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Maatalouden tutkimuskeskuksen ylijohtajan (1960—73), professori
Jouko -Ensio - Vuorisen tiyttiessi 70 vuotta lokakuun 16. piivini
1980 ovat Maatalouden tutkimuskeskus, Annales Agriculturae
Fenniae ja Jouko Vuotisen entiset tyStoverit halunneet hdntd kohtaan
tuntemansa kunnioituksen ja kiitollisuuden osoituksena toimittaa
timin juhlajulkaisun. .

Professor Jouko Ensio Vuorinen, Director General of the Agri-
cultural Research Centre (1960—73) will be 70 years old on October
16, °1980. The Agricultural Research Centre, Annales Agriculturae
Fennize and his former collegues wish to have this jubilee issue
edited in honour of this occasion as a token of their respect and
gratitude.
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JOUKO VUORINEN

Jouko Ensio Vuorinen syntyi 16. lokakuuta
1910 Turussa, jossa hin myds aloitti opintonsa
ja tuli ylioppilaaksi Turun Suomalaisesta lyseosta
1930. Maatalous- ja metsitieteiden kandidaatin
tutkinnon seki agronomin tutkinnon hidn suo-
ritti 1937 padaineenaan maanviljelyskemia ja
-fysiikka. Hinelld oli molemmissa tutkinnoissa
korkein arvosana my6s maanviljelysopissa, sekd
agronomitutkinnossa lisiksi kansantaloudessa ja
maanviljelystaloudessa. Jouko Vuorinen julkaisi
tohtorinviitoskirjansa 1939, suoritti maatalous-
ja metsitieteiden lisepsiaatin tutkinnon 1940
ja sal samana vuonna maatalous- ja metsitie-
teiden tohtorin arvon.

Laajojen opintojensa lisiksi Jouko Vuorinen
oli hankkinut myds kiytinnén kokemusta maa-
talouden alalla seki kotitilallaan etti toimimalla
215 vuotta tilanhoitajana Somerniemelld. Naimi
yhdessid loivat vankan pbhjan hinen tulevalle
eliminuralleen maataloustutkijana ja mydhem-
min maataloustutkimuksen johtajana.

Jouko Vuorisen tutkijanura alkoi varsinaisesti
1937, jolloin hin tuli Maatalouden tutkimus-
keskuksen (vuoteen 1957 Maatalouskoelaitos)
maantutkimusosaston palvelukseen. Talli osas-
tolla hin suoritti mittavan tyén hoitaen ensim-
miisten’ viiden vuoden aikana osaston yliméi-
riisen kemistin tointa ja nuoremman agrogeo-
login virkaa sekd seuraavat viisi vuotta vanhem-
man agrogeologin virkaa. Jatkosodan aikana
hinet komennettiin suorittamaan maaperitutki-
muksia Aunuksessa sekd hoitamaan maatalous-
upseerin tehtivid. Vuonna 1947 Jouko Vuorinen

nimitettiin maantutkimusosaston johtajan ja

professorin virkaan. Titd virkaa hin hoiti aina
vuoteen 1960 asti. Noin vuoden ajan, 1950—51,
hin hoiti oman virkansa ohella myds maan-
viljelyskemian ja -fysiikan osaston avoinna
olevaa johtajan virkaa. Vuonna 1960 Jouko
Vuorisen kykyji, tietoja ja kokemusta tarvittiin
hoitamaan vield laajempaa sektoria, koko maa-
talouden kisittivii tutkimuskenttdd ja hdnet
nimitettiin Maatalouden tutkimuskeskuksen yli-
johtajaksi. Ylijohtajan virkaa hin hoiti vuoteen
1973, elikkeelle siirtymiseensi saakka.

Virka- ja tutkimustehtiviensi ohella Jouko
Vuotinen toimi my®s opettajana ollen maan-
tutkimuksen dosenttina Helsingin yliopistossa
vuosina 1947—61 ja hintd kiytettiin asiantun-
tijana useita professorin ja dosentin virkoja tdy-
tettdessi. Hinen laajaa asiantuntemustaan on
kiytetty hyviksi valtion eti laitosten johtokun-
nissa sekid lukuisissa komiteoissa ja toimikun-
nissa. Hin toimi mm. valtion maantutkimus-
ja kasvinviljelykomitean puheenjohtajana 1948—
51, typpiomavaraistoimikunnan puheenjohta-
jana 1950—51, Valtion maatalonskemian lai-
toksen johtokunnan jdseneni vuodesta 1950 ja
puheenjohtajana 1961—74, hedelmi- ja marja-
talouskomitean jisenend 1954—58, Seutusuun-
nitelmien Liiton  Yhtensistimistoimikunnan
asiantuntijana 1960, Maataloudea tutkimuskes-
kuksen edustajana Maatalouskoneiden tutkimus-
sditién hallintoneuvostossa 1963—73, valtion
maatalous-metsitieteellisen toimikunnan jése-
neni 1961—70, Maatalouskeskusten Liiton joh-
tokunnan asiantuntijajiseneni 1961—75, rehu-
ja lannoitesiinnostoimikunnan puheenjohtajana
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1961—65, maataloudellisen elintarviketutki-
muksen jirjestelytoimikunnan puheenjohtajana
1962—64, Mazatalouden taloudellisen tutkimus-
laitoksen neuvottelukunnan puheenjohtajana
1962—73, maaseudun rakennusasiain neuvotte-
lukunnan jdseneni 1962—70, maatalousminis-
terién edustajana Raision Tehtaiden Tutkimus-
sddtion hallituksessa 1963—74, Suomessa 1966
pidetyn X kansainvilisen nurmikongressin pii-
toimikunnan puheenjohtajana,
neuvoston jidsenend 1967—72, Tyotehoseuran
rakennustoimikunnan jiseneni 1968—70, Maa-
tilatalouden kehittimisrahaston tutkimusasiain
neuvottelukunnan jiseneni 1969-—72, maata-
louden tutkimus- ja tatrkastuskomitean jiseneni
1969—72,

pysyvind asiantuntijana 1970—73, maatalous-

valtion tiede-

kehitysalueiden mneuvottelukunnan

ministerién lyijysaastekomitean pubeenjohtajana
1970 ja wvesihallinnon tieteellisen neuvottelu-
kunnan jiseneni 1971—74.

Jouko Vuotinen on osallistunut aktiivisesti
my6s ammatilliseen ja tieteelliseen yhdistystoi-
mintaan kuuluen mm. Agronomien yhdistyksen
johtokuntaan 1944—46, Hedelminviljelijiin yh-
distykseen, puheenjohtajana 1954—70 ja kunnia-
puheenjohtajana vista 1970, Puutarhaliiton johto-
kuntaan 1956—63, Suomen Maataloustieteelli-
seen Seuraan, puheenjohtajana 1950, Pohjois-
maiden Maataloustutkijain Yhdistykseen, Suo-
malaisten kemistien seuraan, Suoseuraan, Kan-
sainviliseen maaperiticteelliseen Seuraan (ISSS)
ja on Norjan suoseuran (Det Norske Myrselskap)
kirjeenvaihtajajisen ja Neuvostoliiton maatalous-
tieteellisen Akatemian ulkomainen jisen.

Kirkollisen elimidn ja seurakuntatydn piirissi
Jouko Vwuorinen on hoitanut merkittivid Iuot-
tamustehtivid. Hin on ollut mm. Evankelisen
Ylioppilasliiton hallituksen puheenjohtaja 1950
ja kunniajdsen vista 1962, Suomen Luterilaisen
Evankeliumiyhdistyksen johtokunnan jisen vista
1942 ja puheenjohtaja vista 1947, Luterilaisen
maailmanliiton
jasen 1947—70 sekd Suomen kirkon edustajana
Luterilaisen maailmanliiton kongressissa Hanno-
verissa 1952 ja sen kirkkojen vilisen yhteistyon

suomalaisen kansalliskomitean
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ja Japanissa toimivien luterilaisten lihetysten
kokouksessa Tokiossa 1971.
Maanpuolustustehtiviin on Jouko Vuorinen
osallistunut paitsi sotien aikana rintamajoukoissa
myds sotien jilkeen. Hin osallistui maanpuolus-
tuskursseihin Sotakorkeakoulussa 1965 ja 1971.
Hin oli Siteilyvalvonnan jirjestelytoimikunnan
jasen 1962—65, puolustustaloudellisen suun-
nittelukunnan tutkimusjaoston jisen 1966—70
ja osallistunut maanpuolustuksen tieteellisen
neuvottelukunnan (MATINEN) eri jaostojen ja
tydryhmien ty6hon 1968—73. Jouko Vuoriselle
on my&nnetty mm. VR 4 m.k., SL. K ja SVR K.
Hin on sotilasarvoltaan majuri.
Kansainvilisen tieteellisen yhteistyon viltti-
mittdmyys Suomen kaltaiselle pienelle maalle,
jonka omat tutkimusresurssit ovat vihiiset, on
ollut itsestddn selvd Jouko Vuoriselle jo hinen
tutkijanuransa alkuajoista lihtien ja erityisesti
hinen ollessaan vastuussa Suomen maatalous-
tutkimuksesta Maatalouden tutkimuskeskuksen
ylijohtajana. Pitkin uransa aikana hin loi hyvit
suhteet Iukuisiin ulkomaisiin tutkijoihin ja tutki-
muslaitoksiin sekd pohjoismaisella tasolla ettd
myds muualla Buroopassa ja sen ulkopuolella.
Hin suoritti monia opinto- ja tutkimusmatkoja
pohjois- ja muihin Buroopan maihin seki Euroo-
pan ulkopuolelle mm. Marokkoon, Lounais-
Afrikkaan, Keniaan, Etiopiaan, USA:han, Ka-
nadaan ja Japaniin. N4illd matkoilla hin tutustui
sekd eri maiden maatalouden yleispiirteisiin ettd
erikoisuuksiin mutta ennen kaikkea niiden maa-
taloustutkimuksen saavuttamiin tuloksiin ja maa-
taloustutkimuksen organisaatioon. Hin on
tarkka havainnoitsija, mistd osoituksena ovat
hinen suuren valokuvamateriaalin tiydentdmit
kriittiset matkakuvauksensa ja julkaisemansa
matkakertomukset (kts. julk.luettelo, esim. n:ot
44, 45, 57, 73, 78, 79, 88, 95, 102 ja 103).
Kansainvilisten tieteellisten jirjestjen, ennen
kaikkea Pohjoismaiden maataloustutkijain yh-
distyksen (PMY) ja Kansainvilisen maaperitie-
teellisen seuran (ISSS), tyohoén on Jouko Vuori-
nen antanut huomattavan tydpanoksen. Hin
toimi aktiivisesti niiden jirjestéjen eri komi-



teoissa ja tySryhmissi parin vuosikymmenen
aikana ja osallistui PMY:n kongresscihin vuosina
1947, 1953, 1956 ja 1963 sekd ISSS:n kongres-
seihin vuosina 1952 (Dublin), 1960 (Madison,
USA), 1'964-(Bucarest) ja maan kastelua koske-
vaan vilikongressiin Koopenhaminassa 1958.

Erityisen merkittivd on Jouko Vuorisen osuus
ollut YK:n elintarvike- ja maatalousjirjeston
FAO:n toiminnassa. Hin toimi Suomen FAO-
neuvottelukunnan jiseneni kolme kolmivuotis-
kautta 1961—69 ja osallistui mm. FAO:n 16.
yleiskokoukseen Suomen valtuuskunnan jise-
neni 1971,

FAO/Euroopan maatalouskomission (ECA)
eksekutiivikomitean jisenend hidn oli 1970—72
osallistuen sen 45.—52. istuntoihin Roomassa,
Patiisissa ja Bonnissa. FAO/ECA:n maa- ja ve-
sivarojen kiyttdd tutkivan alakomitean tydhén
ja kokouksiin Jouko Vuorinen osallistui vuo-
sina 1956—63. Ehki voimakkaimman panok-
sensa FAO/ECA:n tySkentissi Jouko Vuorinen
antoi sen maaperikartoituskomitealle, jonka
jisenend hin oli vuosina 1957—71 ja puheen-
johtajana 1969—71. Timin komitean, joka toimi
yhteistydssd ISSS:n kanssa, tyon tuloksena syntyi
ensimmiinen Euroopan maaperikartta (1:2,5
milj.). Mainittakoon, ettd Jouko Vuorinen oli
pidvastuussa Suomen osuudesta siihen, ja suu-
reksi osaksi hinen ansiotaan on myds se, ettd
timin tydn suotittamisessa saumattomalla poh-
joismaisella yhteistyolld oli merkittdvd osuus.

Myés muussa kansainvilisessi yhteistySssi
Jouko Vuorinen oli mukana osallistumalla mm.
OECD:n maatalouskomitean ja Pohjoismaisen
maataloustutkimuksen yhteistydelimen (NKJ)
ty6hon ja maatalouden alalla toimivien kansain-
vilisten jirjestdjen 17. konferenssiin Pariisissa
1973.

Jouko Vuotisen tieteellinen tutkimustoiminta
ajoittui lihinni hinen tutkija- ja johtajakaudel-
leen maantutkimuslaitoksessa ja kohdistui ensi-
sijaisesti maaperin kemiallisiin ja fysikaalisiin
ominaisuuksiin ja maan viljavuuteen vaikuttavien
tekijdiden selvittimiseen sekd agrogeologiaan.
Hinen tieteellisti tutkimusty6tddn ja sen koh-

teiden valintaa ohjasi voimakas pyrkimys tut-
kimustulosten soveltamiseen kiiyt_éir:m'(fiqr.{_‘maa—l
talouteen. Hin on fny(’is esimerkillisen . hyvin
ja selkedsti tiedottanut _tutkimustensa tulokset:
viljelijille ja neuvontahenkilostolle ns.. kansan-
tajuisina julkaisuina. Luettelo Jouko Vuorisen
tarkeimmista 4ju1'kaisuista on timin niteen sivuilla
61—64. - , , _
Jouko Vuotisen viitoskirja: »Untersuchungen
iiber die Koagulation des schweren Glazialtons»
kisittelee jiykin glasiaalisaven koagulaatiota ja on
hinen ensimmiinen tieteellinen julkaisunsa. Hén
ei kuitenkaan rajoittanut tutkimuksiaan monen

_ tutkijan tavoin suppeaan aihepiiriin, vaan ryhtyi

jo tutkijauransa varhaisessa vaiheessa selvitti-
méin muita maaperikemian ja -fysiikan piitiin
kuuluvia kysymyksid. Niisti ensimmaiisten jou-
kossa olivat hinen maan humusta ja typpi-
taloutta koskevat tutkimuksensa (julk. luettelossa
esim. n:ot 8, 27, 31) ja vihin myShemmin
mornet maaperin vesi- ja limpdoloja seki raken-
netta koskevat tutkimukset (esim. n:ot 71, 77,
82, 90, 93, 94, 97). '

Jouko Vwuorisen johdolla on laadittu huo-
mattava midri agrogeologisia karttoja, jotka
ovat lisinneet tietoutta maamme maapetin
laadusta, eri maalajien levinneisyydestd ja kiyt-
tdarvosta hyodyntien sekd maataloutta ettd
maapetin kiytén suunnittelua. Tdstd aiheesta
hin on itsekin julkaissut useita kirjoituksia (mm.
n:ot 7, 10, 19, 65, 87, 99, 104, 105).

Jouko Vuorinen oivalsi jo varhain, etti maan
ravinteisuuden tunteminen kuuluu jirkevin
viljelyn perusvaatimuksiin ja siksi hin paneu-
tuikin erityiselli tarmolla timdn tutkimusalan,
viljavuustutkimuksen, kehittimiseen ja sovel-
tamiseen kaytintdén. Merkittdvi osa hinen
julkaisutoiminnastaan (mm. m:ot 11, 15, 16, 23,
29, 32, 33, 34, 35, 36, 37, 38, 40, 41, 42, 47,
49, 51, 54, 55, 56, 58, 59, 61, 63, 67, 72, 75,
88, 107, 112) kisitteleekin viljavuustutkimusta,
siini kidytettivid menetelmid, tulosten tulkintaa
ja soveltamista kiytinnoén viljelyyn seki pelloilla
ja hedelmitarhoissa etti kasvihuoneissa. Jouko
Vuorinen on pysyvisti kirjoittanut nimensi
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Suomen viljavuustutkimuksen historiaan. Hinti
voidaan pitdd maamme nykyisen viljavuustut-
kimuksen perustajana, ja siiti jitjestelmisti,
joka hinen johdollaan 1940-luvun lopulla luo-
tiin, on runko edelleen kiytdssi.

Jouko Vuorinen kuuluu myds jirjestelmillisen
hivenainetutkimuksen uranuurtajiin Suomessa,
jossa verrattain laajamittaiset hivenaineiden esiin-
tymistd maaperissi selvittivit tutkimukset pii-
sivit alkuun paljon aikaisemmin kuin useissa
muissa maissa. Niami tutkimukset teki mahdolli-
seksi Jouko Vuorisen maantutkimuslaitokselle
1952 hankkima spektrografi. Se oli erittiin
harvinainen tutkimusviline tuchon aikaan, en-
simmiinen Suomessa ja pitkdin maamme ainoa.
Taltd tutkimussektorilta hinen tirkein julkai-
sunsa on »On the amounts of minor elements
in Finnish soils» (n:o 81), jossa suureen niyte-
aineistoon perustuen selvitetdin kymmenen hi-
venaineen totaalimidrid ja niiden eslintymistd
Suomen eri maalajeissa.

Maatalouden tutkimuskeskuksen ylijohtajana
Jouko Vuorinen toimi 13 vuoden ajan. Hinen
harkitsevana ja tasapuolisena hallintomieheni
saamansa luottamus auttoi epdilemitti hinen
pyrkimyksiddn kehittdd maataloustutkimusta ja
tutkimuskeskusta.
tutkimuskeskukseen perustettiin mm. kaksi uutta
yksikkod, laskentatoimisto ja isotooppilabora-
torio, Jokioisten kartanot siitrettiin tutkimus-
keskuksen hallintaan, rakennettiin uudet laitos-
rakennukset kolmelle laitokselle Tikkurilassa,
kasvinjalostuslaitokselle Jokioisissa, sikatalous-

Hinen ylijohtajakautenaan

koeasemalle Hyvinkiilld ja kohennettiin mui-
denkin yksikdiden toimintaedellytyksid
toimitilojen ettd henkilSstén subteen. Huolimatta
tuon ajan maataloutta ja tutkimusta vietoksuvista
asenteista ja valtion kiredstd midrirahapolitii-
kasta Maatalouden tutkimuskeskuksen henkils-
kunta kaksinkertaistui ndiden 13 vuoden aikana.

seki

Ylijohtajana Jouko Vuorinen oli kunnioitettu
ja pidetty. Hin pyrki luomaan tutkimuskes-
kukseen innostavan yhteishengen ja hyvit hen-
kilokohtaiset suhteet alaisiinsa johtajiin ja tutki-
joihin ja onnistui ndissi pyrkimyksissdin kii-
tettdvilld tavalla. Hin seurasi tatkasti jokaisen
laitoksen ja koeaseman toimintaa ja paneutui
niiden ajankohtaisiin kysymyksiin mm. vie-
railemalla kullakin niistd vihintiin kerran vuo-
dessa. Hin ymmirsi myds tutkimuksen ja neu-
vonnan yhteistyon merkityksen ja huolehti siitd
mm. koetoimintapiivien muodossa ja jirjesti-
mdlld lukuisia muita vapaamuotoisia keskustelu-
ja neuvottelutilaisuuksia. Hinen aloitteestaan
tutkimuskeskus sai myos oman tieteellisen jul-
kaisusarjansa »Annales Agriculturae Fenniae»,
jonka ensimmiinen numero ilmestyi v. 1962,

Saavutettuaan elikeiin Jouko Vuorinen paisi
henkil6kohtaisesti soveltamaan laajoja tietojaan
kiytinnén maatalouteen. Muutamassa vuodessa
hin on luonut Lohjan Kirkniemestd ostamastaan
rappiotilasta mallitilan, jolla hin nyt harjoittaa
maa- ja metsitaloutta sekd erityisesti hedelmi-,
puutarhan- ja mehiliisten hoitoa, joihin hin aina
on tuntenut suurta kiinnostusta.

Koko Jouko Vuorisen ansiokkaan tutkija- ja
johtajauran ajan on hinen tukenaan ollut hinen
puolisonsa Kerttu, joka itsekin agronomina on
asiantuntevasti ja kiintedsti seurannut miehensi
tyotd, osallistunutkin siihen ja on epiilemitti
ollut suurena henkiseni tukena monina rat-
kaisun hetking.

Professori Jouko Vuorisen ylijohtajakauden
aikaiset tutkijakolleegat Maatalouden tutkimus-
keskuksessa esittivit Jouko Vwuoriselle kun-
nioittavat kiitoksensa hinen suotittamastaan
suuriarvoisesta tyosti Suomen maatalouden hy-
viksi.

Toukokuun 15. piivini 1980

Mikko Sillanpii

Paavo Elonen
Martti Lampila
Ulf Lindstrom
Rolf Manner

Martti Markkula
Jaakko Mukula
Jaakko Siké
Aarre Ylimiki



JOUKO VUORINEN

Professor Jouko Ensio Vuorinen was born on
16th October 1910 in Turku, whete he also

graduated from sepior secondary school. He -

was awarded the degree of Agronomist and
Master of Agriculture and Forestry in 1937,
and Licenciate and Doctor of Agriculture and
Forestry in 1940.

In addition to theoretical studies, Jouko Vuo-
rinen gained experience in practical agriculture
on his home farm and in his role as manager
of a farm estate for two and a half years.

He started his scientific career in 1937 as a
Chemist at the Institute of Soil Science, Agri-
cultural Research Centre. Here he held the posts
of Junior and Senior Agrogeologist and was
nominated as the Director and Professor of
the Institute in 1947. In 1960 he was nominated
to the position of Director General of the
Agticultural Research Centre, which he occupied
until his retirement in 1973.

Beside his main occupation as a scientist,
Jouko Vuotinen was lecturing in soil science
at the University of Helsinki in 1947—61. His
vast knowledge and ability was highly appre-
ciated by governmental authorities, by the
private sector as well as by scientific and pro-
fessional otganizations and he was invited to
numerous committees and boards of directors,
whete he acted as chairman or as a member.
He also played an active role in the congrega-
tional work of the Finnish Evangelical Lutheran
Church.

Jouko Vwuotinen realized the necessity for
international scientific cooperation for a small
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country like Finland at an early stage in his
scientific career and especially when responsible
for agricultural research as the Director General
of the Agricultural Research Centre. During
his long catreer he built up good relations with
numerous foreign scientists and scientific insti-
tutes in Eutrope as well as in other continents.
He travelled widely in different parts of the world,
was an excellent observer and wrote precise
travel repotrts, many of which were published.

Jouko Vwuorinen took an active part in the
work of several international scientific organiza-
tions such as NJF (Scandinavian Association of
Agricultural Scientists) and ISSS (International
Society of Soil Science). His activities in the
area of the Food and Agriculture Organization
of the United Nations (FAO) deserve special
mention. He was a member of Finland’s FAO
Committee for nine years and participated in
the 16th FAO Confetence in 1971 as a member
of the Finnish delegation. He served as a
member of the Executive Committee of the
FAO/Eutopean Commission on Agriculture
(ECA) for the period 1970—72, and took part
in the wotk of several FAO/ECA subcommittees
and working groups.

Jouko Vuorinen’s teseatch work was mainly
carried out during his time at the Institute of.
Soil Science as a scientist and as the Director.
His principal line of research consisted of the
chemical and physical properties of soil and
agrogeology. He was particularly interested in
the study of factors affecting soil fertility and
his name will remain permanently in the history
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of soil testing in Finland. He was also one of
Finland’s pioneers in the field of microelement
research. A list of his main publications is
given on pages 61—64 of this issue.

Jouko Vuorinen’s fair and impartial judge-
ments and skill as an administrator helped him
in developing the Agricultural Research Centre.
During the period 1960—73 when he was the
Director General, many of the institutes and
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experimental stations received new laboratory
and other buildings and the general conditions
for demanding agricultural research work and
experimentation were greatly improved. For
example, this period saw the doubling of the
personnel of the Research Centre. He was well
liked and highly respected at the Research
Centre, and was able to create an inspiring
and enthusiastic spirit among his personnel.



JOUKO VUORISEN JULKAISUJA
PUBLICATIONS BY JOUKO VUORINEN

1939 1949

1, Untersuchungen iiber die Koagulation des schweren
Glazialtons. (Selostus: Jiykin glasiaalisaven koagu-
laatiota koskevia tutkimuksia.) Agrogeol. Julk. 50:
1—114, (Viitoskitja)

1941
2. Maanpatannusaineiden kiytosti.
10—13.
3. Lannoitus. Joka talon opas 1: 1—161. Helsinki.
(Aatnio, B. & Vuotinen, J. E.)

Maatalous 34:

1944 .

4. Katbonaattisaostumista eriissi eteli-Suomen glasi-
aalisavissa. (Referat: Karbonatausfillung in einigen
siiddfinnischen Glazialtonen.) Maatal.tiet. Aikak. 16:
16—35. Agrogeol. Julk. 54: 1—20.

5. Aunuksen Katjalan maapetisti.
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References are made to same older publications dealing with the classification of

areas according to site quality.

The expression solbonmetri has been introduced to describe the line of research
into soil rating on the basis of estimation of different soil factors.

In Norway, investigations of forest soils over large areas have been carried
out at the same time as determination of the increment of the trees. Examples of
relationships between site quality class and depth of soil material, main profile
type, and thickness of humus layer, trespectively, are mentioned.

Index words: Soil rating.

INTRODUCTION

Knowledge of the wvariation in production
capacity of different soils has existed ever since
man developed agriculture, and empirically
founded information on such problems has been
passed from generation to generation. However,
wellgrounded knowledge of these relationships
could not be developed until a certain scientific
maturity was reached.

The discovery of chemical and biological
laws late in the eighteenth and early in the
nineteenth centuries formed a basis for the
understanding of important relationships in
nature. Towards the end of the pineteienth
century soil science developed as an in-
dependent subject. Gradually it became pos-
sible to draw conclusions about production
capaéity based on more or less exact know-
ledge.

The growth potentials of plants are determined
by climatic and edaphic factors. We can therefore
distinquish between the site quality rating, in-
cluding both these factor groups affecting a place,
and the soil rating. The term soli-bonitati-metri
(abbteviation: solbonmetri) is used as a name
for the line of research realization of numetical
expressions for the production capacity of differ-
ent soils (LAG 1968). In addition to the two men-
tioned rating systems, there is a third which is
used when areas have to be interrelated, for
exarﬁple in connection with land reallocation.

The effects of different soil factors are discussed
in genetal plant ecology literature. It is inter-
esting to note that a textbook based on ecological
principles, written by a Scandinavian scientist,
was published in 5 editions during the period
1925—1957 (LuNDEGARDH 1957).
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Fig. 1. Schematic presentation showing the influence
of soil-forming factors.

Different groups of growth factors

Both the climatic and the edaphic growth
factors can be divided into subgroups.

Plant growth is strongly influenced by tem-
perature. The distribution of plant species as
well as production of plant material are, to a
great extend, dependent on this climatic
condition.

In Fennoscandia altitude and latitude form
the limits of very many plant species. Tempera-
ture is the most important factor in determining
these distributions. The mean temperature
decreases by about 0,6 °C per 100 m increase
in elevation above sea level. With rising latitude
there is also a decrease in the temperature.
However, there are great differences between
the oceanic climate along the Norwegian coast
and the more continental climate further east.

The temperature factor does not have the
same effect on all plant species. Ripening of
seeds in particular demands minimum tempera-

tures. The vegetative development may often
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continue normally even if the temperature is
lower. Therefore, there are clear differences
between the possibilities for small-grain culti-
vation and for fodder production. Favourable
hay production may be possible in districts
where low temperatures prohibit small-grain
growing. An adequate water supply is wvery
important for meadow plants. It has been
stated that the fodder production in districts
with adequate humidity will be approximately
directly proportional to the number of days
with a mean temperature higher than -5 °C
(Bryson 1974). Some Norwegian publications
of interest in this connection are referred to
by Lic (1979).

The climatic factors of light and wind have
an important effect. In the northern parts of
Fennoscandia with intense light during the
summer, the plants manage with a somewhat
lower temperature than further south.

In addition to the direct influence of climate
on the plants, it also has an indirect effect via
its influence on the soil properties. Fig. 1
includes a schematic representation of the rela-
tionships between climate, soil and vegetation.

Influence of some soil factors on site quality
Survey

The soil quality class is influenced by a great
number of factors. They are often divided into
two main groups: chemical and physical soil
factors. The most important chemical factors
are related to the supply of nutrients of the
plants. Soil water, texture, structure, tempera-
ture, and properties of the soil air are counted
as the main physical factors. Many authors have
also specified a group of biological factors.
Other classification schemes place, for example,
water supply of the plants as a special group
beside the climatic and edaphic factors.

Such theoretically founded groupings of the
growth factors are of importance to obtain an
outline of the problems. They are, however,



of less help in deciding the site quality class
of a certain area. In such cases the use of nu-
merical exptessions would be desirable to
investigate differences in each of the growth
factors influencing the plants. However, it will
probably take a long time before a thorough
understanding, even of the most important
growth factors, is obtained. In the work on
estimation of the effect of the edaphic factors,
we must start by using simple, easily determin-
able soil criteria. As an exact measure of the
site quality class itself, we can use the capability
of the area to produce plant material. But this
propetty is not easy to determine precisely, either.

Many different, more ot less ordinary systems
for investigation of soil properties in connection
with site classification have been proposed (see
e.g. Nigras 1932, BerxstorrF 1955, 1957,
Roru 1956, RoTHKEGEL 1959).

Among special systems, it is of some interest
to note the so-called Storie index (STorIE 1950).
The relative value of an area for forest pro-
duction is determined by calculating the product
of factors for: 1) depth and texture of the soil,
2) permeability, 3) chemical properties, 4)
drainage, and 5) climatic factors. The value
of each factor is expressed as a percentage of
the most favourable case. For example, the
Storie-index will be 64 when the value of the
5 factors are 80 9, 100 %, 100 %, 100 %, and
80 9%,. When the area is estimated for purposes
other than forestry, other specification factors
are used. By such a multiplication of many
factors, the calculated site class value may be
too low.

A somewhat similar principle has been tried
in Canada (Browser and Moss 1950), using
multiplication of 7 factors in all. Both these
special systems have only been applied locally.

By soil mapping in the USA has been used a
numerical attempt to state the plant producing
capacity of the various soil series, when the
ateas are used for different plant species.
This is an exact and easily understandable
form of soil rating.
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Forestets have to a certain extent, been
estimating the future increment potential of
the trees of particular areas on the basis of the
propetties of the ground cover vegetation. Site
classification based on CAJANDER’s forest types
(see e.g. CAJANDER 1913, CAJANDER and ILVES-
saLo 1922) should be remembered. The ex-
pression solum: distributio plantarum has been
introduced for the line of research into the
effects of the soil factors on the distribution of
plant species and plant communities (LAG 1974).
The prolonged plant material production of
forests can be determined in a simple way by
measurement of annual growth rings. Varjation
in increment because of changes in weather
from one growth season to another, may be
evened out by measuring the annual rings
covering a long period, e.g. 10 years. It has
often been easier to determine the site class of
forested areas than of cultivated land.

GroMmMe (1932, p. 284—285) planned to
evolve a soil rating system based on humus
investigations in forests. Unfortunately, bad
health prevented him from carrying on with
this research.

Site classification of peatland for cultivation
or forest production has to a great extent been
built on estimation of the vegetation. Many
Nordic scientists have made wvaluable contri-
butions to the elucidation of these problems.

The site quality classification of cultivated
areas attemps to make use of observations of
so-called type plants, too. Weed flora are being
investigated in connection with this (see e.g.
Pererson 1930). ’

Some Norwegian investigations

A comprehensive investigation on forest soils
in Notrway was started in 1954. The soil science
department of the Agricultural University of
Norway and the National Forest Survey have
worked together on elementary registrations of
soil conditions in productive forests. Site classi-
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Fig. 2. Annual normal production in cu.m. per 1 000 m?,

on soil material of different depth in Agder counties,

Norway. The comparisons wete based on a little over
7 000 sample plots.

fication on the basis of increment of the trees
was previously included in the work of the
National Forest Survey.

A series of soil properties easily evaluated in
the field was noted. Gradually, the registration
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Fig. 3. Annual notmal production in cu.m. per 1 000 m?,

‘on various soils in Hedmark county, Norway: The

comparisons wete based on a little more than 27 000
sample plots.
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Norway. The comparisons were based on neatly 11 000
sample plots.

was extended by including, e.g. collection and
analysis of humus samples. Here we shall
consider the relationships between a few soil
properties and the increment of the trees.

Great parts of Notrway have such a sparse
cover of soil material over the bedrock that the
potential for plant production is strongly
limited. As an example of the influence which
this factor has on the site quality, Fig. 2 shows
the results of investigations in the southern
part of Norway where the soil cover is especially
scanty (LAG 1967).

The registrations only include productive
forests, i.e. forests with an annual normal
increment of more than 1,2 m® per hectare. If
unproductive land with some trees had been
included in the investigation, the differences



between various depth classes would have been
considerably greater.

Fig. 3 shows a clear relationship between main
soil typés and increment. The average for more
than 100.000 observations of over 50 000 km?
of forest investigated in the period 1954—1965,
showed production of about 80 %, for transition
areas from brown earth to podzol, about 60 9,
for podzol, and about 50 9, for swamp soil,
when the production for brown earth is set
to 100.9,.

A relationship between thickness of humus
layer and increment of the trees is indicated
in Fig. 4. In a cool and humid climate, which
is normal in Norway, the increase in humus
depth correlates with decrease in production.

Fig. 1 shows that there is not a mutual
interaction between soil and vegetation, and that
the climate influences both of them. There is
simple causal relationship between humus thick-

ness ot profile type on one hand and increment
on the other, but a strong correlation may still
occur. The depth of soil material is a primary
property in the principle, and therefore we have
a direct causal relation between this soil factor
and the plant production.

In Norway, research on the question of site
quality in relation to soil properties will continue.
The problems connected with solbonmetri
seem to draw considerable attention. It is im-
portant to be able to determine the quality class
of an area as accurately as possible. Further, an
elucidation of these difficult problems may be
of importance for the selection of methods for
soil investigations.
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FERTILIZER APPLICATION AND GROUND WATER POLLUTION
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The question whether the increased amounts of fertilizer used may cause ground
water pollution is discussed. The aim is to present these problems in relation
to Danish conditions and therefore the discussion is based mainly on the results
of Danish investigations.

It is concluded that in Denmark the only plant nutrient which may pollute the
ground water is NO7. The tisks that this will happen will vary from the eastern
to the western parts of Denmark since the two regions differ with respect to climate
soils and hydrologi as well as with respect to farming methods. Under certain
conditions pollution with NO3 may take place locally.

Index words: Water pollution, nutrients in soil, leaching, denitrification, nutrient
balance in plant nutrition.

INTRODUCTION

In Denmark as in many other countries it is
discussed if the use of increasing amounts of
fertilizers may give rise to ground water pollu-
tion. The risks depend not only on the amounts
of fertilizers applied, but also on farming
practices and on environmental factors such as
climate, soils and hydrology. Therefore, the
problems may vary from one country to another.
In spite of such differences there will also be
some similarities. Therefore, it is hoped that
the following considerations will not oanly
present the problems as they may appear from
a Danish point of view but also, in 2 modest
way, contribute to the discussions going on
outside Denmark.

The amounts of fertilizers (F) and manure*
(M) used in Danish agriculture

In Dénmark the farmed area covers about 3
million hectares. A little motre than 60 percent
is used for small grains (mainly barley). Grass
takes up nearly 25 percent and root crops
(mainly beets) about 10 percent. The livestocks.
comptise at present somewhat over one million
of milking cows and a similar number of heifers.
and calves. To that comes 5—06 millions of
hogs. The amounts of plant nutrients applied in
manure and fertilizers appear from Table 1.

* By manute (M) is hete and in the following undetstood
the combined amounts of liquid and farm yard manure.
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Table 1. Fertilizer consumption in Denmark
(HeENrIksEN 1973), -- -

N kg/hafa P kgfhafa K kgfhafa

Year

F | M| total [ F | M| total | F | M | total
1901—05.... 0] 211 21| 1] 7 8| 1| 26| 27
1941—45....| 13| 33| 46| 1| 11| 12| 16] 48 64
1961—65 ... | 47| 46| 93| 17| 16] 33| 47| 54| 101
1965—66 .... | 64| 51| 115 18| 18| 36| 51| 59| 110
1969—70.... | 91| 48] 139| 19| 17| 36| 51| 52| 103
1973—74 .... |124 23 61
1974—75 .. .. (103 17 46
1975—76 .. .. |116 19 49
1977—78 .. .. |124 20 49

F = fertilizer, M = manure

Figures for earlier years are also included. The
figures are average amounts in kg per ha.

In supplement to the figures in Table 1 it
should be mentioned that the consumption of
fertilizer-N in 1979 as an average was 130 kg/ha
(OrEsEN 1979) and — more important — that
Skriver (1980) on the basis of Kjerrerup and
SoNDERGAARD KrLAuseN’s (1975) investigations
has calculated the amount of manure-N to have
been 84 kg/ha in 1977. For the years before
1970 the figures in Table 1 have been taken
from a commission report (FORURENINGSRADET
1971) which was worked out ten years ago, but
in the same years LINDHARD (1970) calculated
the amount of manure-N to be 66 kg/ha.
ANDERSEN (1979) bases his calculations of
manure-K on the estimate that better storage

conditions imply that losses of manure-K now
make up only 30 percent against earlier 35
percent. The differences between the estimates
illustrate the uncertainty of the figures.

nutrient balances for an average
Danish soil

Plant

For plant nutrients other than N, ANDERSEN
(1979) have calculated detailed balances for an
average Danish soil. The following figures are
taken from ANDERSEN’s papet.

ANDERSEN figures are based on investigations
and calculations carried out recently. With
regard to precipitation the measurements have
been made by JorGENSEN (1978) and HovMaND
(1977). Amounts taken up directly from the
atmosphere are not included. Losses by leaching
was calculated from measurements and analyses
of drain water carried out by HANseEn and
PeETERSEN (1975) (macro nutrients) and by
JENsEN (1978) (micro nutrients). The calculations
was based on the assumption that only half of
the leaching water entered the drains.

Losses by crops were calculated from official
statistics concerning yields and from analytical
data. Calculations of plant nutrients in manure
wete based on the assumption that 20 percent
of the P and 30 petcent of the K in the crops

Table 2. Plant nutrient balances for an average Danish soil (ANDERSEN, 1979).

Mn|Cu|Zn|Mo,lB

P | K I Ca I Mg ' S
Element
kg - ha™l- year™! g ha™l: year—?
Added with
precipitation ........... ... 0 3 9 3 15 100 18 | 150 ? 30
MANULE it vnn e eneneennen 22 58 27 9 13 550 150 450 2 55
fertilizers and lime ........... 20 54 240 5 21 207 311 45 1 81
total 42 115 267 17 49 857 479 645 3 166
Lost
with crops ........ ..o it 18 80 18 9 15 400 30 250 3 60
. by leaching .................. 0 2 254 16 56 72 6 88 ? 18
total 18 82 272 25 71 472 26 338 3 78
Added —lost .................. 24 35 —5 —8 | —22 385 443 307 0 88
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harvested was lost during handling of the fodder
and storage of the manure. Gains of nutrients
from. »outside», e.g. in concentrates, as well as
losses connected with sale of animals and plant
products were taken into account. Thus, the
figures may represent the best estimates of the
average nutrient balances that can be obtained
at present. ‘

Table 2 shows that Danish soils on an average
has a positive balance with regard to several
plant nutrients, but it also indicates that in
general no serious losses of these plant nutrients
occur by leaching. In the drain water Ca makes
up the main part of the cations. The high Ca
content is due to liming since most Danish soils
are limed to pH-values higher than 6. It presents
no problems with regard to drinking water
quality. The - small amounts of other plant
nutrients found agree well with our present
knowledge of the soil chemistry of these ele-
ments. Even if the average figures must include
considerable variations it seems safe to conclude
that the elements concerned do not present
serious risks of ground water pollution.

Nitrogen balances of Danish soils

Nitrogen may cause mote problems than the
plant nutrients mentioned above. Under the
conditions ptevailing in Danish arable soils
NH, and NH? will only exist at low soil
temperatures. At higher temperature it will be
subject to nitrification into NO7F. Since NO73
forms no insoluble compounds in soils and is
not absorbed on soil colloids it will be leached
in periods with surplus precipitation, in Den-
mark mostly during the winter.

The leaching of NO73 does not only cause
an economic loss to the farmers, it may also
cause a content of NO7 in the ground water.
WHO norms recommend that drinking water
should not contain mote than about 10 ppm
NO7F-N although the double content may be
accepted. It can not be excluded that such

NO7-concentrations may appear in the leaching
watet.

ANDERSEN does not include N in his calcula-
tions because of the uncertainties connected
with N-balances for soils. Several parts in
the N-balance of soils are indeed open to
question. Thus, the amounts of NHj; which ate
lost by evaporation under ordinary farming
practice can only be roughly estimated. Also
the amount of atmosphetic N, fixed by micro-
organisms is not well known. It is generally
assumed that free-living microorganisms will
only assimilate modest amounts (< 10 kg N/
ha/yeat). On the other hand microorganisms
in the rhizosphere of higher plants (mainly
leguminoses) may assimilate more than 100 kg
N/ha/year. However, at present Danish grass
fields receive so much fertilizer-N that N,-
fixation by leguminoses is suppreséed.

In ordinaty soils a loss of gaseous N in forms
of NH, will only take place during application
of manure. But even in well-drained ‘soils
anaerobic conditions may prevail in micro-
regions characterized by high biological activity.
In these localities denitrification may take place
and the result will be a loss of N as N, and
N,O. Also the size of this loss is open to
question.

The content of inorganic nitrogen, NO7Z-N
in the soil will be influenced by its humus
balance. A decline in humus content may lead
to an increase in NO7 -content and vice versa.
The contents of humus-N may be 100 times
the amounts of N annually taken up by crops.
Thetefore, relatively small changes in the soils
humus content may completely alter the soils
balance with regard to inorganic N.

AsrynG (1978) and LinpHARD (1970) have
set up N-balances for an average Danish soil.
The results are shown in Table 3.

The figutes in Table 3 refer to different years
and therefore reflect different conditions. In spite
of this the estimates for N-fixation and for loss
of N to the atmosphere (denitrification) are of
about the same sizes. The differences seen is in

73



Table 3. N-balances for an average Danish soil.
Kg Nyha/year.

LIND- | ASTYNG
HARD t
asn 9 (1978) Other data
To the field:
from atmosphere
(microorg.) ... 33 28
with precipitation 15 12 12 (JoRGENSEN,
1978)
» mmanure .... 66 45 84 (SkRIVER,
1980)
» fertilizers + :
seeds ...... 66 115 | 130 (OrEsEN,
1979)
total 180 200
From the field:
tO CLops .. ..., 112 130
by leaching ... .. 18 } 97
humus formation 33
denitrification
fromtopsoil .... 15 43
total 178 200

*) Based on figures for 1965/66.

agreement with the theory that use of more
fertilizer-N may hamper N-fixation and enhance
denitrification.

Recent assessments of N-losses by denit-
rification

Investigations and measurements indicate that
LinpeARD and AsLyNG’s estimate reflect the
amount of NO7-N lost by denitrification under
Danish soil conditions quite well. KOoLENBRAN-
DER (1975) for instance came to similar figures
when reviewing field- and lysimeter experiments.
HverrLonp and @stErGasrD (1980) carried
out field experiments where the N-uptake by
crops as well as the NO75-content of the soil
were studied. They found that 40—50 kg
NO;-N/ha disappeared from the soil in a way
that could not be accounted for. Laboratory
experiments showed that denitrification might
take place at a rate of 2—4 kg N/ha/week when
NO7 was added to samples of the soil used in
this experiment. Accordingly, it was concluded
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that denitrification accounted for a substantial
part of the loss of NO7-N mentioned above.
In their studies, HVELPLUND and DSTER GAARD
made use of the fact that the transformation
of NO7 to N, goes through N,O and can
be stopped at this stage. The amount of N,O
formed was measured by gas chromatography.
In later years this technique has been used in
several investigations and it is to be expected
that it will improve the knowledge of the
factors which govern denitrification processes
and -rates. For instance HVELPLUND and STER-
GAARD found that denitrification nearly stopped
at temperatures below 10 °C. Another important
factor is the oxygen tension in the »active
domaines» of the soils where the denitrification
takes place. Recently CHRISTENSEN (1980) has
demonstrated the importance of this parameter.
He reviewed results from denitrification studies
carried out under laboratory conditions. The
denitrification rates obtained in these experi-
ments varied several orders of magnitude, but
rates of about 0,1 ug N/g soil/hour were
common. In his own experiments Christensen
obtained similar denitrification tates. In accord-
ance with the results reviewed he found that
denitrification rates increased with water content
of the soils. High rates were found when the
soil contained less than 3 vol petcent air and
when the soil air was low in oxygen. Investiga-
tions on denitrification in relation to soil para-
meters are also carried out by Linp (1980).
The refined methods which are now at hand
for measuring soil factors and their influence
on denitrification may soon give us better
knowledge about the denitrification that actually
takes place in the field under different conditions.
At present it seems that it would not always be
safe to rely on denitrification in the top soil
as 2 mean to keep ground water free of NO7.
One more parameter in the N-balance of
soils is rather unknown, namely the soils humus-
balance. AsLynG (1978) and LinpzArD (1970)
suppose that this balance generally is positive
due to incteasing dressings of fertilizers and



Table 4. Losses of NO3-N with drain water., Kg N/ha/year.

percent crop Added in fertilizer-N N found in | Run off as

Area clay in drain water d‘:é‘;rzvg“(:cr
soil 1971 1972 1973 1971 1972 1973 average min/year
3,8 e 13 B P w 100 0 100 23,0 93
17,9 7 L B B 120 75 100 36,5 143
10,0 ooe i 11 R B B 110 110 0 24,1 135
9,0 10 B B R 120 110 160 18,7 80
0, e 11 R B/R B 155 100/150 100 14,6 120
30 15 B B B 100 100 100 21,7 118
40 o 12 B B B 105 105 105 14,9 86
145 .o 11 B B B 120 120 100 16,4 113
10,0 ..o 13 P B B 140 100 100 32,2 216
225 e, 13 W B G 130 100 120 16,6 102
10,0 ... 12 G W B 140 160 110 18,3 85
10,0 ...l e 10 W—R—B—G (70—140)*) 9,1 62
950 10 B/R B R/G 50/100%100 100/200%) 16,9 72
B e e 15 B B 100 200 200 22,4 160
Average (123) (104) (115) 21,1 117

*) manute

B = barley, P = peas, W = wheat, L = lucerne, R = root crop (beects), P = poppy (seed), G = grass, Cl = clower grass.

increased crop yields. On the other hand, an
increasing percentage of the arable land in
Denmark is used for grain production and this
will generally have a depressing effect on the
humus content. Therefore, it will be most safe
to conclude that the humus content in Danish
soils as a whole is at best constant.

Thus it seems that an average Danish soil
each year may loose a substantial amount of
nitrogen — say 50 kg of NO7-N — by leaching.
Analyses of drain water confirm this figure.

Nitrate in drain water

In Denmark very few systematic investigations
on NO7 loss with drain water had been carried
out when pollution problems came into focus
ten years ago. Consequently such measurements
were performed on several localities (HANSEN
and PEDERSEN, 1975). Average results from the
3 years 1971—73 incl. are shown in Table 4.
From Table 4 may be calculated that as an
average for the 3 years and for all localities the
drain water contained 18 ppm NO7-N. It can
be estimated that the amount of drain water

4 128001568U

collected (~ 117 mmjfyear) only represents
about half of the water annually leaching through
the soils. Therefore the actual loss of NO7F-N
must have been about 40 kg/ha/year.

From place to place large variations were
found even if all the soils represent moraines
with a sizeable clay content. Similar losses of
NO7 were registered in lysimeter experiments
carried out during the years 1962—71 (LiND-
Harp 1975). Some of the results are shown in
Table 5. The last column in the table represents
average values for the ten years in kg N/ha/year.
Also some field experiments carried out at Sdr.
Stenderup 1973 and 1974 should be mentioned.
The results appear from Table 6 (KjeLLERUP,
1975).

The experiments have been continued and in a
recent paper KjerreErur and Dam KoroED
(1979) present the results obtained in the follow-
ing 3 years. However, in this subsequent period
the experiments conditions wete changed. In
the first year precipitation was very scarce and
in the following two years ctops other than
barley were grown.

In this experiment also the amounts of N
contained in the crops were determined. It
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Table 5. N-balances for 3 soils duting 10 years, g N/m?.

1962 | 1963 1964 | 1965 1966 | 1967 | 1968 | 1969 1970 | 1971 Total
Sandy loam:
N in dry matter ....... 19,2 | 17,0 | 19,3 7,8 9,2 8,1 7,4 6,6 7,6 8,0 110,2
N leached ............. 2,4 5,6 4,0 7,4 6,1 4,5 4,7 6,2 3,4 4,8 49,1
removed .............. 21,6 | 226 | 23,3 | 152 | 153 | 12,6 | 12,1 | 12,8 [ 11,0 | 12,8 159,3
supplied . .............. 15,9 | 159 [ 16,0 7,4 6,4 6,9 6,6 6,4 7,4 8,0 96,9
N supply from soil .... 5,7 6,7 7,3 7,8 8,9 5,7 5,5 6,4 3,6 4,8 62,4
Loam:
N in dty matter ....... 21,1 | 1577 | 17,6 8,8 8,3 8,1 8,1 7,5 8,2 8,5 111,9
N leached ............. 2,6 3,6 3,4 7,1 6,1 4,3 2,7 5,0 3,0 3,6 41,4
removed ...l 23,7 | 19,3 21,0 | 159 | 14,4 | 124 | 10,8 | 12,5 | 11,2 | 121 153,3
supplied «....... ... ... 15,9 | 15,9 | 16,0 7,4 6,4 6,9 6,6 6,4 7,4 8,0 96,9
N supply from soil .... 7,8 3,4 5,0 8,5 8,0 5,5 4,2 6,1 3,8 4,1 56,4
Sand:
N in dty mattet ....... 16,6 | 15,1 [ 14,3 6,6 7,8 6,1 6,1 4,7 5,8 5,7 88,8
N. leached ............. 2,6 2,7 3,0 3,6 2,7 3,5 2,6 6,7 2,9 4,1 34,4
removed: ...l 19,2 | 17,8 | 17,3 | 10,2 [ 10,5 9,6 8,7 | 11,4 8,7 9,8 123,2
supplied ............... 15,9 | 15,9 | 16,0 7,4 6,4 6,9 6,6 6,4 7,4 8,0 96,9
N supply from soil .... 3,3 1,9 1,3 2,8 4,1 2,7 2,1 5,0 1,3 1,8 26,3

appears from the Table 6 that leaching of NO7J
was neatly independent of the amounts of N
applied and further that the N-balance of the
soils in all plots were negative. This illustrates the
importance of the humus fraction for content
of inorganic N in the soils and for the leaching
of NO7.

Fig. 1 is taken from Kjerrerur and Dam
Koroeps paper (1979). It shows that by using
moderate gifts of fertilizer~-N will the crops
take up neatrly all the nitrogen applied. However,
if the amounts of N applied are increased above
a certain level does this relationship no longer
hold. Incremental additions of N may then
result in a marked increase in NO7-leaching.
The amount of N, which can be applied before
this will happen depends on the crop grown

“T'able 6. N-balances for a loam soil, cropped with batley.
Kg Njha/year.

N in added fertilizer | N in crops harvested N in drain water
1973—74 | 1974—75 | 1973—74 | 1974—75 | 1973—74 | 1974—75

0 0 54 58 12,5 15,0

55 55 80 89 13,4 17,6

110 110 98 110 16,0 22,4

165 165 104 114 19,1 31,7
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(compare Fig. 1) but it also depends on the
state of crop. Thus, BenneTZEN (1978) found
that 148 kg NO7-N per ha was lost by leaching
from an unirrigated grass field on a coarse sandy
soil after the very dry summer of 1975.

Additional
N-uptake
kg/ha
wheat 1977
120 - rape 1976
/'(.“%arle}' 1975
RS
/}4."4.
e
60 /}/’ _.—.-barley 1974
S -7 _..---barley 1973
ST
AP
7,
‘.7
e
4
I
75 150 25 supplied N

kg/ha

Fig. 1. Additional removal of nitrogen in the crop.
Sdr. Stenderup 1973—77.



Comprehensive investigations on N-uptake
and NO7-movements in soil profiles have
been made by Bennerzexn (1978). The meas-
urements were carried out on a coarse sandy
soil as well as on a clay loam. With respect to
leaching of NO7 from fields cropped with
barley, BENNETZENS results agree with the
figures presented above. On the sandy soil his
studies were extended also to grass fields and
for this soil he also studied the effect of irrigation.
His investigations, therefore, comprised several
factors, which highly influence NO7-leaching
and have given valuable results.

Several more Danish investigations in this
line might be refetred to, but the ones mentioned
above are sufficient to show that denitrification
does not remove all surplus N in the soils and
that substantial amounts of NO7 are leached
to layers below the root zone of crops.

The rather coarse sandy soils in West Jutland
have not been found well suited for experiments
involving measurements of drain water and
collection of representative drain water samples
for analyses. Other factors being equal, one
would not expect smaller NO7-leaching from
these soils because of theit lower water holding
capacity and because they probably offer less
favourable conditions for denitrification. How-
ever, also other factors must be taken into
account when discussing the risks for water
pollution in different parts on Denmark.

Regional differences in respect to hydrology
and precipitation in Denmark

Fig. 2 (AsLyNG 1976) shows the mean annual
precipitation in different parts of Denmark.
However, the Danish Meteorological Depart-
ment has recently announced that the published
figures for' precipitation are low by 16 percent
relatively. No cotrection has been applied to
the figures in Fig. 2. However, Fig. 2 shows
that the western part of Denmark receives more
precipitation than the eastern part. It is in the

Fig. 2. Mean annual precipitation 1931—60. (Danish
Meterological Department).

same western region we find the more sandy
soils. South and West Jutland were not covered
by ice under the last glaciation and the soils
have been formed partly on meltwater sand
deposited during the last glaciation (Weichsel),
pattly on sandy moraines and meltwater deposits
from the glaciation before (Saale). These old
landscape elements have been very effectively
levelled, e.g. by gelifluction due to the arctic
conditions prevailing at the Weichsel glaciers.
South and West Jutland therefore have a level
landscape. The young (Weichsel) landscape in
North and East Denmark shows a much more
varied topography and in many places Weichsel
moraines contain 15—20 percent clay. Accord-
ingly most of the region is characterized by
loamy soils.

Due to the higher water holding capacity of
the soils it has been estimated that the actual
evapotranspitation is higher in the Eastern
region (av 400 mm/year) than in the Western
(~ 350 mm/year). Therefore, leaching will be
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much more marked in West than in East, and
on the sandy plains of Western Jutland we will
often find the ground water near to the surface
. while in East Denmark it may be found under
thick layers of clayey glacial deposits. Where
the leaching water must pass such layer it may
take long time before it reaches the ground
water. Consequently, possible ground water
pollution will be apparent only after some delay.
On the other hand it may have a longer lasting
effect than in West Jutland where petrcolation
to ground water takes place rapidly.

Differences in farming in the two regions

While the production of hogs for bacon is
rather evenly distributed over the country, most
of the cattle is found in the western parts.
Therefore, it is also in that part of Denmark
that fields with grass and sugar beets are most
common. These crops are fertilized with heavy
dressings of nitrogen. In two counties in this
region (Ringkebing amt and Ribe amt) the
consumption of fertilizer-N in 1977 went up to
140 kg/ha. In two other counties, typical for
East Denmark (Vestsjzllands amt and Stor-
sttoms amt) only 109 kg N/ha was used that
year (SKRIVER 1980). Also the amounts of N
in manure were different: 89 kg/ha and 50 kgfha
respectively (Skriver 1980). Thus, in 1977,
the farmers in West Jutland applied as an average
229 kg Njha and their counterparts in East
Denmark only 159 kg/ha. It is obvious that
these differences in farming practice must
influence the N-balance of the soils.

Different cropping systems in relation to
loss of NO7 by leaching

It is well known that the use of annual crops
with a short vegetative period, e.g. batley,
often will lead to leaching of NO7, especially
if the soil is rich in decomposable organic
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material. NH; formed by decomposition of
organic matter may in the autumn be subject
to nitrification and then be leached during the
winter (KOLENBRANDER 1975).

In some years soil temperature may allow
nitrification to go on until December. It is not
surprising that substantial amounts of NO75
may then be leached.

It is also well known that crops which continue
to grow until the ‘winter, especially grass crops,
will take up the NO7 formed. From most
grass fields literally no NO7 is lost by leaching.
In this connection it may be mentioned that
HverrLunp and @STERGAARD (1980) have
demonstrated that leaching of NO73 may be
effectively hindered, at least on clayey soils,
if a suitable crop, e.g. rape, is sown immediately
after the grain crop (barley) has been harvested.
The green crop of rape may then be ploughed
under during the winter and a new crop of
barley sown in the spring.

From what is mentioned one might conclude
that extensive use of grass in the crop rotation
will lead to diminished losses of NO7 by
leaching. However, when the pastures are
ploughed and used for grain crops, minerali-
zation of organic materials will cause extra-
ordinary amounts of N to be liberated. This
process is rather uncontrollable and may go on
also outside periods when grain crops, like
barley, take up NO7. The same apply to the
manure, of which plentiful amounts atre at hand
on the farms in question (KOLENBRANDER 1975).
Moreover, since the amounts of N liberated
from such compounds depends on the yeats
climate, farmers will often add fertilizer-N in
bigger amounts than necessary.

The conclusion seems to be that the heavier
dressings of N applied in the Western parts of
Denmark sooner or later must result in an in-
creased loss of NO7 by leaching. However, since
also the surplus of precipitation is bigger, this
does not necessarily mean that the NO7 -concen-
tration in the percolating solution will be higher
here than in the eastern parts of the country.



Even if this may apply for the region as a
whole one cannot exclude the risk for local
ground water pollution. This may for instance
happen whete farmers keep extraordinary large
livestocks, in most cases hogs, which are kept
mainly on purchased fodder. On such farms so
large amounts of manure will have to be disposed
of, that arrangements with helpful neighbours
may be necessary. The official view is at present
that manure should not be applied in bigger
amounts than equalling 200 kg N, 80 kg K and
50 kg P per ha per year. If these limits seem
restrictive it must be remembered that the use
of big amounts of manure as a rule does not
exclude that some fields in the rotation will be
given mineral fertilizers. It must be expected
that this type of farming under »favourablex»
hydrological conditions may cause local ground
water pollution.

Denitrification in underground layers

In the considerations it has so far been implied
that the water percolating the soil will undergo
no change on its way from the root zone to
the ground water. However, it has long been
known that where the ground water is covered
by thick layers of clayey glacial deposits it is
neatly always free of NO73 (@pum and CHris-
TENSEN 1946).

CHRISTENSEN (1970) advanced the theory
" that when water with dissolved NO7 have to
pass such layers NO7 will be reduced by
Fet+ which are present under the anaerobic
conditions. The theory was supported by the
fact that ground water may contain NO7 in
places where the protective clayey layers are

replaced by coarser material which gives better
access to oxygen. Full documentation has been
obtained by Linps and BriNk PEDERSENS
investigations (1976). By studying samples
drilled up from underground layers at different
localities they found that layers which contained
reactive Fe™™, never contained NO7J.

Also BENNETZENS results (1978) indicate that
NO7 reduction takes place in clayey soils
underground layers.

Linp and Brink PEDERSEN further demon-
strated that N, and N,O was evolved when
NO7 was added to samples of such undet-
ground layers. It is supposed that this reduction
may take place chemically as well as micro-
biologically.

It is fortunate that this natural ground water
protection takes place in many regions, especially
in the eastern parts of Denmark. But it may be
questioned if this protection will hold if the
reduced layers during long periods ate percolated
by water with a high content of dissolved NO7.
However, in spite of its NO3 content it is
uncertain to what extent such a solution will
oxidize the underground layers. In addition to
NO7 it also contains small quantities of
reducing substances, for instance dissolved
organic matter (KOLENBRANDER 1975, PETER-
sEN 1976). The data presented by KOLENBRAN-
DER indicate that the reduction capacity of the
leaching water, as expressed by its chemical or
biological oxygen demand, will only be sufficient
to reduce small amounts of NOj (< 5 mg/l
NO73-N). However, one should not dismiss
the possibility that different results might be
obtained for other soils and under other condi-
tions. This question seems to deserve closer
investigation.
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It is impotrtant for soil scientists to follow the changes of the soil conditions regard-
ing both pollution and the ordinaty use of soils in forestry, agriculture, etc.

As an example of these problems the acidification of the soils has been discussed.
The relationship between the pH and the age of the tree shows a decreasing pH
in oldet stands. The tolerance to acidification of the soils can be calculated based

on moze than 80 000 sample plots.

Index words: Soil sampling, acidification, pollution tolerance of soils.

INTRODUCTION

Soil formation is conditioned by a number of
factors, among which parent material, climate,
living organisms, relief and the timefactor are
most significant. These factors have been studied
for many years and today we have good know-
ledge of the soil-forming processes.

The time factor and its influence on soil-
forming processes belong to one of the most
complicated problems facing soil scientists.

Introduction of modern techniques, fertili-

zation and other methods in forestry and
agriculture have up till now been referred to the
yield of the soil. The effect of the productivity
of the soil with time has, however, been neg-
lected. The reason for this development is due
to two facts; one being that soil processes are
very slow, and the other that it is difficult to
measure soil changes during, for instance,”a
ten-year period. As a rule it is too short a time
to measure soil changes.

CLAIMS ON METHODS TO MEASURE SOIL CHANGES

In a few years it will be very important to measure
all changes of the soil status. The increasing
pollution of plants and soils will place demands

on methods to follow the development of the

soils. In some respects it has been possible to

measure changes in the development of soils.
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Today we know, for example that heavy metals
have increased in our cultivated soils.

However, traditional analytical methods are
still unable to measure the acidification of soils
in relation to acid precipitation.

SOIL SAMPLING

In this respect one of the fundamental problems
is the procedure for soil sampling (TROEDSSON
and Tamm 1969). It is important to consider
not only the variability of the soils but also the
time elapsed after soil sampling until the chemical
analysis is carried out. The following figure is
given as an example (DEHLEN 1974).

It is wellknown that the same circumstances
are more or less valid also for K, PO,, Ca, etc.
Consequently, it is very important to analyse
the soil sample as soon as possible after collec-

tion. Otherwise it will pootly reflect the field
conditions.

NHz - N (mg/100g)

— Immediate analysis

T — =~ Analysis on dried samples
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r 1
[
T A
v
T
. tl " T
“\
! 7\ T i
I//: i b -
S Foo
10F | \ I 1
. I \ !
! H \ /
-
Aot ! !
FANY! ' ! T
\r! + "}' 5
H
5t

1 1 1 1 1 1 1 1 Il 1 1 1 1
MJ JASONDUJFMAM
-73 =74

Fig. 1. NH,—N in Ag-horizon (mgf100 g d.w. after
R. DeHLEN 1974).
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Table 1. Relationship between age classes and pH in
Ay-horizons on podzols in southern Sweden
(TrOEDSSON and WIkLANDER 1980).

pH
Age classes Norw Scots

Spruce. ? Pine 7

0— 20 ........... 4,12 253 4,01 167
20— 40 ....... ... 4,01 184 3,95 75
40— 60 ........... 4,01 319 3,89 125
60— 80 ........... 3,94 294 3,87 161
80—100 ........... 3,91 153 3,82 126
> 100 yeats ....... 3,92 44 3,85 91

After these problems have been solved it is,
however, impossible to return to the same
sample plot after, for instance, a ten-year
petiod in order to follow the development of
the pH. In a forest soil the production of biomass
during such a period will have caused an in-
creasing adsorption of H- in the A -horizon
because the humus layer has become thicker.
If the number of sample plots is very large it is
possible to avoid these problems.

In connection with the National Forest
Survey in Sweden a sutrvey of forest site condi-
tions has been carried out. In this comprehensive
material it has been possible to make a selection
of sample plots with forest stands of the same
age class and with the same site factors. In
Table 1, pH in the Ag,-horizon has been in-
vestigated in selected material of this kind, for
instance, the etror of an increasing humus
layer with age has been eliminated.

It is clear that the yearly biomass production
gives an increasing H+--ion content in the humus
layer. The statistical significance for decreasing

pH with age is very high(***).



The decreasing pH in old forests (> 100
years) is due to the fact that the stands are
thinned, which implies that grasses, etc., invade
the soils.

The other question is how much of the pH

is caused by the biomass and how much by the
atmospheric deposition? At least we know
that deposition is not especially high.

TOLERANCE OF SOILS TO CHANGES WITH TIME

The discussion above has introduced some of
the problems involving measurement of changes
in the soil over time. The question of the
tolerance of the soils against pollution, etc.,
is of similar importance.

Local authorities are presently planning for
coal-fired power stations, factories, etc., and
are particularly intetested in the expected
acidification of the soils.

Between 1961—74 the above-mentioned soil
survey has given about 150 000 sample plots,
where the relationships between yield and site
properties also have been studied (LUNDMARK
1974). This investigation has made it possible
to classify the site properties with regard to
the tolerance to acidification.

Mean values from about 80000 plots are
behind the observations in Table 2. The site
propetties are classified in different groups
(vegetation, humus layer, thickness of soils,
soil type, etc.). Each group may have up to ten
classes. In Table 2 it has been necessary to pool
many of the classes as otherwise the differences
in tolerance would be too small.

The table is an example of how site properties
can be arranged regarding the tolerance to
acidification by deposition from factories, atmos-
phere, etc. in Swedish forest soils.

The tolerance of the soils to acidification also

Table 2. The tolerance of soils to a acidification in rela-
tion to site properties and exchangeable cations
(Ap-hotizon; n = 2 500).

Ex-
change- | Cation
i ’I;;l:er ; ablge exchange
Site properties to acid- | metallic | capacity pH
ification | cations (me/ :
(me/ 100 g)
100 g)
Pine forest ........... — 20 31 3,97
Broad-leaved trees .... -+ 26 32 4,42
Thickness of Ay-layer
0—6cm ......unn — 19 28 4,23
>6cm ..o + 28 35 4,15
Thickness of soil layer
<200 ecm ........... — 18 29 4,07
>70cm ... + 24 32 4,20
Solid tock ........... — 19 30 4,03
Peat .......coiiiinnn -+ 34 38 4,08
Podsols .............. — 21 30 3,99
Dystric Cambisols . .... + 27 41 4,38
Stone-sandy soils ...... — 21 31 4,17
Fine sandy soils-clay ... -+ 30 36 4,41
High freq. of boulders .. — 22 32 4,13
Low freq. of boulders .. + 26 40 4,22
Drysoils covvennvnnn — 17 29 3,94
Mesic-Wet vvorvnnninnn -+ 39 40 4,13
-+ = high
— = low

involves the need of liming to neutralize acid
deposits.

Knowledge of the different soils in a region
anables calculations to be made of the area of
soils sensitive to acidification. This is very
important for municipal planning.

DISCUSSION

Tn the situtation today, soils are being destroyed
by pollution, acidification, heavy metals, etc.
The use of soil in agriculture and forestry is

5 128001568U

also changing the soil status. Therefore in 2
long-term petspective the changes in soil must
be carefully observed. The primary problem
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is to sample and analyse the soils in respect to the
biological, physical- and chemical conditions in
the fields and not after several months in the
laboratory.

The soil sampling in the field must be made
with statistical significance. It is not enough to
analyse only one soil profile. Following this it
is important to differentiate between natural

changes (by the plants) and artifical deposits.
There is a serious lack of suitable methods in
this respect.

The tolerance of the soils to a certain type
of pollution — as shown for acidification above
— is one approach that can be used until better
methods are obtained for application in soil
research.
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A soil survey material collected from natural peatlands was divided into six mire
type groups on the basis of indicator plant species. The type groups in decreasing
order of fertility were 1. fen-like, 2. herb-rich, 3. ordinary sedge, 4. small-sedge,
5. cottongtass and dwarf-shrub and 6. fuscum. The acidity of the peatlands in-
creased by about one pH unit going from the fen-like to the fuscum type group.
According to soil testing studies, contents of extractable calcium and total nitrogen
fell as the mire type group worstened (Ca from 1149—157 mgfl, N from 1,94—
0,70 %). Contents of extractable potassium and phosphorus, however, were
faitly similar for 21l the mire type groups, and showed no tendency to vary with
type. For the first three types the C/N ratio averaged 24, but increased through

41 for the small-sedge type group to 67 for the fuscum type group.

Index words: Mire type, extractable nutrients.

INTRODUCTION

When making agricultural soil maps, the Institute
of Soil Science has classified the peats from
mires into two groups: Carex-dominated and
Sphagnum-dominated peats. Nevertheless, during
sampling an attempt is made to describe the
mire type, or at least the mire type group of
each sampling site. For the purposes of this
study, samples taken from natural peatlands in

connection with soil mapping were all placed
in one of six mire type groups. The aim of the
study was to find out how reliably surveyers,
using a classification designed only for prac-
tical use, and based on a few indicator species,
were able to classify the peatlands. The second
aim was to determine the nutrient levels of the
different mire type groups.

MATERIAL AND METHODS

The material for study was collected from 851
sampling sites within 14 of the soil mapping
areas of the Institute of Soil Science, and com-

posed on a total of 2553 samples. Peat samples
were taken from three layers: 0—20, 20—40
and 40—60 cm. The numbers of sampling sites
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in different areas were: Espoo 30, Jyviskyli 29,
Kouvola 29, Lahti 29, Lohja 23, Pori 56, Porvoo
32, Riihimiki 52, Rovaniemi 268, Ruukki 167,
Teisko 15, Tornio 46, Valkeakoski 28 ja Vamma-
la 47.

The mire type of the sampling site was
determined according to a classification based
on the work of Huikarr (1952), who later
adapted the method mainly for use in practical
forest drainage (Hurkarr et al. 1963). In the
modified classification, peatlands are divided into
only six fertility classes. The use of this classifica-
tion requires the identification of only a few
indicator plant species. The fertility classes,
which have also been tetmed mire type groups,
are: 1. fen-like, 2. herb-rich, 3. ordinary sedge,
4. small-sedge, 5. cottongrass and dwarf-shrub
and 6. fuscum.

The following division into six classes has
been used for the classification of peat quality:

1. LBC, BC, Eul.C, EuSC

2. CL, LC Carex-dominated
3. C peats

4. LSC, SC

5. LCS, CS, EtCS, LS Sphagnum-dom-
6. EtS, S }inatcd peats

Explanation of letter code: B = Bryales, C =
Carex, Bu = entrophic, Bt = Eriophorum, 1. =
Ligno (wood residue) and S = Sphagnum.

The samples were analysed for pH(H,O) on
a soil : water suspension (1:2,5) and calcium,
potassium and phosphorus extractable in acid
ammonium acetate (VUORINEN and MAXTTIE
1955). In addition, organic carbon (wet digestion
method) which was multiplied by 1,73 to give
humus content and total nitrogen (Kjeldahl meth-
od) were determined on surface layer samples.
The results are given in milligrams per litre of
ground soil, dried at 35 °C (Kurkr et al. 1965).

RESULTS

Most of the samples fell into mire type group
3 (ordinary sedge) and 5 (cottongrass and dwarf-
shrub mires). By contrast, small-segde (4) and
particularly fen-like mires (1) were rather poorly
represented (Table 1). When a line was drawn
through Jyviskyli to separate northern and
southern Finland, most (81 %) of the better
mire type groups 1.—3. occurred in northern
Finland, conversely most (65 %) of the poorer
types 4.—6. were found in southern Finland.

The nutrient status and some other chemical
properties of the sampling sites ate presented
according to mire type group for the three
layers in Table 1. The pH value of the peats
was highest (approx. pH 5) for type group 1,
falling fairly consistently to about pH 4 as the
type group worstened, for all three layers. The
difference between extreme mire type groups
was about one pH unit for all layers, and there
were scarcely any differences between different
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layers of the same type group. For most groups
the standard deviation was nearly constant,
about 0,3 pH units.

The determination of mire type according to
content of extractable calcium can be seen in
Table 1. The calcium content fell consistently
from the most fertile to the least for all layers.
The Ca content of mire type group 1 was about
seven times that of group 6 for the surface and
intermediate layers, six times for the lowest
layer. The Ca content of the fen-like group
(1149—1553 mg/l) was much, indeed surprisingly
greater than that of the herb-rich group (637—
827 mg/l). Otherwise the Ca content diminished
evenly with worstening mire type group, and
for the fuscum mires was only 156—242 mg]/l.

The diminution of the relative low potassium
contents of peats as the mire type group worst-
ened was only slight. Particularly for surface
samples, only the best (46 mg/l) and poorest (26



Table 1. Average chemical properties of six mire type groups in three layers.

Ammonium acetate (pH 4,65?
. pH (H,0) extractable nutrients mg/l soil Ot € Tot. N o
Mire type o Calcium Potassium Phosphorus
S.D. S.D. S.D. S.D. % S.D. % S.D. S.D.
Layer 0—20 cm
1. fen-like .......oiint 23|5,06]0,53 |1 149 803| 46 | 31 | 4,1 3,9]40,2] 3,7]1,77|0,48| 24| 6,4
2, herb-rich ............. 136 4,76 0,34 | 637] 461| 39| 32| 25 2,2|41,1| 4,4|1,94{051( 23] 83
3. ordinary sedge ........ 239(4,63[0,35| 475 359| 34 | 24} 2,8 2,6140,8| 4,71190|0,55| 24 85
4. small-sedge ........... 64|4,26|0,33| 316 208| 36 | 27 | 3,7 2,6|40,5| 4,111,23|0,57| 41| 19,5
5. cottongtass and
dwatf-shrub ........... 24513,9910,30 | 259 157| 35| 23| 4,6 3,4140,9| 3,3/0,98]0,42] 49| 18,1
6. fuscum ... 144 (4,00{0,27| 157| 109 26 | 22| 3,2 2,7|40,4| 3,3]10,70]0,36| 67| 21,7
851
Layer 20—40 cm
1. fen-like «....... ... .0 23|5,040,47|1358/1043f 20 | 12| 1,3 1,3
2. hetb-rich ............. 136 | 4,80 (0,33| 750/ 578| 16 | 14 | 0,9 1,0
3. ordinaty sedge ........ 239(4,70(0,35| 580| 498/ 16 | 14 1,3 1,7
4, small-sedge ........... 644,280,333 434| 326| 21 | 18 | 21 1,9
5. cottongrass and
dwarf-shrub ........... 245(4,01]0,34| 322 251] 19 | 14| 3,1 2,8
6. fuscum ... 144 13,9110,29| 189 148 17 | 15| 29| 2,6
851
Layer 40—60 cm
1. fen-like ......coonnn 2315,01]0,46[1553|1124] 18 | 10| 1,1| 1,2
2. herb-rich ............. 136|4,86|0,32| 827| 622/ 13| 10| 0,7 0,7
3. ordinary sedge ........ 239(4,77|0,34| 634/ 5200 13| 12| 0,8| 1,0
4, small-sedge ........... 64|4,36]0,32] 462 406 15| 13 | 1,1 0,9
5. cottongrass and
dwarf-shrub ........... 2451 4,1010,40| 383 335 13 | 11| 1,7 1,6
6. fuscum ......... ... 144(3,97(0,32| 242 191] 12 91 20| 1,9
851

mg(l) values differed significantly from one
another. Within each mire type group, the K
content of the surface layers was 2—3 times
higher than for the intermediate and lowest layers.

The phosphorus content of peats varied
irrespective of mire type group, and the variation
of the material was large. Phosphorus contents
were highest in the surface layers of the peats,
where means for the different mire type groups
varied from 2,5 to 4,6, and lowest for the
bottom layer with values from 0,7 to 2,0. Con-
tents for the intermediate layer fell between
these ranges.

As well as calcium content and pH wvalue,
the total nitrogen content of the peat follows

the classification of the mire type groups. The
nitrogen percentage estimated on surface samples
fell from a mean of 1,94 for mire type group 2
to 0,70 for the pootest group. The nitrogen
percentage (1,77) for the fen-like group @
was somewhat lower than for the herb-rich (2)
or ordninary sedge (3) groups. It might depend
on the fewness of that group.

The mean content of organic carbon for
the vatious mire type groups was surprisingly
constant, 40,2—41,1, and the variation of the
matetial was low.

For the three most fertile mire type groups,
the carbon/nitrogen (C/N) ratios indicating
nittogen availability were nearly the same
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Types of peat
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Fig. 1. Percentage distributions of peat types within mire type groups. Peat types: 1. BC, 2. LC, 3. C, 4. SC, 5. CS
and 6. S (more detailed explanation of letter code on p. 86).

23—24, or considerably mofe favourable
than means for the poorest mire type groups
(41—67).

For the 0—20 cm layer, the distribution of
different peat types within the various mire
type groups are shown in Fig. 1. The most
ertile group contained only peats belonging
to the three best types, in which Bryales, Carex
and Ligno residues predominate. By contrast,
the poorest mire type group consisted almost

entirely of a Sphagnum or Eriophorum-Sphagnum
peat type. Within the herb-rich and ordinary
sedge type groups the distribution of peat
quality were very similar. Of the small-sedge
group cases, 80 Y, fell into the Sphagnum-dom-
inated peat category. Within a mire type group,
distributions of peat quality based on the inter-
mediate (20—40 cm) or lowest (40—60 cm)
layer agreed fairly closely with those for the
surface layers in Fig. 1.

DISCUSSION

The mire type classifications used in Finland
are based on the system devised by A. K.
CajanDER (1913), who chose peatland vegetation
as the criterion for his classification. On the
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basis of their chemical and physical properties,
KorrLamen (1927) divided mire types into ten
fertility classes, i.e. he determined the bonity
for each mire type. The bonity of a peatland thus



reflects its nutrient status. The fertility class of
a peatland determined from the natural vege-
tation provides a good basis for all measures
designed to raise the productivity of peatlands.

For each basic type of peatland, the natural
vegetation displays features which indicate the
abundance in the peat of available nutrients. In
his investigations Hurkar1 (1952) has found
that a practical fieldsman needs to identify only
a few indicator species to achieve fair accutacy
in classifying peatlands according to utilization
value (Hurgarr et al. 1963). This mire type
group or fertility classification (6 classes) design-
ed to determine suitability of peatlands for
forest drainage, has also been used by the
Institute of Soil Science. The bipartition of
peats into Carex-dominated and Sphagnum-dom-
inated, as used in soil mapping, fits in well
with classification into mire type groups. Mire
types referred to by different workers can readily
be allotted to approptiate fertility classes, which
enables comparisons of different studies.

According to Karesniemr (1975), the pH of
fens and fen-like pine swamps (corresponding
to mire type group 1) of the Kemihaara reservoir
area was 5,3, while the pH of Sphagnum fuscum
bogs (mire type group 6) in the same area was
only 3,5. The increase in acidity from the most
fertile to the poorer peatlands cotresponds
fully to, but is more pronounced than, the
situation in the present study. Likewise HEIxu-
RAINEN (1979), who using his own mire type
classification interpolated the results of several
previous investigators, obtained for peats from
the three main mire types (treeless peatlands,
spruce swamps, pine swamps), each with the
additional qualification fen-like pH values from
5,5—5,8. At the herb-rich level the pH was
4,8—5,0, and for the poor fuscum pine swamp
3,4.

The calcium content, together with the
wetness are the most important determinants
of mire type (Puustjirvi 1968). The increase
in calcium content concurrent with improvement
in bonity has been confirmed analytically by

KiviNen (1933), KormwamNen (1927) and VaAr-
MaRI (1956). This conclusion is also supported
by the results of analyses on our soil mapping
material, for which the surface layers of fen-like
peatlands contained 1149 mg of extractable cal-
cium per litre of air-dried soil, whilst the .S phag-
num peatlands held only 157 mg/l. In this
investigations on peatland forests, WESTMAN
(1979) determined the total content of Ca on
samples of different fertility levels. Although
his values are not directly comparable with
values for extractable calcinm, WesTMAN still
found that total values fell as the fertility level
dropped.

No dependence between potassium content
and the bonity of a peatland was found by
either VALmARr (1956) or PuustjArvi (1968).
Nevertheless, moisture conditions are reflected
in potassium values. In his summary, HEIKU-
RAINEN (1979) states that a dense stand of trees
increases contents of both potassium and phos-
phorus in the peat. Similarly, in nutrient studies
made on peats of the soil mapping material at
the Institute of Soil Science (Urvas et al. 1979),
it was noticed that both Ligno Carex and Ligno
Sphagnum peat had higher potassium and phos-
phorus contents than did other Carex and
Sphagnum peats. In spite of this, when the same
matetial was classified according to mire type
group, no clear differences in K and P contents
were observed. WestMaN (1979) points out
that there are differences in the extractability of
potassium between mires in different regions
of the country, and since our material comptrised
samples from the south coast to Lapland,
varying estractability may have increased the
variation in our results.

In his studies on the bonity of northern
Finnish peatlands, Varmar: (1956) established
that differences in the phosphorus status of
various types of natural peatlands fail to correlate
with bonity. Variations in the phosphorus
content of peats, and the dependence of phos-
phorus on pH have been examined by several
workers (eg. PuustjArvr 1956, Lakanen 1971),
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but no clear relationship between bonity and
phosphorus content has been found. In the

present investigation, too, mean phosphorus

contents vary in a random manner over different
mire type groups. The only consistent feature
was a diminution in phosphorus content with in-
creasing depth for all mite type groups. In
connection with their studies on the vertical
distribution of major nuttients in Sphagnum
peats, PAKARINEN and ToLONEN (1977) arrived
at a similar conclusion.’

In natural mires, eutrophic Sphagnam Carex
peats, Bryales Carex and Carex peats contain
more nitrogen than Sphagnum peats (KIvINEN
1933). The former types of peat form in fen-like,
herb-rich and ordinary sedge mires, whilst
Sphagnum peat forms in mire type group 6
(fuscum). Most of the recent nutrient studies
on peatlands have been made with reference
only to the type of peat; there is seldom any
mention of mire type or mire type group. In
the peatland study of the Kemihaara reservoir
area, fertility is determined according to mire
types (KAREsNiEmI 1975). The mean nitrogen
content of fens (corresponding to mire type
group 1) was 1,61, of treeless Carex peatlands

1,63 and of treeless Sphagnum peatlands 0,95.
In the present study the N contents of the
corresponding mire type groups were 1,77,
1,90 and 0,70. The trend is the same in both
cases, although the Kemihaara values represent
only a single mire complex.

The quality of the otganic constituents of a
peat ate closely defined by the ratio of carbon
to nitrogen (C/N). The ratio is highest for
Sphagnum peats, and decreases as the proportion
of Sphagnum residues diminishes in the peat.
When the organic constituents have decomposed
completely, the C/N ratio of a soil settles down
to a value near 10 (KrviNex 1933). In the present
case, where an attempt has been made to judge .
the practicability of a mire type classification
for determining the cultivation value of peat-
lands, it is clear that the C/N ratio of the surface
layers of the three best type groups was, from
an agricultural standpoint, rather favourable
(23—24). Since the content of organic carbon
in all mire type groups was nearly the same,
the diminution in nitrogen content for the
three poorest mire type groups can be clearly
seen in the tise in C/N ratio from the small-sedge
mires (41) to the Sphagnum fuscum mires (G7).
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SELOSTUS

Ravinteisuus soiden eri tyyppitasoilla.

LeLa Urvas, Ramvo Ervio ja Sepro HYVARINEN

Maatalouden tutkimuskeskus

Tutkimusaineisto on saatu maataloudellisen maaperi-
kartoituksen yhteydessi kootuista luonnontilaisten soiden
turvendytteistd. Maaperikartoitusalueita oli 14, eteliisin
Espoo ja pohjoisin Rovaniemi. Niytteenottokohtia oli
851 ja niytteitid yhteensd 2 553. Niytteenottokohdat ryh-
miteltiin kiytinndn metsiojitusta varten laaditun hyvyys-
luokituksen (Huikarr ym. 1963) mukaisesti kuuteen
tyyppitasoon: 1. lettoinen, 2. ruohoinen, 3. suursarainen,
4. piensarainen, 5. tupasvillainen tai isovarpuinen ja 6.
rahkainen. Tutkimuksen tarkoitus oli katsoa, kuinka
luotettavasti vain muutamiin opaskasveihin perustuvalla
luokituksella kiytinnén kartoittajat pystyvit suot luokit-
telemaan, ja millaisia ovat eri tyyppitasojen ravinneluvut.

Patempien tyyppitasojen (1, 2, 3) niytteenottokohdista

oli 81 prosenttia Rovaniemen, Tornion ja Ruukin kar-

toitusalueilta, kun taas heikompien tasojen (4, 5, 6)

6 128001568U

tapauksista 65 prosenttia sijoittui Eteld-Suomen alueille.
Parhaiden suotyyppien turpeet olivat saravaltaisia ja
karumpien vastaavasti tahkavaltaisia kuvan 1 mukaisesti.

Turveniytteiden keskimidriinen pH-arvo laski noin
yhdelld pH-yksikolld siirryttiessd lettotasolta rahkatasolle.
Keskimsdriisistd ravinnearvoista liukoisen kalsitumin ja
kokonaistypen midrit osoittivat parhaiten tyyppitasojen
erilaisuuden. Kalsiumpitoisuus nousi 157:std 1149 milli-
grammaan litrassa turvetta ja typen pitoisuus 0,70:std
1,94 prosenttiin tyyppitason parantuessa. Kun tutpeiden
kokonaishiilipitoisuus oli kaikilla tyyppitasoilla keski-
midrin samaa luokkaa, pieneni myds C/N-suhdeluku
tyyppitason parantuessa. Liukoisen kaliumin ja fosforin
keskimadriisten pitoisuuksien poikkeamat eri tyyppi-
tasojen kesken olivat vihdisid eikd mitéfin sdéinnénmu-
kaisuutta ilmennyt.
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THE ESTIMATION OF SOIL LIME REQUIREMENT IN SOIL TESTING

VAING MANTYLARTI and Torvo YLARANTA

MantyLanTL, V. & YLARANTA, T. 1980. The estimation of soil lime requirement
in soil testing. Ann. Agric. Fenn. 19: 9299, (Agtic. Res. Centre, Inst. Soil
Sci., SF—01300 Vantaa 30, Finland.)

The method of estimating lime requirement used in Finnish soil testing was com-
pared with a titrimetric method in which the theoretical amount of liming material
is determined to having the soil pH to a desired level.

According to this investigation, liming recommendations made for clay,
coarse mineral and organogenic soil type groups which are based solély on
pH(H,0O) or pH(CaCl,) measurements give a more realistic assessment of lime re-
quitement than do the results of a soil testing analysis, especially for the clays
and coarse mineral soils.

From the coarse classification of soils into three groups, it follows that a given
group can comptise very different soils. As 2 result, objectives for exchangeable
calcium contents by the soil testing method may exceed the effective, cation
exchange capacity.

The results of this study indicate that calcium analyses should be discontinued
in evaluation of soil lime requirement based on the Finnish soil testing method.

Index words: Soil pH(H,0) and pH(CaCl,), lime requirement in soil.

INTRODUCTION

The acidity of a cultivated soil increases with
the leaching of nutrients, with nutrient uptake
by plants, intensive fertilization and with pre-
cipitation of sulphur from the air. On much of
the Finnish land area, soils ate too acid for the
cultivation of demanding ctop species or varie-
ties. Excessive acidity reduces the availability
of phosphate fertilizers and creates an unfavous-
able environment for micro-organisms.
Finnish soil acidity trends have improved
slightly. Nevertheless, 85—95 9%, of the northern
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Finnish and Pohjanmaa land area, 80—90 9,
of central Finland, 75—85 9, of southern Fin-
land, 60—70 9, of southwest Finland and 40—
50 9% of the land area in the Aland islands is in
need of liming (Kurkr 1978). The lime require-
ment has not diminished during the 1970’s
(Kurxkr 1979).

Soil acidity can be reduced by the application
of basic materials such as ground limestone
(CaCOy). The difficulty lies in determining the
amount of liming matetial needed to establish



optimal growing conditions. The most rapid
and .economical determinations ate provided by
laboratory methods. The aim of the present
study was to compare the efficiency of the
method presently used in Finnish soil testing

for determining lime requirement (Kurxkr 1977)
with that of a titrimetric method in which
the amount of liming material is calculated
as that requited to raise the soil pH to a
given level.

MATERIAL AND METHODS

The material investigated comprised 196 samples
taken from the plough layer (5—15 cm) of
timothy leys from vatious parts of Finland.
The samples fell into three groups as shown
in Table 1.

pH(H,0), pH(CaCl,), electrical conductivity,
organic catbon and acid ammonium acetate
(0,5 M CH,COONH,, 0,5 M CH,COOH, pH
4,65) extractable calcium were determined for all
soils. In addition, Ca(OH), increments were
used to determine a titration curve for each soil.

Values for pH(H,O) and pH(CaCl,) were
made on soil solution suspensions (25 ml of
soil + 62,5 ml H,0 or 0,01 M CaCl, solution).
The pH(H,O) measurement was made after
suspension overnight, whereas the pH(CaCl,)
was measured 2 hours after the addition of the
CaCl, solution. Prior to measuring pH(HO),
conductivity was measured on the overlying
solution before stirring.

Organic carbon was determined by a modifi-
cation (TarEs and Sirrora 1978) of ALTEN’S
wet digestion method.

Extractable calcium assessed by the method
used in Finnish soil testing (VUoRINEN and
MixrTie 1955).

To obtain the titration curve, 62,5 ml of
0,01 M CaCl, solution which was 0,0055 M
with respect to Ca(OH), was added to one
25 ml sample of soil, and 62,5 ml of 0,01 M
CaCl, solution which was 0,0103 M with respect
to Ca(OH), was added to another. In the case
of the organogenic soils, 12 samples required
an extra addition of 0,0103 M Ca(OH), solution,
bringing the soil : solution ratio to 1:5. Ac-
cording to Ryrr (1965), pH(CaCl,) values are
practically independent of soil : solution ratios
within the range 1:2,5—1:10.

The Ca(OH), solutions were prepared by
adding 0,5 g or 1,0 g of crystalline Ca(OH),
to one litre of 0,01 M CaCl, solution. After care-
ful shaking, the mixture was allowed to stand for
about 20 hours, after which the solution was
filtered and the molarity of the filtrate checked
by titration with hydrochloric acid.

The samples wete allowed to remain in contact
with the solution, which was stirred daily, for
periods of 4, 6 and 10 days, at the end of which
the pH of the stitred suspension was measured.
A standing petriod of 6 days prior to measure-
ment proved sufficient as the subsequent change
in pH was slight.

Table 1. Soil sample means and 95 ¢ confidence limits for pH(H,0), electrical conductivity (10-2 S/m), organic
carbon content (%) and exchangeable calcium content according to soil testing analyses (mg/l of soil).

Soil type group sljr(r’).pﬁai pH(H,0) pH(CaCl,) cgsfxf;f‘;\llty ?;g;gxilc Ca
Clay soils ............vn 69 5,634+0,05 | 4,79+0,05 0,704+0,04 3,540,3 16504+110
Coarse mineral soils ...... 65 5,5640,08 4,7740,08 0,824-0,08 4,240,5 910-- 80
Organogenic soils ........ 62 5,05+0,09 4,374-0,09 1,5 +0,2 26 43 1390+150
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Air-dried soil (¥ < 2 mm) was used for the
analyses. :

The relationship between pH(H,0) and
pH(CaCl,)

The liming recommendations made according
to the Finnish soil testing method are aimed at
raising the pH(H,O) of notrmally cultivated
soils to about pH 6, and of peat soils to a value
0,5—1 pH unit lower (Kurkr 1977). Since the
titrimetric method involves measurement of
pH(CaCl,), the relationship between pH(H,O)
and pH(CaCl,) and also their difference in the
material investigated were first determined.
This step enabled estimation of the liming
requirement by the titrimetric method. Accord-
ing to pH(H,0) and pH(CaCl,) measurements,
the linear correlation coefficient in all soil type
groups deviated from zero at the 99,9 9
significance level (Table 2).

Multiple correlation coefficients in which
electrical conductivity and organic carbon
content were considered as additional variables
gave scarely any improvement over linear values.
The differences between pH values according
to the different methods can be regarded as
typical of Finnish cultivated soils (Table 2).

The wvalues of pH(H,O) and pH(CaCl,)
differ most for clay soils. This is in good agree-
ment with the lower specific conductance of
clay soils compared to that of coarse mineral
or organogenic soils (Table 1). A doubling of
the specific conductance (from the means of

Table 2. Linear correlation coefficients and numerical
differences between pH(H,0) and pH(CaCl,) with 95 9,
confidence limits.

Numerical
difference
between pH(H,O)
and pH(CaCl,)

Correlation
coefficient
between pH(H,O)
and pH(CaCl,)

Soil type group

Clay soils (69) ........ 0,91%%% 0,834+0,02
Coarse mineral soils (65) 0,95%%% 0,79+0,02
Otrganogenic soils (62) . . 0,94 %% 0,67+0,03
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0,70 and 0,82 for clay and coarse mineral soils,
respectively, to 1,5 for organogenic soils) reduces
the difference between pH values according to
the two methods by 0,1 pH units (Tares 1979).

The conversion of titration results to CaCO,
requirements

In this study, two solutions of Ca(OH), were
used, corresponding to 0,69 me Ca(OH), (62,5
ml 0,0055 M Ca(OH),) and 1,29 me Ca(OH),
(62,5 ml 0,0103 M Ca(OH),) per 25 ml of soil.
The number of equivalents was used to deter-
mine the corresponding quantity of CaCO,.
This in turn was converted to weight of ground
limestone on the assumption that the neutralizing
agent in ground limestone contains 359, Ca
(WiksTrOM 1978).

The liming requirement was obtained graphi-
cally from the curve describing pH as a function
of Ca(OH), additions. By calculating quantities
of ground limestone per hectate (soil depth 20
cm) on the basis of calcium hydroxide additions
and joining the points with a curve, the amounts
of ground limestone could be read off at
pH(CaCly) 5,2 (corresponding to pH(H,O) 6,0,
Table 2) for clay and coarse mineral soils. For
organogenic soils, the corresponding amount
was read off at pH(CaCly) 4,8 (corresponding
to pH(H,O) 5,5, Table 2).

Liming requirement based on Finnish soil
testing method

In the method used in Finnish soil testing, class
estimates of the acidity and calcium status are
averaged for the soil within a given group
(clay soils, coarse mineral soils and organogenic
soils) to provide an estimate of the lime require-
ment. For example, if the acidity status is rather
poor (class 2) but the calcium status satisfactory
(class 4), the lime requirement falls into the fair
(3) class (Tables 3 and 4, Kurxkr 1977).



Table 3. A classification of clay, coarse mineral and organogenic soils in a fertility study according to acidity and
exchangeable calcium (Kurki 1977).

Clay soils Coarse mineral soils Organogenic soils
Fertility rating
pH(H,O) Ca mg/l pH(H,0) Ca mgfl pH(H,O) Ca mg/l
GOOA (5) +vneeeennaannenns 6,2—6,6 | 2600—3 600 | 6,2—6,6 | 2000—2600 | 56—6,0 | 2600—3 600
Satisfactory (4) ...oeenvniieiia 5,8—6,2 | 2 000—2 600 | 5,8—6,2 | 1400—2 000 | 5,2—5,6 | 1600—2 600
Fair (3) «.voivvveiiiiine 5,4—5,8 | 1500—2 000 | 5,4—5,8 800—1 400 | 4,8—5,2 | 1000—1 600
Rather POOL (2) «nvvennrrennenn 5.0—5.4 | 1000—1500 | 50—54 | 400— 800 | 4,4—4,8 | 600—1000
Poor (1) covvivniiiinninininnnss <5,0 <1000 <5,0 < 400 <4,4 < 600

On the basis of Tables 3 and 4, separate curves
were drawn of soil pH as a function of ground

Table 4. Recommended liming rates for ley cultivation

- at different fertility levels on the basis of fertility studies

(Kurkz 1977).

limestone additions (t/ha) for both organogenic

. . . ili 4 Ground lime:
and for coarse mineral soils and clay soils Fertility rating o b sene
combined. Likewise, for each soil type group,

. . GO0 (5) - v vt —
soil pH was plotted as a function of exchangea].ale Satisfactory (4) - oom oo o 4
calcium. These curves were used to determine Fair (3) ... ...t 4— 6

. : : : Rathet poot (2) c.ovvvevennneinniinn 6— 8
the ptecise lime requirement according to the p_ . Ay 8—12
soil testing method.
RESULTS

A comparison of liming requirement esti-

mates according to the soil testing method,

pH(H,0) and pH(CaCl,) measurement with
titrimetric estimate

The linear correlation was determined within
each soil type group between the lime require-
ment assessment according to the soil testing
method and the titrimetric The
pH(H,O) assessment was obtained from the
table used in Finnish soil testing solely on the
basis of pH(H,O) values (Kurkr 1977). The
corresponding pH(CaCly) assessment was read
off the same table with the additional provi-
sion that the difference between pH(H,O) and
pH(CaCl,) was 0,83 units for the clay soil group,
0,79 for the coarse mineral soils and 0,67 for
the organogenic soils. In every case, the corre-
lation coefficients deviated significantly from
zeto at the 99,9 9% level (Table 5).

estimate.

Table 5. Liming requirement estimates according to the
soil testing method, pH(H,O) and pH(CaCl,) measufe-
ment with the titrimetric estimate.

“ Correlation coefficients of liming
requirement estimates with

. titrimetric estimate
Soil type group

Soil testing | pH(H,O) | pH(CaCly)

estimate assessment assessment

Clay soils (69) ........ 0,61%%* | ,87%%* | 0,95%%*
Coarse mineral soils (65) | 0,77%%% [ 0,89%%% | (,02%**
Otganogenic soils (62) | 0,53%** | 0,72%*X 0,82%4*

When the result of the calcium analysis was
excluded from the lime requirement estimate
using the soil testing method (pH(H,O) and
pH(CaCl,) assessment), values of the correlation
cocfficients increased within each soil type
group (Table 5). The significance of differences
between the correlation coefficients was tested
with the »z transformation test» (SNEDECOR
and CocHrAN 1972, p. 185). Correlation coeffi-
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Fig. 1. The dependence of liming recommendations according to soil testing method, pH(H,O) assessment and
pH(CaCly) assessment upon the titrimetric assessment for different soil type groups.

cient values based on pH(H,O) assessment soils at 97 9, and in the organogenic soils at
differed significantly from values based on the a level of 91 9,. Cotrespondingly, correlation
soil testing method, in the clay soils at a proba-  coefficient values according to pH(CaCl,) assess-
bility level of >99,9 %, in the coarse mineral ment were significantly different from the soil
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testing method values with a probability of
>99,9 %, for the clays, 99,8 9, for the coatse
mineral soils and 99,7 9%, for the organogenic
soils. In the clay soil group, correlation coeffi-
cients based on pH(H,O) and pH(CaCl,)
assessments differed from each other with 95 %,
probability.

For all soil type groups, a liming recommenda-
tion based solely on a measurement of pH(H,O)
appeats to give a more realistic estimate than
does the soil testing method when lime require-
ment based on the titrimetric method is used as
a standard of compatison.

When the titrimetric method is wused to
account for recommendations based on the soil
testing method, or on pH(H,0O) and-pH(CaCl,)

Soil testing
estimate

y = 4,024-0,49x
y = 4,17+40,47x
y = 4,15+0,16x

Soil type group

Clay soils (69) ......vvviiianiinn
Coarse mineral soils (65) ...........
‘Otganogenic soils (62) .............

Estimation of lime tequirement according
to pH(H,0) and pH(CaCl;) measurements

A consideration of the analytical results reveals
that liming recommendations based on the soil
testing method differ from those based on the
titrimetric method. On the other hand, it was

Soil type group

Clay soils (69)
Coatse mineral soils (65) .........
Organogenic soils (62) ...........

The values of correlation coefficients for these
equations are numerically the same as in
Table 5, but negative. The results are based
on material in which pH measurements varied

as follows:

Soil type group pH(H,O) pH(CaCl,)
Clay soils (69) .....c.oon.t 4,9—6,0 4,2—5,1
Coatse mineral soils (65) ... 5,0—6,0 3,9—5,4
Otrganogenic soils (62) .... 4,2—5,6 3,3—4,8

pH(H,0)
measurement

y = 48,22— 8,14x
y = 34,78— 5,74x
y = 60,52—10,97x

assessments (Fig. 1), the linear regressions are
obtained as in the tabulation after the following
paragraph.

It can be seen from the regression equations
that the soil testing method recommends about
4 t/ha of ground limestone, whereas according
to the titrimetric assessment liming is unneces-
sary. The soil testing is also characterised by
only a slow increase in requirement of liming
material with increasing estimates by the titri-
metric method. This becomes especially apparent
in the liming recommendations for organogenic
soils. MAkrTIE (1965) has also pointed out that
recommendations based on the soil testing
method give tise to a poor lime status in oz-
ganogenic soils.

pH(H,0)
assessment

y = 3,374-0,61x
y = 3,274-0,68x
y = 3,724-0,24x

pH(CaCly,)

assessment

y = 3,264-0,67x
y = 3,224-0,70x
y = 3,5240,27x

found that assessments based on pH(H,O) and
pH(CaCl,) measurements described lime require-
ment by the titrimetric method better than did
the soil testing estimates. In consequense, the
titrimetric assessment of lime requirement was
calculated as a function of pH measurement:

pH(CaCly)

measurement
y = 35,16— 6,83x
y = 31,49— 6,01x
y = 58,09—12,13x

The of so-called exchangeable
calcium in accounting for the lime requirement

significance

was also examined by including exchangeable
calcium as a determinant variable in addition
to pH(H,O) measurement in estimation of lime
requitement by titrimetric assessment. In the
clay soil group, this measure increased the
coefficient of determination by 1,4 %, in the
coarse mineral soils by 0,39, and in the or-
ganogenic soils by 1,8 %,.
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DISCUSSION

For mineral soils, the optimal ratio of hydrogen
to metallic cations for nutrient uptake by plants
is held to be 1 : 3 ; the degree of base saturation
must therefore be about 759, of the cation
exchange capacity (Jonsson 1978).

According to soil testing recommendations,
the class satisfactory (4), e.g. for coarse mineral
soils, corresponds exchangeable calcium to 1 400
mg/l of soil and pH(H,O) 5,8. For the soil to
hold so much exchangeable calcium at this pH,
the cation exchange capacity would have to be
more than 10 me/100 g of soil, or over 10 me/
100 ml of soil, since according to Srerora and
Tares (1978) the average volume weight of
Finnish mineral soils is almost unity. In addition,
it should be borne in mind that according to
VuoriNEN and MAxrrie (1955) the soil testing
method displaces an average of 80 9% of the
exchangeable calcium from most cultivated soils.
In surface samples (0—20 c¢m) of silt and loam
soils (pH(CaCly) 5,0), fine and coarse sandy soils
including some moraine samples (pH(CaCl,)
4,9), Karra (1971) gives mean values for the
effective cation exchange capacity of about
-9 me/100 g of soil. It follows from the wide
differences in the cation exchange capacity that
different soils at a given pH will display a
cotrrespondingly wide range of exchangeable
calcium values. If estimates of exchangeable
calcium contents are to be of any use in soil
testing, they should be better related to cation
exchange capacity.

It appears that requirements based on the
Finnish soil testing method should be regarded
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with some scepticism. Inclusion of the calcium
status worsens the liming assessment in all soil
type groups examined, particularly in the clay
soils. Acid ammonium acetate extractable cal-
cium can only be used as an index of liming
requirement as long as the factors affecting
cation exchange capacity and degree of base
saturation are the same. This is generally not
the case. The results of our study indicate
that a measurement of pH(H,O) or pH(CaCl,)
without any consideration of calcium status
defines lime requirement more adequately.

On its own, however, a2 pH measurement gives
only a qualitative index of lime requirement.
In 2 soil with low pH and small cation exchange
capacity, less lime is needed to raise the pH
to a given level than is needed for a soil of
similar pH but with a large cation exchange
capacity. In such a case, the amount of liming
material needed should be determined by more
precise means than from measutements of
PH(H,O) or pH(CaCl,), e.g. by means of the
titrimetric method described in this study. In
practice, this involves only one Ca(OH),
addition (e.g. 0,005 M for mineral soils and
0,01 M for organogenic soils) when the soil:
solution ratio is 1:5.

On the basis of our investigation, the calcium
analysis can be omitted from routine soil testing
analyses of liming requitement. A liming recom-
mendation based solely on pH(H,O) or pH(CaCl,)
measurement better describes the titrimetric
liming assessment than does a recommendation
based on the Finnish soil testing method.
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SELOSTUS

Maan kalkitustarpeen médrittimisestd viljavuustutkimuksessa

VAING MANTYLAHTI ja Torvo YLARANTA

Maatalouden tutkimuskeskus

Viljelysmaiden happamuus lisddntyy ravinteiden huuh-
toutumisen, kasvien ravinteiden oton, tehokkaan viki-
lannoituksen ja my®&s ilmasta laskeumana tulevan rikin
seurauksena. Valtaosa pelloistamme onkin vaateliaiden
kasvilajien ja -lajikkeiden viljelyn kannalta lilan happamia.

Maan happamuutta voidaan vihentdd lisidmalld
emiksisesti vaikuttavia aineita, kuten kalkkikivijauhetta
(CaCO,). Vaikeutena on atrvioida optimaalisten viljely-
edellytysten luomiseksi tarvittava kalkitusainemadri.
Timin tutkimuksen tarkoituksena oli verrata viljavuus-
tutkimuksen kalkitustarpeen mairitysmenetelmdd ns.
titrausmenetelmiin, jonka avulla voidaan miarittdd teo-
reettinen kalkitusainemidri maan pH-arvon kohotta-
miseksi halutulle tasolle.

Kun kalkitussuositus tehddéin maalajiryhmissi savi-
maat, katkeat kivenniismaat ja eloperiiset maat pelkin

7 128001568U

pH(H,0)- tai pH(CaCl,)-mittauksen perusteella, saadaan
timin tutkimuksen perusteella ctenkin savimaissa ja
karkeissa kivenniismaissa viljavuustutkimusmenetelmin
tuloksia todellisempi kuva kalkitustarpeesta.

Karkeasta kolmen ryhmin maalajiluokituksesta seuraa,
etti samaan ryhmiin voi kuulua hyvin erilaisia maita.
Niin ollen saattavat viljavuusanalyysissi vaihtuvan
kalsiumin tavoitepitoisuudet ylittd4 efektiivisen kationin-
vaihtokapasiteetin.

Timin tutkimuksen perusteella maan kalkitustarvetta
atvioitaessa voitaisiin kalsiumanalyysi jattid pois rutiinin-
omaisesta viljavuustutkimuksesta. Pelkin pH(H,0)- tai
pH(CaCl,)-mittauksen mukainen kalkitussuositus kuvaa
titraustulkinnan mukaista kalkitustarvetta paremmin
kuin viljavuustutkimukseen perustuva suositus.
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THE DEPENDENCE OF YIELD INCREASES OBTAINED WITH PHOSPHORUS AND
POTASSIUM FERTILIZATION ON SOIL TEST VALUES AND SOIL pH

Jouko SieroLa

Sterora, J. 1980. The dependence of yield increases obtained with phos-
phorus and potassium fertilization on soil test values and soil pH. Ann.
Agric. Fenn. 19: 100—107. (Agric. Res. Centre, Inst. Soil Sci., SF—01300 Vantaa
30, Finland.)

The study involves the fitting of results from phosphorus and potassium fertil-
izing experiments to response functions of the types y =a -+ bx -- cx® and
y =2 4 b4/X + cx. The dependence of the cocfficients of these response functions
on respective soil test values and soil pH was studied.

No statistically significant difference was found between the two models in
the fit into the experimental data. The best response to fertilizer phosphorus and
to potassium was obtained on organic soils and the poorest on clay soils.

Soil pH was found to be an important factor in conjunction with the soil phos-
phorus test value in explaining the variance of the coefficients in response functions.
The percentage of explained vatiance ranged from 4 to 18 % in the case of the
quadratic model and from 1 to 9 % in the case of the square root model. The
respective percentages for the potassium experiments were 1 to 28 % and 1 to
20 %, when the potassium test value was the only explanatory variable.

The inclusion of the soil test value in the response function simplifies the
calculation of optimum fertilizer rates in economically variable situations. The
difficulty, however, is that the response function itself is obtained as an average

- of several experiments.

Index words: Soil testing, yield response functions, phosphorus, potassium.

INTRODUCTION

The primary purpose of soil testing is to deter-
mine the fertility of soils for plant growing.
It should also be the basis for fertilizer recom-
mendations. The optimal use of fertilizers also
involves the consideration of economical factors
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such as prices of fertilizers and crops. In this
connection the value of soil testing is increased
when we know that uncontrolled use of fer-
tilizers may be extremely uneconomical, because
the best response to fertilizers is obtained on



soils with low fertility. Excessive use of fer-
tilizers on soils with good fertility leads not
only to economical losses by the farmer but it
may also cause environmental risks.

The calibration of the results of soil tests
with plant response to fertilizers involves the
use of production functions (Corpwerr 1978).
Although production functions have already
been used for a long time, they have grown in
importance in recent years. This is because the
studies on the economics of fertilization have
intensified and production functions are required
when optimum use of fertilizers is determined
for various situations.

Different types of mathematical functions
have been used as production function models
(IsamuvoTiLa 1970, Jonsson 1974). Different
types have been found to be superior de-
pending on the study. Some of the functions
are restricted in their use by the tediousness

of the calculations required to estimate para-
meters (JonssoN 1974).

There is no generally approved type of pro-
duction function. Therefore, the best fit to
expetimental data has usually been taken as the
basis for choice of the model. The popularity
of simple polynomial models such as quadratic
and quadratic square root functions has increased.
They are easily fitted to data by standard sta-
tistical procedures and other mathematical
models have not proved to be significantly
better. Therefore, in the present study quadratic
and quadratic square root models were fitted
to yield data obtained in local fertility trials on
small grains (i.e. wheat, batley and oats) and
hay. The dependence of the coefficients of these
functions on soil test value, and in the case of
phosphorus its dependence on soil pH, were
investigated in order to find a reliable basis for
interpretation of soil test results.

MATERIAL AND METHODS

The results obtained in local phosphorus and
potassium fertilization trials were used in the
study (Sierora and MARJANEN 1978). The ex-
petimental fields were located throughout Fin-
land, but the experiments involving small grains
were concentrated in the southern part of the
country. All three main Finnish soil type groups,
clay soils, coarse mineral soils and organic soils,
were included. The study material consisted of
375 trials on phosphorus and 235 trials on
potassium.

Basic nitrogen fertilization was 52 kg/ha. In
phosphorus trials the basic potassium fertilization
rate was 100 kg/ha, and in potassium experiments
the phosphorus rate was 35 kgf/ha. The treat-
ment factors in the phosphorus experiments
wete 0, 17, 35, 52 and 70 kg/ha in the form of
superphosphate. The treatments in the potassium
expetiments were 0, 42, 84, 126 and 168 or
0, 50, 100, 150 and 200 kg/ha in the form of

muriate of potash. The experiments involved
four replications. Spring wheat, barley and oats
were the test crops in the experiments involving
small grains, but the tesults are treated as one
group (in kg/ha). The hay crop in the experi-
ments was timothy. :

The soils of the experimental fields wete
tested for easily extractable phosphorus and
potassium using the method of VUORINEN
and MAxrrie (1955). Soil pH was measured
from a soil-water suspension (1:2,5 by
volume).

The quadratic, y =a + bx + cx?, and qua-
dratic square root, y =a -+ by/x 4 cx, poly-
nomial functions were fitted to the yield increase
results of each field using 2 Compucorp 455
desk calculator. The dependence of the obtained
coefficients on soil test values and soil pH was
studied wusing standard regression analysis
methods (SNEDECOR and CocHRrRAN 1972).
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RESULTS AND DISCUSSION

Response functions for phosphorus and
potassium

The fit of the models, y =a 4 bx 4 cx? and
y =a 4 bay/x | cx, to experimental data was
in most cases good. The results of a few ex-
petiments were discarded due to nonsignificant
correlation. Despite the statistically nonsignifi-
cant differences between models, the calculated
correlation coefficients were more often higher
in numerical value in the case of the quadratic
square root model for both phosphorus and
potassium experiments than in the case of the
quadratic model.

The apparent non-fit to each other of some
of the models in Figs. 1 and 2, which are drawn
according to the mean values of coefficients,
was due to large variation in the coefficients of
individual experiments.

According to the mean values of the coeffi-
cients in fitted functions, the best response of
cereals to phosphorus festilizers was obtained
on organic soils (Table 1), and was about twice
as high as on clay soils. The same order of
phosphorus effect between soil types has also
been reported eatlier in Finland and responses
similar to those indicated by linear terms in
the quadratic model have been obtained on
newly reclaimed areas (TeENnBERG 1955).

The mean value of the quadratic term was
highest in the case of organic soils, and therefore,
according to the model, the yield drops very
quickly at higher phosphorus doses (Table 1,
Fig. 1). Although in the square root model the
linear term for organic soils is negative, the
value of the function increases up to the highest
phosphorus rates used in the experiments. This
indicates a principal difference between the
two types of model in this particular set of
experiments.

According to the means of the regression
coefficients, organic soils also responded best
to potassium, as was known previously (MAR-
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Table 1. The mean values of the coefficients b and c

in quadratic (y = a + bx + cx?) and quadratic square

root (y = a + ba/X 4 cx) functions fitted to the yield
increases obtained in phosphorus fertilization trials.

quadratic quadratic
a square root
b | c b c

Small grains

Clay soils ....... 791 10,4 | —0,0775} 40,6/ 1,27

Coarse mineral soils | 88| 14,0 | —0,1183[ 53,7 1,05

Organic soils ... .. 56| 22,2|—0,2899| 79,2|]—1,38
Hay

Clay soils ........ 20| 12,8 | —0,0662f 43,9 3,54

Coarse mineral soils [ 57| 21,0 | —0,1658] 69,0 3,22

Organicsoils . .. .. 75| 35,0 —0,3325(147,8/—2,38

JANEN and Varmarr 1975). Clay soils responded
least because of the large potassium reserves
found in these soils (Fig. 2).

All the quadratic functions describing the
response of small grains and hay to potassium
fertilization have a clear maximum in the range
of applied fertilizer rates. On the other hand,
the square root functions have such a2 maximum
only in the case of clay soils.

The fit of functions to experimental data
measured by the magnitude of correlation
coeflicients did not indicate the superiority of
either of the models. Jonsson (1974) also

Table 2. The mean values of the coefficients b and ¢

in quadratic (y = a + bx + ¢x% and quadratic square

root (y = a 4 b4/x - cx) functions fitted to the yield
increases obtained in potassium fertilization trials.

quadratic quadratic
n square root
b J c b c
Small grains
Clay soils ........ 28| 3,09 | —0,0200| 32,9|—2,47
Coarse mineral soils | 29 | 4,05 | —0,0137 31,0]—0,47
Organic soils . ... .. 20| 8,33|—0,0387| 56,5(—1,45
Hay
Clay soils ........ 23| 7,53 —0,0331| 53,5|—1,50
Coarse mineral soils | 38 | 12,8 | —0,0488] 94,2|—1,66
Organic soils . .. .. 97| 16,7 | —0,0571| 113,8|—0,42
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Table 3. The dependence of the coefficients b and c in the yield increase response function y = a -+ bx -+ cx2 on the
soil pH and soil P-test value.

n b R c R

Small grains

Clay soils ........ 79 97,0—15,5 pH —0,15 P value | 0,43%%*| —1,154.0,19 pH +0,002 Pvalue [ 0,37%%*

Coarse mineral soils | 88 106,1—16,8 pH —0,06 P value | 0,35%*%* | —0,9310,15 pH 40,001 Pvalue | 0,22*

Organic soils . .. .. 56 45,4— 3,1 pH —1,95 P value | 0,34* —0,51-1-0,02 pH 40,027 Pvalue| 0,24
Hay

Clay soils ........ 20 | —41,54 9,4 pH 10,30 P value | 0,20 1,58—0,28 pH —0,011 Pvalue | 0,35

Coarse minetal soils | 57 106,1—14,1 pH —1,33 P value | 0,29* —1,794-0,30 pH —0,006 P value | 0,30*

Organic soils . .. .. 75 | —37,74+15,9 pH —1,03 P value | 0,29* 0,28—0,14 pH —0,012 P value | 0,23*

arrived at such a conclusion in his study of the
quadratic and square root production functions
fitted to results of nitrogen fertilizing experi-
ments. CoLweLL (1967) found indications of
the superiority of the square root model and
later CoLwELL (1978) used only the square root
model in fertilizer requirement studies. Because
in the present study no clear decision could be
made concerning the supetiority of either of
the models, both were used in the study of the
dependence of the coefficients of response
functions of individual experiments on respective
soil test values.

The dependence of coefficients of fertilizer
response functions on soil test value and pH

When the dependence of coefficients of phos-
phorus response functions on soil test values

and pH was studied, it was found that soil pH
correlated better than P-test value. Therefore,
in the case of phosphorus experiments, pH
was also included as an independent variable
in functions for estimating the regression
coefficients (Table 3). '

According to these functions, pH had a
marked effect, especially on clay and coarse
mineral soils. The inctease in soil pH diminishes
the linear coefficient, which indicates lower
response to phosphorus fertilizers. Exceptions
to this were the experiments concerning hay on
clay and organic soils. Other phosphorus fertili-
zation experiments have also shown that the best
response to phosphorus is obtained on soils
with low pH (KERANEN and MARJANEN 1972).
The reduction in fertilizer response due to
increase in soil P-test value is logical. The
second degree term mainly diminishes due to
an increase in both soil pH and soil P-test

Table 4. The dependence of the coefficients b and ¢ in the yield increase response function y = 2 + by/X - cx
on the soil pH and soil P-test value.

n b R c R

Small grains

Clay soils ........ 79 422— 68,8 pH —0,69 P value | 0,27* —324 6,2 pH —0,079 P value 0,18

Coarse mineral soils | 88 587— 98,7 pH 41,26 P value |" 0,30%* | —314 6,1 pH —0,236 P value 0,16

Organic soils . .. .. 56 274 16,0 pH —7,16 P value | 0,24 21— 4,7 pH +0,206 P value 0,13
Hay o

Clay soils ........ 20 | —4174 77,7 pH 45,67 P value | 0,28 97—15,9 pH —1,02 P value 0,42
Coarse mineral soils | 57 700—113,4 pH —0,70 P value | 0,28 —84+4-17,2 pH —1,61 P value 0,31%

Organic soils . . . .. 75 | —1234 63,6 pH —6,60 P value | 0,28 — 6+ 0,1 pH +0,46 P value 0,15
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Table 5. The dependence of the coefficient b and c in the yield increase response function y = a + bx + cx® on the
soil K-test value.

n b r c r

Small grains

Claysoils .............. 28 2,640,003 K value 0,07 —0,0082—0,0001 X value —0,22

Coarse minetal soils . .. .. 29 8,8—0,046 K value —0,52%% | —0,0355+0,0002 K value 0,38*%

Organicsoils .......... 20 13,1—0,084 K value —0,29 —0,0649-+0,0005 K value 0,25
Hay

Claysoils .............. 23 20,4—0,082 K value —0,53%* | —0,091740,00037 K value 0,41%*

Coarse minetal soils . .. .. 38 | 20,3—0,077 K value | —0,38* —0,0873--0,00039 K value 0,33*

Organicsoils .......... 97 26,2—0,142 X value —0,38%* | —0,0968+0,00059 K value 0,27**

value. The dependence of regressions on soil
pH and soil test values was in most cases sta-
tistically significant and 4—18 9, of the variation
of the coefficients in quadratic equations was
explained by these factots.

The dependence of the coefficients in the
square root model on these soil factors was
generally smaller (Table 4). The percentage of
explained variation ranged from 1 to 9 %.

In potassium experiments the soil pH was
not significant in combination with the K-test
value in explaining the variation of coeflicients
in potassium response functions, and therefore
only the regression on soil test values was
calculated (Tables 5 and 6). The regression of
the coefficients in the quadratic model were
- statistically significant except in the small grain
experiments on clay and organic soils. The
variation of coefficients explained by regression
was 1-—28 9, and was mostly more than that

in the phosphorus experiments. The decrease
in the linear coefficient when soil K-test value
increased is logical. In accordance with the
phosphorus experiments the second degtee term
diminished when the soil test value increased.
The dependence of the coefficients of the square
root model on soil K-test value did not reach
the significance level as often as in the quadratic
model.

When response functions are used to calculate
optimum fertilizer rates the selection of the
model is important. As can be seen in Figs.
1 and 2, in some cases the two models closely
approach each other, but in other cases the
optimum rates deviate greatly. According to
the present results, the quadratic model results
in higher optimum rates when the cost of fer-
tilizers is high, but when the fertilizers are
relatively cheap the square toot model results
in higher optimum rates. This is because of the

Table 6. The depencence of the coefficients b and c in the yield increase response function y = a + by/X - cx
on the soil K-test value.

n b T c b4

Small grains

Clay soils .............. 28 5,24-0,16 K value 0,28 1,1—0,020 K valuc —0,37

Coarse mineral soils . .. .. 29 73,0—0,407 X value | —0,45* —2,4-+-0,018 K value 0,25

Organic soils .......... 20 91,0—0,607 K value | —0,22 —3,04+0,028 K value 0,14
Hay

Clay soils ...........on 23 | 140 —0,56 K value | —0,32 —3,5-+0,012 K value 0,09

Coarse mineral soils . .. .. 38 | 190 —0,93 K value | —0,45%* —7,64+0,068 K value 0,41*

Otganic soils .......... 97 | 174 —0,89 K value | —0,24* —1,44-0,015 K value 0,05
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maximum in quadratic models in the range of
applied fertilizer rates. The difficulty in choosing
the model may be simplified by the knowledge
that there are also many other uncertainties
when optimum fertilizer rates are determined
for a future crop and a good selection between
all the factors has to be made. Of these factors,

those connected with weather are impossible
to control. The selection of plant varieties,
methods of cultivation and fertilizer application
also affect fertilizer efficiency. Soil testing, as
shown by this study, gives useful information
concerning an influencing factor which can be
cotrected to a level that does not limit growth.
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SELOSTUS

Fosfori- ja kaliumlannoituksella saatujen sadonlisdysten riippuvuus

maan viljavuusluvusta ja pH:sta

Jouko SieroLA

Maatalouden tutkimuskeskus

Tutkimuksessa kisitelldan paikallisissa nousevien fos-
foti- ja kaliummadrien kokeissa saatuja sadonlisdyksid
kiyttien hyviksi tuotantofunktioita y =a + bx + cx®
jay=a-+ byX+ cx ]
Mallien sopivuudessa tulosaineistoon ei todettu
merkitsevid eroja. Nelidjuurifunktion selvitysaste oli
useammin suurempi kuin toisen asteen yhtilon selvitys-
aste. Pathaat sadonlisiykset saatiin sekd fosforilla ettd
kaliumilla eloperiisilli mailla (Kuvat 1 ja 2). Savimailla
lannoitteiden vaikutus oli vahiisin.
Tuotantofunktioiden kertoimien riippuvuutta maan
viljavuusluvusta pyrittiin selvittiméin regressioanalyysin
avulla. Fosforilannoituskokeissa maan pH osoittautui
maan fosforiluvun ohella tirkeiksi fosforilannoituksen
tehoon vaikuttavaksi tekijaksi. Nimi tekijit yhdessi

8 128001568U

selittivit 4—18 % toisen asteen funktion kertoimien
vaihtelusta. Nelidjuurimallin kertoimien vaihtelun sel-
vitysaste oli 1—9 %.

Maan kaliumluku selvitti 1—28 % kaliumlannoitus-
kokeiden tuloksista laskettujen toisen asteen yhtilSiden
kertoimista. Nelidjuuriyhtilon kertoimien vaihtelusta
kaliumluku selvitti 1—20 %.

Kiytettiiessd tuotantofunktiota optimilannoitemidrien
laskemiseen paddytddn eri tuloksiin mallin valinnasta
riippuen. Lisiksi optimilannoitemiirin arvioiminen
tietimiattd tulevan kasvukauden olosuhteita on vaikeaa.
Tiamin tutkimuksen perusteella viljavuusanalyysiin pe-
rustuvat lannoitussuositukset antavat kuitenkin tietoja
niisti kasvuun vaikuttavista tekijoistd, joihin viljelijd
voi toimenpiteillidn vaikuttaa.
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COMPARISON OF FINE AND COARSE LIMESTONES IN POT AND
FIELD EXPERIMENTS

ANTTI JAAKKOLA and RAILI JOKINEN

s jAAKKOLA, A. & JoxNeN, R. 1980. Comparison of fine and coarse limestones
i~ in pot and field experiments. Ann. Agtic. Fenn. 19: 108—124. (Agric. Res.
Centre, Inst. Agric. Chem. and Phys., SF—31600 Jokioinen, Finland.)

. Dolomitic and calcitic limestones ground to two grades of fineness were compared

.. in field and pot experiments. The field experiments were performed on a Gyttja
clay, a Fine sand and a Carex peat soil with two liming rates (8 and 16 tons/ha).
All soils were acid. The pot experiments were carried out with soils taken from the
plough layer of the experimental fields and treated with increasing amounts of the
liming materials and their two particle-size fractions. Barley was used during the
whole three-year experimental period.

On the basis of the short-term effect on soil acidity measurable in pots half
a year after liming and on the field during the two first years, the dolomitic ma-
terials were at least one-third less effective than the calcitic. The coarse grindings
(38 % of particles <0,15 mm) were about equally inferior to the fine ones (55—
64 % <0,15 mm). The fraction which passed through the 0,15 mm sieve was many
times more effective than the rest in all the materials.

The final difference between the coarse and fine grindings was maximum 20
pet cent, as was the difference between dolomitic and calcitic limestones in the
pots, but on the field the difference was somewhat larger. Differences between
soils were small.

The extractable magnesium content of soil treated with dolomitic limestone
was also dependent on the fineness of the limestone. Differences in crop yield
and calcium and magnesium contents were in good agreement with the results
referred to above.

Index words: Liming materials, particle-size.

INTRODUCTION

The carbonates of calcium and magnesium most there are statutes which state that calcitic and
often used as liming material for acid soils dolomitic limestones sold as liming material
dissolve only sparingly in soil water. Hence, must be ground so that 50 per cent of the
their soil-neutralizing effect is known to be material will pass through a 0,15 mm sieve.
dependent on the particle size. In Finland,
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Because of rapidly increasing grinding costs
due to rising energy prices the question has
arisen of whether it might be possible to reduce
the amount of fine matetial without seriously
reducing the overall effect. The industry has
suggested a grinding strength which produces
materials containing at least 30 per cent <0,15
mm fraction. In addition to lower production
costs these materials would have some extra
benefits: they would be somewhat ecasier to

spread out, less sensitive to moisture and not
as dusty as the present materials.

The aim of this study was to find out how
much the liming effect of dolomitic and calcitic
limestones is changed due to the reduced
grinding suggested by the Finnish lime-pro-
ducing industry. In order to obtain results
directly applicable in. practice, pot and field
experiments were carried out in addition to
chemical soil and plant analyses.

MATERIAL AND METHODS

Liming materials

Some propetties of the liming materials studied
are given in Table 1. The fine and coarse
dolomitic and calcitic limestones were ground
from the same respective raw materials. The
calcium and magnesium contents were deter-
mined by the State Institute of Agricultural
Chemistry using the official method which
entails dissolution of the elements with hot

1 N HCL. The »neutralizing ability» is calculated
as the sum of Ca - 1,65 X Mg. For comparison,
the acid neutralized by the materials in a similar
treatment was also determined and the result
given as equivalent calcium content. Other
contents given in Table 1 have been determined
in the same acid extracts.

The fine dolomitic and calcitic limestones
represent normal materials on the Finnish
market. The dolomitic raw material is harder

Table 1. Liming materials.

Fine Coarse Fine Coarse
dolomitic dolomitic caleitic caleitic
limestone limestone limestone limestone

Particles <<0,15 mm?), % ...ooovvnn 55,0 38,4 64,1 38,1
0,15—0,3 mm , % «evieniarnnn- 16,3 15,9 14,4 15,2
0,3 —0,6 mm , % ....c.o0..... 15,6 14,6 11,9 14,7
0,6 —20 mm , % .....oo.onn.. 11,7 26,1 9,6 28,9
>20 mm?b), % .....00.oni. 1,4 5,0 0,0 3,1
Calcium %L i 20,9 20,0 36,1 34,5
Magnesium YD) e 9,5 9,0 0,73 0,75
Neutralizing ability:
Ca+1,65XxMg%D . covviiinin 36,5 34,8 37,3 35,7
acid neutralized equivalent to Ca % .. .. 34,3 32,4 35,9 34,9
Phosphorus mgfkg ....... .o 240 280 80 - 80
Potassium = » i 220 270 . 150 60
Sodium D e 50 50 150 120
Iron. - L PN 1-730 . 1730 1110 1070
Manganese  ®  .ieuianeeaiaeneanon 80 140 390 390
Zinc 2 15 14 11 9
Copper” R e 9 12 -8 |- 11

1) Determined by the State Institute of Agricuitural Chemistry. Other determinations carried out by the Agricultural Rescarch Centre.
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than the calcitic one, which has probably led
to the latter being finer. The coarser grinding
made both materials a little finer than expected.
The decrease in the fraction below 0,15 mm is
counterbalanced by the increase in the fractions
above 0,6 mm in both raw materials. The inter-
mediate fractions seem to have changed very
little.

Pure dolomite contains 1,65 times as much
calcium as magnesium by weight. Hence, the
dolomitic limestones were apparently mixtures
of dolomite and calcite in a molar ratio of 3: 1.
The calcitic limestones did not contain mag-
nesium compounds to any marked extent.

There were relatively small differences between

fine and coarse materials. However, the fine
ones were somewhat richer in both calcium and
magnesium, probably due to better solubility
of the finer particles.

The neutralizing ability determined through
acidimetric titration was lower than calculated
by the official method. There were evidently
some neutral calcium and magnesium com-
pounds besides the carbonates in the liming
materials. The difference between the neutral-
izing abilities determined by different methods
did not seem to be dependent on the fineness
of the material.

The contents of other elements determined
in the coarse materials were in general a little
lower than in the finer ones. This is probably
caused by the lower solubility due to the larger
portion of coarse fractions.

Experimental soils

The effect of liming on soil properties and crop
growth depends partly on the soil itself. Different
locations with different climates may cause some
variation, too. To get an idea of these factors
the field experiments for this study were estab-
lished at three locations on widely differing
soils. Pot experiments were carried out with
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soils taken from the plough layer of the ex-
perimental fields. These soils had the following
properties:

Gyttja Fine Carex
clay sand peat
Pernaja Ylistaro Vaala

Particles < 0,002 mm, 9%, 56 18 —
pH(CaCly) ............ 48 4,6 42
pH(H,O) .............. 5,3 5,1 5,0

Acid ammonium acetate (pH 4,65) extractable
nutrients:

P mgll oooiinnn... 8,0 5,1 8,7
K % eiieeinninn. 240 110 25
Ca  » oiiiiiiinn.. 1080 500 800
Mg % ... 120 - 50 100

All soils were acid. Their pH(H,O) was below
the mean of all Finnish soils, which is ca. 5,5
(Kurkr 1972). Two of the soils were mineral
and one an organic soil. The mineral soils
differed considerably in their particle-size com-
position; one had a 56 per cent clay fraction,
the other less than 20 per cent. The predominant
fraction in the latter soil was very fine sand
(0,02—0,06 mm), which comprised 35 per
cent.

Of the nutrients, attention should be paid
to magnesium, because two of the materials
studied contained magnesium in considerable
amounts. Only the Fine sand from Ylistaro
was so poor in magnesium that the magnesium-
fertilizing effect might be likely.

Pot experiment

The liming properties of the four materials to
be studied were tested in a three-year pot ex-
periment. These experimental soils were taken
from the plough layer of the fields in the ex-
periments reported below. Some properties of
the soils are discussed above. A barley variety
known to be sensitive to acidity was grown in
the pots during three growing seasons.



The plastic 5-litre pots were kept outdoors
under normal climatic conditions prevailing in
southern Finland (Tikkurila), where the trial
was carried out. The pots had a hole in the
bottom for drainage. The drained water was
collected and reapplied on the soil surface daily.
The pots wete watered with deionized water
when necessary.

The experiment comprised the following
treatments: an unlimed control, all four liming
materials at rates 6, 12, 18 and 24 g per pot
plus 12 g per pot under and above the 0,15 mm
fractions of each material. These 25 treatments,
three soils and four replications totalled 300
pots in the experiment.

The experiment was established on October
26—27, 1976. The amounts of soil weighed
pet pot were as follows:

S T o
DM % ceeevninnnnnnns 62,8 73,0 49,7
Amount, kg per pot ... 4,2 4,0 3,3

The treatments consisting of the lime additions
reported above were performed at the same
time. The liming materials were mixed thozough-
ly with the entire soil in the pots. After mixing
the pots were covered with plastic film to prevent
evaporation and kept indoors at room tempera-
ture for three weeks. On November 19, 1976
the pots were moved outside until the end of
the experiment in order to keep them under
the influence of the climate. It may be assumed
that the soils were frozen for about three months
yearly.

The first crop, barley variety Ingrid, was
sown on May 9—10, 1977. Sufficient NH,NO,,
KCl, Ca(H,PO,), - H,0, H;BO,;, MnSO, -H,O,
CuSQ, : 5H,0, ZnSO, - TH,0O and Na,MoO, -
2H,0 were mixed with the soil before sowing
in order to assure good growth. The crop was
harvested at maturity on August 22—26. The
grain and straw yields were weighed separately.

The same crop was grown in the two following
years. It was also fertilized similarly. The

sowing and harvesting dates for those years
were: May 17 and August 30—31, 1978, and
May 14 and August 20—24, 1979, respectively.

The first-year grain and straw from each
pot were analyzed for calcium and magnesium.
The determinations were made using atomic
absorption spectrometry of acid extract of
ashed plant material.

Soil samples were taken yearly from each
pot before sowing and after harvest and their
pH in 0,01 M CaCl, suspension was determined.
The samples taken after the last harvest, in
1979, were also analyzed for calcium and mag-
nesium extractable in acid ammonium acetate,
pH 4,65. The pH was measured in water sus-
pension, too. ’

Field experiments

Three field experiments were established. They
were located in Pernaja, 60°30'N, on Gyttja
clay, in Ylistaro, 63 °N, on Fine sand, and in
Vaala, 64 °30’N, on Carex peat. The properties
of the plough layers are discussed above, because
representative samples were used as experi-
mental soils in the pots. The subsoils were also
acid. The pH measured in water suspension
of the subsoil of the Pernaja, Ylistaro and Vaala
fields was 4,2, 4,7 and 4,6, respectively.

The treatments consisted of unlimed controls
plus 8 and 16 tons per hectare of the four liming
materials. The calcitic and dolomitic limestones
were arranged in main plots, the rates 8 and 16
tons/ha in subplots and the fine and coarse
grindings in sub-subplots. Each main plot was
accompanied by an unlimed control plot. The
treatments were treplicated four times, each
replication in a separate block.

The treatments were spread in autumn 1976.
One half of the amount of lime for a plot was
spread before, and the other after ploughing.
The aim of this method was an even distribution
of lime throughout the whole plough layer of
a plot.
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Varieties of barley known to be sensitive to
soil acidity were grown on all fields during the
three years, except in 1978 when oats were
grown on the Gyttja clay. NPK fertilizers were
applied as normal to the crops each spring.
Other normal cultivation practices were followed.
The grain was harvested with combine har-
vesters leaving the straw on the plots. The
grain yield of each plot was weighed separately.
The oats sown on Pernaja Gyttja clay in 1978

were very badly lodged and the yields were not
weighed. The fields were ploughed each autumn.
The ploughing depth was ca. 20 cm.

Soil samples representing the plough layer
of each plot were taken in autumn 1976 before
the treatments and in the following three years
after harvesting the crop. Soil pH in water
suspension was measured, and calcium and
magnesium extractable

in acid ammonium

acetate, pH 4,65, was determined.

RESULTS

Pot experiments

The liming matetials wete mixed with the soil
in late autumn. The following spring the soil
pH had clearly been changed by the lime (Fig.
1). The calcitic limestone was more effective
than the dolomitic and the finer grindings were
more effective than the coarser. The response
of soil pH to increasing amounts of all liming
materials was almost linear. However, the final
increments tended to have a slightly lower
effect than the first. The soils responded differ-
ently to liming. The response in Gyttja clay
was least, in Carex peat greatest. The relative
differences between liming materials seemed to
be constant in all three soils. Coarse calcitic
limestone was always as effective as fine dolomitic
limestone. The effect of a liming rate of 24 g
per pot of coarse dolomitic limestone was
similar to about 10 g per pot of fine calcitic
limestone in all soils.

The differences between liming materials
decreased during the experiment. In spring
1978, after 1,5 years of experiment, these dif-
ferences were clearly narrower than earlier in
the Gyttja clay and the Fine sand. This also
applies to differences between raw materials
and between grindings. In Carex peat the situ-
ation was different. The effect of grindings of
the same raw material approached each other
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here, too, but difference between calcitic and
dolomitic limestones increased somewhat.

In the last year the differences were even
narrower, also in the Carex peat. If liming
materials are compared on the basis of results
from autumn 1979, after 3 years of experiment,
the effect of 24 g per pot of the least effective
material, coarse dolomitic limestone, corre-
sponded to about 18 g per pot of the most
effective material, fine calcitic limestone.
There were no marked differences between
the soils.

The lowest part of Fig. 1 shows the change
in soil pH between 1977 and 1979. The values
shown are differences between the spring and
autumn means of pH values in the years men-
tioned. The differences were generally small.
Increasing amounts of fine calcitic limestone
were no longer able to affect the pH after the
first year. Coarser grindings of the same raw
material as well as both grindings of dolomitic
limestone continued to raise the pH during this
period. There were no clear differences between
these materials. However, the effect of coarse
dolomitic limestone seemed to be a little superior
to the effect of the fine grinding.

The treatments also included application of
two fractions, below and above 0,15 mm, of
each liming material. The aim of these treat-

ments was to compate the relative efficiency
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Fig. 1. Effect on soil pH(CaCl,) of increasing amounts of the liming materials mixed with soil in autumn 1976.

of the fractions. The comparison was made by
determining through interpolation the amount
of unsieved lime which had the same effect as
the fraction. Since no essential differences were

observed between the soils, their means were
calculated. The ratio of the efficiency of the
finer fraction to that of the coarser was as
follows:
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Spring Autumn

1977 1979

Dolomitic limestone, fine ....... 4,4 1,1
» » , coarse ....... 6,7 1,2
Calcitic limestone, fine ......... 4,8 1,2
» » , COArse ......... 5,8 1,2

Three years after application the fraction finer
than 0,15 mm was only 10—20 per cent more
effective than the coarser one. However, the
efficiency of the fraction determined in the
spring following application in late autumn
differed considerably. The finer fraction was
4,4—6,7 times as effective as the coarser one.
The fractions of the coarse grindings differed
more than those of the fine grindings. The
main reason for this was probably the different
particle-size composition of the >0,15 mm
fractions of fine and coarse grindings. As shown
in Table 1, half of the particles of coarse lime-
stones unable to pass through a 0,15 mm sieve
were over 0,6 mm in diameter, while the cor-
responding portion of fine limestones was only
about a quarter. No great differences between
raw materials were found in this respect.

The absolute effect on soil pH of the fraction
which passed through the 0,15 mm sieve did
not significantly depend on the grinding, while
different raw material caused some differences.
The finer fraction of the calcitic limestone was
more effective than that of the dolomitic, es-
pecially in the beginning of the experiment,
but a slight difference was however still detect-
able three years after application. The following
means of pH of the three soils were obtained:

Spring Autumn
1977

Fraction 1979
< 0,15 mm of fine  dolomitic limestone 5,5 5,4
» coatse » » 5,5 5,2
» fine  calcitic limestone .. 5,9 5,6
» coatse  » » .. 58 5,4

The liming considerably affected crop growth
only on the Fine sand (Fig. 2). The main effect
was reached with the smallest rate applied: 6
grams per pot of liming materials. No differences
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were found between the materials. The liming
effect of the least effective material, the coarse
dolomitic limestone, was sufficient even at the
lowest rate and no real benefit was gained by
using more effective materials or this material
at higher rates. The low content of extractable
magnesium in this soil seemed to have been
sufficient although the lowest rate of calcitic
limestone (6 g/pot) contained only 45 mg/pot
of magnesium.

While marked responses were found only on
the Fine sand, some slight but significant dif-
ferences were obtained on other soils, too. The
total yield of grain and straw over the three
years responded positively to the application
of the fine calcitic limestone. Also the difference
between coarse dolomitic and fine calcitic lime-
stones at their highest rate was statistically
significant (P = 0,01). Similar differences were
also apparent in the grain yields of all three
years of experiment.

The first grain yield from the Gyttja clay
also responded slightly but significantly to
liming. A significant (P = 0,05) effect was
reached with 12 g/pot of fine calcitic limestone,
18 g/pot coarse calcitic limestone and 24 g/pot
of both grindings of dolomitic limestone. These
findings are in quite good agreement with the
pH responses (cf. Fig. 1, spring 1977).

The calcium contents in both the first-year
grain and straw were increased by liming the
Gyttja clay and Carex peat with calcitic limestone
(Fig. 3). No significant difference was observed
between the grindings. Dolomitic limestone
also increased the calcium contents slightly, but
the difference was not statistically significant
(P =0,05). On the unlimed Fine sand the
calcium contents were increased due to poor
growth. At the lowest rate of liming the contents
were lowered to normal level. The application
of calcitic limestone at higher rates somewhat
raised the content in straw.

The magnesium contents in grain did not
respond significantly to the treatments in any
soil (Fig. 3). However, it is obvious that the
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Fig. 3. Effect on calcium and magnesium content in first-year barley grain and straw of increasing amounts
of the liming materials.

calcitic limestone had a slightly depressive effect
on the grain magnesium, especially on Carex
peat. The magnesium contents in straw were
increased by application of dolomitic limestone;
the calcitic limestone had no effect. No significant
difference was observed between the grindings
of dolomitic limestone.

The pH values measured in water suspension
at the end of the experiment in autumn 1979
(Fig. 4) showed similar response to the treat-
ments as the pH determined in CaCl, suspension
(cf. Fig. 1). The calcium extractable from soil
with acid ammonium acetate solution (pH 4,65)
was clearly increased due to liming. The dif-

e
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ference between calcitic and dolomitic limestones
was proportional to their calcium contents (cf.
Table 1). The apparent slight superiority of
fine grindings was not statistically significant
@ = 0,05).

The dolomitic limestone very clearly raised
the extractable magnesium content of the soils.
The calcitic limestone had no effect. The ex-
tractable magnesium content of the Fine sand
and Carex peat dropped during the experiment
to 20—40 mg/l when no magnesium-containing
liming material had been added. Some symptoms
of magnesium deficiency wete observed in the
leaves of three-week-old seedlings in some of
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Fig. 4. Effect on soil pH(water) and extractable calcium and magnesium of incteasing amounts of the liming materials
mixed with soil three years eatlier.

the pots. However, no reduction in grain or
straw yield due to lack of magnesium was
observed. On the other hand, it was not possible
to prove that the yield depression in the unlimed
pots was caused entirely by acidity. The mag-
nesium-deficiency symptoms were clearest in
these pots. The extractable magnesium in soil
was 10—20 per cent lower three years after appli-
cation of the coarse dolomitic limestone than
after application of the fine dolomitic limestone.

The soil contents of extractable calcium and
magnesium were given in milligrams per litre
of air-dry soil. Since the volume of soil in the
air-dry state contained in the pots is unknown,

it is not possible to evaluate the portion of the
applied amount that was recovered in extract-
able form. It is obvious that the recovery of
calcium was almost complete. Assuming the
calcium recovery after application of fine
calcitic limestone to be 100 per cent, the mag-
nesium recovery after fine dolomitic limestone
application seems to be only about 50 per cent.

Field experiments

The barley grown on Gyttja clay in Pernaja in
1977 was very severely lodged. The higher
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Table 2. The gtain yields (kgfha at 15 per cent moisture)

of barley in 1977—79 on Gyttja clay soil limed in 1976

with different rates of dolomitic and calcitic limestones
ground to varying fineness.

‘Table 3. The grain yields (kg/ha at 15 per cent moisture)

of batley in 1977—79 on Fine sand soil limed in 1976

with different rates of dolomitic and calcitic limestones
ground to varying fineness.

Total
1977 1978 1979 (2
years)
Dolomitic limestone
Control (unlimed) |2 990| not weighed | 4 430| 7 420
8 tons/ha, fine 2860 » » 4 440| 7 300
» » ,coarse [2720] » » 4 500 7220
16 » ,fine ..[2960[ » » 4430| 7390
» » ,coarse [3070] » » 4370 7440
Calcitic limestone
Control (unlimed) |2 860| not weighed | 4 560| 7 420
8 tons/ha, fine ..|2710] » » 3 670| 6380
» » ,coarse (2690 » » 43401 7030
16 » ,fine 23701 » » 4 640| 7010
'» » ,coarse |2540] » » © 4120 6660

Significant F values (analysis of variance without controls):

Raw materials . ... | 37,47%* [

rate (16 tons/ha) of calcitic limestone apparently
had a positive effect on the growth but a negative
effect on the grain yield due to increased lodging
(Table 2). The fine grinding seemed to be a
little more efficient than the coatse one. No
other treatments differed from each other or
from the unlimed controls.

The oats grown in 1978 failed because of
lodging and were not weighed. The barley
grown in the last expetrimental year did not
respond to the treatments. Neither was the total
grain yield of 1977 and 1979 significantly affected
by the treatments.

. The field, although acid, seemed to be in
rather good condition without liming. The
barley grown in pots filled with soil from this
field did not clearly tespond to liming. The
possible growth-promoting effect of the higher
tate of calcitic limestone on the field may have
been caused by increased mobilization of nitro-
gen. Such an effect would not have been so pro-
nounced in the pot expetiment, because relatively
more fertilizer nitrogen was given.

The second experimental field in Ylistaro on
Fine- sand soil was, accotding to the pot ex-
periment, -potentially too acid for sufficient
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Total
1977 ‘ 1978 1979 o y‘c’;rs)
Dolomitic limestone
Control (unlimed) | 3 850 1530 | 2100| 7480
8 tons/ha, fine ..| 4710 2620 | 3590] 10920
» » ,coarse | 4520 2260 | 3570 10350
16 » ,fine ..| 4620 2840 | 3560 11020
» » ,coarse | 4450 2680 | 3410} 10540
Calcitic limestone
Control (unlimed) | 3 730 1230 | 2260 7220
8 tons/ha, fine .. | 4610 2490 | 3540( 10.640
» » ,coatse | 4530 2350 { 3490 10370
16 » ,fine ..| 4500 2750 | 3770 11020
» » ,coarse | 4620 2520 | 3380 10520
Significant F values (analysis of variance without controls):
Grindings
(fine-coarse) ... — 11,20%*%] . —|- —

growth of acidity-sensitive barley varieties. The
conditions for finding differences in growth
due to liming were thetefore better than on the
field in Pernaja. In fact, the barley grain yield
was increased by liming in all experimental
years on the field (Table 3). In the first year
the increase was relatively small and no dif-
ferences existed between raw materials, lime

‘Table 4. The grain yields (kg/ha at 15 per cent moisture)

of barley in 1977—79 on Carex peat soil limed in 1976

with different rates of dolomitic and calcitic limestones
grourid to varying fineness.

1
1977 1978 971 | 3?;:;5)
Dolomitic limestone
Control (unlimed) | 1210 | 2050 | 2620 | 5880
8 tons/ha, fine ..| 2230 [ 3000 | 2990 | 8220
» » ,coarse 2290 | 2970 | 3280 | 8540
16 » ,fine 2000 | 2360 | 2740 | 7100
» » ,coarse 1950 | 2730 | 2870 7 550
Calcitic limestone
Control (unlimed) | 1190 | 1680 | 2320 | 5190
8 tons/ha, fine ..| 2070 [ 2540 | 2890 7 500
» » ,coarse | 2110 | 2900 | 3130 8 140
16 » ,fine ..| 1940 | 2870 | 3140 7 950
» » ,coatse 1840 | 2920 | 3160 7920

No significant F values (analysis of variance without
controls). -
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Fig. 5. Changes in soil pH(water) measured after harvest in different treatments in the field trials.

rates or grindings. In the second year (1978)
the yield increase due to liming was much more
pronounced. Neither the dolomitic and calcitic
limestones nor the liming rates deviated signi-
ficantly from each other (P = 0,05). Apparently
however, .as shown by the means in Table 3,
the higher liming rate caused higher yields, but
great random variation among the subplots
prevented showing the differences to be signi-
ficant. The fine grinding was significantly (P =

10,01) superior to the coarse one. Because no
substantial differences existed between the
dolomitic and calcitic limestones, the following
means may help to show the effect of liming
and the difference between the grindings:

1380 kg/ha grain

unlimed .....................
8 tons/ha fine limestone .... 2560 » »
» » coatse » 2310 » »
16 » fine » 2800 » »
» » coarse » 2600 » o »
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Fig. 6. Changes of extractable calcium in soil in different treatments in the field trials.

The differences between the grindings were
200—250 kg/ha ot nearly as much as between
the rates. These differences were 240—290 kg/ha.
An almost double liming rate thus seemed to
be necessary to compensate for the decrease
in efficiency due to leaving the limestone coarser
during grinding.
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In the third year (1979), the liming effect was
again very marked. However, even the slightest
liming seemed to be sufficient, and no additional
benefit was gained by increasing the rate or
choosing another liming material. Hence no
conclusions could be drawn about the differences
in the efficiency of the liming materials.
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A very marked yield-increasing effect of In the third experiment on the Carex peat in

liming was also detectable in the total yields Vaala liming also had a marked yield-increasing
over the entire three-year period. The slight effect on barley (Table 4). However, the .dif-
apparent differences between liming rates and ferences between liming matetials and rates
materials were not significant. No evidence of wete not significant. Hence, here again even the
magnesium deficiency was observed in any year. lowest rate of least efficient liming matetial was
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able to bring about practically all the possible
liming benefit.

The changes in pH (water) in the plough layer
were followed by determining it in samples
taken just before liming and after every harvest
(Fig. 5). The pH of the Fine sand and Carex
peat responded to liming much more than the
pH of Gyttja clay. The differences between
liming rates and materials were also larger in
the former soils. The means of differences be-
tween the fine and coarse grindings for all three
soils were as follows:

1977
8 tons/ha 0,0 01 00

1978 1979

Dolomitic limestone,

» » , 16 » 0,2 0,2 0,1
Calcitic limestone, 8 » 0,1 0,2 0,0
» » s 16 » 0,3 0,3 0,1

The differences were markedly smaller in the
third year than in the first two yeats. As can
be seen in Fig. 5, the pH level in soil limed
with the fine materials tended to drop during the
last experimental year. In 1978 when the liming
effect was apparently largest, 8 tonsfha of fine
dolomitic and calcitic limestones increased the
pH of the three experimental soils an average
of 0,5 and 0,6 units, respectively. The rate of
16 tonsfha raised the pH 0,7 and 1,1 units,
respectively. The coarser grinding reduced

these increases by one third or one quarter. As
pointed out above, this difference was much
smaller in the following year.

The extractable calcium contents of soil
(Fig. 6) were closely correlated with pH. The
differences between the grindings of the same
raw material were also similar. The increases
in contents and their differences after application
of calcitic limestone were larger than after
application of dolomitic limestone. The decrease
in the effect of fine calcitic limestone during
the last year was very marked in the Fine sand
at the higher liming rate. No similar decrease
was observed when dolomitic limestone had
been used. This may be evidence of slower
dissolution and lower leaching of dolomitic
calcium.

The extractable magnesium contents of soil
(Fig. 7) were affected by the dolomitic lime-
stones only. The contents tended to increase
throughout the entire experimental period,
demonstrating the slow dissolution of dolomite.
The differences between the grindings were
clear on the Fine sand and the Carex peat,
especially at the higher liming rate in the second
and third experimental years. The reduction in
effect on soil magnesium in these two soils
due to coarser grinding was 20—30 per cent
at the end of the experiment.

DISCUSSION

The calcite has been proved to be more rapidly
soluble than the dolomite in many investigations
(e.g. SmAW and RoBinson 1959, ANDERSON 1968,
MarzeL and ANsorGE 1971, PErsson 1974). The
difference was clear in this study, too. In the pot
experiment half a year after mixing the limes with
soil, the pH-increasing effect of the dolomitic
limestone was no mote than two-thirds of that
of the calcitic one. It must be borne in mind
that the dolomitic limestone studied here was
not pure dolomite. One quarter of its acid-
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neutralizing ability depended on calcite. The
dolomite part of the material must have had
an even slower effect than concluded above.
The final difference after three years was, how-
ever, actually less or no more than 20 per cent.
The difference was clearly reduced in the two
mineral soils in the beginning of the second
growing season (1,5 years after application),
while in the peat soil the difference first began
to decrease during the second half of the three-
year experimental period. ‘



Half a year after mixing the lime with soil,
the coarser materials remained far behind the
finer ones in theit effect on pH in the pots;
The difference was as large as that between the
dolomitic and calcitic limestones under study.
So, in this short period, only the <0,15 mm
fraction seemed to have reacted with the soil.
In the fine materials, this fraction made up
55—64 per cent; in the coarse limestone it was
38 per cent. This was further proved by com-
paring the below and above 0,15 mm fractions
of each liming material. The former showed
an efficiency many times greater than the latter.
The fraction above 0,15 mm sieved from the
coarse materials was relatively more inefficient
than that fraction of the fine materials. This
is accounted for by the fact that the former
contained very much more >0,6 mm fraction
than the latter. The very markedly decreasing re-
activity of fractions with increasing particle
size has been observed in numerous investiga-
tions (e.g. GiBaLY and AXLEY 1955, MotTo and
MEeLsTED 1960, ANDERsON 1968, MaTzEL and
AnsorGe 1971, PerssoN 1974). However, the
difference between fine and coarse grindings
decreased quite rapidly and was, at the end of the
pot experiment, no more than 10—20 per cent.
The difference between the fractions above and
below 0,15 mm was also reduced to only 10—20
per cent. -

The differences in soil pH at the end of the
experimental period were similar on the fields and
in the pots. However, some dissimilarities did
appear, as shown by the final mean responses of
soil pH(water) to liming with different materials

Calcitic limestone
coarse

Dolomitic limestone
fine coarse fine

40,9
41,0

+0,7
+0,5

10,8
10,8

12 g/pot
16 tons/ha

Fine and coarse materials behaved quite simi-
larly in relation to each other in both types of
expetiment. The inferiority of the dolomitic
limestone to the calcitic was more pronounced
on the field than in the pots. The development

10 128001568U

of the differences was much more rapid in the
pots than on the field. In the pots they had
actually reached their final levels in the begmnmg
of the second year, while on the field they might
possibly have changed after the experimental
period. According to earlier studies (e.g..JAAK~
xoLA et al. 1977), the pH differences’ due to
liming wete expected to last rnuch longer than
these experiments showed. '

Another potentially important propcrty of
soil changed by liming was its. extractable
magnesium content. This was effected by dolo-
mitic limestones only, due to the lack of mag-
nesium in the calcitic material. The final average
changes (mg/l) in the pots and.on the field
were very similar, as shown below:

Do]omnpc hmcstonc

fine i - coarse
12 g/pOt v +115 .. +90
16 tons/ha ............ $-117 ' +94

The response on the field did not develop at
once. After the first growing season the responses
were 80 and 52 mg/l for fine and coarse materials,
respectively.

The vyield results confirmed the findings
reported above. Unfortunately very slight liming
was sufficient to cause the final yield increase,
and very few differences between the materials
could be shown.

Apparently, the effects of liming would have
lasted a very long time beyond the experimental
period and during this time the differences may
have changed: probably becommg natrower.
The final difference between the coarse and
fine grindings as well as dolomitic and. calcitic
limestones was not clearly shown by this study,
but in their short-term effect the coarse materials
were markedly inferior to the fine oncs Because
the dolomitic limestone was clearly less. cHectlve
than the calcitic material, the fine grinding of
the former is particulatly important! :
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SELOSTUS

Hienon ja karkean maanparannuskalkin vertailu astia- ja kenttikokeilla

ANTTI JAAKKOLA ja RAILI JOKINEN

Maatalouden tutkimuskeskus ja Helsingin yliopisto

Koesarjassa verrattiin kahteen eri hienousasteeseen jau-
hetun dolomiittikalkin ja kalkkikivijauheen vaikutusta
maahan ja ohran kasvuun., Koekentit sijaitsivat lieju-
savella, hietamaalla ja saraturvemaalla. Koemaat olivat
happamia. Kalkkimiirit olivat 8 ja 16 t/ha. Astiakoe-
maina olivat koekenttien kyntékerrosta edustavat maa-
erit. Koejisenind olivat nousevat kalkkimidrit sekd
kustakin kalkista seulotut alle ja yli 0,15 mm fraktiot.
Kokeet kestivit kolme vuotta.

Dolomiittikalkin lyhytaikainen vaikutus maan happa-
muuteen oli vihintiin kolmanneksen vihiisempi kuin
kalkkikivijauheen. Karkeaksi jauhetut kalkit (38 %, alle
0,15 mm hiukkasia) olivat vaikutukseltaan saman verran
hienoksi jauhettuja (55—64 % alle 0,15 mm) heikompia.
Seulan (silmikoko 0,15 mm) lipdisevd aines oli useita
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kertoja tehokkaampaa kuin seulalle jadnyt. Tdmi Iyhyt-
aikainen vaikutus oli mitattavissa astiakokeessa puoli
vuotta kalkituksen jilkeen. Kenttikokeissa se kesti
kaksi vuotta.

Karkean ja hienon kalkin vilinen ero kokeiden pait-
tyessi oli korkeintaan 20 prosenttia. Dolomiittikalkin
ja kalkkikivijauheen wvilinen ero oli samansuuruinen
astiakokeessa, mutta kenttikokeissa se oli yhi vihin
suurempi. Oleellisia eroja koemaiden vililli ei ollut.

Hieno dolomiittikalkki nosti maan liukoisen mag-
nesiumin pitoisuutta enemmin kuin karkea. Tutkittavien
seki
kalsium- ja magnesiumpitoisuuteen olivat selitettivissi
edelld

kalkkien erilaiset wvaikutukset sadon miirddn

selostettujen havaintojen perusteella.
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DIFFERENT NITROGEN FERTILIZERS ON MEADOW FESCUE LEY

Erxxi Huoxkuna and JuHANI LAPIOLAHTI

Huoxuna, E. & LarrovanTy, J. 1980. Different nitrogen fertilizers on meadow
fescue ley. Ann. Agric. Fenn. 19: 125—130. (Agtic. Res. Centre, South Savo
Exp. Sta, SF-50600 Mikkeli 60, Finland.)

Three nitrogen fertilizets, nitrochalk, calcium ammonium nitrate (Oulu saltpetre)
and urea were compared using three dressing levels on fine sandy soil with pure
sown meadow fescue sward during the periods 1971—73. Calcium ammonium
nitrate gave the highest average dry matter yield, 8620 kg/ha. Differences between
fertilizers were small and not significant. Nitrochalk was the best protein producer,
urea the poorest. The effects of different fertilizers on the mineral content of the
herbage were negligible; nitrochalk increased the Ca and Oulu saltpetre the Mg
content of the herbage.

During the three-year experimental period, nitrochalk increased the pH value
of the soil. Oulu saltpetre and urea decreased it a little when used in smaller amounts
and decreased it further with the highest (450 kgfha/yt) nitrogen dressings. All
differences between the various effects of the compared fertilizers were small.
Urea was concluded to be a recommendable fertilizer considering the price of
nitrogen.

Index words: Nitrogen fertilizing, meadow fescue, minerals in forage.

’

INTRODUCTION

The very rapid increase in the rates of nitrogen
fertilizing of grasslands in the last decade
prompted this investigation into the effect of
different fertilizets under northern conditions,
Several scientists (LAGERROTH 1957, SALONEN
1958 and Raave 1962) have shown that dif-
ferent kinds of nitrogen fertilizers have different
effects on the yield and soil. Calcium nitrate
and calcium ammonium nitrate seem to be

good fertilizers. Calcium ammonium nitrate is
especially suitable on grasslands and calcium
nitrate on cereals (SALONEN 1958). Ammonium
sulphate and utea have given poorer results.
Howeves, as utea is still the cheapest form of
solid nitrogen it was interesting to study the
treaction of urea when used in high quantities
on grassland.
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MATERIAL AND METHODS

This study was conducted in 1971—73 at the
South Savo Experimental Station at Mikkeli in
Central Finland. The soil was fine sand with
about 3 9%, humus in the top soil. The other
soil property values in 1970 were: pH (H,O)
6,35, Ca 1750, K 270, P 11,2 and Mg 69 mg/l.
The sward was pure meadow fescue, variety
Paavo. It was sown under nurse crop in 1970,
seed rate 25 kg/ha. In 1971, 500 kg/ha super-
phosphate (9 % P) was given and in 1972—73
300 kg/ha was given as one dressing in spring.
Potassium (60 9%, K,0) was spread every year
at a rate of 3 X 75 kg/ha; the first application
in spring, the second and third after the first
and second cuts, respectively. The nitrogen
fertilizers used were nitrochalk (calcium nitrate
which contained 15,5 9, nitrate nitrogen and
18 9, Ca), Oulu saltpetre (calcium ammonium
nitrate containing 13 %
nitrate nitrogen as well as 6 9%, Ca and 3 9%, Mg),
and urea (which contained 46 9%, nitrogen).
The nitrogen dressing levels (N levels) were
150, 300 and 450 kg/ha N spread in three equal

ammonium - 13 9

dressings at the same time as potassium. The
experiment was set up using 4 replicates of
split plot randomized blocks.

The crop was harvested at the beginning
of the heading stage, three times in 1971—72
and only twice in 1973 due to severe drought
in the late summer. Analyses wete made from
grass samples to determine the content of dry
matter, total nitrogen, K, P, Ca and Mg. Soil
samples were taken from each plot at the end
of the experimental period.

The winters of 1970/71 and 197172 were
long — from October to the end of April
with deep snow (70 cm) and shallow ground
frost (10 cm). The winter of 1972/73 was shorter
than usual — mild with shallow snow cover
(15 c¢cm) and 30 cm deep ground frost.

Rainfall during the growing season (May—
August) in 1971, 1972 and 1973 was 208, 252
and 175 mm, respectively. Only in 1973 were
July and August dry. Temperatures were a little
higher than average in nearly every summer
month during the whole experimental period.

RESULTS

Condition of the swards

The plant density of the swards was good in
the beginning of the experiment. There were,
however, fewer tillers per square metre on the
N-450 plots than on the others in the first cut.
This phenomenon was accentuated in the second
and third years. The swards thinned during
the winters, and also during the summers on
the highest N-level plots.

In 1972 and 1973, the average tiller numbers/
m? were as follows:

1973

N fertilizing 150 kg/ha ......... 2970 1230
» 300 »  caa.ea.nn 2650 840
» 450 » ..., 2 390 760
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The very drastic drop in plant density from the
second to the third year was due to winter
damage and drought in July 1973, when the
swards were unable to recover as usual. There
were no differences in density caused by the
different fertilizers. The open patches soon
filled with weeds and voluntary white clover.
The proportion of weeds in the yield was about
59, in 1971 and 1972 and 15—23 %, in 1973;
15 9%, on 150 and 300 kg/ha plots and 23 9, on
450 kg/ha plots. The proportion of white clover
was 15°% on the 150 kg/ha plots in 1973 and
on the others only 0—1 9%,. The most common
weeds were Taraxacum sp. and Capsella barsa
pastoris. The proportion of the latter was highest
on the 450 kgfha plots.



Table 1. Meadow fescue dry matter yields and
petrcentages in 1971—73.

Fertilizers *) Nitrogen levels *¥)
kg/ha % kg/ha %
Oulu. saltpetre .. | 8620 | 19,2 | 150 | 7220 21,0
Nitrochalk ..... 8290| 19,2 | 300 | 9000| 19,3
Urea ........... 8370] 19,6 | 450 | 9060| 17,6

*) Avcrage of three levels.
#%) "Average of all fertilizers.

Yields

Dty matter content of the herbage was on
an average highest in the urea treatments but the
difference between the other fertilizers was
small (Table 1). Dry matter percentage va;ied
with- the levels of nitrogen. An increase of
50 kg/ha N per cut resulted in a drop of 1,7
percentage units in dry matter.

Hetbage yields were highest in the first,yeat:
11 000—12 000 kgf/ha dry matter. In 1972 the
level was about 9 000 and 1973 only 7 000 kg/ha
when two cuts were taken. The differences were
statistically significant only between N levels
(F value 15,40*). Thete were no distinct dif-
ferences between the fertilizers in different cuts
or years. V’I.‘he increase in dry matter yield per
kg N was 11,9 kg between levels 150 and
300 kg/ha. Nitrogen fertilizing over 300 kg/ha
produced no response in the yield.

Crude protein

The differences in crude protein (cp) yields
between N levels were highly significant (F
value 30,07*%*), Urea gave a significantly lower
crude protein yield than the other fertilizers.
The highest crude protein percentage was
from the nitrochalk treatment and the lowest
from wutea’ (Table 2). The differences in cp
petcentages between fertilizers were neatly the
same on every N levels. Protein content was
highest in the third and lowest in the second

cut. Nitrogen fertilizing with 50 kg/ha/cut
resulted in 3,2 units of crude protein content
of dry matter lower than dressing with 100 kg,
and 150 kg/ha/cut gave 5,1 units higher than
with 100 kg. The highest cp content was re-
corded in the last cut of the season and the lowest
in the second, midsummet cut. The content

.was very low in exceptionally dry summers.

Crude protein yields were highest in the first
cut and lowest in the third cut due to reduction
in herbage yield. Urea gave a significantly

lower protein yield than nitrochalk or Oulu

saltpetre. The increase in crude protein pro-
duced per kg N was 3,4 kg between treatments
of 150—300 kg/ha and 3,2 kg between treat-
ments of 300—450 kg/ha N fertilizing.

Minerals in forage

There was a significant difference in potassium
content of the herbage between nitrochalk and
the other fertilizers. Differences between N
levels were not statistically significant although
they wete very clear on an average (Table 3). K
petcentage were lowest in the first cut of the
season and highest in the third. Differences in
K content were largest in the first year and
diminished gradually. ‘
Diffetent nitrogen fertilizing treatments caused
no special differences in the P content of the
yield. The lowest figures were recorded in the

Table 2. Crude protein content of dty matter and protein
yields in 1971—73.

Fertilizers *) Nitrogen levels **)

Crude protein Crude protein

% kg/ha % kg/ha
Oulu saltpetre ... | 16,9 | 1446 150 13,1 914
Nitrochalk ..... 17,6 | 1444| 300 | 16,3 | 1431
Urea........... 16,4 | 1358| 450 | 21,4 | 1902

*:g} sec Table 1.
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Table 3. K, P, Ca, and Mg content of herbage in different
N-fertilizing treatments (%, in dry matter).

Fertilizers *) Nitrogen levels *¥)

Table 4. Nutrients in soil before and after the experiment
(mg/l soil).

K| P Ca Mgl K [ P Ca | Mg

K P Ca | Mg K P Ca | Mg

Oulu saltpetre | 3,6 |0,29]0,90/0,23|150| 3,4 {0,30]0,82(0,19
Nitrochalk .. |3,8]0,29(1,05}0,20|300| 3,6 |0,29(0,9310,21
Utrea ....... 3,610,30(0,92(0,20|450] 3,9 |0,29(1,10|0,23

*
**>} see Table 1.

first cut and they increased towards the autumn.
There was quite a big difference between the
years. P content was highest in the second year
harvest and there were no differences between
the first and third years.

Nitrochalk gave the highest Ca content in
the herbage. The more nitrogen given, the
higher the calcium percentage became. Signif-
icant differences were recorded between the
150—450 and 300—450 kg/ha treatments. The
calcium content increased slightly with the
years. In every season the Ca content was highest
in the midsummer cut. There was no difference
between the first and third cut. Oulu saltpetre
caused the highest Mg content of the herbage.
The difference between it and nitrochalk and
urea was significant. The differences between
the nitrogen levels were also highly significant:
the more nitrogen fertilizing, the more magne-
sium in the herbage. The fluctuation in the Mg
content was nearly identical with that of calcium.
Mg content was lowest in the spring herbage
and highest in the midsummer herbage.

Changes in the soil

Soil samples were taken before and after the
experimental period. During this time there
was 2 heavy decline in the K and Mg content
of the soil. Different nitrogen fertilizers had
the same effect on potassium content, but
nitrochalk exhausted the soil magnesium more
than urea or Oulu saltpetre. The difference
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Starting point |270(11,2|1 750| 69
After treat-
ments with
fertilizers™)
Oulu saltpetre [117|11,2|1 617 57(150]135|11,2[1 725| 54
Nitrochalk .. |117|10,7|1 883| 39|300(120(11,8]1 667| 50
Utrea 122(12,0|1 600] 47|450(100{10,8|1 717| 39

270[11,2{1 750 69

Fertilizers*) Nitrogen levels**)

*:g} sce Table 1.

between Oulu saltpetre and other fertilizers

was highly significant. The nitrogen levels had
an influence on the soil. The more nitrogen
given, the more K and Mg were exhausted
from the soil. Nitrochalk increased the calcium
content of the soil. The other fertilizers had a
low depressing effect and the difference was
highly significant. There was no clear effect of
treatments on the phosphorus content of the
soil.

Nitrogen fertilizing had a very distinct effect
on the pH of the soil (Fig. 1). Nitrochalk
increased and Oulu saltpetre and urea decreased
the soil pH, especially with the heavier nitrogen
treatments. The difference between nitrochalk
and the others was highly significant. The
interaction of fertilizers at different N levels
was significant, too.

PH

Nitrochalk

6.60 //

840 1 nitiat 635 O\\O\O

6.20 \ Ouluy sattpetre
Urea

6.00 .

150 300 450 kg/ha N

Annual nitrogen fertilization

Fig. 1. Changes in soil pH effected by different nitrogen
fertilizers and levels during three years of treatment.



DISCUSSION

Herbage yields in this experiment were normal
in spite of the northern conditions. The drop
in the third year was greater than usual due
to heavy thinning of the sward and due to the
severe drought. The effect of nitrogen fertilizing
on the dry matter content of the herbage was
as recorded elsewhere (Hmrvora et al. 1974).
Utrea produced a little drier herbage than other
fertilizers. This phenomenon was distinct with
high N rates. The effect of fertilizing on herbage
yield was normal, too. The highest yields are
often achieved in Finland by 300 kg/ha N.
Although there was no statistically significant
difference between the fertilizers, the Oulu
saltpetre seemed to be most effective in pro-
ducing herbage. It has also been very good in
other experiments these conditions
(SaoNeN 1958). Urea gave unexpectedly high
yields. The low efficiency of the nitrochalk was
mainly due to the highest N treatment, with
which the sward thinned most. Nitrochalk was
superior in protein production. This is probably

under

due to the suitable calcium content of the fer-
tilizer. High potassium content in forage is
often recorded from sandy soils (RINNE et al.

1974). In this experiment, potassium was spread
in three applications every year and the small
doses in spring probably caused the finding
that the K content of the grass did not increase
The favourable effect of
nitrochalk on the calcium content of herbage
and that of Oulu saltpetre on the magnesium
content of herbage were due to the contents of
these elements in the respective fertilizers. The
yields exhausted the K and Mg from the soil.
This is a problem in intensive forage production
of grasslands (Smmraxeii and Rinne 1975).
The decrease in the soil pH when urea or Oulu
saltpetre was used indicates the need for more

as much as usual.

liming than usual. Urea is often regarded as
an inefficient nitrogen fertilizer, but in this and
Raave’s (1962) study it was fairly good. If a
comparison is made of the price of nitrogen
in solid fertilizers, urea is a profitable fertilizer
in forage production.
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SELOSTUS

Eri typpilannoitteiden kiytté nurminatanurmella

Erxki HuokuNA ja Juuant Lapiolahti

Maatalouden tutkimuskeskus ja Mikkelin ldinin
Maatalouskeskus

Eteli-Savon' kocasemalla tutkittiin vuosina 1971—73
hietamaalla- oulunsalpietarin, kalkkisalpietarin ja urean
vaikutiista nurminatanurmeen. Typpikoejisenet olivat
150, 300 ja 450 kg N/ha levitettynd kolmena yhti suurena
erind. Myos kalium levitettiin kolmena erini vuosittain
a4 75 kg 60 % kalisuolaa joka sadolle. Superfosfaattia
leviteitiin 1971 500 ja seuraavina vuosina 300 kgfha
ketralla kevidilld. Sato niitettiin v. 1971 ja 1972 kolme
kertaa ja 1973 vain kaksi kertaa poudan vuoksi.
Suurin kuiva-ainesato saatiin oulunsalpietarilla, kes-
kimdirin 8 620 kgfha. Kalkkisalpietarilla ja urealla saatiin
hieman pienemmit, keskendisin jokseenkin yhti suuret
sadot. Sensijaan wvalkuaisen tuottajana kalkkisalpietari
oli paras, urea heikoin. Lannoitelajien vaikutuksen

erot sadon kivennidispitoisuuteen olivat melko pienet.
Kalkkisalpietari lisisi sadon Ca- ja oulunsalpietari Mg-
pitoisuutta.

Kaikki lannoitteet tyhjensivit maan kiyttékelpoiset
kaliumvarat koekauden aikana noin puoleen, siti tehok-
kaammin mitd suurempi oli typpilannoitus. Myds mag-
nesium viheni maassa lievisti jopa oulunsalpietariruu-
duilla. Kalkkisalpietati nosti maan pH-lukua, urea ja
oulunsalpietari laskivat sitd, lievdsti jo 300 kg:n typpi-
midrilli ja selvidsti suurimmalla annoksella.

Urea oli kiytetyisti lannoitteista teholtaan heikoin,
mutta erot olivat pienet, joten hintaansa verrattuna se
osoittautui hyvin edulliseksi typpilannoitteeksi nurmille.
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COMPARISONS BETWEEN NORDIC RED CLOVER VARIETIES

128001568U

Seria AGRICULTURA N. 64 — Sarja PELTOVILJELY n:o 64

IN CLOVERGRASS MIXTURES

Tmvo Mera, Erkkr Huokuna, Jaaxxo Koyrrjirvi, KALLE RINNE,
Psaavo Smvojoki and PENTTI TEITTINEN

Mzra, T., Huokuna, E., KoévLijirvr, J., RiNNg, K., Simojoxr, P. & TEITTINEN,
P. 1980. Comparisons between Nordic red clover varieties in clovergrass
mixtures. Ann. Agric. Fenn. 19: 131-—141. (Agric. Res. Centre, Inst. Plant
Husb. SF—31603" Jokioinen, Finland.)

During the years 1975—1977, growing experiments were carried out on different
varieties of red clover at six experimental stations in southern and Central Finland.
Nordic red clover vatieties were compared in clover-grass mixtures cut both
twice (for hay and aftermath) and three times (for silage). The expetiment was
continued for a third year at three stations; in the other three, it was discontinued
after two years, due to the red clover having for the most part disappeared from
the grass.

The study included 13 varieties of red clover. The tetraploid varieties, Finnish
Tepa and Swedish Ulva, provided the greatest yields of any of the varieties tested
and were mote durable than the control variety, Hankkijan Venla. The Bjur-
sele variety from northern Sweden was exceptionally hardy. In the third year,
Bjursele provided the largest average yield for silage, almost double that of the
control vatiety. The average hay yield from Bjursele was equal to that from the
control variety: Bjursele which had been cut three times, however, provided a
larger harvest than the control. The regrowth of Bjursele after the first cut was
less than that of the other varieties, the greater part of its total harvest having
been obtained from the first cutting.

The Finnish control variety, Hankkijan Venla, ptovided a large crop of hay;
only the tetraploid varieties and Bjutsele reached the same level. However, Venla
did not have the durability of the tetraploid and Bjutsele vatieties. Of the older
Finnish varieties, Jokioinen red clover was more durable than the control variety:
and provided a silage yield equal to that of the control. Tammisto ted clover was
definitely less durable than the control, as were the Swedish Reko and Disa and
Norwegian Molstad. The Finnish tetraploid line VT2 did not teach the level of
the tetraploid vatieties; the diploid line VD2 fell far behind the best varieties.

Index words: Red clover vatieties, hay yield, silage yield, regrowth, durability.
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INTRODUCTION

Recently, increased interest has again been
aroused in red clover cultivation. This is pri-
marily due to the continuous increase in the
price of nitrogen fertilizers. Possibilities for
cultivating red clover in Finland and its im-
portance to Finnish farmers, are, however, de-
cidedly limited by its poot ability to sutvive the
winter and lack of durability in leys, as well as
by occasional difficulties in cultivation for seed.

A considerable number of Finnish studies
have been made on breeding red clover for
durability (VALLE 1958 a, 1958 b, MuLTAMAKT
1959, Paarera 1962, Ravantrr 1965), better
growing techniques (TEITTINEN 1959, SALONEN
and HirvorA 1963, Huokuna 1965, RAININKO

1968), cultivation for seed (VarrLe 1936, 1960,
HANNINEN 1958, PaaTELA and HeinricHS 1959,
VArLe et al. 1964, 1971, MEera 1969), and
improving hatdiness (VIRTANEN and Nurmria
1936, YrmAx: 1967), and the characteristics of
red clover have become well known. However,
the problems of hardiness and cultivation for
seed have still only partially been solved.

The purpose of the present study was to
compare the characteristics of both old and
new Finnish varieties of red clover, as well
as to study the adaptability to Finnish growing
conditions of red clover varieties most commonly
cultivated in central and northern Sweden and
Norway.

MATERIAL AND METHODS

The material consists of the results from six ex-
perimental stations of the Agricultural Research

Centre in Finland (Table 1). All six stations

are located in southern or central Finland.

Table 1. Locaties and years of the trials, type and mineral content of soil, and fertilizing of the trials.

Mineral conteat, mg/l of soil Fertilizer, kg/ha
Experimental station Year Soil pH
Ca P | K Mg N P K

Institute of Plant 1975 | sandy 57 | 2800 9,2 280 185 10 33 62
Husbandyry, 1976 | clay 10 33 62
Tikkurila (60°17'N) 1977 10 33 62

Southwestern Finland 1975 | sandy 6,1 | 2100 5,2 260 560 10 59 104
Experimental Station, 1976 | clay 18 35 62
Mietoinen (60°38'N) 1977 18 35 62

South Savo 1975 | sand 6,3 | 1450 8,0 130 80 0 26 75
Expetimental Station, 1976 0 26 | 150
Mikkeli (61°40’N) 1977 10 33 62

Central Finland 1975 | silt 59 | 1200 7,7 110 125 35 53 58
Experimental Station, 1976 10 33 62
Vatia (62°29'N)

Satakunta 1976 | silt 55| 1100 6,2 150 195 10 33 62
Experimental Station, 1977 10 33 62
Peipohja (61°16'N)

Sata-Hime 1976 | silt 58| 1400 11,4 200 95 0 33 62
Experimental Station, 1977 0 33 62
Mouhijirvi (61°31'N)
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The clover trials were sown in the years 1974
and 1975. The seed mixtures used for sowing
contained red meadow fescue (cv.
Tammisto), and timothy (cv. Tammisto) seed
in a ratio of 15 (tetraploid 17):5: 10, respectively.
The amount used varied accotding to growing
conditions between 20 and 30 kg/ha. Seed was
all from the same stock.

clover,

Fertilizing was with 500 kg/ha of compound
fertilizer (10-9-17) including boron at the spring
sowing, and annual fertilization of 500 kgfha
PK fertilizer (2-8-12). At some experimental
stations  the varied

slightly.

fertilizing programme

The trials were carried out according to the
split plot method with 3 replicates. The number
of cuttings varied at the main plots (A) the two
variations being a, (=2 cuttings) and a,
(= 3 cuttings). The variety of red clover varied
at the sub plots (B); altogether 11—13 different
varieties wete used (by-by;). In the Sata-Hime
and Satakunta Experimental Stations, only
trials to be cut twice were established. The
sub-plot varied in size from 10 to 15 m? de-
pending on the experimental station.

The main plots that were to be harvested
twice were cut for the first time at the hay stage
when the clover had already begun to blossom
and the hay racemes had emerged completely
from the leaf sheath. The second harvest was
carried out at the end of August or beginning
of September. The main plots that were to be
harvested three times were cut at the silage
stage; firstly when the hay racemes were just
beginning to emerge from the sheath, secondly
about month after the first cutting,
and thirdly at the same cutting as the main
plots cut twice (i.e. at the end of August or

beginning of September).

one

The average cutting dates at the different
localities were for the leys harvested twice
July 9 and September 4, and for the leys hat-
vested three times June 19, July 31 and Sep-
tember 4.

The forage yields of the cuts were weighed
by plot. Before the botanical analysis, samples
from each of the replicates were combined. In
additions, the dry-matter content of the yield
was determined.

The results were analyzed with the paired
t-test. Table 1 shows the results of the soil
fertility analyses from the experimental fields.
The fertility cotresponds to the normal levels
for Finnish fields. However, some of the pH
values were rather low for the cultivation of
red clover.

The following red clover varieties were com-
patred in the experiment:

Hankkijan Venla (2n) Hankkija Plant Breeding
Institute, Finland. Control variety from 1978.
Tammisto (2n) Hankkija Plant Breeding Insti-
tute, Finland. Previous standard variety. Old
variety from 1937.

Jokioinen red clover (2n) Agricultural Research
Centre, Plant Breeding Institute, Finland. Old
variety from 1961.

Tepa (4n) Agricultural Research Centre, Plant
Breeding Institute, Finland. The only Finnish
tetraploid red clover variety. Released for sale
in 1964.

Disa (2n) Svalof Plant Breeding Institute,
Sweden.

Reko (2n) Svalof Plant Breeding Institute,
Sweden.

Bjursele (2n) Local variety from northern
Sweden.

Ulva (4n) Svaléf Plant Breeding Institute,
Sweden.

Molstad (2n) Common variety in Norway.
Opdal El (2n) Local variety from northern
Norway.

VD2 (2n) University of Helsinki, Department
of Plant Husbandry, Finland. Breeding line.
VT2 (4n) University of Helsinki, Department
of Plant Husbandry, Finland. Breeding line.
Sv A 0125 (4n) Svalof Plant Breeding Institute,
Sweden. Breeding line.
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RESULTS

Clover yields from the leys for hay

The largest hay yields were produced by the tet-
raploid varieties, Tepa and Ulva (Table 2). How-
ever the difference in their yields of 4—5 9
in compatison with the control variety (Hank-
kijan Venla) was not statistically significant.
Bjursele, VT2, and Jokioinen red clover pro-
duced hay yields as high as the control variety;
the yield of Molstad did not differ significantly
from that of the control, either. The difference
of 11 %, between the yields of VD2 and Venla
was statistically significant, as were the differences
of 16, 18 and 22 9, between the yields of the
varieties Tammisto, Reko and Disa, respectively,
as compared to Venla.

Large differences in aftermath yields illustrate
the gtreat variation in the regrowth capacity of
red clover varieties. Regrowth of Ulva and Tepa
was greater than that of Venla, the difference
between Ulva and Venla being statistically

significant. The regrowth of Bjursele was 36 %,
smaller, Molstad 21 9,, VD2 23 9,, Jokioinen
red clover 20 9%, Disa 13 9, and Tammisto
red clover 11 9 smaller than that of the control
variety. The 13 9, difference between Reko
and Venla was not statistically significant; the
regrowth of VT2 and Venla was equal.

In terms of the total yield, only the Tepa
and Ulva vatieties were better, by 6—8 9%,
than Venla. Their supetiority was not statistically
significant. The total yields of Tammisto, Disa
and Molstad were 14, 18 and 13 9, smaller,
respectively, than that of Venla. The differences
were statistically significant. Differences in the
average yields of Jokioinen red clover (10 %),
Bjursele (14 %), VD2 (16 %) and Reko (16 %)
were not significant when compared with
Venla’s yield.

Table 2 also shows the calculated proportion
of the aftermath in the total yield, which to
some extent reflects the growth pattern of a

Table 2. Average dry-matter yields of red clover varieties (red clover kgfha).

Venla Tam- | Jokioi- | epa | Bjursele Disa Reko Ulva | Molstad | VD2 VT2
misto nen
2 cuttings
(tesults from 16 samples)
Hay yield, kg/ha ........ 3150 |2 650% | 3040 |3300 (3170 |2480+* 2590%3330 |2910 }2820° 3110
Ratio .....oevivinn. 100 84 96 | 104 100 78 82 | 105 92 89 98
Aftermath, kg/ha ....... 2020 [1810° | 1 620%|2190 |1 300%*(1760° | 1770 |2 260* |1 610**| 1 560% 2050
Ratio .....covvvnnntn 100 89 80 [ 109 64 87 87 [ 111 79 77 101
Total clover yields, kgfha | 5170 |4 460%*| 4 660 (5490 (4470 |4240* | 4360 {5590 [4520% (4380 | 5160
Ratio .........oooian. 100 86 90 | 106 86 82 84 | 108 87 84 100
9%, of aftermath in total
yield .ol 39| 41 35 40 29 42 41 40 36 36 40
3 cuttings
(tesults from 11 samples)
% of-total yield
Spring cut ............ 321 32 34 34 43 33 35 29 33 38 35
Summer cut ...l 42| 42 40 39 35 41 38 44 40 36 39
Autumn cut ........... 26| 26 26 27 22 26 27 27 27 26. 26
Total clover yield, kg/ha| 28802750 [3100 |3 800%*(3 450* |2650 |2 670 |3 640%*12830 -|2640 | 3250
- Ratio ...l 100 95 107 | 131 119 92 92 | 126 98 91 112
% of twice cut ......... 64 70 68 73 77 72 64 72 74 65 69
(calculated from same 11
experiments)
*%¥ = Significance P = 99,0 %
* = » P =99,09%
° = » P=90,0%



variety. The propozrtion of the second crop was
about 40 9, of the total yield in most varieties
(range 39—42 %,).

The aftermath of Bjursele was, however,
clearly less than that of the other varieties,
being only 29 9% of the total crop. The pro-
portion of the aftermath in the total yield ap-
peated to be slightly less in the case of Jokioinen
red clover, Molstad, and VD2 than that in the
case of Venla.

Clover yields of the leys for silage

The tetraploid varieties produced the best clover
yields in leys cut three times at the silage stage
(Table 2). The total clover yield from Tepa was
31 9% and from Ulva 26 9, greater than from Ven-
la, both differences being statistically significant.
A significantly greater yield of 19 %, was also

produced by Bjursele in comparison with.

Venla; differences of 7 % for Jokiocinen red
clover and 12 9, for VT2 wete not statistically
significant. Tammisto red clover, Disa, Reko,
Molstad, and VD2 produced yields an average
of 5—9 9, smaller than the yield from Venla,

Hankkijan  Tam- Jokioi-
Venla misto nen
Hay yield ............. 54 54 66
Silage yield ........... 69 70 70

The yields of the tetraploid varieties Tepa and
Ulva varied less than the other varieties, espe-
cially in the leys for silage. Compared with the
other varieties, the hay yields of Jokioinen and
Bjursele varied more, but the variation of the
yields of these two varieties for silage were similar.

‘Durability of red clover varieties in grass
mixtures

Under Finnish conditions, one of the most
impotrtant properties of a red clover variety

Tepa Bjursele

but the differences were not statistically signif-
icant.

The average proportion of the spring crop
was 35 9, summer crop 39 %, and autumn
crop 26 %, in the total clover yield of the leys
for silage. Most varieties varied slightly in
this respect. However, the percentage of the
spring yield of Bjursele was higher than that
of the other varieties.

Clover that was cut three times produced
an average dry matter yield that was 70 % of
that of the dry matter yield of twice cut clover
(Table 2). Bjursele gave the highest percentage,
77. The smallest ratios were those from Venla
and Reko, both being 64 %,.

Variation in the clover yields

The clover yields varied greatly according to
the trial localities and years depending on the
different growth conditions and the density
of the stand. The coefficients of variation (%)
for the yields for hay (late cut for hay) and
for silage (total of the cuts per season) of the
red clover varieties are as follows:

Disa Reko Ulva Molstad VD2 VT2,

50 72 65 56 53 59 60 58
48 67 67 63 46 72 74 . 70

is its durability and permanence in ley. In
choosing a ted clover variety for cultivation,
more attention is paid to its wintering charac-
teristics and permanence than to any large
yields it may produce under good growing
conditions.

Figure 1 shows the differences in yields of
red clover varieties in grass mixtures of varying
age, which also shows the permanence of the
clover during the two or three years of these
experimental trials. The relative hay and silage
yields of most varieties increased in comparison
with that of Venla as the age of the grass mixture
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Fig. 1. Relative yields of some red clover varieties in leys of different ages. (Hankkijan Venla = 100.)

increased. Bjursele had the best durability
among the varieties; its yield ratio increased
from about 70 in the first year to nearly 200
in the third year. A similar trend was observed
in the ratios of Tepa and Jokioinen red clover,
which were also mote permanent in the grass
mixture than was Venla. However, Tepa gave
yields that were higher than those of Venla
even in the first year, particularly when cut
three times a year. In the third year, Tepa’s
hay yields were 31 9 and its silage yields 83 9,
larger than the respective yields for Venla.
The respective percentages for Jokioinen red
clover were 53 and 36 9.

Hay yields red
were smaller than from Venla in grass mix-
tures of all ages. However, third year yields
from grass mixtures cut three times were on

from Tammisto clover

average larger than those from the control
variety.
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Clover percentage

The average red clover content of the hay
yields was higher than that of the spting yields
from leys for silage which were harvested at
an earlier stage of development (Table 3).
This is due to the fact that the growth of red
clover in the spring is at first slower than the
growth of grasses, becoming mote rapid as the
temperature increases in June.

The yield of the second crop from leys for
both hay and silage was made up of an average
of two-thirds red clover and one-third grasses.
Thus, red clover was important in the second
crop. It should, however, be noted that the
entire clover yield in leys for silage was only
two-thirds that of the clover yield in leys for
hay and aftermath, the clover yield in hay being
double that of the yield in silage at the first
cutting (Table 2).



Table 3. Percentage of red clover in the total yield of clovet-grass mixtures at different age of ley and at different

cuttings.
Aée of ley, years Cutting
Variety Number
of cut 1 2 3 A B c
(hay &
Venla .........coivienn.. 2 afterm.) 66 68 39 42 66
3 (silage) 63 59 37 32 61 68
Tammisto . ......unveennn 2 64 66 32%* 44%* 63
3 63 62 39 33 61 69
Jokioinen ............... 2 59%* 69 49 53 65
3 50% 57 45%* 34 54 64
Tepa coveveiiniii 2 66 72 49% 52 73°
3 69° 66° G1x%% 41% 74%* 82%
Bjutsele ............. ... 2 5Q:kk 59%* 58% 53 59%*
3 60 58 59% 47* 64 66
Disa ..oviviiiniin 2 63° 64 33 42* 65
3 69 58 38 40 60 66
Reko ....... ... 2 64 65 37 44° 67
3 67 56 40 35 61 67
Ulva . 2 66 72 50% 52 72%
3 65 65% 57*x% 39° 70** 79%
Molstad . e 2 59%* 64 38 46 60*
3 60 59 42 32 59 71
(Opdal ED) . .............. 2 21 57 47 47 52
3 26 54 51 23 49 59
VD2 . 2 63 65 41 50 " 64
3 61 60 46 39° 63 64
VT2 oo 2 64 68 51* 52 68
3 65 66%* 50%* 40* 70* 71
SvA0125 ... ...l 2 48° 61° 40 43° 76**
3 48 59 63** 30 75%* 65%
Average | 2 59 65 46 48 65 65
3 59 61 50 39 63 69
**¥% — Significance P = 99,9 % A = spring
K » P =99,09% B = summer
* = » P =9509% C = autumn
° = » P =90,0%

The proportion of most red clover varieties
in the hay yield was similar to the proportion
of Venla. In the hay yield, no variety gave a
red clover content which was statistically signifi-
cantly higher than Venla. The red clover
contents of the Tammisto, Disa, Reko, and
Sv A 0125 leys were significantly lower than that
of Venla. Significantly higher red clover con-

tents were found in the second crops of Tepa,
Ulva, and Sv A 0125 as compared to the control
vatiety. On the basis of red clover percentages,
Bjursele and Molstad were poorer in terms of
regrowth in comparison with Venla.

The tetraploid varieties Tepa, Ulva, and
VT2 produced higher clover contents than
Venla in leys for silage; in the spring yield,
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Bjursele also produced a significantly higher
clover content than Venla.

The red clover contents of leys for hay and
leys for silage are not comparable among leys
of varying ages (Table 3), as the difference in
the stage of growth at the harvest influences
the clover content, as does the different number
of spring and second harvests.

The tetraploid varieties Tepa, Ulva, VT2
and Sv A 0125 (the latter only in leys for silage)
appeared to have greater durability than Venla,
as did Jokioinen red clover and Bjursele. In
the first year leys for hay, the clover contents
of Jokioinen red clover, Bjursele, Disa, Molstad,
and Sv A 0125 were lower than the clover
content of Venla.

DISCUSSION

The competition between red clover and the
grasses obviously had a certain influence on
the results presented above. It is conceivable
that the competition increased the differences
between varieties in compatison with differences
that might arisen in variety trials of red clover
alone, because faststarting, vigorous varieties
would do better in competition with grasses
than would slower growing red clover varieties.
When experimental leys were not fertilized
with nitrogen (except for some minor amounts
of nitrogen which may have been in the PK
fertilizer used), the competition from grasses
was relatively weak.

If the leys had been fertilized with nitrogen,
the proportion of grasses in the yields would
have increased together with the nitrogen fer-
tilizing. In clover grass mixtures, it is primarily
the grass that benefits from nitrogen fertilizing;
such fertilizing can even be harmful to the
clover. This has been demonstrated by SALONEN
and Hrvora (1963), among others.

According to the results presented above,
the superiority of the tetraploid varieties of
red clover is convincing when compared with
the diploids, although the hay yields did not
deviate enough from those of Venla to be
statistically significant, as Venla is also a good
producer of hay. The superiority of Tepa and
Ulva in comparison with the control variety
became even more apparent in the leys for
silage and when the ley aged.
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The good durability and yield of the tetraploid
varieties were well known even before the
present study. According to VArLrLe (1968), the
better yield of tetraploid red clover varieties
in comparison with diploids is based on their
luxuriant growing habits their better
resistance to clover root rot.

The standard variety, Hankkijan Venla,
proved to be a variety which produced good
yields, particulatly when cut for hay. It did
not give as favourable an impression in leys
for silage; several varieties produced equal ot
even greater yields. Tepa, Ulva, and Bjursele
all produced yields for silage that were cleatly
significantly larger than the yicld from Venla.
Venla did not have the same durability as the
three varieties mentioned above; in this respect
Venla also falls behind the tetraploid varieties
VT2 and Sv A 0125, and Jokioinen red clover.
However, when its large hay yields and ease
of seed production are taken into consideration,
Venla proves to be a good, general variety on
the basis of these trials, as well.

Bjursele is a variety typical of northern
growing conditions. It is early, blooming more
than a week before Venla, and its regrowth is
less than that of the other varieties in the trials.
This vatiety grows in dense, but low, stands,
and small leaves. In rainy summers, Bjursele’s
regrowth appears to be greater than usual; in
this respect the trial year 1977 was clearly
favourable for Bjursele. It is possible that
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Bjursele’s yield formation suffered to some
extent in the case of the leys cut for hay since
Bjursele reaches the blooming stage earlier than
the others. As the trial plots were cut only
when all varieties had begun to bloom, Bjursele
had to wait for the cutting, although it no
longer grew as much as later varieties. At the
same time, the period between cuttings became
shorter. This may explain to some extent
Bjursele’s relatively poor total yield in leys for
hay as compared with the results of leys for
silage. As Bjursele is very durable, its relative
yield rating improves with the age of the ley.
Since poor durability is one of the greatest
problems in the cultivation of red clover under
Finnish conditions, Bjutsele appears to be
very promising. It is hoped that it can be adapted
for cultivation even under the difficult winter
conditions of eastern and northern Finland.
Jokioinen red clover proved to be a very
hardy variety in these trials. It produced yields
comparable to Venla’s. The regrowth did not,
however, reach the level of the control variety.
Another old variety, Tammisto red clover,
clearly fell behind Venla in both size of yield

and hardiness.

12 128001568U

Disa, Reko, and Molstad, the varieties most
commonly cultivated in Sweden and Norway,
were unable to produce better average yields
under Finnish conditions than the best varieties
included in the trials.

According to the results from Swedish trials
(AnpERssoN 1975), Disa and Reko, in addition
to Bjursele, have done better than other local
varieties under conditions in northern Sweden
(in a region which is further north than any
of the trial locations presented in this study).
In central Sweden, where the number of dif-
ferent varieties is greater than in the Nozth,
the relative success of Disa and Reko was
poorer (Smvon 1977). Also in the Swedish
trials, Reko gave better yields than Disa.
Bjursele does not appear in the results of variety
trials conducted in central Sweden.

The tetraploid line VT2 gave yields which
were smaller than those of Tepa and Ulva. The
Swedish tetraploid line Sv A 0125 appears to
be promising in the light of the results obtained
in two trials. The local variety from northern
Norway, Opdal El, produced only small yields
in the only trial in which it was included.
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SELOSTUS

Pohjoismaisten puna-apilalajikkeiden vertailua apila—heininurmessa.

Trvo MerLa, Brxxr Huokuna, Jaakko Koéyurjirvi, Kaire RinNg, Paavo Simojoxr ja PENrTr TEITTINEN

Maatalouden tutkimuskeskus

Vuosien 1975—1978 aikana suoritettiin kuudella Etela-
ja Keski-Suomessa sijaitsevalla koepaikalla puna-apilan
lajikekoe, jossa verrattiin pohjoismaisia puna-apila-
lajikkeita sekd kahteen (heininurmi) ettd kolmeen (s#il6-
rehunurmi) kertaan niitetyssd apila-heind seosnurmessa.
Kolmella koepaikalla koe jatkui kolmen vuoden ajan,
kolmella muulla se jouduttiin keskeyttimidn kahden
vuoden jilkeen apilan pdiosaltaan hivittyd nurmesta.

Kaikkiaan kokeessa oli 13 puna-apilalajiketta. Tetra-
ploidit lajikkeet suomalainen Tepa ja ruotsalainen Ulva
olivat lajikkeista satoisimpia ja mittarilajiketta Hankkijan
Venlaa kestivimpii. My®&s tetraploidi ruotsalainen linja
Sv A 0125 oli satoisa ja kestivi niissi kokeissa, joissa
se oli mukana. Erityisen kestdviksi osoittautui pohjois-
ruotsalainen Bjursele, joka kolmantena koevuotena
antoi keskimiirin suurimpia rehusatoja, lihes kaksin-
kestaisia mittarilajikkeeseen verrattuna. Bjurselen keski-
midriinen heindsato oli mittarin tasoa, kolmeen kertaan
niitettyjen nurmien sato suurempi kuin mittarin. Bjurselen

odelman kasvu oli vihiisempéi kuin muiden lajikkeiden
ja suurempi osa kokonaissadosta saatiin ensimmiiselld
niittokerralla.

Kotimainen mittarilajike Hankkijan Venla tuotti
suuria heindsatoja, vain tetraploidit lajikkeet ja Bjursele
yltivit sen kanssa samalle tasolle. Kestivyydeltidn tdmi
lajike ei ollut tetraploidien ja Bjurselen veroinen. Van-
hoista suomalaisista lajikkeista Jokioisten puna-apila
osoittautui mittaria kestivimmiksi ja siilorehunurmilla
satoisuudeltaan mittarin veroiseksi, Tammiston puna-
apila jii selvisti mittaria heikommaksi. Ruotsalainen
Reko ja norjalainen Molstad olivat mittaria satoisampia
vain kasvuoloiltaan kaikkein edullisimmalla koepaikalla,
ruotsalainen Disa tilldinkin vain siilérehunurmissa.
Niiden lajikkeiden heikkous oli huono kestivyys. Koti-
mainen tetraploidi linja VT 2 ei yltinyt tetraploidien
lajikkeiden tasolle, diploidi linja VD 2 jii parhaista
lajikkeista selvisti jilkeen. Norjalainen paikallislajike
Opdal El oli vain yhdessi kokeessa mukana.
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WINTER HARDINESS AND YIELD OF LOCAL VARIETIES OF FINNISH RED CLOVER
GROWN IN SOUTHERN FINLAND AT THE ANTTILA EXPERIMENTAL FARM OF
THE HANKKIJA PLANT BREEDING INSTITUTE IN 1962—1966.

Sarja Ravanrir

Ravanrrr, S. 1980. Winter hardiness and yield of local varieties of Finnish
red clover grown in southern Finland at the Anttila Experimental Farm of
the Hankkija Plant Breeding Institute in 1962—1966. Ann. Agric. Fenn. 19:
142155, (Agric. Res. Centre, Inst. Plant. Breed. SF—31600 Jokioinen, Finland.)

The cultivation of red clover in Finlaad declined in the 1960s, while that of heavily
nitrogen fertilized hay grasses became more common. At the beginning of the
1980s, with re-expansion of red clover cultivation under consideration, presentation
of the main features of the author’s previously unpublished study on the cultivation
value of commercial seed lots of domestic red clover carried out at the Anttila
Experimental Farm of the Hankkija Plant Breeding Institute in 1962—1966 has
become worthwhile. The results provide background information on the question
of whether expanded cultivation of red clover should be based solely on domestic
commercial varieties, or whether the cultivation of good, naturally occurring,
local varieties should also be promoted.

The cultivation values of 390 local varieties of Finnish red clover, which were
supplied in 1960 and 1961 and approved for the official seed trade as forage were
compared with the values for Tammisto red clover, the control variety in the
trial, and those for Altaswede, the main variety imported between 1940 and 1962.
Local varieties came from the operational areas of 15 agricultural societies,

Tammisto red clover developed slower during the summer immediately
following the sowing, but had better winter durability in the 2nd and 3rd year
leys. It produced a better yield in the second year and particularly in the third
year; it was a later variety with fewer flower heads than the majority of the local
varieties. Altaswede developed faster during the summer following the sowing,
had a poor winter hardiness value in the 2nd and 3zd year leys, and yielded less
in the second and particularly the third year leys than did Tammisto or a large
number of the local varieties. In the third year ley, two local variety trial materials
had a winter hardiness value 8,0 % and 14,1 % better than that of Tammisto red
clover, but were less hardy than Altaswede by 76,0 % and 31,6 %, respectively.
They yielded 11,1 % and 9,3 % more than Tammisto red clover, and 45,2 %
and 44,3 %, less than Altaswede, respectively. A number of local varieties with
higher yields and better winter hardiness than Tammisto red clover were found
among the local varieties of each agricultural society. The study demonstrated
that in the early 1960s many valuable local varieties were being cultivated as
forage in different parts of Finland. If they are still being cultivated on a small
scale, the expansion of their cultivation should be considered.

Index words: Red clover, local variety, Tammisto red clover, Altaswede red clover,
winter hardiness, yield, leafiness, earliness, frequency of flower heads.
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INTRODUCTION

Certain characteristics of red clover, such as’

its ability to fix nitrogen, good yields, and
value as forage and as preceding crop, have
been highly appreciated in Finland since the
beginning of the 20th century. Despite the
efforts of agricultural extension agencies in
this respect, red clover did not do well in
grass leys. The main reasons for this have been
determined as being due to the meagre supply
of domestic red clover seed with high ger-
mination values, the poor hardiness of imported
foreign seed, and unsuitable cultivation tech-
niques (VALLE 1947, 1957, 1958, 1964, PAATELA
1953 a—-c, 1954, KamppinNgeN and ScurLpr 1965,
Mukura et al. 1967 a, b, RAATIKAINEN, M.
and Raatikamex, T. 1975).

Domestic, local varieties of red clover and
improved varieties which were bred from them
were highly appreciated. The production of
seed from them was promoted through the
use of price guarantees. Red clover seed pro-
duction was, however, very risky due to climatic
conditions, and was wusually of insufficient
volume. As a result, it was necessary to import
foreign seed on a fairly regular basis (Table 1).
The rapid expansion of the heavy use of nitrogen
fertilizers in the cultivation of hay grasses
reduced the need for red clover seed in the
1960s and even more in the 1970s. The reduction
in imports of foreign seed was further influenced
in the 1970s by the increased domestic pro-
duction of commercial seed thanks to favourable
weather. Red clover seed was imported from
Canada, Estonia, Norway, the Soviet Union,
and Sweden. The red clover cultivated in Fin-
land was thus constantly subject to mnatural
selection. New cross-breeds were continally
arising between imported vatieties, domestic
varieties, and the local varieties (ANown. 1956,
Paarera 1959, KampepiNen and ScHiLpT 1965).

According to Krrunex’s assessment (1965),
13 to 15 %, and according to Paatera (1959),
10 9, of the red clover seed sown annually

Table 1. Red clover seed imports into Finland between
1919 and 1979.

Imports (tons) Numbers

Importation period total | imports] variation :vfityhei::

imports | year b;t::::n imports
1919—1949 ....... 1193,3] 39,8 | 0,5—202,5 9
1949/50—1958/59 .. |2 010,4] 201,0 |{44,9—374,0 1
1959/60—1968/69 .. | 956,1] 95,6 | 2,7—302,9 0
1969/70—1978/79 .. | 132,4| 13,2 |10,8—100,6 7

went through the official seed trade. No data
is available on the present status. Many of those
who cultivated the old local strains produced
seed only for themselves and their neighbours
(e.g., Stmora 1924, JAKskELAINEN 1930, Saro-
HEIMO 1939, MurtaMmAikx 1949, Isoraro 1959,
Ravanrr 1961, 1965). For this reason, the seed
of local varieties used in the comparative trials
was acquired from farmers and not from the
official seed trade, although, according to Paa-
TELA (1959), the seed of several un-named lots
of Finnish red
varieties in the official trade. The characteristics
of Finnish red clover for seed for the official

clover was offered as local

seed trade were evidently well known, but not
its value as a forage plant.

At the beginning of the 1980s, a revival of
red clover cultivation is being considered. In
this context, we must decide whether expanded
cultivation of red clover should be based solely
upon domestic commercial varieties, or whether
the cultivation of good, still existant, local
varieties should also be promoted. Some
background information to this question can be
obtained from a previously unpublished li-
cenciate thesis (Ravanrir 1973); it has therefore
been thought worthwhile to publish the main
results of this study. The study examined the
cultivation value as forage of 390 Finnish red
clover local varieties in trials conducted in 1962—
1966 at the Anttila Experimental Farm of the
Hankkija Plant Breeding Institute.
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The study concentrated on the following
three main questions:

1. What was the winter durability of the trial
material compared with Tammisto red clover,
the official control variety, and compared with
Altaswede, the main imported variety in 1940—
19627

2. How do the yields of the trial material
compare with and
Altaswede?

those of Tammisto

3. What were the average differences between
varieties from different agricultural societies and
between local varieties within the same agri-
cultural society?

MATERIAL AND METHODS

The study population was composed of 390
seed lots which fulfilled the official seed trade
requirements, labelled according to the cul-
tivator’s name and which were provided from
rechecked samples of seed from inspection
years 1960—61 and 1961—62 by the State Seed
Testing Station. These seed lots were divided
into four different materials. Because the Finnish
red clover in the official seed trade was, ac-
cording to PaaTELA (1959), primarily composed
of various local strains, commercial seed lots
of red clover will be referred to as »local varie-
ties» in this study. Trials were conducted in
1962—1966 at the Anttila Experimental Farm
of the Hankkija Plant Breeding Institute.

The partial results from materials 1—3 are
presented here (Table 2). The soil type of the
trials was muddy loam clay. Basic fertilization
was 700, 40 and 55 kg/ha Ca, P and K, re-
spectively, and annual fertilization was 33 and
42 kg/ha P and K, respectively. The seed rate
of red clover was 16 kg/ha.

Material 1 was established without a nurse
crop, and the 1962 cutting trials were carried
out with a nurse crop. In 1963, cutting trials
of the third replicate were also planned, but
the nurse crop was flattened causing the seedling
stage to be so uneven that the trials wete
ploughed under. In the observation plots estab-
lished in 1963, the seedlings grew evenly
throughout the plot; their yield was also checked
by cutting. These results were, of course, not
as reliable as in the replicate trials.

The speed of initial development was ob-
served in material 1 by measuring the average
heights of the plants at regular intervals and by
determining the growth habit in the autumn
according to the Birp (1948) scale, modified
by Varie and Garrison (1959).

The winter hardiness of material 2 and 3 was
determined with the following formula:

density (0—100) in sptin
Winter hardiness = 100 X ensity ( ) in spring

density (0—100) in autumn

Table 2. Data on the plan of the experiment.

Number c Treat- Repli- Plot Period of
f E i D i at ize f
matocria] xperimeﬂt ate o sowing K(nl\?:.t)s (EN;S') (sz) experlment
1 Observation plots ....... 16. 5. 1962 394 1 2,4 1962
Observation plots I—IV .. 17.5.1963 . 369 1 4,9 1963
2 Cutting experiments ...... 16.—18. 5. 1962 406 3 4,9 1962—1965
3 Observation plots I—IV .. 17. 5. 1963 369 1 4,9 1963—1966

In 1963, material 1 was used in the control plots for the summer sowing; otherwisc material 3 was used.
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Fig. 1.
Finnish Agricultural societies

The agricultural societies from which commercial red
clover seed lots were obtained are numbered as follows:

No Number of lots
1. Province of Uusimaa ................ 39
2. Swedish Agricultural .................

Society of Nyland .......... SRR 54
3. Varsinais-Suomi ........... ... ... ... 8
4, Satakunta ...........coieiiiiie 7
5. Province of Hime . .................. 22
6. Bast Hime ...........c..coevvnna... 21
7. Hime-Satakunta ..................... 16
8. Kymenlaakso .................. ...t 44
9. Notth Carelia ......oooiiiiiiiiiin., 6

10. Province of Mikkeli ................. 74

11, Kuopio v ovvviniiiiiiiiiiiiii e 33

12. Central Finland ..................... 18

13. South Pohjanmaa .................... 4

14, Kajaani « ..., 5

15. Province of Qulu ............... ... 39

Every effort was made to cut the grass in
the treatments at the same stage of development,
twice each summer. The raw protein content
was determined according to KJELDAHL’s micro-
method. The flowering defined
visually on a scale from 0 to 100. Flowering
head values (flowers + buds) were counted
with a frame of 1/4 of a square metre, the result
being given per square metre.

Leaves, stems, and buds were determined as

stage was

a percentage of weight from a 250 g air-dried
sample cut with a sickle from the first year
growth of material 3.

Efforts were made to separate local varieties
from Altaswede crosses and pure-bred Altaswede
by determining the colour of the leaves and
flowers of the plants according to KORNERUP’s
and WanscHER’s (1961) colour tables.

Data was processed according to the agri-
cultural society classification. Averages, devia-
tions, variant analyses, frequency distributions,
and cotrelation matrixes were computed in the

University of Helsinki Computer Centre with
the Hywps system. The statistical significance
of the results are expressed with the symbols
commonly in use. Due to the abundance of the
data, only partial results are presented here.
Complete results may be found in the duplicated
report of the study (Ravanxtrr 1973).

The material was obtained from the oper-
ational areas of 15 agricultural societies (Fig. 1).
According to VALLE’s investigations (1964),
859, of the commercial red clover seed was
produced in southwestern Finland and in the
province of Uusimaa. In this study, 24,8 9%,
of the samples came from this area, but the
majority (75,2 %) came from the inland deficit
production areas where there was a strong
interest in the cultivation of red clover for seed.
Yields per hectare wete high in this area, but
the total land area actually under cultivation
was small (Paatera 1959, Rajara 1960, Hin-
NINEN 1962, 1965, KampriNeN and ScrILDT
1965). )
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Climatic conditions were not favourable during
the trial petiod. In the late winter-early spring
of 1964, there was ice and water damage in the
red clover growths. In the winter of 1964—
65 and 1965—66, conditions were favourable
for the spread of red clover rot. The growing

season of 1962 was chilly. The growing sea-

sons of 1963, 1964, and 1966 were, on the
whole, dry, and June of 1965 was particularly
dry.

The following abbreviations will be used in
presentation of the results: ags = agricultural
society, and the names of the agricultural
societies are numbered as shown in Fig. 1.

RESULTS AND DISCUSSION

Speed of development during the summer
succeeding the sowing

The growth of material 1 was disturbed by damp,
chilly weather in the summer of 1962 and by
drought in the summer 1963. The majority of
the local varieties developed slower than Altas-
wede but faster than Tammisto clover on the
basis of measurements of the growth height,

growth habit, and number of flowering heads.
The properties under investigation were very
The
varieties with the most rapid development were

significantly dependent on each other.
the local wvarieties of southern agricultural
societies 1—5, 7, and 9; the slowest were the
local varieties of northern agricultural societies
10—15. The slow development of northern
varieties has also been demonstrated even when

Table 3. Winter hardiness of local varieties in material 2.
Ka == Mean Ha = Standard deviation
Winter hardiness 0—100 %,
1962—64 1962—63 1963—64 1964—65 1962—65
L Lots

(I\?(;s) Ka 4 Ha Ka 4- Ha (N(;.) Ka .:i: Ha Ka

TammiSto «.vvvvrvnnenennennnn. 4 90 +29 65 | 4-32,1 2 72 | +12,4 76

Altaswede .« ...t 4 86 +38,0 57 4-30,5 2 69 +14,2 71

Agricultural societies

1. Province of Uusimaa ........ 39 93 +3,5 58 +19,5 32 37 +19,0 63
2. Swedish Agtricultural Soc1cty of

Uusimaa ........c.ccounenn. .- 54 92 +4,6 65 | 21,2 49 44 1 26,7 67

3. Varsinais-Suomi ............ 8 95 +1,5 58 | +4-20,0 7 35 | +£229 63

4, Satakunta .................. 7 92 429 67 | +£23,6 7 41 | +£22,5 67

5. Province of Hime .......... 22 93 43,4 63 | +21,8 19 41 | 4244 66

6., Bast Hime ................. 21 93 +3,9 67 | +24,6 21 49 | +25,3 70

7. Hime-Satakunta ............ 16 93 +2,7 62 | 222 15 33 | +211 63

8. Kymenlaakso ............... 44 95 +2,3 71 +14,4 40 36 +18,4 67

9. North Carelia .............. 6 95 +3,2 76 +11,7 6 50 +17,7 74

10. Province of Mikkeli ......... 75 95 43,2 75 | +£16,9 72 49 | 4223 73

11, Kuopio +.vcevvvnvinennnnnnn 32 95 429 72 | +15,3 29 48 | 4-18,9 72

12, Central Finland ............. 18 95 +25 86 | + 7,6 18 62 | +10,4 81

13. South Pohjanmaa ........... 4 95 +2,6 94 | + 3,8 4 66 | & 7,4 85

14, Kajaani .................... 5 96 +1,1 87 | + 6,9 5 47 | 13,5 77

15. Province of Oulu ........... 39 95 +1,6 86 | 114 39 57 | £13,1 79

Kal—15 ... .............. 94 72 46 71
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Table 4. Winter hardiness of lo_cal varieties in material 3.
Ka = Mean Ha = Standard deviation

Winter hardiness 0—100 %
1963—64 1964—65 1965—66 1963—65
Lots
(No.) Ka ~ + Ha Ka + Ha Ka + Ha " Ka
Tammisto . ...vvvevererrenaes 4 89 45,3 94 4+ 0,5 30 +14,2 71
Altaswede ...........coiiiiin, 4 88 ‘+5,1 93 + 3,1 16 + 25 66
Agticultural societies . :
1. Province of Uusimaa ........ 38 93 +4,9 87 + 7,9 18 + 9,0 66
2. Swedish Agricultural Society of
Uusimaa ....ovvvennennnn. 42 90 +6,4 86 4+ 9,7 2 +12,0 66
3, Varsinais-Suomi ............ 5 93 +7,6 90 4+ 3.8 16 + 6,3 66
4. Satakunta ............eennn 5 93 +7,6 92 + 2,7 16 +12,8 67
5, Province of Hime .......... 19 87 +2,1 82 + 2,1 21 +12,8 63
6. Bast Hime . .....ovvvvnnnnn. 19 93 +5,8 88 4 8,1 20 + 8,1 67
7. Hime-Satakunta ............ 15 95 +4,4 81 +17,6 24 4-10,5 - 67
8. Kymenlaakso ............... 42 92 +5,2 89 + 9,1 20 +10,7 - 67
9. North Carelia .............. 6 92 +7,2.. 89 + 8,2 18 4133 66
10. Province of Mikkeli ......... 65 90 +7,1 89 74 25 +12,7 68
11, Kuopio .ovvvrvnvnnnennnnn. .32 87 +8,6 - 93 + 3,0 - 25 +13,1 68
12, Central Finland ............. 15 86 +7,1 92 + 5,4 17 4-11,2 65
13, South Pohjanmaa ........... 3 88 +7,6 94 + 0,6 18 +11,6 67
14. Kajaani «....ovvvniiiinan, 3 83 +2,9 94 + 0,0 36 +12,3 71
15. Province of Oulu ........... 37 89 +7,1 91 + 4,4 22 +11,9 | . 67
Kal1—15 ... ..oiviiieienen 90 89 21 67

cultivating them--further south by UmAREUS
(1963) and VaLLE and GarrisoN (1959). Onthe
other hand, thete were both slow developers
and fast developers among the local varieties
from all the agricultural societies. The correla-
tions between the degtree of latitude of the home
location of the local ‘vatieties and the’ variables
of material 1 were negative and statistically
highly significant. '

Winter hardiness

Deterioration in winter hardiness as the ley
aged was typical of local varieties, except in the
case of the second year ley of local varieties in
agricultural societies 11—15 of material 3,
which had good winter hardiness (Tables 3
and 4). The cold, the ice cover, frost damage,
and clover rot were the most important causes
of winter damage. The winter” hardiness of
Tammisto red clover was better than that of

13 1280015680

 Altaswede, particulatly in the third winter. The
proportion of local varieties that wintered as
well as or better than Tammisto declined in
all the materials as the leys aged. After the third
winter, 8,0 9, of the local varieties in material
2 and 14,1 9, in material 3 were classified as
being better than Tammisto as far as their
winter hardiness value was concerned. In material
2, 71,0 9%, of the local varieties were inferior
to Altaswede in winter hardiness, as were 31,1
% of the local varieties in material 3. (Fig. 2).
‘In material 2, the local varieties of agricultural
societies 13, 12, 15, and 14, and in material 3
those of societies 14, 10, and 11, wintered best
on average during the three winters. Among
the local varieties from each of the agricultural
societies there were always some that had a
winter hardiness value at the same level as or
better than that of Tammisto red clover.
The correlation between the winter hardiness
and the latitude of a local vatiety’s place.of
‘origin ‘was, in material 2, for the 1st: to -3rd
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Fig. 2. Frequency distributions of winter hardiness of local varieties in variously aged leys in material 2 and 3.

year leys, £ = 20%%%, 10,36%+% and 10,23%%%;
and in material 3, r = —0,15%** 1.0,15%* and
40,13**,

Pomjakariro (1959) and Uwmarevs (1963)
found that the decrease in daylight as the days
shorten generally increases the winter hardiness
of northern red clover varieties. However this
is not always so, because of the lack of genetic
adaptability and because the biotypes of clover
rot also influence hardiness. This was also

apparent in the present study.

Yield

There were large annual variations in the
yield (Fig. 3). The yield of material 2 was
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greatest in the first year ley and smallest in the
second year (not the third as is usually the case
and which occurred in material 3). This was
due to ice and water damage and drought
which weakened the 2nd year ley.

The average dry-matter yields and amount
of raw protein in material 2 in all of the agri-
cultural societies were, in the 1st year ley,
greater than those of Tammisto red clover, but
in material 3, only the dry-matter yields from
agricultural societies 3, 6, and 5 were greater.
However, in material 3, the raw protein yields
of 10 different agricultural societies were greater
than that of Tammisto red clover. In the 2nd
year leys, the average material 2 yields of dry
matter and raw protein from northern agri-
cultural societies 13, 12, 14, 15, and 10 were
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Fig. 3. Frequency distributions of dry matter yields of local varieties in variously aged leys
in materials 2 and 3.
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Table 5. Frequency distributions, petcentage of local

varieties with yield values similar to, higher than and

lower than Tammisto and Altaswede in leys of various

ages. (Dry matter yield, except for material 3 in 3rd
_year ley which was green yield.)

. Material 2 Material 3
Position in order of yield | 14, 2ad | 3rd 1st 20d | 3:d
year year year year year year
ley ley ley ley ley ley
Equal to Tammisto | 39,7 |34,2(19,8 |47,5|13,3| 19,1
Higher than
Tammisto . .. .. .. 46,2271 11,1]12,5] 20| 9,3
Lower’ than
Tammisto ....... 13,938,8(79,1|40,0| 84,7 71,5
Equal to Altaswede|11,3|38,8(13,1|33,0(26,4(27,2
Higher than )
Altaswede . .. .. .. 86,1161,2(41,7}60,0| 35,9 | 28,5
Lower than
Altaswede . .. .. .. 2,6| 0,0]452| 7,0|37,7|44,3

all greater than from Tammisto. In material 3,
the dry matter and raw protein yields from
Tammisto were greater than the average yields
of the agricultural societies. In the 3rd year ley,
Tammisto produced yields of raw protein and
dry matter which were greater than all the
average yields from the agricultural societies
in material 2. In material 3, only the green yield
was determined for the 3rd yearwle‘}-r. Only the
average green yield of agricultural society 14
was larger than that of Tammisto red clover.
The proportion of the local varieties which
had a yield the same as or better than Tammisto
declined, and the number of local varieties which
had a poorer yield than Altaswede increased,
as the leys increased in age (Table 5). Differences
in yields between the various local varieties were
also large (Table 6).

In material 2, the ranking order in terms of
average dry-matter volume from the 1st to
3rd year leys was agricultural societies 12, 13,
10, and Tammisto red clover; and in terms of
raw protein yields, agricultural societies 12,
13, 15, 14, and Tammisto (Fig. 4). In material
3, the largest dry-matter and raw protein yields
were obtained from Tammisto red clover and
clovers from agricultural societies 3, 5, and 4.
Some local varieties which gave yields higher
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than Tammisto were found among each agri-
cultural society’s local varieties. Good winter
hardiness by no means always implied a good
yield.

The correlation between the latitude of the
place of origin of a local variety and its yield
was negative in 11 cases and positive in 5 cases.
Five correlations wete not statistically significant.
The results obtained concerning the superiority
of Tammisto red clover Altaswede, particulatly
in the 2nd and 3rd year leys, confirmed the
results of earlier studies. The result that some
of the local varieties gave greater yields outside
their original area of cultivation due to good
adaptability was also confirmed (Simora 1923,
1924, Varre 1938, 1958, 1964, SaLonemo 1939,
Murramix: 1949, 1961, HonkAvaara 1937,
ANTTINEN 1959, IsoTaLo 1959; RavanTrI 1961,
1965, PaaTELA 1962). PaaTELA’s (1959) finding
that the value of local varieties was partly
overemphasized since some of them have poor
yields was in accordance with the results obtained
here. Some of the local varieties gave an even
poorer yield than Altaswede, which shows that
Altaswede performs better than its reputation
implies under Finnish conditions.

Umareus (1953) found that the raw protein
content of red clover increased as the amount

Table 6. The dry matter yield of the most productive
and least productive local variéties.

Dry matter yield kg/ha
1st 2nd 3rd
year year year
ley ley ley
Material 2
Most productive local
variety ..........o... 11 850 9000 | 5560
Least productive local
vatiety ......... ... 3230 200 460
Material 3
Most productive local .
variety ...l 8430 | 9610 | (5100)
Least productive local
vatiety ......... e 3280, | 2660 (200)

( ) = green yield
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of daylight decreased. This was also partly
discernible in this study as far as the northern
local varieties were concerned; but northern
varieties also suffered from the shortened
daylight hours. Paatera (1962) found that a
very significant mnegative correlation existed
between the forage yield and the latitude of the
place of origin of Finnish red clovers in southern
Finland. This was also shown by RavanTII
(1965), as well as partly by this study.

Leafiness

On average, Tammisto red clover produced
more leaves than Altaswede or the local varieties
(Table 7).

The five individual local varieties that pro-
duced the most leaves were also among the
most hardy varieties and were among those
that gave the greatest yields. Among others,
WexeLsEN (1937) and Nuescu (1960) have

Table 7. Analysis of leafiness in main yield of first year
ley in material 3.

Proportions of leaves, stems
and flowers determined from
250 g of air-dried hay
Local | [eaves | Stems }LIOVZI“
rie- 0 0y ca
Vfics %) | (%) % )s
Tammisto ............... — 41 48 11
Altaswede ............... — 34 44 22
Agricultural societies
1. Province of Uusimaa .. 39 35 49 16
2. Swedish Agricultural
Society of Uusimaa ....| 54 32 51 17
3. Varsinais-Suomi ...... 8 36 50 14
4, Satakunta ............ 7 38 45 17
5. Province of Hime ....| 22 37 49 14
6. East Hime .......... 21 34 50 16
7. Hime-Satakunta ...... 16 35 50 15
8. Kymenlaakso ......... 44 36 | 50 | 14
9. North Carelia ........ 6 37 49 14
10. Province of Mikkeli .. 74 35 48 17
11, Kuopio ..oovvvenn... 33 35 49 16
12. Central Finland ....... 18 34 49 17
13. South Pohjanmaa ..... 4 29 | 50 | 21
14, Kajaani .............. 5 36 | 46 | 18
15. Province of Oulu ..... 39 35 47 18
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recommended the use of a scale of the amount
of foliage produced as a method for selecting
individuals to be used to increase yields (partic-
ularly raw protein yields).

Earliness and abundance of flower heads

Tammisto red clover was a later variety and
Altaswede earlier than the local varieties of the
agricultural societies, on average. The proportion
of eatly local varieties increased as the ley in-
creased in age. The eatliness of Altaswede in
relation to the Finnish materials had already
been verified in earlier studies (Murramix:
1949, 1961, Ravaxrtrr 1960).

On average, Tammisto red clover had fewer
and Altaswede more flower heads than the
local wvarieties. Flower head formation showed
great variation in leys of different ages in the
same material and between different materials.
As PaateEra (1962) has demonstrated, this was
apparently due to the flowering stage and
weather conditions. Altaswede proved to produce
greater yields than Tammisto in eatrlier seed
cultivation trials (Ravantri 1960), so that the
finding of this study of the abundant formation
of flower heads in Altaswede was to be expected.
Paatera (1962) had observed that northern
local wvarieties produce more flower heads
than those of southern Finland. The findings
of Ravanrit (1965 b) were almost completely
opposite. This study did not provide a clear
picture either way in this matter.

Local varieties resembling Altaswede

Of the local varieties investigated, 4,6 % were
primarily Altaswede and 11,3 9, were mixed
or cross-bred with Altaswede (Table 8). The
cross-breeds usually had poor winter hardiness
and yields. However, of 44 local varieties, 3
of the 17 lots which resembled Altaswede and
4 lots of the Altaswede mixture were those



Table 8. Local varieties resembling Altaswede and those
crossed or mixed with Altaswede. Percentages of the total
numbers of local varieties.

which had the best winter hardiness values and
yields among the local varieties. The cultivators
had evidently followed the advice of the ex-

ot Varieti .
rovermbling crossed or tension agents not to produce seed from Altas-
Agricultural societies Altaswede mixed with
% of lots Altaswede wede because there were only a very few lots
o of fots similar to Altaswede or cross-bred with it in
1. Province of Uusimaa .. 10,2 12,8 the material.
2. Swedish Agricultural
Society of Uusimaa ... 7,4 12,9
3. Varsinais-Suomi ...... 12,5 12,5
5. Province of Hime ... — 91 Differences between and within agricultural
6. Bast Hime .......... — 4,7 ..
7. Hime-Satakunta ...... — 12,5 societies
8. Kymenlaakso ......... 15,9 11,3
9. North Carelia ........ — 16,6 A L.
10. Province of Mikkeli . .. 1,4 8.1 Although the agricultural societies wete repres-
11, KUuopio ..vvveveennnns 3,0 21,2 ented by a large and varied number of local
12. Central Finland ....... — 33,3 .. ) )
15. Province of Oulu . .... _ 25 varieties, the variant analyses computed in the
. study both between and within agricultural
Whole material/total 4,6 11,3 0. L. K
societies were statistically reliable.
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SELOSTUS

Puna-apilan suomalaisten paikallismuotojen talvenkestivyys ja satoisuus Eteli-Suomessa
Hankkijan Kasvinjalostuslaitoksen Anttilan koetilalla 1962—66.

Sarja RAvaANTTI

Maatalouden tutkimuskeskus

Puna-apilan viljely viheni Suomessa 1960-luvulla typelld
voimakkaasti lannoitettujen heininurmien yleistyessi.
Nyt 1980-luvun alussa harkittaessa puna-apilan viljelyn
uudelleen laajentamista on katsottu aiheelliseksi esittda
pidpiirteitd tekijin julkaisemattomasta tutkimuksesta:
Puna-apilan kotimaisten kauppasiemenerien viljelyarvo
Hankkijan Kasvinjalosfuslaitoksen Anttilan  koetilalla
vuosina 1962—66. Tulokset antavat pohjatietoa siitd,
onko puna-apilan laajeneva viljely perustettava vain
kotimaisten lajikkeiden varaan tai olisiko edistettivi
my6s vieldi mahdollisesti viljelyssi olevien hyvien pai-
kallismuotojen viljelyi.

Tutkimus selvitteli vuosina 1960 ja 1961 tuotettujen
viralliseen siemenkauppaan hyviksyttyjen 390 suoma-
laisen paikallismuodon viljelyatvoa rehukasvina Tam-
miston puna-apilaan, kokeiden mittarilajikkeeseen ja
Altaswedeen, vuosien 1940—62 piaituontilajikkeeseen
verrattuna. Paikallismuotoja oli 15 maanviljelysseuran
alueelta. Enemmistdé aineistosta 75,2 9% oli
kauppasiemenen alituotantoalueelta ja vain 24,8 9% sen
pituotantoalueelta, Sisimaassa kylli siemenviljeltiin
puna-apilaa, mutta usein vain omaan kiytt66n. Aineistot

sisimaan

kisiteltiin maanviljelysseuroittain (lyh. mvs.) kolmeen
aineistoon jaettuna.

Paikallismuotojen enemmistd oli kylvékesind Tam-
miston puna-apilaa nopeammin, Altasweded
hitaammin kehittyvdi. Paikallismuotojen kotiseudun
leveysasteen riippuvuudet kehitysnopeusmuuttujista oli-
vat negatiivisia ja tilastollisesti erittiin merkitsevid.

Nurmen vanhetessa viheni Tammiston puna-apilaa
talvenkestivimpien ja Altasweded heikkosatoisampien
paikallismuotojen osuus. Kolmannen vuoden nurmessa
(Iyh. 3. v.n:ssa) oli Tammiston puna-apilaa talvenkesti-
viampii kahdessa aineistossa 8,0% ja 14,1%
Altaswedei huonommin talvenkestivid 76,0 % ja 31,6 %
paikallismuodoista. Keskimdirin talvehtivat parhaiten
pohjoisten mvs:jen paikallismuodot, vaikka yksityisid
hyvin talvehtivia paikallismuotoja olikin kaikkien mvs:jen
paikallismuodoissa. Satoisuuden vuosivaihtelut olivat

mutta

sekid

suuret. Tammiston puna-apila oli kaikissa nurmissa
Altaswedei satoisampi. Aineistossa 2 1—3.v.nissa oli

14 1280015680

keskimiiriinen suurempien kuiva-ainesatojen jirjestys
Keski-Suomen, FEteli-Pohjanmaan, Mikkelin lddnin
mvs:jen apilat ja Tammiston puna-apila. Raakavalkuais-
sadoissa oli lisiksi Kajaanin ja Oulun lddnin mvs:jen
apilat Tammiston puna-apilaa keskimiirin satoisampia.
Aineistossa 3 oli Tammiston ‘puna-apilan kuiva-aine- ja
raakavalkuaissato mvs:jen keskisatoja suurempi. Nurmen
vanhetessa viheni Tammistoa satoisampien ja Altas-
weded vihisatoisampien paikallismuotojen madrd. 3.
v.:ssa oli kahdessa aineistossa Tammiston puna-apilan
satoisuusluokkaa satoisampia paikallismuotoja 11,1 %
ja 9,3 % seki Altasweden satoisuusluokkaa pienisatoi-
sampia 45,2 % ja 44,3 %. Joitakin Tammiston puna-
apilaa satoisampia paikallismuotoja oli joka mvs:n pai-
kallismuodoissa. Hyvi talvenkestivyys ei aina merkinnyt
hyvid satoisuutta.

Paikallismuodon kotiseudun leveysasteen ja satojen
riippuvuudet olivat 11 tapauksessa negatiivisia, 5 posi-
tiivisia. Neljd tiippuvuutta oli ilman tilastollista met-
kittdvyyttd.

Tammiston puna-apila oli keskimiirin lehtevimpi
kuin Altaswede ja paikallismuodot. Viisi aineiston leh-
tevintd yksityistd paikallismuotoa kuului samalla aineiston

. talvenkestivimpiin ja satoisimpiin paikallismuotoihin.

Tammiston puna-apila oli my&hiisempi ja Altaswede
aikaisempi kuin mvs:jen paikallismuodot keskimdirin.
Vaikka mykerdnmuodostus vaihteli melkoisesti, oli
Altasweden nykerdnmuodostus keskimdidrin mvs:jen
paikallismuotoja runsaampaa. Viljelijit olivat kuitenkin
melko hyvin noudattanecet kehoitusta olla tuottamatta
siementi Altawedestd, silld vain 4,6 % paikallismuodoista
oli etupiissi Altasweded ja 11,3 % sen karissa' tisteyty-
neiti. Ch

Vaikka eri mvs:a edusti vaihteleva midrd paikallis-
muotoja, olivat tutkimuksen varianssianalyysit mvs:jen
vililld ja sisilld tilastollisesti luotettavia. .

Esilli oleva tutkimus osoitti, ettd 1:9|‘6'0‘—lu\'r‘un’ alku-
puolella viljeltiin Suomen eri puolilla monia rehikasveina
arvokkaita paikallismuotoja. Mikili ne ovat ‘edelleen
viljelyssd pienessi mitassa, olisi niiden viljelyn laajenta-
mista harkittava.
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OBSERVATIONS ON THE FOOD PLANTS OF THE HONEYBEE

PENTTI TEITTINEN

TerrTiNeN, P. 1980. Observations on the food plants of the honeybee. Ann.
Agric. Fenn. 19: 156—163. (Agric. Res. Centre, Satakunta Exp. Sta., SF—32810
Peipohja, Finland.)

The visits by honeybees to the flowers of certain honeybee food plants wete
recorded and the cultivation technique of the phacelia (Phavelia tanacetifolia)
investigated at the Satakunta experimental station.

In 1960—1968 the red clover was visited by an average 341 honeybees/100 m?2.
Three quarters of these were pollinators. In 1960—1961 and 1964—1968 honeybees
accounted numerically for 50 per cent of all red clover pollinators and carried
out 28 9% of all red clover pollination.

A comparison of bee plants showed that borage (Borago offcinalis), phacelia
and white melilot (Melilotus albus) attracted more honeybees than did the clovers.

In the cultivation of phacelia a distance of 12,5 or 25 cm between rows and
a seed rate of 5—8 kgfha can be used. Sown in early May, flowering begins 8
weeks, and sown in late May 6 weeks, after sowing. The flowering period lasts
27—31 days. The nitrogen fertilizer input which produces the highest yield of
flowers is about 50 hg/ha. Chemical weed control cannot be used. A seed yield
can also be hatvested from the phacelia.

Index words: Bee plants, red clover pollination, phacelia.

INTRODUCTION

The significance of honeybees for the pollination
of many cultivated plants is considerable. This
is particularly true in agricultural areas where
there are few natural pollinators. On the other
hand, honeybees may suffer from a shortage
of food . plants owing to intensive cultivation
centred .mainly on cereal crops. In order to
place ‘4piculture on a sound footing the supply
of food for honeybees should be secured even
when the cultivation of insect-pollinated plants
is small. In the ’60s the cultivation of clover
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began to decline rapidly and the area under
turnip rape showed no signs of increasing,
cither. The soil bank scheme introduced towards
the end of the decade, which under a later
amendment permitted beekeeping, appeared
to open up prospects for an expansion of
apiculture through the cultivation of bee-
pollinated plants on fields covered by the soil
bank scheme, especially in central and eastern
Finland — areas poorly exploited in apicultural
terms.



In the circumstances it seemed necessary to
look into. the value and cultivation prospects
of cultivable food plants for honeybees.

From the very start, therefore, the apiary
of the Satakunta experimental station has been
used in investigating the value and potential of
honeybee food plants.

MATERIAL AND METHODS

The size of the apiary at the Satakunta experi-
mental station varied annually between 8 and
15 colonies. The honeybees were of Italian
origin. The hive was the Langstroth multiple-
storey type. All the findings indicative of the
value of bee plants are based on a count of the
number of visits by honeybees to the flowers.

The plants covered by the research were sown
in plots 25—50 m? in area. The count was taken
daily during the flowering period at about
2 p. m. for an atea of 5 to 15 m? of every plant
stand. With red clover the count was also taken
in certain years for plots set apart from the
area under cultivation.

RESULTS AND DISCUSSION

Red clover as a bee plant

Pollination observations on red clover (Trifolium
pratense) were first made as long ago as summet
1960 before the experimental station had its
own apiary. There was a private apiary com-
prising 3 to 5 colonies some 200 metres from
the border of the experimental station’s culti-
vated area right up to 1961. In 1962 and 1963
there were no honeybees at all in the immediate
surroundings, a fact reflected in the observation
findings. Honeybees were introduced at the
expetimental station on June 19, 1964, and were
therefore capable of nectar collection the same
summer during the flowering season of the red
clover. The distance of the observation areas
from the experimental station apiary ranged
between 100 and 400 metres. The area of the
observation areas varied annually between 48
and 210 m?2,

Visits by honeybees to red clover varied
widely from one year to the next, between 9
and 977 visits per 100 m? (Table 1). It has not
proved possible to explain the reasons under-

lying the annual fluctuation from the present

“material. The number of visits and the abundance

of nectar and, on the other hand, the develop-
ment stage of the honeybee colony are causally

Table 1. Visits by honeybees to red clover during the
flowering period.

Honeybees Bumblebees Pollin.ation
period
Year total Pro- | total
num- | polli- | POt [ qum- [ polli- | start- | dura-
ber |nators| ©f 31l [ ‘ber |[nators| ing | tion
per % polli- per % date d
100 m? n?:’t)OrS 100 m?®
/o
1960 ........ 225( 100 26| 707} 93 6/7 33
1961 ........ 167| 39| 18| 383| 54| 8/7 38
1962 ........ 0 —| —| 702 39| 28/7| 40
1963........ 15 0 0(1339( 29| 11/7| 35
1964 ........ 26| 34 3| 341 74| 16/7) 41
1965........ 195| 99| 56| 165 91| 18/7; 45
1966 ........ 903| 33| 30|2276| 30 517 41
1967 ........ 977| 100| 841 177 93| 19/7| 18
1968 ........ 557|100 76| 299 59 9/7] 38
1960—1968 .. | 341| .. .. 1 599 137 37
1960—1961, .
1964—1968 | 436 75| 50 g
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Table 2. Stage of flowering (0—10) of red clover on the
first visits by honeybees (a) and bumblebees (b).

Flowering of red clover at the
Year start of pollination
(a) (b)
1960 v, 4 1Y
1961 ... o 34 1+
1962% ...l — 2
1963*% ... o, — 14
1964 .., 31, 1Y,
1965 ... i 14 5+
1966 ..ot 4— 1—
1967 ..o 3 44
1968 ©ovviiieeannen, 4, 2

*) Honeybee colonies absent from the immediate surroundings.

related (SxovGaarD 1952, PaaTELA and HEIn-
RicHS 1959).

In some years red clover was very significant
for honey bees — and, of course, vice versa.

Honeybees began to visit red clover compat-
atively late — on July 18, on average. At this
stage the flowering of red clover was already
well under way, often with at least a third of
the flowers open (Table 2, Fig. 1). Honeybees
normally began visiting red clover later than
bumblebees, although 1965 and 1967 proved
exceptions in this respect. During 1967 honey-
bees began to visit red clover somewhat earlier
and during 1965 considerably earlier than
bumblebees. In these years the number of
bumblebees was lower than average. This and
the late appearance of bumblebees seem to
indicate that either only a few fertile queen
bumblebees had been left to winter duﬁng the
previous autumn or else the wintering had
failed. In the circumstances honeybees were of
greater importance as pollinators of red clover
(VarLie 1959, 1965).
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Fig. 1. Flowering of red clover (. .) and visits by honcybces (0 — — — —0) and bumblebees (-;— vl )

to red clover on the average in 1960—1968.
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In red clover the honeybees ga“che‘r' pollen
or nectar or both of them (VALLE and BErRGT
1965)?. The observations did not’ monitor
whether honeybees visited red clover for nectar
or pollen. On the other hand, observations
were made -on whether honeybees acted posi-
tively or negatively. The positives were reckoned
to include all honeybees which pushed their
way into the flower between the petals, the

itself is the simplest way of increasing the
honeybees’ contribution to the pollination of
red clover. It is certainly also possible to improve
the accessibility of nectar and increase the
activity of honeybees in relation to red clover
by breeding of both honeybees and clover.

A comparison of bee plants

negatives those which extracted nectdr through = -

a hole at the base of the corolla tube. “The holes
by Bombus /morum a
species of bumblebee. In several years honey—

are normally made

bees began their visits to red clover as positives,
but suddenly changed their behaviotr to that
of negatives. The number of negative honey-
bees \was highest when negative bumblebees
were jabundant (Table 1). '

The nectar in red clover is often dlfﬁcult to
reach:, lying deep:in the corolla tube beyond
easy 'reach of the tongue of the honeybee.
Visits by the honeybee to clover thetefore take
longer than those by the long-tongued bumb-
lebee, for example. It is estimated that ﬁollination
by 2,5 honeybees is required to achieve the
pollination efficiency of one bumblebee (Sxov-
GAARD 1952). Calculated on this basis, the
observation material fof 1960—1961 and 1964—
1968 indicates that honeybees accounted for
an” average 28 % of the pollination of red
clover. The proportion of honeybees was nearly
the same at Tikkutila (VALLE 1965).

Owing to this difficulty with the accessibility
of the nectar red clover is not the best plant
for bees. Presumably for just this reason its
competitive ability is poor and it can only
attract honeybees when other competing plants
are few. In terms of the cultivation of red
clover, howevet, honeybees may still be of
very Efforts
visits to red clover by honeybees have been
made using scent feeding (VarLre 1947). Al-
though this method has indeed produced results,
efforts to increase its use have failed. The

great importance. to increase

introduction of colonies in the clover field

With a view to compating certain annual and
perennial bee plants,
record the appearance of pollinators in 1969,
1971, 1973, 1975 and 1979. The test plants were
phacelia (Phacelia  fanacetifolia), white melilot
(Melilotus albus), white clover (Trifolium repens),
alsike clover (7. hybridum), borage (Borago
officinalis) and buckwheat (Fagopyram sagittatum).

In the first test in 1969 a visual estimate of
honeybee density was made without actually

tests were devised to

counting the number of individuals. Observa-
tions showed plenty of honeybees on phacelia,
some on white melilot and white clover but
few on alsike.

In the 1971 test, honeybees visited phacelia
most (Table 3). In the 1973 test the most attract-

Table 3. Bee plant compatison test findings.

Flowering Hg:;y- Sf:e 4 Fl;x;ts
Plant starting | duration number/ | yield uaits
date 100 m? d| k8/ha | per me
1971
Phacelia ...... 37 28 274 472 9,70
White melilot . 2]7 34 105 616 7,86
White clover .. [ 20/6 16 236 109 11,72
Alsike clover .| 24/6 25 231 385 14,12
1973
Phacelia ...... 4]7 28 173 39
White melilot . | 27/6 37 289 | 369
White clover .. [ 26/6 38 151 166
Alsike clover .| 28/6 36 147 110
1975
Phacelia* . .... 217 29 | 291
Borage¥* . .... 22[7 24 515

*) sown 9/5
**) sown 30/5
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ive plant turned out to be the white melilot.
The honeybee density on phacelia was again
higher than those on the clovers. The number
of phacelia flowers remained low for some
reasomn, and this was reflected in a poor seed yield.

The 1975 test set out to compare borage and
buckwheat with phacelia. The buckwheat stand
froze during the spring frosts, however. The
sowing of borage was delayed and the flowering
period therefore came later. The plant attracted
a substantial number of honeybees.

In 1979 phacelia, borage and buckwheat were
sown in adjacent plots and visits by honeybees
were counted on twelve days during the flow-
ering period. The following honeybee densities
were recorded:

phacelia .............. 171 visits/100 m2d
borage ............... 461 »
buckwheat ............ 62 »

White melilot, borage and phacelia were the
plants most favoured by honeybees during
these tests. The white melilot is a perennial
whose wintering in Finnish conditions is
uncertain. The cultivation technique applied to
borage, an annual,
further. An account of the experience gained
from the cultivation technique applied to

phacelia is given below.

should be investigated

Phacelia cultivation technique

Phacelia has been shown by both tests and
practical cultivation to bé a bee plant highly
favoured by honeybees. As its cultivation
technique appeared relatively simple and the
honey obtained from its nectar was known
to be good in terms of both aroma and con-
sistency, field tests were undertaken to in-
vestigate the cultivation technique of the
phacelia more closely. The parameters inves-
tigated were the time of sowing, seed rate,
distance between rows, use of nitrogen fertilizer
and weed control.
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Table 4. Phacelia sowing time test findings.

From Flowering
sowing ?_ecd— Hgney— Seed
Sown to start . . ings ces yield
oLl | st (i vl et K
1972
13/5 ... 48 30/6 30 31 424 320
18/5 ... 45 2/7 29 46 541 441
23/5 ... 43 517 37 35 368 416
28/5...| 41| 87| 38| 38| 355 | 576
216 ... 41 13/7 35 28 345 405
1973
2704 ...1 57 | 23/6| 31 .| 418 | 155
75 ... 50 | 26/6 | 31 .. | 516 | 117
17j5 ... 47 3/7 30 .. 470 62
28/5 ... 42| o7 | 27| .. | 423 82
1974
35...1 59| 17| 20| .. | 322
8/5 ... 57 477 27 .. 255
13/5...0 55| 77| 26| .. 201
18/5 ... 54 11)7 27 .. 191
23/5...| 53 | 1577 30 | .. | 205
28/5 ... 57 | 24/77| 27 | 223
1975
30/4 ... 61 30/6 29 .. 354
5i5...0 59 | 37| 29 .. | 335
10/5...] 57 | 67| 29 .. | 400
15/5 ... 54 | 87| 20| .. | 457
205 ... s4 | 137 27| .. | 525
265 ... 49 | 147 | 28 | .. | 491

The eatlier the sowing, the earlier the start
of the flowering period for phacelia (Table 4).
However, the period between sowing and
flowering was longer for the earlier sowings
than for the later ones. The number of visits
by honeybees varied without any particular
pattern (Fig. 2). According to observations on
the development of honeybee colonies and
findings on the weight of accumulated honey,
late June was shown in several years to be a
period when the increase in hive weight was
negligible. The reason underlying this declining
enthusiasm for collecting nectar may be prep-
arations with a low-yield season when good
wild bee plants are only just beginning to
flower. Getting the phacelia to flower before
the end of June would therefore be a major
achievement. This has failed, however, except
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Fig. 2. Honeybees numbet/100 m2d in different years at the phacelia sowing time tests.

in years when sowing was completed by April-
May at the latest. Sowing as early as this is not
always possible.

Efforts to speed up the early growth of
phacelia by means of preliminary treatment of
the seeds have failed. Keeping the seed in water
or succinic acid solution for 24 hours during
the test conducted in 1972 in no way brought
the beginning of the flowering period forward
compared with untreated seed. On the other
hand, sowing late in the autumn produced
specimens which began flowering early in June.
The phacelia does not normally survive winter.
It is not, it is true, susceptible to frost, and
wintering diseases do not occur in it. The death
of seedlings — and older plants — during the
winter is probably due to the plant’s inadequate
stock of nutrients. Sown very late, when get-
mination has only just begun before the onset

of winter, phacelia has been made to winter
and begin growing early in the spring. Even
then only a small proportion of the specimens
sown survived the winter.

A seed rate of 5—8 kg/ha for phacelia proved
best in the tests described (Table 5), for it
produced more flowers and attracted more
honeybees than lower and higher seed rates.
Sowing can be cartried out with a seed drill, in
which case the distance between rows is normally
12,5 cm. This distance has proved best for
visits to flowers by honeybees (Table 5). A
distance of 25 cm between rows was not signifi-
cantly less favourable. This distance is achieved
when the sowing is carried out with every
other drill coulter. Even larger distances be-
tween rows have been used with satisfactory
results (LaaksoneN 1970, LorraNen 1973).
The seed of the phacelia is small, the weight
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Table 5. Phacelia seed rate and row separation test

findings.
Flowerin,
Distance i Honey- stl:;t_ Flow-
Sced rate | between bees mens ers
kg/ha rows, | starting |duration,| number/ number/ number
cm date 100 'm*d a [m?

1970 .

5 ... 12,5 1/7 28 . 116 |84 328

25 ... 12,5 | 29/6 24 .. 336 |35 144

1971

25 ....] 25 .. .. .. 45 132240

5 ... 125 .. N .. 132 |58 570
1972

25 ....| 125] 14/7 | 36 | 505

5 ... 12,5 | 13/7 36 542

25 ....1 25 15/7 35 452

5 ....1 25 13/7 37 474

7,5 ... 12,5 [ 13/7 37 523
1973

25 ....| 125| 28/6 | 27 | 140

5 ....| 12,5 28/6 27 189

25 ....1 25 28/6 27 102

5 ....| 25 28/6 27 180

7,5 ....] 12,5 | 28/6 27 194

Table 6. Phacelia nitrogen fertilizer test findings.

Flowering Honey-

Nitrogen fertilizer bees SF"lg
| saing | ducion | TS| g

1972 -
50 ... 14/7 35 554 436
100 . ...ocivnnt 14/7 41 481 375

1973

0 .. .. 28/6 27 189 22
100 .........L... 28/6 27 321 54
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of a thousand seeds being no more than 1,4
to 1,5 g, so the seed must be sown in shallow
furrows.

Nitrogen fertilizers should be used moderately
on phacelia. Care should be taken :that the
supply of nitrogen is adequate, but ‘excessive
nitrogen will lodge the plant stand, and flowering
will suffer. The best test results are obtained
with about 50 kg/ha of nitrogen (Table 6).

The eradication of weeds is one of the great-
est problems encountered in the cultivation
of phacelia. Weeds are particulatly harmful
when seed is being taken from the plant stand.
Initial growth in phacelia is not very rapid,
especially

if sowing is early. Then again,

inadequate moisture for germination during

later sowings may result in insufficient coverage
of the plant stand. In both cases weeds have
easy access to growing space. The fat hen
(Chenopodium album), in particular, is a trouble-

.some weed because separation of its seed

from the seed of the phacelia is very time-
consuming. The two tests with chemical agents
(trifluralin, napropamid, paraquat/monolinuron,
bentatson, propachlor) produced partly contra-
dictory results, and neither proved uncondi-
tionally satisfactory. When the distance between
rows is great, weeds can be removed by hoeing
(LorTANEN 1973). If a seced crop is also taken
from the phacelia, selection of a weed-free site
is recommended.

The seed hatrvest was carried out with a
combine harvester without difficulty.
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SELOSTUS

Mehildisten ravintokasveja koskevia havaintoja

PeNTTI TEITTINEN

Maatalouden tutkimuskeskus

Satakunnan koeasemalla on seurattu mehildisten kiyntejd
eriiden mehildisten ravintokasvien kukissa ja selvitetty
hunajakukan (Phacelia  fanacetifolia) viljelytekniikkaa.
Mehilsishavainnot on tehnyt mahdolliseksi ylijohtaja
Jouko Vuotisen aloitteesta koeasemalle v. 1964 hankittu
mehildistarha, Tarhan koko on ollut vuosittain 8—15
yhteiskuntaa. Mehildiset ovat olleet italialaista rotua.

Puna-apilalla on v. 1960—1968 kiynyt mehildisia
keskimdidrin 341 kpl/100 m? yhteensi 37 vuorokautta
kestineen kauden aikana. Mehildiset ovat tulleet puna-
apilaan kimalaisia myShemmin ja useimmiten vihintddn
kolmasosa apilan kukista on silloin ollut avautunut.
Mehildisisti on pélyttinyt kolme neljdsosaa. Mehildiset
ovat usein muuttaneet tybskentelytapansa tryOstdviksi
sen jilkeen kun ry&stivid kimalaisia on tullut kasvustoon.
Polyttiavit mehildiset ovat muodostaneet lukumdariisesti
44 prosenttia kaikista polyttdjistd v. 1960—1968. Jos
laskelmasta jitetiin pois vuodet 1962 ja 1963, jolloin
koeaseman lihiympiristdssd el ollut mehildisyhteiskuntia,
mehildisten osuus kaikista pélyttdjisti on ollut 50 pro-
senttia. Jos oletetaan, ettd 2,5 mehildistd vastaa polytys-
teholtaan yhti kimalaista, mehiliiset ovat havaintokauden
aikana suorittaneet 28 prosenttia puna-apilan pélytyk-
sestd.
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Mehildiskasvien vertailussa ovat putrasruoho (Borago
offcinalis), hunajakukka ja valkomesikkd (Melilotns albus)
osoittautuneet apiloita paremmiksi houkuttelemaan mehi-
laisid.

Yksivuotisen hunajakukan kukintakausi on alkanut
heinikuun alussa ja se on tavallisesti kestinyt 27—31
vuorokautta. Kukinnan alkua on voitu jonkin verran
ailaistaa kiyttdmilld aikaista kylvéi. Kukintakauden
pituuteen kylvoajalla ei ole ollut vaikutusta.

Koetulosten ja 0,5—1,5 hamn suuruisilta viljelmiltd

useana vuonna hankitun kiytinnon kokemuksen perus-
teella hunajakukalle voidaan antaa seuraavat viljely-
objeet: .
Hunajakukka voidaan kylvid viljankylvékoneella joko
jokaisella tai joka toisella vantaalla. Sopiva kylvomdiri
on 5—8 kg/ha. Siementi tuotettaessa on syytd kiyttdi
vield suurempaa kylvomdirid tikkakasvien tukahdutta-
miseksi, vaikka kukkien miiri silloin vihenee. Hunaja-
kukan siemen on pientd, joten kylvd on suoritettava
matalaan. Lannoituksessa noin 50 kg/ha typpei on
tiittivi, jotta lakoutumista ei tapahtuisi. Siemenen kotjuu
voidaan suotittaa leikkuupuimurilla.
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EFFECTS OF SOIL TEMPERATURE ON NUTRIENT TAKE-UP, GROWTH,
AND YIELD IN THE STRAWBERRY

Eeva LAURINEN and Jaakko SAk®

LAuriNeN, E & Six6, J. 1979 Effects of soil temperature on nutrient take-up,
growth, and yield in the strawberry. Ann. Agric. Fenn. 19: 164—172. (Agric
Res. Centre, Inst. Hortic., 21500 Piikkit 4, Finland).

Investigations were carried out at the Institute of Horticulture, Piikkid, into
the effects of fertilization and soil temperature on the take-up of nutrients, growth,
and yield in the strawberry. The investigation was carried out both on open ground
and under netting of fine-meshed artificial fibre. In addition to an unfertilized
control, two levels of fertilization were applied: the spring fertilization consisted
of a mixed preparation, in which the main nutrient content was 55 and 110 kg/ha
of N, 55 and 110 kg/ha of P,Og, and 110 and 220 kg/ha of K,O; further fertili-
zation, applied after the yield had been harvested, consisted of calcium saltpetre,
containing 23,3 and 46,6 kg/ha of N. The soil around the strawberry roots was
warmed duting the growth period by means of an electric cable buried at about
10 cm depth.

The fertilization applied did not lead to any inctease in strawberry yield; the
highest yicld was obtained from the plants which were unfertilized. The tempera-
ture increase obtained with the electric cables during the growth period was on
average 2—4 °C, with a slightly higher rise under netting than in the open. Heating
advanced flowering and harvest by a few days, but had no effect on yield quantity;
the quality of the yield, on the other hand, depreciated with heating, especially
under netting. The incidence of grey mould increased, and the proportion of
small berries in the harvest also incteased. The higher soil temperature had no
effect on the transfer of nutrients from the soil to the plants nor on the quantities
of nutrients present in leaves or fruit.

The conditions obtained under netting, in terms of temperature, light, and
moisture, were unfavourable to the strawberry. The yield obtained from plants
under netting was on average only 56 % of that obtained in the open.

Index words: Strawbertry fertilization, soil temperature.

INTRODUCTION
It has been established, both in investigations that the addition of fertilizer does not necessarily

in Finland and elsewhere, that the nutrient result to an increase in yield. In most cases,
needs of the strawberry are relatively low, and excessive fertilization has in fact been found
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to induce a reduction in yield, particularly in
the case of nitrogen fertilization, where over-
dosing leads to luxuriant growth.

The fertilization of strawberry is commonly
based on the soil and leaf analysis. The signi-
ficance of leaf analysis in the study of strawberry
mutrient requirements has expanded, but its
usefulness has found to be limited in certain
respects. The nutrient content of the leaves
displays fluctuations, both between varieties and
also from year to year and between different
locations, which have not been shown to
exercise any immediate effect on the quantity
of the yield. Nutrient transfer from the soil
to the plant is also affected by the moisture and
temperature conditions prevailing at each in-
dividual site.

The Institute of Horticulture in Piikkis,
Finland, layed out a series of experiments in
order to investigate the fertilization requirements
of the strawberry. The variety used was the
widely cultivated Sengana. Experiments carried
out in 1962—64 showed that increasing levels
of nitrogen or potassium fertilization had no
distinct effect on yield, although the levels of

fertilization were reflected in the nutrient content
of the leaves (Six6 1974). The findings from
these experiments also included the luxuriant
growth consequent on nitrogen fertilization
and the associated incidence of grey mould
(Bozrytis cinerea). In the 1967—69 experiment,
the effect of 2 double administration of calcium
saltpetre fertilizer, and the spraying of urea
fertilization, during growth, ‘was investigated;
the differences in yield obtained were however
insignificant, despite the fact that prior to
fertilization the soil had been nitrogen deficient.
In both years, the highest yield was obtained
from the unfertilized control (SAxS 1974).

This investigation of the factors affecting
growth and yield in the strawberry was continued
in 1971—74 with a study both of the impact
of increasing levels of fertilization on yield,
and of the reactions of the plants to the raising
of the soil temperature. The significance for
strawberry growth of the micro climatical
conditions produced under protective netting
were also investigated. The results of this ex-
petiment are set out below.

MATERTAL AND METHODS

The experiment was set up in spring 1971, on
a gentle southerly slope. The soil was coarser
fine sand, and before planting, a 5 cm layer of
limed peat was spread over this. The variety
used was Sengana.

In order to investigate micro climatical condi-
tions, a netting structure was set up on one side
of the experimental area, 9 X4 m in size. This
was constructed using a fine-meshed artificial
fibre material being first erected at the beginning
of the experiment in spring 1971, with the
netting being temoved from its frame during
the wintertime. A revolving thermometer was
set up both in the open and under the netting
in otder to record the temperature during the
period of growth.

In order to investigate the significance of
soil temperature, two ecarth-warming cables
were buried underground, in the open and
under the netting (Lvss~n 3,0 2/m, 10 W/m).

-The cables were placed 15 cm apart from each

other, on either side of the strawberry plants,
at a depth of about 10 cm. The heating was
switched on at the beginning of growth, in
the main at the end of April, and was discon-
nected at the beginning of October when
growth ceased. The temperatures were recorded
by means of earth thermometers buried at a
depth of atound 10 cm.

Fertilizer was administered twice during
growth. The spring fertilization was carried
out once growth had commenced in spring,
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using a fertilizer compound. The second’ fer-
tilization, with calcium saltpetre, was adminis-
tered in August after.the yield had been har-
vested. There was.an unfertilized control, and
two levels of fertilization, as indicated below:

Mixed fertilizer
500 kgfha 150 kgfha

(main nutrient content (nutrient content
N 55—P,0; 55—K,0 110) N 23,3)

1000 kg/ha 300 kg/ha

Calcium saltpetre

Soil samples were taken from all the treat-
ments annually in the spring, before fertilization.
The fruit samples were taken during the harvest,
and the leaf samples immediately after the end
of the harvest, in the first or second week of
August, before the autumn fertilization.

RESULTS

Open vs. netting cultivation

The conditions under the netting differed from
those in the open. The tight-meshed netting
evened out fluctuations in the air temperature,
so that the minimum and maximum tempera-
tures recorded in the open during the growth
period show a wider range than those under
the netting. The netting also, however, inhibited
the warmth of sunshine,
overnight coolness, with the results that the

and retained the

overall temperatures under the netting for the
growth period remained lower than those in
the open (Table 1). The quantity of solar light
under the netting also remained lower.

This micro climate inside the net did not
prove to be advantageous to the strawberry,
and the yield obtained from the plants under
the netting was lower every year than that
obtained in the open (Table 2), being on average
only 56 9, of the latter. The reason for these
poot yields under the netting are to be found
in the temperature and light conditions outlined
above, which were unfavourable to the formation
of flower buds in Sengana at the end of the
season. Pollenization of the plants may also
have been better in the open, since there were
no differences in the timing of flowering. The
foliage of the plants under the protective
netting temained moist longer than in the

Table 1. Temperatures at 10 cm depth in the soil and at the height of the strawberry plants, in the open and under.
netting: mean monthly temperatures, 1971—1974.

Temperature in the soil Air temperature
1971—1974
Heated bed Unheated bed *) at 8 and 14 *) at 22 and 2
In the Under In the Under In the Under In the Under
open netting open netting open netting open Netting
mean °C mean °C

May . ovieniiniienann 10,9 12,3 8,4 7,7
June ..ol 16,3 18,5 14,3 13,9 19,2 18,4 . 12,3 12,3
July coviiiiiiii, 19,1 21,7 17,5 17,3 23,0 19,4 15,1 12,3
August ..........000. 17,7 20,1 15,5 15,4 19,9 18,7 15,3 12,3
Septembet ............ 13,2 15,8 10,4 10,6 14,6 13,9 11,0 7,7
MEAN v\eevennennennn 15,4 17,7 13,2 13,0 18,9 17,3 13,1 10,9

Note. The temperature at 2, 8, 14 and 22 o’clock.
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Table 2. Strawbetry yield, in the open and under netting, at three levels of fertilization, on unheated.and heated: beds,
) 1972—74.

Vatiety: Sengana. Planting density: 0,35 0,80 cm; area of both the open-air and netting treatments, 4,48 m.

Fertilization: Unfertilized

500 kg/ha mixed fertilizer4-150 kg/ha calcium saltpetre
1000 kg/ha mixed fertilizer+300 kg/ha calcium saltpetre

Marketable yield Total yield In percent st
1972—1974 kg/100 m? total yield 2 wks'
- har.vest -
kg/100 m® | Locne | 1972 1973 174 | ST 1 Rotted percent
In the open
Unheated bed
Unfertilized ................... 121 67 129 231 185 9 24 90
5004150 .. oneier e 106 (59) 152 220 171 9 32 88
10004300 ....0oeneniiiannan 92 (58) 126 179 169 11 31 88
mean| 106 (61) 136 210 175 10 29 89
Heated bed
Unfertilized ..............c.0. 129 (61) 156 232 242 9 30 94
5004150 ...oiiiiiiiiian 103 (57) 139 208 202 9 34 95
10004300 .....ooviiiniinnnn. 104 (58) 121 203 216 10 32 95
mean | 112 (59) 139 214 220 9 32 95
In the open mean ............... 109 (60) 137 212 198 9 31 .92
Under netting
Unheated bed
Unfertilized ................... 74 (63) 96 189 67 6 31 82
5004150 .. .vviei i 59 (62) 89 143 56 8 30 .79
10004300 ....covvvninnninnn.. 51 (57 97 128 45 10 33 79
mean 61 (61) 94 153 56 8 31 80
Heated bed
Unfertilized ...............oun. 71 (58) 95 117 92 11 31 94
5004150 ...oviiiiiiiina 51 (53) 82 131 77 12 35 94
10004300 ....coveveeniinnnnnn 47 (55) 80 117 58 15 30 93
mean 56 (55) 86 142 76 13 32 94
Under netting mean ............. 59 (58) 90 148 66 16 32 87
LSD (95 %) gtowing place ......... 39 67
heating ............... no SD 14
fertilization ........... 20 23

open, which led to an increased proportion of
fruit blighted by grey mould. In 1974, when
the season was exceptionally wet, the pro-
postion of blighted fruit in the open was 38 9%,
and under the netting 47 9.

Unheated vs. heated plant heds

With the aid of the electric cables, it was possible
to raise the temperature around the strawberry
roots in the open by 17 9%, and under the

the unheated soil.
temperature was

netting by 36 %, relative to
Except in the spring, the
virtually identical in the unheated beds in the
open and under the netting (Table 1).

The raising of the soil tempetature did not
however appear to have any effect on nutrient
transfer from the soil to the plants. At the
termination of the experiment, the nutrient
content of the soil was virtually the same in
the heated and unheated beds (Table 3). The
potassium and magnesium content of the soil
rose during the course of the experiment, but
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Table 3. State of nutrients in the soil for the strawberry experiment, prior to fertilization in 1971 and following the
termination of fertilization in 1974.

Soil: coarser fine sand
Variety: Sengana
pH | Ca I K I P l B l Mn l Mg
mg/l soil
1070 e e 6,3 1411 211 30 0,5 2,3 196
1974
Unheated bed
Unfertilized ............................ 7,0 1475 228 28 0,4 2,8 265
5004150 ..o e 6,9 1400 303 29 0,6 2,6 260
10004300 . ..oniiii 7,0 1475 353 34 0,5 2,5 290
mean ,0 1450 295 30 0,5 2,6 272
Heated bed
Unfertilized ................oiiiiiia... 7,0 1650 248 31 0,6 1,9 333
5004150 oo i 7,0 1475 300 35 0,5 2,5, 300
10004300 ...ovvninen e 6,9 1450 365 32 0,5 2,5 315
mean 7,0 1525 304 33 0,5 2,3 316
Optimum values ............cieiiieiiann.... 5,5 2500 300 50 1,2 5 250
—6,5 [—3500| —350 —70 —2,2 —8

the rise was similar in scale in both the heated
and unheated beds. In experiments carried out
in the Netherlands, heating the soil was found
to cause only minor variations in nutrient
figures, apart from a higher nitrogen content
recorded in the heated soil (Sonpern 1975).

Nor was any effect of soil heating observable
in the nutrient contents of the statwberry leaves
and fruit; the differences in nutrient content
and trace element content between plants
grown in the heated and unheated beds were
so small as to be insignificant (Table 4).

What was affected by heating the plant bed
was the timing of flowering and harvest, which
was advanced. In the heated beds, both in the
open and under netting, flowering began 2—5
days earlier than in the unheated ones, and full
flowering, similatly, occurred earlier. The yield
harvestable during the first two weeks from
the heated beds, both under netting and in the
open, was higher than that from the unheated
beds (Table 2).

The heating of the beds did not lead to
increases in yield, with the exception of 1974
(Table 2), and did lead to a reduction in the
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proportion of the harvest which was marke-
table, since the proportion of fruit blighted
with grey mould increased with the higher
temperatures. The most deleterious effects on
the yield of heating the soil were found undex
the netting. In addition to the blighted fruit,
the proportion of undersize fruit also increased.

Fertilization

The quantities of fertilizer used in this experi-
ment did not lead to higher yields. In each
year of the experiment, the yield obtained (both
overall and marketable) from the unfertilized
control was higher, both in the open and undet
netting, than that from the fertilized treatments
(Table 2). Neither of the fertilizer levels applied
was particularly high, nor with the exception
of the nitrogen did the quantities of fertilizer
(N 78—156, P,O; 55—110, and K,O 110—
220 kgfha) exceed the levels recommended for
the strawberry (LeEskiNeN 1977). Due either
to the quantities applied of fertilizer, or to the
effects of soil heating and netting, the increase



Table 4. Mean nutrient and trace element content in strawberry leaves and fruit, on unheated and on heated beds,
1972—1974.

Variety: Sengana

N K | P | Mg l B | Mn
in dry matter
% % | % | % | ppm | ppm
Strawberry leaves
Unheated bed
Unfertilized ......covvvuviniiinnninn 2,25 1,97 0,313 0,253 47,7 80,6
5004150 Lovniiie i e 2,41 2,14 0,325 0,278 56,5 99,4
10004300 ..o einin i 2,56 2,16 0,330 0,284 67,8 112,7
mean 2,40 2,09 0,322 0,271 58,3 91,5
Heated' bed
Unfertilized ....c.cviveiiiiiiiiiiinnn. 2,31 1,86 0,318 0,259 45,9 79,1
5004150 ..iinie i 2,34 1,93 0,322 0,291 56,6 98,3
1000+300 ....cnviienniennney e 2,48 2,05 0,335 0,300 62,6 100,2
mean 2,38 1,94 0,325 0,283 55,0 . 92,5
Optimum values .....coveviiiiveiinnnn. 2,25 1,20 0,220 0,200 20 | 50
(VANG-PETERSEN 1972) ............... —2,60 —1,50 —0,300 —0,300 —30 ©—100
Strawberry fruit
Unheated bed
Unfertilized ........coviiiiiiieeiinenen 1,28 2,30 0,352 0,149 18,8 28,1
500-F150 oot e 1,53 2,44 0,374 0,161 17,9 29,0 .
10004300 .. cc e 1,70 2,62 0,400 0,174 19,0 34,0
mean 1,50 2,45 0,375 0,161 18,5 30,3
Heated bed
Unfertilized ..........ciiiiiinnn., 1,16 2,26 0,305 0,140 16,6 22,8
5004150 ...t 1,53 2,40 0,330 0,152 18,1 26,5
10004300 ...t 1,59 2,47 0,346 0,170 18,2 28,5
mean 1,43 2,37 0,327 0,154 17,6 25,9

in grey mould blight previously found with
fertilization (SAk0 1974) was not observed in
this experiment.

Despite the continuation of fertilization over
a period of four years, the nutrient content
of the soil did not change greatly from what
it had been prior to fertilization (Table 3).
With inctreasing fertilization, the levels of
potassium in the soil did rise to some extent,
whereas in the unfertilized control the potassium
content remained below the optimum.

Leaf and fruit analyses

Increasing fertilization led to corresponding
increases in the amount of all nutrients and

trace elements in the leaves and fruit (Table 4).
The differences between the three levels of
fertilization were small, but recurred as a similar

. trend each year.

In the year when t'hey were planted, the leaves
contained on average 2,54 9, nitrogen by dry
weight. The amount of nitrogen in the leaves
was lower in the years with yield, ranging in
the unfertilized control between 2,02—2,47 9.
It has been estimated that the nitrogen content
in the leaves for maximum yield in Sengana
should not exceed 2,20 %, but should also not
fall below 1,609, (Saxsmauc 1971, Ysraas
1971).

The quantity of potassium in the leaves of
the plants previous to their first yield was on
average 1,11 9%, but rose in subsequent years,
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and displayed annual fluctuations. The lowest
content recorded during the yield years in
leaves of plants on the unfertilized control bed
was 1,59 %, and the highest 2,34 %. The
amount of potassium was thus in excess of
the estimated optimum throughout the ex-
periment, even on the unfertilized control.
The boron content in the leaves declined
during the course of the experiment. The
leaves of plants on the unfertilized control
contined on -average in 1973 60,0 ppm boron
by dry weight, and in 1974 on average 35,0
ppm; the corresponding figures for the treat-
ments with maximum fertilization were 86,8

ppm and 46,3 ppm. The boron content of the
leaves may vary between different soils (LjoNEs
1962), nor is the effect of leaf boron content
on yield completely clear. Byurman (1974)
suggests that boron content in excess of 50 ppm
in the strawberry’s leaves will have the effect
of diminishing the yield.

The phosphorus content in the leaves remained
steady troughout the experiment, on average
slightly above the estimated optimum, while
the quantities of manganese in the leaves
remained within the optimum range found for
Sengana (ANon. 1972).

DISCUSSION

The experiment was intended to investigate
the micro climatical conditions created by a
protective netting structure, and the implica-
tions of these for strawberry cultivation. The
results indicate that the conditions obtaining
under the netting, in terms of light and tem-
perature, e.g. the lower mean temperatures in
the eatly part of the season, do not further
growth, flowering, or yield in the strawberry,
and that the conditions in the open are preferable.
Wheteas, under Finnish conditions, cultivation
in plastic-clad greenhouses can advance the
flowering and the harvest by two weeks (SAk6
1975), this was not found to be possible with
the netting. The Sengana began flowering 2
mere couple of days earlier under the netting
than in the open, and the fruit failed to ripen
eatlier than open fruit. With a variety as sus-
ceptible to grey mould as Sengana is, the
conditions under the netting (especially in
poor secasons) merely increase the danger of
blight occurring.

The effect of soil heating on growth and
yield in the strawberry has been studied in the
Netherlands, in eatly strawberry cultivation.
In spring conditions, where daylight, the air
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temperature, and the level of moisture in the
soil are all adequate, the incidence of growth
can be advanced by raising the temperature of
the soil. With the strawberries (Glasa variety)
in a plastic tunnel, raising the soil temperature
enabled a harvest ten days in advance of that
on unheated soil (SONDERN 1975). The present
investigation indicates that in Finnish conditions,
soil heating can advance the flowering of the
strawberry in the open by several days, depend-
ing on the weather, and a similar advance can
be achieved in the mature harvest. Conceivably
early strawberty varieties may react to soil
heating more than the late variety, Sengana
used here. On the other hand, the earlier the
strawberry’s flowering occurs, the greater danger
there is of damage from spring frosts, in which
many of the flowers may be lost. In a dry
eatly summer, soil heating promotes the drying
of the soil, whereas in wet weather it assists
the development of grey mould blight.
The results on the effect of fertilization on
the yield were similar to those obtained pre-
viously both in Finland and elsewhere (ByurmaN
1974, SAkd 1974, et al.); increasing the amount
of fertilizer did not lead to any increase in



yield in this case either, and the largest yield
was harvested from the unfertilized control.
This illustrates the low need for fertilizer in
the Sengana variety, with its luxuriant growth.
It has been found in Denmark that Sengana is
usually over-fertilized with nitrogen and potas-
situm fertilizers, leading to a reduction in yield
(Anon. 1972). Tests cartied out in Sweden
concerning nitrogen and boron failed to provide
any explanation of the fluctuations in yield
occurring with different levels of fertilization
(BjurmaN 1974). The overall indication of a
number of fertilization experiments, therefore,
suggets that maximization of the overall and
marketable yield will not be achieved merely
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s

by increasing the fertilizer administred to the
strawberry in cases where the other factors
affecting strawberry growth are unfavourable.
In the present experiment, Sengana provided
a weaker yield under protective netting than
in the open. This may have been due to the
low light levels and temperatures at the end
of the season, when the buds for the following
season are first formed. Even if fertilization
had no direct effect on the yield, therefore,
by encoutaging luxuriant growth it creates a
deterioration in light conditions within the

vegetation and may affect the flowering in the

following year.

171



REFERENCES

AnNoxN, 1972. Ernaeringstilstanden i jordbaer vurderet
pa basis of bladanalyser Stat. Fors. virks. Pl. kult,
Medd. 1044.

BjurmaN, B. 1974. Fertilizer Experiments with Nitrogen
and Boron in Strawberries. Swed. J. Agric. Res.
4: 1—-13.

LesxiNeN, A. 1977. Kidytinnon matjanviljely. Puut. liit.
Julk. 208: 1—162.

Ljones, B. 1962. Utvikling og naetingsopptak hos jord-
baerplanter i eit katforsék med fem jordsmonntyper,
to sortar og to mengder nitrogen. Meld. Norges
landbr.hégsk. 41: 1—14.

SaksHAUG, K. 1971. Understkelser over optimalverdies
for N. K og Ca i jordbaerblad. Nord. Jordbr. forskn.
1: 61—62.

SoNDERN, J. A. 1975. Grondverwarming in de open
lucht. Groenten en Fruit 24: 45, 47.

SAk6, J. 1974. Typpi- ja kalilannoituksen vaikutus man-
sikan satoon. Koetoim. ja Kiyt. 31, 2: 6.

— 1975. Varhaismansikan tuotanto kasvihuoneissa ja
tunneleissa. Puutarhantutk.lait. Tied. 6: 18—28.

VANG-PETERSEN, O. 1972. Bladanalyser i frukt og baer.
Frugtavl 1, 8: 299—302.

Ysraas, J. 1971. Forsok med bladgjodsling til Senga
Sengana dyrka pd plastdekka jord. Forsk. Fors.
Landbr. 22: 389-—404.

Manuscript received January 1980

Eeva Laurinen and Jaakko Siko
Agricultural Research Centre
Institute of Hotticulture
SF-21500 Piikkis, Finland

SELOSTUS

Maan limpétilan vaikutus mansikan ravinteiden ottoon, kasvuun ja satoon

EEva LAURINEN ja JAAKKO SAXO

Maatalouden

Puutarhantutkimuslaitoksessa Piikkiossd tutkittiin vuo-
sina 1971—1974 lannoituksen ja maan limpétilan vaiku-
tusta mansikan ravinteiden ottoon, kasvuun ja satoon.
Koe suotitettiin sekd avomaalla etti tihedsilmiisestd kei-
nokuidusta rakennetussa verkkohuoneessa. Lannoitta-
mattoman koejdsenen lisiksi kiytettiin kahta lannoitus-
tasoa. Kevitlannoituksena oli puutarhan Y-lannos, jonka
pidravinnesisiltd oli N 55 ja 110 kg/ha, P,O; 55 ja 110
kgfha seki K,0 110 ja 220 kg/ha. Lisilannoituksena oli
sadonkorjuun jilkeen kalkkisalpietari, ravinnesiszlléltdin
N 23,3 ja 46,6 kg/ha. Maata limmitettiin mansikan juu-
tiston ympirille noin 10 cm syvyyteen upotetuilla sihkd-
kaapeleilla kasvukauden aikana.

Kiytetyilli lannoituksilla ei mansikalle saatu sadon-
Lannoittamatta jitetystd kasvustosta

lisdysta. saatiin
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tutkimuskeskus

suurin sato. Kaapelilimmitykselld voitiin maan limpd-
tilaa kohottaa kasvukauden aikana keskimiirin 2—4 °C,
verkkohuoneessa hieman enemmin kuin avomaalla.
Limmitys aikaisti kukintaa ja satoa muutamalla piivilla,
mutta ei vaikuttanut sadon miiriin. Sen sijaan limmitys
heikensi sadon laatua erikoisesti verkkohuoneen olosuh-
teissa. Harmaahomeen saastuttamien sekd pienten mar-
jojen osuus sadossa lisisintyi. Maaperin kohonnut limpé-
tila ei vaikuttanut ravinteiden siirtymiseen maasta kasviin
eiki mydskddn lehtien ja ‘marjojen sisdltimiin ravinne-
midriin.

Verkkohuoneeseen muodostuneet limpd-, valaistus-
ja kosteusolosuhteet eivit olleet mansikalle edullisia.
Verkkohuoneen kasvustosta saatiin satoa keskimiirin
vain 56 9%, avomaan sadosta.
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STUDIES ON POTATO GANGRENE IN FINLAND
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Two types (grey and brown) of Phoma exigua Desm. var. exigna and one type
(yellow) of Phoma exigna Desm. var. foveata (Foister) Boerema were isolated
and identified from tubers with gangrene symptoms. Some trials were carried
out on the pathogenicity and optimum growth conditions of the species. A tem-
perature of 12°C was mote favourable for the growth of var. foveata in the tubers
of Bintje than the othet temperatures studied (6, 18, 24 and 30 °C). The optimum
temperatute for the growth of var. exigna seemed to be lower. Three preliminary
experiments were catried out on varietal resistance. Noteworthy cortical resistance
to var. foveata was established in cultivars Hankkijan Tuomas, Jaakko and
Sieglinde. According to these results the resistance of the cultivars to var. foveata
does not correlate with their resistance to var. exigua.

Index words: Gangrene, growth conditions, varietal resistance.

INTRODUCTION

The potato gangrene problem in Finland is
fairly new. The disease was first found only at
the end of the 1960s in Bintje tubers originating
from imported stocks (SErpANEN 1972). The
problem has grown since 1975, when large
amounts of seed potatoes were imported from
a number of western European countries. The
disease has spread to all parts of the country

via the seed stocks, and is now, with Fusarium
dry rot, one of the main problems in' Finnish
potato production (SEPPANEN 1977). The present
paper deals with studies on identification,
pathogenicity, growth under different conditions
and wvarietal resistance of the Phoma species
carried out in 1975—80.
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MATERIAL AND METHODS

Material. In connection with the seed potato
imports of 1975, a total of 73 tuber samples
were analyzed to investigate the occurrence of
potato gangrene and Fusarium dry rot. During
the subsequent years about 300 tuber samples
were collected from different parts of the
country, partly from stocks originating from
the imported stocks and partly from farms
having no contact with the imported stocks.
No pre-planned schedule was used in the
collection of the samples, and some were
received from farmers who sent tuber samples
with requests for information about the »new
diseases».

Isolation and identification. The pathogens
were isolated using conventional methods.
Tubers with gangrene lesions were cut into
pieces, disinfected and placed in Petri dishes
on moist filter paper at room temperature.
Within a few days sufficient fungi had grown
for isolation. The isolates were grown on potato
dextrose agar or malt agar. Each isolate identified
was raised from a single hypha of the fungus.
The identifications of Phoma species employed
the NH; test and the thiophanate-methyl test
developed by TricHELAAR (1974). Some of the
identifications were confirmed by the chryso-
phanol chromatograph test developed by Moscu
and Moox (1975).

Pathogenicity tests.
the species or separate isolates of them, as well
as their growth rates under different environ-
mental conditions,

The pathogenicity of

were studied using an
adaptation of the method of Lancron (1971).
At the mid-point between the heel and rose
end of washed and dried tubers a wound 5 mm
in diameter and 2 mm deep was made with a
cork borer. The mixture of pure cultures of the
fungi including the rest of the agar was used

as inoculum. The age of the colonies varied
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from one to two months. The wounds were
filled with inoculum and left uncovered. The
method was equally effective when compared
with that of Langton. A slightly poorer effect
was obtained when a pycnospore suspension
was used as inoculum. The number of tubers
used for each treatment was 10, and the test
was repeated once or twice. Tuber infection
was scored after 20 days incubation. The tubers
were cut in two longitudinally through the
infection locus, and the growth of fungus at
the cut tuber surface, i.e. the radial growth in
the peel (and beneath it if greater) and the
deepest axial growth were measured. Generally
only the average figures for radial and axial
growth are presented.

All these studies were carried out with Bintje,
well-known as a cultivar which is very susceptible
to gangrene. The isolates used had been recently
grown in Bintje. The isolate of Phoma e. var.
foveata used in these trials had been isolated
from a Sientje stock imported from France in
1975, and that of var. exigre (brown) originated
in a native stock of Pito.

Tests on varietal resistance. The
petiments were carried out with tubets of the

€X~

cultivars grown, harvested, stored and infected

in a similar manner. The inoculation and
scoring methods were the same as those used
in the pathogenicity experiments. However,
with var. foveata an additional test was performed
with medullary inoculation to a depth of 10 mm.
These experiments involved 20 tubers of each
cultivar with 3 replicates, apart from the test
with var. exiguz in which there wete only 3 X
10 tubers. The
slightly different in each test but always almost

optimal for the fungi.

incubation conditions were

All the results were analyzed using variance
analysis and the LSD wvalues were -calculated
with Tukey-Hartley tables.



RESULTS AND DISCUSSION

Phoma species. About 120 isolates of Phowma
were isolated and identified from tubers with
different gangrene symptoms. Most could be
identified correctly on the basis of the colour
of each isolate grown as a pure culture on potato
dextrose agar: the grey isolates belonging to
Phoma exigna var. exigua and the yellow ones
to P. exigua var. foveata. The thiophanate-methyl
and chrysophanol chromatograhp tests con-
firmed the results. Apart from the grey and
yellow isolates there were some with brown
mycelia which proved to belong to var. exigna.
When young these had a greater resemblance
to var. foveata, but later the cultures turned
dark brown and they lacked the ability to
ptoduce the yellow pigment characteristic of
var. foveata. A weak ability to form pycnidia
on agat is peculiar to these brown isolates. In
1975—76 the majority of isolates belonged to
var. exigua, and in 1977—80 to. var. foveata.

" Pathogenicity. Some preliminary experiments
on the pathogenicity of the species wete carried
out in 1976—77. Five isolates of var. foveata
and three of var. exigna were compared without
selection, and the means of the radial and axial
growth were as follows:

var. foveata radial growth 11,8 mm axial growth 9,0 mm
var. exigua radial growth 4,3 mm axial growth 5,4 mm

The pathogenicity of var. foveata isolates
was more uniform and higher than that of the
isolates of wvar. exigua.

Optimum growth conditions. The influence of
environmental conditions (temperature and
relative humidity) on the growth of the fungi
was studied. The temperatures used were 6, 12
18, 24 and 30 °C and the RH wvalues were 504,
10 9%, and 95 4 5 %, (at 12°C also 70 4 10 %).
The lower RH values were very difficult to
regulate at the different temperatures and varied

by as much as 10 per cent from the values

GROWTH
MM

15+

6 12 18 24

TEMP.°C

. Fig. 1. Radial and axial growth of Phoma exigna vat.

foveata and P. exigna var. exigna under different environ-
mental conditions in Bintje cultivar. The tubers were
inoculated to 2mm and scored 20 days after inoculation.

radial growth of var. foreata
axial » » »
radial » » exigna
axial » » o »
RH of 95 + 5%

» of 50 4+ 10 »

| @0

required. The influence of RH appeared to be
minor compared with temperature, so RH
variation had little effect on the results obtained.

The results (Fig. 1 and Table 1) show that
the optimum growth temperature for wvar.
Jfoveata was 10 to 12 °C. The axial growth of the
fungus was equal at 6 and 12 °C, but the radial
growth was significantly greater at 12°C. The
optimum temperature for the growth of wvar.
exigna seemed to be lower, 6 rather than 12°C,
The maximum growth of var. foveata was 1 mm
pet day, and that of var. exig#a less than half
of that. At 18°C, in the experiment carried out
in October, most tubers were capable of arresting
the advance of var. foveats, but in May the
growth was only delayed by the reaction of
the tubers. At 24 °C infections were only rarely
progressive and at 30°C no infection took
place. Bintje proved to be fairly resistant to
this isolate of vat. exigna and as such hardly
suitable for the determination of growth rate
or optimum growth conditions. The relative
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Table 1. Growth of Phoma exigna vat. foveata and
P. exigna var. exigna in Bintje cultivar under different
environmental conditions. No growth at 30°C.

Growth (mm) in 20 days
Temperature/ RH Phoma exigua var. foveala 2 “;}3“‘;“"
May 1979 | October 1979| April 1980
64+1°C 50410 9, 11,5 — —
6 95 5 13.0 81| 54|
12 50 10 - 15,5 — —
12 70 10 15,9 — 5,9
12 95 5 16,3 11,1] 51
18 50 10 12,3 — —
18 9% 5 11,7 59 | 34|
24 50 10 3,9 | — —
24 95 5 6.4 | 36 | 36|
F 49,215 | 181,28%%% | 46,20%%%
LsD' 9| 25 1.2 0.7

humidity had only very slight or no influence
on the growth of the fungi.

The results of temperature and RH influence
on the growth of the fungi in potato tubers
are rather similar to those obtained by Kranz
(1958), but differ slightly from those of MAL-
coLMsoN (1959) who found the optimum tem-
perature to be 5°C. The differences in results
may be partly explained by the different cultivar
used, as, according to the author’s experience,
the fungi does not grow similarly in all cultivars.
Bintje has very weak or no cortical resistance
- to vat. foveata while the medulla seems to be
more resistant. Converse results were obtained
with most cultivars tested. The results with
vat. exigwa are too few for conclusions to be
drawn.

Varietal resistance. These tests on varietal
resistance were brief, limited to tubers of one
season and one growth site, and to a single
incubation period. The results, howevér, were
fairly similar and so probably do not provide
a completely false picture of the situation. In
any case, they must be regarded as preliminary.

The resistance of cultivars varies greatly.
Although these experiments were carried out
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under almost optimum conditions for the fungi,
many cultivars fairly effectively prevented the
advance of the pathogens. The differences in
resistance between cultivars were greater when
isolates were inoculated into the cortical tissue
(2 mm), compared with those with medullary
inoculations. In practice cortical resistance is
of the major importance and so only cortical
inoculation was performed in the experiment
with vat. exigua. Incubation time as well as the
depth of inoculation had a certain influence
on the results as the fungi had different growth
rates in cortical and medullary tissues. Therefore,
there were some difficulties in presenting results
unambiguously and in the ranking of cultivars
for resistance. We have used the average of
radial and axial growth.

In our tests with var. foveata, Bintje, Hank-
kijan Timo, Jo 0701, Ostara, Provita, Record,
Sirtema and Stina proved to be very susceptible
(Table 2). The Finnish cultivars Hankkijan
Tuomas and Jaakko, and the old German

Table 2. Results of the preliminatry tests on varietal
resistance to Phoma exigna var. foveata and P. exigna var.

exigna.
Cultivar P. exigna <. foveata P. exigua v.
exigna
Incubated 20 days at
temp. °C/RH 9, 124+1/80+10| 741/80210 [10£1/75410
Inoculated to 2 mm 10 mm 2 mm
Test performed in November February April
Jaakko ............ 3,3 9,4 6,3
Hankkijan Tuomas . 3,4 8,9 7,31
Sieglinde .......... 4,1 9,5 5,6
Veto oovvvnnnnnn.. 4,7 11,0 7,8
Sanna ............. 4,7 11,8 7,7 I
Olympia .......... 54 10,6 | 7,4
Sabina ............ 5,7 11,2 7,2
Saturna ........... 5,8 9,6]} 6,4
Pito .............. 6,1 11,7 | 7,0
Hankkijan Timo .. .. 6,8 13,9 7,1
Provita ........... 6,9 13,0 6,3
Record ........... 7,1 13,5 49|
Stina ............. 7,6 14,3 7,6 |
Sirtema ........... 83 | 13,0 ,4
Ostara ............ 9,1 13,8 —
Jo 0701 ........... 9,1 13,4 —_
Bintje ............. 9,3 11,8 | 5,4|
F 95,30%** 1 22 51 xkx [ 117 (5***
LSD; 9, 0,6 1,1 0,7




Fig. 2. Contrasting growths of Phoma exigua var. foveata in tubers of Jo 0701 and Bintje 6 weeks
after cortical inoculation.

cultivar Sieglinde appeared to be the most
resistant. The differences between the resistant
cultivars and the susceptible ones were less
when inoculation was to a depth of 10 mm
because the resistance of most cultivars was
limited to the cortical tissue of the tubers. The
resistance of these cultivars to var. exigua does
not seem to be correlated with that to wvar.
Joveata. Bintje and Record, being among the
most susceptible to var. foveata, proved to be
the most resistant to var. exigwa. Var. exigna
was a weaker parasite and the differences in
resistance between cultivars were smaller com-
pared with var. foveata. Further trials are needed
to confirm the results obtained.

Difference in resistance between cortical and
medullary tissues is not a new finding. JELLIS
(1975) and PrerkiewicH and Jervs (1975) have
established this phenomenon and its importance.
In the present results the differences are more
striking; perhaps an extreme example of this
is my finding with tubers of Bintje and the

breeders selection Jo 0701. In the test carried
out in November with var. foveata 10 extra
tubers of each cultivar were scored 6 weeks
after inoculation. These two very susceptible
cultivars behaved conversely; in Bintje the
fungus grew mainly in the cortex and in Jo
0701 apically through the medulla (Fig. 2),
while in most cultivars the fungus advanced
nearly equally in both directions. The present
results are similar to the observation of JeLLis
(1975) that differences in resistance are smaller
following inoculation to 10 mm than to 2 mm.
Concerning the behaviour of resistant cultivars
JeLLis concluded that radial growth exceeded
axial growth and that the vascular cylinder acts
as a barrier. According to my short experience
the behaviour of resistant cultivars was precisely
the reverse; i.e. apical growth exceeded radial
growth. The importance of the vascular cylinder
is scarcely restricted to resistant cultivars but
Bintje, for example, may have some such
resistance.
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These -experiments included some cultivars
studied by Binc (1972, 1976) and NIELSEN
(1977), whose results were fairly similar. In the
present tests, however, Record and Stina proved
to be more susceptible compared with Bintje
and Saturna than in the tests made by these
authors. The higher resistance of Hankkijan
Tuomas, Jaakko, Sieglinde and even Saturna

may be of practical importance and further
studies should be performed under more

practical conditions.
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SELOSTUS

Tutkimuksia phomamidin aiheuttajista, niiden patogeenisuudesta ja elinvaatimuksista
seki lajikekestivyydesti

Esx0 SEPPANEN

Maatalouden tutkimuskeskus

Tutkimus perustuu kasvitautien tutkimuslaitokselle v.
1975—80 koottuihin petunaniytteisiin, joista 73 otettiin
suoraan tuontisiemeneristi kevidilldi 1975 ja noin 300
niytettd v. 1975—80 viljelijéiltdi maan eri puolilta.
Phoma-isolaatteja kertyi kaikkiaan noin 120, joista mii-
ritettiin 2 tyyppid (harmaa ja ruskea) Phoma exigua Desm.
vat. exigua ja yksi Phoma exigna Desm. var. foveata (Foister)
Boerema. Vuosina 1975—76 eristetyissid oli var. exigua
vallitseva, mydhempini vuosina var. jfoveata. Viime
mainittu osoittautui patogeenisemmaksi.

Sienten kasvua tutkittiin 5 limpotilassa (6, 12, 18,
24 ja 30 °C) ja erilaisissa kosteusoloissa. Koelajikkeena
oli Bintje. Optimilimpétilaksi var. foreatalla todettiin

17 1280015680

10—12°C ja vield 24 °C:ssa sieni pystyi tartuttamaan
Bintjen, mutta ei endi 30 °C:ssa. Var. exigwan optimi
niyttii olevan alhaisempi. Kosteusolojen merkitys on
niiden kokeiden mukaan vihdinen.

Lajikkeiden kestivyystestissd selvitettiin sienen kasvua
eri lajikkeissa. Koska lajikkeet tartutettiin tekemilld
haava mukulaan, eivit tulokset osoita lajikkeen koko
taudinkestivyyttd vaan ainoastaan sienenkestivyytti.
Kokeita on pidettivd alustavina, mutta on ilmeistd, ettd
lajikkeistamme ainakin Hankkijan Tuomas, Jaakko ja
Siikli omaavat kiytinndén kannalta merkittivid kestd-
Vyytti var. foveataa vastaan, kun taas Rekord, Bintje ja
Siikli olivat kestivimmadt var. exigraa vastaan.
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OF THE BONE MINERAL CONTENTS OF YOUNG DAIRY BEEF CATTLE
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Husb., SF—31600 Jokioinen, Finland.)

Bone samples were collected from young dairy beef animals at slaughter. The
animals had been raised in two different locations, at the North-Pohjanmaa Ex-
perimental station, Ruukki, and in Jokioinen. Bones were analyzed for fat, ash
content of dry matter and calcium, magnesium, phosphorus, sodium, potassium,
zinc, copper and manganese contents of ash. Metacarpus contained significantly
less fat and significantly more ash than rib or 4th carpal bone. Ca, P, Na Mn
contents of the different bones were similar. Ribs contained mote Mg, K, Cu and
Zn than other bones. )
Animals raised in Ruukki had more Ca but less P in their ribs than animals
raised in Jokioinen. The bones of the animals from Ruukki had significantly
less Mg but more K and Cu than animals from Jokioinen. Mineral content of

bones can evidently be influenced by feeding.

Index words: Cattle, bones, minerals,

INTRODUCTION

Bone ash contains about 36,5 % calcium (Ca),
17,0 % phosphorus (P) and 0,8 % magnesium
(Mg). A cow’s skeleton contains 0,14 g potas-
sinm (K) and 6,0 g sodium (Na) per kg dry
matter (DM). The skeleton of a milking cow
contains 3,4 ppm manganese (Mn) and that of
a 140 day-old calf contains 3,2 ppm. The cow’s
ribs contain 2,5 ppm copper (Cu). In man, the
Cu content of the ribs decreases significantly
with age; a child of 3—4 years has 16 ppm Cu,
a teenager 7 ppm and an adult has only 5,5
ppm Cu. The zinc content of the ribs is about
47 ppm (Hennig 1972). The carpal bone of
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a milking cow contains 55 ppm Zn, the rib
47 ppm and the vertebra 22 ppm Zn in DM
(Haen 1971). The Zn content of a goat kid
femur was 112 ppm when the diet of the mother
contained 100 ppm Zn but was 84 ppm when
the diet of the mother contained 7 ppm Zn
(Hennic 1972).

The incorporation of minerals into the bovine
skeleton is very intensive during the few first
months of life. Young dairy calves fed only
with oat meal (1,5 or 4,5 kg/day/calf) and grass
silage ad libitum developed symptoms of fatal
mineral deficiency while controls supplemented



with mineral salt mixture remained healthy.
Deficiency symptoms were broken femurs,
tetany associated with significantly lowered
serum Ca and Mg even P levels, and significant
elevation of serum alkaline phosphatase activity
(Kosstra et al. 1977). Recovery was complete
when mineral salt mixture was introduced into
the diet. However, five animals had to be
slaughtered because of broken bones or tetany.
Animals in the control group had an average
of about 10 kg heavier carcasses when they
wete slaughtered at about 436 days old. Jomns-
soN et al. (1977) demonstrated an increase in
the bone ash content of fattening bulls with
increasing dietary Ca supplement on a hay-
concentrate diet. Moreover, Ca supplement gave
a better growth rate at a higher than at a lower
level. These two studies indicate that in Finland
and Sweden the Ca content of some cattle feeds
can be too low to satisfy the Ca requirements
of rapidly growing calves. Copper deficiency
in the diet causes bone deformities and fractures
while bone ash, Ca and P remain normal. In
Zn deficiency, bone Zn is reduced, the long
bones of the limbs do not grow propetly, bones
become thick, bone degeneration may be seen,
and the activity of several enzymes such as
alkaline phosphatase and lactic acid dehydro-
genase is depressed. Subnormal alkaline phos-
phatase activity has also been found in the

serum of Mn-deficient lambs. Bone Mn content
is not always reduced in cases showing Mn
deficiency (UnpErwoop 1971). Calves from
Mn-deficient dams may have twisted legs,
enlarged joints, more brittle humeri etc. com-
pared to calves born to non-deficient dams
(Roy 1970). Sufficient amounts of Zn, Cu and
Mn are thus needed in order to maintain normal
bone formation. Agricultural Research Centre
has two Experimental Stations at which beef
cattle experiments are carried out. One of these
is near Oulu in Ruukki and the other is at
Lintupaju in Jokioinen. Earlier studies con-
cerning the mineral contents of hay, silage and
grass indicated significant differences between
the northern and southern parts of Finland
(Kossiva et al. 1973, KAumArr and PAAsIKALLIO
1978, Erravra and KossiLa 1979). Furthermore,
perhaps due to mineral imbalance, some bone
troubles and retarded growth have been recorded
in young cattle kept in Ruukki. Calves in Joki-
oinen have generally been in better condition
and have grown faster than those in Ruukki.
The purpose of this study was to find out
whether the calves in Jokioinen had a bone
composition different from those kept in Ruukki
and whether the possible differences in the bone
composition could be explained on the basis
of differences in the feeding.

MATERIAL AND METHODS

Three bone samples were taken from 32 dairy
beef bulls raised at Lintupaju in Jokioinen and
two bone samples were collected from 32
beef bulls and heifers raised at the North Poh-
janmaa Experimental Station, Ruukki, during
June-August, 1976. Animals raised at Lintupaju
were either Ayrshire or Ayrshire X Herefords
crosses. Animals in Ruukki were Charolais x
Ayrshire or Friesian X Ayrshire. Some informa-
tion concerning the animals is given in Table 1.

One bone sample (0,5—1,0 cm) was taken
from the distal part of the 7th left rib. The
second sample (0,5 cm) was taken from the
metacarpus of the left foreleg (a circular piece
of bone was removed with a saw from about
six centimeters below the knee joint). The
third sample was the entire 4th carpal bone of
the left foreleg, and these were collected only
from the Jokioinen animals.
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Table 1. Average age, live weight, carcass weight, gain
and feed consumption of the animals studied.

Lintupaju Ruukki
frem 004 014
Days in the experiment .......... 297 355
Age at slaughter (days) ......... 364 436
Live weight at slaughter (kg) ....| 362 371
Carcass weight (kg) ............. 175 186
Gain (g/day) ............. ... 1019 967
FU/kg gain .......oovivviinnn, 4,56 4,22
Feed consumption (kg/day)
Roughage *) .........c.ovutn. 1,51 11,96
Concentrates ¥*¥) .. ............ 4,34 2,57
DM intake (kg/day/animal) ...... 5,02 4,52
DM intake/kg gain ............. 4,93 4,67

*) Hay was fed at Lintupaju and grass silage in Ruukki.
*¥) QOats 4+ molasses beet pulp + some nonprotein nitrogen at Lintu-
paju, oatmeal in Ruukki.

The same mineral mixture was used in both places (Seleeni—Terki).

Bones were kept deep-frozen until analyzed.
Surrounding muscles, tendons, etc. were care-

fully removed from the bones for a short time
in boiling water. The bones were then crushed
and dried overnight at 105 °C. The bone pieces
were then placed into a linen bag and extracted
with ether for 6 hours in order to remove fat.
Dried defatted bones were weighed and ashed
in an' oven. Ashing was started at 250 °C and
the temperature was gradually increased up to
520 °C, at which the bones remained overnight.
The temperature was finally raised up to 800 °C
for 1 h. Ash was dissolved in conc. HCI and
kept over a boiling waterbath for 1 h. The
HCl was evaporated and the ash was redissolved
in HCI and filtered. Dilutions for estimation
of the elements wetre prepared from the filtrate.
Ca, Mg, K, Na, Cu, Zn and Mn were estimated
using an atomic absorption technique. Phos-
phorus was determined using an official method
(OrFFicran. MeTHODS 1965).

RESULTS AND DISCUSSION

The average fat content of the bone DM and
the ash content of the fat-free bones are shown
in Table 2. The metacarpus sample contained
significantly less fat but significantly more ash
than the rib or 4th carpal bone. Differences
in bone fat or ash contents between Ruukki
and Jokioinen were not significant.

The Ca and P contents of bone ash were
quite similar in different bones (Table 3). Ca
in the rib ash from Ruukki’s animals was some-
what higlker, but P was lower than the respective
values of the Jokioinen animals. The Ca/P ratio
of the bone ash of the animals from Ruukki was
a little higher than the animals from Jokioinen.

Table 2. Fat and ash content of ribs, metacarpal and 4 th carpal bones

Lintupaju Ruukki
X range b3 range

Fat, 9% in bone DM
Rib v 15,20 6,44—31,61 10,77 6,29—34,13= NS
Metacarpus ...t 1,71 0,12—12,81> 0,96 0,11—10,13p NS
4th carpal bone .............. 13,99 7,80—24,032 — —

Ash, % in fat-free bone DM
Rib oo 59,63 57,70—61,35v 60,11 56,97—62,580 NS
Metacatpus ......oeneniainnns 66,62 63,72—67,702 65,77 63,12—67,24» NS
4th carpal bone .............. 59,26 58,39—60,86b — —

a>b="P < 0,001 (vertical DM = dry matter, X = mecan value, NS = nonsignificant (horizontal).
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Table 3. Calcium and phosphorus contents and Ca/P ratio of the ribs, metacarpal and the ‘4th carpal bones.

Lintupaju Ruukki
X range b4 range
Ca, % in bone ash
Rib ..o 38,96 36,83—40,30 40,32 38,53—43,17 *
Metacatpus ....oveeeiiiiean 39,41 37,64—40,90 38,63 37,56—40,37. NS
4th carpal bone .............. 38,59 37,02—39,51 — —
P, % in bone ash
Rib oo 15,78 14,36—18,07 15,08 12,63—16,50 *
Metacatpus .....vvveinianinnn 15,31 14,73—16,76 14,65 12,77—16,25 NS
4th catpal bone .............. 15,94 14,43—17,29 — —
CafP ratio in the bone ash
Rib ..o 2,57 — 2,67 —
Metacarpus ......ovniiiiann 2,57 — 2,64 C—
4th carpal bone .............. 2,42 — — —

* P < 0,05 (horizontal)

The Mg and K contents of the investigated
bone types differed significantly from each
other (Table 4). Ribs contained more Mg and
K than the other bones. Animals from Ruukki
had significantly less Mg and somewhat more
K in their bones than animals from Jokioinen.
Only animals from Jokioinen were included in
the Na determinations. The Na content of all
bone types studied was similar (Table 4).

The Zn and Cu contents were influenced by

the bone type (Table 5). Ribs contained more

Cu and Zn than other bones. The Mn content
was similar in all bones. Animals raised in
Ruukki had significantly more Cu in their
bones than those raised in Jokioinen. Ruukki
is located in a Cu-deficient area, but, Cu-con-
taining fertilizers have been applied on the
fields of Ruukki.

The mineral contents of the bones in this
study agree more or less with those presented
earlier in the literature. Bone ash mineral content
can obviously be influenced to some extent by

Table 4. Magnesium, potassium and sodium contents of the ribs, metacarpal and 4th carpal bones

Lintupaju Ruukki
b3 range X range
Mg, % in bone ash
Rib ciieii i 0,80 0,70—0,87¢ 0,62 0,50—0,74¢ Hkok
Metacarpus .. ..ooeeniieriannnn 0,70 0,64—0,73¢ 0,53 0,42—0,64! *kk
4th carpal bone .............. 0,72 0,66—0,781! — —
K, 9% in bone ash
Rib oovevee i 0,072 0048—0,118= 0,082 0,048—0,1522 NS
Metacatpus ......ooiunininn.. 0,017 0,013—0,019vt 0,022 0,014—0,034> NS
4th carpal bone .............. 0,023 0,016—0,034be — —
Na, % in bone ash
Rib ..o 0,80 0,68—1,02 — —
Metacarpus ......ciiiiniiann. 0,75 0,67—0,88 — —
4th catpal bone .............. 0,75 0,60—0,87 — —

*£% P < 0,001 (horizoatal). a > b = P < 0,001, e > f = P < 0,05 (vertical),
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Table 5. Copper, zinc and manganese contents of the ribs, metacarpal and 4th carpal bones.

Lintupaju Ruukki
b3 range X range

Cu, % in bone ash
Rib oo “ 0,006 0,004—0,014¢ 0,024 0,014—0,041¢ Hokok
Metacarpus ...... e 0,005 0,004—0,005 0,009 0,006—0,0184 Fxk
4th carpal bone .............. 0,004 0,004—0,005¢ — —

Zn, % in bone ash
Rib e 0,16 0,11—0,20¢ 0,12 0,10—0,17¢ NS
Metacarpus .....iiiiiiia...., 0,10 0,08—0,13a 0,10 0,07—0,13¢ NS
4th carpal bone .............. 0,13 0,11—0,15 —_ —

Mn, % in bone ash
Rib o 0,007 0,004—0,011 0,006 0,005—0,009 NS
Metacatpus ....ooviennenanann 0,007 0,005—0,008 0,006 0,005—0,007 NS
4th carpal bone .............. 0,007 0,006—0,008 — —

** P < 0,001 (horizontal). e> f="P < 0,05, c> d = P < 0,01 (vertical).

feeding. Four animals which were raised in
Ruukki and had either broken bones or tetany
were included in the bone study. The bone
composition of sick animals was, however,
similar to that of healthy ones.

In Jokioinen, three supplements (urea, urea-
phosphate and soya protein adjusted on nitrogen
basis) were compared in the feeding of the
calves during the three first months of the
experiment. Calves which had received urea
or ureaphosphate. had a little less K in their
ribs and 4th carpal bones than calves supple-
mented with soya protein or control calves.

In Ruukki, calves fed with a lower concentrate
level had mote P (15,27, 15,21 9) and K
(0,086, 0,025 %,) in their ribs and metacarpus,
respectively, compared with those which re-
ceived a higher concentrate level (14,54, 14,20 9,
P and 0,069, 0,018 9, K, respectively). The
low concentrate group consumed more grass
silage. Silage contained more K than oatmeal.
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It seems that K may accumulate in the bones
to a greater extent at a higher dietary K level
than at a lower dietary level. In Ruukki, silage
DM contained about the same amount of P
as oat DM. It is possible that silage P is more
easily available to calves than oatmeal P.

The differences in bone minetral composition
observed between the Jokioinen and Ruukki
areas may be explained by the type of diet;
more concentrate and mineral-pootr hay was
used in Jokioinen, while silage was fed to
the animals in Ruukki. Silage usually contains
more minerals than hay. Moreover, animal
material was different in the two locations.

This study and the earlier one (Kossiva et al.
1977) indicate that mineral deficiencies are more
easily explained on the basis of blood mineral
values than on the basis of bone mineral com-
position. Hair mineral composition failed to
teveal severe mineral imbalance in growing
cattle.
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SELOSTUS

Luiden kivenniispitoisuuksista nuorilla lihanaudoilla

Varru Kossira ja LEA Huipa

Maatalouden tutkimuskeskus

Pobjois-Pohjanmaan koeasemalla (Ruukki) ja Jokioisten
Lintupajussa kasvatetuista lihavasikoista kerittiin teu-
rastuksen yhteydessi luundytteet. Niistd analysoitiin
rasva, tuhka ja tuhkan kivennidisainepitoisuudet (kalsium,
magnesium, fosfori, natrium, kalium, sinkki, kupari,
marigaani), Metacarpus sisdlsi merkitsevisti vihemmin
rasvaa ja enemmin tuhkaa kuin kylkiluu tai 4. polvi-
nivelen luu. Eri luutyyppien Ca, P, Na ja Mn pitoisuudet
olivat samaa Kylkiluut sisilsivit
enemmin Mg, K, Cu ja Zn kuin muut luut.

suuruusluokkaa.

Ruukin eldimilli kylkiluun Ca pitoisuus.oli korkeampi
mutta P pitoisuus alhaisempi kuin Jokioisten eldimilld.
Ruukin eliinten luissa oli merkitsevisti vihemmin
Mg mutta enemmin K ja Cu verrattuna Jokioisten eldi-
miin. Tutkimuksen tulokset antavat aiheen olettaa, etti
ruokinnalla voidaan wvaikuttaa luutuhkan kivenniis-
koostumukseen.
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