ANNALES
AGRICULTURAE FENNIAE

1963 Maatalouden tutkimuskeskuksen aikakauskirja Vol. 2,1

Journal of the Agricultural Research Centre

HELSINKI 1963



ANNALES
AGRICULTURAE FENNIAE

Maatalouden tutkimuskeskuksen aikakauskirja
Journal of the Agricultural Research Centre

TOIMITUSNEUVOSTO JA TOIMITUS
EDITORIAL BOARD AND STAFF

E. A. Jamalainen V. Kanervo K. Multamiki O. Ring
M. Salonen M. Sillanpéi ]. Siké V. Vainikainen

O. Valle V. U. Mustonen
Piitoimittaja Toimitussihteeri
Editor-in-chief Managing editor

Ilmestyy 4—6 numeroa vuodessa; ajoittain lisinidoksia
Issued as 4—6 numbers yearly and occasional supplements

SARJAT — SERIES

Agrogeologia, -chimica et -physica
— Maaperi, lannoitus ja muokkaus
Agricultura — Kasvinviljely
Horticultura — Puutarhanviljely
Phytopathologia — Kasvitaudit
Animalia domestica — Kotieldimet
Animalia nocentia — Tuhoeldimet

JAKELU JA VAIHTOTILAUKSET
DISTRIBUTION AND EXCHANGE

Maatalouden tutkimuskeskus, kirjasto, Tikkurila
Agricultural Research Centre, Library, Tikkurila, Finland




* ANNALES AGRICULTURAE FENNIAE; VOL. 2: 1—6-(1963)
Seria ANIMALIA NOCENTIA N. 8 — Sarja TUHOELAIMET n:o 8 ©

THE RESISTANCE OF CERTAIN FINNISH RED
CLOVER VARIETIES TO THE STEM NEMATODE
DITYLENCHUS DIPSACI (KUHN) FILIPJEV

OSMO ROIVAINEN and AULIS TINNILAY)

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

Received December 12, 1962

The stem nematode occurring as a pest of red clover has been found in only
six localities in Finland (Roivamen, Tinnmi and KANErvO 1962). ‘However,
the species is probably more common, since large amounts of infested red clover
seed have been imported to this country (TINNILA 1959). For example, the stem
nematode infestation in the Padasjoki commune is known to have - org1nated
from a lot of imported seed (Koskimiki, market seed in Sweden, in 1958)
amounting to about 8 000 kg (TINNILA 1959). In those areas in Finland where
the stem nematode occurs, it causés considerable destruction of red clover fields
(Tmenizd op. c., RorvaiNen, TiNNILA and KANERVO op..c.). In Sweden, good
control over th1s pest has been achieved by cultivating resistant varieties of red
clover (BINGEFORs 1957, oral communication 1962). At the beginning of the
present investigation a report was made on the results from prehrnmary tuals
(TiNnILA 1960).

Materials and methods

All trials were performed in the laboratory during the years 1959—1960.
The control red clover variety used was the Swedish variety Merkur which is
fairly resistant to the stem nematode but which does not succesfully survive
a severe Finnish winter. In addition to Merkur, the trials -included 6 other
foreign red clover varieties. The Finnish experimental material comprised 4
bred varieties of red clover as well as 23 local varieties. For the sake of
comparison, alfalfa, alsike and white clover were also used in these trials.

1) Present position Bang & Co, Kaivokatu 12 A, Helsinki, Finland.



Stem nematodes required for the inoculation of the trial seedlings were
obtained from the infested area at Padasjoki (TiNNiLi 1959). Isolation of the
species from infested plants was performed using the method of SEINHORST
(1950). In this method, the plant material is cut into small pieces and kept for
three days in a funnel under a descending fog of water vapor. The nematodes
were collected daily from a shallow container under the funnel. If the nema-
todes were not immediately used in the trials, they were kept in water through
which air was constantly passed. In general, isolation of nematodes and ger-
mination of red clover seeds were carried out simultaneously, with the result
that when the clover seedlings had reached a suitable stage for inoculation, a
supply of nematodes from 1 to 3 days old was available.

Seeds were germinated in the ”Jacobsen apparatus”. The time required for
germination varied according to the variety, from 2 to 4 days. Inoculation,
growing and inspection of the seedlings was made according to the method of
BINGEFORS (1957). Twenty-five young seedlings were placed on a strip of moist
blotting paper and inoculated by means of a hypodermic needle. The ends of
the paper strip were then folded upon the roots of the row of seedlings, and
the resulting three-layered sheet of blotting paper was rolled into a cylinder.
This was then placed vertically in a drinking glass full of water. For the
inoculation of 25 seedlings one ml of a suspension was used whose nematode
content was 2 000—3 000 per ml of water. Each seedling therefore received
an average of 80—120 nematodes. The content of the suspension was deter-
mined by using Peters 1 — ml counting slide (PETERs 1952), and three parallel
determinations were made.

The trials were inspected at periods of 11—13, 20—23 and 30—32 days
after inoculation. At these times the extent of infection of each seedling was
evaluated on the basis of the disease symptoms produced by the stem nema-
todes. According to the severity of the symptoms, the plants were evaluated
into the following groups: healthy (H), lightly infected (1), moderately infected
(2), severely infected or dead as a result of nematode infection (3) and dead
from some other cause than nematode infection (D). Using the numerical
values 0, 1, 2, 3 and O for the groups H, 1, 2, 3 and D, the resistance of each red
clover variety was calculated by the formula of BiNngEFoRrs (1957):

index of resistance = (1 — ?—%) X 100.

In this formula ”a” is numerical value assigned to each seedling and ”n” is the
number of seedlings inspected.

In planning the present investigation, it became evident that it was much
more important at the outset to make a rapid, general determination of the
resistance of the different varieties than to make a precise, detailed study of the
resistance of each variety which would have required much more time and work.
Therefore the plants were grouped according to their external symptoms only.
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As a result this method is less accurate then if the plants had been grouped on
the basis of the numbers of nematodes and their eggs occurring in the tissues
of each plant (SEINHORST 1956, BINGEFORS 1957). In order to avoid errors in
the present method, a very weak suspension was used in the inoculations. This
had the advantage of preventing the appearance of excessively severe disease
symptoms which would have been the case — even in resistant species and
varieties — if large amounts of nematodes had been used in the inoculations.

Results and discussion

The comparative plant material consisting of Finnish Jokioinen alfalfa
(Jo Si), Tammisto white and tetraploid alsike (Jo TAA 4) clover proved to be
very resistant to stem nematode infection. Disease symptoms were slight and
the number of healthy plants was high.

In the case of red clover varieties, the first inspection made 11—13 days
after inoculation (Fig. 1, I) showed that on the basis of index of resistance,
Taipalsaari was the most resistant of the red clovers investigated (i. r. 77 * 2.5).

INDEX OF RESISTANCE INDEX OF RESISTANCE

VARIETY 0 10 20 30 40 50 60 70 80 30 100 VARIETY 0 10 20 30 40 50 60 70 80 %0 100
J0 SI LUCERNE T 536 J0 SI LUCERNE " T171 298
JO TAAH ALSIKE CLOVER 111 s84 10 TAAH ALSIKE CLOVER TTT 2%
TAMMISTO WHITE CLOVER 510z  TAMMISTO WHITE CLOVER T 274 =
*MERKUR RED CLOVER 2378 = *MERKUR RED CLOVER 1584 —
*ULVA 2227 XULVA 1518 <
XJLTUNA 249500 XULTUNA 1436
XUDMURT 4 (RUSSISH, IM- 797 M XUDMURT 4 (RUSSISH, M- 500 M
*UDMURT 2 PORTED 4356) 33970 xUDHUR 2 PORTED 1956) 333 ©
*ALTASWEDE (CANADA) 743 *ALTASWEDE (CANADA) 638
*KOSKIMAKI 798 Q *KOSKIMAKI 498 ©
J0 37 594 1037 198
J0 TPA4 I 24160 10 TPAY 1581 ©
MISTo 2536 TAMMISTO 1588
TAMMISTO (GROWN IN CANADA) 10743 TAHMISTO (GROWN IN CANADA) 400
JAALA 300Z  JAALA 100 Z
JOENSUY 289 JOENSUU 100 —
HAAPANIEMI 2372 HAAPANIEMI 99 ¢
LAPPI TL 100 LAPPI TL 72
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LANGELMAKL 29397 LANGELMAKI 195 &
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FISKARS 626 ™  FISKARS ags M
RISTIINA 698 C  RISTINA 400 ©
PERTUNMAA 500 PERTUNMAA 333
LEM 300 LEMI 498
JOKIOINEN 250 JOKIQINEN 175
INKOO 300 INK0O 300
DRAGSFJARD 300 DRAGSFJARD 300
VILJIAKKALA 300 VILIAXKALA 300
LAPPEE 300 LAPPEE 300
ORIMATTILA 300 ORIMATTILA 300
ASKOLA 297 ASKOLA 296
TAIPALSAARI 249 TAIPALSAAR! 469
TAHMELA 286 TAMMELA 286
ALASTARO 269 ALASTARO 269
KANGASALA 298 KANGASALA 298
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Fig. 1. The resistance of alfalfa, white and alsike clover, as well as certain red clover

varieties to the stem nematode. The indexes of resistance (100 = completely resistant)

were calculated 11—13 days (I) and 20—23 days (II) after inoculation. The mean errors

of the index values are shown by the lines drawn on both sides of the values. Foreign
varieties are marked with a star (¥).

Kuwva 1. Sinimailasen, valko- ja alsikeapilan seki eriiden puna-apilalajikkeiden kestivyys
warsiankeroista wvastaan. Resistenssi-indeksin arvot (100 = tdysin kestivd) on laskettn
11—13 ork (I) ja 20—23 wrk (I1) saastutuksen jilkeen. Keskiarvojen keskivirbeet on
esitetty kestdvyysarvojen molemmin puolin piirretyilli viivoilla. Tibdelli (*) merkityt

ovat ulkomaisia lajikkeita.



The following varieties were Merkur (i. r. 75 = 2.4) and Kangasala (i. r. 75 =
1.5). Five varieties had an index of resistance of over 70. When the mean
errors of the values are considered, these five varieties are practically the
same in their resistance.

At the second inspection (Fig. 1, II) made 20—23 days after inoculation,
Taipalsaari was still the most resistant of all the varieties (i. r. 62 * 5.1). In
second place was Kangasala (i. r. 60 £ 2.7) and Merkur was third (i. r. 59 +
2.7). The results clearly show that Finnish bred varieties of red clover (Jo 37,
TPA 1 and Tammisto) are extremely susceptible to the stem nematode. At the
third inspection 30—32 days after inoculation, no essential differences in results
were found from those of the above-mentioned first and second inspections,
and thus they are not presented here.

If only the values of index of resistance are taken into consideration, Tai-
palsaari and Kangasala are equal to Merkur. When the plants are grouped
according to their symptoms and the index of resistance subsequently calculated,
the value of the index gives only a general picture of the resistance of each
variety, since.the same index value may be obtained in numerous different
ways depending on the relative amounts of the various symptom groups. There-
fore the red clover ‘varieties have also been compared to one another on the
basis of the symptom groups themselves (Fig. 2). In this comparison the 10
best varieties determined according to their index of resistance are considered.
At the first inspection (I) the order of superiority on the basis of the severly-
infected group (3) is Kangasala, Merkur and Taipalsaari, the differences
between these varieties, however, are not significant. If the group of mod-
erately infected plants (2) is also taken into consideration, the order is Merkur,
Lappi T] and Kangasala; in this case there is a significant difference between
Merkur and the following two. At the second inspection (II) this method of
analysis shows even more clearly the superiority of Merkur. .

According to the present investigations, the most resistant Finnish red clover
varieties — as well as some of the less resistant ones — are suitable for plant
breeding work aimed at developing nematode-resistant varieties. This applies
especially to the local strains Kangasala and Taipalsaari, since both of these
had a large share of healthy (H) plants. It is to be expected that Finnish red
clovers are generally poorly resistant to the stem nematode, since this pest
which acts as an agent of natural selection occurs rarely in this country.

Summary

In the laboratory, trials were made on the resistance of foreign and Finnish
red clover varieties to the stem nematode. Their resistance was determined by
evaluating the extent of disease symptoms of the plants and subsequently cal-
culating the index of resistance on the basis ‘of the symptoms. The Finnish
bred varieties proved to be quite susceptible, but certain.local varieties (Kan-
gasala and Taipalsaari) were found to be especially resistant to nematode in-
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Fig. 2. The 10 most resistant red clover varieties arranged
according to their disease symptoms into following groups:
healthy (H), lightly infected (1), moderately infected (2) and
severely infected or dead from nematode injury (3). The
dark columns show the mean errors of the. values for the
groups. The group values were calculated 11—13 days (I)
-and 20—23 days (II) after inoculation. Foreign varieties are
marked with a star (*).

Kuva 2. Kymnienen kestivinti puna-apilalajiketta jarjestet-
tyini taimien sairamsoireiden perusteella rybmiin terve (H),
- lieviisti sairas (1), sairas (2) ja voimakkaasti sairas tai- anke-
“voisen takia kuollut (3). Tumma pylvis osoittaa keskiarvon .
keskivirheen sunruntta kussakin rybmissi. Rybmien arvot. on
lasketty 11—13 ork (I) ja 20—23 work (II) saastutuksen
jilkeen., Tibdelli (%) merkityt ovat wnlkomaisia lajikkeita.



fection. These varieties, however, were not so resistant as the Swedish variety
Merkur in which this characteristic is very pronounced. Although the stem
nematode only rarely occurs in Finland and thus seldom acts as a natural selecti-
on agent, it is worth noting that among the Finnish clovers investigated there
are several resistant varieties.

Acknowledgement. Financial support for this work has been received from
the Emil Aaltonen Foundation.
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SELOSTUS

Eriiden suomalaisten puna-apilalajikkeiden kestivyys varsiankeroista vastaan

Osmo ROIVAINEN ja Auris TINNILA 1)
Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila

Vaikka varsiankeroista tavataankin Suomessa jokseenkin harvinaisena, on laji otettava huo-
mioon, koska se aiheuttaa esiintymisalueillaan merkittivid tuhoa. Varsiankeroisen kemiallinen
torjunta on osoittautunut erittdin kalliiksi ja hankalaksi, mutta kestivien lajikkeiden viljely on
sen torjuntakeinona erinomainen. Ruotsissa on kehitetty Merkur-niminen lajike, joka kestii
varsiankeroista hyvin, mutta jonka talvenkestivyys on Suomen oloissa heikko. Siksi suoritettiin
tutkimus, jossa pyrittiin yleispiirtein selvittimiin kotimaisten puna-apilalajikkeiden ja eriiden
suomalaisten paikalliskantojen varsiankeroiskestivyytti. Tulokset osoittavat, ettd jalostetut
kotimaiset lajikkeet (Jo 37, Jo TPA 1 ja Tammisto) kestivit varsiankeroista heikosti. Sen
sijaan  erddt paikallislajikkeet, mm. Kangasala- (viljeliji Pasan tila) ja Taipalsaari- (vil-
jeliji Nihtilin tila) nimiset, ovat ankeroista melko lailla kestivii. Sanottuja paikallislajikkeita
koskevia tutkimuksia jatketaan ankeroiskestivyyden osalta; lisiksi selvitelliin lajikkeiden
yleisid viljelyominaisuuksia.

1) Nykyinen toimipaikka Bang & Co, Kaivokatu 12 A, Helsinki.
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STRATIFIOINNIN VAIKUTUKSESTA OMENAPUUN
SIEMENTEN ITAMISEEN

Summary: Stratification of apple seeds

TAPIO K. KALLIO

Maatalouden tutkimuskeskus, Puutarhantutkimuslaitos, Piikkis

Saapunut 18. 12. 1962

Omenapuille, kuten useimmille muillekin Rosaceae-heimon kasveille on omi-
naista, etteivit niiden siemenet ole vilittdmisti itdmiskelpoisia, vaan ne vaati-
vat itidkseen tietyn jilkikypsymisajan. Ilmidn syyni saattaa osittain olla
siementi ympirdivin kuoren lipidisemittomyys, kuten Prunus- ja Crataegus-
suvun lajeilla, mutta omenapuilla selitetisin sen johtuvan alkiossa tapahtuvista
muutoksista (LUCKwiLL 1952, VissEr 1956).

Jalkikypsymisajaksi on siemenet tapana stratifioida eli eristdd viiledn kostei-
siin olosuhteisiin. Tavallisesti siemenet sekoitetaan noin viisinkertaiseen mda-
rdin kosteaa hiekkaa (LEHTONEN ja JOKELA 1953), mutta eristysaineena on kiy-
tetty myds turvepehkua (PaTOoMAKI 1948), jolla on edelliseen ndhden etuna, ettd
" se pysyy paremmin kosteana. Nimenomaan riittivin kosteuden on havaittu
olevan jilkikypsymiselle vilttimitonti (de Haas ja ScHANDER 1952), koska
kuivassa jilkikypsymistd ei tapahdu. Ohjeet stratifiointiaikaan nihden vaihte-
levat eri lhteissi 4 viikosta (de Haas ja ScHANDER 1952) koko talveksi (Cor-
LAN 1929), mutta useimmiten suositellaan kuitenkin kahta kuukautta (LenTO-
NEN ja JOKELA 1953, PASSECKER 1955, KALLIO 1957). Sopiva limpétila on ohjei-
den mukaan yleensi 0—10° C. ScHANDERIn (1955) mukaan paras limpétila on
2—5° C ja itimistulokset heikkenevit jyrkisti kumpaankin suuntaan varsinkin
silloin, kun stratifiointiaika on ollut suhteellisen lyhyrt.

Neuvostoliitossa on suoritettu runsaasti hedelmipuiden siementen stratifioin-
tia koskevia tutkimuksia.- Niinpi VENjAMINOV ja DormaTOVA (1959) Ovat saa-
neet parhaat tulokset sekd laboratoriossa etti kenttikokeissa pitimilld sieme-
net ensin 50 vrk 5—7° Cissa ja sitten 100 vrk —1 — —2° Cissa. Neuvosto-
liitossa on saatu my0s hyvid tuloksia upottamalla siemenet kylmiin veteen ja



jaddyttdmilli ne yhdeksi kimpaleeksi (BoroTskiy 1960). Tdmi ndyttdisi tuke-
van ajatusta, etti pakkasella olisi vaikutusta siementen stratifioinnin tehostami-
sessa. Tahin kisitykseen perustuen on omenapuille suositeltu syyskylvdd, jolla
meillikin on pdisty hyviin tuloksiin (LEHTONEN ja JokeELA 1953, KaLrio 1957).
Kuitenkin on selvisti osoitettu, ettei pakkaskisittely ole tarpeellinen omena-
puiden siemenille, joskin jilkikypsymisti voi tapahtua vield alle 0° C:ssa
(ScHANDER 1955).

Kokeiden jirjestely

Omenapuun siementen stratifiointiin liittyvien kysymysten selvittimiseksi
jirjestettiin Puutarhantutkimuslaitoksella kaksi koetta vuosina 1961—62. Tut-
kimuksen kohteina olivat 1) stratifiointilampétila, 2) stratifiointiaine ja 3) peit-
tauksen merkitys stratifioinnin yhteydessa.

Vuonna 1961 olivat kokeeseen kiytetyt siemenet periisin Antonovka-lajik-
keesta. Edellisend syksyni erilleen pestyt siemenet oli siilytetty kuivassa huo-
neenldmmossd 3. 3. asti, jolloin ne stratifioitiin, Osa siemenistd peitattiin
Aagrono 9815 -nimiselli orgaanista elohopeayhdistettd vaikuttavana aineena
sisaltivilld valmisteella, jota kiytettiin 0.2 g 100 g:aa siemenid kohden. Strati-
fiointi suoritettiin siten, ettd siemenet pantiin vapaasti 25 cm:n saviruukkuihin,
kosteaan hienoon hiekkaan. Toisena stratifiointiaineena kiytettiin jyrsintur-
vetta, johon siemenet pantiin pienissi tihedsilmiisissd verkkopusseissa. Siemenet
sijoitettiin ruukuissa kahteen kellariin, joissa kummassakin oli eri limpédtila,
nimittdin noin +4° C ja 0 — —1° C. Kylmemmissi kellarissa stratifiointiaine
ja siemenet jadtyivit pian yhdeksi kimpaleeksi. Limpimimmassa kellarissa tdy-
tyi kosteudesta huolehtia kastelemalla ruukkuja muutaman kerran. Stratifiointi
lopetettiin tasan kahden kuukauden kuluttua eli 3. 5., jolloin siemenet kylvet-
tiin laatikoihin lavaan, kussakin koejisenessd 300 siementd kuutena kerranteena.

Vuonna 1962 oli kiytettivissi Sokeri-Mironin siemenii, jotka oli syksylld
pesty puhtaiksi. Koejisenind olivat samat kuin edelliselld kerralla ja lisiksi
ilman stratifiointia syksylli 13. 11. ja kevailldi 2. 5. ruukkuihin avomaalle
kylvetyt koejdsenet. Peittausaineena kiytettiin TMTD-pitoista T-M Thiram 50
-valmistetta 0.5 g/100 g. Tilld kertaa kdytettiin myds hiekkaan stratifioiduille
siemenille verkkopusseja. Stratifiointi kesti 2 kuukautta 2. 5. asti, jolloin sie-
menet kylvettiin 12.5 ¢cm:n ruukkuihin 100 siementd kuhunkin. Kussakin koe-
jisenessd oli 400 siementi. Ruukut upotettiin reunojaan mydten avomaalle.
Kokeesta jouduttiin myShemmin hylkiimiin muutamia ruukkuja, koska linnut
olivat sydneet niisti siemenid, ennen kuin kylvokset suojattiin verkolla.

Tulokset ja niiden tarkastelua

Kun stratifiointi kumpanakin vuonna 2 kuukauden kuluttua lopetettiin n:
+4° C:ssa stratificiduissa siemenissd, oli itiminen juuri alkamassa: muutamista
siemenistd tunkeutui esiin parin millimetrin mittaisia alkeisjuuria. Siemenet,



Taulukko 1. Stratifiointikokeen tulokset v: 1961.

Table 1. The results of the stratification experiment in 1961.

. Stratifiointilimpotila
Siementen kisittely Stratification temperature
Treatment of the seeds
n. +4 °C 0——10°C
Taimettuminen Taimettuminen
Peittaus Stratif. aine Germination Germinat_inn
Disinfection Substrate vrk o vek o
days per cent days Der cent
— hiekka 8 86 14 43
_ sand
— jyrsinturve 8 80 12 50
milled peat
Aagrano 9815 hiekka 9 92 13 .| 22
0.2 g/100 g sand :
—_—— jyrsinturve 8 83 12 49
milled peat
F = 87.7%%* merk. ero (P = 0.05) 7 %o-yksikkod
: sign. diff. corresponds to 7 per cent
Lajike:
Variety: Antonovka
Stratifiointiaika: 3.3.—3.5.
Time of stratification: March 3 to May 3
jotka oli stratifioitu 0 — —1° C:ssa, niyttivit sen sijaan tiysin itimittomiltd.

Hometta esiintyi runsaanlaisesti ni. +4° C:ssa stratifioiduissa siemenissi verkko-
pusseissa, joissa siemenet olivat toistensa kanssa kosketuksissa ja homesienet pai-
sivit siten helpommin leviimiin. Hometta ei sen sijaan havaittu lainkaan
vapaasti hiekkaan stratifioiduissa siemenissi, koska ne olivat toisistaan puhtaan
hiekan tdysin eristimii.

Taimettuminen laskettiin vuonna 1961 31. 5. ja vuonna 1962 9. 7. Tulokset
selvidvit taulukoista 1 ja 2. Niiti tarkasteltaessa kiintyy huomio ensi sijassa
suureen eroon, joka vallitsee eri limpédtiloissa stratifioitujen siementen taimet-
tumisprosenttien vililli. Noin +4° C:ssa stratifioidut siemenet itivit kumpana-
kin vuonna selvisti paremmin ja nopeammin kuin kylmemmissi olleet siemenet.
Stratifiointiaineen jiityessi —1° Cissa olivat siemenet ainakin jonkin verran
kuivuneet, mikd puolestaan oli haitannut jilkikypsymisti tdssi limpGtilassa.
Erityisesti timd ilmeni Sokeri-Mironin siemenilld. Ne itivit vuonna 1962 huo-
mattavasti hetkommin, hitaammin ja epitasaisemmin kuin Antonovkan sieme-
net vuonna 1961. T#hidn lienee ollut ainakin osittain syyni se, etti Sokeri-



Mironin siemenet oli kylvetty avomaalle, jolloin niiden itiminen hidastui viilei-
den siiden johdosta; Antonovkan siemenet oli sitd vastoin kylvetty lavaan.

Stratifiointiaineella ei niyti olleen vaikutusta siementen itdmiseen. Kiy-
tinnollisistd syistd tuntui hiekka sopivammalta kuin jyrsinturve, koska siitd saa-
daan siemenet helposti erilleen seulomalla. Kosteuden siilyttamiseksi tasaisena
lienee pieni miird turvepehkua tai jyrsinturvetta hiekan seassa edullista, koska
pellkd hiekka kuivuu helposti. Peittauksella on erdissi olosuhteissa onnistuttu
parantamaan itimistulosta (PASSECKER 1955), mutta tdssi tutkimuksessa kiyte-
tyistd peittausaineista ainoastaan Aagrano 9815:1l4 oli merkitysti ja vain homeen
esiintymisen estdjini.

Vuonna 1962 oli kokeessa mukana edelliseni syksyni ja kevidlld ilman
stratifiointia kylvetyt koejisenet. Edellinen iti noin 3 vilkkoa aikaisemmin
kuin keviilli kylvetyt stratifioidut siemenet. Taimettumisessa ei sen sijaan
havaittu eroa n. +4° C:ssa stratifioituihin verrattuna. Ilman stratifiointia kyl-
vetyt siemenet elvit itineet lainkaan.

Taulukko 2. Stratifiointikokeen tulokset v. 1962.

Table 2. The results of the stratification experiment in 1962.

Stratifiointilimpétila
Siementen kisittely Stratification temperature
Treatment of the seeds 0. +4 °C 0— —1°C
Taimettuminen Taimettuminen
Peittaus Stratif.aine Germination Germination
Disinfection Substrate vek % vtk %
days per cent days per cent
— hiekka 32 37 38 7
sand
— jyrsinturve 32 53 38 8
milled peat
T-M Thiram 50 hiekka 30 46 35 12
0.5g/100 g sand
—— Jyrsinturve 34, 25 42 7
milled peat

Kylvetty ilman stratifiointia 13. 11. 1961 (12) 43
Sown without stratification Now. 13, 1961
o 2. 5. 1962 — —
» May 2, 1962
F = 35.0%%% ‘merk. ero (P = 0.05) 14 °%o-yksikkod
sign. diff. corresponds to 14 per cent
Lajike:

Variety: Sokeri-Miron

Stratifiointiaika: 2. 3. —2.5.
Time of stratification: March 2 to May 2

10



Tiivistelmi

Edelli selostetuissa omenapuun siementen stratifiointia koskevissa tutkimuk-
sissa kivi selville, etti kahden kuukauden pituisena stratifiointiaikana n.
+4° C:n limpétila oli siementen itimisti ‘silmdlld pitden edullisempi kuin
0 — —1° C:n limpétila. Stratifiointiaineena olivat itdmistulokseen nihden
hiekka ja jyrsinturve samanarvoisia. Kiytettdessi elohopeapitoista peittaus-
ainetta Aagrano 9815 saatiin stratifioinnin aikana homeisuus selvisti alene-
maan. Kuitenkaan peittauksella ei voitu edistdd siementen itdmistd. Tutki-
muksen perusteella niyttdd lisiksi ilmeiselti, ettd omenapuun siementen strati-
fiointi voidaan edullisesti korvata ainakin Eteli-Suomen oloissa syyskylvolld,
jota kiyttien saadaan stratifiointiin ja kevitkylvoon verrattuna taimettuminen
huomattavasti aikaisemmaksi ja niin lisdaikaa taimien kehittymiseen.
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SUMMARY
Stratification of apple seeds

Tarro K. Karrio
Agricultural Research Centre, Department of Horticulture, Piikkis, Finland

This paper deals with experiments carried out at the Department of Horticulture in 1961
—62 to study the effect of stratification on the germination of apple seeds. The varieties
Antonovka and Sokeri-Miron were used. Stratification at +4° C for two months proved to
have a very good effect and was far superior to otherwise similar treatment at —1° C. As sub-
strates, fine sand and milled peat were equally good. The mercury-containing disinfectant
Aagrano 9815 reduced the amount of mould during stratification but it could not be shown
to have any effect on germination. Sowing the seeds outdoors late in the autumn had the same
effect as stratification.
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Interspecific hybridization has played an important role in the breeding of
cultivated blueberry varieties. As was found by CoviLLE (1927) and LONGLEY
(1927), North American blueberries fall into three groups according to their
chromosome number, viz. the diploids (2n = 24), tetraploids (2n = 48) and
hexaploids (2n = 72). Species having the same chromosome number usually
cross readily and give fertile hybrids, whereas species with different chromosome
numbers either cannot be crossed at all or give more or less sterile hybrids.
Darrow and Camp (1945) made a comprehensive study on natural and artifi-
cially produced Vaccinium hybrids and considered hybridization to be a par-
ticulally important phenomenon in the evolution of the genus in North Amer-
ica. They also expressed their belief in the great potentialities of 1nte1spec1f1c
hybridization in future blueberry breeding. CoviLLe (1937), the pioneer of
blueberry breeding, had already made crosses between selected wild individuals
of the tetraploid species V. australe Small and V. corymbosum L. (highbush
blueberries) on one hand and V. lamarckii Camp (lowbush blueberry) on the
other hand. These crosses were, in fact, the most essential material in his breed-
ing work and yielded — directly or indirectly — several named varieties.
Crosses between highbush and lowbush blueberries were also made by
JounsToN. (1946) and MEADER et 4l. (1954). Other crosses, even between dif-
ferent ploidy levels, were made and studied by Darrow et al. (1952, 1954) and
BRIGHTWELL et al. (1955).

The bog whortleberry, Vaccinium uliginosum L. is a northern’ cucumpolax
species which stands out markedly from the cultivated blueberries. Camp (1945),
in his extensive monograph, considers V. uliginosum and V. occidentale A. Gray
to form a group of their own within the genus, entirely different from the
subgenus Cyanococcus Kl., the ”true blueberries”, which include all cultivated
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forms. Quite recently DARROW (1960, 1962) mentioned successful hybridization
between V. uliginosum and V. corymbosum at the Washington Experiment
Station. As far as can be seen from the literatute, this is the only case in which
V. uliginosum has been used for any species crosses. HEERMANN (1931, 1932),
who worked with blueberry breeding in Germany, did not consider this species
suitable for breeding purposes because he regarded its fruit quality as unsatis-
factory and its ecological requirements as too specialized. LIEBSTER (1961), in
his handbook of blueberry growing, also considers it unsuitable for any practical
purposes. It has been used in the northern countries to some extent, however,
and it is said to make an excellent jam. According to Darrow and Cawmp
(1945), some Esquimo tribes still use bog whortleberries, which are stored in
skin bags in contact with the permanently frozen zone in the ground, an.
interesting primitive method of freezing. Although this berry species as such
does not meet the present-day requirements of fruit quality and cropping capac-
ity, it may be useful for breeding purposes. Its range extends as far north as
northern Greenland and Arctic Siberia, which suggests that it probably has
gene reserves for extreme cold resistance, a property which may prove to be
exceedingly valuable in breeding blueberries for northern countries.

For this reason a hybridization programme was started between V. uligi-
nosum and cultivated blueberry varieties, According to Hacerup (1933), V.
uliginosum consists of two chromosome races, a diploid (2n = 24) one which
occurs in Greenland and a more widespread tetraploid (2n = 48) one. The
diploid race is morphologically distinct and taxonomically known as V. uligi-
nosum. subsp. microphyllum Lge. According to L6vE and LOVE (1956) it also
exists in Iceland and, according to DarRrROW et al. (1944) probably in some
parts of North America. Hara (1953) reported a hexaploid count (2n = 72)
of V. uliginosum found in Japan. The Finnish populations of bog whortleberry
belong to the main species and therefore there is every reason to assume that
they are tetraploid, although an actual chromosome count has never been made
with Finnish material. Consequently, it seemed possible that hybridization
between Finnish V. wuliginosum and cultivated tetraploid blueberries might
succeed and even give fertile hybrids. ‘

Materials

One parent uséd was a small wild population of Vaccinium uliginosum
growing on top of the hill Matinkallio near the Department of Horticulture
in Piikkid (near Turku), S.W. Finland. The habitat of this population was a
small bog only a few square metres in extent which had formed on a rock. -

As the other parent two cultivated blueberry varieties were used, Rancocas
and Pemberton. These particular varieties were chosen because, of all those
so far tested, (VaaramMa 1950, MEURMAN 1956, HARDH 1959) they appear to
be the ones best suited to conditions in Finland.
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Brooks (V. corymbosum) X Russell (V. lamarckii)

394 Y X Rubel (V. australe)

Rancocas

Brdoks (V. corymbosum) X  Sooy (V. australe)

Katharine X Rubel (V. australe)

}

Pemberton

Fig. 1. Ancestry of the two blueberry varieties used in the present study,
according to Coville (1937) and Darrow (1960).

Kuva 1. Tutkimuksessa kiytettyjen pensasmustikkalajikkeiden alkuperii
Couvillen (1937) ja Darrowin (1960) mukaan.

The origin of these two varieties, according to CoviLLE (1937) and DarRrROW
(1960), is given in Fig. 1. Pemberton is a pure highbush blueberry, whereas
Rancocas has the hybrid between V. corymbosum (highbush blueberry) and V.
lamarckii (lowbush blueberry) as one parent.

Hybridization and ‘its results

The hybridization was done in 1961, using cultivated blueberries in the field
and V. uliginosum in its natural habitat. The crossing technique was the usual
‘one, including emasculation, which was done for both species by removing the
calyx, corolla and stamens in one operation. Isolation bags were used for
cultivated blueberries, whereas the emasculated flowers of V. uliginosum were
left without bags. That no bags were needed in the latter case was shown by
the fact that not a single seedling of pure V. uliginosum came up when the seeds
were sown. In all, 186 flowers of Rancocas and 137 flowers of Pemberton were
pollinated with V. wliginosum, 83 flowers of the latter were pollinated with
Rancocas and 89 with Pemberton,

All crosses gave berries with seeds in them. The seeds were cleaned and
stored in small cloth bags which were kept in moist sand at ca. 4°C. In March
they were sown in pots in a warm greenhouse. For comparison, seeds of pure
V. uliginosum, pure Rancocas and pure Pemberton were treated in the same
manner and sown at the same time. In a few weeks all had germinated except
those in which V. uliginosum was the pollen parent. It was at once clear that
the hybrids were morphologically distinguishable from both pure V. uliginosum
and pure blueberry seedlings (Fig. 2). The leaf shape, which was obovate in
the former species and more or less ovate in the latter, was intermediate in the
hybrids, being nearly elliptic. The colour of the leaves was pure green in V.
uliginosum, mixed with anthocyanin in Rancocas and Pemberton, and inter-
mediate with a purplish tinge in the hybrids.
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Fig. 2. Seedlings of Vaccinium uliginosum (left), Rancocas (right)
and their hybrid (centre). The seedlings were grown in the same
environmental conditions and are of the same age within each hori-
zontal row. The silhouettes were drawn from colour slides with the
aid of a photographic enlarger, each horizontal row from one photo-
graph. Top row: very young seedlings photographed from above.
Second row: ca. 2 months old seedlings. Third row: ca. 4 months
old seedlings.

Kuva 2. Vaccinium uliginosumin (vasemmanpuoleinen rivi), Ran-
cocas-pensasmustikan (oikeanpuoleinen rivi) ja niiden risteytymin
(keskelli) siementaimia samoissa olosubteissa kasvatettuina. Silbuetit
on piirretty viridiapositiiveista sunrennuskoneen avulla. Jokainen
vaakasuora rivi piirretty yhdesti valokuvdsta, jolloin siind nikyvit
siementaimet ovat tarkoin samanikdisii. Ylirivi: aivan nwuoria sie-
mentaimia ylhidlti piin valokuvattuna. Toinen rivi: noin 2 kun-
kanden ikiisiG siementaimia. Kolmas rivi: noin 4 kunkauden ikiisii
siementaimia.
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As is shown in Fig. 2, there was a very pronounced hybrid vigour which
particularly expressed itself at the young seedling stage in the much larger size
of the leaves in the hybrids than in either parent. The hybrid vigour was some-
what less conspicuous in V. uliginosum X Pemberton than in V. uliginosum X
Rancocas. Later, in June and July, the vigour of the hybrids was not so pro-
nounced as it was at the young seedling stage. This was probably due to the
fact that pure blueberry seedlings were somewhat slower in germinating but
once their growth started they almost attained the size of the hybrids. Later in
the summer the hybrid vigour again became quite pronounced, especially in
the hybrid V. uliginosum X Rancocas.

In the literature there is no account of pronounced hybrid vigour in the
genus Vaccinium in spite of the fact that a large number of natural and arti-
ficial hybrids have been studied. Most hybrids that have been reported, howe-
ver, are between “true blueberries” of the subgenus Cyanococcus. A hybrid
between V. uliginosum and highbush blueberry has never been reported from
nature, although there would probably be an opportunity for hybridization in
the Northeastern United States and adjacent areas of Canada, where both
‘species occur.

The spectacular hybrid vigour seen in our case may be due to the fact that
the species used are both systematically and adaptively rather remote. The
reason why the hybrids with Rancocas are particularly vigorous may be that
Rancocas itself has genes of two quite different representatives of the true blue-
berries, the highbush and lowbush blueberry. Pemberton, on the other hand,
is a pure highbush blueberry.

DoszuaNskY (1952) drew a clear distinction between luxuriance and true
heterosis, both of which are usually considered under the common label of
hybrid vigour. Luxuriance means a larger size of certain interspecific hybrids
as compared with their parents, whereas true heterosis always means adaptive
superiority and is brought about by natural selection in naturally cross-fer-
tilizing species. As is emphasized by DoszuaNskY, luxuriance is a more or less
accidental phenomenon which does not necessarily mean an increased fitness in
natural conditions. Whether the luxuriance of the Vaccinium hybrids now
reported is of practical value remains to be seen. Further observations on the
hybrids will be reported later.

Summary

Artificial F1 hybrids were made between Vaccinium uliginosum and two
cultivated blueberry varieties, Rancocas, which itself is a hybridization prod-
uct of V. lamarckii, V. corymbosum and V. australe, and Pemberton, which
is a hybrid of the two latter very closely related species. Whereas the cross
did not succeed if cultivated blueberry was used as mother parent, luxuriant
hybrid seedlings were obtained when V. uliginosum was pollinated with cul-

16



tivated blueberry. The luxuriance was more pronounced when the variety
Rancocas was used, which itself contains genes of relatively distant species.
It is expected that the hitherto unused gene reserves of the extremely cold-
resistant species V. wuliginosum may be useful for a breeding programme of
blueberries for northern countries.
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SELOSTUS

Risteytys juolukan (Vaccinium uliginosum L.) ja viljellyn
pensasmustikan vililld

ArNE Roust
Maatalouden tutkimuskeskus, Puutarhantutkimuslaitos, Piikkid

Juolukka (Vaccinium uliginosum L.) risteytettiin kahden. samaa kromosomilukua edustavan
viljellyn pensasmustikkalajikkeen kanssa. Nimi lajikkeet olivat Rancocas, joka on kolmen
lajin vilisen risteytyksen tulos (V. lamarckii Camp, V. corymbosum L. ja V. australe Small),
scki Pemberton, joka on kahden viimeksi mainitun hyvin lheisen lajin risteytymid. Siementai-
mia saatiin niistd risteytyksistd, joissa juolukkaa oli kiytetty emokasvina, mutta ei niistd, joissa
siti oli kiytetty polyttijini. Siementaimissa oli nihtdvisti erittdin selvd luxuriance-ilmid
(risteytymien elinvoimaisuus) erityisesti silloin, kun toisena vanhempana oli ollut Rancocas-
lajike, joka itse sisiltid geenejd suhteellisen kaukaisista lajeista. Kylmddn ilmastoon sopeutu-
neen juolukan tihin asti kiyttimidttdmid geenivarastoja toivotaan voitavan kiyttdd hyviksi
pensasmustikan jalostuksessa. '
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Die chemische Bodenanalyse wird recht allgemein im Dienste des Pflanzen-
baus angewandt, um den Nihrstoffzustand des Bodens herauszustellen. Friiher
wurden leichtldslicher Phosphor und Kali im allgemeinen aus verschiedener
Extraktionslosung bestimmt, aber man ist mancherseits bestrebt gewesen,
Methoden zu entwickeln, durch die diese Stoffe sowie vielleicht Kalk und
die wichtigsten Spurenelemente. aus demselben Auszug bestimmt werden
konnten. Dies ist begreiflich, da man den Landwirten mit geringen Kosten
Aufklarung iiber die fiir den Verbrauch der Pflanzen geeigneten Nihrstoffe zu
geben gedacht hat. Bezeichnend in dieser Hinsicht ist die Entwicklung der
Methode EGNERs (1938, 1940) gewesen. Sie griindete sich auf die Verwendung
zweier verschiedenen Extraktionslosungen fiir Phosphor und Kali. Um den
Phosphorzustand des Bodens auch fiir die in Mitteleuropa allgemeinen karbonat-
haltigen Bodén ermitteln zu kénnen, wurde die Konzentration der Ca-Laktat-
Chlorid-Extraktionslosung verdoppelt (Rierm 1942). Dieses sog. Doppellaktat
tauschte in die Losung so reichlich auch Kali ein, dass der Kalizustand des
Bodens aus demselben Auszug wie der Phosphor herausgestellt werden konnte
(RienM 1943). Des weiteren ist die Doppellaktatmethode unter anderem so
modifiziert worden, dass das Kalzium von der Extraktionsldsung ausgeschaltet
worden ist (EGNER, RiEM und DominGo 1960). Das Verfahren kennt man
allgemein unter der Bezeichnung AL-Methode. Durch sie kénnen aus demselben
Auszug Phosphor, Kali, Kalk und die wichtigsten Spurenelemente bestimmt
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werden, und man wird sie vielleicht in vielen Landern an Stelle der urspriing-
lichen Egnérschen Methode in Gebrauch nehmen (KARLSsON und Jonsson 1959,
UnLeN und SEmB 1962). Unsere Bodenanalyse, die sog. Fruchtbarkeitsmethode,
wurde urspriinglich entwickelt auf der Basis einer Extraktionsldsung, die so
beschaffen ist, dass aus ihr alle obengenannten Stoffe bestimmt werden kdnnen
(VuorINEN und MAKITIE 1955, LAKANEN 1962).

Der Wert der zur Aufklirung leichtlslicher Nihrstoffmengen angewandten
chemischen Methoden wird meistens durch Vergleich der durch sie vermittelten
Ergebnisse mit denen der Feldversuche bemessen. Dabei stellt man die Analysen-
zahlen neben die mit dem betreffenden Nihrstoff gewonnenen Mehrertrige oder
neben den ohne diesen erhaltenen Ertrag, und soweit der Ertrag analysiert wird,
konnen dariiber hinaus die durch die Methode gegebenen Nahrstoffmengen mit
den vom Ertrage entnommenen verglichen werden. Oft benutzt man zu diesem
Zweck auch verschiedene Gefissversuche. Unter ihnen konnen bei der sog.
Keimpflanzenanalyse nur die Nihrstoffmengen, aber bei den Versuchen vom
Mitscherlich-Typ sowohl der Ertrag als auch die Nihrstoffmengen verglichen
werden. Im folgenden gelangt in bezug auf Phosphor und Kali das letzt-
genannte Untersuchungsverfahren zur Anwendung und werden die durch die
verschiedenen Methoden aus dem Boden ausgetauschten Kalkmengen verglichen.

I. Bodenanalysenmethoden

Zum Vergleiche wurden folgende vier Methoden vorgenommen:

1. NHys-Azetat- oder Fruchtbarkeitsmethode, pH 4.65: Extraktion mit saurer
Ammoniumazetatldsung, die in bezug auf NHy-Azetat wie auch auf Essig-
siure 0.5 n ist, Verhiltnis zwischen Bodenvolumen und L&sung 1 :10,
Schiittelzeit 1 Stunde (VuorINEN und MAxKITIE 1955). Die Methode steht
als solche nur in Finnland im Gebrauch.

2. NH,-Azetatmethode, pH 3.75: im {ibrigen ganz der AL-Methode entspre-
chend, nur mit dem Unterschied, dass in der Extraktionsldsung das NHg-
Laktat durch NHg4-Azetat ersetzt ist (KARLSSON und JonssoN 1959).

3. HCl-Methode: Extraktionslosung 0.01 n Salzsiure, End-pH des Auszugs
um 2.5, Verhiltnis zwischen Bodengewicht und Ldsung 1 : 25, Schiittelzeit
3 st. Die Methode ist sonst die gleiche, wie BONDORFF (BONDORFF und
STEENBJERG 1932) sowie TuorILA und TERASVUORI (1933) sie angewandt
haben, nur ist statt Salpetersiure Salzsiure benutzt worden, wie in SALO-
NENs und Tamios (1956) Untersuchungen iiber Diingung von Tonboden.
Das Verfahren ist zuvor in Finnland hauptsdchlich bei Bestimmung von
Phosphor zur Anwendung gelangt.

4, AL-Methode: als Extraktionslosung saures (pH 3.75) NHy-Azetat-Laktat,
Gesamtkonzentration 0.5 n, Verhiltnis zwischen Bodengewicht und Losung
1:20, Schiittelzeit 4 st (EenEr, RiErM und DoMINGo 1960).

Eine Ubersicht iiber die verschiedenen Verfahren findet sich in Tabelle 1.
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Tabelle 1. Ubersicht iiber die verschiedenen Methoden.

Tanlukko 1. Katsaus eri menetelmiin.

Methode
Menetelmd

NHy-Azet. NHy-Azet. HCl AL

NHg-aset. NHj-aset.

pH 4.65 pH 3.75 pH ~ 250 pH 3.75
HCL ..oooieniiiinn... = — 0.0l n- - e
NHg-Laktat ............ — — — . .| . 0ln
NHy-laktaatti : . .
NHy-Azetat ............ 05 n 0.05 n - =
NHy-~asetaatt: '
Essigsdure .............. 05 n 045 n — . 0.4 n
Etikkahappo
pH des'Auszuges ........ 4.65 3.75 X~ 250 375
Uuntteen pH - ’
Extraktionsverhiltnis 1:10 1:20 | o 1:25 . .1:20

Boden/L&sung  ........ (Vol.) (Gewicht) (Gewicht) (Gewicht)
Unttosubde . (tilav.) (paino) (paino) (paino)
maalneste o .

Schiittelzeit st . .......... .1 4 3 4
Huiskutusaika t

II. Gefissversuche

~Als Versuchsboden dienten 14 in den Jahren 1958—61 an unserem Institut
in verschiedenen Gefissversuchen benutzte Proben., Die Béden erhielt man aus
den in Tikkurila gelegenen Anbauflichen der Zentrale fiir Landwirtschaftliche
Forschung, von Versuchsstationen und dem Lehrgut Mustiala. Im allgemeinen
wurde versucht, aus vershiedenen Gegenden gewohnliche beackerte Bden, zum
Teil jedoch auch auf den genannten Giitern weniger anzutreffende, abér andern-
orts in Finnland hiufige, stark saure und nihrstoffarme Anbaubdden zu erhal-
ten. Die Proben vertraten die wichtigsten fiir den Anbau benutzten finnischen
Bodenarten. In den Tabellen 2, 3 und 5 sind unter anderem die ‘nach der
finnischen Methode fiir die Proben erhaltenen Analysenzahlen dargestellt. Sie
waren durchschnittlich von demselben Niveau wie die Béden der Versuchs- und
Lehrgiiter gegen Ende der 1940er Jahre (VUORINEN 1952, 1953), aber die Gefiss-
versuchsbdden enthielten etwas mehr Phosphor und Kali. Gegentiber den Ana-
lysenzahlen des bis zum Friihjahr 1954 aus ganzem Finnland erhaltenen um-
fassenden Probenmaterials (JANHUNEN 1961) -waren die  Gefissversuchsbo-
den im Mittel viel ndhrstoffreicher. Die gegenseitigen ~ Unterschiede im
Néhrstoffgehalt der bei den Gefissversuchen benutzten Béden' waren jedoch
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Tabelle 2. Der Trockensubstanzertrag von Hafer (g/Gefiss = g/2 1) bei NK-Diingung und
die von ihm aufgenommene P3Os-Menge (mg/2 1= kg/ha) im Gefissversuch sowie die aus
ungediingten BSden nach den verschiedenen Methoden erhaltene entsprechende P2Os-Menge.
Taulukko 2. Kauwran kuiva-ainesato (glastia = g/2 1) NK-lannoitukselle ja sen ottama
PoOs-miiiri (mgl2 | = kglha) astiakokeessa seki lannoittamattomista maista eri menetelmilli
saatn vastaava PoOg-mdidrd.

I])S}gdg:ss P,0;5
Boden im Ertrag im NHj-Azer.|NH;-Azet.

Maa Wasser Sato . . HCl1 AL
Maan pH Ertrag | NHy-aset. NH_4 aset.

vedessi Sadossa | LH 465 | pH 3.75 |pH ~ 2.50| pH 3.75
. Feiner Grobsand 6.3 17.8 50 7 17 87 103
Hieno bickka .

Tikkurila

2. Grober Feinsand 6.0 111.8 425 129 282 914 1138

Karkea bieta
Tikkurila

3. Feinsand 6.3 41.3 136 36 92 92 512

Hieta .
Mikkeli
4, Sandiger Ton 5.8 43.5 157 25 48 245 388

Hietasavi
Tikkurila
5. Lehmiger Ton 5.8 662 | 192 30 55 | 162 274
Hietainen biesnsavi

Tikkurila
6. Schwerer Ton 5.9 36.4 84 12 27 559 163
Hiesnsavi
Laukaa
7. Schwerer Ton 5.3 58.3 146 25 32 59 237
Hiesusavi
Anjala
. Sehr schwerer Ton 5.8 121.2 364 75 162 844 678
Aitosavi .

Mietoinen
9. Sehr schwerer Ton 6.1 48.8 112 16 32 51 229
Aitosavi

Mustiala
10. Gyttjaton 53 15.3 75 33 36 9 492
Liejusavi
Tikkurila
11. Gyttjaton 46 209 | 105 35 27 77 259
Urpasavi :
Ylistaro
12. Niedermoortorf 4.2 4.6 10 8 8 5 38
Mutasnoturve :
Leteensuo
13. Niedermoortorf 4.8 2.2 4 29 14 5 41
Mutasuoturve B :
Pelso
14. Niedermoortorf 5.8 28.5 77 35. 24 19 136

Mutasuoturve
Apukka

Mittelwert 5.6 44.1 138 35 61 223 335
Keskiarvo .

Relativer Mittelwert — — 41 10 18 67 100
Subteellinen keskiarvo
Superph. kg/ha — — 690 175 305 1115 1675
Superf. kglba

—

(=]
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Tabelle 3. Der Trockensubstanzertrag von Hafer (g/Gefiss = g/2 1) bei NP-Diingung und die
von ihm aufgenommene K2O-Menge (mg/Gefiss = kg/ha) im Gefissversuch sovie die nach den
verschiedenen Methoden aus ungediingten Béden erhaltene entsprechende Kalimenge.

Taulukko 3. Kauran kniva-ainesato (glastia = g/2 1) NP-lannoituksella ja sen ottama K20-
méddrd (mglastia = kglha) astiakokeessa sekd eri menetelmilli lannoittamattomista maista
saatu vastaava kalimidra.

pH
Bodens K20
Boden v Ertrag im  |NHas-Azet|NHg-Azet. ]
Maz asser Sato Ertrag | NHy-aset. | NHy-aset. HCl AL
Maan pH
vedessd Sadossa pH 4.65 | pH 3.75 |pH ~ 2.50| pH 3.75

1. Feiner Grobsand 6.3 65.2 489 171 239 137 239
Hieno bickka
Tikkurila ©
2. Grober Feinsand 6.0 86.6 658 643 704 612 734
Karkea hieta :
Tikkurila
3. Feinsand 6.3 36.4 135 266 326 237 355
Hieta
Mikkeli
4. Sandiger Ton 5.8 66.2 629 697 697 593 697
Hietasavi :
Tikkurila
5. Lehmiger Ton 5.8 110.7 1472 1590 1526 1442 1590
Hietainen bhiesusavi
Tikkurila
6. Schwerer Ton 5.9 82.6 570 160 180 120 200
Hiesusavi
Laukaa
7. Schwerer Ton 53 72.0 526 775 752 638 821
Hiesusavi
Anjala .
. Sehr schwerer Ton 5.8 1204 .| 2143 874 851 762 941
Aitosavi
Mietoinen
9. Sehr schwerer Ton 6.1 72.0 626 779 708 497 802
Aitosavi
Mustiala
10. Gyttjaton 53 77.0 701 924 871 713 1003
Liejusavi
Tikkurila
11. Gyttjaton 4.6 46.4 223 315 349 249 382
Urpasavi :
Ylistaro
12. Niedermoortorf 4.2 22.2 131 153 173. 133 173
Mutasnoturve ©
Leteensuo
13. Niedermoortorf 4.8 2.7 17 126 138 132 156
Mutasnoturve
Pelso
14. Niedermoortorf 5.8 24.8 129 319 328 327 353
Mutasuoturve
Apukka

o0

Mittelwert 5.6 63.2 604 557 560 471 603
Keskiarvo
Relativer Mittelwert — — 100 92 93 78 100
Subteellinen keskiarvo .
409 Kalis. kg/ha — — [ 1510 1392 1405 1178 1508
400 Kalis. kglha
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sehr gross, in bezug auf den Kalk etwa 20fach und in bezug auf Phosphor und
Kali etwa 10fach. Vom Standpunkt der Forschung aus war dies nur von Vor-
teil, da die Absicht bestand, das Verhiltnis zwischen dem von den vershiedenen
Bodenanalysenmethoden gegebenen und dem von den Pflanzen aufgenommenen
Phosphor und Kali sowie den Austausch von Kalk herauszustellen, zumal die
Anzahl der Proben gering war. ’

Der Gefissversuch umfasste zwei Versuchsglieder, Phosphor oder Kali neben
Stickstoff-Spurenelementdiingung. Beim Anfiillen der Gefisse wurden zwei
Liter Boden in drei Liter Quarzsand gemischt und in diese Mischung Phosphor
oder Kali als Salz gemengt. Die Haferkorner (25 St.) wurden mit einem halben
Liter Quarzsand bedeckt und nach dem Aufkeimen Stickstoff und Spurenele-
mente in alle Gefésse, an die Oberfliche, als Losung gegeben. Als Diingemittel
benutzte man Ammoniumnitrat, Monokalziumphosphat und Kaliumsulfat, von
jedem Nihrstoff (N, P2Os, K2O) 1 g je Gefiss, sowie die iibliche Menge Bor,
Kupfer, Zink, Mangan und Molybdin. Der Ertrag wurde auf spiter Milchrei-
festufe geerntet und ungedroschen fiir die Analyse gemahlen. Die in ihm ent-
haltenen Nihrstoffe wurden nach den im Institut benutzten Methoden unter-
sucht (SALONEN et al. 1963).

III. Erge‘bnisse

A. Phosphor

In Tabelle 2 sind der vom Hafer bei NK-Diingung gegebene Trocken-
substanzertrag, die von ihm aufgenommene Phosphormenge sowie. die je
gleiche Bodenmenge berechnete, in verschiedenen Extraktionsmitteln aufgelSste
Phorsphormenge eingetragen. Aus den Zahlen geht hervor, dass die Trocken-
substanzertridge zwischen 2 und 120 g und die in ihnen enthaltenen Phosphor-
mengen zwischen 4 und 400 mg je Gefdss geschwankt haben. Bei Vergleich
der verschiedenen Methoden wird festgestellt, dass die AL-Ldsung durch-
schnittlich am meisten Phosphor ausgezogen hat. Wird diese Menge mit
100 vermerkt, so l6sen sich in Salzsiure 67 %o davon auf, in NHy-Azetat pH
3.75 18 %0 und in NH4-AzetatepH 4.65 10 %. Auch bei diesem Probenmaterial
tritt also. die grosse Fihigkeit der Milchsiure, die Phosphate des Bodens auf-
zulsen, durchschnittlich PsO3s 335 mg/2 1 Boden, deutlich hervor, denn in
eine sonst gleiche, aber nur Essigsdure enthaltende L8sung wurden sie weniger
als 20 %o ausgelaugt. Unter den einzelnen Bodenproben war die Grdssenreihen-
folge der aufgelosten Phosphormengen annihernd dieselbe wie durchschnittlich,
abgesehen von Torfen oder einigen humusreichen Mineralbdden. Aus diesen
Bdden extrahierten Salzsiure und NH4-Azetat pH 3.75 weniger Phosphor als
NHy-Azetat pH 4.65. Bei der letztgenannten oder finnischen Methode wird
das Volumenverhdltnis zwischen Boden und Losung benutzt, so dass bei ihr
das nach der Austauschkapazitit des Bodens berechnete Extraktionsverhiltnis
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bei allen Bodenarten gleichmissiger als bei Benutzung des Gewichtsverhiltnisses
bleibt. Darauf wahrscheinlich beruht die obengenannte Inkonsequenz beim
Auslaugen von Phosphor aus humushaltigen Bdden.

Obgleich bei den verschiedenen Verfahren sehr verschiedene Mengen an
Phosphor in die Extraktionsldsung eingingen, bestanden in dem Verhiltnis zu
den Ertrigen und den vom Ertrag aufgenommenen Phosphormengen zwischen
den Methoden keine signifikanten Unterschiede. Aus Tabelle 4 ist zu ersehen,
dass sich der Korrelationskoeffizient zwischen den Phosphormengen auf 0.85—
0.93 und zwischen Ertrag und Phosphormengen auf 0.77-—0.86 belief. Bei
diesem beschrinkten, aber in seinen Eigenschaften wechselnden Material spie-
gelte also der von der Losung aller Methoden ausgezogene Phosphor den von den
Pflanzen aus dem Boden aufgenommenen Phosphor ziemlich gut. Vergleichs-
halber sei angefiihrt, dass die Korrelation bei den Feldversuchen aus vielen
Griinden im allgemeinen nicht gleich gut gewesen ist (SEMB und UnLEN 1955,
UnLen und SeEmB 1962), wie auch bei den Gefissversuchen bei weitem nicht
immer (MacHOLD 1962), selbst wenn eine ausschliesslich fiir die Bestimmung
des Bodenphosphors entwickelte Methode angewandt wiirde.

Das Auslaugen von Phosphor in die hier dargestellten Losungen, mit Aus-
nahme von 0.01 n Salzsiure, haben KarLssoN und Jonsson (1959) bei einer
grossen Menge von Mineral- und humosen Mineralbdden Schwedens untersucht.
Sie benutzten bei der AL- und der NH4-Azetatmethode (pH 3.75) eine Schiittel-
zeit von 1.5 Stunden statt der in dieser Untersuchung gebrauchten 4 Stunden.
Da aber auf das Ausziehen von Phosphor bei jeden Methoden hauptsichlich nur
das Extraktionsverhiltnis einwirkt, das dasselbe wie bei dieser Untersuchung
war, konnen die Ergebnisse miteinander verglichen werden. Bei der schwedischen
- Untersuchung betrug der zwischen den extrahierten Phosphormengen bestehende
Korrelationskoeffizient bei den verschiedenen Methoden S 0.9. Die Phos-
phormengen waren am grossten bei der AL-Methode und am kleinsten bei der
finnischen, bei der sie 20—23 % der durch die AL-Methode erhaltenen Mengen
ausmachten, bei unseren Gefissversuchsboden entsprechend 10%. Bei den
schwedischen Untersuchungen trat ausserdem hervor, dass die finnische Methode
auch relativ die geringsten Werte fiir solche Boden ergab, die wenig Phosphor
enthielten. Andernteils hat MAKITIE (1956) erwiesen, das NHg-Azetat pH
4.65, obgleich es bei jedem der 1—10 aufeinanderfolgenden Male der Auslau- -
gung anndhernd gleich viel Phosphor aus dem Boden extrahiert, bei solchen
Bdden, die in reichlicher Menge léslichen Phosphor enthalten, in Abweichung
von der allgemeinen Regel bei den 1—2 ersten Malen der Extraktion am meisten
auszieht (MAKrITIE 1960). Da unser Probenmaterial gegeniiber dem schwedischen
ausschliesslich zu der phosphorarmen Gruppe gehért, mag das érkliren, weshalb
aus den Gefissversuchsboden in beide NH4-Azetatlosungen nur halb soviel
Phosphor wie bei der schwedischen Untersuchung in die AL-Losung ausgezogen
wurde.
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B. Kali

Fiir das Bestimmen austauschbaren Kalis sind mancherlei Extraktionsldsun-
gen gut geeignet. Fiir die Praxis kommt es darauf an, dass die Gesamtkonzen-
tration der Kationen der Extraktionslosung in bezug auf die benutzte Boden-
menge so gross ist, dass die Losung den grdssten Teil des austauschbaren Kalis
aufnimmt. Von der NH,-Azetatmethode pH 4.65 weiss man, dass durch sie
vom austauschbaren Kali 85 %0 oder mehr in die Losung eingehen (VUORINEN
und MAKrrie 1955). Das aus Gefissversuchsboden mittels der AL-Methode
durchschnittlich ausgetauschte Kali ist in Tabelle 3 mit 100 angegeben. Im
Vergleich dazu extrahierte 0.01 n Salzsiure 78 %o, NHy-Azetat pH 3.75 93 %
und NHjy-Azetat pH 4.65 92 %. Die den Austausch bezeichi.onden Zahlen-
reihen in derselben Tabelle lassen erkennen, dass die Reihenfolge nach der
Grosse der Kalimengen auch bei den einzelnen Proben ziemlich durchgehend
gleich gewesen ist. Bei der obengenannten schwedischen Untersuchung hat die
Korrelation zwischen den nach verschiedenen Methoden ausgelaugten Kali-
mengen noch grosser als die zwischen den Phosphormengen oder r nahezu 1.0
betragen. Zwar besagt selbst eine vollstindige Korrelation zwischen den Ver-
fahren an sich nicht, dass diese fiir die¢ Bestimmung des Kalidiingungsbediirf-
nisses gut geeignet wiren, aber sie erweist doch, dass die Verfahren gleich gut
dafiir geeignet sind. Aus Tabelle 4 geht denn auch hervor, dass die Korrelation
zwischen dem mit NP-Diingung erhaltenen Ertrag oder dem vom Ertrag auf-
genommenen Kali sowie dem von den verschiedenen Extraktionsldsungen aus
Boden ausgezogenen Kali geringer als beim Phosphor oder r = 0.72—0.73 und
0.71—0.75 gewesen ist, ein ebenfalls recht befriedigendes Ergebnis.

Aus den Zablen von Tabelle 3 geht desgleichen hervor, dass bei den meisten
Proben die von den Pflanzen aufgenommene Kalimenge der ausgezogenen gleich-

Tabelle 4. Die korrelationen (r) zwischen den vom Hafer bei NK- oder NP-Diingung im

Gefissversuch aufgenommenen Phosphor- und Kalimengen und zwischen den Trockensubstanz-

ertrigen sowie den bei den verschiedenen Analysenmethoden erhaltenen entsprechenden
Nihrstoffmengen.

Taulukko 4. Kauran NK- tai NP-lannoituksella astiakokeessa ottamien fosfori- ja kalimidrien
ja kuiva-ainesatojen seki eri analyysimenetelmilli saatujen vastaavien ravinnemddrien viliset
korrelaatiot (7).
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P,O; im Frtrag Ertrag K30 im Ertrag Eftrag
Sadon Py0Os Sato Sadon K20 Sato

NHy-Azet. pH 4.65 0.88#** 0.77%% 0.72%* 0.73%%
NH-aset. pH 4.65

—— pH 3.75 0.93%** 0.86%%% 0.73%% 0.75%%

HCI pH~ 2.50 0.85%%* 0.83%%* 0.72%% 0.71%%

AL-Meth. pH 3.75 0.89%%% 0.78%%* Q0.73%% 0.75%%
AL-menet. pH 375




kommt. Beim Ackerbau hingegen kann der Ertrag eines Jahres dem Boden bei
‘weitem nicht alles austauschbare Kali entnehmen, sondern auch dann, wenn
Kalimangel zu einem Minderertrag fiihrt, bleibt im Boden eine fiir viele Ertrige
ausreichende Kalimenge. Beim Gefissversuch, wo das Verhiltnis der Wurzel--
masse zur Bodenmenge um ein Vielfaches grosser als beim Ackerbau wird, ist
die Aufnahme von Kali und auch anderen Nihrstoffen viel intensiver. Markan-
ter als beim Ackerbau Aussert sich die Kaliaufnahme der Pflanzen bei Geféss-
versuchen auch darin, dass die Pflanzen den Bdden, die feinverteiltes kalihaltiges
Mineralmaterial enthalten, neben austauschbarem auch grosse Mengen an Vor-
ratskali entziehen konnen. In diesen Ton-, Schluff- und Feinsandbdden ist das
austauschbare Kali nicht immer die einzige fiir den Verbrauch der Pflanzen
geeignete Kaliform. Das deutlichste Beispiel dieser Erscheinung ist in dem vor-
liegenden Material der in Mietoinen vorkommende sehr schwerer Ton, aus dem
der Ertrag 2140 mg K2O aufnahm und die verschiedenen Extraktionsldsungen
héchstens 940 mg austauschten. Da die iiblichen, wenig sauren Extraktions-
l6sungen das Vorratskali nicht ausziehen, ist bei der Bodenbehandlung 1—2 n
Salz- oder Salpetersiure benutzt worden. Dadurch ldsst sich zwar eine grosse
Menge Vorratskali ausziehen, aber auch aus solchen Bdden, aus denen die Pflan-
zen ihn wenigstens nicht schnell genug aufnehmen, so dass die Bestimmung des
Vorratskalis von nicht sehr grosser Bedeutung fiir die Praxis ist (UHLEN und
SemB 1962). Das austauschbare Kali ist also im Ackerbau die hauptsichlichste
und den Pflanzen am schnellsten zugingliche Kaliform. Da Vorrats- und aus-
tauschbares Kali auch derart miteinander im Gleichgewicht stehen, dass, soweit
das austauschbare zu- oder abnimmt, eine entsprechende Verdnderung im Vor-
ratskali langsam vor sich geht, so dass das austauschbare Kali auch in Ton-
boden in Hinsicht auf die Kalizufuhr der Pflanzen ausschlaggebend ist. Doch
nicht immer bezeichnet es ganz befriedigend das Kalidiingungsbediirfnis an, und
bei den auf nur eine Extraktionslosung gegriindeten Schnellmethoden lidsst sich
der Misstand schwer beheben.

C. Kalk .

Trotz verhiltnismissig reichlicher Verwendung von Kalk sind die Boden
Finnlands teils zu sauer selbst fiir so gemeine Kulturpflanzen wie Gerste, Weizen,
Leguminosen und Hackfriichte. Zudem gibt es in Finnland viele Boden, die einer
Grundkalkung bediirfen und auf denen auch weniger anspruchsvolle Pflanzen
keine befriedigenden Ertrige liefern, in erster Linie die sauren Tone und Torf-
boden. In diesen Béden kann auch die Wirkung von Diingemitteln durch
schnelle Fixierung von Phosphaten und durch stirkere Auswaschung anderer
Nihrstoffe gering bleiben. Eine zuverlissige Bestimmung des Kalkungsbediirf-
nisses des Bodens ist denn auch in Finnland wichtiger als in den Nachbarlindern.

Von der NH4-Azetatmethode pH 4.65 weiss man, dass bei ihrer Anwendung
aus mancherlei Anbaubdden Finnlands mit verhdltnismissig geringen Schwan-
kungen 80—90 %o austauschbarer Kalk von der Extraktionslosung ausgezogen
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Tabelle 5. Das Austauschen von Kalk bei den verschiedenen Methoden.

Tanlukko 5. Kalkin vaibtuminen eri menetelmilli.

1) Korrektionskoeffizient angewandt
Kiytetty korrektiokerrointa

2) Ohne Korrektion
Ilman korrektiota
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Volum- 1) CaO 2 .
gewicht CaCog -
Boden B d;s t/ha mg{100g [ Verhiltniszahlen — Swhdeluvur
Maa odens NHgAzet. NH; -Azet.
%Z;Z}_ NHy-aset. NHy-aset. HCL AL
Dbaino pH 4.65 pH 3.75 |pH ~22.50| pH .75
1. Feiner Grobsand 1.71 1.1 12 100 100 (376) 100
Hieno biekka
Tikkurila
2. Grober Feinsand 1.53 6.9 108 100 100 107 70
Karkea hieta
Tikkurila
3. Feinsand 1.48 9.0 143 100 115 114 59
Hieta
Mikkeli
4. Sandiger Ton 1.29 14.6 258 100 101 107 85
Hietasavi
Tikkurila
5. Lehmiger Ton 1.06 8.8 201 100 99 112 83
Hietainen biesusavi
Tikkurila
6. Schwerer Ton 1.00 8.7 213 100 99 134 87
Hiesusavi
Laukaa
7. Schwerer Ton 1.14 7.0 148 100 93 29 68
Hiesusavi
. Anjala
8. Sehr schwerer Ton 1.12 11.9 248 100 101 120 90
Aitosavi
Mietoinen
- 9. Sehr schwerer 'Ton 1.18 20.7 376 100 95 89 83
Aitosavi
Mustiala
10. Gyttjaton 132 | 11.6 | 204 100 90 90 86
Liejusavi
Tikkurila
11. Gyttjaton 0.83 1.6 43 100 98 (161) 51
Urpasavi
Ylistaro
12. Niedermoortorf 0.51 10.9 494 100 64 94 43
Mutasunoturve
Leteensuo .
13. Niedermoortorf - 0.30 4.4 367 100 57 96 69
Mutasnoturve
Pelso
14. Niedermoortorf 0.42 11.8 641 100 80 51 80
Mutasnoturve
Apukka
Mittelwert 1.06 9.2 247 100 92 125 75
Keskiarvo (101)




wird und bei Anwendung durchschnittlicher Korrektionskoeffizienten die Er-
gebnisse dem austauschbaren Kalk des Bodens fast villig entsprechen (VUORINEN
und MAKITIE 1955). Die in dieser Untersuchung in Tabelle 5 dargestellten, durch
die NH,-Azetatmethode pH 4.65 erhaltenen Zahlen fiir den austauschbaren
Kalk, Ca0 mg/100 g, sind jedoch ohne Korrektion und die bei iibrigen Verfahren
ermittelten Zahlen sind berechnete Verhiltniszahlen. Im Mittel schiene 0.01 n
Salzsiure an austauschbarem Kalk 25 %o mehr, AL-Azetat-Laktat 25 %o weniger
und das thm entsprechende NHg4-Azetat 8 /o weniger ausgezogen zu haben als
die finnische Azetatldsung. Teilweise verhilt es sich auch so, aber besonders bei
der Salzsiuremethode sind die Unterschiede zwischen den einzelnen Proben in
beiden Richtungen iiberraschend gross. Ohne die Abwechslung in den von ihr
gegebenen Resultaten genauer analytisch zu untersuchen, kann mit ziemlicher
Sicherheit geschlossen werden, dass sie auf zweierlei zuriickzuftihren ist. Z.B.
in dem feinen Grobsand von Tikkurila war das End-pH 2.24. In einen so sauren
Auszug gelangt eine ganze Menge von im Boden befindlichen anderen Stoffen,
die bei geringer austauschbarer Kalkmenge bei der flammenphotometrischen
Bestimmung die Kalziumablesung unverhiltnismissig steigern konnen. Derselbe
Fehler erscheint auch in dem fiir den Gyttjaton von Ylistaro erhaltenen Ergebnis
und ferner in einigen anderen Proben gelinder. Obgleich die Standardlsung
auch andere aus dem Boden extrahierbare Stoffe als Kalzium enthilt, vermdgen
sie in derartigen Fillen den entstandenen Fehler nicht ganz zu eliminieren, eben- -
sowenig lisst sich die Schwiiche des Verfahrens in dieser Hinsicht durch Ande-
rung der Zusammensetzung der Standardlsungen leicht beheben.

Fin entgegengesetzter Fehler zeigt sich in dem durch die Salzsiuremethode
gegebenen Wert des austauschbaren Kalkes bei dem Niedermoortorf von Apukka,
aus dem an Kalk nur etwa die Hilfte ausgetauscht wurde. In diesem Falle
betrug das End-pH des Auszuges 4.20 und das Volumgewicht der Bodenprobe
0.42. Wire in diesem Falle beim Auslaugen das Volumenverhiltnis angewandt
worden, so hitte sich die auszutauschende Kalkmenge etwa 2.5 mal verringert
und wire der Kalk wahrscheinlich viel mehr aufgeldst worden. In bezug auf
Kali tritt die schwichere Austauschfihigkeit der Salzsiuremethode nicht gleich
deutlich hervor, aber auch sie ldsst sich z.B. in der Kalizahl des sehr schweren
Tones von Mustiala mit seiner grossen Austauschkapazitdt und -seinen vielen
austauschbaren Basen erkennen.

Bei der AL-Methode und der ihr entsprechenden NH,-Azetatmethode ist das
Gewichtsverhiltnis zwischen Boden und Losung weiter als das Volumenver-
hiltnis der finnischen Methode, aber die Gesamtkonzentration der Extraktions-
16sungen nur halb so gross (0.5 n) wie die Konzentration der letztgenannten.

- Aus Bbden mit einem Volumgewicht von 1 oder mehr tauschten diese Extrak-
tionsldsungen in befriedigendem Masse Kalk aus, aber besonders bei Torfbdden
erwies sich ihr Austauschvermdgen als zu gering. Offenbar wire das auf das
Volumen des Bodens gegriindete Auszugverhiltnis auch bei diesen Verfahren
fiir die Eigenschaften der finnischen Kulturboden besser geeignet.
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1V. Zusammenfassung

Die chemische Bodenanalyse, in Finnland die auf saures NHs-Azetat (pH
4.65) gegriindete sog. Fruchtbarkeitsmethode, wird zur Klirung des Nahrstoff-
zustandes des Bodens allgemein im Dienste des Pflanzenbaus angewandt. In
dieser Untersuchung sind dieses Verfahren, die AL-Methode, die ihr entspre-
chende NHs-Azetatmethode (pH 3.75) und das auf 0.01 n Salzsiure gegriindete
Verfahren miteinander und mit den in Gefissversuchen erlangten Ergebnissen in
bezug auf Phosphor und Kali sowie das Extrahieren von Kalk aus vierzehn
Bodenproben, die die verschiedenen Kulturbdden Finnlands vertreten, miteinan-
der verglichen worden. :

Aus den Ergebnissen geht hervor, dass in dem untersuchten Bodenproben-
material

1) bei Kldrung des Phosphorzustandes unter den verschiedenen Verfahren keine
signifikanten Unterschiede bestanden haben, trotzdem die Unterschiede
zwischen den ausgezogenen Phosphormengen betrichtlich gewesen sind.
Der Korrelationskoeffizient zwischen dem extrahierten und dem vom Ertrage
aufgenommenen Phosphor hat 0.85—0.95 und der zwischen dem ausgelaug-
ten Phosphor und dem Ertrage 0.77—0.86 ausgemacht.

2) bei Erforschung des Kalizustandes auch keine signifikanten Unterschiede
bestanden und die entsprechenden Korrelationskoeffizienten 0.72—0.73 und
0.71—0.75 betragen.

3) es den Anschein gehabt hat, dass fiir den Kalkaustausch an sich besonders
bei Torfboden nur die finnische Methode geeignet gewesen ist, aber soweit
die Extraktion auch bei den anderen Methoden statt nach dem Gewichts-
verhiltnis im Volumverhiltnis vor sich ginge, bestinde, abgesehen von der
Salzsduremethode, wahrscheinlich kein wesentlicher Unterschied zwischen
den verschiedenen Verfahren.
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SELOSTUS

Muutamien maan ravinnetilan selvittimiseen kiiytettyj'en adalyysimenetelmien
vertailua

Tuomas KerANEN, EUGEN BARKOFF ja RAILI JOKINEN
Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila
Kemiallista maa-analyysia, Suomessa happamaan NHg-asetaattiin (pH 4.65) perustuvaa ns.

viljavuusmenetelmii, kiytetidn yleisesti kasvinviljelyn palveluksessa maan ravinnetilan selvit-
tamiseen. Tissi tutkimuksessa on verrattu sitd, AL-menetelmi, AL-menetelmai vastaavaa
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NHjy-asetaattimenetelmds (pH 3.75) ja 0.01-n suolahappoon perustuvaa menetelmii keskeniin
ja astiakokeessa saatuihin tuloksiin fosforin ja kalin suhteen seki kalkin uuttumista neljisti-
toista erilaisia viljelysmaitamme edustavasta maaniytteestd.

Tuloksista ilmenee, etti tutkitussa niyteaineistossa maan:

1) fosforitilan selvirtimisessi ei eri menetelmien kesken ollut merkitsevii eroja huolimatta
siitd, ertd uuttuneiden fosforimédirien erot olivat suuret. Uuttuneen ja sadon ottaman fosforin
vilinen korrelaatiokerroin vaihteli 0.85—0.93 ja uuttuneen fosforin ja sadon vilinen korrelaatio-
kerroin 0.77—0.86,

2) kalitilan selvittimisessi ei mydskdin ollut merkitsevii eroja, ja vastaavat korrelaatio-
kertoimet olivat 0.72—0.73 ja 0.71—0.75,

3) kalkin vaihtamiseen tyydyttivisti niytti sellaisenaan sopivan varsinkin turvemaissa vain
suomalainen menetelmi, mutta mikili uurto muissakin menetelmissi suoritettaisiin painosuhteen
sijasta tilavuussuhteessa, niin eri menetelmien kesken, suolahappomenetelmii lukuunottamatta,
ei todennikdisesti olisi oleellista eroa.
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In some years the oat bird-cherry aphid, Rbopalosiphum padi (L.), has been
especially abundant in this country, and it has then caused considerable damage -
to spring cereals, particularly to oats and barley. The last such mass occurrence
was in 1959, at which time cereal losses were very heavy (cf. Kanervo 1960,
RaATIKAINEN and TINNILA 1961). The English grain aphid, Macrosiphum avenae
(F.), has occasionally appeared in large numbers, but the damage it has caused
has generally been small. The rose grass aphid, Acyrthosiphon (Metopolophinm)
dirhbodum (WIk.), appears to be generally quite uncommon.in this country and
is not known to cause great damage to cereal crops. Detailed information
conce1n1ng the occurrence of these three cereal aphids in Finland are presented
in the publication of VarrurLa (1962).

Investigations carried out in recent years by the Department of Plant Pathol-
ogy have shown that the disease caused by the barley yellow dwarf virus
(BYDYV) is quite common in spring cereals in this country and that the vectors
of this virus may be the oat bird-cherry aph1d the English grain aphid or the
rose grass aphid (IkAHEIMO 1960, 1963). It is evident that in addition to the
damage directly caused by the oat bird-cherry aphid, its role in'transmitting
the barley yellow dwarf virus was also an important factor in reducmg the
grain yield in 1959. o .

Since these three cereal aphids have proved to be important insect vecto1s, it
is essential that more attention be given to studying methods for their control.
The authors have recently begun to explore the possibilities-of finding or breed-
ing aphid-resistant cereal varieties. As a preliminary to these attempts, it has
been necessary to study the reproduction, longevity and lengths of the various
life periods of the above-mentioned three aphid species. The results.of these
studies are presented in this paper. :
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Relatively few studies have previously been made on the longevity, lengths
of life periods and reproduction rates of cereal aphids. PuiLries (1916) and
Onuta (1940) have studied these features in the English grain aphid, and
TaNAkA (1957) has investigated the effect of temperature on the lenght of
developmental period and reproduction rate of the oat bird-cherry aphid/
apple-grain aphid (cf. p. 36). No such studies have not been carried out on the
rose grass aphid.

Materials and methods

The initial oat bird-cherry aphid stock was obtained by collecting funda-
trices on May 28, 1962, from bird-cherry trees at Tikkurila (about 16 km
northeast of Helsinki). Numerous rearing trials were carried out with these
fundatrices and their progeny, and in addition field observations were made.
In rearing trials (host plant: Sisu oats) carried out with viviparous females
born on July 13, 1962, all the aphids were descendants of one female.

In the case of the English grain aphid and the rose grass aphid, the stock
was started from specimens collected in July 1961 by Miss Katri Ikiheimo,
M. Agr., from barley at Tikkurila; during the following winter these specimens
were maintained on Sisu oats in the laboratory of the Department of Plant
Pathology. At the end of May 1962, they were transferred to an insectary
and rearing trials were begun. All the aphids in these trials belonged to the
same parthenogenetic line.

Fig. 1. Celluloid cylinders used in rearing trials. Photo ]. Rautapii.
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The aphids were reared during the summer of 1962 in the insectary of the
Department of Pest Investigation; the conditions within the insectary closely
resembled those outdoors. The host plant in these trials was Sisu oats which
grew in pots, one plant to each pot. One aphid was transferred to each plant,
and a celluloid cylinder (height 25 cm, diameter 5 cm) was placed over the
plant. In the sides of the cylinder were three ventilation holes covered with
nylon gauze, and the top of the cylinder was covered with gauze of the same
kind (Fig. 1). Oats were sown at regular intervals so that it was possible to
rear the aphids on 10—20 days old seedlings which were in the 2—3 leaf
stage and had a height of 5—20 cm. The number of offspring was counted
every five days; examinations of length of life periods and longevity were
made when necessary at even more frequent intervals.

Results and discussion

The oat bird-cherry aphid, Rhopalosiphum pédi (L.)

~ The fundatrices collected on May 28, 1962, were transferred to bird-cherry
branches placed in bottles containing water. Six fundatrices gave birth to an
average of 69 nymphs (range 38—87). These figures also include the offspring
(average 14) born in the field before the fundatrices were brought indoors for
rearing. Since the bird-cherry branches could not be kept absolutely fresh in
the water-bottles, it is possible that the rate of reproduction was somewhat
lower than normal. _

According to ROGERSON (1947), the fundatrigeniae are apterous, and these

give birth to alate offspring. RicHARDS (1960) mentions that among the fun-
datrigeniae are both apterae and alatae, but that alatae are sometimes not pro-
duced. In the present studies it was observed that alate fundatrigeniae were
very common. Of the 182 fundatrigeniae in the rearing trials, 82 %o were alate,
and 47 % of 421 offspring of 11 fundatrices in the field. According to the
present observations, there were more apterous than alate fundatrigeniae during
the beginning of the reproductive period, whereas towards the end of this
- period there were more alate individuals.
" On May 29, 18 fundatrices were collected from bird-cherry trees outdoors
and transferred to Sisu oats. During the daily examinations it was found that
only some of the fundatrices were on the oat plants, while most of them were
on the soil or on the sides of the rearing cylinder. Five days after the beginning
of the trial 10 fundatrices were still alive, but one day later all were dead.

On the same day, May 29, 40 fundatrigeniae, which were in the I—II
nymphal stages, were collected from bird-cherry trees. Half of these nymphs
were brownish in colour. Observations have shown that brownish nymphs

develop into alate adults. The nymphs were transferred to Sisu.oats, but two
days later all had died. '
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The above results agree with the findings of OrLos and ArRNY (1960) that
fundatrices and fundatrigeniae of the Rhopalosiphon fitchii-padi complex do
not adapt to a grain host in the early instar stages. Later, however, ORLOB
(1961) reported that three fundatrigeniae, which were deposited on barley by
fundatrices, could be reared until they moulted into spring migrants.

Six alate fundatrigeniae were placed on timothy on June 15. These gave
birth to an average of 53 offspring (range 24—81, temp. 12.2° C). Like-
wise, five alate fundatrigeniae were placed on Sisu oats on June 20. The
average number of offspring was 28 (range 19—38, temp. 14.2° C), or smaller
than that of the timothy-reared aphids. The difference in reproduction rate
between the aphids on timothy and Sisu oats is statistically significant (¢ =
2.47%). The abundant reproduction of alate fundatrigeniae on timothy is note-
worthy, since this plant and other perennial grasses serve as a source of BYDV,
from which aphids transmit the virus to cereals in the spring.

A rearing trial was carried out with offspring of alate fundatrigeniae born
on July 13; detailed observations were made in this trial on the lengths of the
various life periods, the longevity and the rate of reproduction (Table 1). At
a temperature of 15.3° C the development of apterae took an average of 8 days,
whereas that of alatae (15.6° C) was slower, averaging 11 days. These times
are considerably shorter than the 13 days reported by Tanaxa (1957) for the
developmental period of apterae at 15° C. This worker mentioned that he
investigated the species Rhopalosiphum padi L. (= R. prunifoliae Fitch), but
he used for this species the English name apple-grain aphid. This latter name,
however, is generally taken to refer to Rhopalosiphum fitchii (Sanderson) (=
R. insertum Walk.) which overwinters on Malus and Crataegus species (HILLe
Ris Lameers 1960, OrLos 1961, RicHarDs 1960). Thus it is possible that the
species studied by Tanaxa (1957) was actually R. fitchii and not R. padi, a fact
which would explain the difference in the length of the developmental period.

The lengths of the reproductive period (30 days) and postreproductive
period (5 days) of apterae were approximately the same as those of alatae
(31 and 6 days) (Table 1). On the other hand, the number of offspring of
apterae (average 75) was twice that of alatae (37). The daily number of

Table 1. Results of rearing trial on 3rd generation oat bird-cherry aphids (offspring of alatae).
Material: 7 apterous and 7 alate viviparous females born on July 13, 1962.

Apterae Mean Alatae Mean
Aver. Range temp. °C  Aver. Range temp, °C

Developmental period, days ........ 8 8—9 15.3 11 10—13 15.6
Prereproductive ,, 23 eeeneeen 9 9—11 15.5 12 11—14 15.5
Reproductive ’ 3 ereeenan 30 19—46 13.5 31 24—42 13.2
Postreproductive ,, 53 e 5 1—14 13.3 6 1—14 13.3
Longevity el 44 3357 138 49 42—59 137
Total number of offspring ........ 75 61—91 13.5 37 29—47 13.5
Number of offspring per day ...... 2.5 2.0—3.5 13.5 1.2 0.9—1.9 13.5
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Table 2. Results of first rearing trial on green English grain aphids. Material: 8 apterous and

7 alate viviparous females born on May 28, 1962.

Apterae Mean Alatae Mean
Aver. Range temp. °C  Aver. Range temp. °C

Developmental period, days ........ 19 18—20 10.2 20 19—22 10.2
Prereproductive s eeeeeenn 21 19—22 12.1 23 20—24 12.3
Reproductive » 5y eeereens 21 14—30 14.1 29 18—48 14.2
Postreproductive ,, sy eesannes 6 1—19 14.3 5 2—8 16.1
Longevity . 48 43—70 132 57  47—73 - 136
Total number of offspring ........ 35 17—54 14.1 36 27—52 14.2
Number of offspring per day ...... 1.6 1.2—2.1 14.1 1.3 0.9—1.8 14.2

Table 3. Results of second rearing trial on green English grain aphids. Material: 4 apterous
and 4 alate viviparous females born on June 28, 1962.

Apterae Mean Alatae Mean
Aver. Range temp, °C  Aver. Range temp. °C

Developmental period, days ........ 11 11 14.4 12 12—13 14.4
Prereproductive 5 eeeaeanns 12 12—13 14.3 14 13—15 14.3
Reproductive ’ gy eeneenes 32 23—38 24.3 35 25-—48 14.1
Postreproductive 3 eeeasees 18 2—33 12.2 11 6—18 12.8
Longevity 5 eeraaans 62 37—74 13.9 60 46—71 13.9
Total number of offspring ........ 43 30—49 14.3 35 26—47 14.1
Number of offspring per day ...... 1.4 1.2—1.6 14.3 1.0 0.6—1.3 14.1

Table 4. Results of first rearing trial on rose grass aphids. Material: 14 apterous viviparous
females born on May 29, 1962.

Aver. Range  Mean temp. °C
Developmental period, days ........ 19 18—20 10.2
Prereproductive sy easeeann 21 20—22 10.6
Reproductive " vy e 24 17—30 14.1
Postreproductive ,, vy e 13 322 15.3
Longevity R 58 46—66  13.6
Total number of offspring ........ 39 28—50 14.1
Number of offspring per day ...... 1.6 1.3—2.4 14.1

Table 5. Results of second rearing trial on rose grass aphids. Material: 9 apterous and 6 alate
. viviparous females born on June 28, 1962.

Apterae Mean Alatae Mean
Aver. Range temp, °C  Aver. Range temp. °C

Developmental period, days ........ 12 12—13 14.4 13 12—13 14.4
Prereproductive . ,, 4y eemeranns 13 12—14 14.5 15 12—16 14.4
Reproductive ’ 5 aeeeeeen 24 12—28 14.4 20 13—27 14.7
Postreproductive ,, yy  eeneenen 9 2—27 13.6 8 5—14 13.3
Longevity gy eereeeen 46 39—-57 14.3 43 39—46 14.3
Total number of offspring ........ 23 14—32 14.4 15 12—18 14.7
Number of offspring per day ...... 1.0 0.7—1.5 14.4 0.7 0.5—1.1 14.7
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Fig. 2. Average daily numbers of offspring of apterous viviparous

females of the oat bird-cherry aphid, the English grain aphid and

the rose grass aphid when reared on Sisu oats. Numbers of offspring

s well as mean temperatures presented in 5-day intervals. This data
are shown in Tables 1, 3 and 5.

progeny of apterae at a temperature of 13.5° C averaged 2.5, a figure greater
than that reported by Tanaka (1957): 2.1 at 15° and 1.8 at 12°. The daily
number of progeny of alatae was 1.2.

Although the temperature during the reproductive period of the oat bird-
cherry aphid was slightly lower (0.6—0.9° C) than in the case of the other
aphid species, the number of offspring of apterous viviparous females of the
oat bird-cherry aphid was significantly greater than that of the English grain
aphid .(t = 6.7%%*) and rose grass aphid (t= 8.1%**) (Tables 2—S5, Fig. 2).
The daily number of progeny likewise showed the same relationship. The re-
production of alate viviparous females on the oat bird-cherry aphid was as
abundant as that of the English grain aphid (Tables 2 and 3) but more pro-
lific (t = 8.2*) than that of the rose grass aphid (Table 5).

The English grain aphid, Macfosipbum avenae (F.)

Two rearing trials were carried out with green English grain aphids; the
results are presented in Tables 2 and 3. The developmental period of apterous
viviparous females at 10.2° was 19 days on the average and at 14.4° it was
11 days. Under the same temperature conditions the developmental period of
alatae was one day longer: 20 and 12 days respectively. The reproductive
period of apterae (21 and 32 days) appeared to be shorter than that of alatae
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(29 and 35 days). In respect of the length of the postreproductive period and
the total longevity, no clear; parallel differences were found, neither between
the two trials nor between apterae and alatae (Tables 2 and 3).

The number of offspring of apterae (35 and 43) was approximately the
same as that of alatae (36 and 35). The daily number of progeny was slightly
Jarger with the apterae (1.6 and 1.4) than with the alatae (1.3 and 1.0).

In the studies of PHiLps (1916), the lengths of the different life periods
(12 4+ 17 + 5 days) and the longevity (34 days) were shorter than in the pres-
ent investigation, while the number of offspring (23) was clearly smaller. In
Outa’s (1940) studies, the life periods and longevity were also remarkably .
short (105 + 25.8 + 1.5 = 37.8 days), but the number of offspring (63.4)
was greater than in the present investigation or that of Prirries (1916). Coon
(1959) studied the reproduction of the English grain aphid on 59 different grass
plants. He found the reproduction to be most prolific on oats Avena sativa
var. Garry (44 offspring) and on Festuca rubra (32 offspring).

Two rearing trials were likewise carried out on reddish-brown aphids. In
the first trial performed on apterae born on May 29 (7 specimens) the number
of offspring averaged 35 (range 25—46), and in the second trial with apterae
born on July 17 (12 specimens) the average number of offspring was 33 (13
—51). No statistically significant differences were found between the numbers
of offspring of the green and the reddish-brown viviparous females. Likewise,
the lengths of the life periods of the reddish-brown aphids did not differ
substantially from those of the green aphids.

Differences were observed between the green and reddish-brown aphids,
too. The majority of the offspring of green apterae were green, whereas the
reddish-brown apterae mostly produced reddish-brown progeny. In the first
trial, 49 or 18 % of the 276 offspring of green apterae were reddish-brown,
and in the second trial 44 or 27 %o out of 171 were reddish-brown. In the case
of the alate green aphids, there were 254 offspring in the first trial and 140
in the second trial, but none of these were reddish-brown. Of the 248 off-
spring of reddish-brown apterae in the first trial, only 4 (2 %) were green,
and in the second trial 49 (12 %) out of 408 -were green. The reddish-brown
alate viviparous females died before emergence or soon after, so that no data
are available on their progeny.

Although it is recognized that both green and reddish-brown specimens of
the English grain aphid exist, little is known concerning these two forms. No
special progeny studies have been made, and what information we have is based
on observations made on populations. According to PHILLIPS (1916), the English
grain aphid becomes pinkish and reddish in colour twice during the growing
season in response to some food factor: on the first occasion when the grain is
heading or approaching maturity, and again in the autumn when sexual repro-
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duction begins. BRUEHL and DAMSTEEGT (1962) have recently found that the
-colour of dark green and reddish-brown English grain aphids persists for several
generations when they are reared on barley in the greenhouse. In their rearing
trials the reddish-brown aphids continually reproduced parthenogenetically on
barley, and the sexual froms that would have been expected from the results
of PHirLps (1916) did not appear.

The problem of aphid colour is especially interesting. The present studies
have shown that the same viviparous female of the English grain aphid can
give birth to both green and red offspring, the majority of which are of the
same colour as the female parent. The pea aphid, Acyrthosiphon pisum Harris,
also has two colour forms, but the green form always produces green progeny
and the red form always red (MULLER 1962, MarkkuLA 1963). The repro-
duction rate of the red forms is lower than that of the green. In other respects,
too, these colour forms differ from each other (MarkxuULA 1963).

The rose grass aphid, Acyrthosiphon dirbodum (Wlk.)

"Two rearing trials were performed on the rose grass aphid. The results are
presented in Tables 4 and 5. The developmental period of apterae at 10.2°
was 19 days and at 14.4° 12 days; the corresponding period for alatae was one
day longer. The developmental period was thus nearly exactly the same as in
the English grain aphid (Tables 2 and 3). The reproductive period of apterae
was the same (24 days) in both trials. The length of the postreproductive
period, the longevity and the rate of reproduction were quite different in the
two trials. As in the case of the oat bird-cherry aphid and the English grain
aphid, the daily number of offspring of apterous viviparous rose grass aphids
(1.0) was larger than that of the alate individuals (0.7).

In the first trial the majority of the 549 offspring of apterae had the same
colour as their female parent, ie. green, but 86 red offspring (17 %) were found.
The numbers of red offspring of different apterous females varied from 1 to
16 (2—42 o). In the second trial, 24 (11.5 %) out or 209 offspring of apterae
were red. In the case of the alate females, no red offspring at all were pro-
duced. The red nymphs developed into alate adults, but died on Sisu oats
several days after emergence.

Red-coloured specimens were not kept separately, since it was assumed
that they represented a red colour form of viviparous females similar to those
of the English grain aphid and the pea aphid (MarkkuLa 1963). However,
after a study of the paper of HitLe Ris Lameers (1947), it became apparent
that these reddish specimens were males, which are red in the nymphal stage.
The appearance of males during the middle of the summer, during the long
days of June and July, is quite surprising. This unusual phenomenon deserves
further study. Tt is true that this particular summer (1962) was exceptionally
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cool, but in the other species of aphids reared at the same time and under
similar conditions (Rhopalosiphum padi, Macrosiphum avenae, Acyrthosiphon
pisum, Amphorophora rubi and Aphis idaei) males appeared at the expected
time, i.e. at the end of August and during September. ‘

In the autumn the rose grass aphid normally migrates to rose plants, in which
it overwinters (e.g. HiLLE Ris LamBeRs 1947, ForBEs 1962). Although Orros
(1961) has found oviparous females, eggs and males on barley in the greenhouse,
he does not regard this as necessarily implying holocyclic overwintering on
Gramineae in nature. :

Summary

Studies on the biology of three species of aphids attacking cereal crops were
carried out in 1962 at Tikkurila (about 16 km northeast of Helsinki) in an
insectary with environmental conditions resembling those outdoors. In addition,
field observations were also made.

The average developmental periods of viviparous females when reared on
Sisu oats were as follows: oat bird-cherry aphid (Rhopalosiphum padi) apterae
8 days as 15.3° C, alatae 11 days at 15.6°; English grain -aphid (Macrosiphum
avenae) apterae 19 days at 10.2° and 11 days at 14.4°, alatae 20 days at 10.2°
and 12 days at 14.4°; rose grass aphid (Acyrthosiphon dirbodum) apterae 19
days at 10.2° and 12 days at 14.4°, alatae 13 days at 14.4°.

The average number of offspring of apterous viviparous females of the oat
bird-cherry aphid when reared on Sisu oats was 75 (at 13.5°) or considerably
greater than that of the English grain aphid (35 at 14.1°) and the rose grass
aphid (39 at 14.1°). Apterae of the oat bird-cherry aphid and the rose grass
aphid reproduced more prolifically than alatae; in the English grain aphid,
however, no clear difference was noted iu this respect. In all three species the
daily number of progeny of apterae was larger than that of alatae.

Among the fundatrigeniae of the oat bird-cherry aphid in the field and in
the insectary, both apterae and alatae occurred. In general, the older nymphs
developed to apterae. The fundatrices did not produce on Sisu oats and the
I—II nymphal stages of fundatrigeniae were not able to live on the same plant.
The number of progeny of alate fundatrigeniae was greater on timothy (average
53) than on oats (28).

Both green and reddish-brown viviparous females of the English grain
aphid were found. The majority of the offspring of green apterae (82 %o and
73 %) were green, whereas correspondingly most of the offspring of reddish-
brown apterae (98 %o and 88 %) were reddish-brown. All the progeny of the
green alatae were green. Red individuals (males?) of the rose grass aphid were
found during the middle of the summer.
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SELOSTUS

Tutkimuksia viljan kirvojen eliminvaiheista ja lisdintymisesti

MarTTI MARKKULA ja SIRKKA MYLLYMAKI

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila
Tuomikirva, viljakirva ja elokirva vioittavat sylkieritteilliin ja ravinnonotollaan kevit-
viljoja ja levittivit Kasvitautien tutkimuslaitoksella suoritettujen tutkimusten mukaan ohran

kiipiskasvuvirusta maassamme. Kirjoittajat ovat #skettdin alkaneet tutkia, olisiko mahdollista
I8ytdd tai kehittdd viljalajikkeita, jotka olisivat riittivin kestivii eli resistentteji kirvoja
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vastaan ja joiden viljely ehkiisisi kirvojen aiheuttamaa vilitontd tuhoa ja mahdollisesti lieven-
tiisi my®s kirvalevintiisten virustautien vahinkoja. Selostettavassa tutkimuksessa on luotu
pohjaa resistenttitutkimuksille selvittdmalld viljan kirvojen eliminvaiheita ja lisddntymistid.

Tutkimukset suoritettiin kasvukautena 1962 Tuhoeldintutkimuslaitoksen —insektaariossa.
Lisiksi tehtiin kenttihavaintoja. Tuomikirvan siivettdmien neitsyiden kehitysaika oli 8 vrk
15.3° Cin keskilimpotilassa, viljakirvan 11 vrk 14.4° Cissa ja clokirvan 12 vrk 14.4° Cissa.
Kunkin lajin siivellisten neitsyiden kehitysaika oli 1—3 vrk pitempi kuin siivettdmien. Tuomi-
kirvan siivertomien neitsyiden jilkeldismiird (keskim. 75 yksilod 13.5° Cissa) Sisu-kauralla oli
susrempi kuin viljakirvan (35 14.1° Cissa) ja elokirvan (39 14.1° Cissa). Kullakin lajilla sii-
vettdmien vuorokautinen jilkeldisluku oli suurempi kuin siivellisten.

Tuomikirvan kantaemojen jilkeldisisti osa oli siivettdmid, osa siivellisid. Kantaemot ja
niiden I—II toukka-asteella olevat jilkeliiset eivit kyenneet elimiin eivitkd lisddntymiin
Sisu-kauralla. Toisen sukupolven siivellisten aikuisten jilkeldismidri oli timoteilla (keskim.
53) suurempi kuin kauralla (28). )

Viljakirvasta oli seki vihreiti ettd punaruskeita yksiloitd. Jalkelisistd valtaosa oli emojensa
vérisii ja vain pieni osa toiseen virimuotoon kuuluvia.
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THE EFFECT OF STORAGE ON THE GERMINATION OF LIN-
DANE-TREATED SEEDS AND ON THE EFFICACY OF SUCH
TREATMENT IN CONTROLLING FLEA BEETLES (PHYLLO-
TRETA SPP.) AND CABBAGE ROOT FLIES (HYLEMYIA SPP))

KATRI TIITTANEN and ANNA-LIISA VARIS

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

Received February 26, 1963

In a series of trials carried out at Tikkurila in 1958-——59, lindane was the
most effective seed dressing for combined control of flea beetles (Phyllotretaspp.)
and cabbage root flies (Hylemyia spp.) (TuTTANEN and Varis 1960 a). The
amount recommended in practice is 120—160 g dressing (containing 75 %o active
ingredient) per kilo of seed; for. the control of flea beetles alone, 50 g/kg is
sufficient. The preparation used in these trials was Gammasan (Plant Protection
Ltd., London). In germination tests the above amounts of dressing retarded and
reduced the germination of the seeds. In pot and field trials, however, the
growth of the seedlings was equalized after three weeks (TITTANEN and VaRris
1960b). In the present study, investigations have been made to determine
whether lindane-treated seed would grow satisfactorily after one year’s storage
and whether temperatures as low as —30° C in a storehouse in winter had any
adverse effect on the treated seed as compared with storage at room temperature.

Materials and methods

The plants tested were swede (variety Mustiala), turnip (Teutoburger), and
winter rape (Lembke). The commercial product Lindamal (Farbenfabriken
Bayer, Leverkusen) containing 75 % lindane and 10 thiram (TMTD) was
used at the following rates: 1. none, 2. 45 g/kg, 3. 80 g/kg, 4. 120 g/kg and
5. 160 g/kg. _

Lindamal was used in these trials instead of Gammasan, since the latter
product was no longer available in Finland. Purified paraffin oil was used
as a sticker in amounts of 3 ml per 100 g of seed except in treatment 2, in which
1 ml was used.
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Storage. Half the treated and untreated lots of seed were stored at room
temperature, 17—21° C. The other half lots were kept in a storehouse where
the temperature was approximately the same as that outside. The outdoor
temperature during the period of storage ranged from —27° to +28° C. The
seeds were kept in closed glass bottles.

Germination tests were carried out in Jacobsen’s germinator. Two
germination tests were made with each plant species, the first 1—4 days after
treatment, the second approximately one year after treatment. Counts were
made on the 4th, 7th and 10th days after the start. Each treatment comprised
6X100 seeds. _

The emergence of seedlings was investigated by pot .
experiments in the greenhouse. The seeds were sown in mineral soil containing
abundant organic matter. In each treatment there were 5X120 seeds. The
numbers emerging were determined daily by removing the healthy seedlings.
The amounts of dressing tested were 45, 80 and 120 g/kg.

The effect of seed dressing on infestation with
flea beetles and cabbage root flies was investigated in
' field experiments in 1962. The experimental plants were turnip and winter rape,
both of which were sown in the spring. The trial plots, situated on clay soil,
contained one row each (length 5.35 m). There were five replications.

The damage caused by flea beetles was examined at the beginning of the
growing season, 20 days (turnip) to 25 days (rape) after sowing. The damage
caused by root flies (mainly H. brassicae) was determined at harvesting after
a growth period of 73 (rape) to 86 days (turnip). The method used in
counting or estimating the damage has been described in a previous publication
(TrrrTANEN and VaRris 1960 a). .

The results of these split-plot experiments were calculated by analysis of
variance. It should be mentioned that the growing season of 1962 was very
rainy and cool. ‘

Results and discussion

Germination

The treatments delayed and reduced the amount of germination in all the
trial plants. (Fig. 1). Large doses of lindane, 120 and 160 g per kilo of seed,
were more harmful than small ones. :

Storage for one year did not reduce the germination of seed which had been
treated with the smallest dose, 45 g/kg. The other doses caused decreases in
germination which were directly proportional to the desage. The germination
of swede seed decreased the most, and that of turnip slightly, whereas rape
showed practically no reduction in germination.

After storage for one year, there were no differences in the germination rates
of seed kept at room temperature and that kept in the outdoor storehouse.
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D Healthy seedlings. The dotted line indicates the number of healthy
seedlings on the 4th day after the start of the experiment )
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Fig. 1. The effect of storage on the germination of seed of swede, turnip and winter rape
treated with lindane dressing (Lindamal). A = seed kept at room temperature, B = seed kept
in storehouse. Dosage: 1. None, 2. 45 g/kg, 3. 80 g/kg, 4. 120 g/kg, 5. 160 g/kg.
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Fig. 2. The effect of different lindane preparations on swede seed. A = Gammasan,
B = Tiralin, C = Lindamal. Dosage: 1. None, 2. 120 g/kg, 3. 160 g/kg.

These results were in general agreement with those obtained in previous
investigations (TuTTANEN and VARis 1960« and 1961), in which Gammasan
was used as seed dressing agent. The only difference was in the effect of storage
on the germination of swede seed. When treated with Gammasan, the seed
germinated slightly better after 35 weeks of storage than immediately after
treatment, whereas when Lindamal was used germination had decreased during
the year of storage.

At the same time that these trials were carried out with Lindamal-treated
seed, similar trials were made with the product Tiralin (75 %o lindane, 10 %o
thiram and 0.25 % mercury; Farmos Oy, Turku, Finland). Tiralin proved to
have a less harmful effect than the other products, and after one year’s storage
its slightly injurious effect had not increased in any of the test plants. Figure 2
shows the effect of different lindane preparations on the germination of seeds

of swede.

The emergence of seedlings

According to the results obtained by NOLLE (1962), lindane treatment did
not reduce the number of swede.seedlings emerging. The amount he used was
50 g/kg of a preparation containing 75 %o lindane or 75 %o lindane + 7 %
thiram (TMTD) per kilo of seed; emergence was tested after 5, 10 and 16
months’ storage. His results agree with those of the present investigation, which
showed that after one year’s storage there was no reduction in the number of
seedlings when the seeds had been treated with 45, 80 and 120 g/kg of the

prepation used.
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The effect of seed dressing on flea beetles and cabbage root flies

All the treatments of turnip and rape seed proved very effective in control-
ling flea beetles. The average damage in untreated turnips was 299 feeding spots
per 50 plants and in untreated rape 251 spots per 50 plants. Seed treatment
gave an average of 80 %o control in turnip and 66 %o control in rape. There
were no significant differences between the various dosages nor between the
two different methods of storage in respect of control of flea beetles. In addition,
no significant difference in efficacy of treatment was found when the seeds
were treated immediately before sowing.

All the treatments of rape seed were effective against the cabbage root fly.
An average control of 55 %o was achieved. The different dosages and varying
storage conditions had no pronounced effect on the efficacy of control. In
general, the damage to rape was very slight. Using a scale of 0 (completely
healthy) — 5 (completely destroyed), the average damage in the untreated
rape plants was only 0.7.

The turnips showed even less injury in this trial. The average damage in
untreated plants was a low as 0.2, and seed treatment failed to reduce the
damage significantly. In this case also, seed treated immediately before sowing
gave the same results as seed treated one year previously.

Yield

All the treatments resulted in significant yield increases of both trial plants
in the above-described pest control trial. The yield of rape grown from untreated
seed was 49.4 tons per hectare, whereas treated seed gave an average yield of
60.7 tons per hectare. The root yield of untreated turnips was 41 tons per
hectare and that of treated turnips averaged 49.3 tons per hectare. No significant
differences in yield were found between the various dosages and storage condi-
tions of the seed.

Summary

One year’s storage reduced the germination of the seeds treated with
80, 120 and 160 grams of lindane preparation. The higher the rate of
seed dressing used, the more pronounced was the decrease in germination. At
the lowest rate tested, 45 g/kg, germination was not reduced during storage.
The swede seed was the most clearly affected, whereas germination of the
turnip seed was only slightly reduced. Winter rape seed showed no significant
reduction in germination as a result of storage. Different preparations appeared
to have different effects upon germination, since treatment of swede seed with
two other similar preparations resulted in no decrease in germination. After
one year’s storage, no differences in germination were noted between seed kept
at room temperature and that kept in an outdoor storehouse.

48



In the trial on the control of flea beetles and cabbage root flies, with turnip
and winter rape (sown in the spring) as test plants, all the treatments gave good
control of flea beetles. Different dosages and different storage conditions had
no significant effect on the degree of control. All the treatments of rape seed
controlled cabbage root flies, and in this case likewise the dosage and storage
conditions had no effect on the result. The injury caused by cabbage root flies
to turnips was so slight that no reliable results were obtained on the eff1cacy
of control.

All the seed treatments gave significant yield increases for both test plants
in the pest contro] trial.
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SELOSTUS

Varastoinnin vaikutus lindaanilla kuorrutettujen siementen itivyyteen ja
kuorrutuksen tehoon kirppojen ja kaalikirpisten torjunnassa

Kartr1 THTTANEN ja ANNA-Lisa VAris
Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Vuosina 1958—59 Tikkurilassa suoritetut ristikukkaiskasvien siementen kuorrutuskokeet
osoittivat lindaanipeittausaineiden olevan muita pexttausamelta tehokkaampia kirppojen ja kaali-
kirpisten yhteistorjunnassa. Kiytdntdon suositeltujen midrien, 120—160 g 75 Yo:n valmistetta
siemenkiloa kohti ja pelkistiin kirppojen torjuntaan 50 g siemenkiloa kohti, todettiin hidas- -
tavan itdmisti ja alentavan itivyyttd, mutta taimettumiserot tasaantuivat kuitenkin noin kolmen
viikon kuluessa. Selostettavana olevassa tutkimuksessa pyrittiin selvittimiin, voidaanko kuor-
rutetut siemenet haitatta siilyttii normaaliin tapaan ulkovarastossa ja kidyttid ne seuraavana
kevidini ky1v051emenek51

‘Lantun, nauriin ja syysrapsin siemenet kuorrutettiin 75 %o lindaania j ja 10 %o tiramia sisdlté-
villi valmisteella,. jota kiytettiin 45, 80, 120 ja 160 g siemenkiloa kohti. Kiinnitysaineena oli
parafiinioljy. Siemenet suljettiin lasipulloihin, ja puolet kisitellyisti ja kisittelemirtdmistd
siemenisti siilytettiin huoneenlimm&ssi, toinen puoli ulkovarastossa. Ulkoilman limpStilan
ddriarvot siilytyskautena olivat —27 ja +28°C.
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Itdvyyskokeet tehtiin vilittSmisti kisittelyn jilkeen ja vuoden kuluttua. Vuoden kestivi
varastointi alensi itdvyyttd suurempia lindaanimdirid kdytettdessi siti enemmin, mitid suurempi
kiytetty ainemiiri oli. Pienimmin ainemiirin, 45 g/kg haitallista vaikutusta varastointi ei
lisinnyt. Varastointi alensi selvisti lantun siementen, mutta vain vihin nauriin siementen
itivyyttd. Rapsin siementen itdvyys ei alentunut merkitsevisti. Eri valmisteiden vaikutus
itdvyyteen ndyttii olevan erilainen, silli kahdella muulla vastaavalla valmisteella kﬁsitelty—
jen lantun siementen siilyttiminen ei alentanut itivyyttd.

Huoneenlimmdssi ja ulkovarastossa siilytettyjen siementen itivyydessi ei ollut eroja. 45,
80 ja 120 g:n valmistemiirilli kisitellyistd yli vuoden siilytetyistd siemenistd kehxtty1 yhud
paljon taimia kuin kisittelemittdmisti.

Teho kirppoihin ja kaalikirpisiin tutkittiin kenttikokeissa savimaalla noin 1 % vuotta kisit-
telyn jilkeen. Koekasveina olivat nauris ja rapsi. Kirppoihin kaikki kisittelyt tehosivat hyvin,
eivitkd eri ainemidirit ja erilaiset siilytysolot vaikuttaneet merkitsevisti tehoon. Kaikki rapsin
siementen kisittelyt tehosivat kaalikifpisiin. Eri ainemiirien ja erilaisten siilytysolojen vai-
kutus ei tdssikidn ollut merkitsevi. Nauriissa kirpistoukkien vioitus oli niin lievii, ettei
kisittelyjen tehosta saatu luotettavia tuloksia.

Kisittelyt lisisivit merkitsevéisti nauriin ja rapsin satoa kirppa- ja kaalikirpiskokeessa riip-
pumatta siitd, oliko siemenet siilytetty huoneenlimmdssi vai ulkovarastossa.
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AIKAKAUSKIRJAN KIR]JOITTAJILLE

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

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

Taulukot kaksikielisine teksteineen kirjoitetaan erillisille liuskoille ja
numeroidaan juoksevasti. Samoin menetelliin kuvatekstien suhteen. Tau-

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

Harvennettavat kohdat alleviivataan kisikirjoituksessa katko-
viivalla (— — —) ja kursivoitavat kohdat yhteniiselld viivalla. Kursivoin-
tia kiytetiin lihinnd vain kasvien ja eliinten latinankielisissi nimissi seki
kaksikielisten taulukkojen ja kuvien toissijaisissa teksteissi. Pitkid harven-
nuksia ja kursivointeja on syyti vileedi.

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

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

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

Kaikki yhteydet kirjapainoon hoidetaan toimituksen kautra.
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