 4—b5.

— Biens uppfattning av riktning, avstdnd och mingd.
Lantm. Andelsfolk: 182—183.

— Mehildiset suunnistajina, Kiayt. Maam.: 374—376.
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— Alkukesin kasvinsuojelutoimintaa omena- ja marja-
tarhoissa. Leipid Leveimmiksi 16, 3: 32—35,

Havrkxa, O., HALkka, L., RAATIKAINEN, M. & VASARAI-
NEN, ARJA. Transmission of genes for colour polymorphism
in Philaenus. Hereditas 60: 262—264.

Heixiwnrivo, O. The aphid fauna of Spitsbergen. Ann. Ent.
Fenn. 34: 82—93.

— Tavoitetorjunta — uusin suuntaus puutarhan kasvin-
suojelussa. Kasvinsuojelulehti 1: 26—27.

— Tuhoeldimet ja kotipihan koristekasvit. Ibid. 1: 46—48.

KaNERvO, V. Avomaan.koristekasvien tuholaiset ja nii-
den torjunta. Puutarhakalenteri 1969: 338—367.

— Olisi pitinyt., Kayt. Maam.: 376.

MARKKULA, M. The sales of pesticides in Finland in 1967,
Kemian Teollisuus 25: 437—441.

— Pests of cultivated plants in Finland in 1967. Selostus:
Viljelykasvien tuhoeldimet 1967. Ann. Agric. Fenn.
7: 107—110.

— Torjunta-aineiden tarkastus. Kemian Teollisuus 25:
201—205.

— Torjunta-aineiden tarkastus Saksan Liittotasavallassa.
Ibid. 25: 901—903.

— Tortjunta-aineiden myyntilukuja. Kasvinsuojelulehti 1:
10—11,

— Niittymato Tuhoeldintutkimuslaitoksen perustajana,
Ibid. 1: 43,

— Torjunta-aineiden uusin myyntitilasto. Ibid. 1: 48—49.

— Lasinalaiskasvien tuholaisongelmat. Puutarhakalenteri
1968: 255—265.

— Niittymadot tutkimuslaitoksen perustajina. Tuhoeldin-
tutkimuslaitos 70 vuotta, Koetoim. ja Kiyt. 25: 41, 43.

— Torjunta-aineiden tarkastus. Maatalouden tutkimus-
keskus, tietokortti 6 A 2.

— Koloradonkuoriainen — vaarallinen perunan tuholai-
nen. Ibid. 6 B 13.

— Varsiyokkonen — monien kasvien tuholainen. Ibid.
6B,

— Problem med skaded]ur pa kulturer under glas. Trid-
girdsnytt 22: 392—394.
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