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DAS BEWERTEN DES KALKBEDARFS DURCH pH-MESSUNG VON
NH, -AZETATSUSPENSION DES BODENS

TUOMAS KERANEN
Zentrale fiir Landwxrtschafthche Fotschung, Abtexlung fiir Agnkulturchemm und -physﬂ{ Tikkutila, anland

Fast alle Kulturbéden Finnlands sind fiir an-
spruchsvolle Pflanzen ungekalkt zu sauer. Trotz
des zunechmenden Kalkverbrauchs in den letzten
Jahren schitzt man, dass noch ein betrichtlicher
Teil der Acker Finnlands einer Grundkalkung
‘bedarf. Hauptsichlich auf Auswaschung beruht
es, dass zeitweilig auch noch nach der Grund-
kalkung eine Kalkung erforderlich ist. Infolge

Eingegangen am 19. 4. 1966

summarischer Kalkung hat w.a. Manganmangel
bei solchen Béden hervorzutreten Bcgonden, die
zu stark gekalkt worden sind. Es ist offenbar,
dass ein verhiltnismissig genaues, schnelles und
billiges Verfahten zur Beurteilung des Kalk-
bedarfs fiir die Beratung der Landwirte fort-
fahrend notwendig wire. Es sollte auch eine
ibermissige Kalkung nachweisen.

Die finnische Methode oder Bodenfruchtbarkeitsmethode

Die in Finnland gebriuchliche Methode griin-
det sich auf den von Tuorila (TUoRrILA, TAINIO
und TerAsvUORI 1939) dargestellten austausch-
baren Kalk des Bodens und die in Wassersus-
pension gemessene pH-Zahl (TuoriLa 1946).
Nach ihrer Eantwicklung zum gegenwirtigen
Stand werden gemiss der Methode der in saurer
NH,-Azetatsuspension ausgelaugte Kalk, der
etwas weniger als der austauschbate ausmacht,
und die in Wassersuspension gemessene pH-
Zahl bestimmt (VUORINEN 1952, VUORINEN und
MAxrme 1955). Fir die Auslegung der Et-
gebnisse werden die Ackerboden in drei Gruppen
eingeteilt: organische Bodenarten, grobe Mine-
ralbéden und Tonboden. Aussedem umfasst jede
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Gruppe nach dem Kalkgehalt und der pH-Zahl
sieben Fruchtbarkeitsklassen. Bei Bewertung
einer etwaigen Kalkung wird darauf geachtet, zu
welcher Klasse der Boden nach'dem erhaltenen
Kalzium und zu welcher er nach der pH:-Zahl
gehort, und die Kalkung richtet sich nach dem
Mittelwert der beiden Klassen (Kurkr, Laka-
NEN et al. 1965, Kurkr 1965). -

Die Methode hat sich in der Praxis als be-
friedigend erwiesen. Sie beriicksichtigt die bei
den verschiedenen Bodenartengruppen unter-
schiedliche Austauschkapazitit als durchschnitt-
liche auf die Weise, dass bei den groben Minetal-
boden eine kleinere Kalkmenge als . bei den
organischen und den Tonbdden angestrebt wird.
Desgleichen zieht sie in Betracht, dass man sich
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bei den organischen Bdden mit einer etwas ge-
ringeren pH-Zahl begniigen kann als bei den
Mineralbéden. Eine Verbesserung der Methode
wire in erster Linie darum erwiinscht, weil sogar
zu einer und derselben Bodenartengruppe Boden
unterschiedlicher Austauschkapazitit gehdren
und daher auch die erforderliche Kalkmenge

wechselt. Ferner beachtet die Methode nicht
unmittelbar andere im Boden enthaltene aus-
tauschbare Kationen, Magnesium, Kalium und
Natrium, die gleicherweise wie absorbiertes
Kalzium den Kalkbedatf herabsetzen. Auch die
Menge der iibrigen Kationen tritt gewiss in der
gemessenen pH-Zahl mittelbar hervor.

Austauschbarer Wasserstoff und Kalkbedarf des Bodens

Der Kalkbedarf beruht grosstenteils auf dem
sog. austauschbaren Wasserstoff, unter dem aus-
ser den austauschbaren H-Ionen auch austausch-
bares Eisen und Aluminium zu verstehen sind,
die bei vermehrter Base sich wenig dissoziierende
Hydroxyde bilden und dadurch Base verbrauchen.
In der Praxis ist es einetlei, worauf der Kalk-
bedarf zuriickzufiihren ist, und im allgemeinen
wird nur die Gesamtmenge des austauschbaren
Wasserstoffes bestimmt. Bei vielen Methoden
wird der Boden viele Male nacheinander mit
neutraler oder basischer Losung ausgelaugt und
der in die Losung gelangte Wasserstoff durch
Titrieren bestimmt (SCHOLLENBERGER und DREI-
BELBIS 1930, SCHOLLENBERGER und SrMoNs 1945,
Mgericu 1942, 1945, 1948, PEECH et al. 1962). Bei
der JEnsenschen (1924, 1936) Methode werden
zwei oder mehreren gleich grossen Bodenmengen
unterschiedlich grosse Mengen Ca(OH),-Losung
zugesetzt, nach eingetretener Neutralisierung, die
viele Tage andauert, wird das End-pH der Sus-
pensionen gemessen, und die Ergebnisse werden
auf pH 7 inter- oder extrapoliert.

Die auf mehrmalige Auslaugung oder Be-
handlung gegriindeten Methoden zur Bestim-
mung des austauschbaren Wasserstoffes sind
fiir die Praxis oder die Beratung der Landwirte
zu kostspielig. Ausserdem bezeichnet der auf
pH 7 und besonders dariiber bestimmte aus-
tauschbare Wasserstoff nicht bei allen Boden
den Kalkbedarf, da bei vielen Boden die Brauch-
barkeit vieler Nihtstoffe dann am grossten ist,
wenn das in Wassersuspension gemessene pH
zwischen 6 und 7 liegt, wobei der Boden noch
bei pH 7 und noch mehr dariiber bestimmten
austauschbaren Wasserstoff enthilt.

Méglichst einfach ist sowohl fiir die Bestim-
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"mung des austauschbaren Wasserstoffes als auch

fiir die der austauschbaren Kationen die von
Brown (1943) dargestellte Methode. Dabei wird
Boden in 1 normalem NH,-Azetat (pH 7.0) auf-
geschlimmt und das pH der Suspension be-
stimmt. Wird dasselbe NH,-Azetat elektro-
metrisch mit Bssigsdure titriert, so erhilt man
eine der verbrauchten Siure und dem gemessenen
pH entsprechende Kurve, aus der man den dem
pH der Boden-Azetatsuspension entsprechenden
austauschbaren Wasserstoff ablesen kann.
SALONEN (1952) hat die Brownsche Methode
angewandt, wobei er jedoch statt NH,-Azetat
Ca-Azetat benutzt hat. Gestiitzt auf das nach der
Methode bestimmte Basenprozent, lisst sich in-.
dessen bei dem Material, das Kalkungsversuche
umfasst (TuoriLa, Tamio und TERASVUORI
1939), nicht nennenswert besser als auf Grund
des austauschbaren Kalkes und der pH-Zahl
Kenntnis dariiber gewinnen, ob man durch
Kalkung einen Mehrertrag erhilt. Obschon die
Methode einfach und schnell ist, so ist sie doch
nicht so weit entwickelt, dass nach ihr Kalkungs-
anleitungen gegeben werden kénnten.
TERAsvUORI (1959) hat vorgeschlagen, die aus-
tauschbaren Kationen in schwachem HCI-Aus-
zug und den Wasserstoff in Ca-Azetatauszug zu
bestimmen, sowie pH in 0.02 n CaCl,-Suspension
zu messen. »Bevor jedoch anhand der so etr-
haltenen Zahlen Kalkungsanleitungen gegeben
wetden konnen, ist durch die mit den Kalkungs-
versuchen, den fritheren und den neuen, ver-
bundenen bodenanalytischen Untersuchungen
zu kliren, wie der Kalkungsbedarf des Bodens
von den genannten Grossen abhdngt» (Orig.
finn.; S. 80). Ein so umfassendes Forschungs-
programm durchzufiihren, ist zum mindesten



bisher nicht moéglich gewesen, auch ist das Be-
stimmen der austauschbaren Kationen in HCI-
Auszug gar nicht notwendig, da sie schon jetzt
bei den Fruchtbarkeitsanalysen bestimmt werden.

Fortfahrend ist das Interesse der Forscher fiir
die Methoden und deren Entwicklung gross.
So hat MAxkrTiE (1965) den Wert der ver-
schiedenen Methoden fiir die finnischen Boden-
arten erforscht und verglichen. Das beste Er-
gebnis, verglichen mit den im Laboratorium
ausgefithrten Kalkungsversuchen, brachte iiber
diese die etwas abgewandelte Brownsche Met-
hode. Mikitie berichtigte die Werte des aus-
tauschbaren Wasserstoffes, die den verschiedenen
pH-Graden der durch die Essigsiure des NH,-
Azetats erhaltenen Titrierungskurve entsprechen
auf dasselbe Niveau, auf pH 6.5. So wurde der
schitzungsweise 10—20 9, betragende negative
Fehler, der die Brownsche Methode belastet
hatte, eliminiert. In dieser Abwandlung belief
sich der zwischen den Ergebnissen der NH,-
Azetatmethode und denen der Kalkungsver-
suche bestehende Korrelationskoeffizient bei
allen Bodenarten auf iiber 4 0.9. Nach der
Kalkung waren die in Wassersuspension ge-
messenen pH-Werte bei den Mineralbdden ver-
hiltnismissig gleichmissig, sie wechselten zwi-
schen pH 5.86 und pH 7.22. Bei den organischen
Boden war die Schwankung etwas stirker (5.21—
7.28).

Eine ebenso einfache Methode wie die Brown-
sche zur Bestimmung des austauschbaren Wasser-
stoffes hat ScuacuTscraBEL (1951) zur Beut-
teilung des Kalkbedarfs fiir verschiedene deutsche
Ackerbdden entwickelt. Durch Behandeln zahl-
reicher Béden in 1 n Ca-Azetat (pH 7.0) im Ge-
wichtsverhiltnis 1:2.5, dutch Messen des pH

der Suspension und durch Titrieren des aus-
tauschbaren Wasserstoffes sowie durch Vergleich
der erhaltenen Ergebuisse mit den nach der
Jensenschen Methode ermittelten, hat er Tabellen
betechnet, aus denen zu ersehen ist, einer wie
grossen. Kalkmenge die in der Suspension ge-
messene pH-Zahl entspricht, um mittels Kalkung
zu einer bestimmten in KCI-Suspension ge-
messenen pH-Zahl zu gelangen. Da das Ex-
trahieren im Gewichtsverhiltnis vorgenommen
wird, eignet sich die Methode nur fiir solche
deutschen Mineralbéden, die weniger als 10 %,
Humus enthalten. Fiir humushaltigere Béden hat
er eine auf das Volumverhiltnis von Boden
und Flissigkeit gegriindete Methode entwickelt
(ScuAacHTSCHABEL 1953).

Auch die vorliegende Untersuchung ist darauf
abgestimmt, eine fiir die finnischen Ackerbéden
geeignete, auf eine einzige pH-Messung ge-
griindete Methode zur Schitzung des Kalk-
bedarfs zu entwickeln, um durch eine ihr ge-
misse Kalkung zu eine gewissen, in Wassersus-
pension gemessenen pH-Zahl zu gelangen. Von
den obengenannten Methoden stiitzen sich die
von Brown und die von Schachtschabel auf nur
eine Messung, eignen-sich aber als solche nicht
fir die finnischen Ackerb&den, erstere u.a. aus
dem Grunde, weil man nicht weiss, welches das
Verhiltnis des nach ihr ermittelten austausch-
baren Wasserstoffes zam Kalkbedarf ist, und
letztere u.a. darum, weil man bei den unter-
schiedlichen deutschen Ackerbdden durch Kal-
kung sehr unterschiedliche (3.80—7.00) in KCI-
Suspension gemessene pH-Werte anstrebt
(ScuacHTsCHABEL 1963). Von den Ergebnissen
den Ustersuchungen Mikities hatte man erst
Kenntnis, nachdem die vorliegende Arbeit vol-
lendet worden war.

Bodenprobenmaterial

Als Material dienten 138 Bodenproben, gréss-
tenteils aus den Kalkungsversuchen, teilweise
bei Gefissversuchen benutzte Proben sowie 10
aus Schweden und 10 aus Dinemark erhaltene.
Die letztgenannten wurden darum mit einbe-
zogen, weil es in Finnland wenig solche Kal-
kungsversuche gibt, in denen pH selbst bei den

\

grossten verbrauchten Kalkmengen auf 6.5 ge-
stiegen wire. Gemiss der Fruchtbarkeitsanalyse
betrug das pH der Proben 3.49—7.46 und der
austauschbare Kalk 6—220 mA/l Boden oder,
auf CaCO, berechnet, 0.6—22 t/ha in einer 20
cm dicken Schicht. ‘
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Abb. 1, Das aus dem Boden in 1 n NH,-Azetat (pH 6.50) in den

Auslaugungsverhiltnissen 1: 2,5

und 1:10 eingetausche H°, mA/[l

Boden, und das entsprechende pH der Suspension sowie das auf Grund
dieser Werte auf pH 6.0, 6.5 und 7.0 inter- oder extrapoliert H°

Kuva 1. Maasta 1 n:een NH y-asetaattiin (pH 6.5) nuttosubteissa 1: 2.5

- ja1:70 vaihtunut H® me[l maata ja vastaava lietoksen pF seki niiden

arvojen nojalla pH 6.0:aan, 6.5:¢en ja 7.0:aan inter- tai ekstrapoloitn H°

Entwicklung der Methode

Zunichst wurde der Austausch von Wasser-
stoff in Suspensionen, die aus Ba-, Ca- und NH,
-Ionen sowie aus Hexamin und Hydroxylamin-
hydrochlorid — beides mit grossem Pufferver-
mdgen — bestanden, untersucht und festgestellt,
dass diese Amine, verhiltnismissig leicht sich
zersetzend und. sich reduzierend, fiit den Zweck
nicht geeignet sind. Ferner wurde der Austausch
von Wasserstoff in Ca- und NH, -Azetate er-
forscht, wobei, wie auch in.den Untersuchungen
von SALoNEN (1952), sich zeigte, dass zwischen
ihnen kein nennenswerter Unterschied besteht.
Da NH,-Azetat bei der Fruchtbarkeitsunter-
suchung -als Auszugsfliissigkeit benutzt wird
sowie unverschimmelbar .und billiger als Ca-
Azetat ist, wurde es fiir die weitere Erforschung
gewihlt. Da ausserdem festgestellt worden war,
dass, kalkt man den Boden im Laboratorium
mit der Menge‘ CaCQO,, die dem aus dem Boden
in NH,-Azetat bei pH 6.5 eingetauschten Wasser-
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stoff entspricht, das pH des Bodens, in Wasset-
suspension gemessen, . meistens auf 6.6—6.8
steigt, was bei der Fruchtbarkeitsuntersuchung
bei Mineralbéden dem Kalkzustand »ausge-
zeichnet» entspricht, wurde als pH 6.5 gewihlt.
Dabei steigt bei iibermissig gekalkten Boden
das pH der Bodenazetatsuspension, sodass eine
zu starke Kalkung leicht festgestellt werden
kann. . ‘
Bei Entwicklung der Methode wurden zwei
Mengen Boden in einer Losung, die in bezug
auf NH,-Azetat 1 normal und mit Essigsiure
~auf pH 6.5 — bei den zwischen Boden und
Flissigkeit bestehenden Volumverhiltnissen 1 :
10 und 1:2.5 — gebracht worden war, 1.5
Stunden geschiittelt, pH der Suspensionen un-
mittelbar gemessen und in dem gefilterten Aus-
zug ‘der ihn eingetauschte Wasserstoff elektro-
metrisch mit 0.1 n NaOH titriert. Bei Ausarbei-
tung der Methode sollte die durch die Essigsdure
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Abb. 2. Das im Boden in 1 n NH,-Azetatsuspension bei einem
Auslaugungsverhiltnis von 1:2.5 gemessene pH und der ihm
entsprechende Kalkbedatf, bewertet bei pH 6.0. und 6.5
Kuva 2. Maasta 1 n:ssa N H j-asetaattilietoksessa uuttosubteessa 1 : 2.5
mitattn pH ja siti vastaava kalkintarve arvioituna pH 6.0:55a ja 6.5:558

des NH4-Azetats oder eine andere Siure er-
haltene Titrierkurve nicht angewandt werden,
da sie bei Ermittlung durch verschiedene Sduren
unterschiedlich ausfillt und auch der bei sauren
Boden gewonnenen Kurve vielleicht nicht voll
entspricht. Doch mag der Unterschied gegentiber
der mittels Essigsiure erhaltenen Kurve nicht
sehr gross sein.

Fiir die Behandlung der Ergebnisse wurden
die Titrierresultate als mA austauschbarer Was-
serstoff ja Liter Boden berechnet und in steigen-
der Reihenfolge gruppiert. Als eigene Gruppe
wurden drei Proben unterschieden, bei denen pH
der Suspension gestiegen war. Die iibrigen Resul-
tate wurden in Gruppen von je 30 Proben einge-
teilt. Fiir die Gruppen wurden der durchschnitt-
lich ausgetauschte Wasserstoff und das pH der
der Suspension berechnet. Desgleichen und fiir
dieselben Gruppen wurden die im Auszugsver-

haltnis 1:2.5 erhaltenen Ergebnisse behandelt.
Sie sind in Tabelle 1 und Abbildung 1 zu sehen,
in denen sie auch auf pH 6.0, 6.5 und 7.0 inter- ‘
oder extrapoliert sind.

Zur Aufstellung der den Kalkbedarf wieder-
gebenden Tabelle (2) wurden das im Auszugs-
verhiltnis 1: 2.5 gemessede durchschnittliche pH
der verschiedenen Gruppen und der ihm ent-
sprechende, auf pH 6.0 und 6.5 inter- oder extra-
polierte austauschbare Wasserstoff in das Koor-
dinatensystem (Abb. 2) eingetragen und die aus
diesen Grossen sich ergebenden Kurven gezeich-
net. Die Zahlen von Tabelle 2 wurden aus det
Kurve durch Ablesen des dem pH entsprechen-
den ausgetauschten Wasserstoffes, mA/l Boden,
und mittels ‘Teilens durch 10 erhalten, wobei die
Zahl dem tfha CaCO, in 20 cm dicker Schicht
entspricht. In Abbildung und Tabelle 2 sind die
auf pH 7.0 extrapolierte Kurve und die Zahlen
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Tabelle 1. Das aus dem Boden in 1 n NH -Azetat (pH 6.50) in den Auslaugungsverhiltnissen 1: 2.5 und 1: 10 einge-
tauschte H°, mA/l Boden, und das entsprechende pH der Suspension sowie das auf Grund dieser Werte auf pH 6.0,
6.5 und 7.0 inter- oder extrapolierte H°
Tanlukko 1. Maasta 1 n:een NH j-asetaattiin (pH 6.50) unttosubteissa 1 : 2.5 ja 1 : 10 vaihtunut H° me|l maata ja vastaava
lietoksen p H seké ndiden arvojen nofalla pH 6.0:aan, 6.5:¢en ja 7.0:aan inter- tai ekstrapoloitn FI°

Auslaugungsverhiltnis H°
Unatiosubde inter- oder extrapolicrt auf
Prg:)-en 1:25 1:10 inter- tai ekstrapoloitusa
Niiytteit
g =
H° pH He pH 6.0 6.5 7.0
6.0:aan 6.5:een 7.0:aan
3. — 18 6.69 — 16 6.54 — — n. 50
30 ..., 20 6.32 35 6.45 — 18 40 98
30......... 43 6.16 70 6.39 24 83 142
30 ..., 62 6.06 97 6.33 54 118 182
30 ......... 95 5.95 - 140 6.28 102 168 234
15 . 153 5.79 212 6.19 184 258 332

nicht eingetragen, weil sich schon jetzt u.a.
Mangel an Mangan herauszustellen begann bei
Mineralbdden, deren pH iiber 6.5 betrigt. Da
fir den Arstieg um einen halben pH-Grad je

nach den Eigenschaften des Bodens an Kalk 5.8
—7.4 t/ha benotigt wird, diirfte auch aus diesem
Grunde kein Anlass bestehen, den Landwirten
einen zu grossen Kalkverbrauch zu empfehlen.

Kalkung im Laboratorium

Eine der obigen Tabelle 2 gemisse Kalkung
im Laboratotium mit CaCO, wurde mit den fiir
die Untersuchung benutzten Bodenproben aus-
gefiihrt. Dabei erhielten die Mineral- und die
Humusbdden ihren Zusatz an Karbonat nach
Spalte 2 und die Torfbdden 5 t/ha weniger. Das
" Volumverhiltnis zwischen Boden und Wasser

belief sich auf 1:2.5, und dazu kamen 5—6
Tropfen Toluen. Die Suspension wurde tiglich
1—2 mal gemischt und pH gemessen. Dies
setzte sich fort, bis der Unterschied zwischen den
zwei letzten pH-Messungen durchschnittlich 0.01
—0.02 pH-Grad ausmachte oder bis das Karbo-
nat zur Auflésung und die Kohlensiure zur Ver-

Tabelle 2. Das im Boden in 1 n NH,-Azetatsuspension bei einem Auslaugungsverhiltnis von 1: 2.5 gemessene pH
und der ihm entsprechende Kalkbedatf, bewertet bei pH 6.0 und 6.5

Tanlukko 2. Maasta 1 n:ssa NH y-asetaattilietoksessa nnttosubteessa 1 : 2.5 mitattu pH ja siti vastaava kalkintarve arvioi-
tuna pH 6.0:55a ja 6.5:553

Kalkbedarf t/ha Kalkbedatf t/ha
Kalkintarve tulha Kalkintarve infha
H d _ H d N
Supspenseii)n bei pH 65 Supspen:iron bei pH 65
Lietoksen P!H : Lietoksen pIH :
PH G:ssa 6.5:55d PH Gissa 6.5:55d
. 1 2 1 2
>6.49 Lo 0 0 6.15—6.13 .. ............ 3 9
6.49—6.44 ...l 0 1 6.12—6.10 ... ... ... 4 10
6.43—6.40 .. ... ....... .. 0 2 6.09—6.04 .. .. ... ..... 6 12
6.39—6.36 ... 0 3 6.03—6.00 .. ............ 8 14
6.35—6.32 ....... ..., 0 4 5.99—5.96 ... ... 9 16
6.31—6.28 .............. 0 5 5.95—5.92 ... ... 11 18
6.27—6.24 .......... ... 0 6 5.91—5.88 .. .. i......... 13 20
6.23—6.20 .............. 1 7 5.87—5.85 .. ... 15 22
6.19—6.16 ....ovunnn.... 2 8 5.84—5.80 .. ............ 17 25




Tabelle 3. Der Kalkbedarf bei Bewertung auf Grund von pH der NH,-Azetatsuspension und die Kalkung im

Laboratotium
Tanlukko 3. Kalkintarve arvioituna INH ,-asetaattilictoksen pH:n perusteella ja kalkitus laboratoriossa
Ohne Kalk Gekalkt
Proben Iiman kalkkia %E‘&g Kalkittuna
- Probengruppe St. Austauschb. mA/l Austauschb.
Nayterybmi Naytteiti pH CamA/l Kalkitus pH CamA/l
pl H©O Vaibt. Ca CaCO, H.0 Vaibt. Ca
mell mell
1 2 3 4 5 6 7
Sandiger Ton — HtS,

Tikkurila ....oovviviiennn. 20 5.99 120 + 40 74 6.67 + 0.11| 194 4 22
Gyttjaton — LjS,

Nakkila .......c.ccviiienan. 12 5.01 44 4+ 28 137 6.63 4+ 0.10] 181 + 10
Gyttjaton — LjS,

Nakkila .....oovvieneiaein. 12 5.75 72 4- 58 95 6.72 - 0.15| 167 + 14
Feinsand — Ht,

Himanka ......coceieieeiinns 12 5.92 54 + 35 96 6.59 - 0.14/ 150 £ 19
Humusboden/Gyttjaton —Mm/L;jS,

Lajhia ..ocovnineennneaannn. 20 4.95 71 4+ 35 207 6.61 4+ 0.19] 278 -4- 31
Niedermoortorf — Ct,

Pelsonsuo ........cooveenenn- 4 4.77 52 L 5 133 6.44 4- 0,04 185 4+ 15
Ct, » e 8 Dol. 5.57 87 + 15 80 6.42 4+ 0.07 167 + 25
L 8 Kals. 5.69 139 L 67 58 6.34 + 0.04] 197 4 26
Sonstige grobe Mineralbéden
Munt kark. kiv.maat ............ 7 5.63 42 - 24 80 6.73 + 0.15| 122 4- 33
Sonstige Tonb&den
Muut savimaat ...... e 8 5.69 99 + 48 106 6.63 & 0.15( 205 4 41
Sonstige Totfbsden
Muut turvemaat ................ 7 5.03 76 4- 38 151 6.30 4+ 0.20] 227 4- 127
Schwedische Boden
Ruotsin maat ...........ccc0..o.. 10 5.54 70 4- 66 98 6.82 4+ 0.21] 168 + 59
Dinische Béden
Tanskan maal . .......ccueuenueunnn 10 6.45 103 + 44 31 6.84 + 0.05| 134 4- 38

dunstung gekommen war, worauf 6—7 Tage ver-
gingen. Durch Kalkung stieg das pH der Mine-
ral- und der Humusb&dden im Mittel auf 6.7 (6.41
—6.90) und das der Torfbdden auf 6.37 (5.97—
—6.80). Ausfiihrlicher sind die Ergebnisse in
Tabelle 3 zu sehen, in der folgendes angegeben
ist: die durchschnittliche pH-Zahl jeder Proben-
gruppe (Spalte 3) und der bei der Fruchtbarkeits-
analyse erhaltene austauschbare Kalk vor der im
Laboratorium ausgefithrten Kalkung (4), die ver-
wendete CaCO;-Menge (5), pH nach der Kalkung
(6) und die im Boden enthalten gewesene -

zugesetzte Kalkmenge (7). Aus den Zahlen ist
zu entnehmen, dass sich das pH der in ihrer
Aziditit sehr unterschiedlichen (Tabelle 4) Bden
durch Kalkung ausgeglichen und die Standard-
abweichung vom Mittelwert nach der Kalkung
héchstens - 0.21 pH-Grad ausgemacht hat.
Gleicherweise hat sich die Menge an aus-
tauschbarem Kalk im Feldversuchsmaterial aus-
geglichen. Dagegen sind bei dem nicht zu den
Feldversuchen gehérenden Material die Abwei-
chungen des austauschbaren Kalkes teilweise
sogar grosser als vor der Kalkung gewesen, wie
es auch natiirlich ist.

Kalkung im Feld und im Laboratotium

Bei vier Feldversuchen kann die Wirkung der
Kalkung im Felde mit der im Laboratorium
verglichen werden. Bei einem 1953 in Tikkurila
angelegten Versuch steigerten nach den im Jahre

1955 entnommenen Proben 4—16 t/ha Kalkstein-
mehl je Tonne die pH-Zahl des Bodens um 0.08
Grad, im Laboratorium dieselbe Menge CaCO,
um 0.10 Grad (Tab. 4). '
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Tabelle 4. Die Kalkung im Laboratorium und detr Anstieg von pH bei Kalkung, in Klammern der Anstieg im
-Feldversuch

Taulukko 4. Kalkitus laboratoriosss ja p H:n nonsu kalkituksella, sulkeissa nousn kenttikokeessa

Kalkung Anstieg von pH bei 1 tn/ha Ftir oH-
Proben pH t/ha DPH:n nousu 1 tn:llafha Anstieg l:ron 0.5
Probengruppe St. ho H]éaolk Kalkitus t/ha
* Nayberybmi Niytteita _ohae X tnfha im Mittel Schwankung 0.5 pH:n nousuun
Rl ilman kalkkia CaCO; Reskin, vaibteln tnfba
1 ‘ 2 -3 4 5 6 7
Sandiger Ton — Hits
Tikkurila .............. 20 5.45—(7.05) 0—11 0.10(0.08) 0.07—0.11 7 —4.5
Gyttjaton — -LjS :
Nakkila1l ............. 12 4.57—6.22 7—18 0.12 0.12—0.13 |- - - 4
Gyttjaton — LjS- o . .
Nakkila2 ............. 12 5.22—(6.62) 0—15 0.10: 0.09—0.11 5.5—4.5
Feinsand — Ht- : 3 : ? :
Himanka .............. 12 3.72—6.20 4—15 0.17(0.16) 0.12—0.20 4 —2.5
Humusboden/Gyttjaton — I8 : .
Mm/L;S, ' )
Lajhia . ................ <20 4.40—5,58 12—30 0.08(0.08) 0.08 . 6
Niedermoortorf — Ct - o
Pelsonsuo ............. - 20 4.58—(6.43) 0—15 0.12(0.12) 0.11—0.13 4.5—4
Sonstige grobe Mineral- !
"boden — Munt kark. kiv.- .
MABE L 7 5.30—5.,90 6—12 0.14 ' 0.07—0.28 7 —2.
Sonstige Tonbdden - .
Munt savimaat ............ 8 4.60—6.18 7—18 0.09 0.06—0.12 8 —4
Sonstige Torfbdden : o C .
Munt turvemaat .. ........ 7 3.49—5.82 2—35 0.08 0.05—0.12 10 —4
Schwedische Proben : S
Ruotsin niytteet ........... 10 4.02—(7.46) 0—23 0.14 0.12—0.30 .| 4 —2.
Dinische Proben . .
.......... 10 6.30—(6.90) 0— 5 0.13 0.12—0.21 .4 —2.5

Tanskan néyttect

Auf dem bei dem Versuch von Himanka in
den Jahren 1959 und 1960 gekalkten Felde (4 +
4 t/ha) erhohte 1 t/ba Kalksteinmehl die pH-
Zahl, gemessen bei den Proben von 1962, um
0.16 Grad und die entsprechende Menge CaCO,
im Laboratorium um 0.17 Grad.
~ Bei dem Versuch van Laihia machte der
entsprechende Anstieg im Laboratorium -und
im Feld ebenfalls 0.08 Grad aus.

Bei dem 1960 auf dem Moor Pelsonsuo ge-
griindeten Versuch wurden die Bestimmungen
an Proben vom Jahre 1962 vorgenommen. Auf
diesem Felde steigerte 1 t/ha dolomitisches Kalk-
steinmehl die Zahl um 0.11 Grad und kalzitisches
Mehl um 0.12 Grad. Der entsprechende Anstieg
im Laboratorium betrug bei CaCO, 0.12 Grad.
-Aus den Feldversuchen von Nakkila liegen keine
Proben aus den nichstfolgenden Jahren nach der
Kalkung vor, so' dass hier kein Vergleich an-
gestellt werden kann.
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Aus den Zahlen von Tabelle 4 ist ferner zu
érsehen, dass bei den verschiedenen Versuchs-
gliedern eines und desselben Feldes die Wirkung
der Kalkung verhiltnismissig gleichmissig ge-
wesen ist. Dagegen ist bei den nicht zu den
Versuchsfeldern gehérenden Béden, die durch
>sonstigc Ton-, Torf- und grobe Mineralbéden
vertreten sind, die Wirkung wechselnd gewesen,
obschon bei diesen Gruppen verhiltnismissig
Wedg Proben vorgelegen haben.

Doch wite die Anwendbarkeit der Methode
auf die Praxis mehr bei denjenigen Feldversuchen
zu erforschen, die auch ein tibermissig gekalktes
Versuchsglied umfassen. Die Proben wiren 1—2
Jahre nach der Kalkung zu entnehmen, denn im
allgemeinen scheint das pH des Bodens im
zweiten Jahre nach der Kalkung am hochsten
zu sein, wonach es langsam zu sinken beginnt.



Das Verhiltnis der entwickelten Methode zur Bodenfruchtbarkeitsmethode

Ein Vergleich zwischen der in Finnland ge-
briuchlichen Fruchtbarkeitsmethode und dem
hier dargestellten Verfahren wurde dutch Be-
rechnung der linearen Korrelation zwischen den
von beiden Methoden empfohlenen Kalkmengen
angestellt. Durchschnittlich war der Koeffizient
r = 4 0.861.

Det nach der Fruchtbarkeitsanalyse bestehende
Kalkbedarf wurde nach der Anleitung berechnet
(Kurkr 1965). Der Bedatf nach der zu ver-
gleichenden Methode wurde Tabelle 2 entnom-
men, fiir die organischen Boden Spalte 1 und
fiir die Mineralbdden Spalte 2. Der Verleich
umfasste alle aus Finnland erhaltenen Proben,

abgesehen von zwei, bei denen der Bedarf etwa

35 t/ha ausmachte. Ubereinstimmung und Unter-
schiede zwischen den Methoden gehen aus den
Zahlen von Tabelle 5 hervor. Ein praktisch
gleiches Resultat ergaben im untersuchten Mate-
rial die beiden Methoden bei 55 Prozent der
Fille. Die grosste Ubereinstimmung bestand bei

der Gruppe der groben Mineralbéden und die

geringste bei der Gruppe der organischen Béden.
Durch Kalkung nach den zwei Methoden ge-
langt man in diesen Fillen, nach den Ergebnissen
der im Laboratorium ausgefithrten Kalkung zu
schliessen, bei Mineralb6éden im Mitt‘gl' 20’ éiner
pH-Zahlvon etwa 6.7 und bei organiscﬁén Boéden
von etwa 6.2. T

In den Fillen, in denen die Unterschiede
zwischen den Methoden grosser als 4 2 t/ha
wurden, war die auf Grund der Fruchtbarkeits-
analyse berechnete Schitzung bei den Tonbdden
3—7 t/ha, bei den organischen Bdden 3—10
t/ha geringer als die mit der zu vérgleichenden
Methode erhaltene Bewertung, bei den groben
Mineralbdden teils niedriger, teils hoher. Prak-
tisch entsprechen diese Unterschiede je nach den
Absorptionseigenschaften des Bodens einem
Unterschied von etwa 0.5—1.0 pH-Grad in der
in Wassersuspension gemessenen pH-Zahl (Tab.
4, Spalte 7).

Das Verhiltnis der entwickelten Methode zum Kalkbedarf, bewertet auf Grund zweier unter
verschiedenen Auslaugungsumstinden bestimmten pH- Werte und des
austauschbaren Wasserstoffes

] Austauschbarer Wasserstoff und Kalkbedarf
jeder Bodenprobe lassen sich dadurch, dass von
demselben Boden zwei Auslaugungen in NH,-
Azetat in verschiedenen Auslaugungsgefissen
hergestellt werden, ferner durch Messung von
pH und austauschbarem Wasserstoff und dutrch
Inter- oder Extrapolieren der Ergebnisse auf ein-
en bestimmten pH-Stand, wie es beim Entwickeln
der dargestellten Methode geschehen ist, noch
genauer festlegen. Auf diese Weise wurde der
Kalkbedarf auch fiir jede Probe gesondert be-
rechnet, und als Korrelationskoeffizient zwischen
diesen Ergebnissen und den durch nur eine pH-
Messung erhaltenen Zahlen stellte sich - 0.957
heraus.

Die Differenzen zwischen beiden Methoden -

gehen ausfiihrlich aus den Zablen von Tabelle
6 hervor. Die Ubereinstimmung in den Grenzen

2 8635—66

von 4 2 t/ha CaCO; belief sich auf 84 9, und
die grossten Abweichungen betrugen + 6 und
— 5 t/ha, was beim pH des Bodens einem Untez-
schied von etwa 0.5 Einheiten entspricht. Die
Unterschiede wurden grosser, je nachdem sich
der durchschnittliche Kalkbedarf der Proben-
gruppen vermehrte. So betrugen bei der ersten
Gruppe von 30 Proben, bei der Bedarf im Mittel
4 t/ha (0.5—7.0) ausmachts, die Differenzen
hoéchstens 2 t/ha, bei der folgenden Gruppe
(8.3 t/ha, 7.0—11.0) hochstens 3 t/ha und bei der
nichstfolgenden (11.8 t/ha, 11.0—17.0) héchstens
4 t/ha.

Bei Kalkung werden im allgemeinen nicht tber
5 t/ha Kalksteinmehl auf einmal empfohlen, weil
ein gleichmissiges Ausbreiten grosserer: Mengen
schwierig ist. Soweit der Bedarf grosser ist, kann
nach ein paar Jahren aufs neue gekalkt und zuvor
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Tabelle 5. Der Kalkbedarf bei Bewertung nach der Fruchtbarkeitsanalyse und dem pH der NH ,-Azetatsuspension
Tanlukko 5. Kalkintarve arvioituna viljavuusanalyysin ja NH ,-asetaattilietoksen p Hin mukaan

Ubereinstimmung bei 4 2 t/ha:
Yhtapitavyys + 2 tnfba:
Grobe Mineralbdden
Karkeat kivenndismaat
Tonbdden

Savimaat .. ... ..o
Organische Béden

Eloperdiset maat

Im Mittel — Keskim.

Unterschiede > 42 t/ha:
Erot > +2 tnfha:
Grobe Mineralbéden
Karkeat kivenniismaat
Tonbéden

Savimaat .. ... ...
Organische Bdden

Eloperdiset maat

Im Mittel — Keskim.

der Bedarf nochmals bestimmt Werden. In den
meisten Fillen ist der Kalkbedarfjedoch geringer,
ferner sind hier die Fehlergrenzen ziemlich eng.

Proben Kalkbedarf t/hza
Naytreitd Kalkintarve tnfha Uﬂ“"t‘fl::‘i“d“-
s, Fr.-anal. NH,-Azet. Pl
kpl % V=-anal. NH,-aset.
15 79 7.93 8.33 +2——2
31 60 8.10 9.16 +2——2
18 40 4.72 5.00 +2—-=2
(64) 55 7.11 7.80 —0.69
4 21 10.50 11.50 +6 ——4
21 40 6.81 10.81 —3 ——7
27 60 7.37 13.22 —3 ——10
(52) 45 7.38 12.11 —4,73

Und wie oben bereits angefiihrt, bezeichnet das
End-pH des NH,-Auszuges auch eine iiber-
missige Kalkung.

Zusammenfassung

An 138 grosstenteils aus Kalkungsversuchen
erhaltenen Bodenproben ist eine Modifikation
der Methode zur Bewertung des Kalkbedarfs
durch pH-Messung von Boden- und NH,-Aze-

tatsuspension entwickelt worden. Bei dem Ver-
fahren werden 20 ml Boden 1.5 St in 50 ml L&s-
ung geschiittelt, die in bezug auf NH,-Azetat 1 n
ist, und mittels Essigsiure auf pH 6.50 gebracht.

Tabelle 6. Der Kalkbedarf bei Bewertung nach dem pH der NH,-Suspension sowie nach dem pH zweier in ver-

schiedenen Auslaugungsverhiltnissen in NH,-Azetat aufgeschlimmten Béden und dem ausgetauschten Wasserstoff

Taulukko 6. Kalkintarye arvioituna INH--asetaattilietoksen pH:n mukaan ja kabden eri uuttosubieissa NH s-asetaatissa
lietetyn maan pH:n ja vaibtuncen vedyn mukaan

Verteilung der Proben
Niytteiden jakaaninminen Qbereinstimmung
Proben Kalkbedarf in dﬁ?z ngzﬂnzen
1\7;;:,{!5 Xa [Z’;}::zrve Unterschiede t/ha — Ero? infha Yhtapitivys rajoissa
F3% infba CaCO, £2mlba
%
v ol nelalale o=l =]=
3 0 — | = = — | =] — 3| —| —| —| =] — 100
30 4.0 — | = — | — 1 9 11 7 2| —| — | — 100
30 8.3 — | — | — 2 5 3 8 6 5 1 —_ — 90
30 11.8 — | — 2| — 7 2 5 7 4 3 — | — 83
30 16.8 — | — 1 2 4 5 7 6 2 1 1 1 80
15 25.8 1 1 — 1 2 2 21 — 1 3 1 1 47
Insgesamt — Yhteensd | 1 1 3 57 19| 21| 36| 26| 14 8 2 2 84 9,
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Der nach der Methode erhaltene Kalkbedarf

ist foIgendcrmassen verglichen worden: mit einer
1) im Laboratorium und 2) im Felde vorgenom-
menen Kalkung, 3) mit dem durch die Frucht-
barkeitsanalyse erhaltenen Kalkbedarf sowie
4) mit dem Kalkbedarf bei Bewertung nach dem
in zwei verschiedenen Auslaugungsverhiltnissen
in NH,-Azetat bestimmten pH und dem dabei
ausgetauschten Wasserstoff.
1. Bei einer Kalkung nach der entwickelten
‘Methode stieg das pH der Mineral- und der
Humusbdden im Mittel auf 6.70 (6.41—6.90).
Fiir die Torfbéden wurden an CaCO; 5 t/ha
weniger verbraucht, als die in Tabelle 2 Spalte 2
angegebenen Mengen bezeichnen. Dabei stieg
das pH der Torfboden im Mittel auf 6.37 (5.97—
6.53). Wetden fiir die organischen Boden die in
Spalte 1 dargestellten Mengen verbraucht, so
erhoht sich ihr pH auf etwa 6.2.

2. Bei der Kalkung im Felde und der im
Laboratorium war bei gleich grossen Kalk-

mengen der Anstieg von pH ungefihr derselbe..

3. Der Korrelationskoeffizient zwischen den
Kalkmengen nach der Fruchtbarkeitsanalyse und
denen der entwickelten Methode belief sich auf
0.861.

Beide Methoden gaben bei 55 Prozent der
Fille gleiche Resultate (Differenzen hochstens
4+ 2 t/ha). In den iibrigen Fillen wich die Be-
wertung nach der Fruchtbarkeitsmethode um
+ 6 — — 10 t/ha von der nach der zu ver-

gleichenden Methode ab. Die Unterschiede ent-
sprechen bei der in Wassersuspension gemessenen
pH-Zahl je nach den Austauscheigenschaften des
Bodens einer Differenz von etwa 0.5—1.00 pH-
Grad. .

4. Der Korrelationskoeffizient zwischen dem
Kalkbedarf einerseits bei Bewertung nach der
entwickelten Methode und anderseits bei Beur-
teilung nach zweierlei, bei unterschiedlichen Aus-
laugungsverhiltnissen in NH,-Azetat (pH 6.50,
die Verhilnisse der Volumen von Boden und
Fliissigkeit 1:2.5 und 1:10) bestimmtem pH

und dem dabei ausgetauschten Wasserstoff be-

trug -+ 0.957, und die Ubereinstimmung in den
Grenzen von + 2 t/ha CaCO; bestand bei 84 9,
der Fille.

Die Unterschiede zwischen den beiden Metho-
den machten hochstens 4+ 6 — — 5 t/ha CaCO,
aus. Bei der Probengruppe, in der der Kalk-
bedarf héchstens 7 t/ha betrug, beliefen sich die
Differenzen auf hochstens -+ 2 t/ha, und sie
nahmen in demselben Verhiltnis wie der Kalk-
bedatf zu. Da es schwierig ist, grossere Kalk-
mengen gleichmissig auszubreiten, kann die
Kalkung von mehr Kalk erfordernden Boden
pach ein paar Jahren erneuert und der Bedatf
zuvor durch eine einzige pH-Messung in Aze-
tatsuspension genauer als bei der fritheren Be-
stimmung festgelegt werden. Das End-pH der
NH,-Azetatsuspension (bei Mineralbéden tber
6.49, bei organischen Béden iiber 6.23) lisst auch
eine iibermissige Kalkung erkennen.
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SELOSTUS

Kalkintarpeen arvioiminen maan NHjy-asetaattilietoksen pH-mittauksella

TuoMas KERANEN

Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila

Suurimmaksi osaksi kalkituskokeista saatujen 138 maa-
niytteen avulla on kehitetty taulukko kalkintarpeen ar-
vioimiseksi maan ja NH,-asetaattilietoksen pH-mittauk-
sella. Menetelmissi huiskutetaan 20 mliaa maata 1.5 t
50 ml:ssa livosta, joka on NH,-asetaatin suhteen 1 n ja
saatettu etikkahapolla pH 6.50:een.

Menetelmilld arvioitua kalkintarvetta on verrattu 1) la-
boratoriossa suoritettuun kalkitukseen, ja 2) kentilld suo-
ritettuun kalkitukseen, 3) viljavuusmenetelmilld arvioi-
tuun kalkintarpeeseen sekd 4) kahden, eri uuttosuhteissa
NH,-asetaatissa miiritetyn pH:n ja vaihtuvan vedyn pe-
rusteella arvioituun kalkintarpeeseen.

1. Kehitetyn menetelmin mukaisella kalkituksella nousi
kivenndis- ja multamaiden pH keskimiirin 6.70:een (6.41
—6.90). Turvemaille kiytettiin CaCOg:a 5 tnfha vihem-
miéin kuin mitd kivenniismaille taulukossa 2 sarakkeessa
2 tarkoitetut miirit osoittavat. Tilléin nousi turvemai-
den pH keskimiirin 6.37:44n (5.97—6.53). Jos eloperii-
silld mailla kiytetdin sarakkeessa 1 esitettyjd madrid, nii-
den pH nousee noin 6. 2:eer.

2. Kalkituksella saatu pH:n nousu oli kutakuinkin sama
kentilld ja laboratoriossa yhti suutilla kalkkimédrilla,

3. Viljavuusanalyysin ja kehitetyn menetelmin mukais-
ten kalkkimairien vilinen kotrelaatiokerroin oli 0.861,
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Molemmat menetelmit antoivat saman tuloksen (erot
enintddn +2 tnfha) 55 prosentissa tapauksista. Muissa ta-
pauksissa poikkesi viljavuusmenetelmin mukainen atvio
+6 — —10 tnf/ha vertailtavan menetelmin mukaisesta
arviosta. Erot vastaavat vesilietoksesta mitatussa pH-lu-
vussa maan vaihto-ominaisuuksista riippuen noin 0.5—
1.0 pH-asteen eroa.

4. Kehitetyn menetelmiin j ja kahden, eri uuttosuhteissa
NH,-asetaatissa (pH 6.50, maan ja nesteen tilavuuksien
suhteet :2.5 ja 1:10) midritetyn pH:n ja vaihtuneen
vedyn petusteella arvioidun kalkintarpeen vilinen korre-
laatiokerroin oli +0.957 ja yhtipitivyys rajoissa +-2 tn/ha
CaCOjy:a 84 9:ssa tapauksista.

Kummankin menetelméin viliset erot olivat enintdin
+6 — —5 tn/ha CaCOy:a. Niyteryhmissi, missa kalkin-
tarve oli enintddn 7 tnfha, olivat erot enintidn 42 tn/ha
ja suurenivat samassa suhteessa kuin kalkintarvekin, Kun
suurien kalkkimidrien tasainen levitys on vaikeaa, voi-
daan enemmin kalkkia vaativien maiden kalkitus uusia
parin vuoden kuluttua ja tarve miirittid sitd ennen uudel-
leen yhdelld asetaattilietoksen pH-mittauksella aikaisem-
paa miiritystd tarkemmin. NH,-asetaattilietoksen loppu-
pH (kivenndismailla yli 6.49, eloperiisilld mailla yli 6.23)
ilmaisee my®s liian kalkituksen. -
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PERUNAN LAJITTELUTULOS JA SIIHEN VAIKUTTAVAT TEKIJAT

Summary: Results of potato grading and factors affecting them

LEO YLLO

Maatalouden tutkimuskeskus, Kasvinviljelylaitos, Tikkurila

Perunamukulan koolla on varsin suuti talou-
dellinen merkitys. Jo perunan noston aikana ha-
vaitaan, miten se vaikuttaa tyon joutuisuuteen ja
maahan jddvien mukulain méirddn. Kun satoa
ruvetaan myymiin, on lajittelu tietyn keskikoon
saavuttamiseksi vilttimiton. Lajittelutuloksesta
riippuu, kuinka paljon saadaan kiytt6- tai myyn-
tikelpoista tavaraa ja kuinka suureksi muodostuu
jiteperunan miiri.

Monipuolisesta kdytSstd johtuu, ettd tarvitaan
hyvin erikokoista perunaa. Siemenperuna voi olla
verraten pienikokoista, ruokataloudessa kysytiin

keski- ja laitoksissa suurikokoista perunaa. Teol-

lisuus-:ja rehuperunassa ei mukulan koolla ole
mainittavaa merkitystd. Térkeintd on, ettd kulut-
taja saa haluamaansa kokoa ja ettd tavara on siind
suhteessa tasalaatuista. Tasalaatuisuus on varsin-
kin konekuorinnassa ensiarvoisen tirked seikka.
Kuotiprosentti pienenee mukulan koon suure-
tessa. Kuorihivikki saattaa olla.pienessi peru-
nassa suhteellisesti jopa kaksi kertaa suurempi
kuin isossa. Mukulan koolla on vaikutusta myos
keittoaikaan. Térkkelyspitoisuuskin riippuu osit-
tain mukulan koosta, joskin riippuvuussuhteita
on vaikeata todeta lihinni sen vuok51 etti sa-
dossa on eri-ikiisii mukuloita.

Esimerkking standardisolmlspyrklmyksmta
Suomesba mainittakoon Herkkupetunayh-
distyksen 1965 vahvistamat la]1tte1uasteet ]otka
ovat seuraavat: ' ,

Saapunut 28. 4. 1966

Pyodreimukulaiset lajikkeet (Alpha,. Olympia,
Record, Pito): pienempi lajite 45—55 -mm; suu-
rempi lajite 55—70 mm. Pitkulaiset lajikkeet
(Amyla, Eigenheimer): pienempi lajite 40—50
mm, suurempi lajite 50—65 mm. Mukulan muoto
otettiin siis huomioon lajittelussa tarkoituksena
saada etimuotoisten mukulain keskipaino kaup-
patavarassa suunnilleen samanlaiseksi.

Mukulan muoto vaihtelee samallakin lajik-
keella huomattavasti, joten seulan koon tarkka
miiritys on vaikeata. Sen vuoksi tyydytidin
usein samaan seulaan riippumatta mukulan muo-
dosta. Esimerkiksi suomalaisissa. perunakokeissa
on kiytetty alaseulana 25—45 mm:n ja yliseulana
45—55 mm:n seuloja, jolloin kaikki lajikkeet on
lajiteltu samalla seulalla.

Siemenperunan standardisointi on Suomessa
hyvin vihiisti. Valtion Siementarkastuslaitoksen
valiosiemenvaatimuksissa mainitaan kuitenkin
lajitteluasteesta seuraavaa: soikea- ja pitkimuku-
laisilla lajikkeilla saa olla 35 mm:n (muilla lajik-
keilla 40 mm:n) seulan alittavia mukuloita enin-
tidn 8 9, ja 60 mm:n (muilla lajikkeilla 65 mm:n)
seulalle jadvid mukuloita enintddn 5 %,

R uotsissa edellyttivit ruokaperunan stan-
dardivaatimukset 1965 kokoja 35—55 mm ja
55—75 mm. Yli 75 mm:n mukuloita pidettiin
lilan isoina. Varhaisperunassa oli alarajana.30
mm. Siemenkaupassa kiytettiin 30—40 mm:n ja
40—>50 mm:n lajitteita. Koon lisiksi oli luonnol-.
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lisesti myds muita vaatimuksia, kuten muissakin
maissa. Kokeissa ja tutkimuksissa kiytetdin
edelli mainittuja ruokaperunan lajitteluasteita
riippumatta mukulan muodosta (CArLssoN 1964,
GustarssoN 1964).

Tanskassa ovat vaatimukset suunnilleen
samat kuin Ruotsissa (BAcx 1965).

Norjassa kiytettiin erddssi pitkdaikaisessa
lajikekokeessa seutraavia lajitteluasteita: “alle 40
mm, 40—50 mm ja yli 50 mm (FrROGNER 1964).
Tuloksena oli, ettd isokokoisten mukulain ryhmi
muodostui ylivoimaisesti suurimmaksi, silld sen
alarajana oli vain 50 mm.

Mainittakoon vieli esimerkki U.S.A:sta. Sielld
oli ainakin 1958—61 wviisi tarkoin mdiritettyd

laatuluokkaa. Mukulan koosta oli esimerkiksi

luokassa »US Fancy» siiddetty, etti koon oli
oltava vihintdin 2” ja sen lisiksi ehtona, etti vi-
hintddn 60 % mukuloista oli keskipainoltaan 6
unssia (noin 170 g) tai enemmin ja vihintiin
30 %, mukuloista 10 unssia tai enemmin. Mai-
nittu laatuluokka edusti suurinta mukulakokoa
(American Potato Yearbook 1961). Esimerkeisti
selvidi, ettd perunan lajitteluasteet ovat eri maissa
erilaisia. Kovin pitkille menevi lajittelu lisid
luonnollisesti kustannuksia, mutta voi olla silti
kannattavaa.

Perunan lajittelutuloksia on julkaistu eti koe-
selostusten yhteydessi paljon. Tietoja on kasvu-
tiheyden, idityksen, istutus- ja nostoajan, maa-
lajin, lannoituksen, tautien, hallan, muiden sii-
tekijoiden sekd lajikkeen, siemenperunan koon
ja terveyden vaikutuksesta satoon, mukulan ko-

koon ja lajittelutulokseen. On selvii, ettd tulok-
set riippuvat myos lajittelun teknillisestd suori-
tuksesta, lajittelijan rakenteesta, asennuksesta ja
lajittelutavasta. Multaisuudella ja mukulan muo-
dolla on my0Os merkitystd. Tisti selvidd, ettd
lajittelutulos riippuu hyvin monista tekijdisti.

Pidasiallisesti vain lajittelutuloksia kisittele-
vistid vihilukuisista tutkimuksista mainittakoon
Englannissa idskettiin julkaistu tys, jossa
tutkittiin padravinteiden vaikutusta Majestic-pe-
runan satoon (HANLEY ym. 1965). Sato lajitel-
tiin mainituissa kokeissa mukulan koon mukaan
9—10 eri suuruusluokkaan, ja lannoitusvaikutuk-
sen lisdksi tutkittiin my6s nostoajan vaikutusta.
Hyvin laajan aineiston (yli 14 000 tulosta) ana-
lyysi osoitti, ettid typpilannoitus lisdsi mukuloi-
den lukumiirii ja niiden keskipainoa kaikissa
suuruusryhmissd. Fosfori lisisi myds mukuloiden
lukumdirid, mutta sato nousi vain pienten (alle
1.75") mukulain lajitteessa. Kalin vaikutus oli
suunnilleen sama kuin fosforin, varsinkin suu-
rikokoisten mukulain (yli 2.5”) ryhmissd. Muu-
toksia lajittelutulokseen aiheuttivat siten lihinni
fosfori- ja kalilannoitus, mutta vaikutus jii nii-
denkin osalta verraten pieneksi. Korjuuajan vai-
kutus tuli sitd vastoin hyvin selvisti esiin — kas-
vuajan pidentyessi suurten mukulain maird
lisadntyi. Huippu saavutettiin jo pari viikkoa
ennen viimeisti nostoa.

Lannoituksen vaikutus lajittelutulokseen jii
verraten pieneksi myds Norjassa 1952—58
jirjestetyissi kokeissa. Lajike-erot olivat sitd
vastoin suurempia ja erot koepaikkojen kes-
ken erdissi tapauksissa hyvinkin huomattavia
(HErnNEs ja Erre 1961). Eriidssd toisessa notja-
laisessa koesarjassa lisdsi runsas typpilannoitus
mukulan kokoa huomattavasti ja muutti siten
lajittelutulosta. Mukulan keskipainot olivat mai-
nituissa kokeissa hyvin pienid, vain 34—45 g.
Fosfori- ja kalilannoituksen lisdiminen ei aiheut-
tanut mainittavia muutoksia mukulan koossa
(Rysspar 1963). Edelld mainitut esimerkit osoit-
iavat, etti lannoituksen ja nostoajan vaikutus
lajittelutulokseen tiippuu suurelta osalta vallit-
sevista kasvuoloista.

Koetulokset ja niiden tatkastelu

Aineisto tihin tutkimukseen saatiin Kasvin-
viljelylaitoksen ja eriiden koeasemien kokeista.
Kokeiden jitjestelyd ja kasvuoloja on selostettu
jo aikaisemmin (Yrr6 1963, 1964, 1965).
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Taulukkoon 1 on koottu tuloksia pitkiaikai-
sista koesarjoista. Kysymys on Ruusulehden ja
yhdessi tapauksessa (Ylistaro) myds Eigenhei-
merin sadoista. Keskiarvojen luotettavuuden ku-
vaamiseksi laskettiin hajontakertoimet (s 9).



Taulukko 1. Tuloksia perunan lajikekokeista eriilld koepaikoilla Suomessa 1931—65 (s %

Table 1. Results of potato variety trials at certain trial locations in Finland, 1931—65 (s %

hajontakerroin).

variance coeff.).

Koc.- Mukulasato Tirkkelysti Lajitteluaste — Gradingt)
Kocpaikka ‘";35“’ Tuber yield Starch cont. b
Trial Jocation of Ir‘:';x 7
years tn/ha l s% % s% % s % % s % % s %
|
Tikkurila .........00ioen. 14 346 | 24 15.7 10 15.1 45 48.2 27 36.7 43
Peipohja ................ 28 34.2 22 18.0 12 17.6 49 47.4 20 35.0 | 46
Pilkine ................. » 35.9 17 15.8 10 8.8 52 35.0 34 56.3 24
Ylistaro 1 ........... ... 30 31.4 21 16.0 16 8.1 51 34.0 27 57.6 22
P2 e » 317 ) 21 17.0 14 7.8 55 34,3 26 57.9 22

1y Lajitteluaste — grading: Tikkurila a= < 40, b= 40—55, c= > 55 mm, muut — other < 35, 35—45, >45 mm.
Lajike — variety: Ruusulehti — Rosafolia (Ylistaro 2 Eigenheimer).

Kasvinviljelylaitokselta (Tikku-
rila) on lajittelutuloksia vuosilta 1949—58 ja 1962
—65. Muina vuosina kiytettiin muita seuloja tai
lajittelua ei suoritettu lainkaan. Seulojen koot oli-
vat tarkasteltavana ajanjaksona 40 (ala-) ja 55 mm
(yliseula). Kokeiden jarjestelyssd ja viljelyteknii-
kassa ei tapahtunut vuosien kuluessa mainittavia
muutoksia. Esimerkiksi istutustiheys pysyi koko
ajan samana, 30 X 65 cm. Muutokset koskivat
lihinni lajikkeita, osittain maalajia ja luonnolli-
sesti sddsuhteita.

Satakunnan koeasemalta (Peipohja, vuo-
det 1931—39, 1945—63), Himeen koease-
malta (Pilkine, vuodet 1937—40, 1942—65) ja
Eteli-Pohjanmaan koeasemalta (Ylis-
tato, vuodet 1936—G65) on vertailukelpoisia lajit-
telutuloksia hyvin pitkilti ajalta. Mainituilla koe-
asemilla kiytettiin alaseulana 35 mmu:n ja yliseu-
lana 45 mm:n seulaa. Viljelytekniikka oli suun-
nilleen sama kuin Tikkurilassa. Maalajissa ja lan-
noituksessa oli kuitenkin eroja.

Perunan satotaso oli kaikilla koepaikoilla suun-
nilleen sama. Tirkkelyspitoisuus oli Peipohjassa
kuitenkin selvisti suurempi kuin muilla koepai-
koilla. Lajittelutuloksia tarkasteltaessa on otet-
tava huomioon Tikkurilan poikkeavat lajittelu-
asteet.

Peipohjassa oli pienid mukuloita Ruusulehden
sadossa huomattavasti enemmin kuin Pilkineelld
ja Ylistarossa. Eigenheimerin lajittelutulokset
Ylistarossa olivat samankaltaisia Ruusulehdén
kanssa.

Erityisen kiintoisia ovat hajontakertoimet.
Keskimadriinen hajonta oli mukulasadossa

21 9%, (vaihtelu 17—24), tirkkelysprosentissa
12 9, (10—16 9,), pienten mukulain ryhmissi
50 9, (45—55), keskikokoisten ryhmissi 27 9/
(20—34) ja suurikokoisten ryhmissd 31 9, (22—
46). Lajittelutulosten vaihtelu (hajonta) oli siis
huomattavasti suurempi kuin varsinaisten sato-
tulosten vaihtelu. Kysymyksessi oli lihinné vuo-
sivaihtelu, joka oli erityisen suuri pienten muku-
lain ryhmissi.

Taulukkoon 2 on koottu lajittelutulokset peru-
nan pidkokeesta Tikkurilasta. Tarkasteltavaksi
otettiln kaikki sellaiset lajikkeet ja linjat, jotka
olivat 1949—58 vihintidn kolme vuotta ko-
keissa. Koejisenid verrattiin Ruusulehteen, joka
oli mittarina. Erojen tilastollinen luotettavuus
tarkistettiin erotusmenetelmalld.

Ruusulehden sadossa oli pienid mukuloita kes-
kim. 17 %, (vaihtelu 7—28), keskikokoisia 51 9,
(33—70) ja suuria vastaavasti 32 9, (13—52).
Vuosivaihtelu oli siis tavattoman suuri, mihin jo
hajontakertoimet taulukossa 1 viittasivat.. Myos
taulukossa 2 esitetyt Ruusulehden keskiarvot
poikkeavat huomattavasti toisistaan, mikd joh-
tunee suuresta vuosivaihtelusta. On siis varsin
luonnollista, etti useimmat taulukossa mainitut
lajikepoikkeamat eivit ole tilastollisesti merkit-
sevid. Esimerkiksi Ostboten poikkeama suurten
mukulain ryhmissi (8 9%,-yksikkod) ei ollut riit-
tivin luotettava (P = 8.5 9%,) huolimatta siitd,
etti koevuosia oli kahdeksan. Aineistossa ei ta-
vattu ainoatakaan Ruusulehdesti erittiin merkit-
sevisti (P = alle 0.1 %,) poikkeavaa tulosta. Ver-
rattaessa toisistaan eniten poikkeavia lajikkeita
ero oli selvempi. Tillaisia lajikkeita olivat esim.
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‘Taulukko 2. Petunan lajittelutulokset Kas\nhvlljélylaltoksella 1949--58 (lajikkeita vertailtu Ruusuléhteen).
Table 2. Results 0f potato gradings at the Dept ‘of Plant Hm‘baﬂdry, 1949—58 ( comparisons made with Ro.rafolla )

La]lttelu— % — Grading- %
Lajil:{e Vuodet lI\(Tgo,c:f"I:«Z: < 40 mm ' 40—55 mm > 55 mm
Varicly Years sears | Mittari | Poikk. | Mittari | Poikk. | Mittari | DPoikk.
Stand. Dif. ' Stand. Diff. Stand. Diff.

Ruusul.,htl — Rosafolia .......... 194958 10 17 — 51 — 32 | @i
Aquila ....oiiiiiiiiiiii i, » » » —1 ». —3 » +4
Ostbote ...vovvviiininininnenns 1949—56 8 18 .| 49** 48 —1 34 —8
Alpha ...ovviivinii i, » » » — Q% » —12% » + 21 %%
Nuutt1 — Fritbnudel ............. » » » | —T* » —17% » .| +24%
Goldwihtung .........oovevnnn 1949—52 4 21 —7* - 40. | —6 .39 | 413*
Johanna ......... ..., » » » —1 » +1 ». +0
Jaakko (Jo 058) ................ 1950—58 9 17 —3% 51 +1 32 +2
Peippo (Jo059) ........oeint 1950—56 7 17 —6* 49 —7 34 +13*
[ P, 1951—56 6 17 | —8 51 | —14% | 32 | +422%
Ta 01783 .ooiiiiiiiiin., Vool | 1952—56 5 17 ~| —5 | - 54 —10 29 +15%
Koto (Jo 095) « v, 1954—56 3 10 | +2 | 57| +4 | 33 | —6
Jo086 ... » » » +2 . » +1 » —3
Ta01950 .....ooiviiiiiiinnn.e, 1956—58 3 11 | 40 56 | —6 33 +6
Recotd ............. A, O It » » - —4 | » T 18 » 422

i

Alpha:ja Ostbote pienten ja suurikokoisten mu-
kulain: ryhmissi.
loita oli eniten Ostboten ja vihiten Alphan, Nuu-
tin,Goldwihrungin, Jaakon ja Peipon- sadossa.
Keskikokoisten ryhmissi oli myds huo-
mattavia lajike-eroja, mutta niistd olivat tilastol-

Pienikokoisia muku-

lisesti merkitsevid vain Alphan, Nuutin ja Olym-
pian poikkeamat mittarista, Suuria muku-
loita oli suhteellisesti eniten Alphan, Nuutin, Pei-
pon, Olympian, Goldwihrungin, Ta 01783:n ja
Recotdin sadossa.

Liajittelutulos riippuu siis hyvin suuressa mai-
rin lajikkeesta, joskin siti on lyhytaikai-
sissa kokeissa vaikeata riittivilli varmuudella
todeta. Erot johtuvat lihinni siitd, ettd mukulan
keskipaino ja erikokoisten mukulain -suhteet
vaihtelevat eri lajikkeiden sadossa." Myos muku-
lan muodolla on merkitysti, mutta sekin- on laji-
keominaisuus. :

Taulukkoon 3 koottiin tuloksm K asvin-
viljelylaitoksen perunalajikkeiden ver-
tailusta vuosilta 1962--65. Lajikkeet on merkitty
taulukkoon keskimiirdisen satoisuuden mukaan.
Tarkasteltavaksi” otettiin”vain sellaiset jalosteet,
jotka olivat ‘kokeissa kaikkina mainittuina vuo-
sina. Kun osa tuloksista on saatu niyteruuduilta,
el pieniin satoisuuseroihin ole syyti kiinnittdd
kovin suurta huomiota. Mainittakoon, etti koe-

240

alueet olivat verraten tasalaatuisia multamaita,
Tulokset kisiteltiin varianssianalyysilla.

Taulukon 3 alaosaan lasketuista keskiluvuista
ilmenee erittdin suutivuosivaihtelu. Pie-
niid mukuloita oli eri vuosina keskim. 5—28 pai-
n0-%,, keskikokoisia 35—46 9, ja suuria 26—
53 9. Adriarvojen viliset erot olivat kaikissa
tapauksissa tilastollisesti erittdin merkitsevid.
Kun maalaji ja viljelytekniikka pysyivit eri vuo-
sina jokseenkin samoina, johtuu suuri vuosivaih-
telu lihinnd sddtekijoistid. Lisiksi on
mainittava erdiden lajikkeiden osalta virustaudit,
jotka aiheuttivat muutoksia lajittelutulokseen eri-
tyisesti 1964—65.. Edullisena kasvukautena 1962
(keskim. mukulasato 40.8 ta/ha) oli pienikokoi-
sia mukuloita vihiten (keskim. vain 5 9,) ja suu-
ria vastaavasti eniten, keskim. 53 9.

Eri lajikkeista oli pienid mukuloita vihi-

- ten (5—8 9%,) Ta 02263:n, Recordin ja Tehon sekd

eniten (19—35 9,) Lorin, Ostboten, Kodon, Jaa-
kon, Aquilan, Erdkraftin ja Amylan sadossa. Ha-
jonta oli varsinkin pienten mukulain ryhmissi
hyvin suuri (vithe 20.1 9,). Lajike-erot olivat
huomattavia (5—35 ‘%) ja useissa tapauk31ssa
tilastollisesti merkitsevid.
Keskikokoisten mukulain ryhmissi
(40—55 mm) hajonta oli huomattavasti pienempi
kuin edellisessi, virhe 8.2 9. Keskikokoisia mu-
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Kuva 1. Mukulan painon (g) riippuvuus sen koosta (cm).

1 = Aquila Kasvinviljelylaitoksen kokeissa 1965. 2 = las-

kettu paino tdysin pyoreille ja 3 = pitkinsoikealle muku-
lalle.

Fig. 1. Correlation between weight of tuber (g) and its size

(em). 1 = Agquila in 1965 trial at the Department of Plant

Husbandry: 2 = calenlated weight for completely spherical tiber,
3 = for oblong tuber.

kuloita oli suhteellisesti vihiten Ta 02263:n, Re-
cordin ja Tehon sadossa. Kooltaan tasaisinta sa-
toa (keskikokoisia mukuloita 46—47 9,) saatiin
Lorista, Kodosta, Jaakosta, Aquilasta ja erdistd
muista lajikkeista. '

Isokokoisia mukuloita oli koko aineis-
tossa suuanilleen yhtd paljon (42 %,) kuin keski-
kokoisia (41 9%,). Myos hajonta oli samaa suu-
ruusluokkaa, virhe 8.7 9. Suurikokoisia muku-
loita oli vihiten (21—25 9%,) Kodon ja Afnylan
sadossa, miki johtuu osittain ndiden lajikkeiden
virustautisuudesta. Suuria mukuloita oli eniten
(56—67 %) Ta 02263:n, Recordin ja Tehon sa-
dossa. Viimeksi mainittujen kolmen lajikkeen
mukulapainot olivatkin hyvin suuria,
keskimddrin 99—101 g.

Taulukosta 3 nihdddn vield hajonnan vaikutus
mukulasatojen, tirkkelysprosentin ja mukulan
keskipainon virheisiin. Virhe oli selvisti pienin
tirkkelysprosentissa, vain 2.2 9%,. Lajittelutulok-
set olivat siihen vetrrattuna huomattavasti epi-
varmempia. Tarkasteltaessa satotuloksia taulu-
kossa 3 havaitaan melko selvi positiivinen vuo-
rosuhde mukulasadon miéirin, suurten mukulain
paljouden ja mukulan keskipainon vililla. Lajike-
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erot olivat myds mukulan keskipainossa useissa
tapauksissa sangen selvit huolimatta hyvin suu-
testa vuosivaihtelusta. Satotulosten arvostelussa
tulisi siis kiinnittdd huomiota myds mukulan
keskipainoon, miki on helposti lasketta-
vissa tirkkelysmdirityksen yhteydessi.
Lajittelutulosten tulkinnassa on bdiritsevini
Mainittu seikka
selvidd havainnollisesti kuvasta 1, johon on piir-

tekijini mukulan muoto.

retty kolme mukulan koon ja painon vilisti riip-
puvuuskdyrid. Kiyrd 1 kuvaa Tikkurilan tulok-

_sia Aquila-perunasta v:lta 1965, jolloin mukulain

ominaispaino oli 1.08. Lajike on lihinni pyorei-
muotoinen, joskin isokokoisten mukulain jou-
kossa on pyorednsoikeitakin. Katkoviivat esitté-
vit laskettuja tuloksia tdysin pallomaisista (kiyrd
2) ja pitkdnsoikeista mukuloista (kidyrd 3) edel-
Iyttien, ettd ominaispaino pysyy kaikissa tapauk-
sissa samana. Esimerkissi pitkdnsoikean muku-
lan pitausakseli on otettu kaksi kertaa suurem-

- maksi kuin leveysakseli. Kuvasta nihdé4n, miten

mukulan muodon vaikutus kasvaa koon suure-
tessa. Muodon vaikutus on siis huomattava eri-
tyisesti suurten mukulain ryhmissi. Mikdli eri
lajikkeiden lajittelussa halutaan pidsti osapuil-
leen samanpainoisiin mukuloihin, tulisi seula va-
lita lajikkeen mukaan, kuten kidytinndssd usein
tehdddn. Tarkkuutta vaativissa tutkimuksissa ei
tilld toimenpiteelld saavuteta mainittavaa etua,
silli mukulan muoto vaihtelee samassakin pe-
runaerissi. Erikokoisten seulojen kiytté veisi
lisiksi pohjan vertailulta. Paras ratkaisu olisi sel-
laisen lajittelijan kiytto, jossa mukulat lajitellaan
niiden painon mukaan.

“Edelld mainitussa Peipohjan, Pilkineen ja Ylis-
taron aineistossa pyrittiin selvittimdin erdiden
tekijoiden vaikutusta lajittelutulokseen tavallisen
korrelaatiolaskun avulla. Siind yhteydessd todet-
tiin, etti pienten ja suurten mukulain paljouden
vililld oli kaikissa tapauksissa selvi ja tilastolli-
sesti merkitsevi negatiivinen vuorosuhde. Se oli
tiydellisin Eigenheimerin sadossa Ylistarossa,
r = —0.92%¥%* Kerroin oli pienin Pilkineelld,
t = —0.54%*, Vuosina, jolloin sadossa oli pie-
nii mukuloita paljen, oli siis suuria keskinker-
taista vihemmin.



Pienten mukulain paljouden ja mukulasadon
midrin kesken oli*kaikissa tapauksissa melko
selvi negatiivinen vuorosuhde. Sc oli selvin Ei-
genheimerin sadossa Ylistarossa (r = —0.62%+¥)
ja heikoin Pilkineelli (r = —0.43*%). Heikossa
sadossa oli siis pienid mukuloita keskinkertaista
runsaammin. Suurikokoisten mukulain laita oli
piinvastoin; positiivinen vuorosuhde oli selvin
taaskin Eigenheimerilld Ylistarossa (r = 0.64%*%)
ja heikoin Pilkineelld (r = 0.08). Pilkineelli jdi-
vit vuotrosuhteet yleensikin epidselviksi, mikd
johtuu ilmeisesti siitd, etti hiiritsevid tekijoitd
oli enemmin kuin muilla koepaikoilla. Mahdolli-
sesti my0s suhteellisen pieni satovaihtelu vaikutti
asiaan (vrt. taul. 1). Tulokset viittaavat siihen,
etti mukulan koko riippuu suurelta osalta sa-
moista tekijoistd kuin mukulasadon miirikin.

Kesikuun keskilimpotilan ja pien-
ten mukulain paljouden kesken ei ollut tilastolli-
sesti merkitsevid vuorosuhdetta. Kaikki kertoi-
met olivat tosin negatiivisia, mutta pienid. Riip-
puvuussuhde oli selvin Ylistaron Ruusulehdessi
(t = —0.33). Luvut viittaavat joka tapauksessa
siihen, etti korkea limpétila lisid satoa ja alen-
taa pienten mukulain midrid. Limpotilan vaiku-
tus sturten mukulain ryhmissi oli piinvastainen,
joskin korrelaatiokertoimet jdivit tdssikin ta-
pauksessa pieniksi. Vuorosuhde oli selvin Ylis-
taron Eigenheimerissi, r = 0.42%. Keskinker-
taista korkeampi kesikuun limpétila lisisi siis
mukulan kokoa sadossa.

Heindkuun sademiddrin vaihteluilla eri
vuosina oli vain Peipohjassa selvd vaikutus suur-
ten mukulain miirdin, vuorosuhde r = —0.46%,
Normaalia runsaammat sademiirit heinikuussa
alensivat siis suurikokoisten mukulain midrii.
Mainittu mielenkiintoinen seikka kiy yhteen tun-
netun perunajalostajan J. Aamisepin havaintojen
kanssa, joiden mukaan runsaat sateet mukulan-
muodostuksen aikana lisidvit mukuloiden luku-
midrdd aiheuttaen samalla niiden keskipainon
laskua (Aamisepp 1939). Aamisepin kisityksen
mukaan mukulan koko riippuu lihinni lajik-
keesta, kasvukauden sademiiristi ja ruton esiin-
tymisrunsaudesta.

Elokuun sademidrin vaikutus oli Pei-

pohjassa ja Ylistarossa melko selvi. Keskimii-
riisti runsaammat sateet alensivat pienten mu-
kulain suhteellista miirid Ruusulehden sadossa.
Korrelaatiokertoimet olivat —0.44* ja —0.41%,
Vaikutus suurten mukulain ryhmissi oli pdin-
vastainen, kertoimet 0.46* ja 0.38*. Eigenheimer
reagoi elokuun sademdiriin Ylistarossa heikom-
min kuin Ruusulehti, vaikutuksen suunta oli kui-
tenkin sama. Pilkineelld jdivit vuorosuhteet epi-
selviksi, mikd viittaa siithen, etti Ruusulehti mu-
kautui sielli sddolojen vaihteluihin paremmin
kuin muilla koepaikoilla. Tikkurilassa oli koe-
vuosia siksi vihin, ettei korrelaatiolaskua kan-
nattanut tehdi.

Mainittakoon lopuksi, ettei mukulasadon mii-
rin ja tirkkelyspitoisuuden kesken todettu
ainoassakaan tapauksessa mainittavaa riippu-
vuussuhdetta.

Esimerkkini maalajin vaikutuksesta lajit-
telutulokseen on kuvaan 2 piirretty tuloksia hie-
ta-, multa- ja savimaalta Tikkurilasta. Tutkimus
aloitettiin 1962, jolloin edellisend vuonna multa-
maalta saatu siemen (kolme lajiketta) jaettiin ja
viljelyd jatkettiin seuraavina vuosina eri maala-
jeilla kdyttien samaa viljelytekniikkaa. Tuloksista
mainittakoon, etti lajike-erot eivit suuren vuosi-
vaihtelun vuoksi olleet tilastollisesti merkitsevid
lukuun ottamatta eroja suurten mukulain pro-
senteissa savimaalla. Maalajin vaikutus tuli sitd
vastoin selvisti esiin, erityisesti Ruusulehden sa-
dossa. Erot olivat selvit my6s kolmen lajikkeen
keskiarvojen valossa lihinni siten, ettd hietamaan
tulokset poikkesivat huomattavasti muista tulok-
sista. Multa- ja savimaan erot jiivit sitd vastoin
vertaten pieniksi. Hietamaalta saatiin pienii mu-
kuloita selvisti enemmin (keskim. 29 9,) kuin
multa- (14 9,) ja savimaalta (11 9,). Suurikokoi-
sia mukuloita oli sitd vastoin vihemmin (keskim.
23 %) kuin multa- ja savimaalla (46 ja 49 9%).
Kokonaisvaihtelu oli huomattavan suuri. Pienid
mukuloita oli sadossa, tiippuen vuodesta, maala-
jista ja lajikkeesta, 539 9, ja suuria vastaavasti
9—74 9. Lajitteluaste-erot kuvastuvat myos mu-.
kuloiden keskipainossa, jossa vaihtelu oli tavat-
toman suuri, d4riarvot 33—122 g. Kun lajikkeita
viljeltiin jatkuvasti samalla maalajilla, ilmeni’ jo
1964—65 erityisesti  multamaalla taantumista,
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Kuva 2. Ruusulehden (R), Jaakon (J) ja Aquilan (A) lajittelutulokset

sekid keskimiiriiset (@) lajittelutulokset Tikkurilassa 1962—G65 hieta- (a),

multa- (b) ja savimaalla (c). Pylviiden alaosa = yli 55 mm:n, keski-
osa = 40—>55 mm:n, yldosa = alle 40 mm:n mukulat.

Fig. 2. Tuber grading results of Rosafolia (R), Jaakko (]), Aguila (A)

and average () in trials at Tikkurila 1962—G65 on finesand soil (a), humus

(b) and clay (¢). Lower part of column = over 55 mm, cenire part = 40—55

’ mm, upper part = less than 40 mm.

joka alensi satoa ja mukulan keskipainoa muut-
taen myos lajittelutulosta epiedulliseen suuntaan.
Oma osuutensa siihen oli hallavaurioilla. Mainit-
takoon lopuksi, etti peruna kasvoi edelld seloste-
tuissa kokeissa tyydyttivisti, Keskimiddrdinen
mukulasato oli hietamaalla 41.8 tn/ha, multa-
maalla 39.2 tn/ha ja savimaalla 40.4 tn/ha.
Virustaudeilla on mukulan kokoon

erittidin suuri vaikutus. Siiti on Kasvinviljelylai-
toksella runsaasti kokemuksia. Esimerkkinid mai-
nittakoon koetuloksia v:lta 1965, jolloin kahden
lajikkeen mukulan keskipainot olivat, riippuen
siemenen terveydentilasta, seuraavat: Jaakko 90 g
(terve) ja 75 g (sairas), Pito 88 g (terve) ja 63 g
(sairas). Erot kuvastuivat luonnollisesti my&s
lajittelutuloksissa.

Tiivistelmi

Perunan lajittelutulosten hajonta oli Kas-
vinviljelylaitoksen sekd Satakunnan, Himeen
ja Eteli-Pohjanmaan koeasemien pitkiaikaisissa
kokeissa selvisti suurempi kuin vastaavana
aikana mukulasadossa ja tirkkelyspitoisuudessa
ollut hajonta. Luotettavan kuvan saamiseksi eri-
kokoisten mukulain jakautumisesta sadossa tar-
vitaan siis pitkédaikaisia kokeita. Tarkastelun koh-
teena oli- lihinnid Ruusulehti-peruna.

Lajikkeen lajittelutulokseen
ilmeni selvisti. Kasvinviljelylaitoksen kokeissa
194958, ja'.1962—65. Kuitenkin vain suutet
lajike-erot muodostuivat tilastollisesti merkitse-

.vaikutus
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viksi suuren hajonnan ja koevuosien vihyyden
vuoksi. Lajike-erot johtuivat suurelta osalta mu-
kuloiden erilaisesta mu o d o s ta. Huomattava
vuosivaihtelu viittaa si4 0l ojen erittiinsuu-
reen vaikutukseen. Eriiden siitekijdiden ja lajit-
telutulosten viliset rilppuvuussuhteet jaivit kui-
tenkin tavallisen korrelaatiolaskun valossa vet-
raten heikoiksi.
keampi limpétila lisisi yleensi mukulan

Kesikuun normaalia kor-

kokoa, selvimmin Eigenheimerin sadossa Ylista-
rossa. Heindkuun sademiddrdlli el
ollut mainittavaa vaikutusta lajittelutulokseen,

lukuuh. ottamatta Peipohjan kokeita, joissa not-



maalia runsaammat sateet alensivat Ruusulehden
sadossa suurten mukulain madrdd. Elokuun
sademddrdlld olisitd vastoin ainakin Pc1—
pohjassa ja Ylistarossa selvempi vaikutus. Kes-
kinkertaista runsaammat sateet lisdsivit muku-
lan kokoa. Mukulan koon ja mukulasadon vi-
lilli todettiin viimeksi ‘mainituilla kbepaikoilla
selvd vuorosuhde. Mukulasadon miirin ja tiifk7

kelyspitoisuuden kesken ei. sitd vastoin ruppu—
vuussuhdetta ilmennyt. :
Maalajilla oli Kasvmvﬂ]elylaltoksen ko-
ke1ssa 1962—65 selvd  vaikutus lajittelutulok-
seen. Suurikokoisia mukuloita saatiin hieta-
maalta vihemmin kuin multa- ja savimaalta.
Vuosivaihtelu oh néissikin kokeissa huornatta—

van suufi.
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SUMMARY

Results of potato grading and factors affecting them

LeEo YrLib
Agrxcultutal Research Centre, Department of Plant Husbandry, Tikkurila, Finland

The standards for grading potatoes vary in different
countries. In Finland no definite size classes for sorting
potatoes have yet been established. In the present studies
the tubers were sorted into three different size categoties.
The varieties with diffetent-shaped tubers were all handled
with sieves of the same sizes.

The standard deviation (s %) of the grading
results in long-term trials at the Department of Plant
Husbandry (Tikkurila) as well as at the agricultural ex-
periment stations of Satakunta (Peipohja), Hime (Pil-
kine) and South Ostrobothnia (Ylistaro) was distinctly

greater than the standard deviations in tuber yield and
starch content during the same period (Table 1). It is
evident that special long-range trials are necessary in
order to obtain a reliable pictute of the distribution of
different-sized tubers. In these trials the vatiety mainly
investigated was Rosafolia.

The effect of variety on the sorting results was
obvious in the trials at the Department of PlantHusbandry
in 1949—58 and 1962—65 (Tables 2 and 3). However,
owing to the wide scatter and the limited number of trial
years, only large varietal differences were statistically sig-
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nificant. These differences were also largely due to the
different shapes of the tubers (Fig. 1). The consider-
able annual fluctuations indicate the important influence
of weather conditions. However, ordinary cotrelation cal-
culations revealed that these was only weak relationship
between the various weather factors and the sorting
results. In general, temperatures higher than
normal in June increased tuber size, an effect which was
particularly pronounced in the yield of Eigenheimer at
Ylistaro. Precipitation in July had no appreci-
able influence on the sorting results, with the exception
of the trials at Peipohja, where excessive rainfall caused
a decrease in the numbers of larges-sized tubers of Rosa-
folia. On the other hand, precipitation in August had a
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more definite effect, at least at Peipohja and Ylistaro.
Here abundant rainfall increased the size of the tubers.
At the latter location there was a clear correlation be-
tween size of tuber and total yield. In contrast, no corre-
lation was found between total yield and starch content.

The soil type at the Department of Plant Hus-
bandry in the 1962—65 trials had a clear effect on the
sorting results. Fewer large-sized tubers were produced
in finesand soil than in humus ot clay soils (Fig. 2). The
annual fluctuations were also very great in these trials,

Owing to the wide scatter of the grading results,
evaluations of potato yields should also take into con-
sideration the mean tuber weight, which is easy
to measure in connexion with starch determinations.
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THE VALUE OF VARIOUS TRAITS OF COWS IN PREDICTING
THE PROGENY-TESTS OF THEIR SONS

KALLE MAIJALA and MARJATTANETOLA

Agricultural Research Centre, Department of Animal Breeding, Tikkurila, Finland

One of the most important results of studies
on the optimum breeding structure in A. L. of
cattle is that the progeny-tests of bulls should
be based on artificially sired daughters and that
the best progeny-tested bulls should be used to
breed young bulls for A.I. (RoseErrsoN and
RenpEL 1950, SxjErvoLp 1963). About 75 9
of the genetic improvement in the optimum
situation is based on the selection of sires and
dams for the young bulls. The selection of sires
can be considered a solved problem because of
the good representativeness and accuracy of
progeny-tests in A.I, but there are still con-
siderable difficulties in judging bull dams relia-
bly. These difficulties are mainly caused by sys-
temaqicaliy distributed environmental influences,
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such as differences in feeding and management
between herds and years, seasonal effects, dif-
ferential treatment of cows within hetds, etc.,
but some of the difficulties may originate from
nonadditive genetic influences or from heredity-
environment interactions.

Considering that half the genes of the young
bulls come from their dams, increased attention
to this phase of selection is obviously required.
Only accurate judging of bull dams makes it
possible to fully utilize the great possibilities for
intensive selection among them. Therefore, the
present study aims at contributing to this prob-
lem by searching for the most essential figures
among the records kept on milk-recorded
cows. '

Review of literature

On the basis of estimates of heritability (h?)
and repeatability (b) of production traits and on
the genetic relationships among family members,
several theoretical studies have been made on the
weight to.be given, among other things, to the
yield of the dam in predicting the breeding value

of individuals (e.g. LE Roy 1958, PrrcHNER 1959,
SyrsTaD 1959). Thus, five consecutive records of
the dam, h? = 0.3 and b = 0.4, should make
it possible to judge the breeding value of a young
bull with the accutacy of 38 9, from the dam’s
performance alone. This would ‘mean a correla-
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Table 1. Estimates of the correlation between the yield of dam and the progeny-test of son according to the literature

Taulukko 1. Kirjallisuudesta loytyvid emin tnotosten ja pojan tytérarvon vilisen vuorosubteen arvioita

Production trait and the kind of its measurement
Tuotanto-ominaisuns ja sen mitta

Dam Progeny-test
Emalli Jdlkeliisarvostelussa
Fatcontent:— Rasvapitoisnus:
a (lifetime — elinkanden) .. ................ t
a (3 lactations — 3 Jypsykantta) .. .......... al
a ( » — » ) o al
a(  » — » ) al
a (5 lactations -— 5 [Jypsykantta) ............ a
Fatyieldi— Rasvatuotos:
a (lifetime, age cort. — elink., ikikorj.) ...... t
a( » ,herd » — » Rorikeskit. nibd.) ¢
a (2.9 records — 2.9 fuolosta) .. ............ r
t (one record — yksi tnotos) .............. r
Milk yield:
a (5 oper.records — 5 farkk. vuwod. twot.) .... r
r( —»— — —»— ) ...
a (2.9 records — 2.9 twotosta) ............ r
t (one tecord — yksi tnotos) .............. r
a (3 lactations — 3 lypsykantta) ............ al
a ( » — » ) o al
a ( » — ) e al

)
r (Ist lactation — 7 lypsykausi)
r (5 lactations — 5 lypsykantia)

= absolute yield (kg ot 1bs.) — kélomddrdinen tuotos

No. of pairs Correlation Reference
Parien luku Vuorosahde Lahdevisttaus
r
174 L 34g¥H* JoHaNsson (1954)
86 L65¥¥E OsinGa (1962)
125 L44FEH AzGUN (1963)
110 LAgEEE Vos & Porrriek (1964)
738 L21%F% O’Connor (1964)
174 .063 Jonansson (1954)
170 . 144(%) Korxman (1958)
80 —.127 AVERDUNK (1962)
» —.187 »
115 .069 Marjavna (1954)
» .188% »
80 —.107 AvVERDUNK (1962)
» —. 118 »
86 .04 Osinga (1962)
125 .00 Azctn (1963)
110 .06 Vos & Porrtiek (1964)
249 .039% O’ConnNoRr (1964)
738 L067%% » o

a
1 = relative yield (comparison to herd mates) — subteell. tnotos (vertailu parsitovereihin)
t = testing station (common environment) — koeaserma (ybtgiset olosubtect)
1=

dam-daughter comparison — emé-tytir-vertailu

tion of ca. 0.18 between the dam’s phenotype
and the progeny-test of her son, if the latter had
20 daughters with one record each.

The question of whether the results obtained
in practice really correspond to theoretical expec-
tation has also been studied by several workers,
as can be seen from Table 1.

With regard to the fat content there appears
to be no difficulty in judging dams of young bulls,
in spite of the fact that it is fairly easy to increase
the fat content of individual cows or entire herds
by purely nutritional means.

Instead, rather low correlations between the
milk or fat yields of dams and the progeny-tests
of sons have been obtained in many cases. This
applies especially to the cases in which the dam
has been judged according to her absolute yield,
but even a correction for the herd average has
* not been able to improve the correlation in the
Dutch material of Azgtin (1963). In the Swedish
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study of Korkman (1958) 2 reasonable correla-
tion was obtained when half the differences be-
tween herd averages were taken into account in
the dams’ records. A still higher correlation was
obtained by Marjara (1954) when the herd dif-
ferences were entirely eliminated. His estimate
seems to indicate that the correlations are not
meaningless, in spite of the fact that the dams

"in such a material are highly selected. On the

other hand, O’Connor (1964) did not obtain such
good results after the elimination of herd dif-
ferences, and AVERDUNK (1962) arrived at a nega-
tive correlation, even though the dams were
tested in a common environment.

Varo (1958) divided the dams of 853 progeny-
tested bulls into quartiles according to their abso-
lute and relative five-year records and foundsig-
nificant differences between the extreme quartiles
in the progeny-tests of sons. The relative yields
led to bigger differences than the absolute ones.



In a similar study of Maijara (1960), there were
also clear differences between quartiles of dams,
but a grouping based on the progeny-tests of the
sires of dams led to still bigger differences.
Some of the low correlations between dams
and sons can partly be explained by the decreasing
heritability of milk yield with age (JomaNsson
1955). Some researchers have interpreted them
as results of special treatment of bull dams in

their herds, but the noticeable difference between
the two values reported by Marjara (1954) seems
to indicate that the method of measuring the
phenotype of the dam may also be important.
Thus, it is of some interest to study which of
the many records available of a cow. will have
the highest predictive value with regard to -the
progeny-test of her son.

Material and methods

The data consisted of 255 progeny-tested A. I.
bulls of Finnish Ayrshire breed and their dams.
In the main, the progeny-tests of the year 1961
were used, but for some bulls the latest progeny-
test available was from the years 1955—1960. At
least 50 daughters were required from each bull,
and the method of testing was the routine me-
chanical testing employed in Finland since 1952
(Varo 1960). These tests are based on the Finnish
milk-recording data, in which the yields are meas-
ured on an operational year basis. Only complete
records are utilized, but the first record is con-
sidered complete if the cow has been in milk for
at least 9 months. The latest record used of any
individual daughter is the third complete record.
The following two measures from the progeny-
tests were used as dependent variables in the
study:

Y; = Milk = the average deviation of the daughters’
relative milk yields (= 100 X individual record/herd aver-
age) from the average relative milk yield of cows of the
same breed and age.

Y, = Fat-%, = the average fat- % of the daughters —
the average fat-% of the cotresponding herds.

The yields of dams were similarly measured on
an operational year basis. The following records
or data were included as independent variables
in the analyses:

A. Absolute yields:

X, = 1st milk record = the milk yield of the 1st com-
plete recording year, kg.

X, = 5-year record = the average milk yield of the 1st
five complete recording years.
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= Best 5-year record =
absolutely best five consecutive recording years.
X, = Life-time yield = the life-time total, kg milk.
X = Best fat record = the best annual yield of butter-
fat, kg

the average milk yield of the

= Herd average = the average milk yield-of the herd
in the same years when the best 5-year record (X3) was
obtained.

All the absolute yields were punched with two
digits, except X; with three digits.

B. Relative milk yields:

X ;-1 = the relative milk yields of the recording years
I—V.

X, = 5-year record = the average relative milk yield
of the 1st five complete recording years.

Xy, = Best 5-year record = the average relative milk
yield of the years when the best 5-year absoldte record
(X3) was obtained.

X,4 = 2nd 5-year record = the average relative milk
vield of the complete recording years VI—X. |

X5 = 10-year record = the average relative milk yleld
of the complete recording years I—X.

X, = Life-time average = the average relative milk
yield of all complete recording years.

All the relative yields were punched W1th three
digits, that is' in integers of percentage figures.

C. Fat contents:

X7 = Ist far-%,
plete recording year. .

Xyg = 5-year fat-% = the average fat content during
the 1st five complete recording years.

X, = Best 5-year fat-% = the average fat content
during the years when the best 5-year milk record (Xs)
was obtained.

= the fat content during the. 1st com-
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X oo = Life-time fat-%,

= the average fat content of all
complete recording years. :

D. Other traits:
Xoy = No. of calvings = the total number of calvings
during the cow’s life-time.

Xoq = Regular calvings = the number of calving inter-
vals shoster than 14 months.

X, = Average C. I. = the average length of the 1st
10 calving intervals in days.

X 44 = Culling age = the age of the cow at culling, years.
X5 = Birth year = the calendar year of the cow’s birth.

X,6'= Live weight = the average of live weight esti-
mates obtained in the 3rd and 4th complete recording
years by. measurement of chest girth and length of body.

X“" = Herd size = the average number of cow-feeding
years in the herd during the years when the best 5-year
record (Xa) was obtained.

All the other variables were available for at
least 245 dams, but the vanables X;4_15 only for
162 dams.

The bulls were grouped according to the A. 1.
units, each bull being assigned to the unit in
which he had worked most. There were eight
different units with the following numbers of
bulls:

81 468 1+ 48 + 20 417 4 8 + 7 + 6 = 255

Linear correlation coefficients were computed
between all the X’s and the two Y’s by the tech-
nique of covariance analysis (SNEDECOR 1957),
which made it possible to eliminate the differences
between A. I. units. No test for linearity was pet-
formed, but an ocular examination performed on
X, and X,, did not reveal any other kind of
regularity in their relationship to Y.

Results

The results of the correlation analyses ate
shown in Table 2.

A comparison of the columns »total» and
»withini units» reveals that the elimination of
differences between A. I. units was not necessary
for most of the traits. However, they were worth
considering with regard to the absolute records
as correlated to the milk-values of sons.

There are only two significant correlations
between the records of dam and the milk -
values of sons in the column »within units».
The highest correlation occurs at the 1st five-
year relative milk yield, and it is exactly the same
as that obtained by Marjara (1954) in another
material. The second significant value concerns
the relative milk record II, and the relative
records IV and V are close to statistical signifi-
cance.

None of the absolute yields of dams exceeded
r = .07, and there was no great difference be-
tween the herd average and the individual’s own
records. On the other hand, it can be observed
that the average relative yield of the best five
absolute years (X, ;) did not give a better pre-
diction than the absolute yields. This gives

250

support to the principle of having unselected
records in judging cows.-

The late records of a dam seem not to be of
great value for predicting the success of young
daughters of her son. The signs of the correla-
tions concerning the traits X,, ,, also suggest
that longevity and good milk production at
young ages may be antagonistic traits, at least
to some extent. .

The positive correlation between the birth
year of the dam and the success of the son indi-
cates that a sufficiently rapid turnover of genera-
tions really is of importance in animal improve-
ment. )

The positive correlation concerning live weight
is mainly caused by the poor milk-values of the
bulls whose dams weighed less than 400 kg.
Within the limits 400—500 kg, representing over
80 9%, of the dams, there appeared to be no cotre-
lation, but the cows weighing over 500 kg had
above-average sons.

Of the measures of fat content of the dams,
the life-time fat-%, showed the strongest nega-
tive correlation with the milk-value of the sons,
and the closest positive correlation (within units)
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Table 2. Correlations between different traits of bull dams and the progeny-tests of their sons
Taulukko 2. Sonnieniien eri piirteiden ja poikien tytirarvojen vilisid vuorosubteita

| Correlation to the son’s progeny-test
. Viuorosubde pojan tytirarvoon nibden
Trait of dam Mean Y, (il Y, @)
Emin ominaisuns Keskiarvo . o
< X (maito) (rasva-%,)
- Overall Within units Overall .Within units
Kokonais- Yhdistysten sis. Kokonais- | Yhdistysten sis.
A. Absoluteyields: i
Kilomadridiset tnotokset:
1. Trecord — I #notos . ovoovvvnnnnnnn. 4257 kg 5% .07 —.12% —.12
2. 5-year record — 5-vsuoden tuotos .. ...... 5003 » .15% .07 —.12% —.10
3. Best 5-year record — Paras 5-vuoden tuotos 5 682 » .10 .07 —.07 —.06
4. Lifetime yield — Elinkanden tuotos . .. .. 54.6 tn .04 .03 —.06 . —.05
5. Best fat record — Paras rasvatuotos . . . .. 302 kg .09 .05 —.01 .00
6. Herd average — Karjan keskituotos 439 » .05 .04 —.07 .06
B. Relative milk yields:
Subteelliset maitotuotoksei:
7. Imilk record— I maitotnotos .. .. .. 103 %, .06 .07 —.13% ,— 12
8 II » » — 11 » 110 » LATHE L16%F —. 13% —,13%
9. IIT » » —IIT » . 117 » .09 .08 —.05 —.03
10. IV.» » —1IV » 120 » 3% .12 —.01 .02
11. V. » » — V » 122 » 12 .12 —.06 —.07
12. 5-year record — 5-vuoden tuotos ........ 114 » L19%¥ L19%% —. 11 —.09
13, Best 5-year record — Paras 5-vuoden tuotos 119 » .03 .07 —.10 —.09
14, 11 5-year record — II 5-vuoden tuotos . .. 113 » .03 .02 .03 .03
15, 10-year record — 70-vuoden tuotos ... .. 114 » 11 .09 —.09 —, 10
16. Lifetime average — Elinkauden keskiarvo 111 » .06 .06 .00 —~—.01
C. Fatcontents:
Rasvapitoisundet:
17. Tfat-% — T rasoa-% oooovvvnvnnnnnns 4.64 9%, .00 —.00 L29%FK L2gHREE
18. 5-year fat-9, — 5-suoden rasva-%, .. .... 4,68 » .01 .01 25Kk L 24%%K
19. Best 5-yearfat-%,—Parh.5-vnodenrasva-%,  4.69 » —.03 —.02 LaTHE L2k
20. Lifetime fat-9, — Elinkanden rasva-%, ..  4.63 » —.08 —.10 L28%HF L29%EF
D. Other traits:
Muut piirteet:
21, No. of calvings — Poikimisten luku .... 10.7 —.07 —.08 —.03 —.02
22. Regular calvings — Sdinn. poikim. luku . 8.5 —.09 —.10 —.01 —.01
23. Average C. 1. — Keskimdidr. poik. vili .. 388 d. p. .03 .02 —.01 L0t
24, Culling age — Poistoikd .. ............ 13.9 y. . —.04 —.06 .05 .06
25. Birth year — Syntymidvnosi .. .......... 1939 .07 .06 .08 .06
26. Live weight — Elopaino .............. 456 kg .05 .04 .02 .01
27. Herd size — Karjan lehmiluku . .. ...... 33.4 c.lehm. —.06 —.14 —.00 .00

¥k P < 001; ** P < ,01; *P < .05 1= only 162 pairs — vain 162 paria

to the fat-9% value of the sons. It thus
appears that the life-time fat-9, is the best
measure of fat content in individual cows. The
1st-year fat-%,, however, appears to be equally
good. In general, the results regarding fat-9, are
in good agreement with those of other workets.
Recotding the individual fat-%, after the first
recotding year does not seem necessary, accord-
ing to the present study.

The negative correlation between the milk
yields of dams and fat-%, of sons’ daughters was
more obvious than that between the fét—% of
dams and milk-values of sons. Again, the first
records showed the closest associations.

“The fat-9, of sons was not so dependent on
the longevity of dams as the milk-values, but
the effect of the birth year on both traits was
similar. o
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Discussion

The data used in the present study for the
elucidation of some problems connected with
the ]udgmg of bull dams, can be blamed for at
lea.s__t’ the following defects:

a) The dams of bulls are usually strictly se-
lected, and hence the dam-son correlations are
destined to be low. Because of the aim of com-
paring different traits of dams, the absolute size
of the correlation coefficients is not a very deci-
sive factor, but it-is to be supposed that this
source of error most closely concerns those traits
which have been used as criteria in the actual
selection of the dams. A use of regression instead
of correlation coefficient would have reduced
this error, but then it would have been difficult
to cdmpare the different kinds of traits of the
darns.f.

b) The qualities of dams and sires may be cot-
related, so that the dam-son correlations might be
confounded by the sire effects. It is difficult to
believe, however, that this would have affected
differently the different traits of dams, the com-
parison of which was the main subject of this
study.

c) The bulls themselves were also selected,
since only bulls with at least 50 daughters were
accepted for the study. For it was considered
valuable to have this variable accurately deter-
mined, since it was to be expected that some of
the X’s would be rather unsafe. A lower limit
can 'be accepted in a study where only the most
promising traits of the present study are being

investigated.

d) The total number of dam-son pairs was too
low. Still smallet numbers have been used by the
other workers of Table 1, except O’CoNNOR
(1964). .

e) The series of production records of many
dams were disturbed by the war-time. This may
have affected not only the absolute yields but
also the relative records and their correlations to
the sons’ progeny-tests.

f) Because of the method of milk-recording
in Finland, there were no lactation records avail-

252

able for comparison. Especially the first lactation
records would have been of interest.

g) No cumulative records concerning the first
four complete years were included in the analyses.
On the basis of the good correlation of the 2nd
complete milk record, it seems probable:that a
3-year average would have competed favourably
with the 5-year record.

In spite of the deficiencies of the data and
methods, two satisfactory correlation coefficients
were found for the milk yields of dams. Both of
them concerned the so-called relative yi'elds,
which neglect all differences between herds. An-
other important point appeared to be thit' the
records used for judging a cow must be un-
selected, taken preferably from the beginning of
the productive life of the cow. The later records
do not improve the accuracy of judging, although
they may be important for obtaining an 1dea of
longevity of the animal.

What possibilities are there to improve the
accuracy of prediction given by the 5-year rela-
tive yield alone? At least the 5-year absolute
yield does not help in this respect, because of
its close correlation (r = .49) to the relative
yield, but the multiple correlation of these two
measutes to the sons’ milk-value is only .19. The
life-time fat-%, and the number of regular.cal-
vings are less dependent on the 5-year relative
record, and their correlation to the sons’ milk-
value is closer than that of the absolute yield,
but they do not have practical value in- actual
selection situations, because of their late deter-
mination.

The birth year of dam might lead to some
improvement, but it is hardly practical to include
it in a selection index. The live weight obviously
can be excluded, because of its low correlation to
the progeny test and because it may be correlated
with the milk yield of the dam. The same applies
to the herd average, although this has been used
by some workers. It can be inferred from the
expansion of A.I. that the importance of herd
averages is decreasing rather than increasing.



This disappearance of genetic differences be-
tween herds tends to increase the importance
of relative yields further, as shown theoretically
by PircHNER (1960). ’

The highest correlation was given by the herd
size, ‘but.it is very probable that this correlation
may even change sign in the near future, because
of the'disappearance of big bull-producing herds,
from which even the sons of the poorest cows
were sold for breeding. Nowadays, the smallness
of cattle herds is one of the biggest problems in
judging prospective bull dams in Finland. For
example, the following factors tend to render the
relative judging method more difficult in small
herds:

a) The genetic quality of herd mates is more
dependent on chance than in big herds.

b) It is more difficult to derive reliable cor-
rections for different kinds of environmental
effects, such as age and season.

c) "The cow herself has a big influence on the
herd average, that is on her comparing basis.

d) The herd mates may be close relatives of
the individual, e.g. daughters or full sibs.

Other sources of error in the relative judging
method are common to all herd sizes:

e)‘ Cows of different breeds may be included
in the herd average, leading to erroneous relative
yields in some cases. '

f) The prospective bull dam may be given
spepfal feeding and treatment.

g) The season of calving may have a big
influence on the records, especially when the
cow calves at the same season from year to year.

" All these arguments speak in favout of special
tests in a common environment for finding good
bulfdagm. As compared with the Danish pro-
geny-testing stations, this kind of testing should
be cheap, but its organization would obviously

cause considerable difficulty, since the best cows
of the herds are in question. The results obtained
from such a test in Germany are not very en-
couraging, however, and a similar trial made in
Finland in 1962/63 was discontinued after its very
first year. o

An improvement in the accuracy of judging
bull dams would be desirable not only because
of the high selection intensity possible. among
them, but also because the generation interval
dam-son can be made shorter than the interval
between sires and sons. This is due to the fact
that it is not necessary to wait for progeny-tests
for the dams. If so desired, this advantage can
be replaced by the possibility of paying attention
to the vitality traits of dams, which are difficult
to consider in the progeny-tests of sires. From
this viewpoint, even the later records of dams
can be utilized, although they are not important
in the judging of breeding value for pure milk-
producing ability. '

On the basis of the points presented above, it
seems that cows will have to be judged in their
own herds, mainly on the basis of their relative
yields. The best method of improving this judg-
ment is obviously to utilize the progeny-test of
the sire of the cow (Korxman 1958, Maijara
1960). The value of this is mainly based on the
accuracy afforded by great numbers of daughters,
but in addition it reflects more the influence of
purely additive genetic factors than the dam’s
own records. It is also more independent of sea-
sonal effects. Some additional improvement can
be achieved with the help of information of
daughters and full-sisters (BARR et al. 1962) and
of progeny-tests of full- and half—brofh@:s. .

Both the previous studies and the present one
show that there is no great difficulty involved in
judging the fat content. In fact, it appears that
the recording of fat content could be made easier,
since the 1st yearly fat-%, gave as g.QQd ai,p"re,_—
diction as any of the average records.
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Summary

Correlations of 27 different traits concerning
bull dams to the progeny-tests of their sons were
computed by the technique of covariance ana-
lysis. The data comprised 255 A.I. bulls of
Ayrshire breed, each of which had a progeny-
test based on at least 50 daughters.

There were two significant correlations within
A.T. units to the milk-values of the sons. The
first concerned the 1st 5-year relative milk yield
(r =.19¥%), and the second the 2nd relative

milk record (r = .16**). None of the absolute
yields of dams exceeded r = .07, and they:were
not able to improve the accuracy of prediction
based on the 1st 5-year relative milk yield alone.
It was concluded that this accuracy can best; be
improved by considering the progeny test of 'the
dam’s sire. .
The first yearly fat-9, of the dam appeared to
be sufficient to predict the fat-9, of the son’s
daughters (r = .28%¥¥), ‘
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SELOSTUS

Sonniemien eri ominaisuuksien kiyttdarvosta niiden poikien tytirarvojen ennusteina

Karre Marjara ja Marjatrra NETOLA

Maatalouden tutkimuskeskus, Kotieldinjalostuslaitos, Tikkurila

Otsikossa ilmeneviid kysymystd tutkittiin 255 jalkeldis-
arvosteltua keinosiemennyssonnia kisittivilli aineistolla,
jossa-sonnien tytirarvot perustuivat vihintddn 50 tyttd-
reen ja jossa sonnien emille oli laskettu 27 erilaista- tuo-
tosta tai mittalukua karjantarkkailusta saatujen tietojen
perusteella. Koko aineisto koski vain ayrshirerotua. Emien
ja poikien viliset vuorosuhteet laskettiin kovarianssimene-
telmilld, joka teki mahdolliseksi eliminoida mahdolliset
keinosiemennysyhdistysten viliset systemaattiset erot. Tu-
lokset on esitetty taulukossa 2.

Poikien maitoarvoja koskevissa yhdistystensisdisissd
vuorosuhteissa oli vain kaksi tilastollisesti merkitsevii.
Ensimmiinen niistd koski emin ensimmiisten viiden tiy-
den tarkkailuvuoden suhteellista maitotuotosta ja toinen
toisen tiyden vuoden suhteellista tuotosta. Korkein emin
kilomadriisen tuotoksen antama vuorosuhdeketroin oli
0.07 eli runsas 1/3 viiden vuoden suhteellisen tuotoksen

antamasta vuorosuhteesta. Emin parasta kilomddriistd
viiden vuoden maitotuotosta vastaava suhteellinen tuo-
tos antoi saman vuorosuhteen kuin kiloméddriinenkin tuo-
tos, joten arvosteluun kiytettivien tuotosten-tulee olla
valikoimattomia. Mikdin muista tutkituista emien piit-
teistd el kyennyt parantamaan viiden vuoden suhteellisen
tuotoksen yksinddn antamaa ennustusvarmuutta niin, ettd
silli olisi ollut kdytinndllisti metkitystd. JohtopiddtSk-
seksi tuli ndin ollen, ettd viiden vuoden suhteellisen tuo-
toksen antamaa kuvaa tiydentid parhaiten lehmin isin
jalkeldisarvostelutulos. Elinvoiman arvostelussa on kui-
tenkin syytd turvautua emin kestdvyyden mittoihin.
Emin ensimmdisen tiyden vuoden rasva-%, niytti yksi-
nddn riittivin ennustamaan pojan tytirarvon rasvapitoi-
suuteen nihden. Viiden ensimmiisen tai parhaan vuoden
keskirasvapitoisuudet olivat siti heikompia ennusteita,
mutta koko elinkauden keskiarvo oli hieman sitd parempi.
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A PROBABLE CASE OF MONOGENICALLY DETERMINED RESISTANCE
- TO AMERICAN GOOSEBERRY MILDEW IN BLACK CURRANT

ARNE ROUSI

Agricultural Research Centre, Department of Horticulture, Piikki®, Finland

American gooseberry mildew (Sphacrozheca
mors-nyae (Schw.) Berk.) commonly attacks black
currant. Although this disease is usually con-
sidered to be of secondary importance in black
currant, it may sometimes cause significant
damage. HuNTER (1955), for example, consideted
susceptibility to gooseberry mildew a limiting
factor in the growing of the rust-resistant black
currant varieties Crusader, Coronet and Consort
in the Prairie Provinces of Canada. In Europe,
the disease seems to have spread and increased
considerably in importance during the last few
years (Nrirsson 1955, WiLson et al. 1964). In
1964 and especially 1965 there was a very abun-
dant occutrence of gooseberry mildew in the
black currants at the Department of Horticul-
ture at Piikkié. Towards the end of the summer
young shoots were frequently injured. The Finn-
ish varieties Broédtorp and Lepaan musta were
free of the disease, and the North-Swedish varie-
ties Erkheikki, Jankisjarvi, Kangosfors, Nikkala,
Sundetbyn, Ojebyn and Ostersund were also
practically free. The effect on varieties like
Boskoop Giant, Goliath, Silvergieter and Wel-
lington XXX was severe, while Roodknop was
only mildly attacked. Field observations were
made on the occurrence of gooseberry mildew
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among progenies from various cross- and self-
pollinations.

Although there were different degrees of
contamination among individuals, these were
classified into two groups, viz. the healthy ones
and the attacked ones. Table 1 gives the num-
bers of healthy and contaminated individuals in
various progenies. Although it is impossible to
draw definite conclusions about resistance with-
out infection experiments, field observations
may give strong indications in cases like this
where the incidence of contamination is high
and evenly distributed in the field but shows
between individuals. It
seems plausible to assume that the resistance of

clear-cut differences

Brodtorp and Lepaan musta is caused by a domi-
nant gene M. The y? test showed that the only
progenies that differed significantly from the
expected ratio were the ones denoted »modified»
in Table 1. These deviating progenies consist of
the selfed progenies of Brodtorp and Lepaan
musta, as well as the cross progenies where
Silvergieter or Goliath was one of the parents.

The selfed progenies of Brédtorp and Lepaan
musta as a whole exhibited a decreased vigour
and reduced germination percentage (cf. also
e.g. Wirson et al. 1964). There are probably



Table 1. The progenies analyzed in regard to contamination with Sphaerotheca mors-nvae in 1965.

: Year 23:});:5:. Hypothetic Hyp;)thetic
Progeny when - gzgotypes ratio x*
crossed X
healthy contaminated
Lepaan musta selfed .......... 61,62 161 10 Mm modified
Brodtorp selfed .......... ... 61 27 1 Mm »
Lepaan musta x Brédtorp ... .. 62 86 34 Mm X Mm 3:1° 0.71
Wellington XXX selfed ....... 63 0 100 mm 0:1
Goliath selfed .......... e 63 0 102 mm 0:1
Silvergieter selfed ........... .. 63 0 12 mm 0:1 :
Brédtorp x Wellington XXX .. 61 120 116 Mm X mm 1:1 0.07
Lepaan musta x Wellington XXX 62 36 43 Mm X mm 1:1 0.62
Wellington XXX x Lepaan musta 62 43 58 mm X Mm 1:1 2.23 (0.2>P>0.1)
Lepaan musta x Boskoop Giant . 62 57 45 Mm X mm 1:1 1.41
Brédtorp x Silvergieter ....... 62 66 184 Mm X mm modified
Lepaan musta x Silvergieter ... 62- 49 80 Mm X mm »
26 mm X Mm | »

Goliath x Lepaan musta ....... .62 1

lethal and sublethal recessive genes which become
homozygous as a result of self-fertilization. In
the selfed progeny of Lepaan musta, for example,
short-lived albino seedlings with a complete lack
of chlorophyll were observed. Their incidence
was very low and irregular, suggesting a reduced
germination of seeds with this genotype. It could
be assumed that in both Brodtorp and Lepaan
musta lethal or sublethal genes occur closely

linked with the recessive 7 gene, greatly reducing

the number of mm individuals reaching the adult
stage in the selfed progenies. The sublethals in
the two vatieties may be partly different, which
would explain that the mm class from the cross
Lepaan musta x Brodtorp was not reduced in
number. ‘

The classes of contaminated individuals were
copsiderably larger than expected in all three
cross progenies which contain Silvergieter or
Goliath as one of the parents. It might be pos-
tulated that there are modifying factors in these
two varieties, masking the effect of the resistance
gene M in certain combinations.

It is interesting to compare the ratios presented
here with those obtained by Brauns (1959) from
crosses between mildew-resistant gooseberry
clones and non-resistant gooseberry varieties.
The difference is very clear: the observations
of Brauns do not show any indication of a
monogenic or otherwise genetically simple re-
sistance to gooseberry mildew in the gooseberry.
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It seems rather that the resistance is controlled
by a number of more or less recessive, but addi-
tive genes. BRAUNS first used artificial infection
of the progenies and completed his observations
in the field. BAugER (1950) was able to show that
the resistance to Sphaerotheca mors-nyvae in goose-
berry depends on the type of growth of the
epidermal cells. The resistance of black currant
to the same disease might also depend on the
structure or development of the epidermis, but
apparently the genetic control of the decisive
character is essentially different.

Nrvrsson (1955) noted that the diploid hybrids
Ribes nigrum x grossularia were practically immune
to the American gooseberry mildew, whereas the
allotetraploids produced from these were more
frequently affected. It seems apparent in this case
that the resistance depended on some develop-
mental character of the diploid hybrid, which

_disappeared at the tetraploid level. BAugr (1955),

on the other hand, obtained resistant hybrids
only from R. nigrum x grossularia crosses in which
resistant gooseberry varieties were used.’
Resistance to gooseberry mildew in pure black
currant has so far been reported only by HuntER
(1955), who detected it in a R. nigrum seedling of
Polish origin and in a variety from a nurseryman
in Saskatchewan, both of which proved highly
resistant at Ottawa. WiLsoN et al. (1964) studied
the incidence of gooseberry mildew in black
currant progenies involving the varieties Bald-
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win, Boskoop Giant, Seabrook’s Black and
Victoria. The incidence was generally rather low
and the observed ratios did not indicate any
simple genetic mechanism controlling suscepti-
bility. The same can be said about the corre-
sponding observations of KRONENBERG and
Horman (1965). Wirson et al. (1964) pointed
out, however, that the progenies of Victoria
were especially susceptible to mildew. There was
also an indication of cytoplasmic inheritance:
with Victoria as female parent, the incidences
were somewhat higher than in reverse crosses.
In the present material, the reciprocal crosses
of Lepaan musta and Wellington XXX did not
show any difference in this respect. It was inter-
esting to note that the progenies of Goliath
(supposedly a seedling of Victoria) and Silver-
gieter contained a higher proportion of infected
seedlings than the other progenies. It seems that
the Victoria-Goliath group and Silvergieter con-
tain factors which tend to bring about a special
susceptibility to mildew.

The unusually severe infection in the field was
probably responsible for the appearance of the

definite genetic ratios presented in this paper.
In addition to the genetic ratios obtained, the
consistent occurrence of field resistance in all
Finnish and Swedish varieties grown at Piikki6
lends support to the hypothesis that a dominant
resistance gene is involved. Both some of the
ratios reported in the present paper and those
presented by Wirson et al. (1964) as well as by
KroNENBERG and HorMman (1965) indicate, how-
ever, that other factors are also involved. It seems
possible that the dominant resistance gene is
widespread in North-European wild populations
of Ribes nigrum and has descended to the local
cultivated varieties mentioned above. None of
these are known as to their exact origin, but they
differ sharply from most commercial varieties.
Brodtorp and Lepaan musta are morphologically
rather close, as are the North-Swedish varieties.
It is quite possible that these are all partly de-
scended from local wild populations of Ribes
#nigram. The postulated dominant resistance gene
would be very valuable in breeding work, since
it could be relatively easily transferred to other
varieties of black currant.

Summary

Observations on the incidence of American
gooseberry mildew among progenies of black
currant suggest that a dominant resistance gene
is present in the Finnish varieties Brodtorp and
Lepaan musta. The varieties Goliath and Sil-
vergieter seem to contain genes which are capa-

ble of modifying the effect of the supposed
resistance gene M. Since the North-Swedish
local varieties also seem to be resistant, it seems
possible that the hitherto unknown resistance
gene is derived fromwild North-European popu-
lations of Ribes nigram.
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SELOSTUS . S

Todennikdisesti dominantin geenin aiheuttama resistenssi karviaishidrmiid vastaan
mustaherukassa

ARNE Roust

Maatalouden tutkimuskeskus, Puutarhantutkimuslaitos, Piikkit

Mustaherukan risteytys- ja 1tsepolytys)alkclalstollla teh-
tyjen havaintojen perusteella on todennikdisti, ettd suo-
malaisissa lajikkeissa Brodtorp ja Liepaan musta on domi-
nantista geenistd M johtuva resistenssi karviaishdrmii
( Sphaerotheca-mors-uvae) vastaan. Toiset geenit voivat
modifioida timin geenin vaikutusta sellaisissa risteytys-

jalkeldistSissd, joissa on mukana jompikumpi lajikkeista
Goliath tai Silvergieter. Koska my6s pohjoisriotsalaiset
paikallislajikkeet niyttdvit olevan resistenttejd, tuntuu

‘mahdolliselta, ettd alkalscmmm tuntématon resistenssi-

geeni on perdisin poh)ommalsxsta Iuonnonvardisista Ribes
nigrum -populaatioista.
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COMPARATIVE STUDIES ON THE CATION EXCHANGE PROPERTIES
OF MINERAL SOILS BY THE METHYLENE-BLUE ADSORPTION
METHOD AND BY THE AMMONIUM ACETATE METHOD

OSMO MAKITIE and RAIMO ERVIO

Agricultural Research Centre, Department of Soil Science, Tikkurila, Finland

PerER and MarRkERT have reported in several
papers the results of their extensive work on the
so-called methylene-blue method (MB-method)
for the rapid estimation of the cation exchange
capacity of soils. The method is based, as we
know, on the measurement of the adsorption of
the dye by the surfaces of soil colloidal particles.
They have also made practical application of the
method as a successful, simple test to be used in
connection with the lime requirement determi-
nation of soil samples (ref. PETER and MARKERT).

The use of otganic basic dyes for the determi-
nation of the sutface adsorption in different ma-
terials, including pure clays and soils, is not 2 new
method. It is on the contraty, one of the oldest
ways of measuring the adsorption capacity or the
amount of exchange sites per weight of small-
size particles and colloidal materials. We should
mention that the method has already been used
for soil investigations also in our institution by
Stremme and Aarnio (STREMME and AARNIO
1911, Asurey 1909).

In connection with our work on the cation
exchange properties of acid soils, we have studied
the methylene-blue method and compared it with
the common IN ammonium acetate method,
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which has been found very suitable for our soils.
The ammonium acetate method is of particular
interest to us because it is closely related to the
soil-testing method extensively used in our coun-
try. 0.5 IV acetic acid — 0.5 IV ammonium acetate
(pH 4.65) is used as an extractant in the soil-
testing analyses in routine work, where different
cations can also be determined (VUorRINEN and
MAixkrrie 1955).

On the dye-adsorption method in soil
investigations

According to our experiments the dye-adsorp-
tion method seems to be a promising procedure
for rapid characterization of the nature of cation
exchange at least in different mineral soils which
do not contain very much organic matter.

One particular advantage is that the determi-
nation can be carried out, if necessary, at any
desired pH undistutbed by the presence of other
exchanging cations, as when relatively concen-
trated salt solutions are to be buffered. As we
know, the cation exchange depends on the hydro-
gen ion concentration of the extractant and the
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Fig. 1. Absorption cutves of aqueous methylene blue solu-
tion. 1.¢c=1.16-104 M, 2. ¢ = 2.32- 10~* M (p~3).
Molar extinction coefficients. g5 qmp = 3.27 < 103, gg9ompu ]
= 4.69+ 10% and egg3myu = 8.65- 104

Kuva 1. Metyleenisinen vesilinosien absorptiokdyrit ja mooliset

ekstinktiokertoimet.

final equilibrium pH. All the common methods
of determining the cation exchange capacity in
soils ate restricted to the pH and salt concen-
tration (concentration of the exchanging cation)
stated by the method chosen.

The mechanism of adsorption of a basic dye
by clay particles is taken to be the sum of two
different reactions, the irreversible adsorption
by the exchange sites, and the physical adsorption
of the excess dye by the saturated clay. In prac-
tice, therefore, determination is dependent on
the conditions under which shaking is carried
out and particularly on the dye-soil ratio used.
(Presca and RoBertsoN 1948, RABINERSON
1932, RoBErTSON and WarD 1951).

Several other basic organic dyes have also been
used for the same purpose; for instance, brilliant
green and malachite green (AsuLEY 1909), solu-
tion of methylene blue and acid fuchsine (Kamo-
suarta and OxApA 1954). or crystal violet and
congo red (PETER and MARKERT 1956).

The absorption, curve of aqueous methylene-
blue solution is shown in Fig. 1. For measuring
relatively concentrated dye solutions the low
shoulder of the strong red peak of the absorption
spectrum can be used. The molar extinction
coefficient at 510 millimicrons is 3.27 - 103, while

| T
05 10 E

Fig. 2. Plot of concentration as a function of absorption
at 510 millimicrons. ® = pure MB-solutions, O = resi-
dues of MB-solutions, adsorbed by soils.

Kuva 2. Konsentraatio absorption funktiona 510 millimikronin
aaliopitundella. © = pubtaat MB-linokset, O = jidnnokset
linoksista, joista osa on absorpoitunut maahan.

it is about 8.65 - 10¢ at 663 millimicrons, where
the maximum of the peak is measurable.

The absorbancies of methylene-blue solutions
obey Beer’s law within this range up to a concen-
tration of 2-107% molarity, which corresponds to
an extinction value of about 0.7 at 510 milli-

microns (Fig. 2).

The amount of dye adsorbed is a function of
the dye concentration or the amount of soil
extracted. The exchange reactions will thus reach
completion in greatly diluted soil-dye ratio.
The adsorption by two grams of soil of 0.4 9,
methylene-blue solution was taken as a practical
procedure for mineral soils which are of low or
medium clay content and low in organic matter
(Fig. 3).

Experimental

Sample material: The soils included in the study were

mineral soils. The samples wete pre-treated by air-drying,

sieving through a 2-mm round-holed sieve, and were
thoroughly homogenized.
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Fig. 3. Schematic curve showing the increase of dye
adsorption as a function of the shaking ratio with common
soils; 0.4 % MB-solution.

Kuva 3. Adsorption riippuvnns buiskutussubteesta erdille tyy-
pillisills kivenniismailla.

" The clear, supernatant solution was diluted to 1

The methylene-blue adsorption method nsed: A modification
of the method of PETER and MarxERT (1955, 1960, 1961)
was used, as follows: ‘

Two grams of soil sample wete treated with 50 ml of
aqueous 0.4 9, methylene-blue solution. Shaking from
time to time, followed by standing over night, was found
to be a suitable way of reaching a practical equilibrium.
: 100
with water and the intensity of the colour was measuted
spectrophotometrically.

To measure the dye adsorption in buffered solutlons
the methylene-blue solution was buffered, being 2 - 1072
with respect of potassium dihydrogen orthophosphate and
disodium monohydrogen orthophosphate.

A Beckman Model DU spectrophotometer with 10-mm
cells was used to measure the absotrbancies of the solutions
on 2 wavelength of 510 millimicrons. )

»Methylenblau B», a reagent from E. Merck AG,
was used. ) )

The ammonium acetate method: The determinations of
exchangeable cations by the IN ammonium acetate (pH

_adjusted to 7.0) method were carried out as reported

Table 1. Data of the samples. — Tanlukko 1. Naytteiden tuloksia

N NH,Ac — method C]_:-‘C MB-method

ol cgzy ;(IJ;l O{,/I(:{' N Ammoninmasetaattimenetelmi kl;:;?::e-ﬂi MB-menetelmi
Sa{:}‘gle type” <2u lsugpi Hy- meq/100 g Sa:/\(;r. buﬂ'ere.:d unbuﬂ'.ered
N Maalaji Savi- mus wSy | BY | Emas| »T» meq/ puskaroity | puskuroimaton

Naysteen % Maay % meq/ kyl- | Value 100qg pH meq/ "| meq/
n:o ° | pH Cat+ | Mg+ | K+ | Nat Value | 100°g listys- 100 g| pH | 100 g pH

aste (MB) (MB?)
a b c d 3 £ g h i 1 k 1 m n o P q r
19 803 | Sand moraine — HkM¢t| — [5.45| 0.5/ 1.5| 0.4| 0.08] 0.04| 2.0 1.8] 53| 3.8] 4.9 6.91| 3.1/6.78] 0.4/4.15
65 424 | Gravel moraine — StMr| 2(5.60] 2.2| 0.6| 0.4 0.06| 0.03] 1.1| 1.8f 38| 2.9 2.8| 6.91| 6.3/6.75| 1.1/|4.45
65 622 » » » 3 |5.05; 4.2| 0.5 0.9 0.04{ 0.03 1.5/ 4.0 27| 5.5 6.8 6.80[10.7/6.75| 1.9/4.50
19826 |Sand — HHk ........ 7 |5.55] 5.1| 7.0 0.9 0.15/ 0.05 8.1 3.6/ 69 11.7]10.9| 6.82{10.9(6.73] 7.1{4.45
65 660 | Finesand — KHt ..... 1315.70| 2.3| 4.5/ 1.8| 0.18) 0.10| 6.6| 1.6/ 80| -8.2] 7.1| 6.92| 9.4/6.73| 5.4[4.30
19 808 | Finer finesand — HHt . .| 13 [5.70| 3.6| 6.5 0.4] 0.20| 0.08| 7.2] 3.8 66| 10.9] 8.8 6.8110.8/6.75| 6.4/4.60
19 810 | Sandy silt — htHs 14 (5.90| 0.2| 4.0] 0.6| 0.10] 0.09] 4.8/ 1.6 75| 6.4/ 4.6/ 6.92 4.1|6.78| 2.8/4.40
36771 » » » . 18 |5.40| 0.9| 2.0f 0.3 0.15| 0.10[ 2.6| 2.8 48| 5.4| 6.8 6.85| 7.6/6.78| 2.4|4.30
66 053 Clayey finesand — sKHt| 20 |5.40| 3.2| 6.0 1.7/ 0.38 0.06| 8.1| 2.0/ 81| 10.1/12.2| 6.90| 9.9{6.65 5.1[4.40
65 659 » » 20 |5.75| 6.8/ 12.0| 3.4| 0.54] 0.11] 16.0| 2.9| 85| 18.9/17.0| 6.86{16.3|6.68| 13.3|4.40
36770 Sandy silt — htHs 20 |5.40| 5.2/ 7.0/ 0.6/ 0.36/ 0.08| 8.0/ 7.8 51| 15.8/12.9| 6.65/14.0/6.68 7.8/4.30
66 052 | Clayey finesand — sKHt| 22 |5.25| 6.5| 7.0| 2.7| 0.48 0.05| 10.2| 4.8 68| 15.0{13.0| 6.76|14.4/6.63| 8.0/4.40
19 784 | Clayey sandy silt —shtHs| 26 |5.20} 5.2] 8.0 1.8 0.15 0.09 10.0] 5.0| 63 16.0{13.0| 6.76|14.2/6.65| 10.8/4.10

19 781 | Clayey silty finer finesand

—shsHHt ......... 27 (5.50 4.1| 7.5/ 1.7 0.31] 0.10] 9.6 6.3 60| 15.9{13.2) 6.71[13.2(6.72] 9.2|4.30
34 251 | Clayey sandy silt —shtHs| 27 |5.20| 6.9 8.5 2.8/ 0.26| 0.10| 11.7] 5.2 69| 16.9(16.1] 6.75{17.4|6.63| 10.2|4.25
19 793 » » » » | 271(5.50| 5.8 8.0/ 1.8 0.20| 0.16] 10.2] 5.5 65| 15.7|16.1| 6.74]15.8/6.65| 10.4|4.50
34 252 | Silty clay — HsS ...... 32 |5.50 0.7| 9.2 5.0 0.26] 0.13] 14,6| 2.2| 87| 16.8/13.0| 6.88|15.9|6.68| 13.3/4.20
19 823 Sandy clay — HtS 3416.10 5.2|14.5/ 2.3 0.69| 0.13] 17.6| 2.6| 87| 20.2(17.1| 6.87|17.3(6.73| 11.94.75
34 249 » P 36|5.20/ 2.8 5.5 2.9/ 0.15| 0.11] 8.7 6.5 57| 15.1|15.5| 6.70{12.7|6.70| 8.3|4.15
62 142 Sllty clay—HsS ...... 49 |5.35 8.8) 9.5 2.2| 0.72| 0.15) 12.6| 9.9| 56| 22.5{20.0| 6.58|20.3|6.58| 6.6|4.40
62 145 » » » .. 50 |5.10 7.9| 6.5 1.5| 0.28| 0.13] 8.4 12.2] 41| 20.6{19.0{ 6.51{17.9/6.58/ 11,7/4.10
34 248 » o» » ......| 51(5.10] 5.3] 8.5 5.5 0.31] 0.11| 14.4| 7.6| 66| 22.0[21.5| 6.66[17.3|6.63| 11.7]4.15
64 351 | Sandy clay — Hts ..... 5215.20{16.5| 7.5| 2.9| 0.54| 0.12] 11.1f 10.4| 51| 21.5/24.9( 6,57]21.7(6.50| 6.8/4.40
19 783 | Silty clay — HsS 54 |5.90 0.5| 9.4 8.5 0.36| 0.26] 18.5| 2.6/ 89| 20.7(15.4| 6.87(16.5/6.73| 15.0/4.50
19 824 » » » .. 56 |5.95 0.3 11.6] 10.2| 0.38] 0.30] 22.5 2.2| 91| 24.7|18.3| 6.88|18.3|6.68| 14.7|4.50
65 429 | Sandy clay — HtS 58|5.65| 7.2|15.0] 5.0| 0.47| 0.13] 20.6| 6.7| 75| 27.3|22.8 6.69(20.2|6.55| 15.6[4.70
66 066 | Heavy clay — AS ..... 6216.30; 0.7/10.9] 11.8| 0.44] 0.65| 23.8| 1.6/ 94| 25.4/19.7| 6.92|20.1|6.65| 16.3|4.70
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Table 2. Cotrelations of the exchange data by the different methods (n = 27); Standard deviation, 8. D. = VZ' A?2n
meq/100 g soil).

Tanlukko 2. Menetelmin korrelaatiot (standardipoikkeama = S.D.)

Parameters of the Correlation
Methods equation coefficient
Menetelmit y=2 + bx . Korrelaatio-
Regressigybtilin kerroin
parameirit
y x a b t
T-values/CEC-values . .......oovieiiiiiiiiearaneanees 0.02 1.11 0.946%%*
MB- » [ Te % e 3.45 0.68 0.941%%*
MB- » JCEC- % ceeriiiiaee e 2.80 0.81 0.942%%*
MB- » [Mean of T- and CEC-values .................. 2.83 0.76 0.95¢%%*
Coarse soils (10) S.D. = 1.49
Silts (6) = 0.66
Clays (11) - = 1.88
Rich in humus*) (13) = 1.47
Low in humus (14) = 1.60
All soils (27) = 1.54
S-values/MB’-valtes ......ovvreennienniiiii i 0.01 1.24 0.923%**

*) O.M. > 5% — humusta yli 5 %

earlier (SCHOLLENBERGER and Simon 1945, MAKITIE and
Virr 1965).

The cation exchange capacity was determined by ex-
changing the adsorbed ammonium ions with IV potas-
sium chloride solution. The ammonium ions liberated
wete then analyzed by Kjeldahl-distillation.

The exchangeable hydrogen was measured by a modi-
fied version of the original rapid method of Brown (1943).
The values tepresent the exchangeable hydrogen at the
pH of the suspension (column n, Table 1) (MaxrTIE 1965).

Organic matter content was analyzed by sulphuric acid-
chromic acid oxidation procedure with moderate external
heating (O. M. = 1.73 X otganic carbon). -

The pH determinations were carried out by means of
a Radiometer PHM 4c potentiometer with a glass elec-
trode.

Results and discussion

Data of a comparison of 27 mineral soils by
the methylene-blue method and by some chemi-
cal analyses are presented in Table 1.

The material contains relatively acid soils. The
pH-values in 1:2.5 water suspension, 5.5 and
6.0, correspond to the base saturation percent-
ages of 55 and 80 in coarse soils, and of 65 and
90 in clay soils, respectively. The amount of
exchangeable hydrogen is over 10 milliequiya-
lents per 100 g of soil in acid clays, where a fair
amount of organic matter is also present. The
mean value of 4.6 meq H*/100 g of soil, when

determined by the /N ammonium acetate method
at an equilibrium of about pH 7, represents the
soil pH 5.5.

Thus the equilibrium pH in the extraction
varies somewhat in different soils, being as low
as 6.5 in the most acid cases. Nor are the equi-
librium pH’s constant in the methylene-blue
adsorption determinations, even when the solu-
tions are buffered, although the variation is less
(Table 1, columns n and p). The slight differences
in the extraction pH have not, however, been
corrected, and the deviations have to be taken
into account when the different methods are
compared with each other.

The average content of clayey material is 16 %
in coarse soils and in clay soils 49 %,. The ma-
terial contains on an average 4.4 9, of organic
matter, although a few samples of noticeably
high humus content are included.

Most of the soils particularly the coarse-tex-
tured are relatively low in exchangeable metallic
cations. The clayey material in our soils is mainly
of illitic-type (MAxrrie and Virri, 1965). Or-
ganic matter, however, greatly increases the
exchangeable hydrogen dependent on pH and
thus the exchange capacity.

The mean values -for »S» and »T» are for
coarse soils 7.0 and 10.3; for the silts 7.9 and
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Fig. 4. Plot of the MB-values as function of a) the T-values, b) CEC-values
(Table 1). Regressions found;
a) y = 3.45 4 0.68 x; r = 0.941%%* (n = 27),
b) y = 2.80 4- 0.81 x; r = 0.942%%k*

Kuva 4. MB-arvot a) T- ja b) CEC-arvojen funktiona seki lasketut regressioyhiilos
Ja nifden kuvaajat.

12.7; and for the clays 15.7 and 21.5 milliequiva-
lents in 100 g of soil (Table 1, columns i and ).

The methylene-blue adsorption method gives,
in general, values which are on the same level as

S —volve
N
T

0 . | : :
20
MB - valve

Fig. 5. Plot of the S-values (Table 1) as function of the
MB’-values, obtained without buffering.
Regression found; y = 0.01 4 1.24 x; r = 0.923%%*
(n = 27)

Kuva 5. S-arvot (taniukko 1) MB -arvojen funktiona (MB’-

: arvo = ilman puskurointia).
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the N ammonium acetate extractable amounts.
Only in a few cases do some deviations occur.
It is to be noted that there is also a great deviation
between the T-values and the CEC-values, which
values should be equal, at least theoretically.
Similar incongruity is often found, however, and
is also pattly dependent on the heterogeneity of
the soil samples. :

A satisfying correlation can be obtained when
the methylene-blue method is compared with the
method of summation of the individually deter-
mined cations, or with the determination of the
exchange capacity with /N ammonium acetate
itself. Still better correlation is found when the
mean of the T- and CEC-values is taken as a
basis (Table 2, and Fig. 4). A standard deviation
of 1.66 milliequivalents per 100 g of soil was
obtained for the whole material.

An interesting correlation can also be obtained
by comparing the S-values and the methylene-
blue values of non-buffered soil suspensions
(Table 1). The adsotption equilibria in this case
are in the pH-range 4.5—5.0, where the exchange
capacity can mainly be assumed to counsist of the
»permanent» part of it. This correlation is shown

in Fig. 5.



A high humus content in soil causes some
deviation in the values obtained by the different
methods: The methylene-blue adsorption method
shows more or less incomplete exchange in this
case and the MB-values are therefore lower than
the 'T- or CEC-values. This run of low values is
also observable in the samples of relatively high
clay content, in the data of the present restricted
sample material (Table 2).

Summary

Determinations of the cation exchange capa-
city values of a material consisting of 27 mineral
soils were carried out by the methylene-blue dye

adsorption method and the IV ammonium acetate
method.

A sufficiently high correlation, r = 0.956%**,
was obtainéd between the methods. The meth-
ylene-blue adsorption method thus seems to be
of great value, particularly in routine work, as
a rapid way of estimating the cation exchange
capacity values in common mineral soils.

"The procedure used is based on shaking two
grams of pre-treated soil sample with 50 ml of
0.4 9, methylene-blue solution buffered to pH
6.8, which amount of dye is sufficient and gives
reproducible adsorption values with our typical
mineral soils of moderate clay and organic mat-
ter content. '
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SELOSTUS

Vertailevia tutkimuksia kivennidismaiden kationinvaihto-ominaisuuksien miirittimisesti
metyleenisini-adsorptiomenetelmilli ja ammoniumasetaattimenetelmalli

Osmo MAkITIE ja RAmMo Ervio

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Tutkimuksessa on vertailtu 27 kivenniismaaniytteen
kationinvaihtokapasiteetista saatuja tuloksia, mdairitet-
tyind sekd [N ammoniumasetaattimenetelmilld ettd mety-
leenisinen adsotpoitumiseen perustuvalla kolorimetrisella
menetelmalld.

Vertailu osoitti korkean kortelaation (r = 0.956%*%)
vallitsevan niiden kahden menetelmin kesken, ja ettd
metyleenisini-menetelmi hyvin soveltuu nopeana méiri-
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tyskeinona kationinvaihtokapasiteetin arvioimiseen aina-
kin kivennidismaiden ndytteistd, joissa orgaanista ainesta
ei ole kovin paljon.

Menetelmini kiytettiin kahden gramman maaniyte-
erin huiskuttamista 50 ml:lla 0.4 % metyleenisinen vesi-
liuosta, puskuroituna pH 6.8:aan, ja virin absorption
vihentymi mitattiin spektrofotometrisesti aaltopituudella
510 millimikronia.
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COMPARATIVE DETERMINATIONS OF SODIUM IN RUMEN FLUID,
SALIVA AND FEEDS WITH THE SODIUM ELECTRODE
AND WITH THE FLAME PHOTOMETER

ESKO POUTIAINEN and MARTTI LAMPILA

Agricultural Research Centre, Department of Animal Husbandry, Tikkurila, Finland

Direct potentiometric measurement of ion
activities is based upon the fact that definite
energy level differences exist between two dif-
ferent states of the same matter and that these
differences are proportional to the relative popu-
lations of atoms or ions concerned. In the case
of electrolytic solutions these energy level dif-
ferences can be measured as electric potentials.
Nernst’s equation provides the mathematical
expression of this thermodynamic fact (LEONARD
1959).

Parallel with the development of sodium
electrodes of greater specific sensitivity, the pos-
sible applications of the potentiometric method
have increased. It is now extensively employed
in industry, but has also proved of value in a
number of laboratory and clinical studies (Bowgr
1959, Tavirr 1960, Friebpman ef a/. 1963,
MooRE e al. 1963).

Comparison of the potentiometric method of
measurement with determination by flame photo-
metry in respect of accuracy has shown the
results to be mutually consistent, with a devia-
tion of the order of 2—5 per cent in the con-
centration range of 0.1—100 me./l (LEoNARD
1959). When an electrode sensitive to sodium is

Received July 26, 1966

used, the determination of sodium is not dis-
turbed by the presence of other cations except
the hydrogen ion and potassium. In general, it
is necessary to suppress hydrogen ion activity
to a value about four decades below the expected
sodium level. The data on the effect exerted by
potassium are somewhat variable, depending on
such factors as the type of electrode used. In
general, the influence of potassium on the
sodium values begins to be manifest in some
degree when its concentration is more than ten
times that of sodium (LLEONARD Joc. ¢i2.). Anions
do not influence the electrode response except
in cases where their presence suppresses or
enhances sodium ion activity.

In the present study the suitability of the
potentiometric method for determining the so-
dium contents of the rumen fluid, saliva and
feeds was investigated, the results obtained by
this method being compared with the values
found by flame photometry. Prior to undertaking
the actual determinations, tests were made with
solutions of known ionic composition. In partic-
ular, it was necessary to ascertain the effects of
potassium, since this element is especially impor-
tant in the case of feeds. In these, potassium
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may reach 500 times the concentration of sodium,
whilst the absolute amount of sodium is com-
paratively low.

Beckman’s 78 178 V Experimental pNa Glass
Electrode and a Model 76 Expanded Scale pH

Meter were used in this work. For reference a
standard calomel elctrode with asbestos fibre
junction was used. The flame photometry deter-
minations were carried out by means of a Lange
Model 6 flame photometer.

Present investigation

A. Measurements in solutions of known ionic composition

1. Standard sodium solutions

Standard sodium solutions were prepared in
distilled water within the concentration range of
100—0.2 me./l from Merck’s NaCl pro analysi.
Triethanol amine-hydrochloric acid buffer was
used for pH stabilization at 50 per cent of the
final volume. The pH of the buffer solution was
adjusted to 8.0 by adding the requisite amount
of 4 N HCl to the triethanol amine ). The stand-
ard solutions were stored in polyethylene bottles
to prevent contamination.

2. Procedure

In the measurements an expanded pH scale
was used that allowed for a change in concen-
tration by a factor of 100, the smallest scale
division corresponding to 0.01 pNa” units. The
reading accuracy was 0.005 pNa+ units, and the
deviations of the standards from the values cal-
culated from the concentrations were within the
limits of + 2 per cent in the range of 50—0.2
me./l.

The standard curves were plotted on a milli-
metre chart with the logarithmic values of pNa®

for abscissa and milliequivalent or milligram
division on the ordinate. The graph representing
the relationship between the logarithmic values
and the concentration will then be non-linear.

3. The effect of potassium on pNa”
measurements

The influence of potassium on the sodium
values was studied in this work in the concen-
tration range of 50—0.2 me.[l, the quantity of
potassium relative to sodium varying from 0 to
100-fold according to the schedule shown below
(Table 1).

At the start of measurements, the meter was
adjusted to give a reading of 2.00 with solution
B, (theoretical value: pNa' =-log 1072 =
2.00). The electrode was thus calibrated accord-
ing to concentration, not according to ion activ-
ity. In dilute solutions (below 0.01 N) the two
may be considered identical in sufficient degree,
while in more concentrated solutions consider-
ation of the difference is necessary.

The measurements in each series (A...F)
were performed in the following manner. After

Table 1. Basic schedule of potassium additions at different sodium concentrations

Tanlukko 1. Peruskaava kalinmin lisdyksille eri natriumkonsentraatioissa

Sodium Potassium as multiples of sodium, in equivalents
me./l Series
ox | 1x ‘ 10x | 20x% | 40 x |60x | 80 x | 100 %
50 A X ‘ X X X X X = =
10 B X | ¥ 4 X b X X | b4
5 C X | x X X e X e X
1 D S X X x X X X X
0.5 E 54 ¥ b 3 > 4 X X ® X
0.2 | F X X X % X % ] X

1) One litre of the final buffer contained 50 ml triethanol amine, 55 ml of 4 N HCl and the remainder distilled water.
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Table 2. Influence of potassium on the sodium values measured with the electrode.
The figures are percentages of the theoretical sodium concentration

Tanlukko 2. Kaliumin vaikutns elektrodilla mitatinibin natriamarvoibin.

Luvut ovat prosentieja teoreettisesta natriumkonseniraatiosia

Sodium Reading Potassium as multiples of sodium, in equivalents
conc., taken

me.fl at 1x | 10 x 20 X 40 x 60 X 80 x 100 x
50 3 min. 100.0 97.5 101.0 99.0 98.5 — —
5 » 100.0 97.5 98.5 98.5 97.5 — —

10 » 99.0 97.5 98.0 97.5 97.5 — —

10 3 » 102.0 101.5 102.0 111.5 116.5 126.0 130.5
5 » 100.0 99.5 99.5 107.0 111.5 118.0 119.5

10 » 101.0 98.0 98.0 102.0 105.5 110.0 112.5

5 3 » 102.0 99.0 104.0 109.0 115.0 122.0 128.0
5 » 101.5 98.5 103.5 107.0 112.0 115.0 120.0

10 » 101.0 101.5 104.5 108.0 108.5 112.0 115.0

1 3 » 102.0 113.0 115.0 125.0 130.0 140.0 145.0
5 » 101.0 111.0 113.0 120.0 120.5 130.0 135.0

10 » 100.0 106.0 108.0 113.5 116.0 119.5 127.5

0.5 3 » 106.0 125.5 136.0 148.0 166.0 178.0 186.5
5 » 104.0 120.0 126.0 134.0 152.0 159.0 159.0

10 » 102.5 114.0 116.5 1225 132.0 138.0 138.0

0.2 3 » 106.0 " 133.0 144.0 165.5 177.5 190.0 199.0
5 » 104.0 125.5 136.0 153.0 160.0 171.s 181.5
10 » 103.5 118.5 126.0 140.0 145.0 154.5 164.5-

each sample containing potassium the pure
sodium standard of the series in question was
measured, and the transition to another sodium
level was made through a pure Na solution.
The first reading was taken 15 seconds after the
electrodes had been inserted in the solution to
be measured. The subsequent readings were made
every minute, the last reading after ten minutes.

Table 2 reveals the effect of potassium on the
readings at six different sodium concentration
levels when the quantity of potassium relative
to sodium was as stated in Table 1. The figures
are percentages of the theoretical values of each
sodium concentration. The results recorded at
3, 5and 10 minutes have been entered in the table.

It is seen that the higher the sodium concen-
tration at which one operates (within the range
of 50—0.2 me./l) the greater is the excess of
potassium over sodium which may be present
without exerting any influence on the results.

In the course of 10 minutes, the reading
changed so as gradually to approach the theo-
retical sodium concentration. The change in the

reading per unit time was greater at low than
at high sodium concentrations and was greatet,
the higher the ratio of the potassium content to
the sodium content of the solution. In Figs.
1—4 results of measurements relating to the
rate of change are presented for four different
potassium levels according to tests in which the
Na concentration was 10 me./L.

Table 3 contains the results of measurements
in which the same standard solutions were tested
by different procedures. The figures listed under
Procedure 1 are the same as those relating to
the 10 me./l sodium level in Table 2, a pure
Na standard having been measured between
each two potassium levels. In Procedure 2, the
same method was employed except that the
reference standard was a solution with [Na'] =
[K']. Procedure 3 implies that a pure Na stand-
ard was only measured at the beginning and end
of the series; the solutions containing potassium
were measured consecutively in order of increas-

ing potassium content.

It can be concluded from Table 3 that values
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Time (min. Time (min.)
T T T T T T T T T 1 I I T T T T 1 T 1
0 2 4 . 6 8 10 Y 2 4 6 ] 10

L

19 191
pNa* pNa*
20— ———— — om > &——0——0 20— ——

21 21

Time (min.) Time {min) .
1 T T f T 1N I | [ I | ¥ 1
o] 2 4 6 8 10 0 2 4 6 8 10

Figs. 1—4. Chance of the pNa* reading in the course of 10 minutes, for different quantities of potassium in the samples.
Sodium concentration 10 me./l; potassium, in equivalents, proportional to sodium: 1 X (Fig. 1), 20 x (Fig. 2), 40 x
(Fig. 3), and 80 x (Fig. 4). Symbols: e—e Sample containing potassium, O—O Standard before and ¢ —¢ Standard
after measutement of the sample.
Kuvat 1—4. Elekirodilla mitatun pNa* Inkeman munttnminen odotusajan mukana niytteiden sisiltdessi eri miirié kaliumia.
Na-konsentraatio 10 me.[l., kalinmia ekvivalenttisesti natriumiin verrattuna: 1 X (1),20 X (2),40 X (3) ja 80 x (4).
Symbolit: @—e kaliumia sisiltivi niyte, 0—0 standardi ennen Ja & —¢ standardi jilkeen tntkittavan niytteen.
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Table 3. Influence of procedure in applying standards and of potassium content on the results of measurement with
solutions containing different potassium quantities. The figures are percentages of the theoretical sodium concentration
Taulukko 3. Standardien kéyton ja kaliumpitoisunden vaikutus mittaustuloksiin eri méidrid kaliumia sisiltiviss linoksissa.
Luvut ovat prosenticia feorcettisesia natriumRonsentraatiosta

Sodium Reading \ Potassium as multiples of sodium, in equivalents
Procedure conc., taken

me.fl at 1x | 10 x 20 x 40 x 60 x 80 x 100 x
1 10 3 min 102.0 101.5 102.0 111.5 116.5 126.5 130.5
5 » 100.0 99.5 99.5 107.0 111.5 118.0 119.0
9 10 3 » 100.5 102.0 104.0 107.0 109.0 112.0 122.0
5 » 100.5 100.5 102.0 104.0 105.0 108.5 112.0
3 10 3 » 100.0 100.5 98.5 101.0 101.0 104.5 107.0
5 » 100.5 100.5 97.5 100.0 100.0 103.0 107.0

closest to the true sodium concentration were
obtained by Procedure 3. At this sodium level
they are still satisfactory when the quantity of
potassium is 80-fold that of sodium. On com-
parison of the results obtained by the three

procedures it can be seen that the smaller the
differerice in potassium concentration between
two solutions measured in succession, the sooner
a reading consistent with the true sodium con-
centration is reached.

B. Determination of sodium in rumen finid and saliva

A series of comparative measurements was
performed in order to find out whether the
potentiometric method might be adopted for
determinations of the sodium contents in rumen
fluid and in saliva. In these experiments the
contents were determined by means of the Na
electrode and by flame photometry from the
same samples. The determinations by both
methods were made directly with appropriately
diluted rumen fluid and saliva samples and with
ash extracts obtained after evaporation and incin-
eration.

1. Methods

The samples of rumen fluid or saliva were
centrifuged for separation of the plant material
at 4 000 r.p.m. for about 20 minutes (in a Wifug
Type H centrifuge). For the determinations
which were made directly without incineration,
1 to 500 dilutions with distilled water were
made of rumen fluid or saliva for flame photo-
metry. The dilutions for electrode measurements
of rumen fluid and saliva were made with dis-

tilled water at 1 to 10 and 1 to 20, respectively,
including buffer solution at 50 per cent of the
final volume. For incineration to ash, 10- ml of
the centrifuged sample were taken and evapo-
rated to dryness in a quartz dish. The residue
was ashed at 450°C. The ash was first dissolved
in 5 ml of 4 N hydrochloric acid and then eva-
porated to dryness on a water bath, whereupon
2 ml of 2 N HCI and a small amount of boiling
water were added. After the dish had remained
on the water bath for a short additional time,
the solution was filtered into a 100 ml volu-
metric flask, and after cooling was made up to
the mark with distilled water 1). From the ash
solution obtained, appropriate dilutions were
made for the flame photometry determinations
(1 to 50) and for the electrode determinations
(1 to 20, 1 to 40). Buffer was used in a quanity
equivalent to 50 per cent of the final volume.

The standards used in the flame photometer
were -made with Merck’s NaCl pro analysi,
containing sodium chloride exclusively and had
Na contents from 1 to 10 mg/l. The standards

1) This procedute follows the method of plant material analysis (SALONEN ¢f al. 1962) in routine use in the Depart-
ment of Agticultural Chemistry and Physics of the Agricultural Research Centre.
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employed in the electrode measurements had
been prepared as before (p. 268). The samples
were measured in series of 4—>5, with checks by
means of two sodium standards between series
(Procedure 3, Table 3). Endeavours were made
to choose the standards so that one had a sodium
content slightly higher and the other a sodium
content slightly lower than of the samples
examined.

2. Results

The comparative results of the sodium deter-
minations made from centrifuged rumen fluid
and saliva samples are seen in Figs. 5—8. The
sodium- concentration in the original samples
varied in the range of 30—160 me./l, with a
mean of about 70 me./l. The equivalent con-
centration of potassium was not more than
twice that of sodium in any sample. Since, as a
rule, the sodium concentration in the solutions
measured was 10—5 me./l, the presence of
potassium should not have produced any etror
in the results, on the strength of what has been
found in the foregoing (Table 2).

The results of the determinations made with-
out ashing (numbering 113) exceed those of the
determinations after ashing, as measured by
flame photometry, by 0.40 4- 0.46 per cent on
an average (Fig. 5). The standard deviation of

the difference is 4.84 per cent and there-is no
statistically significant difference between the
series of values.

When measured with the electrode, the values
obtained without ashing (numbering 113) were
higher than those found after ashing by 2.99 4+
0.40 per cent on the average (Fig. 6). The stand-
ard deviation is 4.19 per cent and the mean
difference is statistically highly significant (P <
0.001).

The comparative determinations obtained
from ash extracts with the electrode and by
flame photometry (numbering 113 each) re-
vealed that the results obtained with the elec-
trode were on the average 0.62 4 0.44 per cent
lower than those yielded by the flame photo-
meter (Fig. 7). The standard deviation of their
differences is4.65 per cent and the mean difference
is not statistically significant.

When comparative determinations by the two
methods were made directly from the original
rumen fluid and saliva samples (numbering 181)
after dilution (Fig. 8), results higher on'an aver-
age by 1.21 4 0.33 per cent were obtained with
the electrode, as compared with those found by
flame photometry. The standard deviation of
the differences is 4.40 per cent and the difference
between the means is statistically highly signifi-
cant (P-<< 0.001),

C. Determination of sodium in feeds

1. Methods

Sodium determinations were made from hay,
dried grass, barley, oats and a certain protein
concentrate mixture. The determinations were
made from the ash extract, and the method
already previously described in this paper (p. 271)
was followed in the ashing. The quantity taken
for ashing was 10 g for hay or grass and 20 g
in the case of the concentrate mixture. The
dilution subsequent to ashing was to a volume
of 100 ml.

For the determinations by flame photometty,
the ash solution was diluted 5 to 10-fold, and
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NaCl solutions containing 1—10 mg/l sodium
were used for standards. When the sodium
content was determined with the electrode,
triethanol amine-hydrochloric acid buffer was
added to the ash solution at 25 per cent of the
final volume, by which means the pH of the
solution to be measured was adjusted to value
within pH 7—8. Potassium was added to the
sodium standards so that its amount was: [K'] =
5 % [Na']. As has been observed in the fore-
going (p.271), this procedure renders measure-
ment more tapid by shortening the period during
which the reading changes. The measurements
were made on series of 4—>5 samples, using two
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Fig. 5. Influence of ashing on the results of determinations
of the sodium content of rumen fluid and saliva by flame
photometry.

Kuva 5. Tubkaksi polton vaikutus potsinesteesti ja syljestd
liekkifotometrilla tebtyjen natrinmmdiritysten tuloksiin.

Fig. 6. Influence of ashing on the results of determinations
of the sodium content of rumen fluid and saliva with
the electrode.

Kuva 6. Tubkaksi polton vaikutus pitsinesteesti ja syljestd
elektrodilla tebtyjen natriummdidritysten tuloksiin.
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Fig. 7. Comparative determinations of the sodium con-
tent of ashed rumen fluid and saliva samples by electrode
and flame photometry. :
Kuva 7. Vertaileva natrinmmiédritys elektrodilla ja liekkifoto-
metrilla poltetuista pitsineste- ja sylkindytteistd.
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Fig. 8. Comparative determinations of the sodium con-
tent of unashed rumen fluid and saliva samples by elec-
trode and flame photometry.

Kuva 8. Vertaileva natrinmmdiritys elektrodilla ja liekkifoto-
metrilla polttamattomista potsineste- ja sylkindytteista.
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The final

reading was taken when waiting did not seem

reference standards between series.

to produce any further chance.

Since the sodium concentration was rather low
(in the range of 2—0.2 me.[l) in a considerable
proportion of the samples and potassium was
present, in equivalents in comparison with so-
dium, on the average in 58-fold quantity in the
samples with more than 10 mg/l sodium and
on the average in 97-fold quantity in those with
. less than 10 mg/l sodium, a correction for potas-
sium had to be applied to the readings obtained
with the electrode. This was done by plotting,
on the basis of the results presented above under
A, correction graphs consistent with different
potassium multiples for the Na standards and
for the 10-minute waiting time; the graph cot-
responding to the excess of potassium in the
solution was entered with the reading found for
the sample and the sodium content of the sample
could then be read. The values obtained at
10 minutes could be considered to represent the
ultimate effect of potassium even at the highest
potassium concentrations, at which the waiting
time causes hardly any change (difference in the
9-minute and 10-minute values less than 2 9,).

In order that the potassium correction might be
applied, at least the order of magnitude of the
potassium concentration present in the sample
had to be known. The highest excess potassium
contents affected the readings even in flame
photometry, and corrections were then applied
according to the same principle as above.

2. Results

The results of determinations of sodium in
feeds are presented in Table 4. Since it is a com-
parison of the methods that is desired, the tesults
are expressed as concentrations of the solutions,
diluted to 100 ml, which were obtained after
ashing. In the table the series of results has been
divided into two parts according to the sodium
content of the solutions; the differences between
the values found with the electrode and by flame
photometry have been calculated separately for
samples with more than 10 mg/l sodium and for
those with less than 10 mg/l (according to flame
photometry). The table also contains the potas-
sium concentrations of the samples and the fac-
tors expressing these as multiples of the sodium
concentration (w/w).

Discussion

An electrode specific to sodium is simple and
rapid to use, and no special equipment is required.
The method may therefore be considered espe-
cially suitable in cases in which mote expensive
apparatus is not available or its use is for some
teason inappropriate.

Since it is known, however, that the Na elec-
trode is not fully specific to sodium, it is impor-
tant in practical work to be aware of the factors
that affect the results, in particular the potassium
concentration, under given conditions. Because,
moreover, the electrode responds to ion activity,
it is sometimes necessary to take into account
not only the effects exerted on the results by

certain specified ions but also those of unknown

substances present in the solutions to be meas-
ured (FRIEDMAN ef a/. 1963).
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In solutions of known ionic composition
LeoNArRD (1959) has observed that when the
potassium ion is present in a concentration ten-
fold that of the sodium ion an error of 8 %, to
9 9% is introduced. Under similar conditions an
etror of the same order of magnitude was also
noted in the present work when the sodium
concentration in the solution investigated was
1 me./l. However, the present results show that
the excess of potassium, expressed as a multiple
of the sodium, does not in itself serve as a meas-
ure of the effects exerted on the results by
potassium since it is obvious that the absolute
concentration of sodium also plays an essential
role. As can be seen from Table 2, the influence
of a given relative excess of potassium cleatly
increases with decreasing sodium concentration



Table 4. Results of sodium determinations from ash extracts of feeds by flame photometry and by electrode
Taulukko 4. Relujen tubkanutoksista liekkifotometrilla ja elektrodilla tebtyjen natriummédritysten tulokset

[Nat] in ash extract

Sodium By flame Difference Potassium Ratio

ig:;é Feed pi“();;)m By clccfrode %\::;ﬂ mgjl \Ijll‘l‘j;
mg,/l mg/l

Hay 212.5 209.3 —1.5 1590 7

» 62.5 59.8 —4.3 1775 28

» 130.0 126.5 —2.7 2310 18

» 153.8 146.0 —5.1 2225 14

» 25.4 26.5 4.3 2325 92

Grass 11.0 12.9 17.3 2750 250

» 154.4 148.8 —3.6 3720 24

» 71.2 65.0 —8.7 3720 52

» 12.8 13.9 8.6 3 850 301

Prot. mixt. 23.9 26.0 8.8 3550 149

» 23.9 27.0 13.0 3 550 149

Over » 24.6 25.5 3.7 3700 150

10 mg/l » 31.3 33.7 7.7 3700 118

» 29.6 32.6 11.1 3510 119

» 25.8 28.4 10.1 3600 140

» 28.7 30.7 7.0 3975 139

» 29.7 31.1 4.7 3975 134

» 36.1 42.2 16.9 3800 105

» 25.4 25.4 0.0 3825 151

Batley 13.9 13.1 —5.8 940 68

» 13.4 ’ 12.4 —7.5 875 65

» 13.0 13.3 2.3 880 68

» 13.0 12.5 —3.8 1060 82

» 11.5 12.1 5.2 980 85

» 14.1 12.8 —9.2 890 63

» 16.4 16.5 0.6 925 56

» 15.7 16.7 6.4 950 61

Oats 10.3 10.8 4.9 850 83

Average 44.1 44.0 2.9 99

Qats 6.9 7.5 8.7 800 116

» 6.9 7.5 8.7 . 690 100

» 6.4 7.3 14.1 790 123

» 6.5 6.9 6.2 875 135

» 6.2 7.0 12.9 855 138

» 6.3 7.1 12,7 845 134

» 6.1 7.8 27.9 825 135

Ty 6.5 9.5 46.2 815 125

» 4.3 4.0 —7.0 790 184

» 9.5 12.0 26.3 870- 92

Less » 6.3 6.6 4,8 805 128

than » 5.1 5.8 13.7 845 166

10 mg/l » 6.4 6.2 —3.1 850 133

» 5.5 9.8 78.2 830 151

» 3.4 5.3 55.9 240 71

» 3.0 3.9 30.0 220 73

» 3.1 3.2 3.2 860 277

» 6.3 6.8 7.9 825 131

» 10.0 9.8 —2.0 3750 375

Barley 7.0 11.1 58.6 1025 146

» 7.1 10.5 47.9 1000 143

» 9.5 9.9 4.2 930 98

» 5.3 5.1 —3.8 240 45

» 7.2 7.6 5.6 240 33

Grass 7.6 7.4 —2.6 2425 319

» 6.6 8.8 33.3 2750 417

» 8.4 8.8 4.8 3850 458

Average | 7.0 | 8.3 18.3 165

1y The coefficient 0.59 converts the figures to values stating the equivalent ratio.
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in the range of 50—0.2 me./l. At the highest
sodium concentration in the present tests even
a 60-fold excess of potassium did not cause any
noteworthy error, whereas the error incurred
with the corresponding [K']:[Na'] at the
lowest concentration was around 60 %. When
the sodium concentration was 1 me./l or less,
a tenfold excess of potassium was enough to
cause an error of such magnitude that the re-
sults can not be used without recourse to sepa-
rately prepared correction graphs. These obser-
vations ate of noteworthy significance in respect
of practical analysis work.

In the literature hardly any data are to be
found as to how fast the Na electrode attains
equilibrium in the solution to be measured and
as to the effect of the sodium solutions used as
standards in this association. The results pres-
ented as an illustrative case with respect to one
sodium concentration level (10 me./l, Figs. 1-—4)
clearly indicate that the greater the excess of
potassium, the longer is the time required to
establish equilibrium, both in the solution to be
measured and in the standard. It was noted,
moreover, that this effect, too, becomes stronger
with decreasing sodium concentration. In prac-
tice, this may cause such slowing down of the
measurements that other methods of determi-
nation will be preferable. As can be seen from
the results presented in Table 3, however, the
extent of this drawback can be considerably
reduced by using standards containing a known
amount of potassium and performing the meas-
urements in series so that the proportions of
sodium and potassium do not vary very widely
within one series.

Comparison of the results of determinations
made with the electrode and by flame photo-
metry from rumen fluid and saliva reveals that,
on the average, for the same ashed samples the
two methods gave the same results. When the
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determinations were made from the original
diluted solutions, the average values obtained
were slightly higher with the electrode. This
seems to indicate that the solutions investigated
contained substances that added to their ion
activity. Both comparison of the ashed samples
and comparison of electrode measurements with-
out ashing and after ashing consistently indicate
the organic character of the substance or sub-
stances concerned. The difference is so small,
however, (1.29%,), that it is considered to be
negligible in practice.

When determinations of the sodium in feeds
were made with the electrode and the results
compared with those obtained by flame photo-
metry, the sources of error affecting the elec-
trode measurements which wete noted in the
case of pure mineral solutions seemed to mani-
fest themselves in these samples of arbitrarily
vatying concentrations, too. When the material
was divided into two groups according to so-
dium concentration (with the limit at 10 mgjl
[Na']), the average sodium contents of which
were 44 and 7 mg/l respectively, the two methods
were found to yield very different results. At the
higher sodium level the average results did not
differ to any statistically significant degree, while
at the lower sodium level the difference was
clearly evident and statistically highly significant
(apparent Na concentration about 18 9, higher
with the electrode).

Although at the lower sodium level the excess
of potassium was about 1.7 times that at the
higher sodium level, the percentage deviations
found in individual instances suggest that the
low sodium concen tration was partly respon-
sible for the great difference. It appears that the
electrode method of measurement is not partic-
ularly suitable for use i sodium determinations
when the sodium concentration is low and there
is simultaneously a great excess of potassium.



Summary

The effects of certain factors on determinations
with the sodium electrode have been studied and
the values obtained compared with the results
of flame photometry in determinations of the
sodium content of rumen fluid, saliva and feeds.

Increasing excess of potassium, in mineral
solutions containing the two cations, caused an
error in the measurements of sodium content
which increased with decreasing sodium con-
centration over the range of 50—0.2 me.[l.

Increase of the excess potassium delayed the
attainment of equilibrium between the solution
to be tested and the electrode. When the éxcess
of potassium expressed as a multiple of the
the delay in reaching
equilibrium was greater at lower sodium con-
centrations. Addition of potassium to the refet-
ence sodium solutions reduced the extent of this
drawback.

In determinations of sodium in rumen fluid
and saliva, the results yielded by electrode and
flame photometry were on the average the same
when the determinations were made from ashed

sodium was constant,

samples. When the original solutions were

tested, measurement with the electrode produced

results on an average 1.2 %, higher than meas-
urement by flame photometry. The difference of
the means was statistically highly significant
(P < 0.001).

In determinations of the sodium content of
feeds, the two methods yielded on the average
equal results when the sodium content of the
solutions tested was higher than 10 mg/l (mean -
value 44 mg/l). With sample solutions having a
sodium concentration lower than 10 mg/l (mean
value 7 mg/l) measurement by electrode yielded
values higher by 18.3 9, on the average. The
difference of the means was statistically highly
significant (P < 0.001).
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SELOSTUS

Vertailevia natriummaiirityksid potsinesteests, syljesti ja
rehuista Na-elektrodilla ja liekkifotometrilla

Esko PouTramNen ja MarTTI LAMPILA

Maatalouden tutkimuskeskus, Kotieliinhoidon tutkimuslaitos, Tikkurila

Tutkimuksessa selvitettiin erdiden tekijéiden vaiku-
tusta elektrodilla tehtivien Na-miiritysten tuloksiin
potsinesteen, syljen ja rehujen natriummairityksissd ja
verrattiin elektrometrisesti saatuja natriumpitoisuuksia
liekkifotometrin antamiin tuloksiin.

Kaksi kationia sisiltivissd kivenniisliuoksissa kaliumin
ylimédrin kasvu aiheutti natriumpitoisuutta esittiviin
mittaustulokseen suhteellisesti siti suuremman vitheen,
miti alempi oli natriumin konsentraatio alueella 50—
0.2 me./l.

Kaliumyliméirin suureneminen viivistytti tasapaino-
tilan saavuttamista mitattavan liuoksen ja elektrodin
vililld. Milloin kerrannaisena ilmaistu kaliumyliméira oli
sama, viivistytti natriumkonsentraation aleneminen tasa-
painotilan saavuttamista. Kaliumin lisidminen natriumin
standardiliuoksiin vihensi sanottua haittaa.

Pétsinesteen ja syljen natriumin mdéérityksissi antoi

clektrodinen ja lickkifotometrinen misritysmenetelmi
keskimidrin saman tuloksen, kun miiritys tehtiin tuhka-
liuoksista. Alkuperiisistd linoksista tehdyissi misrityk-
sissi antoi elektrodinen mittaus keskimiirin 1.2 % kot-
keampia tuloksia kuin liekkifotometrinen mittaus. Keski-
arvojen ero oli tilastollisesti erittdin merkitsevd (P <
0.001),
- Rehujen natriumpitoisuuden mairityksissi antoi kum-
pikin menetelmi keskiméirin saman tuloksen, kun mitat-
tavien linosten natriumpitoisuus oli yli 10 mg/l (keskim.
44 mgfl). Kun niyteliuosten natriumkonsentraatio oli
alle 10 mg/l (keskim. 7 mg/l), antoi elektrodinen mittaus
keskimddrin 18.3 % korkeammat tulokset. Keskiarvojen
ero oli tilastollisesti erittdin merkitsevi (P < 0.001),
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