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Seria ANIMALIA NOCENTIA N. 52 — Sarja TUHOELAIMET n:o 52

RESISTANCE OF PLANTS TO THE PEA APHID, ACYRTHOSIPHON
PISUM HARRIS (HOM., APHIDIDAE)

IV. Fecundity on different alsike and white clover varieties

MARTTI MARKKULA and KAISA ROUKKA

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

In previous papers the authors have given
accounts of the resistance of red clover and pea
to the pea aphid Acyrthosiphon pisum Harris
(Markxura and Roukka 1970, 1971). The put-
pose of the present study was to ascertain whether
differences exist in the resistance of different
varieties of alsike and white clover. Apparently,
there have been no previous papers dealing with
the resistance of these two clover species to the

pea aphid.
Material and methods

The number of progeny of the pea aphid was
studied on ten varieties of alsike clover and on
twelve varieties of white clover. The culture of
the test plants was arranged in the same way as
in the previous tests on red clover (MARKKULA
and Roukga 1970). The aphids belonged to
three biotypes, otiginating from red clover: 1 a,

"1 b and 16. The tests were carried out on newly
mature wingless aphids in rearing cages, as in
previous tests on the resistance of red clover
(Markxura and Rouxxka 1970). There were
twenty aphids of each biotype on each variety.

The varieties tested were as follows:

White clover

Belyj N 13, USSR
Culture Cebeco, Netherlands

Alsike clover

Iso, 4n, Finland
Iso A, 4n, »

Received 10 August 1970

Iso-67, 4n, Finland, Esko, Finland

Jogeva 2, 2n, USSR Jogeva 4, USSR

Perm Region, 2n, USSR Kivi, Sweden

Rozovyi Region, 2n, USSR Lubliana, Poland

Svea, 2n, Sweden Morsd, Denmark

Tammisto, 2n, Finland Nora, Sweden

Tetra, 4n, Sweden Pajberg Milka, Denmark

Finnish commercial seed, 2n Podkowa, Poland
Tammisto, Finland
‘Tammisto, Finland, grown

for seed at Pilkine

Results and discussion

Biotype 16 reproduced abundantly on all the
vatieties of alsike clover (Fig. 1). The number
of progeny was least on the Swedish variety
Svea, which showed a highly significant differ-
ence from all the other varieties tested. The
number of progeny was greatest on the Finnish
commercial seed. This »variety» differed very
significantly from Svea as well as from Iso-67,
Perm Region and Tetra.

The varieties were most resistant to the bio-
type 1a. The average number of progeny was
only 32 even on the most susceptible varieties,
and thete were no statistically significant differ-
ences between the varieties.

The fecundity of biotype 1 b on alsike clover
was between those of biotypes 16 and 1a. The
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Fig. 2. Fecundity of biotypes 1 a,
of the columns indicate the avera
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Tammisto variety proved to be the most resist-
ant. The number of progeny on Tammisto was
very significantly smaller than that on Iso A,
Svea or on the Finnish commercial seed.

Biotype 16 was likewise most prolific on all the
varieties of white clover (Fig. 2). The most sus-
ceptible variety was Esko. In the number of
progeny produced by this biotype, Esko differed
very significantly from Cultura Cebeco and Nora.
Biotype ] a was least prolific on all the varieties
of white clover. The number of progeny of this
biotype produced on Esko was very signif-
icantly greater than on Cultura Cebeco. The
numbers of progeny of biotype 1 b wete between
those of biotypes 16 and 1a. There were no
significant differences in the number of progeny
of biotype 1b produced on different varieties.

The results distinctly indicated that the degtee
of resistance of the variety is dependent on the
biotype of the pea aphid. The biotypes studied
related to alsike and white clover in the same
way as to ted clover (see MARKxULA and
Rouxxka 1970).

Summary

The fecundity of the pea aphid .Aeyrehosiphon
pisum Hartis was studied on ten varieties of
alsike clover and on twelve varieties of white
clover. The aphids belonged to three biotypes,
originating from red clover: 12, 1 b and 16.

The results indicated distinctly that the degree
of resistance is dependent on the biotype of the
pea aphid. Judging from the number of progeny,
all the varieties of alsike and white clover proved
very susceptible to biotype 1 a. The varieties
were considerably more resistant to biotype 1 b
and most resistant to biotype 1a. There were, in
some cases, differences in the fecundity of the
same biotype on different plant varieties.

REFERENCES

Marxxura, M. & Roukka, K. 1970. Resistance of plants
to the pea aphid Acyrthosiphon pisum Hatris (Hom.,
Aphididae). II. Fecundity on different red clover
verieties. Ann. Agric. Fenn. 9: 304—308,
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SELOSTUS

Kasvien kestivyydesti hernekitvaa vastaan

IV. Hernekirvan lisiintyminen eri alsike- ja valkoapilalajikkeissa

MarTTI MARKKULA ja Karsa Roukka

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Tutkimuksessa pyrittiin selvittimiin alsike- ja valko-
apilan resistenssid hernekirvaa vastaan. Sitd varten tutkit-
tiin hernekirvan kolmen biotyypin 1 a, 1 b ja 16 jilkeldis-
migird 10 alsikeapilalajikkeessa ja 12 valkoapilalajikkeessa.

Biotyyppi 16 lisadntyi runsaasti kaikissa tutkituissa
alsike- ja valkoapilalajikkeissa. Ainoakaan lajike ei osoit-
tautunut resistentiksi sitd vastaan. Biotyypit 1b ja 1la

lisadntyivit heikosti tutkituissa lajikkeissa. Kaikki lajik-
keet osoittautuivat melko resistenteiksi biotyyppid 1b
vastaan ja erittdin resistenteiksi biotyyppid 1a vastaan.
Timin tutkimussarjan nelji julkaisua osoittavat, ettd
tuhohyonteisten biologisten rotujen esiintyminen vai-
keuttaa olennaisesti resistenttien kasvien jalostamista ja
resistenssin hyviksikiyttdd kasvinviljelyssa. '
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SERIA AGROGEOLOGIA, -CHIMICA ET -PHYSICA N. 53
Sarja MAAPERA, LANNOITUS JA MUOKKATUS n:o 53

YMPARISTON LYIJYSAASTUMINEN TIKKURILASSA

Alustavia tutkimustuloksia

Summary: Heavy local lead contamination in Southern Finland. Preliminary report

ESKO LAKANEN ja RAIMO ERVIO

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Elinympiristémme saastumisen tarkkailussa
joudumme tutkimaan yhi useampia aineita ja
saastetekijoitd. Alvan viime vuosina on kiinni-
tetty huomiota muutamien raskasmetallien mii-
rin tarpeettomaan tai haitalliseen lisddntymiseen
elinympiristossimme. Eniten on analysoitu elo-
hopeaa ja lyijyd. Useissa tutkimuksissa on 1960-
luvulla todettu teollisuusseutujen ja vilkkaasti
liikennodityjen teiden ympiristostd kerittyjen
niytteiden sisiltivin poikkeavan korkeita lyijy-
midrii. Syyni lyijyn levidmiseen luontoon ovat
niissi tapauksissa olleet erilaiset metalliteolli-
suuslaitokset ja lyijy-yhdisteiden kdyttd moot-

totribensiinissd.
Autobensiinissi alettiin lyijy-yhdisteitd kayttid
bensiinikaasun  puristuskestivyyttd lisddvind

aineena 1920-luvun alussa Yhdysvalloissa. Auto-
kannan lisddnnyttyd viime vuosikymmenind hui-
maavasti on teiden varsille levinneen lyijyn mai-
rid tutkittu useissa maissa (CANNON ja BowLES
1962, Lem 1966, Saimr 1969, QUINCHE ym.
1969).

Lyijypitoisuuden on autoviylid lihestyttiessd
todettu nousevan seki maa- ettd kasvinidytteissi.
Bensiinistd periisin oleva lyijy on levinnyt luon-
toon satojen metrien etdisyydelle, pisimmalle
vallitsevien tuulten alapuolella. Teollisuus ja lii-
kenne levittdvit nykydidn Eteli-Ruotsissa lyijyd
0.4—0.5 kg/ha vuodessa (RUmLING ja TYLER
1970). Analysoimalla lehtisammalta aina 1860-
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luvulta periisin olevista niytteisti lihtien ovat
ruotsalaiset tutkijat voineet osoittaa, miten Pb-
pitoisuus on voimakkaasti noussut teollisuuden
kasvun ja autojen lisddntymisen mukana (Rim-
LING ja Tyrer 1968).

Ympiristd6nsi voimakkaasti lyijya levittivia
teollisuuslaitoksia ovat ennen kaikkea lyijysulat-
tamot, varsinkin silloin, kun ne laskevat savu-
kaasunsa puhdistamattomina ulos. Eriin Neu-
vostoliitossa olevan lyijysulattamon ympiris-
tossid todettiin lyijyd 0.5 km:n padssi yli 11 000
mg/kg maata ja vieldi 40 kmin ctiisyydelld 30
mg/kg maata (SmoxorNiNa 1962), miki vield
viittaa kohonneeseen lyijypitoisuuteen, jos sits
verrataan maaperin Pb-pitoisuuteen 16 mglkg
maata. Teollisuus ja liikenne lisddvit niin ollen
nykyddn ympiristén lyijypitoisuutta siind mai-
rin, ettd ainakin paikallisesti juomaveden, maa-
taloustuotteiden ja elintarvikkeiden lyijypitoi-
suudet saattavat ylittdd kansainvilisessi kiytossi
olevat normit,

Tikkurilassa on useitakin lyijyd kisittelevid
teollisuuslaitoksia, ja koska Maatalouden tutki-
muskeskuksen alueen lihinaapurina toimii lyijy-
sulattamo, suoritti Maantutkimuslaitos alustavan
tutkimuksen ympiristén lyijysaastuneisuudesta.
‘Tutkimus aloitettiin luminiytteiden analysoimi-
sella, miki tarjoaa eriitd selvid etuja. Luminiyt-
teen avulla on helppo miirittis tietyn ajan ku-
luessa tullut laskeuma. Niytteen koko on rajoit-



tamaton, jolloin voidaan analysoida vihiisidkin
pitoisuuksia ja valita niytteenottopaiklkoja misti
tahansa ulkosalta. Luminiytteiden keruuta ja
analysointia on ennenkin suoritettu Suomessa
ympiristdtutkimusten yhteydessi (LaaAMANEN
1968).

Tutkimusmenetelmit

Luminidytteet otettiin koko hangen paksuu-
delta muovisella sylinterilli, jonka halkaisija oli
15 cm ja pituus 80 cm. Niytteet kerittiin poly-
teenipusseihin, punnittiin ja suodatettiin sulami-
sen jilkeen. Suodos seki suodatinpaperille jdi-
nyt sakka analysoitiin erikseen. Niytteiden koko
oli keskimdsrin 5 kg, miki on tatpeettoman suuri
itse analyysia varten, mufta katsottiin tarpeelli-
seksi luotettavan pinta-alaniytteen saamiseksi.

Kaikki lyijymiiritykset suoritettiin Techtron
AA-4 atomiabsorptiospektrofotometrilla  joko
suoraan linoksesta aallonpituuksilla 2170 A ja
2833 A tai rikastamisen jilkeen aallonpituudella
2833 A. Luminiytteiden pienimpid lyijypitoi-
suuksia madritettdessi kiytettiin 20—30 -kertaista
rikastusta, joka suoritettiin seuraavasti: Lievisti
hapanta niyteliuosta (sdilyvyyden takia lisitty
HCl, pH 1—2) mitattiin punnitsemalla 500 tai
750 ml 1 litran mittapulloon. Lyijy ja useat muut-~
kin raskasmetallit kelatoitiin lisddmilld 5 ml noin
0.5 M NaPDTC (pyrrolidinditiokarbamihapon
Na-suola). Kelaatit ekstrahoitiin kolmella perik-
kiiselli MIBK-ravistelulla (metyylisobutyylike-
toni) 25 ml:n mittapulloon, joka tdytettiin merk-
kiin MIBK:lla. Ensimmiiselld ravistelukerralla
lisittiin noin 15—20 ml MIBK:ta. Kahden
minuutin ravistelun jilkeen mittapullo tiytettiin
kapeaan kaulaosaan saakka ioninvaihtajalla puh-
distetulla vedelli ja MIBK -faasi pipetoitiin 25
ml:n mittapulloon. Ekstraktio toistettiin kaksi
kertaa 5—10 ml:n MIBK -erilli. Jo ensimmadi-
nen ekstraktio antaa kiytinnollisesti katsoen
kvantitatiivisen saaliin, joten lyijy voitaisiin méi-
rittid vedelld tiyttimisen jilkeen atomiabsorptio-
tekniikalla suoraan mittapullosta, kuten kirjalli-
suudessa on suositeltukin (Stavin 1968). MIBK
liukenee kuitenkin jonkin verran veteen, ja liu-
koisuus kasvaa veden limpéotilan aletessa. Téstd
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Kuva 1. Lumen (4 kuukautta vanha) lyijypitoisuus eri

etiisyyksilli tiesti. A = Kuriiritie 0.5 km lyijysulatta-

mosta, B = Ohikulkutie 3.5 km sulattamosta ja C =
Helsingin itivdyld 10 km sulattamosta.

Fig. 1. Lead content of 4 months old snow at different distances

from road. A = 0.5 km from a lead smeltery, B = 3.5 km
Sfrom smeltery, C = 10 km from smeltery.

aiheutuva vithe eliminoituu, kun orgaaninen
faasi siirretddn 25 ml:n mittapulloon ja tiytetiin
merkkiin. Perikkiiset uutot varmistavat samalla
kvantitatiivisen tuloksen. Sopiva standardisatja
sisaltad lyijyd 0, 2.5, 5.0, 7.5 ja 10.0 mg/l MIBK.
MIBK -rikasteiden kvalitatiiviset analyysit suo-
ritettiin ARL:n 2 metrin hilaspektrografilla.

Tulokset ja niiden tarkastelu

Luminﬁ.ytteét otettiin maalis—huhtikuun vaih-
teessa 1970 Maatalouden tutkimuskeskuksen
pelloilta eri etdisyyksiltd lyijysulattamosta sekd
eri puolilta Tikkurilaa ja etiimmiltikin Helsin-
gin maalaiskunnan alueelta. Liikenteen vaikutuk-
sen selville saamiseksi analysoitiin lumindytteitd
my6s Ohikulkutien varrelta Helsingin pitdjin
kirkon kohdalla sekd Itdisen moottoritien var-
relta Helsingin Puotinharjusta. Lumipeite oli
niytteenottoaikaan 4 kuukauden ikdinen. Pysyvi
lumi satoi Seutulaan 24. 11. 1969.

Kvalitatiivinen spektraalianalyysi osoitti, ettd
vilkkaasti liikenndityjen teiden wvarsilla oli
lumessa useita raskasmetalleja: Pb, Fe, Cu, Zn,

Mn, Ni, Cd, V, Sn ja Ct. Tikkurilan lumindytteet
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Kuva 2. Lumen (4 kuukautta vanha) lyijy-
pitoisuus lyijysulattamon lahiymparistdssa.
Fig. 2. Lead content of 4 months old snow in the
vicinity of lead smeltery.

sisilsivit myds antimonia (Sb), miti ei muista
niytteisti 16ytynyt.

Teiden varsien lumen lyijypitoisuudet esite-
tddn kuvassa 1 ilmaistuina kgfha. Tuloksista
nihdéddn, ettd itdisen viylin varrella Helsingissi
on lyijypitoisuus alhaisin, vaikka sen liikenne-
tiheys on moninkertainen Ohikulkutichen ver-
rattuna.

Timin Helsingin alueelta valitun niytteen-
ottokohdan vuotuinen lyijylaskeuma ji4 samalle
tai alhaisemmalle tasolle kuin edelli mainittu
Eteldi-Ruotsin  0.4—0.5 kgfha, varsinkin jos
mennddn 100—150 metrin etdisyydelle tiestd,
missd lyijyn middrd on pudonnut lihes vakio-

tasolle. Ohikulkutien varrella lyijylaskeuma on
3—4 -kertainen Helsingin tasoon verrattuna, ja
kun tullaan Tikkurilaan Maatalouden tutkimus-
keskuksen alucelle 0.5—0.6 km:n etdisyydelle
lyijysulattamosta, on lyijylaskeuma edelleen mo-
ninkertaistunut, vaikka liikennetiheys on vield
alhaisempi. Tistd vertailusta tullaan siihen tulok-
seen, ettd Helsingin maalaiskunnassa vallitsee
suhteellisen voimakas lyijyn peruslaskeuma, joka
kasvaa jyrkisti Tikkurilan aluetta ja sielld lyijy-
romua polttavaa laitosta lihestyttiessi. Tami
ndhdiin havainnollisesti kuvasta 2, josta ilmenee
my0s sddolojen vaikutus samoista pisteisti otet-
tujen lumindytteiden lyijypitoisuuksiin. Rinti-
sade ja niytteenottolinjan jiiminen tuulen ala-
puolelle yhdessi miltei nelinkertaistivat lumen
lyijypitoisuuden vajaan kahden viikon kuluessa.
Eri etdisyyksilti tehtaasta otettujen 4 kuukauden
ikdisten lumindytteiden lyijypitoisuuksiksi saa-
tiin: 100—200 m 47—10 kg/ha, 1 km 1.1—1.3 kg/
ha ja 2.5—3.5 km 0.3—0.2 kg/ha.
Voimakkaimman saastelaskeuman kohteeksi
joutuneen pellon lumipeitteen analyysituloksista
100—225 metrin etdisyydelld lyijyromua poltta-
vasta laitoksesta nihddin taulukosta 1 mm. seu-
raavaa: Sulaneesta lumesta suodatetun veden
pH on vakiotasolla 5.10—5.25, ja ominaisjohto-
kyky kasvaa lievidsti sulattamoa lihestyttiessi.
Veteen liukenemattoman ja tuhkaksi poltetun
jainnoksen miird kasvaa selvisti tehdasta lihes-
tyttdessd, samoin timin sakan lyijypitoisuus
19.5:std aina 51 9:iin. Valtaosa lyijysti aivan
tehtaan vilittdmissi liheisyydessi on veteen liu-
kenematonta. Vesiliukoisen lyijyn prosenttinen

osuus kokonaislaskeumassa kasvaa kuitenkin

Taulukko 1. Lyijysulattamon lihiympiristdn lumipeitteen analyysitulokset. Niytteenottoaika 2. 4. 1970.
Table 1. Analyses of snow in the vicinity of lead smeltery. Sampling time April 2, 1970.

Suodos Tuhka Lumen lyijypitoisuus
Etiisyys Filtrate Ash Lead content of snow
lyijysulattamosta
Distance from Onminaisjohtokyky Tuhkan 1:Jetet:ﬂ \é;siliukc;ir;n Yhteensi
lead smel Speci lyijy- % 1i t ater solu "
ad smeltery pH mniz:éj't_y mg/l );};y%/ 1;7:1 :rne_ma’ on oluble Total
m (10 x mmho) in ash kg/ha mg/l kgfha kg/ha
100 ... alt, 5.10 0.21 36.7 51.0 39.3 3.88 8.2 47.5
125 oo 5.20 0.21 30.9 49.8 21.0 4.58 6.3 27.3
150 oo vl 5.25 0.20 25.2 41.7 14.5 5.26 7.3 21.8
175 .o 5.15 0.18 18.7 34.9 12.6 2.80 5.4 18.0
225 .ol 5.10 0.19 17.6 19.5 5.5 2.20 3.5 9.0




etiisyyden lisdintyessi. Sulaneesta lumesta suo-
datetun veden lyijypitoisuus on tilli alueella suu-
ruusluokkaa 2—5 mg/fl, miti on pidettidvi erit-
tiin korkeana, kun siti verrataan LddkintShalli-
tuksen juomavedelle sallimaan suurimpaan lyijy-
pitoisuuteén 0.05 mg/l. Talven 1969—70 aikana
lumipeitteesti todettua lyijyn kokonaislaskeu-
maa on myds pidettivi oloissamme ainutlaatui-
sen korkeana.

Samanaikaisesti luminiytteiden kanssa analy-
soitiin pistokoeluonteisesti muutamia 1968—69
otettuja maaniytteitd, kesin 1969 kasvindytteitd
ja talvella 1970 otettuja havupuiden neulasia.
Niiden edellisini vuosina pelloilta otettujen
maaniytteiden suurimmat lyijypitoisuudet olivat:
totaalimidri yli 1000 ppm ja helppoliukoinen
midrd yli 100 mg/l maata, joita pitoisuuksia on
pidettivi korkeina vastaaviin Suomen peltojen
keskimddriisiin pitoisuuksiin 16 mgfkg ja alle
1 mg/l maata verrattuina., My6s kasvianalyysit
osoittavat selvii saastuneisuutta (taul. 2), kun
saastumattomien kasvien lyijypitoisundet ovat
vihin alle tai yli 1 mg/kg kuiva-ainetta kasvi-
lajista riippuen.

Tiivistelmi

Lukuisten kevittalvella 1970 otettujen lumi-
niytteiden analyysien perusteella voitiin var-
masti todeta, etti Tikkurilan keskusta ja erdit
Maatalouden tutkimuskeskuksen koealueet oli-
vat joutuneet teollisuuslaitoksen aiheuttaman
voimakkaan lyijysaastelaskeuman kohteeksi. Pis-
tokoeluonteiset maa- ja kasvinidytteiden znalyysit

Taulukko 2, Muutamien kasvindytteiden lyijypitoisuuksia.
Table 2. Lead content of some plant samples.

) Etliiisyys Lyijypitoisuus
ijysulattamosta ki
y}])%'itame _7}-1;51 Kasvi kuixv:xg»zlaingetta
lead smeltery Plant Db content
m mglkg dry matter
150 Havupuiden neulaset 1.500—2.000
330 Needles of conifer trees 610
Punajuuri 97—137
Red beet
130—160 | Sieul 31—=79
nion
Porkkana 20—24
Carrot
360 Heindn siemen 33—43
420 Hay seed 25
1200—1 500 10—17
150 Kevitvehni (jyvi) 7—10
Spring wheat (grain)
170 Kaura (jyvi) 5—6
600 Oat (grain) 3—3.5

paljastivat my6s korkeita lyijypitoisuuksia jaA
osoittivat runsaasti lyijyd kumuloituneen viljel-
tyihin peltomaihin.

Luminiytteiden analyysien petusteella oli mah-
dollista tarkastella tihedin liikenndityjen teiden
varsien lyijypitoisuuksia ja verrata niitd Tikkuri-
lassa esiintyviin teollisuuden aiheuttamaan saas-
tutukseen. Liikenteen aiheuttama lyijysaastutus
oli merkityksetonti todettuun teollisuuden ai-
heuttamaan lyijylaskeumaan verrattuna. Teiden
varsilla todettiin bensiinin lyijyn selvisti levin-
neen 100—150 metrin etiisyydelle tiestd.
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SUMMARY

Heavy local lead contamination in Southern Finland

Preliminary report

Esko Lakanen and Rammo Ervid

Agricultural Research Centre, Department of Soil Science
Tikkurila, Finland

In spring 1970 snow samples were collected from Hel-
sinki and Tikkurila in Southern Finland and analyzed
for lead. Sampling sites were chosen along roads and
from-around a lead smeltery in Tikkurila. The vicinity of
this factory, in which leadbearing material is burned, was
investigated in more detail.

Lead contamination caused by traffic extended 100—
150 meters from roads. Contamination increased as the
lead smeltery in Tikkurila was approached despite a
simultaneous decrease in traffic density (Fig. 1). The
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heavy emission of lead in the vicinity of the smeltery and
snow analyses are presented in Fig. 2 and Table 1. Lead
content of 4 month old snow samples showed the follow-
ing lead emission at vatious distances from the smeltery:
100—200 m: 47—10 kg/ha
1 km:1.1—1.3
2.5—3.5 km:03—0.2 »

Analyses of a few soil and plant samples (Table 2)
gave more evidence of lead contamination in Tikkurila.
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COMPARISON OF LEAFHOPPER FAUNAE IN CEREALS

MIKKO RAATIKAINEN and ARJA VASARAINEN

Agticultural Research Centte, Department of Pest Investigation
Tikkurila, Finland

The present work links up with an extensive
study of the leafhopper faunae of cereals, of
which the part concerned with the seasonal
variation in the fauna of spring cereals (RaATI-
KAINEN 1971b) and a number of accounts of
the ecology of individual species (e.g. RAATIKAY-
NEN 1967, 1971 a) have previously been pub-
lished.

The purpose of the present work is to describe
the major features of the leafhopper faunae of
various spring ceteals, but some data for winter
tye ate also included. It was shown in the pre-
vious study (RaATIKAINEN 1971Db) that the
number of leafhopper specimens and species in
oats is highest in late June and eatly July, i.e.,
at the change from the early summer aspect to
the high-summet aspect. The material for the
present study was consequently gathered at
precisely that time.

There are previous descriptions of the leaf-
hopper faunae of vatious cereals,e.g.in Germany
(KunrzE 1937, ArscaarpoUR 1960) and Sweden
(Jtrisoo 1964).

Material and methods

Samples of leafhoppers were netted from
various cereals in the parish of Laihia (c. 63°N
and 22°F) from 27 June to 1 July 1960. The
samples were taken from each of the cereals at
seven sites at which oats, batley, spring wheat
and winter rye had been sown almost adjacent
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to one another. Other material was gathered
from spring cereals in the parish of Tammela
(c. 60°45'N and 23°45'E) from 26 June to 11
TJuly 1963. The latter samples were taken from
16 farms in the parish. Samples were taken from
25 fields of each cereal. On average, the samples
were netted one day eatlier from oats than from
barley, and two days later from wheat than from
batley. The material from Tammela represents a
normal leafhopper faunae of various spring
cereals, while the material from Laihia tepresents
an experiment performed at seven sites. At Lai-
hia observations were also made on the ecology
of leafhoppers in the field, and investigations
were made of the host plants of some of the
species and the host plant selection of Javesella
pellucida.

Samples were taken in good weather from
fields untreated with insecticides, at a distance
of no less than 5 metres from the edges of the
fields. The field-net used for sampling has been
described by HerkiNHEIMO and RAATIKAINEN
(1962). The samples were taken with 200 net
sweeps from each field at Laijhia and 60 from
each at Tammela. All the samples from Laihia
were taken by one petson, and all those from
Tammela by another.

At Laihia there is one extensive area of cul-
tivated land. The crops grown there were hay,
largely timothy, and cereals. At Tammela the
fields are rather small, the area being a typical
Finnish area of cultivation. The main crops
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Table 1. Abundance of leafhoppers in cereals at Laihia,

and the significance symbols of the variance analyses (S).

Abundance s
Oats Barley Wheat Wiater
Iye

Macrosteles eristatus (Rib.) ........ ... ..oiiiiii.., 1767 1226 629 138 ok
M. Jaevis (Rib.) ..o, 445 166 108 3 Hk
Balclutha punctata (Thb.) .. .o iiiiiiiiiinninnnn. 3 — — —
Macustus grisescens (Zett.) .....ooviiiiennniunenn... — — — 1
Doliosettix pallens (Zett) ...ooviiii oo iniinn. 106 37 160 45 Hdk
Elymana sulpburella (Zett) ......coviiiiiuinnnnn... 1 — — 1
Paluda flaveola (Bh.) ... ... .. i, 2 2 1 1
Deltocephalus pulicaris (Fn.) ....ooovviiiviiineinn... — 1 — —
Psammotettix confinis (Db) oo it iiiinnnnnn., 69 73 107 29 *k
P.oalienns (Db oooii i e e 200 80 281 100 *
Diplocolenns abdominalis (F.) .. ...t iiiiiiiinn. 260 146 532 161 *k
Arthaldens pascuellus (Fn.) ...oooviiiiiiiiiiiiiinn. 1 — 1 1
Palys costalis (Fr) o oo vt ittt it i ennnns — 1 1 —
Boreotettix servicanda (Kontk.) ...ovvveenienininnnnnn. 10 9 11 1 *k
Stiroma bicarinata (F1.-8.) ... .o i i 28 20 24 3 **
Dicranotropis hamata (Bh.) ................cooiiie... 13 — 3 5
Criomorphus albomarginatus Ct. .........cccoviiinnnn.. — — — 2
C. borealis (J. Sb.) veiuieii s 1 —_ — —
C.omoestus (BhL) oo iui it i i i — — 1 —
Moegadelphax sordidula (St) ......ccuiiiii i, 593 408 309 64 Ex
Xanthodelphax flaveola (FLY .......................... 6 1 5 2
X, straminea (St.) o .o i i e 2 — 1 —
Javesella pellucida (B.) ... ... ... ... .. .. 1014 458 703 44 Fkx
S obscurella (Bh.) ... 9 3 3 1
Nymphs of Cicadelloidea .. .......................... 12 11 35 193

Total| 4542 | 2642 | 2915 | 795 | wxs
there were cereals and hay, which included a  but the differences were not large. The height

fair amount of clover as well as timothy. At
Laihia the weed flora of the sampling sites was
very similar in all the cereals. In the spring
cercals the commonest weeds were Spergula ar-
vensis, Galeopsis spp. and grasses, the most abun-
dant of which were Phlenn pratense, Agropyron re-
pens, Deschampsia caespitosa and Poa spp. In the
winter rye it was largely the same species that
wete the mostabundant, although the proportions
were not the same. At Tammela there was a sub-
stantial variation in the weed flora of the various
cereals. The most abundant weeds in the oats and
barley, which were growing on more highly or-
ganic soils than the wheat, were Spergula arvensis,
Chenopodium  album and Galeopsis spp. In the
wheat, growing on the most sandy and clayey
soils, the chief weeds were Chenopodinm album,
Galeopsis spp., Agropyron repens and  Stellaria
media. In the oats the density of weeds averaged
539 specimens/m?, but in the batley and the
wheat there was only about half that density.
The coverage of the stands was greatest in rye,
and successively less in oats, wheat and batley,
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was greatest in rye, then in wheat, barley and
oats. At Tammela, herbicides had been applied
to 14 fields of wheat, 8 of batley and 6 of oats,
the remaining fields being untreated. At Tam-
mela the wheatfields had the largest acreages and
the oatfields the smallest. The wheatficlds were
also in the largest clearings, and the oatfields in
the smallest. At Laihia the fields of oats and
barley were largest, but, owing to the method
of sampling, all the fields were in cleatings of
the same size.

A logarithmic transformation was done on
the data from Laihia ptior to the statistical cal-
culations. Use was made of vatiance analysis.
The chi-square method was used on the data
from Tammela. The statistical significance is
indicated by asterisks as follows: *** = P < 0.001,
* = P<0.01 and * = P<0.05. A species con-
taining above 16 9, of the total number of all
specimens was considered dominant, one con-
taining 4—15.9 %, influent and one below 4 9,
recedent,



Table 2. Abundance and frequency of leafhoppers in spting cereals at Tammela and the significance symbols of the 2

analyses (8).

\

Abundance s Frequency %

Oats l Barlzy | Wheat Oats Barley Wheat
Macrosteles cristatus (Rib.) . ..cooonvntn. 357 213 92 Fokok 100 92 84
Streptanus sordidus (Zett.) .............. 2 — — 8 — —
Doliotettix pallens (Zett) «ooovvvvnnn.nnn 23 19 18 40 32 16
Elymana sulphurella (Zett.) ............. — — 1 — — 4
Paluda flaveola (Bh.) «ovvveenvionnt — — 1 — — 4
Limotettisc cornicnlus (Magsh.) ........... 1 — — 4 — —
Graphocraerus ventralis (Fn.) ............ — — 1 — — 4
Deltocephalns pulicaris (Fo) «...o.ooov.on. 3 — — 12 — —
Psammotertix confinis (Db.) ...vovvvotn 3 5 1 12 20 4
P. alienus (Db vuvveev it 1 2 2 4 8 8
Jassargus allobrogicns (Rib) ............ 2 5 — 4 8 —
Diplocolenus bobemani (Zett.) ............ — 1 — — 4 —
D. abdominalis (B.) .....coviivei it 15 17 8 24 36 16
Arthaldens pascnellns Fn) «o.oovonnnn.n. — 6 1 — 16 4
Palus costalis (Pn.) «...ooiaiei i, 1 1 2 4 4 4
Boreotettixe serricanda (Kontk.) .......... 9 10 2 20 28 8
Eacanthus interraptus (L) «ooooioioit 1 1 3 4 4 - 8
Eupteryx atropunctata (Gz.) . oooovvvienn. 2 1 1 8 4 4
E. gyelops Mats. «.vevevueevininanes 1 — — 4 — —
E. notata (CL) ..o vvviiiannnaaninnenns . 1 — — 4 — —
Philaenus spumarins (L) o vveeoiiiinns 3 2 22 8 4 12
Achorotile albosignata (Db.) ............. — 1 — — 4 —
Stiroma bicarinata (F.-S.) .. ... 4 — 7 16 — 8
Dicranotropis hamata (Bh.) .............. 1 5 2 4 16 8
Criomorphus moestus (Bh.) .............. 1 — — 4 — —
Megadelphax sordidula (St.) ............. 6 4 2 24 8 8
Xanthodelphase flaveola (FL) ............. 1 — — 4 — —
X. straminea (St.) ..coveriiiniiiin 1 2 — 4 4 —
Javesella pellucida (B.) <o ooovvnviivennt, 1550 556 463 F* 100 100 100
J. dubia (Kb.) covvveviiiiiiiiiianns 2 2 3 4 8 12
J. obscurella Bh.) ...l — — 1 — — 4
Nymphs of Cicadelloidea . .............. 8 4 6

Total| 1999 | 867 639 | wex|

Results

The number of species of leafhopper did not
vary among the different cereals. However, the
total number of leafhopper specimens was
clearly lower in the samples from rye than in
those from spring cereals (Tables 1 and 2). At
Laihia where the species of spring cereal wete
growing very near one another in the same
clearing, there were no diffetences in the total
numbers of leafhoppers in the samples taken
from them. At Tammela, however, where the
distribution of the cereals over the area of culti-
vation was normal, there was a very significant
difference (g2 = 31.38%**) in the total numbers
of leafhoppers obtained from the spring cereals,
and there were cleatly mote leafhoppers in the
oats than in the othet spring cereals.

As for as the individual species of leathopper
are concerned, at Laihia there were fewer Macro-
stedes cristatus, M. laevis, Psammotettix confinis,
Boreotettix serricanda, Stiroma bicarinata, Mega-
delphax: sordidula and Javesella pellucida in the rye
than in the spring cereals. There were fewer
specimens of Doliotettix pallens in the batley and
the rye than in the oats and the wheat. Diplo-
colenus abdominalis was less abundant in the rye
and the barley than in the wheat. Psammotettix
alienus was less numerous in the barley than in
the oats and the wheat. At Tammela there were
fewer specimens of Macrosteles cristatus in the
wheat than in the other spring cereals, and fewer
Javesella pellucida in the wheat and the batley
than in the oats.

The proportion of males among the adults of
the most commonly occurting species is shown
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Table 3. Percentage of males of some leafhoppers
in cereals at Laihia.

Oats Batley | Wheat | Winter

1ye
Doliotettix pallens .. .. .. 8 11 8 0
Psammotettix confinis . .. 49 56 48 66
P, adlienus ... ... .. 64 59 69 61
Diplocolenns abdominalis . 36 62 46 35
Boreotettix serricanda . .. 60 33 45 0
Stiroma bicarinata .. .. .. 54 45 46 0
Megadelphase sordidula . . 42 51 47 36
Javesella pellcida .. .. .. 79 85 76 58

in Table 3 except for the Macrosteles species, the
females of which could not be determined by
species but are divided in the same ratios as
their males. The sex ratio was close to 1:1
for several of the species. Doliotettix pallens
formed an exception. The males were few in
number but they migrated to the ceteal fields
about as actively as the females. J. pellucida was
also a clear exception, because the males migrated
to the cereals earlier than the females, and during
egg laying the males were located higher up in
the stand than the females and consequently
were netted in greater numbers than the females.
Both sexes of all the species mentioned in Table 3
migrated to fields of spring cereals.

At Laihia Macrosteles cristatus was dominant
in all the cereals, Javesella pellucida in the spring
ceteals and Diplocolenus abdominalis in rye and
wheat. Only Megadelphax sordidula was influent
in all the cereals, although there were 3—4
influent species in each cereal. Even Megadelphax
sordidnla was only exceptionally influent in 1960
and 1961, when its abundance was at a maximum.
There were 10—13 recedent species in the various
cereals. At Tammela the situation was quite
different. There Javesella pellucida was dominant
in all the cereals and Macrosteles cristatus in oats
and barley. The latter species was influent in
the wheat, there being no other influent species
in any of the cereals. But there were 18—22
recedent species.

Discussion

" Most of the abundant species were found in
smaller numbers in winter rye than in the spring
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cereals. At sampling time st Laihia the winter
rye was 130 cm tall, the wheat 50 cm, and the
batley and oats 40 cm, and the leafhoppers in
the rye could consequently be more widely
distributed even though the numbers of speci-
mens per areal unit might be identical. For this
reason, fewer leafhoppers wete caught from the
tye than from the spring cereals. However,
another and perhaps more impottant reason
was that fewer leafhoppers found their way to
the rye than to the spring cereals. For instance,
Javesella pellucida, which makes its way to the
stands almost exclusively by means of flight,
does not seem to alight on rye in equal numbers
as on spring cereals. The same phenomenon
was also seen in the field selection test, in which
the insects had a choice of cereals, arranged in
2 separate sets of 4 plants of each species along
the periphery of a circle 40 cm in diameter, In
1—2 days J. pellucida sclected barley 74 times,
oats 63, wheat 43 and winter rye 26 times. Few
leafhopper species seem to show a strong. pref-
erence for any particular spring cereal when
migrating from the winter quatters. But not-
mally Macrosteles cristatus and J. pellucida, for
instance, occur in larger numbers on oats than
on wheat owing to the fact that oats are grown
in outlying fields, where, because of type of
crop rotation and the composition of the culti-
vated plants, the frequency of these two species
of leafhopper is higher than their frequency in
the places whete wheat is grown. No differences
were found in the numbers of J. pellucida, for
example, when spring ceteals were grown
adjacent, according to Table 1 and to RaarI-
KAINEN (1967, e.g. Tables 85 and 86).

The leafhoppers obtained from the cereal fields
were almost without exception species that feed
chiefly on cereal plants or on grasses growing as
weeds, or are at least able to survive on the food
they obtain from these plants, an example being
Philaenus spumarins. Only about 1 9 of the
specimens were of species whose food is not
known or which are unable to live on cereals.
Examples of these ate Eupteryx atropunctata,
which lives e.g. on Labiates growing as weeds,
E. ¢yclops, which lives on Urtica growing as a



weed, and E. wotata, which lives, for example on
Pranella vulgaris and Hieracium pilosella growing
as weeds (OssiaNNILsSON 1946). Of the species
found in the cereal fields, the host plant species
of P. spumarius are the best known (see e.g.
Harxxa et al. 1967). For its food in the field
this leafhopper usually consumes red clover and
some dicotyledons growing as weeds. In cereal
fields, too, it lives partly on weeds but is fre-
quently found on the cereals.

Of the leafhopper species mentioned in the
present study, Macrosteles cristatus, M. laevis,
Dicranotropis hamata, Megadelphax sordidula, Jave-
sella pellncida and Javesella obscurella have been
demonstrated to be vectors of virus or myco-
plasma in Finland (RaaTixaNen 1970). In
Sweden it has been found that Psammotettix
alienus, too, is a vector (LINDSTEN, VACKE and
GERHARDSON 1970), and this species must ob-
viously transmit virus in Finland too, although
it was not possible to investigate the matter
when severe damage occurred to crops in 1918
(Linwantesms 1920, 1935). When these seven
species are reckoned as vectors, the specimens
of species established as vectors amounted at
Laihia to 89.1 9% of the leafhoppet adults and
nymphs on the oats, 88.8 %, of those on the
batley, 69.9 9, of those on the wheat and 44.7 %
of those on the rye. At Tammela the respective
figures were 95.8 %, on oats, 91.1 on batley and
87.9 on wheat. The most important vector among
these is J. pellucida, which transmits oat sterile-
dwatf virus (OSDV) and European wheat striate
mosaic virus (EWSMYV), and which contained
many virus-transmitting specimens and had one
of the highest dominances. Macrosteles cristatus,
although abundant, was of very minot impoz-
tance, for very few specimens of this species
carry aster yellows in Finland. The most impot-
tant virus economically was OSDV on oats, but
EWSMYV on oats and wheat is also economically
important. The fecundity of the vectors of
OSDV is high on spring cereals (e.g. RAATI-

KAINEN 1967), the nymphs acquire the virus,
especially from oats, and the following year the
adults transmit it (LiNpsTEN 1961).

The material representing the high-summer
aspect of the year on oats at Laihia (RAATIRAI-
NEN 1971b) and the changeover from early-
summer to the high-summer aspect at Tammela
reveals that these aspects at least are very similar
in leafhopper composition in the various spring
cereals. According to unpublished scattered
samples, the late-summer aspect, too, is very
similar, and it is thus probable that in Finnish
spring cereals there is only one leathopper com-
munity, which bas previously been called the
Javesella  pellucida — Macrosteles  cristatus com-
munity (RAATIKAINEN 1971 b). On account of
the paucity of material it is not yet possible to
compare the leafhopper community of winter
cereals with that of spring cereals.

Summary

Samples of leafhoppers on cereals were netted
in two patishes in western Finland at the turn
of June—]July. The samples contained a total of
36 determined species and more than 14000
specimens. Of many of these species, fewer speci-
mens were obtained from winter rye than from
spring ceteals. Of some of the species fewer
specimens were obtained from batley and spring
wheat than from oats. The total number of
specimens was highest in the samples taken from
oats.

Macrosteles cristatus was a dominant species in
all the cereals, Javesella pellucida in the spring
cereals and Diplocolenus abdominalis in the rye
and spring wheat. Both sexes, at least of the
most abundant species, migrated to the cereals.
89—96 9%, of the specimens in oats, 89—91 %,
of those on barley, 70—88 9%, of those in wheat
and 45 9%, of those in rye were of the 7 species
known to be vectors of cereal virus or myco-
plasma in northwestern Europe.
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SELOSTUS

Viljojen kaskasfaunojen vertailua

Mixxo RAATIKAINEN ja ARJA VASARAINEN

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Timi tyd liittyy osana viljojen kaskastutkimuksiin,
joilla pyritadn selvittimidn kaskaiden ja niiden levittimien
virusten ja mykoplasmojen viljoille atheuttamia vioituksia
ja torjuntaa.

Aineisto kerittiin haavilla kesi—heinikuun vaihteessa
v. 1960 Laihialta ja v. 1963 Tammelasta, Naytteissi oli
yhteensd 36 miiritettyd kaskaslajia ja 14 399 yksilod.
Useita lajeja saatiin syysrukiista vihemmin kuin kevit-
viljoista. Eriitd lajeja saatiin myOs ohrasta tai kevitveh-
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nistd vihemmin kuin kaurasta. Kokonaisyksilomairi oli
kaurasta otetuissa nidytteissi suurin. Runsaimpina lajeina
oli kaikissa viljoissa viljan kidpidkaskas (Macrosteles
cristatus) ja kevitviljoissa viljakaskas (Javesella pellucida).
Viljojen virus- tai mykoplasmavektoreiksi Pohjoismaissa
todettujen seitsemin lajin yksilsiti oli kaurassa 89—96,
ohrassa 89—91, vehnissd 70—88 ja rukiissa 45 % kas-
kaiden koko yksilomédristi.
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THE EFFECTS OF SOIL FACTORS ON THE UPTAKE OF
RADIOSTRONTIUM BY PLANTS. PART III

ARJA PAASIKALLIO, ULLA HAKKINEN and ESKO LAKANEN

Agricultural Research Centre, Isotope Laboratory,
Tikkurila, Finland

In previous experiments it was found that the
relative uptake of radiostrontium by plants,
expressed as the Sr/Ca ratio, decreased with a)
increasing soil pH, b) increasing content of
exchangeable Ca in soil, c) increasing content
of exchangeable inactive Sr in some cases, d)
increasing clay content and e) increasing organic
matter content (LAXKANEN and DPAASIKALLIO
1968, 1970).

In the most recent studies the amount of
organic matter has been found to be the most
important of these factors; increasing the organic
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matter content in a finesand from 0 to 15 per
cent reduced the St 89/Ca ratio of plants by a
factor of 3. In view of this, it was decided to
undertake 2 detailed study of the effect of organic
matter quality upon the uptake of radiostrontium.

Pot experiments with oats were carried out
with some Finnish peat types differing from each
other in their degree of decomposition, with
batk humus, which is a decomposition product
of conifer bark, and with fractionated organic
materials. These last included humin and humic
acids mixed with finesand in varying proportions.

Materials and methods

The types of peat soils were: two Sphagnum
peats, one of which was a top soil, the other
deeper in the same bog, Carex peat, Ligno
Carex peat and bark humus, a commercial fer-
tilized decomposition product of conifer bark.

The air-dried and ground Carex peat was
fractionated according to Kononova (1966).
The peat was extracted with 0.1 N NaOH for
two days. The insoluble residue was humin. The
solution was acidified with H,SO, to pH 2—3,
at which the humic acids precipitated and the
fulvic acids remained in solution. The extraction
was repeated. Humin and humic acids were
washed with deionized water, air-dried and
ground. Humin was mixed with finesand in such

ratios that the final carbon percentages of the
soils were 0.04, 0.22, 0.43, 1.68 and 2.87. The
carbon percentages of the soils to which humic
acids were added were 0.04, 0.19, 0.38, 1.47 and
2.51. The amount of fulvic acid obtained during
fractionation was so small that no trials were
made with additions of fulvic acid. Mechanical
fractionation of the finesand gave the following
composition 0.02—0.06 mm 5.0 %,, 0.06—0.2
mm 45.9 9, 0.2—0.6 mm 37.3 %, and 0.6—2.0
mm 11.8 9%,

Some characteristics of the substances tested
are given in Table 1. The fertilization of all the
soils was the same as in the previous work
(LAkANEN and Paasikariio 1968). The peat
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Table 1. Characteristics of the organic material used in pot experiments.
Tanlukko 1. Astiakokeissa kiytetyn orgaonisen aineksen ominaisunder.

. Volume | Humic CEC Exchangeable
Type of organic OC 5‘1 C/N weight acid meqf100 g pH ppm
material % % g/ml % (meq/l) Ca | Mg ] K

Bark humus, B .......... 48.3 0.53 91.1 0.230 0.7 81.0 5.50 | 2025 180 510
(186.3)

Sphagnum peat, Sp (Hj) ... 49.1 1.02 48.1 0.145 3.9 173.6 4.15 400 55 20
(251.7)

Carex peat, Cp (Hg_4) .... 52.1 1.65 31.6 0.175 18.6 127.6 4.35 510 61 24
} (223.3)

Ligno Carex peat, LCp (Hg) 48.3 2.21 21.9 0.290 32.8 113.7 4.30 | 1000 144 45
(329.7)

Sphagnum peat, Sp (H;_;) 49.8 1.61 30.9 0.330 21.3 107.4 4.00 500 85 20
(354.4)

Humin ..........co.o.t. 43.8 0.89 49,2 7.40 260 280 70

Humic acid .............. 38.4 1.77 21.7 1.00 40 10 20

soils were limed with CaCQO,, so that the content
of exchangeable Ca was about 2 200 mg/litre of
soil. Bark humus was neither fertilized nor limed.
The pH of the soils varied from 5.5 to 6.2, only
Ligno Carex peat having a lower value, 4.5.
Lime was added to the humin and humic acid
soils at a rate of 1200 mg Ca/litre of soil. An
attempt was made to adjust the pH and exchange-
able Ca of each soil with experimentally detet-
mined quantities of CaCO; and CaCl,. Tt was
not possible to obtain similar levels of both
calcium and pH in all the humin and humic acid
~ soils. The pH values of the humin soils varied
from 6.6 to 7.5 and of the humic acid soils from

6.6 to 5.0, both with increasing carbon content.

The quantity of neutral, carrier-free Sr 89
added to the peat soils and bark humus was
80uCi/l of soil. 50 uCifl of soil was added to the
soil series with increasing organic matter con-
tent. Oat seeds were sown in the various soils
in plastic pots with four replicates and the plants
were harvested after a month. The analytical
and counting methods have been reported in
Part I. Visual estimates of the degree of decom-
position in the peat soils were made according to
a peat scale of advancing decomposition ranging

1—10.

Results and discussion

Experiments with peat soils

Fig. 1 shows the Sr 89/Ca ratio in the plants
plotted against the increasing degree of decom-
position of the peat soils. Bark humus appears
first in this graph on account of its other pro-
petties, because its degree of decomposition
cannot be estimated on the peat scale. The Sr
89/Ca ratio in the plants was found to decrease
with progressive decomposition of the soils.
In Fig. 2 three important characteristics of
peat soils are plotted against the progressive
decomposition of the soils. The carbon-nitrogen
(C/N) ratio decreases and the content of the
humic acids increases as decomposition advances.
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The cation exchange capacity (CEC) of the soils,
expressed in meq/l, also increases with increasing
degree of decomposition.

When otganic matter decomposes, essential
changes occur in its chemical and physical pro-
perties and in its biological activity. The volume
weight increases with increasing decomposition
(Tuorira 1928). The volume weight is, however,
nearly as rough an estimate of the degree of
decomposition as the visual »peat scale» method.

The C|N rations in the peats under study vary
with the estimated values of the degree of
decomposition except in the case of the two
most decomposed peats, and the Sr 89/Ca ratio
of the plants decreases with decreasing C/N.



RELATIVE Sr 89/Ca IN PLANT
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Fig. 1. The Sr 89/Ca ratio in plants growing
in otganic soils of different degree of decom-
position.

Kuva 1. Kasvien Sr 89|Ca -subde eri maatumis-
astetta edustavilla turvemailla,

The decomposition of plant residues is chiefly
brought about by microorganisms, chemical
degradation of carbohydrates ptrobably being
important only under exceptional soil conditions,
e.g. in acid peats. The amount of nitrogen in
soils tends to be related to the amount of organic
carbon. Owing to microbial activity the cat-
bohydrates of plant residues dectrease, and the
organic nitrogen shows a relative increase. Plant
residues have a C/N ratio of about 30 : 1. Because
microorganisms are unable to assimilate all the

organic carbon of the plant residues as they can’

the nitrogen, the excess carbon is eliminated as
CO, or, in anaerobic or acid conditions, partly
~accumulated as carbonaceous material, i.e. soil
organic matter (CAmPBELL and Lees 1967). In
general, the decrease in the C/N ratio of soil
indicate the extent of its decomposition. But the
average nitrogen content of Sphagnum peats is
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Fig. 2. The change in CEC, C/N and humic acid content

of organic soils with increasing degree of decomposition.

Kuva 2. Turvemaiden CEC:n, C|N:n ja humushappopitoi-
sunden munituminen maitten maatumisasteen kasvaessa.

less than that of other peat types, and thus the
type of peat may also affect the C/N ratio (Krvi-
NEN 1934 and Puustydrvr 1955, 1961).

The cation exchange capacity of peats is con-
siderably higher than that of mineral soils.
Expressed in meq[100 g, the highest value has
been found for Sphagnum peat in an early stage
of decomposition. It is recommended (Puust-
JARvVI 1969) that the CEC of peat cultures should
be expressed in meq per unit volume. These
values, which increase with advancing decompo-
sition, are also shown in Table 1. They possibly
make it easier to understand the behaviour of
peat soils in pot experiments. It is assumed that
the carboxyl and phenolic hydroxyl groups of
organic matter are mainly responsible for its
cation exchange properties (BroApBENT and
BraprorD 1952). As organic matter decays, the
amount of colloidal matter incteases, and since
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Sr 89 and Ca uptake

15 2.0 25

C in soil %

Fig. 3. The effect of organic matter on the uptake of calcium and radio-
strontium by plant.
Kuva 3. Maan orgaanisen aineen pitoisunden vaikutus kasvin kalsiumin ja radio-
strontinmin ottoon.

it forms the most active part of the soil, a simulta-
neous rise of CEC would be expected.

Our experiments showed that as the humic
acid content of soils was increased, the CEC
increased. This lends support to the above-
mentioned assumption that the exchange groups
of organic matter reside in the humic acids and
other humus substances. The tendency of the
Sr 89/Ca ratio of plants to decrease as the
content of humic acids increases indicates that
the exchange groups of otganic matter ate
responsible for the relative uptake of St and Ca
cations by plants. Ligno Carex peat has the
highest content of humic acids, while both bark
humus and Sphagnum peat (H;) differ remark-
ably from the other peats in their lower content
of humic acids. Lignin and flavonoid residues
are suggested to contribute to humic acids
(Hurst and BurGEs 1967). Mosses contain very
little lignin, while grasses, and especially wood,
are rich in it (KononNova 1966 and PuustjArvr
1969). The high content of humic acid in Ligno
Carex peat compared to that of Sphagnum peat
at a comparable stage of decomposition may be
due to the higher lignin content of the former.
On the other hand, there are highly conflicting
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reports on the possible contribution of cellulose
and other carbohydrates to the formation of
humus substances (KonoNova 1958, 1966).

The dry matter yield of oats grown on peat
soils increased with increasing content of soil
humic acids and was consequently highest when
Ligno Carex peat was the growth substrate.
Reports indicating the favourable effects of small
amounts of humic substances on the growth of
plants have been made, and have been reviewed
by Kononova (1966).

From the above observations on different peat
soils, it can be concluded that the degree of
decomposition of the peat affects the relative
uptake of St 89 and Ca by plants; the more
decomposed the peat, the lower the Sr 89/Ca
ratio of the plants. In the definition of the concept
of decomposition of peat soils, the important
characteristics were found to be the C/N ratio,
the CECand the humicacid content. The C/N ratio
was found to decrease and the humic acids and
CEC to increase with advancing decomposition.

Experiments with humin and humic acid soils

In Fig. 3 the values for Sr 89 and Ca uptake
and in Fig. 4 the St 89/Ca ratio are plotted against



the soil carbon content. The amounts of St 89
and Ca taken up by oats decrease with increasing
soil carbon content. However, the Ca content of
the plant decreases faster than the Sr content,
so that the Sr 89/Ca ratio increases with increas-
ing carbon content of the soil. Perhaps the
organic matter did not decrease the Sr 89/Ca
ratio of plants at the low organic matter contents
used in this experiment. From Fig. 4 it is seen
that in the humin and humic acid soils the St
89/Ca ratio begins to decrease when the carbon
content of the soil is at its highest. These results
do not agree with those of our eatlier experi-
ments with peat soils. Possible causes of this
discrepancy should be studied.

Carboxyl groups are the chief exchange sites
in humic acids and humin. They latgely deter-
mine the Ca—St exchange equilibria and the
plant uptake of these ions (KmaAsawnNEeH et al.
1968, Juo and BarsER 1969 and McLEAN et al.
1969). Chemical fractionation and drying may
denature humin and humic acids and change
their physico-chemical properties, for example
the exchange capacity (Puustjirvi 1955, 1956
and van Dijx 1966). Changes in pH values,
especially in humic acid soils may have some
effect on the sorption of St 89 by the soil
compared with that of calcium (SCHROEDER
et al. 1962).

In some acid soils rich in organic matter St
89 reaches isotopic equilibrium slowly, in not
less than one month (Tavior 1969). Calcium
may approach equilibrium somewhat motre
rapidly than strontium. If strontium has not
reached complete equilibrium before the crop
is planted, there may be selectivity in soil sorp-
tion and plant uptake between St 89 and Ca.
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Fig., 4. The effect of organic matter on the
St 89/Ca ratio of the plant.
Kuva 4. Maan orgaanisen aineen  pitoisunden
vaikutus kasvin Sr 89|Ca -subleeseen.

Summary

The proportional uptake of Sr 89 in relation
to Ca by plants growing in different types of
peat soils was found to decrease with increasing
degree of decomposition, i.e. with decreasing
C/N ratio, and with increasing humic acid con-
tent and CEC (meq/l) of the growth medium.

Increasing amounts of various fractions of
organic matter (humin, and humic acids) mixed
with a finesand decreased the uptake of radio-
strontium and calcium by plants. However, the
Sr 89/Ca ratio of the plants increased when the
organic matter content of the soil was low.
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SELOSTUS

Maaperitekijoiden vaikutus kasvien radiostrontiumin ottoon. III

Arja Paasikarrio, Urra HAXKINEN ja Esko LARANEN

Maatalouden tutkimuskeskus, Isotooppilaboratotio, Tikkurila

Aijkaisemmat tulokset osoittivat, etti turpeen lisiys
humuskéyhidn kivenniismaahan alensi voimakkaasti kas-
vien St 89/Ca-suhdetta. Tiéssd tutkimuksessa on pyritty
selvittimadn, mitkd ovat ne tutrpeen ominaisuudet, jotka
vaikuttavat kasvin radiostrontiumin ottoon.

Astiakokeissa tutkittiin sekid turpeen maatumisasteen
etti turpeesta kemiallisesti etotettujen humushappojen ja
humiinin vaikutusta kauran St 89/Ca -suhteeseen. Tau-
lukossa 1 on esitetty astiakokeissa kiytetyn orgaanisen
aineksen ominaisuudet.

Maatumisen vaikutusta selvitettdessi valittiin koe-
maiksi nelja maatumisasteeltaan erilaista turvemaata, jotka
olivat tyypiltidn rahka-, sara- ja puusaraturvetta, lisiksi
yhteni koemaana oli kuorihumus, joka on kompostoitua
havupuun kuorintajitettd. Ilmeni, ettd turpeen maatu-
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misasteen kasvaessa kasvien St 89/Ca -suhde aleni (kuva
1). Turpeen maatuneisuuden lisdintyessi mm. sen hiilif
typpi -suhde pieneni, ja kationinvaihtokapasiteetti (me
/1) ja humushappopitoisuus kasvoivat (kuva 2).

Lisittdessi humushappoja ja humiinia hienoon hiek-
kaan kasvien radiostrontiumin ja kalsiumin otto aleni
voimakkaasti (kuva 3). Kalsiumin otto aleni kuitenkin
voimakkaammin kuin radiostrontiumin, joten kasvien
Sr 89/Ca -suhde kasvoi (kuva 4) ja alkoi alentua vasta
maan hiilipitoisuuden ollessa suurin. Humiinin ja humus-
happojen vaikutus kasvien Sr 89/Ca -suhteeseen oli eri-
lainen kuin turpeen. Témi voi johtua humiini- ja humus-
happomaiden pH-atvojen suuresta vaihtelusta tai kemial-
lisen kisittelyn aiheuttamista aineen ominaisuuksien muu-
toksista.
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EFFECTIVENESS OF DIMETHOATE, FORMOTHION
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PARATHION AGAINST LYGUS RUGULIPENNIS POPP. AT DIFFERENT
TEMPERATURES
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Tikkutrila, Finland

The Mirid bug Lygus rugalipennis Popp. often
causes injuty to young sugar beet plants in Fin-
land (Varts 1959). Several insecticides have
proved effective against this pest in laboratory
conditions, but in the field control is often poot.
The toxicity of certain insecticides has been
reported by several authors (e.g. GAINEs and
Dean 1949, Mistric and GaiNes 1953, MisTrIC
and MARTIN 1956) to be influenced by climatic
factors, especially temperature. In 1967 and 1968,
studies were conducted at Tikkurila on the
effectiveness of dimethoate, formothion and
methyl parathion against Lygus rugulipennis at
different temperatures.

Material and methods

Experiments were conducted in four ambient
temperatures, +5°C, +10°C, 415°C and +-20°C,
in mixed light of fluorescent and incandescent
lamps in constant temperatute cabinets, 1.6 m3
each.

Seedling sugar beet plants growing in pots
@ 15 cm were treated with insecticides and kept
at room temperature till the following day. Then
a PVC rearing cage containing 10 untreated
Lygus ragulipennis adults was placed over each
pot, and the pots were moved to constant-
temperature cabinets. The bugs had been netted

Received 3 November 1970

from spring wheat at Tikkurila. They were kept
in rearing cages for at least one night before the
start of the expetiment so that any individuals
hurt during capture could be eliminated.

The treatments were

1. Methyl parathion dust, ai. 22.5 mg/m?
2. Dimethoate sptay, ad. 32.0 mg/m?

3. Formothion spray, a.i. 40.0 mg/m?

5. Untreated

Four replicates of each treatment wete set up
and the experiment was repeated twice. It was
begun on Aug. 22, 1967, and repeated on Sep-
tember 5, 1967, and Aug. 27, 1968. The total
number of bugs per treatment was 480, with
males and females in equal numbers. Survival
records were made and the damage to the plants
was checked three days after treatment. Percent-
age control was calculated by Abbott’s formula.

Results

The percentage control calculated on the basis
of surviving bugs was lowest at 5°C and better
the higher the temperature in the range +5°C—
+20°C (Table 1).

The highest percentage control was obtained
with methyl parathion treatment. Both di-
methoate and formothion were significantly less
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Table 1. Petcentage control of Lygus rugulipennis at
different temperatures, calculated on the basis of surviving
bugs.

Taulukko 1. Elivien yksilsiden perusteella laskettn teho

Lygus rugnlipennikseen eri limpotiloissa.

Table 2. Petcentage control of Lygus rugulipennis at
different temperatures calculated on the basis of plant
injury.

Tanlukko 2. Kasvien vioittumisen perusteella laskettn teho
Lygus rugulipennikseen eri lampitiloissa.

T rature®C e Tem, °C
Tt’cjit_mCﬂt ezg;paftl;;a }g,z;‘_ Trej:t_ment Lg:/f;;llﬁ: II\Z::Z?_
Kasistely 5 [ 10 |15 | 20 | e Kasitsely s |10 | 15| 20 | e
Methyl parathion — Methyl parathion —
Metyyliparationi .. .. .. 48 | 62| 74| 82| 66 Metyyliparationi .. .. .. 36 | 49| 54| 67| 52
Dimethoate — Dimeto- Dimethoate -— Dimeto-
aatti ......ooieii.. 24 | 42 | 56 | 45| 42 aatti ......iiiieia.. 2| 42| 46| 52| 36
Formothion — Formo- Formothion — Formo-
Honi ... ... 22 | 41| 50| 60 43 F7777; 7 —11] 26 | 37 | 53 26
Mean — Keskiarvo | 31 | 48 | 60 | 62 | Mean — Keskiarso| 9 | 39 | 46 | 57

Treatments F — Kisittelyr 20.4*% LSD at 5 % 9
Temperatures F — Lampitilar 16.3%* LSD at 5 % 10
Treatments X temperatures F

Kisitzelyt X lampotilat 0.8°

effective, the difference between them not being
significant.

In all treatments, considerable injury was
caused to the plants by the bugs. The damage
was least in the methyl parathion treatment. In
the dimethoate treatment the plants were some-
what more severely damaged. The plants treated
suffered the most
damage, but even so, considerably less than the
untreated ones. The treated plants suffered least
at 20°C, the untreated ones at 5°C (Fig. 1)

with formothion severe
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Fig. 1. The injury to sugar beet plants caused by
Lygus rugulipennis at different temperatures and
treatments. Scale 0—10 (uninjured-totally
destroyed)

Kuva 1. Lygus rugulipenniksen aibeuttama sokeri-
Junrikkaan taimien vioittuminen kdsittelyittain ja lim-
Ditiloittain. Asteikko 0—10 (vioittumaton—1idysin
tuhottn)

M = Methyl parathion — Metyyliparationi

D = Dimethoate — Dimetoaatti
= Formothion — Formotioni
0 = Untreated — Kdsittelematon
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Treatments F — Kdsittelyt 12.0%% LSD at 5 9%, 10
Temperatures F — Léampitilaz 27.7%% LSD at 5 9, 12
Treatments X temperatures F

Kisittelyt X limpitilat 1.3°

Table 2 shows the percentage control calculated
on the basis of plant injury. It was very poor at
5°C and better the higher the temperature. The
highest percentage control was obtained with
methyl parathion treatment.

Discussion

The efficiency of the treatments was especially
poor at cool temperatures. In was better the
higher the temperature in the range 4-5°C—
+20°C. In the laboratory experiments of
Mistric and MARTIN (1956) on the effect of
weather conditions on the toxicity of parathion,
etc., when used to control the cotton aphid, the
temperatures were higher, the lowest tempera-
ture approximately corresponding to the highest
in the present study. The cotton aphid was more
effectively controlled at medium temperature
(+94°F = +34°C) than at either low (470°F
= +21°C) or high (+107°F ='+42°C) tem-
peratures. ‘These records were based on the
number of survivors.

In the present study the percentage control
calculated on the basis of plant injury was con-
siderably poorer than that based on surviving
bugs. The difference between the two values
was least in the dimethoate treatment.

It was not possible to continue the experiment
further, because of the rather severe damage to



the plants, which would soon have led to higher
mottality of the bugs. Thus the final mortality
caused by the treatments cannot be seen from
the results. It is obvious, however, that if the
effectiveness of the treatments is either poor ot
slow, the small seedlings are injured in spite of
the treatment.

In field conditions the effectiveness of the
treatment will be reduced by migration of bugs
from surrounding fields. Moreover, rain will
also reduce its effectiveness (cf. Mistric and
Martin 1956). In the present study, only the
soil was watered.

Summary

The effectiveness of dimethoate, formothion
and methyl patathion against Lygus rugulipennis
in four ambient temperatures, 4-5°C, +10°C,
+15°C and 4-20°C, was studied at Tikkurila.
Methyl parathion was applied as dust a.i. 22.5
mg/m?, dimethoate a.i. 32.0 mg/m? and for-
mothion a.i. 40.0 mg/m? as sprays to sugar beet
seedlings. Untreated bugs were transferred to
* the plants on the day following treatment, the
number of males and females being equal in
each treatment. Survival records were made and
the injury to the plants checked three days after
treatment. .

The percentage control, calculated on the
basis of sutviving bugs, was lowest at 5°C and

better the higher the temperature in the range
+5°C —"420°C (Table 1). The highest petcent-
age control was obtained with methyl parathion
treatment. Both dimethoate and formothion
were significantly less effective, the difference
between them not being significant.

The injury to plants caused by the bugs was
considerable in all treatments. The treated plants
suffeted least at 20°C, the untreated ones at 5°C.

Percentage control calculated on the basis of
plant injury was poorer than that based on
surviving bugs. The difference was slight in the
dimethoate treatment. Percentage control cal-
culated on the basis of plant injury was very
poor at 5°C and improved at higher temperatures
(Table 2). The highest percentage control with
the amounts of insecticide applied was obtained
with methyl parathion treatment.
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SELOSTUS

Dimetoaatin, formotionin ja metyyliparationin teho peltoluteeseen eri limpéotiloissa

ANNA-Lirsa VARIS

Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila

Ruukuissa kasvavat sokerijuurikkaan sirkkataimet kisi-
teltiin  torjunta-aineilla. 40 %:n dimetoaattirniskutetta
kiytettiin 0.1 %:n laimennoksena.800 I/ha vastaava miiiti,
25 9%:n formotioniruiskutetta 0.2 %:n laimennoksena
samoin 800 I/ha ja 1.5 %:n metyyliparationipdlytetts

15 kg/ha vastaava midrd. Luteet pantiin taimille kisitte-
lyn jilkeisend pdivind, ja ruukut siirrettiin kasvatuskaap-
peihin 4+5°Cin, +10°Cin, +15°Cin ja +20°Cin ldmpo-
tiloihin. Luteiden kuolleisuus ja taimien vioittuminen
tarkastettiin kolmen vuorokauden kuluttua kisittelysti.
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Koiraita ja mnaaraita oli jokaisessa koejisenessi yhti
paljon. )

Luteiden kuolleisuns oli kaikissa kisittelyissi korkeam-
missa limpé6tiloissa suurempi kuin alemmissa. Elivien
yksiloiden perusteella laskettu teho (taul. 1) oli alhai-
sin +5°C:ssa, ja se oli yleensi sitd patempi, miti kot-
keampi limpétila oli. Tutkittuja ainemirii kiytettiessi
metyyliparationikisittely tehosi parhaiten.

Luteiden asthenttama vioitus oli kisittelemittdmissi tai-
missa vihiisin alhaisimmassa limpétilassa (kuva 1), jossa
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luteiden aktiivisuus oli vihiisintd. Kisitellyt taimet vi-
oittuivat vihiten +20°C:ssa, tissd limpétilassa aineet
tehosivat parhaiten.

Luteiden aiheuttaman taimien vioittumisen perusteella
laskettu teho jii etittdin heikoksi viiledssi ja oli sitd pa-
rempi, mitd kotkeampi limpétila oli (taul. 2).

Kisittelysti huolimatta taimet vioittuivat melko pahoin.
Kentilld aineiden tehoa heikentivit vield ympiristostd
pellolle siirtyvit luteet sekd mahdollisesti sateet. Kokeissa
taimet kasteltiin ainoastaan kasvualustan kautta.
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ESKO LAKANEN and SEPPO HYVARINEN

Agricultural Research Centre, Department of Soil Science
Tikkutila, Finland

Among the most important characteristics of
Finnish arable soils are their low pH and high
average contents of organic matter and clay.
These are fundamental factors affecting the
availability of soil nutrients to plants and their
extractability with suitable reagents. Acid am-
menium acetate (0.5 N CH;COOH, 0.5 N
CH,COONH,, pH 4.65) is used in routine soil-
testing in PFinland (VvoriNEN and MAKITIE
1955).

Average soil pH(H,O) values, determined
during the period 1955--1960, varied from 4.8
to 5.7, depending on the soil type (Kurkr 1963).
On the basis of their organic mattet content, the
soils are divided into three groups: (1) Mineral
soils, organic matter content less than 15 9.
(2) Mould soils, organic matter content 15—
40 9%,. (3) Peat soils, organic matter content
more than 40 9%, (AALTONEN et al. 1949). Accord-
ing to the same soil classification, clay soils are
those with a clay content of more than 30 %.
Clay contents of up to 95 %, are found among
Finnish heavy clays.

Sorption and desorption of macronutrients
in Finnish soils as functions of soil factors and
various extractants have been investigated pre-
viously e.g. by Sarminex (1931), KiviNen (1938),
SaroNEN (1941), KERANEN (1946), HEINONEN
(1956), Puroxoskr (1959), Karra (1967), and
also Karra and Ryrr (1968). The aim of this
study was to gain a general pictute of the
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extractability of soil calcium, magnesium, potas-
sium and phosphorus with acid ammonium
acetate in relation to important soil characteris-
tics. In order to obtain the most graphic presenta-
tion, the results are given as moving averages
instead of regression or multiple regression
analyses. The use of a computer IBM 1130)
proved very valuable in this study.

Material and methods

The material consisted of 321 arable layer soil
samples from various parts of Finland. The air-
dried samples were ground to pass a 2 mm sieve
and extracted for one hour with acid ammonium
acetate in a volumetric ratio of 1:10. Calcium,
magnesium, potassium, phosphorus and iron
were analysed from this extract. Organic matter
was determined by wet digestion with sulphuric
acid and potassium dichromate, nitrogen by the
Kjeldahl method, the clay content by the pipette
method and the cation exchange capacity by
Mehlich’s method. The mechanical composition
and characteristics of the soils are presented in
Tables 1 and 2.

Results and discussion

Interrelations of soil characteristics

The important soil characteristics (organic
matter content (C9,), clay content, cation
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Table 1. Mechanical composition of mineral soils.

Tanlukko 1. Ki

Fismaiden mek.

Roostumus.

o, in fraction (mm)
Soil type n
<0.002 | 0.002—0.006 | 0.006—0.02 | 0.02—0.06 | 0.06—0.2 0.2—0.6 0.6—2.0
Coarse mineral soils ...... 145 16.8 14.1 14.0 18.9 22.7 10.8 2.7
1.0—37.4] 0.2—45.2| 0.9—31.5| 0.6—81.8| 1.0—61.5 0—58.4; 0—38.6
Clay soils ............... 78 52.3 14.5 111 9.4 7.0 3.9 1.8
30.8—83.5| 0.8—34.9| 3.5—26.8| 0.2—27.8| 0.9—23.2| 0.5—13.6 0—15.3
Mean ........ccovivnnnn. 223 29.2 14.2 13.0 15.6 17.2 8.4 2.4
Table 2. Characteristics of the soils.
Tanlnkko 2. Maiden ominaisunksia.
- C N CEC
Soil type n % o, megf100 g pH
Coarse mineral soils .................. 145 3.15 0.227 17.3 5.44
0.82—8.00 0.029—0.496 2.5—47.5 4.2—6.7
Clay soils ....covviieni i, 78 3.88 0.304 28.6 5.51
1.80—8.34 0.151—0.597 15.6—47.8 4.8—6.1
Ozrganogenic soils .................... 98 24.40 1.27 75.8 4.87
8.70—51.4 0.423—2.99 25.0—123 4.2—5.6
All s0ils v veie i 321 9.82 0.565 37.9 5.28
exchange capacity (CEC), soil pH) chosen for
NS this study are already partially intercorrelated. A
T short examination of these relations is therefore
a necessary.
The relation between soil pH and organic
5.0

CEC meq/I100g
N %

10 20 30
Ve ! ] 1 ]

40

C%
Fig. 1. Soil pH, CEC and N %, as functions of soil C %,.

Kuva 1. Maan pH, kationinvaibtokapasiteetti ja N %, maan
C Y%:n funktioina.
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matter content is as one would expect. There is
a steep slope of the cutrve for soil pH down to
pH 5.0 among the mineral soils (Fig. 1). The
slight slope of the curve at a higher organic
matter level is due to the higher buffering
capacity. The turning point (C = 8—9 9,) occurs
close to mould, the first real organogenic soil.

Organic matter, together with soil clay con-
tent, primartily determines the cation exchange
capacity. The great increase of CEC as a func-
tion of the first few C per cent is due to the fact
that clay soils fall into this range (Table 2).
Within the range of mould (C = 8.7—23.2 %,)
the inctease of CEC is mote linear up to peat
soils, were there is a trend towards the constant
value of CEC found in pure organic matter. The
content of soil N 9%, shows a linear increase up
to C == 20 %,. After this turning point, soil N 9
still increases lineatly but a little more slowly.

Inspection of the results of thc moving aver-
ages disclosed pronounced similarities between



Table 3. Distribution of samples according to organic matter content and clay content.
Tanlukko 3. INGytieiden Iukumidrd orgaanisen aineksen ja saven eri mdidrien lnokissa.

C% Clay %
Soil type n A “ ~ S 3 A o & 2 3 & B

= 8 8I é 8 = b= 2 2 2 ‘L b

o <+ & g « s S = & & a @
Sand .....ooiiiiiii e, 7 5 1 1 2 2 1 2
Finesand ................ 76| 15| 47| 11 3 24| 30 8 4 7 3
Loam ....covvviininnnnnnn 30 1) 24 5 1 31 10| 16
Silt v 32 29 3 2 1 1| 12§ 13 3
Sandy clay .............. 33 23 9 1 8| 25
Silty clay ..ol 26 141 11 1 31 23
Heavy clay .............. 19 1 9 9 19
Mould .......ovivnnnnt, 41 41
Carex peat .............. 51 31| 20
Sphagnum peat .......... 6 3 3

the slopes of the curves of CEC and C Y, as
functions of soil clay content (Fig. 2). Soil CEC
increases lineatly with soil clay content in soils
containing more than 30 9, of clay. At lower
clay levels, soil CEC varies arbitrarily with clay
content but follows soil organic
matter content very closely. The
organic matter content (C %, = 3.15) of coarse
mineral soils is responsible for most of the CEC
of these soils. This is in agreement with the
results of HEemonen (1960) as well as Ervid
and Mixrrie (1969), who studied the respective
contributions of the mineral fraction and organic
matter content to the CEC of Finnish soils.

Organic matter content

Examination of the extractability of macro-
nutrients as functions of soil organic matter
content (Fig. 3) shows that soil type should also
be taken into consideration. There are pro-
nounced maxima in the extractability of potas-
sium and of magnesium and a smaller peak in
that of calcium at the C 9, level 4—5. The
maxima are caused by the high contents of K,
Mg and Ca in the clay soils, which ate concen-
trated at this level of soil organic matter content
(Tables 2 and 3). Another maximum of magne-
sium coincides with an increase in phosphorus
content around C = 30 9%,. This is caused by
a great number of Carex peat samples naturally
rich in nutrients.

The amount of readily soluble phosphorus
is rapidly halved at the otrganic matter level at
which potassium, magnesium and calcium app-
roach a maximum. The phenomenon is partly
explained by the increasing clay content. In spite
of the rather high nutrient reserves of clays, the
extractability of readily soluble phosphates
remains low, owing to the high affinity of clays
for anions. Another and obviously more impor-
tant factor causing a sudden decrease in the
extractability of phosphorus is the correspond-
ingly rapid increase in the extractability of iron
as a function of soil organic matter, which was
found in another study (LaxanNen and HyvAri-
NEN 1971).
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Fig. 2. CEC and C 9 as functions of clay content.
Kuva 2. Kationinvaibtokapasiteetti ja C %, savipitoisunden
Junktioina.
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Since iron is such an important factor in the
fixation of phosphorus in acid soils, the extract-
ability of phosphorus with acid ammonium acetate
is plotted against that of iron in Fig. 4. The
amount of readily soluble phosphorus falls

20
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-0 =)
1 | | {
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2000
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~ o
g Mg E
o
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10 20 30 40
74 1 | 1 [
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Fig. 3. The extractability of potassium, phosphozus,
calcium and magnesium as functions of organic matter
content.

Kuva 3. Kaliumin, fosforin, kalsiumin ja magnesiumin untin-
minen orgaanisen aineksen pitoisuuden funktioina.

P mg/I

50 100 150
1 | |

200
|

Fe mag/I

Fig. 4. The extractability of phosphorus as a function of
soluble iron.
Kuva 4. Fosforin unttuminen linkoisen raudan funktiona.
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rapidly towards 10 mg/l of soil at the iron content
of 18 mg/l of soil, which gives the Fe/P equiv-
alent ratio of ferric phosphate. Beyond this
turning point, any excess of trivalent iron lowers
the amount of phosphorus still furthert, accotding
to the solubility product of ferric phosphate,
which is illustrated by the dissociation of
strengite.

FePO, - 2 H,0 = Fe3+ + H,PO, + 2 OH

MAxgrrie (1966) has made a detailed study of
the solubility of iron and aluminium phosphates
in the acid ammonjum acetate extractant. The
results given in Fig. 4 are in agreement with
these data and show cleatly that, in acid soils in
which iron phosphate predominates, there is a
strict limit to the amount of acid ammonium
acetate extractable phosphorus.

Clay content

The efiect of the clay content on the extract-
ability of nutrients (Fig. 5) is easily understood.

P mg/I

3000

600
< —
o >
£ [-2000 £
3 4004 g

200~

20 30 40 50 60
L ] 1 1 It I 4
CLAY %

Fig. 5. The exttactability of phosphorus, potassium,

calcium and magnesium as functions of clay content.

Kuva 5. Fosforin, kalinmin, kalsiumin ja magnesiumin untin-
minen savipitoisuuden funktioina.



The increasing anion adsorption capacity due to
increasing clay content results in a decrease of
readily soluble soil phosphorus. Because of the
scattering of the data, only the tendency of
phosphorus behaviour is expressed as a dotted
line. At the same time, however, the high natural
"contents of exchangeable potassium and mag-
nesium in clays increase the extractability of
these elements and also that of calcium, in spite
of the levelling effect of liming on calcium con-
tent in various soils. The increase of magnesium
content with increasing clay content becomes
cleatly visible at clay contents of over 35 9.

The mean clay content of mineral soils is
29.2 9, and the mean silt content 27.2 9,. Clay
and silt together account for the greater part of
the calculated relative sutface atea, figures for
which are presented in Fig. 6. An increase in
sutface area results in increased extractability of
potassium, magnesium and calcium. Thus, the
extractability of calcium and magnesium increases
more rapidly with relative surface area than with
the percentage of the clay fraction alone. The
steeper gradient of the surface area curves is
caused by the silt fraction (0.002—0.02 mm).
The high magnesium content of the clays and
the increasing effect of silt on the potassium
content are in agreement with the results obtained
in previous Finnish investigations (Karra and
Ryrr 1968, Karra 1967).

Cation exchange capacity

Cation exchange capacity is caused mainly by
soil organic matter and clay. Organic mattet,
however, plays the more important role, as is
also seen from the similarities between Figs. 3
and 7, where the extractabilities of macro-
nuttrients are plotted as functions of organic
matter content and CEC, respectively. At a low
CEC level the amounts of extractable potassium,
calcium and magnesium are small, because sand
and finesand, naturally poor in exchangeable
cations, are at the beginning of the curve (Table
4). The amounts of exchangeable cations increase
rapidly towards a maximum that apparently con-
sists of two parts. The maximum is caused by

P mg/l

Ca mg/l
Mg mg/l

50|00

RELATIVE SURFACE AREA cm?ml

Fig. 6. The extractability of phosphorus, potassium,
calcium and magnesium as functions of relative particle
sutface area.
Kuva 6. Fosforin, kaliumin, kalsiumin ja magnesiamin nuttn-
minen partikkelien subteellisen pinta-alan funktioina.
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Fig. 7. The extractability of potassium, phosphotus,
calcium and magnesium as .functions of CEC.
Kuva 7. Kalinmin, fosforin, kalsiumin ja magnesiumin nnttu-
minen kationinvaibtokapasitectin funktioina.
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Table 4. Distribution of samples accotding to pH and CEC

Taulukko 4. Néytteiden Iukumidird eri pF- ja vaibtokapasiteetin lnokissa
pH CEC meq/100 g
Soil type n ? ; : 3 : 2 S o a a : = ) a
I (=3 (=) < < < OI

sleldls a2 le] |2]als]s]alz]e
Sand .............. 7 2 1 1 1 1 1. 3 3 1
Finesand .......... 76 41 12 18| 15| 10 5( 12| 10| 49| 13 3 1
Loam ............. 30 2 2 7 6 7 4 2 19 7 4
Silt .o, 32 4| 121 10 2 2 2 24 8
Sandy clay ........ 33 3] 12 8 5 4 1 8| 17 8
Silty clay .......... 26 1 1 3 8 6 3 4 5| 14 6 1
Heavy clay ........ 19 4 9 2 3 1 20 12 5
Mould ............ 41 11| 18| 11 1 3 3 9| 14| 11 1
Carex peat ........ 51 27| 14 5 3 2 2 3 4| 26| 16
Sphagnum peat .... 6 6 4 2

clay soils naturally rich in potassium, magnesium
and calcium. BExamination of single samples
brought out five finesands rich in humus and
CEC but low in exchangeable cations. The small
but distinct downward dip in the maximum of
exchangeable cations is probably caused by
these five samples. Carex peats are naturally rich
in calcium, for which reason another maximum
of exchangeable calcium around a CEC of 80
meq[100 g is to be expected (Table 4).
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Fig. 8. The extractability of potassium, phosphorus,
magnesium and calcium as functions of pH.
Kuva 8. Kaliumin, fosforin, magnesiumin ja kalsiumin uptiu-

minen pH:n funktioina.
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Fertilizer phosphorus is readily extractable
from coatse mineral soils low in CEC and clay,
representing low anion-binding power. The
highest extractability of readily soluble phos-
photus occurs, therefore, at the lowest CEC
levels. An increase of CEC leads to the range of
clay soils, where there is a pronounced decrease
in the extractability of soluble phosphorus,
despite high level of exchangeable potassium,
calcium and magnesium. Another factor obvi-
ously resulting in lowered extractability of
phosphorus as a function of CEC is the simulta-
neous increase of extractable soil iron. This
increase is due to the increasing soil organic
matter content.

Soil pH

The relations between soil pH and acid
ammonium acetate extractable calcium, potas-
sium and phosphorus in various Finnish soils
are presented in detail in another study consisting
of about 80 000 soil tests (LAKANEN et al. 1970).
The present material (321 samples) does not, of
course, give such an accurate picture. The results
(Fig. 8), however, are in agreement with those
of the previous study. The most important
observations are those concerning the behaviour
of readily soluble phosphorus. Liming of acid
Finnish soils raises the pH. As the pH app-
roaches the value 5.5, a slight minimum of



Table 5. Distribution of samples according to magnesium content and iron content

Taulnkko 5. Niytteiden lukumdiird magnesinmin ja rasudan

eri middrien lnokissa

Mg mg/l of soil Fe mg/l1 of soil
Soil type n & ) & g 8 < lelg g |88
I N L N I N I R R
- 5] @ i = S 15 =4 8 ‘\03 §
Sand ..ot 7 4 2 1 5 1 1
Finesand ..........c.o.t. 76 | 28 | 27| 14 3 4 17 | 17| 17} 13 6 3 3
Toam ..ovuiiniininnnnnnnn 30 6| 13 7 4 11 9 2 3 2 2 1
Silt v 32 11 17| 11 2 1 13t 12| 3 3 1
Sandy clay .............. 33 1 6| 12 7 7 4 4| 10 9 4 1 1
Silty clay «.ovevvvnnnnnn.. 26 3 6 2| 10 5 11 11 5 5 1 2 1
Heavy clay .............. 19 5 14 3 5 4 6 1
Mould ........ovvnnnnen 41 7 9 10 6 7 2 1 3 5| 15 8 9
Catex peat .......cvven.. 51| 10| 17 6| 10 7 1 1 1 6| 12| 12| 19
Sphagnum peat .......... 6 3 1 2 1 2 2 1

soluble phosphotus occurs, followed by a rapid
rise after pH 6. The same phenomenon has also
been obsetved in a pot esperiment (LAKANEN
and VuormNeN 1963). 1t seems that the solubility
minimum occuts mainly in organogenic soils.
Accotding to Puustjdrvr (1956), the readily
soluble phosphorus fell by almost half when a
peat soil was limed from pH 5.05 to 5.85. ANT-
TINEN (1959) reported results of a long-term
trial in which liming of Carex peat from 5.0 to
5.4 significantly decreased the yield of a crop of
oats. A dectease of acid ammonium acetate
extractable soil phosphotus occurred simulta-
neously. This detrimental effect of liming of
acid organogenic soils requires thorough inves-
tigation.

In mineral soils the amount of exchangeable
magnesium increases with decreasing particle
size. The maximum content of magnesium occurs
near pH 5.5, around which the majority of the
heavy clays rich in magnesium are gathered
(Tables 4 and 5).

Summary

Values for. the extractability of calcium,
magnesium, potassium and phosphorus with acid
ammonium acetate from 321 Finnish soils afe
presented as functions of organic matter con-
tent, clay content, CEC and pH. The results,
presented graphically as moving averages, are
discussed.

REFERENCES

AavTonNeN, V. T. & Aarnio, B. et al. 1949. Maaperi-
sanaston ja maalajien luokituksen tarkistus v. 1949.
Summary: A critical review of soil terminology and
soil classification in Finland in the year 1949, ]. Sci.
Agric. Soc. Finl. 21: 37—66.

ANTTINEN, O. 1959, Saraturvesuon kalkitus- ja lannoitus-
kokeen tuloksia. Referat: Ergebnisse eines Kalkungs-
und Diingungsversuchs auf Seggentorfmoor. Publ.
Finn. State Agric. Res. Board 172: 1—32.

Ervio, R. & Mikrrti, O, 1969. Studies on the effect of

clay and organic matter contents on the determination
of cation exchange properties in clay soils by the am-
monium acetate and methylene-blue methods. Selos-
tus: Saviaineksen ja humuksen vaikutuksesta savimaan
kationinvaihtokapasiteetin maérittimisessi ns. ammo-
niumasetaatti- ja metyleenisinimenetelmilld. J. Sci.
Agric. Soc. Finl. 41: 73—81.

HernoNEN, R. 1956. Magnesiumin tarpeesta Suomen pel-
loissa, Summary: Magnesium requirements in Finnish
agriculture. Agrogeol. Publ. 65: 1—32.

141



Hrinonen, R. 1960. Uber die Umtauschkapazitit des Bo-
dens und verschiedener Bodenbestandteile in Finn-
land. Z. Pfl. etnihr. Diing. Bodenkunde 88: 49—59.

Karwa, A. 1967, Potassium status in different particle size
fractions of some Finnish soils. Selostus: Maalajitteiden
kaliumin pitoisuudesta ja kaliumin pidityksests. J. Sci.
Agric. Soc. Finl. 39: 45—56.

— & Ry, R. 1968. Calcium, magnesium and potasstum
in clay, silt and fine sand fractions of some Finnish
soils. Selostus: Saves-, hiesu- ja hietafraktioiden kal-
siumin, magnesiumin ja kaliumin pitoisuudesta. Ibid.
40: 1—13.

Kerinen, T. 1946. Kaliumista Suomen maalajeissa.
Summary: On potassium in Finnish soils. Acta Agr.
Fenn. 63: 1—114.

Kivinen, E. 1938, Uber die austauschbaten Basen in
finnischen Tonbdden. Selostus: Emisten vaihdosta
savimaissamme. Agrogeol. Publ. 44: 1—10,

Kurkr, M. 1963. Suomen peltojen viljavuudesta. Referat:
Uber die Fruchtbarkeit des finnischen Ackerbodens.
Viljavuuspalvelu Oy. Helsinki. 107 p.

Laxanen, E. & HyvAriNeN, S. 1971, The effect of some
soil characteristics on the extractability of micro-
nutrients. Selostus: Maaperin ominaisuuksien vaiku-
tuksesta hivenaineiden uuttumiseen. (Unpublished).

— Sruranpii, M., Kurki, M. & Hyvirmnen, S. 1970.
Maan viljavuustekijidin keskiniiset vuorosuhteet maa-
lajeittain. Summary: On the interrelations of pH,

calcium, potassium and phosphorus in Finnish soil
tests. J. Sci. Agric. Soc. Finl. 42: 59—67.

— & VUoRINEN, J. 1963. The effect of liming on the
solubility of nutrients in various Finnish soils. Selostus:
Kalkituksen vaikutuksesta ravinteiden liukoisuuteen.
Ann. Agric. Fenn. 2: 91—102.

Mixkrrre, O. 1966. The solubility of some iron and
aluminium phosphates in the acetic acid-ammonium
acetate buffer system. Selostus: Rauta- ja aluminium-
fosfaattien liukoisuudesta etikkahappo-ammonium-
asetaattiliuoksiin, Ibid. 5: 6—11.

Purokoski, P. 1959. Uber leichtlsliche Ca-, K- und
P-ionen in finnischen Tonprofilen. Selostus: Helppo-
liukoisista Ca~, K- ja P-ioneista suomalaisissa savipro-
fiileissa. Acta Agr. Fenn, 94: 1—14.

Puustydrvy, V. 1956. On the factots resulting in uneven
growth on reclaimed trecless fen soil. Acta Agric.
Scand. 6: 45—46.

SaLmiNeN, A. 1931. The dependence of the solubility
upon the mechanical composition of soils. Agrogeol.
Publ. 30: 1—23.

SALoNEN, M. 1941. Fosforin esiintymismuodoista Suo-
men maalajeissa. Zusammenfassung: Uber die Formen
des Vorkommens von Phosphor in den Bodenarten
Finnlands. Acta Agr. Fenn. 48: 1—124,

VUORINEN, J. & MAKITIE, O. 1955, The method of soil
testing in use in Finland. Selostus: Viljavuustutkimuk-
sen analyysimenetelmistd. Agrogeol. Publ. 63: 1—44.

SELOSTUS

Maaperin ominaisuuksien vaikutuksesta piiravinteiden uuttumiseen

Esxo LAKANEN ja SEPro HYVARINEN

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Suomalaisille maille tyypillisii ominaisuuksia ovat
alhainen pH, keskimagriisesti kotkea humuspitoisuus ja
saviaineksen runsaus, jotka kaikki vaikuttavat myds
maan viljavuuteen. Laboratoriossa viljavuustutkimus suo-
ritetaan uuttamalla maangytteet happamalla ammonium-
asetaatilla (pH 4.65) ja analysoimalla uutteiden ravinne-
pitoisuudet.

Tissd tutkimuksessa tarkastellaan eriiiden maaperiteki-
joiden vaikutusta kalsiumin, magnesiumin, kaliumin ja
fosforin uuttumiseen viljavuusanalyysin uuttonestee-
seen. Kalkituksen ja lannoituksen eroja tasaavasta vaiku-
tuksesta huolimatta maaperitekijit sditelevit edelleen
ravinteiden uuttumista ja niiden kiyttSkelpoisuutta kas-
veille. Mahdollisimman yksityiskohtaisen ja havainnolli-
sen kuvan saamiseksi alkuperiisaineisto kisiteltiin liuku-
vin keskiarvoin, ja tulokset esitetiéin kuvissa 1—8. Run-
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saasti aikaa vaativaan 25—50 kappaleen linkuvien keski-
arvojen laskemiseen osoittautui tietokonekisittely tehok-
kaaksi. Eri puolilta Suomea olevan 321 maaniytetts kisit-
tivin aineiston mekaaninen koostumus ja muita ominai-
suuksia esitetddn taulukoissa 1—5.

Ravinteiden uuttumiseen vaikuttavat maaperitekijit
ovat my6s keskindisissi riippuvuussuhteissa. Humus-
pitoisuuden kasvaessa pH alenee aluksi voimakkaasti
kivenniismaiden alueella C = 8—9 % saakka (kuva 1).
Tistd alkavalla multamaan ja turpeiden alueella on pH:n
lasku humuksen suuren puskurikapasiteetin johdosta
vihiistd. Orgaanisen aineksen kasvu lisi#i voimakkaasti
kationinvaihtokapasiteettia (CEC kuvassa 1). Kiyrin
alkuosan jyrkkd nousu johtuu savien kerdfintymisestd
C = 4 9, paikeille. Sitd seuraava vaihtokapasiteetin suo-
raviivaisempi kuvaajan osa on multamaan aluetta, kunnes



tullaan turvemaiden alueelle sekid yhi lihemmiksi puh-
dasta orgaanista ainetta ja vaihtokapasiteetin vakiotasoa.
N 9% seuraa C %:a suotaviivaisesti koko ajan — tosin
C9% = 20 jalkeen loivemmassa kulmassa. Savimaissa
(savipitoisuus > 30 %) kasvaa kationinvaihtokapasiteetti
lineaatisesti savipitoisuuden mukana (kuva 2). Samaan
kuvaan piirretty C %:n vaihtelu on mielivaltaista, mutta
vaihtokapasiteetti seuraa siti alle 30 %:n savipitoisuuk-
sissa yksityiskohtaisesti, miki osoittaa niiden kivenniis-
maiden humuspitoisuuden vieli selvisti sddteleviin katio-
ninvaihtokapasiteetin arvoa.

Humuspitoisuuden kasvaessa kiyvit kaliumin ja mag-
nesiumin midrit maksimissa C = 4—>5 %, paikkeilla, miti
myétiilee myds vaihtuvan kalsiumin maird (kuva 3).
Runsaat pitoisuudet eivit ole kuitenkaan humuksen,
vaan tille alueelle kertyneiden ravinnerikkaiden savien
ajheuttamia. Magnesiumin ja fosforin uuttumisen lisidn-
tyminen C = 30 %, liheisyydessi osoittautui puolestaan
saraturpeiden ravinnerunsaudesta johtuvaksi. Humuspi-
toisunden kasvaessa kaliumin ja magnesiumin suuria pitoi-
suuksia edustavalle savien alucelle on maan helppoliu-
koinen fosfori pudonnut jyrkisti savien suuren anionien
piditysvoiman johdosta. Tirkedimpi tekiji lienee kuiten-
kin humuspitoisuuden kasvun aiheuttama uuttuvan rau-
dan miirin nopea lisdintyminen, jolloin pian saavutetaan
ferrifosfaatin muodostumiseen riittivi rautamiirid. Help-
poliukoisten fosfaattien maird pysihtyy tilldin lihes
vakiotasolle (kuva 4).

Savipitoisuuden vaikutus lisid odotetusti vaihtuvan
kaliumin ja kalsiumin midrii. Selvimmin saven vaikutus
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ilmenee uwuttuvan magnesiumin voimakkaassa kasvussa.
Lissdntyvd anionien sitomisvoima nikyy uuttuvan fos-
faattifraktion pienenemisend (kuva 5). Aineiston kiven-
niismaiden savipitoisuuden keskiarvo on 29.2 % ja
hiesufraktioiden 27.2 %. Ndmi hienoimmat lajitteet maa-
ridvit lihes tdysin maahiukkasten suhteellisen lasketun
pinta-alan, jonka vaikutusta pairavinteiden uuttumiseen
esittéd kuva 6. Pinta-alan kasvu — so. hiukkaskoon pie-
neneminen — lisid vaihtuvien kationien midrii. Hienon
ja karkean hiesun vaikutuksen huomioon ottaminen on
lisinnyt vaihtuvan kaliumin ja kalsiumin méirdd voimak-
kaammin kuin pelkkd savifraktio kuvassa 5.

Kationinvaihtokapasiteetti muodostuu pagasiallisesti
humuksesta ja savesta. Eloperiisen aineksen suurta
osuutta kuvastaa humuspitoisuuden ja vaihtokapasiteetin
samanlainen vaikutus ravinteiden uuttumiseen (kuvat 3 ja
7). Jilkimmiinen kuitenkin antaa tapahtumasta yksityis-
kohtaisemman kuvan, kuten maan partikkelikoon suhteel-
linen pinta-ala antoi pelkkiin savifraktioon verrattaessa.

Happamien maiden kalkituksen odotetaan lisifivin
helppoliukoisten fosfaattien midrdd. Seurauksena saattaa
kuitenkin olla kuvassa 8 esitetty liukoisuuden lievi alene-
minen pH 5.5:4 lahestyttiessd, miki on todettu aikaisem-
minkin. Timin haitallisen ilmién syiden selvittiminen
edellyttid lisitutkimuksia.

Maaperin tirkeiden ominaisuuksien huomioon otta-
minen yksitellen el riittivisti seliti ravinteiden uuttu-
mista. On otettava huomioon myés tekijéiden yhteisvai-
kutus, maalaji ja muita tirkeitd ympiristotekijoiti.
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WEED SEEDS IN CULTIVATED SOILS IN FINLAND

JUHANI PAATELA and LEILARIITTA ERVIO

Univetsity of Helsinki,
Department of Plant Husbandry, Finland

There have been several previous studies on
the distribution and abundance of farmland
weeds in Finland (Kuyara 1934, PaaTeLA 1953,
RAATIKAINEN and RaaTIKAINEN 1964, MukuLa
et al. 1969). In spring cereal fields not subjected
to weed control measures the average number of
growing weeds has been found to be 550 plants/
m? (Mukura et al. 1969). Most of these distrib-
ute seeds in varying amounts, depending on the
density of the weed stand. Accotding to WEeHS-
ARG (1954), weeds in cereal fields produce the
following numbers of seeds: Raphanus rapha-
nistrum 200—300, Lapsana communis and Thlaspi
arvense 400—800, Stellaria media and Capsella
bursa-pastoris 1 000—1 500 seeds per plant. OvER-
GAARD (1919—22) reports an average shedding
of 14000 seeds per m? (ranging from 84 to
91 736). Weed seeds are able to maintain their
viability and persist in soils for years, or even
decades. According to Korsmo (1954), seeds of
Sinapis arvensis still germinated after a 34-year
ley. Kujara (1934) reports that seeds of V7ol
arvensis and Polygonum lapathifolinm maintained
their viability in the soil for at least 40 years.
DarrLiNGTON and STEINBAUER (1961) found that
seeds of Polygonum hydropiper and Brassica nigra
were still viable after 50 years and those of
Rumex: crispus after 80 years. Recent archaeolog-
ical research has revealed that the longevity of
weed seeds in soil may be even hundreds of
years (Opum 1965).

Since no studies on weed seed populations
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present in Finnish arable soils had been published
before, such a study was conducted at the
Department of Plant Husbandry of the Univer-
sity of Helsinki in the 1960s. In the summer of
1964, soil samples from cultivated fields in the
southern and central parts of the country were
collected by the Department of Plant Husbandry,
Agricultural Research Centre, Tikkurila, in
connection with a countrywide survey (MuxruLa
et al. 1969). The latter institute also provided
financial support for the investigation of the
collected sample material from special funds
allocated for this purpose. The samples were
investigated for their contents of weed sceds at
the University Department of Plant Husbandry
in 1964—67.

Sample material

The soil samples were collected from fields
of spring cereals in southern and central Finland.
The number of sampling districts was eight,
cach consisting of one to three rural communes
selected to form a uniform area (Fig. 1).

Distribution of soil samples by soil type:

District Coarse Fine Organic  Total no.

mineral mineral soils of ficlds

soils soils sampled
1o, 22 73 10 105
2 32 70 7 109
3 — 73 27 100
4. 70 16 20 106



5. 19 57 23 99

6. 41 6 53 100
T oo 19 50 27 96
8 i 65 6 29 100

Total 268 351 196 815

In each district an average of 102 (96—109) soil
samples were taken on farms representing the
average local agricultural standard. Besides fields
where no herbicides had been used, fields wete
accepted where the effect of preceding herbicidal
treatment was not particularly stroﬂg (cf.
Mukura et al. 1969). The soil samples were
taken between 24 June and 16 July 1964 from
the same plots on which the weed counts for
the above-mentioned survey were made, from
the cultivated layer of the soil. Eight soil cotes
(6 cm? in area, 20 cm deep) were taken from each
field; these were mixed together and 600 cm3
of the combined sample kept for analyses.

Treatment of sample material

The soil samples were stoted at --2—--4°C.
Analysis was carried out by a method developed
at the University Department of Plant Hus-
bandry, closely resembling that used by Krorac
(1966). The soil was washed through four sieves
of different mesh sizes, placed on top of each
other, which retained the weed seceds. The

bottom mesh was close epough not to let even .

the smallest seeds pass through. The material
accumulated on the sieves was then collected
and dried. The organic matter was separated
from the inorganic by immetsing the sample in
~ 1.6—1.8 g/ml NaCl solution in a glass cylinder.
As soon as the inorganic matter had settled, the
supernatant was decanted on to filter paper and
dried. From this, weed seeds were separated
partly by hand, partly by sifting. A total of
107 249 seeds were found in the 815 samples,
which gives an average of 132 seeds per sample
and corresponds to 44 000 seeds/m? in a 20-cm
surface layer of cultivated soil. After identifica-
tion by species or genera, frequencies and
abundances were calculated for these by sampling
districts and soil types.
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Fig. 1. Sampling districts 1—8 and the rural communes
selected for the study: 1 = Kotppoo—Nauvo, 2 =
Koski H.L.—Kirkold, 3 = Lempiili—Pirkkala—Vesi-
lahti, 4 = Ruokolahti—Taivalkoski, 5 = Laukaa—Toi-
vakka—Lievestuore, 6 = Kilvii, 7 = Vietemi, 8 = Eno.

Results

Frequency

The most frequent species were (Table 1)
Chenopodium album (91 %), Brassica spp. (89),
Spergula  arvensis  (81), Ranunculus spp. (79),
Gualeopsis spp. (70), Viola arvensis (63) and
Stellaria media (62). Twenty-one species ot genera
occurred in at least 10 9, and thirty-four in at
least 3 9, of the samples. Among the group
»others» there were 7 species that occurred at
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Table 1. Frequency of weed seeds (%) in south and central Finnish atable soils.

least once in every 100 samples; among these
wete Lathyrus pratensis, Centanrea cyanus, Prunella
vulgaris, Phlenm pratense and Anthriscus silvestris.

Regional differences were found for several
species. Brassica, Ranunculus and Galeopsis were
less frequent in district 1 than elsewhere; Laminm
spp. occurred more frequently in districts 1 and
'3 than elsewhere. Seeds of Alhemilla vulgaris
were usually found in samples from the eastern
parts of the country (districts 4, 7 and 8) but
rately occurted in the west (district 6). Galinm
spp., Rumex domesticus and Thlaspi arvense were
especially common in district 3 in comparison
with the other areas. In the northernmost
districts 6—8, seeds of Lapsana communis and
Scleranthus annuus occurred less frequently than
elsewhere.
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District Soil type
Weed species 1 2 5 4 5 p 7 8 2F wl o 8. - < §
de=Elaes = 2
82%|=g%| §° |34
Chenopodium album .. ... ... 97 93 96 92 89 93 73 94 196 |93 82 91
Brassica spp. «..vveiiain. 62 95 93 89 94 90 97 97 |92 |87 91 89
Spergula arvensis .......... 86 88 85 81 74 81 67 81 (87 |80 73 81
Ranunculus spp. . ...ovven.. 50 75 75 91 83 94 71 94 |84 |74 82 79
Galeopsis SPP. «ovo v inunn 45 79 65 87 80 76 48 82 | 82% | 64 66 70
Viola arvensis ............. 80 47 86 50 52 58 28 73 166 |70 47%% | 63
Stellaria media .. .......... 65 51 76 46 69 66 50 69 [59 [69% |52 62
Polygonum avicuwlare .. ...... 59 42 42 49 53 51 28 52 |54 |49 34xx | 47
Mpyosotis arvensis .......... 44 43 55 48 54 38 29 60 [59 |49 25%%%| 46
Polygonum convolvulus ... ... 63 29 62 63 35 40 18 51 |59 |44 29%%%| 45
P, lapathifolinme . .......... 45 51 20 76 36 58 23 48 |57 | 34***| 50 45
Rumex acetosella .......... 50 29 13 55 40 75 42 60 | 65 | 28***| 49 45
Carex SPPe wevverreeeenns 31 36 20 57 43 51 52 43 |41 |36 53% 42
Galium spp. «....oiiiinn. 20 14 41 30 27 18 8 31 |28 |22 20 24
Alchemilla vulgaris ......... 15 12 16 50 21 7 26 36 |26 |21 21 23
Lapsana communis ... ...... 20 25 25 30 24 3 2 11 |16 | 25%%* 8 18
Taraxacum vulgare ........ 14 8 26 13 12 3 3 26 |15 |15 7* 13
Thlaspi arvense .. ...c...... 12 5 33 9 12 18 7 10 (16 |14 9 13
Rumex agetosa ............ 9 16 13 9 6 15 8 19 ({14 |10 13 12
Anthoxanthum odoratum . . .. 8 1 — 14 2 6 5 42 |17 3xk*| 12 10
Rumex domesticus . ........ 15 4 26 1 2 17 — 13| 8 [11 10 10
Polygonum hydropiper ...... 8 6 3 14 5 5 9 91 7 6 11 7
Vicia spp. «oovveviiinnn, 4 2 10 13 7 7 3 2|5 7 7 6
Pedicularis palustris ........ 6 — 9 2 6 6 3 131 7 4 6 6
Alopecurus genicnlatus ... ... 4 4 4 9 9 9 4 11| 4 6 6 5
Scleranthus annuns .. .. .. .. 12 5 13 4 3 2 — — 1 6 7 —Fkk 5
Trifolinme spp. «.ooovvvn.. 1 7 4 4 3 1 7 — 1 3 4 3 3
Raphanns raphanistrum . .. .. 1 2 2 9 4 6 2 1| 4 3 3 3
Erysimum cheiranthoides . ... — 6 5 1 5 2 3 3| 4 4 1 3
Laminm Spp. «cvvennveenn 10 1 10 — 2 — 2 1| 4+% 4 6 3
Leontodon autumnalis . . ... .. 2 3 3 3 4 3 5 21 4 2 4 3
Potentilla spp. c.ovviiiann 1 3 1 4 2 2 1 10| 5 1Rk | 4 3
Matricaria inodora ......... 4 1 8 — 1 8 1 1| 2 3 4 3
(@4 7207777728 o) » T 4 3 7 3 — 1 — 2| 2 3 2 3
Others ..ovveiiiinnanenns 38 23 36 24 25 45 36 26 |27 |28 43 32

Statistically significant differences due to soil
type were found for 15 species (Table 1). Thus
Galeopsis spp. were more frequent, Laminm spp.
less frequent in coarse mineral soils than else-
where. In clay soils, Szellaria media and Lapsana
communis were more common, Polygonum lapathi-
folium, Rumex acetosella and Potentilla spp. rarer
than in othet soils. In peat, Carex spp. occurred
mote frequently, Viola arvensis, Polygonum avi-
culare, P. concolvulns, Myosotis arvensis, Taraxacum
vulgare and Scleranthus annuns more rarely than in
other types of soil.

Abundance

The most abundant species were (Table 2)
Chenopodinm album (10 020 seeds/m?), Spergula
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Table 3. Effect of preceding crop upon the numbers of weed seeds in soil.

Number of seeds/m??)
Weed species rin inte. Potatoes ionifican
coeent cereals Ley and i
root crops
Chenopodinm albume . ........oooiiiiiiiiiiiinns 10 770¢ 9 570v 6 880a 19 6704 Fokak
Spergula arvensis . ... i i 13 0504 4 450p 7 950¢ 4 3502 Hokok
Brassica Spp. oo ..ot 6 400v 52102 6 180v 5 350= Hokox
Stellaria media . ... ... 00 oo, 4 740¢ 2 940v 21102 10 1304 Hokok
Viola arvemsis ......... it iiiaii . 2 870¢ 2 3502 2 070a 2 410abe *
Ranunculus spp. . ..ooiiii i 2250 1890 2290 2150
GaleOPsSis SPPe v aveiee e r it 1 4800 1 89Qne 9702 2 030¢ Fkk
CareX SPPe o v v e eeraennee e nan 1 030p 910ab 1 370¢ 6302 ok
Myosotis arvensis ... ... 1 540v 2 690¢e 6502 8802 Fkx
Rumex acetosella ... ......... ... ... o .. 8202 1 160P 770a 11100 *
Polygonum avicnlare . ... ... .. ... ... . 0. 960r 75020 5602 980v **
P. lapathifolimm ... .o 740 610 550 550
P.ocomvolvstlus ... ... 690v 540ab 3902 690p *
Alchemilla vilgaris .. ... .o o i . 380ab 630P 4302b 260a *
Lapsana communis ... ... i 4100 2600 902 3600 Hokk
Whole material | 44 190b 65 0604 352202 57 270¢

1) Values on the same line followed by the same letter do not differ significantly from each other.

arvensis (9 490), Brassica spp. (6 160), Szellaria
meaia (4 300), Viola arvensis (2 520), Ranuncylns
spp. (2210), Galeopsis spp. (1 280), Carex spp.
(1110) and Myosotis arvensis (1 050). Seeds of
twelve further species or genera occurred in
numbers exceeding 100 seeds/m? The list of
the 21 most abundant species or genera includes
the 20 species found to be most common, and
the order of abundance in general follows that
of frequency.

The soil samples analysed contained an avet-
age of 43 850 seeds/m?; regional variation was
30 890—56 790 and variation due to soil type
37 890—53 160. Considerable regional variation
in abundance was found for many species. In
most cases this variation was random, but for
some species statistically significant differences
were found, and these mostly corresponded to
those alteady found in frequency. The same also
applies to the differences due to soil type,
especially considering the fact that the samples
from fine mineral soils contained the largest
numbers of seeds.

The relative distribution of the most common
species by sampling districts was as follows:
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£ §§ ii g Ss 3 .g,* % §§ §§ =5

Be SN AiSE 3T SidE3ESEIT a8
1...... 26 37 3 9 7 1 1 2 1 2 89
2...... 18 33 19 3 7 3 5 2 2 1 93
3...... 26 13 16 14 13 4 2 1 2 4+ 91
4 ..., 22 19 14 6 5 7 4 4 3 3 87
5...... 20 18 15 13 6 5 3 2 5 2 8
6...... 23 21 9 13 3 7 2 2 3 4 87
7 oeeio.. 16 19 31 11 1 5 2 4 1 2 92
8...... 28 13 17 10 4 7 3 3 3 2 9

Total 23 22 14 10 6 5 3 3 2 2 90

Influence of preceding crop on the number of weed seeds

The distribution of the samples of the most
abundant weed species between the commonest
preceding crops was as follows: spring cereals
373, winter cereals 69, ley 244, potatoes and root
crops 94 samples (cf. Mukura et al. 1969). The
preceding crop was not found to affect the
frequencies of individual weed species but it did
affect the numbers of their seeds present in the
soil. Part of this variation was random, but for
some species statistically significant differences
were found. Table 3 shows the influence of the
preceding crop upon the numbers of seeds of
the 15 weed species most frequently encountered
in this study (cf. Table 2). Accotding to these



" data, ley had a strong reducing effect on the
numbers of seeds of certain annuals and winter-
annuals like Chenopodinm album, Stellaria media,
Gualeopsis spp., Myosotis arvensis and Lapsana
communis. Potatoes and root crops, on the other
hand, increased the numbers of seeds of Cheno-
podinm album and Stellaria media considerably. The
highest total numbers of weed seeds in soil were
found after cereals and potatoes and root crops
(44 190—65 060 seeds/m?), the lowest numbets
after ley (35 220).

Discussion

The present study revealed an average of
43 850 weed seeds/m? in a 20-cm cultivated layer
of Finnish arable land. The variation due to
sampling district and soil type was 30 890—
56 790. Dorre-PETERSEN (1910), who analysed
four samples from a 16-cm layer, found an
average of 135500 seeds/m?2, of which 38 600
or 289, (varying 14—55) were capable of
germinating. Krorac (1966) investigated soils
from two separate localities and found 19 900
and 70 300 seeds/m?, respectively, of which he
estimated 20 9 (4 000 and 14 100 seeds) to be
capable of germinating. JENSEN (1968) studied 57
soil samples 20 cm thick and found an average
of 87000 sceds/m? (after elimination of Jumcus
baufonins), of which 23 000 or 26 9%, were viable.
Many other research workers (Rasmussen 1928,
BrencrLEY and WariNngTON 1930, ROBERTS
and Dawxins 1967) report 14 500—39 100
germinating weed seeds pet m2.

Great areal and local variation bas been found
to occur (cf. Krorac, op.cit.), even between
different fields. JenxsEN (1968), for example,
found a variation within the range of 12 600—
933 800 seeds/m? (600—496200 germinating
seeds/m?). In the present study the variation was
between 3 000 and 390 000 seeds/m2. The way in
which the results are expressed (in terms of all
seeds, viable seeds of germinating seeds) also
affects the outcome. The germination percentage
for weed seeds is, in general about 25. According
to this, the total variation in the results obtained
by various research workers is in the range of
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Fig. 2. Average numbers of plants of the abundant weed
species (vatiation in brackets) and the numbers of seeds
found in soil samples (underlined).

20 000—-160 000 seeds/m?; The average abun-
dance of seeds found in the present study (about
44 000) is roughly a quarter of this figure.

The numbers of seeds found and their distri-
bution between the different species can, to
some extent, be co-ordinated with the results
of MukurA et al. (1969). The samples for the
present study wete collected from the same fields
that were subjected to the 1962—64 weed survey.
According to Mukula et al., there was wide
variation in the numbers of weeds between the
sampling districts (272—998/m2) and the years
(439—641/m?). This was due to varying den-
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sities of the spting cereal stands as well as to
differences in the germination of weed seeds in
the varying weather conditions of the respective
years. To even out the great variation, the present
comparison is based on the three-year averages
of 1962—64 calculated from the date of Mukula
et al. in terms of the commonest species only
(Table 2) and for the present material by omitting
from Table 2 those species (e.g. Brassica and
Carex spp.) that were classed as very rare by
Mukula et al. (Fig. 2).

Figure 2 shows that the numbers of plants of
the most abundant weed species varied greatly
in all the sampling districts in 1962—64. The
largest numbers, however, were trecorded in
Pohjanmaa (along the coast of the Gulf of
Bothnia), in southeastern Finland and in areas
in between (average 495--568/m?), while the
smallest numbers wete found in the south-
western, southern and northeastern parts of the
country (293—395/m?). The ovetr-all average
was 455 plants/m2. The number of weed seeds
was 34 980/m? (18 880—47 470/m?), on the
average 77-fold (46—157); this indicates that
of the seeds present in the soil, 0.6—1.3 %
emerged in the south, southeast and northeast,
1.2—1.8 9%, in the other parts of the country,
with an overall average of 1.3 9. Supposing
that weeds emerge from the top centimetre of
the soil, representing 1/20 of the total seed popu-
lation present in the entite cultivated layer, one
attives at a theoretical germination figure of

259, with a regional wvariation of 12—44.

(Dorrr—PETERSEN 1910, Krorac 1966, JEN-
sEN 1968). The variation is apparently closely
connected with the occurrence of Chenopodium
album (cf. Table 2). The number of seeds of this
species was many times greater than the number
of plants recorded on the sampling plots, thus
indicating a remarkably low theoretical germina-
tion, 12 9.

For many species the frequencies obtained in
this study run fairly parallel to the values
preseated by Mukula et al., but in general lower
values were found, particularly for the more
uncommon species. This is probably mainly
due to fact that the soil cores coveted less than
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1 9, of the total 1 m? area on which the growing
weeds were counted. For example, the fre-
quencies estimated from seeds and from weeds
wete almost identical for Chenopodiunz album (92
and 91 9,) and Spergnla arvensis (88 and 81 9),
but for some species (Lapsana communis, Vicia
spp., Matricaria inodora, Erysimum cheiranthoides,
Raphanus raphanistrum) the seed samples gave
much lower frequencies than those calculated
from the actual weed counts, so the two investi-
gations apparently do not confirm each other
in all respects. This also holds true of Fumaria,
seeds of which were only rarely found in the
present study, although the frequency of this
species was 42 9% and the abuadance 5/m? in
the sutvey by Mukula et al., as well as of the
petennial species Achillea millefolinm and Agro-
pyron repens. On the other hand, Mukula et al.
obtained a frequency value as low as 9 9, for
Brassica spp., while the present study gave a
frequency of 89 9%, with 6 160 seeds/m?2. One
reason for this discrepancy is probably that seeds
of Brassica campestris, formerly a very common
weed in Finland (GroteNFELT 1924, HIrroxen
1933, LAGERBERG et al. 1939), still persist in
Finnish soils, although with a greatly reduced
germinating capacity. Mukula et al. (op. cit.)
found Brassica in large numbers in certain
districts (over 10 %, frequency in 6 districts,
maximum 28 9,) but in several others it was
not tecorded at all.

Most of the abundance values presented here
ate considerably higher than those obtained by
Mulkula et al. This result was fully predictable,
however, as only a fraction of the seeds present
in the soil actually do germinate and even this
only applies to those in the top centimetre of the
soil. The germinating capacity of certain of
the main weed species will thetefore be studied
in supplementary investigations.

Summary

The Department of Plant Husbandry of
the University of Helsinki conducted a study
of the weed seed populations in the soils
of southern and central Finnish arable fields.



The sample material was collected by the Depart-
ment of Plant Husbandry, Agricultural Research
Centre, Tikkurila, in 1964 and consisted of 815
soil samples from eight different districts, which
gives an average of 102 samples per district. The
frequencies and abundances of the commonest
weed species and genera were calculated by
sampling districts, by different types of soil,
and by preceding crops. The following results
wete obtained:

1. The most frequent weed seeds were those
of Chenopodinm album (91 %,), Brassica spp. (89),
Spergnla  arvensis (81), Ranunculus spp. (79),
Galeopsis spp. (70), Viola arvensis (63), and

Szellaria media (62). For 21 species the frequency’

was at least 10 9%, for 34 species at least 3 9,
of the samples (Table 1).

2. Atreal differences in frequency were found
for seeds of many species. Brassica, Ranunculus
and Galeopsis spp. wetre less frequent in district
1 than elsewhere. Akhemilla vulgaris was most
frequent in samples from the east of Finland,
least frequent in district 6 in the west of Finland.
Galinm spp., Rumex domesticus and Thlaspi arvense
were remarkably common in district 3. In the
northernmost districts 6—S8, Lapsana communis
and Scleranthus annuus wete less frequent than
elsewhere.

3. Soil type had a significant influence upon
the occurrence of seeds of 15 species (Table 1).
In coarse mineral soils, Galkopsis spp. were
more common, and Lamizm spp. less common
than in other types of soil. In clay soils, S#e/laria
media and Lapsana communis were mote frequent,
Polygonnm laparhifolium, Rumex acetosella, Antho-

xanthum odoratum and Potentilla spp. less frequent
than in other soils. In peat soils, Carex spp.
were more frequent, and Viola arvensis, Poly-
gonum aviculare, P. convolvnlus, Myosotis arvensis,
Taraxacum valgare and Scleranthus annuus less
frequent than in other soils.

4. The most abundant species wete Chenopo-
dinm album (10 020 seeds/m?), Spergula arvensis
(9 490), Brassica spp. (6160), Stellaria media
(4 300), Viola arvensis (2 520), Ranunculus spp.
(2 210), Galeopsis spp. (1 280), Carex spp. (1 110)
and Mpyosotis arvensis (1 050) (Table 2). Seeds of
twelve other species were found in numbers
exceeding 100/m? The average number of weed
seeds in the samples was 43 850/m?2.

5. The numbers of seeds of some species
varied according to sampling district and soil
type. These variations mainly coincided with
the variations in frequency (Table 2).

6. The ten most abundant species made up
90 9%, of the total number of seeds (cf. p. 4).
The highest proportions were those of Cheno-
podinm album (23), Spergula arvensis (22), Brassica
spp. (14) and Szellaria media (10).

7. The preceding crop affected the numbers
of seeds of certain species (Table 3). Seeds of
Chenopodinm album, Stellaria media, Galeopsis spp.,
Myosotis arvensis and Lapsana communis were less
numerous after leys than after any other crops.
Potatoes and root crops allowed an increase in
the seed populations of Chenopodium album and
Stellaria media in the soil. The total number of
weed seeds was largest after potatoes and root
ctops (65060/m?) and cereals (44 190/m?),
smallest after ley (35 220/m?).
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SELOSTUS

Suomen peltomaiden rikkasiemenisto

JumaNt PaaTera ja Lerna-Rirrra Ervio

Helsingin yliopiston Kasvinviljelyticteen laitos

Helsingin yliopiston Kasvinviljelytieteen laitoksella
Viikissd suoritettiin vuosina 1964—1967 tutkimus Eteli-
ja Keski-Suomen peltomaiden ruokamultakerrokseen
varastoituneesta rikkasiemenistdstd. Aineisto oli keritty
kahdeksalta eti alueelta (kuva 1) ja kisitti kaikkiaan 815
maandytettd. Tutkimuksessa miiritettiin tirkeimpien
rikkasiemenlajien tai -sukujen yleisyys ja runsaus kullakin
tutkimusalueella, eri maalajeilla sekd etilaisten esikasvien
jilkeen. Tulokset olivat seuraavat:

1. Yleisimmit rikkasiemenlajit olivat Chenopodinnm
album (91 %), Brassica spp. (89), Spergula arvensis (81),
Ranunculus spp. (79), Galeopsis spp. (70), Viola arvensis
(63) ja Stellaria media (62) (taulukko 1).

2. Brassica-, Ranunculus- ja Galegpsis-sukujen siemenii
tavattiin harvemmin alueella Kotppoo—Nauvo kuin
muualla. Lajin Alchemilla valgaris siemenid tavattiin useim-
min maan itdosissa. Lajit Galium spp., Rumex domesticus
ja Thlaspi arvense olivat yleisimpii alueella 3. Alueilla 6—8
olivat lajien Lapsana communis ja Scleranthus annuus sieme-
net harvinaisempia kuin muualla.
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3. Galeopsis spp. oli yleisin karkeilla kivenniismailla,
Stellaria media ja Lapsana communis savimailla seki Carex
spp. turvemailla (taul. 1). Polygonum lapathifolium, Rumex
acetosella, Anthoxanthum odoratum ja Potentilla spp. olivat
harvinaisia savimailla. Lamium spp. oli katkeilla kiven-
niismailla harvinaisempi kuin muilla maalajeilla.

4. Peltomaissa runsaimmin esiintyneet lajit olivat
Chenopodium  album (10 020 kpl/m?2), Spergula arvensis
(9 490), Brassica spp. (6 160), Stellaria media (4 300), Viola
arvensis (2 520), Ranunculus spp. (2 210), Galeopsis spp.
(1 280), Carex spp. (1110) ja Mpyosotis arvensis (1 050)
(taul. 2).

5. Chenopodinm album-, Stellaria media-, Galeopsis-,
Mpyosotis arvensis- ja Lapsana communis-lajlen siemenii oli
maassa vihiten nurmen jilkeen (taul. 3). Peruna ja juuri-
kasvit lisisivit lajien Chenopodium album ja Stellaria media
Kaikkiaan oli
maassa vihiten nurmen jilkeen.

siemenvarastoa maassa. rikkasiemenii
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