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THE EFFECTS OF SOIL FACTORS ON THE UPTAKE OF
RADIOSTRONTIUM BY PLANTS. PART I

ESKO LAKANEN and ARJA PAASIKALLIO
Agticultural Research Centre, Isotope Laboratory, Tikkurila, Finland

The fact that strontium-90 has increased the
total radiation dose by bone as a result of fallout
has directed particular attention to the behaviour
of this dangerous nuclide in food chains.
Investigations have shown that the uptake of
strontium-90 from soils by plants is affected by
several soil factors, among which soil type,
amount of exchangeable calcium, soil pH and
organic matter content are known to be of
importance. The characteristics of soils vary in
different countries and even locally, which must
be taken into account in the intensive worldwide
studies of strontium-90 in food chains.

The uptake of radioactive strontium by plants
has been studied in Scandinavia by several
investigators (ANDERSEN 1963, FREDRIKSSON
1962, 1963, FREDR1kssON et al. 1961, FREDRIKS-
son and ErrkssoN 1966, STEENBERG 1964).
There are practically no published data, however,
on the uptake of radiostrontium from Finnish
soils. The present work was a pot experiment
designed for preliminary study of the uptake
of radioactive strontium from some typical
Finnish soils as a function of soil type and pH.

Material and methods

Fine sand, heavy clay, Sphagnum and Ligno
Carex peat were used in the experiment. The
soils were air-dried and ground to pass a 2-mm
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sieve except for the Carex peat, which was used
without grinding. The mechanical composition
and other characteristics of the soils are pre-
sented in tables 1—2. Only the cation exchange
capacity (108 meq/100 g) and pH (5.7) were
determined from Carex peat. ’

Table 1. Mechanical composition
Taulnkko 1. Mekaaninen koostumus

%
Soil type 002 0002 | 0006 | 002 | 006 | 02
<02 o006 | 00z | 006 | 02 | o
mm mm mm mm mm
Finesand ....| 4.5| 1.0 1.5 4.6 | 87.0 | 1.4
Heavy clay .. | 84.2 83 | 6.6 | 0.1 0.6 | 0.2

Table 2. Characteristics of the soils
Taulukko 2. Koemaiden ominaisunksia

Exchangeable (ppm)
C CEC
Soil ) H
o pe % |meq/100g| P Ca Mg | St | Na| K
Finesand .... | 1.0of 3.7 [ 6.0 450 100 6| 52| 74
Heavy clay .. | 0.4| 35.1 | 6.53 060[1 600| 36| 110| 342
Sphagnum
peat ...... 43.8] 98.4 | 4.3]3 650 770| 20| 120|390

Soil pH was adjusted with experimentally
calculated amounts of HCI, NaOH and Ca(OH),.
In addition to these, the peats were limed at
rates of 4, 8, 16, 32 and 64 tons CaCOj; per
hectare.
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Before sowing, some adsorption and extrac-
tion studies were carried out with the treated
soil samples. Carrier-free strontium-89 in the
neutral water solution was added to the soil
samples in the centrifuge tubes, which were
shaken overnight. The activities of the clear
centrifuged supernatants were counted with
a G-M tube for liquid counting and ad-
sorption percents calculated. The soils were
washed twice with ethanol and extracted for one
hour with neutral normal ammonium acetate.

Another series of extractions was carried out

with acid ammonium acetate (CH,;COOH,
CH,COONH,, pH 4.65), which is the extractant
used in the Finnish soil-testing method
(VuoriNeN and MAKITIE 1955).

The plastic pots wete filled with one litre of
air-dry soil. To heavy clay it was necessary to
add quartz sand (0.7—0.9 mm) to avoid hard-
ening and cracking. The clay/sand ratio was
1: 2. Sufficient amounts of nutrients were added.
The dressing was 400 kg N/ha as NH,NO,,
400 kg P,0O;/ha and 400 kg K,O/ha as KH,PO,,
50 kg Mg/ha as MgSO,. 7 H,0 and 100 mg a
mixture of micronutrients per pot. The nutrients
and carrier-free strontium-89 (15 uCi/pot) were
added as aqueous solutions mixed thoroughly
with deionized water in amounts up to 60 per
cent of the water-holding capacity of the soils.
Each treatment was repeated twice, except the
limed series of Sphagnum and Carex peats with
three replicates. After sowing the seeds, succes-
sive cuttings of the grass wete made. The single
cuttings were combined for the analyses.

The plant material was dried at 105°C and
ashed at 500°C. The activity was counted from
40 mg of the ash with an end-window GM-
counter. The ash was treated twice with 6 N HCl
and finally dissolved in dilute HCI from which
calcium was determined with the aid of an
atomic absorption spectrophotometer.

After harvesting, the soils were air-dried and
Ca and Sr-89
were determined from the acid ammonium
acetate extract and pH from the soil water
_ suspension (1: 2.5).

homogenized. Exchangeable
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Fig. 1. The effect of soil pH on the adsorption of Sr 89

by heavy clav {upper curves) and finesand (lower curves).

Kuva 1. Maan p H:n vaikutus Sr 89:n adsorptioon aitosavessa
(ylemmat kayrit) ja hiedassa (alemmat kiyrit).

Results and discussion
Sorption and desorption of radiostrontium by soils

The relative adsorption of Sr-89 by finesand
and heavy clay is presented in Fig. 1. An increase
of soil pH causes a sharp increase of Sr adsorp-
tion up to a pH above 5.2. At a higher pH level
(more than 6.0) the adsorption of Sr-89 by
heavy clay remained constant and very high
(97 9%,). Finesand represents a simpler exchange
system compared with heavy clay. The CEC of
finesand is only about 10 9, of that of heavy
clay, which also appears as a lowered adsorption
of Sr-89 by finesand. The rather sharp decrease
of Sr adsorption around pH 7 caused by Ca(OH),
treatment may be due to the excess of Ca ions
occupying the exchange sites of finesand. The
results are in agreement with those obtained by
LakaNEN (1967) with some Finnish soils.
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F1g 2. The effect of soil pH on the adsorption of St 89
by Sphagnum peat.
Knya 2. Maan p H :n vaikutus rabkaturpeen Sr 89 -ad.rorptmon

Hydrogen ions in acid soils are able to compete
successfully and replace several soil cations,
including Sr. The increase of soil pH thus
increases the adsorption of strontium (e.g.
Ruopes 1957, ScuroeEDER and Busscue 1962,
ScHROEDER et al. 1962). The decrease of St
adsorption as a functioni of increasing pH valae
has already been reported earlier but at a higher
pH level than that presented in Fig. 1. Prour
(1958) obtained the maximum adsorption of Sr
with NaOH-treated soil at pH 7 and reduced
adsorption above pH 8.

The effect of soil pH on the adsorption of
St-89 by Sphagnum peat (Fig. 2) differs mark-
edly from that of pure mineral soils (Fig. 1).
A rather even decrease of the adsorption of
Sr-89 with increasing soil pH is observed. There
is also a difference between Ca(OH), and NaOH
treatments. The adsorption mechanism and

|
SOIL pH

Fig. 3. The effect of pH of soil and extractant on the
extractability of St 89 from Sphagnum peat.

Kimwa 3. Maan ja unttonesteen pJH :n vaikutus Sr:n unttumiseen
rabkaturpeesta. -

characteristics of peat as a function of pH are
not sufficiently known and need more detailed
investigations.

" Desorption studies were carried out using
acid aminonium acetate (pH 4.65) and normal
ammonium acetate (pH 7.0) as extractants.
These extractants differ from each other, partic-
ularly when used for Sphagnum peat (Fig. 3).
The extractability of Sr-89 by acid ammonium
,iacetate goes through a minimum at about pH
6 and that of neutral ammonium acetate has a
slight maximum in approximately the safne pH
range. The increase of Sr-89 extraction around
and above pH 7 is obviously caused by the
hydrogen ion concentration of acid ammonium
acetate. According to WIkLANDER (1960), the
replacing power of soil hydrogen ions increases
with increasing pH. The extracting capacity of
an acid extractant may thus -increase near and
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above a soil pH value of 7. The extractability
of several trace elements with acid ammonium
acetate from heavily limed Finnish soils showed
a similar increase above pH 7 (LARANEN 1967).

Uptake of radiostrontinm by plants

Soil type proved to be the most important
factor affecting the Sr-89/Ca ratio of timothy.
This is illustrated in Fig. 4, together with corre-
sponding soil analyses employing acid ammo-
nium acetate as extractant. The Str-89/Ca ratios
are mean values of the whole material. The
highest uptake of Sr-89 with Ca is obtained
from finesand and the lowest from peat soil.
The means of the Sr-89/Ca ratios of timothy
growing on Sphagnum peat, heavy clay and
finesand given similar treatments (HCl, NaOH,
Ca(OH),) increase according to the soil type in
the ratio 1:2.3:5.6. Beginning from Carex
peat, which was only limed, the corresponding
order and ratios are Carex peat: Sphagnum peat:
heavy clay: finesand =1:3:7:13.

The results are in agreement with previous
findings. CEC of heavy clay is higher than that
of finesand, and clay colloids are already able
to fix Sr into a form nonavailable to plants

N PLANT SOIL
0]
pH 4.6-6.5

g (D FINESAND
o @ HEAVY CLAY
(] @ SPHAGNUM PEAT
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Fig. 4. Relative mean values of Sr 89/Ca in plant matetjal
and experimental soils.

Kuva 4. Kasvimateriaalin ja koemaiden keskimddrdiset sub-
teelliset Sr 89|Ca-arvot.
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Fig. 5. The effect of soil pH (adjusted with HCl and
NaOH) on the St 89 - content of the plant.

Kuva 5. Maan pH:n (siidetty HCIL:lli ja NaOH:lla) vai-
kutus kasvin Sr 89 -pitoisunteen.

(FrREDRIKSSON 1962, von REICHENBACH and von
der BussceE 1963). Peat soils represent the
highest CEC and it is also known that the
increasing organic matter content of the soil
decreases the uptake of radiostrontium by plants
(NrsH1TA et al. 1956, FREDRIKSSON and ERIKs-
soN 1966). On the basis of the present results
the St-89/Ca ratio of timothy is possibly reduced
more by Carex peat than by Sphagnum peat,
which may be due to the higher degree of
humification of that peat when compared with
Sphagnum peat. The influence of soil type on
the Sr/Ca ratio is even more pronounced when
the experimental soils are extracted with acid
ammonium acetate.

The effect of soil pH on the uptake of Sr-89
alone is presented in more detail in Fig. 5. The
uptake of Sr-89 by timothy is cleatly reduced
by increasing soil pH in Sphagnum peat and
finesand but not at all in heavy clay. The corre-
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Fig. 6. St 89/Ca - ratio of the plant as a function of
exchangeable calcium.

Kuva 6. Kasvin Sr 89|Ca -subde ja vaibtuva kalsiun.

sponding extractability of Sr-89 from Sphagnum
peat with acid and neutral ammonium acetate
(Fig. 3) does not agree very well with plant
analyses. Quite obviously, the reduction of the
hydrogen ion concentration of acid soils reduces
the plant uptake of cations (SCHROEDER et al.
1962, ScHROEDER and GUNTHER 1967).
Liming of acid soils low in exchangeable
calcium decreases the St/Ca ratio of the plants
which is affected by the increase of both soil pH

and exchangeable calcium (Fowrer and
CaristENsON 1959, FrREDRIkssON et al, 1961,
ANDERSEN 1963, STEENBERG and SEMB 1964).
The results of the present study are presented
in Fig. 6. As the function of soil exchangeable
calcium, the Sr-89/Ca ratio of timothy decreases
mote rapidly in mineral than in peat soils. ‘This
is apparently due to the lower cation exchange
and buflering capacities of mineral soils. The
increase of base saturation and of pH are thus
more pronounced in mineral soils, which factors
together decrease the Sr-89/Ca ratio effectively.
There is some increase of Sr-89/Ca ratio on
peats with a higher Ca level, which may depend
on other factors. It is possible that the high Ca
content may release some Sr-89 bound by soils.

Summary

The effect of soil type and pH on the uptake
of radiostrontium by timothy was studied in a
pot experiment. The increase of soil pH reduced
the uptake of Sr-89. The effect of 'soil type was
more pronounced and the Sr-89/Ca ratio of the
plant clearly decreased in the order: finesand,
heavy clay, Sphagnum peat and Carex peat.
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SELOSTUS

Maaperitekijéiden vaikutus kasvien radiostrontiumin ottoon. I

Esko LAKANEN ja ARrjA PAASIRALLIO

Maatalouden tutkimuskeskus,

Atomiaikakauden vaarallinen sivutuote, radioaktiivi-
nen strontium 90, on maataloustuotteisiin kulkeutuneena
lisinnyt siteilyrasitustamme. Saasteisotooppi kulkeutuu
maasta kasveihin ja edelleen eri teiti ihmiseen. On tir-
kedd tietdd sen ravintoketjuissa kulkeutumista sditelevit
tekijit sekd 18ytdd, kehittdi ja testata kiyttokelpoisia vasta-
toimenpiteita.

Tutkimuksessa selvitettiin astiakokein alustavasti maa-
lajin ja sen pH:n vaikutusta kasvin radiostrontiumin ot-
toon. Maalajeiksi valittiin toisistaan suuresti poikkeavat,
mutta meille tyypilliset hieta, aitosavi ja turve. Koemaat
esitelldin taulukoissa 1—2. Koekasviksi valittiin timotei.
Tutkimus suoritettiin kdyttimilld merkitsijiaineena radio-
aktiivista strontjumia (Sr 89).

Ennen varsinaisia astiakokeita selvitettiin radioaktiivi-
sen strontiumin pidittymistd vesiliuoksesta koemaihin ja
sen uuttumista maista happamalla ja neutraalilla ammo-
niumasetaatilla (kuvat 1—3).

_ Kasvin radioaktiivisen strontiumin pitoisuus ei ole riit-
tivi vaarallisuuden mitta. On seurattava myos kasvin ra-
diodktiivisen strontiumin ja kalsiumin suhdetta, jota alen-
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taa mm. happamien maiden kalkitus. Kalkitus vaikuttaa
kahdella tavalla. Kohoava pH lisid strontiumin — ja mui-
denkin — kationien pidittymistd maahan ja lisddntyvi,
vaihtuva kalsium kilpailee Sr:n kanssa. Kalkituksen vai-
kutusta timotein Sr 89/Ca -suhteeseen esittid kuva 6.
Maan lisdfintyvin pH:n alentavaa vaikutusta kasvin Sr
89 -pitoisuuteen luonnehtii kuva 5.

Tutkimuksen tirkein tulos ilmenee kuvasta 4. Maalaji
on vield kalkitusta ja pH-s#dtodkin merkittivimpi tekija.
Timotein Sr 89/Ca -suhde alenee voimakkaasti jirjestyk-
sessi: hieta, aitosavi, rahkaturve, saraturve, miki vastaa
myds kasvavan kationinvaihtokapasiteetin mukaista jir-
jestysti. .

On huomattava, ettd tutkimuksessa kiytetyt astiakoe-
maat edustavat tarkoituksellisesti valittuja, toisistaan suu-
resti poikkeavia maalajeja, mistd syystd tuloksia ei voida
sellaisenaan soveltaa kiytinndén olosuhteisiin. Sellaiset
tirkedt maaperitekijit kuten hienousaste sekd orgaanisen
aineksen midri ja laatu vaativat yksityiskohtaisempaa tut-
kimusta.
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CHANGES IN THE YIELD AND PROTEIN QUANTITY OF OAT CAUSED BY
RHOPALOSIPHUM PADI (L.) (HOM., APHIDIDAE)

JORMA RAUTAPAA

Agticultural Research Centre, Depattment of Pest Investigation, Tikkurila, Finland

One of the most common species of cereal
aphids throughout the world is the oat bird-
cherry aphid Rhopalosiphum padi (L.). In Finland
too the bionomics of R. padi has been clarified
in details (MarkkuLA and MyrLymAxr 1961),
as has the occurrence of cereal viruses trans-
mitted by the species (BREMER 1965).

Several studies have been performed regarding
the effect of R. padi on the yield of cereals. Some
of these have led to the conclusion that R. padi
did not significantly effect the yield (LINDSTEN
1961, Forses 1962, Lowe 1962, Apams and
Drew 1965) but the others, however, showed
that the grain yield was reduced apparently as a
result of an aphid population living on plants
(RaATIRAINEN and TINNILA 1961, SmitH and
Arren 1962, STERN 1967).

The purpose of the present study was to
clarify the changes in yield possibly caused by
R. padi populations living on oats. Previously,
a report has been published of the effects of
Macrosiphum avenae (E.) on the yield and quality
of wheat (Raurarii 1966).

Material and methods

The aphids, descending from a single funda-
trix, belonged to a parthenogenetic line that had
been reared in greenhouse over a period of
several years. The non-viruliferous aphids for

Received October 18, 1967

the tests were obtained by the method presented
by Raurarii (1966). Untill the beginning of
experiments the aphids were reared on Sisu oat

_enclosed in PVC cylingers.

The oat variety Sisu was sowed on May 23,
forming 18 plots in a field of fine-sand soil.
Plot size was 30 X 30 cm. After sowing, the
plots were covered with terylene-voilé cages
(30 x 30 x 120 cm). The shoots were thinned
out at the 2-leaf stage, 50 plants being left in
each cage.

Groups:

A — cages 1—6. The aphids wete placed ifi the cages
on June 13. The plants wete at the 4-leaf stzge
and measuted approximately 15—20 cm, The
aphids were allowed to reproduce until harvest.

B — cages 7—12. The aphids wete placed in the cages
on June 7. The plants were at the 6—7-leaf
stage, and the panicles of a few of them had
already appeared. The aphids were allowed to
reproduce until harvest.

C — cages 13—18 wete controls without aphids.

The aphids which became transferred on
plants were gathered from the roofs of reating
cylinders. Two alate females were placed on
each test plant, 100 aphids thus being placed
in each cage.

The aphids on the plants were counted at
intervals of 5—24 days (see Fig. 1). Every
panicle in each cage was examined, and the
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aphids on blades and stalk of 20 shoots in each
cage were counted. The shoots were the same
at each examination. An aphid index was calcu-
lated for each cage on the basis of the mean
number of aphids per shoot and the duration of
infestation. The index represents the total num-
ber of aphids living on a shoot on each day for
the whole period of experiment. The method
has been described previously by Raurarii
(1966).

All the shoots in the cages were measured
from ground to panicle-base on July 15 and,
at harvesting, on August 19. Due to error,
the shoots were not measured in control cages
17 and 18.

The crop was hatvested on August 19. The
panicles were dried at a temperature of app.
+ 35°C and in the relative temperature of app.
20 9%, After a drying period of three weeks the
panicles were threshed by hand, the number of
grains in the panicles was counted and the
grains weighed. The protein content of the grain
was determined by use of the Kjeldahl method
at the Research Laboratory of the State Granary,
Helsinki, under supetrvision of Mrs. Hilkka
Suomela, Dr. Agr. and For. In order to

APHIDS /sHoOT
600

establish the occutence of virus or take-all
diseases the plants harvested from plots were
examined, with root, by Mr. Aarno Muztto -
maa, M. Agr. and For. (virus diseases) and
Mr. Martti Toiviainen, M. Agr. and
For. (take- all diseases), both at the Department
of Plant Pathology.

Results
Changes in the numbers of aphids

The mean number of aphids on the shoots
of group A was greatest in July and declined
in August. Fig. 1 shows, separately, the changes
taking place in the numbers of aphids on the
panicles and other parts of plants. At maximum,
the mean number of aphids per shoot as a
whole was about 665 in cage 1, 401 in cage 2,
251 in cage 3, 144 in cage 4, 307 in cage 5 and
37 in cage 6. There were fewer aphids on the
panicles than on the other parts of the shoots.
The difference between the aphid indices, calcu-
lated separately for the panicles and for the
other parts of the shoots, was smallest in cage 6
(1: Le) and‘ greatest in cage 3 (1: 8.3).

~200
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100 -
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—400
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50 50
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JUNE JULY AUG,

Fig. 1. Numbers of Rhopalosiphun padi in panicles (broken line) and other parts of

shoots (solid line) in cages 1—12 at vatious times duting the growing period 1966.

Kwva 1. Tuomikirvan keskimdidirdinen lukn riyhyssé (katkoviiva) ja verson muissa osissa
(yhteniinen viiva) hikeissé 1—12 fkasvukanden 1966 eri aikoina.
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The number of aphids on the shoots of
group B was greatest at the turn of July—August
(Fig. 1). At maximum, there were 207 aphids
pet shoot as a whole in cage 7, 45 in cage 8,
402 in cage 9, 160 in cage 10, 427 in cage 11
and 70 in cage 12. The difference between the
aphid indices of the panicle and the rest of the
shoot was smallest in cage 10 (1.6:1) and
greatest in cage 9 (1:6.5). A great number of
aphids infected by fungus disease were found
in cage 8. Distinct symptoms of virus or of
take-all diseases could not be ascertained at
harvest. '

Effect of aphids on the height of plants

By July 15, the aphids had been living for
about one month on the plants of group A and
for 8 days on. the plants of group B. The nega-
tive correlation between the height of the shoots
of test group A and the aphid index reached by
the day of measurement was very significant
(r = —0.804, P < 0.01, Fig. 2). The average
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Fig. 2. Cortelation between index and
height of shoots of group A on July-15.
The dots show the means for each cage.

Kuva 2. Indeksin ja koejisenen A versojen
pitunden korrelaatio 15. heinikunta. Pisteet
osoittavat kunkin hikin keskiarvon.
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height of the shoots was smallest in cage 5
(63 cm) and greatest in cage 14 (103 cm) (Table
1). An increase of 1000 in the aphid index
caused a decrease in height growth of 4.5 cm.
The correlation between the index and the height
of the plants of group B was not significant
(P < 0.05). The shoots in the cages of group
A averaged 74.9 cm in height, in the cages of
group B 82.6 cm, and in the control cages
90.9 cm.

Upon completion of the experiment on August
19, the length of panicled shoots in the cages
of group A averaged 75.1 cm, in the cages of
test group B 81.4 cm, and in the control cages
only 84.5 cm. The correlation between the index
and the height of the shoots of test group
A was negative but not significant (r =
—0.479, P > 0.05). Nor was the correlation
between the index and the height of the plants
in test group B significant one (> 0.05).

Effect of aphids on the qunantity of yield

The negative cotrelation between the index
and the number of panicles that had formed-on
the plants in each cage was highly significant
(t = —0.866, P < 0.01, Fig. 3). An increase of
1000 in the index corresponded to a decrease
of 5.6 in the number of panicles.

The correlation between the index and the
mean number of grains in a panicle was nega-
tive but not significant (r =-—0.393, P >
0.05) while the cortelation between the total
number of grains obtained from the cages and
the index was highly significant (xr = —0.783,
P < 0.01, Fig. 4). With an increase of 1000 in
the index there was a decrease of 210 in the
total number of grains in the yield per cage.

Also, the negative correlation between the
1 000-grain weight and the index was highly
significant (r = 0.989, P < 0.01, Fig. 5). With
an increase of 1000 in the index there was a
decrease of 1.9 g in the 1 000-grain weight.

The negative correlation between the total
grain yield and the index was likewise highly
significant (r = —0.820, P < 0.01, Fig. 6). The
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Fig. 3. Cortelation between index and
number of panicles per cage at harvest time.
Kuva 3. Indeksin ja sadonkorjunn aikana
bikissd olleiden riyhyjen mddrin korrelaatio.
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Fig. 4. Cotrelation between index and
numbers of grains per cage.
Kuva 4. Indeksin ja hikin sadon jyviluvun
korrelaatio.

Table 1. Effect of Rhapalosiphum padi on the yield.
Taulukko 1. Tuomikirvan vaikutus sadon maéirdin ja proteiinipitoisuuteen,
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. . . Average height of shoots Protein
Treatment Cage Aphid index 11;2;1 lgegse pf:;rmcl:;e ! 2831'51:: " Gt:«:’x vz:;%ht em &u;:;;:‘};
& 15, VII 19. VIII %
1 11367 34 740 17 12 82 80 9.0
2 11 046 33 129 12 2 68 68 8.3
3 6341 28 748 21 16 79 80 12.0
A 4 4912 31 549 19 10 64 64 9.4
5 7483 27 281 19 5 63 61 11.0
6 594 72 3248 33 108 93 96 13.6
X 6957 37.1 949.2 20.2 25.7 74.9 75.1 - 10.6
7 4092 54 1436 26 38 82 75 12,3
8 636 65 1011 31 31 67 68 15.1
9 5199 46 2277 26 60 96 95 13.2
B 10 2794 61 1950 27 53 84 77 12.3
11 4739 48 2467 21 51 84 92 11.2
12 787 83 2077 34 71 83 81 14,4
X 3041 59.5 1.869.7 27.7 50.8 82.¢6 75.1 10.6
13 0 91 2068 34 69 87 77 13.9
14 0 98 3185 35 112 103 92 14.0
15 0 88 3163 33 105 88 87 14.9
Cc 16 0 68 2389 33 78 86 82 12.8
17 0 99 2805 30 85 — — 13.1
18 0 78 2289 33 76 . — — 13.4
X 0 87.0 2649.8 32,9 87.3 90.9 84.5 13,7
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Fig. 5. Cortelation between index and
1 000-grain weight,

Kuva 5. Indeksin  ja 1 000-jyvin painon
Fkorrelaatio.
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Fig. 7. Loss of grain-yield as a function
of aphid index.
Kuva 7. Keskimdirdinen satotappio indeksin
JSunktiona,
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Fig. 6. Correlation between index and
total grain-yield per cage.
Kuva 6. Indeksin ja hikin jyvisadon korre- -
laatio.
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smallest yield was obtained from cage 2 (2 g)
and the largest from cage 14 (112 g) (Table 1).
With an increase of 1000 in the aphid index
there was an average decrease of 7.8 g in the
grain yield.

The average loss of yield (Fig. 7) was calcu-
lated by means of the equation X = 100
(A—B)/A. In the equation, A = 80.68 i.e. the
value of Y in the regression equation Y =
80.68—0.0078 X (Fig. 6) when X = 0. If the
average yield of the control cages, 87.3 g,
is taken as the value of A, the straight line
describing the yield loss will not pass through
the origin but will intersect the Y axis at the
point + 7.6. Calculated in this manner the yield
loss would be 7.6 9, although there wete no
aphids on plants. Further, B = the yield corre-
sponding to a given aphid index as calculated
from the tegression equation, Y = 80.68—
0.0078 X. On average the crop loss increased
by 9.7 petcentage units when the aphid index
increased by 1000 (Fig. 7). The average loss
of yield of group A was 67.3 %, and of group
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B 29.4 9,. The deviations from the theoretical
losses, which can be calculated from the index
averages of the cages of the groups and the
straight line of Figure 7 are small: group A —0.8
and group B 7.6 percentage units.

A straight line was selected to describe the
correlation between the yield and the aphid
index as well as the loss of yield because the
difference between the first degree equation (see
Fig. 6) and the second degree polynome Y =
80.30—0.0066 X—0.000015 X2 is not significant
(P > 0.05). In fact, the second degree function
almost coincides with the straight line of
figure 6. The equation log Y =.1.94—0.00012 X
gives the value of r = —0.862, and that of the
first degree polynome in Fig. 6 r = 0.820, but
the difference between the log parabola and the
straight line is not significant (F = 2.40, P >
0.05).

Effect of aphids on the protein quantity of yield

The negative correlation between the aphid
index and the relative protein content of the

PROTEIN % OF GRAINS
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Fig. 8. Cotrrelation between index and
protein quantity in petcentages of the grain
yield.

Kuva 8. Indeksin ja jyvisadon subteellisen
proteiinipitoisunden korrelaatio.
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Fig. 9. Cottelation between index and the
total protein quantity of the yield.

Kuva 9. Indeksin ja sadon kokonaisproteiini-
pitoisunden korrelaatio.

yield (arc sin |/ petcentage) was vety significant
(t =-—0.880, P < 0.01, Fig. 8). The protein

content of the crop averaged 13.79, in the
control cages, 10.6 9%, in group A and 13.1 9
in group B (Table 1). On average the protein
content decreased by 0.4 petcentage units when
the index increased by 1 000.

The amount of grain protein in the yield of
the control cages was 11.9 g, the cortesponding
figure for the group A being 2.7 g and that of
group B 6.5 g. The negative cottrelation between
the amount of grain protein and the index was
very significant (r = —0.801, P < 0.01, Fig. 9).
With an increase of 1000 in the aphid index
there was a 1.0 g decrease in the quantity of
protein.

Discussion

The effect of aphids upon cereals have been
clarified in many studies, and results have shown
great variation. LINDSTEN (1961) found that
R. padi did not cause any visible damage when
it occurred in great abundance on oats in Sweden



in 1959. In cage experiments, however, a very
great number of aphids did perhaps reduce the
yield and retard the plants. RAATIKAINEN and
TinniLA (1961) estimated, conversely, that R.
padi had caused a loss about 12 9, in oats, 8 9,
in barley and 3 9, in wheat in Finland at the
same time. During the fouryear investigation
by ForsEs (1962) aphid control did not signifi-
cantly increase the yield of oats. Only about
59, of the aphids were R. padi, the great
majority being of the species Acyrthosiphon
dirbodum (Wlk) and M. avenaze. The number at
maximum was 47 aphids per tiller. According
to Lowe (1962) the control of R. padi did not
significantly increase the yield of oats. There
were, however, very few aphids on the plants.
In the experiments by Woop (1965) the number
of M. avenae on wheat was 200 per foot but the
aphids did not significantly reduce the yield.
Apavs and Drew (1965) too showed that
R. padi, which made up 80—90 %, in the aphid
population, did not affect the grain or straw
yield of oats. At maximum the number of
aphids was 250 per tiller.

On the other hand, aphids have been found
to cause even considerable decreases in yield of
grains. GLENDENNING (1938) found that an
abundance of M. avenae was sufficient to lower
the yield of oats. Kantack and Danwms (1957)
compared the destruction caused by Zoxopzera
graminum (Rond.) and R. fizehii (Sand.) in wheat,
oats and batley. The symptoms of 7. graminum
destruction appeared on the shoots earlier than
did those of R. fizchii. Both the species lowered
the shoots’ resistance to cold, slightly more so
T. graminum than R. fitchii. They also retarded
the shoots and had an effect on the development
of tillers. WerLs and MacDonarp (1961)
showed that R. maidis can be expected to cause
great damage to batley if there is a great abun-
dance of aphids at the earlier stages of develop-
ment but little if the batley is at the stage of
stem clongation. In experiments of SmrtrH and
Arren (1962) non-viruliferous R. padi caused
an 18 per cent yield loss in wheat. ArABLAZA
and RosiNsoN (1967) clarified the effects of the
species Schizaphis (I.) graminum (Rond.), M.

avenae and R. maidis upon batley, wheat and
oats. R. maidis did not decrease barley yield
when the aphids wete placed on the plants after
the heading, while the other species did reduce
the yield of wheat, barley and oats although the
plants were in advance stages of growth when
the aphids were placed on them. From experi-
ments over several years STERN (1967) reached
the average estimate that control is worth while
if the number of aphids (in this case R. padi and
R. maidis) is about 25—30 per tiller. However,
one must pay attention to the fact that with
field tests it is difficult to separate from each
others the effect of viruses and their vectors
on cereals.

The extend of the changes caused in plants
by aphids dépended in some cases on the plant’s
stage of development during the period of
greatest infestation (WELLs and MacDoNALD
1961, AraBraza and RosinsoN 1967). On other
hand, it was not possible to show that M. avenae
living on the heads of wheat during the flor-
escence and ripening periods would have
affected the grain yield in varying degree (Rau-
TAPAA 1966). Neither do the results of the present
investigation give cause to assume that the
decrease in oat yield caused by R. padi was
dependant upon the developmental stage at the
moment when infestation began.

The effect of M. avenae on the yield of wheat
(RaurarAi 1966) and that of R. padi on the
yield of oat appeared to be almost equally
great: with an increase in the aphid index of
1 000 the yield decreased approximately 10 per-
centage units. Also, upon the 1 000-grain weight
M. avenae did cause a nearly equal (2.4 g) reduc-
tion as R. padi (1.9 g) when the index increased
by 1000. But, M. avenae had a significant effect
on the number of grains per head while R. pad;
did not. This difference is probably due to the
fact that most of M. avenae were living on the
heads and therefore they had a greater effect
on the developing grains than R. padi which
concentrated largely on blades and lowet part
of stalks. :

The correlation between the aphid index and
the yield is shown as a straight line in Fig. 6.
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Presumably, however, a better description than
a straight line is provided by a parabola inter-
secting the X axis near the origin. This assump-
tion is based on the obvious fact that a given
number of aphids can probably live on the
plants for a given period without a decrease
in yield. According to EveErry (1960) a second-
degree parabola provided a significantly better
description than did a straight line of the effect
of R. maidis upon the yield of maize. It remains
however to be shown how high the aphid index
may rise without the occurrence of a change
in yield.

It is evident that aphids living on cereals may
alter certain biochemical characteristics of grains
and the plant as a whole. However, the informa-
tion on the changes in cereals caused by aphid
feeding is quite sparse. It is known that toxins
in the saliva of 7. graminum may cause damage
to root formation of small grains (OrT™MAN and
Pamnter 1960), kill the shoots, delay their
growth, and lower their resistance to cold, as
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does R. fitchii in minor degtee, too (KaNrTack
and DarMs 1957). Also, it is known that e.g.
Acyrthosiphon pisum (Harris) in experiments had
an effect upon alfalfa carotin content and cold
resistance (HARPER and Lirry 1966). The aphids
may in many instances significantly alter the
value of plants although vyield
quantity remains unaffected.

nutritional
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SELOSTUS

Tuomikirvan vaikutus Sisu-kauran satoon ja sadon proteiinipitoisuuteen

Jorma RavuTarAA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Maamme viljoissa eldd yleiseni kaksi kirvalajia, tuomi-
kirva Rbopalosiphum padi L. seki viljakirva Macrosiphum
avenae (F.). Ajoittain esiintyy kirvoja erittdin runsaasti,
tuomikirvaa viimeksi 1959, jolloin sen arvioitiin aiheut-
taneen kaurassa n. 12 %:n tappion, ja viljakirvaa vuonna
1965. Viljakitvan vaikutusta vehnin satoon ja sadon laa-
tuun selvittivin tutkimuksen valmistuttua (julkaistu tdssa
satjassa 1966) aloitettiin kesilldi 1966 timi ty6, Paimid-
réind oli saada lisitietoa tuomikirvan vaikutuksesta kau-
ran satoon ja sadon proteiinipitoisuuteen.

Koejisenid oli kontrollin lisdksi kaksi: toisen hikeissi
kasvaviin Sisu-kauran oraisiin sijoitettiin kuhunkin kaksi
siivellistd viruksetonta kirvaa 13. kesdkuuta ja toisen kas-
veihin 7. heinikuuta. Kaikissa hikeissd kirvat saivat

lisddntyd sadonkotjuuseen saakka. Kirvojen mddrd kas-
veissa laskettiin kahdeksan kertaa, ja kirvojen runsauden
sekd koeajan perusteella miiritettiin kullekin hikille ns.
kirvaindeksi. Indeksi osoittaa kunakin koeajan piivini
versossa elineiden kirvojen summan. Sadan kirvan eldessi
versossa kymmenen piivin ajan on indeksi tuhat.
Kaikkien royhyllisten versojen pituus mitattiin sekd
heindkuun puolivilissd etti satoa korjattaessa 19. elo-
kuuta, Kesikuussa kasveihin asetetut kirvat hidastivat
versojen kasvua ensimmiiseen mittaukseen mennessi
merkitsevisti: kirvaindeksin suureneminen 1 000:lla vi-
hensi pituuskasvua 4.5 cm:lli. Toisessa mittauksessa ke-
sin lopulla oli kortelaatio indeksin ja versojen pituuden
vililli negatiivinen, mutta ei metkitsevdi. Ensimmiiseen
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mittaukseen mennessid eivit heinikuussa kasveihin ase-
tetut kirvat vaikuttaneet versojen pituuteen, eiki korre-
laatio indeksin ja versojen pituuden vililli ollut satoa
kotjattaessa merkitsevi.

Hikistd saatu sato oli kddntien verrannollinen kirva-
indeksiin. Yhtéddltd royhyjen miirin, sadon jyviluvun,
1000 jyvdn painon ja jyvdsadon kokonaispainon seki
toisaalta indeksin negatiivinen korrelaatio oli erittdin
merkitsevd. Indeksin suuretessa 1 000:lla rSyhyjen madri
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viheni 5.6:1la, 1 000 jyvidn paino 1.9 g, sadon jyvimairi
210:114, kokonaissato 7.8 g ja satotappio 9.7 prosentti-
yksikkod.

Sadon proteiinipitoisuus méiritettiin Kjeldahlin mene-
telmin avulla. Kirvaindeksin ja proteiinipitoisuuden ne-
gatiivinen korrelaatio oli erittiin merkitsevi. Indeksin
suuretessa 1 000:lla proteiinipitoisuus viheni 0.4 pro-
senttiyksikkoa.
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MITRULA SCLEROTIORUM ROSTR., A PARASITE ON THE SCLEROTIA
OF SCLEROTINIA TRIFOLIORUM ERIKSS.

AARRE YLIMAKI

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

In a study of the overwintering of clover, the
author has found apothecia of fungi in the leys
in autumn, not only of Sclerotinia irifoliorum
Erikss. but also of Mitrula sclerotiorum Rostr.,
which had been found by Jamaramnen (1942)
as long ago as the 1930’s. A very great annual
variation has been observed in the numbers of
apothecia of M. sclerotiornm. It has also been
observed that the apothecia of M. sclerotiorum
invariably appear later than those of S. #rifolio-
rum — apparently not until the temperature of
the air has fallen to a level low enough for
the fungus.

Ascospores were shaken from apothecia onto
the surface of a nutrient medium. The mycelium
grew slowly on artificial nutrient media (oatmeal
agar, potato dextrose agar and malt agar), but
faster below 10°C than above this temperature.

Like Rostrur (1888), who identified the
species, HamMarRLUND (1932) and EKSTRAND
(1938) regarded the M. sclerofiorum fungus as
one of the causes of clover rot, although
ExkstraND, on the basis of his experiments,
thought it probable that this fungus parasitized
not the clover but the sclerotia of S. tréifeliorum.
This opinion was later supported by the discov-
ery by RoeDp (1954) of a sclerotium with apoth-
ecia of both S. #rifoliorum and M. sclerotiorum.
Not even the structure of the sclerotium sug-
gested that it might be formed of the mycelia
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Fig. 1. Mitrula sclerotiorum a. apothecia 1% X, b. asci
and ascospores.

Kuva 1. Mitrula sclerotiornm a. itidemid, b.
itidineen.

itidkoteloita

of two different fungi, and R6ED too supposed
the situation to be an S. frifoliorum sclerotium
with M. scleratiorum as a parasite.

During scveral years of grassland studies the
present author has only once encountered in
nature a sclerotium bearing both apothecia.
However, M. sclerotiorum mycelium transferred
to S. trifoliorum sclerotia in the laboratory
could repeatedly be brought to develop apoth-
ecia. Sclerotia of a §. frifoliorum isolate were
placed on sterilized damp quartz sand in Petri
dishes. Mycelium of isolated M. selerotiorum was
transferred onto the sclerotia. The dishes were
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Fig. 2. Mitrula sclerotiorum mycelium and apothecia trans-
ferred to Sclerotinia trifoliorum sclerotium. The arrow
shows occurrence of a S. trifoliorum apothecium 5 X

Kuva 2. Scleratinia trifoliorumin ribmastopahkalle siirrostetun
Mitrula sclerotiorumin ribmastoa ja itigemid. Nuolen osoitta-
miassa kobdassa on myis S. trifoliorumin itivemd.

kept in a cool temperature of -+ 5 to - 6°C.
The mycelium grew much better on the sclerotia
than it did in a parallel transfer to malt agar
dishes, either as such or when powdered sclero-

tium of 5. zrifoliorsum was added before autoclav-
ing. On the selerotia onto which M. sclerotiorum
was transferred there grew concurrently several
apothecia of M. sclerotiorum but also apothecia
of §. #rifoliorum (fig. 2).

The evidently rare simultaneous occurrence
of the two fungi in natural conditions may be
due either to the non-simultaneous occurrence
of the differing temperature requirements of
these fungi or possibly to the antagonistic effect
of the M. sclerotiornm fungus upon the S. #ri-

Sfoliorum fungus.

The following facts indicate that the Af.
sclerotiorum fungus is actually a parasite of §.
trifoliorum: (1) apothecia of both fungi have
been found on one and the same sclerotium,
(2) the anatomical structure of the sclerotia
bearing the apothecia of M. selerotiorum is identi-
cal with that of the sclerotia of §. #rifolioram
(R6ED 1954), (3) M. sclerotiorum mycelium grows
better when transferred to the sclerotia of .
trifoliorum than it does on artificial nutrient
media, and (4) M. sclerotiornm mycelium trans-
ferred onto §. #rifoliorum sclerotia has developed
fertile apothecia.

REFERENCES

ExstranDp, H. 1938. Nigra ckonomiskt viktiga sjuk-
domar pi hostsid och vallvixter. (Zusammenfassung).
Stat. Vixtskyddsanst. Medd. 25: 1—23.

Hammarrunp, C. 1932, Beitrige zur Kenntnis der Micro-
mycetenflora der Provinz Skdne. Ark. Bot. 25 A, 3:
1—126.

Jamaramwen, E. A, 1942, Beobachtungen iiber Mitrula

sclerotiorum Rost. am Klee. J. Sci. Agric. Finl. 14: 19
—22,

RoeD, H. 1954. Mitrula sclerotiorum Rostr. and its relation
to Sclerotinia trifoliorum Erikss. Acta Agric. Scand.
4: 78—84.

Rostrure, E. 1888. Mykologiske Meddelelser. Medd. Bot.
For. 2, 4: 84—93.

SELOSTUS

Mitrula sclerotiorum Rostr. loisii Sclerotinia trifoliorum Erikss. pahkoilla

AARRE YLIMAKI

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Apilamititaudin aiheuttajana tunnetun Sclerotinia tri-
foliorum sienen itidemien ohella tavataan nurmissa syk-
syisin toisenkin kotelosienen Mitrula sclerotiornmin itio-
emii. On havaittu viimeksi mainittujen kehittyvin luon-
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non oloissa mychemmin kuin edellisten ja todettu sen
aiheutuvan sopeutumisesta alhaiseen limpotilaan. On
osoitettu, etti M, selerotiorum on loinen S. frifoliorum sie-
nen pahkoilla eikd apilalla.
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PESTS OF CULTIVATED PLANTS IN FINLAND IN 1967

MARTTI MARKKULA

Agricultural Research Centre, Depastment of Pest Investigation Tikkurila, Finland

Reports on the incidence of pests have been
published annually in Finland, but these have
been issued in a number of different journals and,
almost without exception, in Finnish. The paper
published by Varpura (1965). provides a good
pibture of the information, accumulated up to
1964, on pests of cultivated plants, and its
bibliography, which is very extensive, makes
teference to annual reports under the names
of Hukkinen, Linnaniemi, E. Reuter, and
Vappula. '

Material

The present review is chiefly based on informa-
tion obtained from advisers of agricultural
associations. The remaining material consists
of samples and inquiries sent to the Department
of Pest Investigation and of observations made
by research workers.

Four inquiries were sent to the advisers: a
spring inquiry in June, a first summer inguiry
in July, a second summer inquiry in August and
an autumn inquiry in September. It was requested
each time that an estimate should be made
of the severity and frequency of damage caused
by the pests specified in the questionnaire.
A scale of 0—10 was, used in estimating the
severity, and frequency was estimated in terms
of the percentage of cultivations where damage
had occured in each observation area. In the
autumn inquiry the advisers were also asked to
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make an estimate of the percentage of apples
damaged by Cydia pomonella and Argyresthia
conjugella and of pea pods damaged by Cydia
nigricana. The same inquiry asked for a general
estimate of the abundance of pests throughout the
growing season. A scale of 1—5 was employed
for this: very spatse, sparse, normal, abundant,
very abundant.

There were 218 advisers of agricultural asso-
ciations, each adviser having a district consisting
of one commune or, at most, seven communes.
The network of advisers covers all communes,
of which there are 536 in Finland. A good half
of the advisers replied to each inquiry, and
information was obtained from about a fourth
of all communes. The spring inquiry drew a
response from 144 advisers for 178 communes.
The figures for the first summer inquiry were.
132 and 165 respectively; for the second summer
inquify 128 and 145; and for the autumn inquiry
138 and 160.

This method of gathering information has
only been in use since 1964. Although the period
is very short, the 1964—1966 averages of severity
and frequency of damage have been listed in
Table 1 in order to provide some point of refer-

‘ence. ‘The figures shown cannot be regarded as

particularly accurate, but the observations made
by research ‘workers at the Department of Pest
Investigation indicate that the method employed
provides a fairly reliable idea of the pest situa-
tion each year.
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Table 1. Results of questionnaires. Severity of damage reposted, using a scale of 0—10. The frequency of damage
shows the percentages of cultivations in which damage was found in the observation area. 1 = spring questionnaire,
2= first summer questionnaire, 3 = second summer questionnaire, 4 = autumn questionnaire.

Tanlukko 1. Tubodldintiedustelujen tulokset., Tubojen ankarnus on ilmoitettn 0—10 asteikkoa kiyttien. Yleisyyslukn ilmoittaa,
kuinka monessa prosentissa havaintoalucen viljelyksisti tuboa tavattiin. 1 = kevittiedusteln, 2 = ensimmdinen Kesdtiedusteln,
3 = toinen kesitiedusteln, 4 = syystiedusteln.

i Number of Severity of damage Frequency of damage
Ql;fi:;z:;:ifc 0?;::2:;:“ Tubojens ankarnus Tubojen yleisyys
1967 1967 1964—66 1967 1964--66
CEREALS — VILJAKASVIT
Oscinella frit (L.), winter ceteals — syysviljat ... .. 4 85 1.4 1.7 14 21
Elateridae ............... 00 i i 2 79 1.3 1.4 13 22
Macrosiphunt avenae () .............cooiue.... 4 89 1.3 2.2 19 36
Phyllotreta vittula (Redtb.) etc, ................ 1 114 1.2 0.8 18 22
Oscinella frit, spring ceteals — kevitviljat ....... 2 72 1.2 1.4 12 21
Rhopalosiphum padi (L) «....ooooiiiiiiiiian.. 2 71 0.7 1.3 9 17
FORAGE PLANTS — NURMIKASVIT
Amanrosoma spp. ... e 3 104 1.4 2.4 28 42.
B o > 3 62 1.4 1.5 23 25
ROOT CROPS AND VEGETABLES —
JUURI- JA VIHANNESKASVIT

Hylemya brassicae (Bché) and H. floralis (Fall.),

late summer — Joppaukesd .................. 4 7 2.4 2.7 32 55
Hylemya antiqua (Meig.) .......ccoovvvnnn.... 3 85 2.1 2.4 24 33
Halticinae, crucifets — ristikukkaiset ........... 1 113 1.9 2.5 36 49
Hylemya brassicae and H. floralis, eatly summer — .

alkukesi . ... .. e et 2 74 1.8 2.4 22 37
Pieris brassicae (L.) etc. .....oooeiviinnnn... 4 88 1.7 2.3 33 34
Plutella maculipennis (Curtl) ................... 3 68 1.2 2.1 16 29
Phaedon cochleariae (F) .................. PR 2 62 1.1 1.8 16 34
Mamestra brassicae (L.) ..................n.... 4 46 1.0 2.0 24 32
Psilarosae () oovviennin i i, 2 60 0.8 1.4 18 16
TURNIP RAPE — RYPSI
Meligethes aenens (B.) .............. [ 1 51 1.4 2.9 42 63
SUGAR BEET — SOKERIJUURIKAS
Pegonzya betae (Curt.), eatly summer — alkukesi . . 2 94 2.2 2.4 54 54
Pegomya betae, late summer — loppukesi ... ... .. 4 103 2.1 2.2 b5 43
Lygus rugnlipennis Popp. etc. ......... oL, 2 91 2.0 2.9 44 59
Chacetocnema concinna (Marsh.) ................. 1 79 1.7 2.0 31 46
Silpha opaca L. ........ociiiiiiii ... 2 80 1.6 1.8 35 41
PEA — HERNE
Cydia nigricana (F.) ................c...cou. .. 4 58 2.4 2.2 47 35
APPLE — OMENAPUU
Hyponomenta malinellus (Zell) ................. 2 54 1.6 1.6 16 25
Panonychus wlni (Koch), spring — kevit ... .. .. 2 49 1.5 1.7 15 26
Argyresthia conjugella Zell, ... ................. 4 66 1.5 3.6 22 49
Cydia pomonella (L.) ...............c.ooin. 4 58 1.4 2.6 25 45
Aphis pomi DeG ... ... ... i i e 3 50 1.4 2.0 23 31
Microtus agrestis (L.) and Arvicola terrestris (L.) .. 1 68 1.2 2.4 9 27
Panonychus wlmi, avtumn —gyksy .. .. .. .. .. .... 4 30 1.1 2.1 17 35
Lepus europacns Pallas and L. timidus L. ... ... 1 64 1.1 2.0 11 17
Psylla mali (Schmidbg.)...................... 1 49 0.8 1.4 11 26
Xyleborus dispar (F.) ........................ 1 39 0.2 1.1 3 10
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Table 1 (cont.)
Taulukko 1 (jatkoa)

Number of Severity of damage Frequency of damage
Questionnaire obscrv?nc'ns Tubojen ankarnns Tuhojen yleisyys
Tiedusteln Havaintoja
1967 1967 1964—66 1967 1964—66
BERRIES — MARJAKASVIT
Cecidophyopsis ribis (WeStW.) «...oovivnvriinnn 1 110 2.1 2.4 22 37
Byturus urbanns (Lind.) . ...ieii it 3 53 VA 2.3 36 33
Nemains ribesii (Scop.) and Prz.rt:p/}ma pallipes Lep. 3 70 2.0 2.1 19 23
Apbhididae, Ribes species — Ribes-lajit .......... 2 68 1.8 2.0 21 32
Anthonomus vubi (Hbst) ...........oioiioot. 2 43 1.7 1.6 22 30
Incurvaria capitella Cl. ... ... oot 1 79 1.6 2.4 16 32
Stenotarsonemus fragariae (ZIMm.) ........c.ooenn 3 68 1.5 2.4 19 36
Pachynematus pumilio Kaw. ...... ...t 3 54 1.2 1.8 24 26
Zophodia convolutella (Hbn.) .......ooooivinihn. 2 36 0.8 1.3 10 19
PESTS ON SEVERAL PLANTS — USEIDEN
KASVIEN TUHOLAISET
Deroceras agreste L. €tC. v ..o vinv e .n 4 53 1.8 2.1 35 33
Hydroscia micacea (Bsp.) .. ....ovvvieiiionts 3 47 1.3 1.8 17 30

Results

* Although June and July were warmer and
drier than usual, the abundance of pests was
low and the damage caused by them was of
minor importance. None of the 127 advisers
who responded to the inquiry on the general
situation in the growing season reported that
the pests were abundant or very abundant. The
average abundance was 2.3. The figure for 1966,
had been 2.7, and for 1965 it had been 2.8.

According to the inquires, only four species
caused damage equal to or greater than in the
three-year period 1964—1966. These species
were Phyllotreta vittula, Anthonomns rubi, Flypo-
nomenta malinellus and Cydia nigricana (Table 1).
With the continuing good weather, the Depart-
ment received numerous reports of flea beetles
on the young cereal crop and the damage caused
by them. The damage was quite heavy in places,
and pale patches appeared in many sprouting
fields. The fairly high rainfall that occurred for
a day ot two accelerated the growth of the
shoots and the damage consequently remained
small. In places, however, control measures had
to be applied. Astonishingly large numbers of
Elyponomenta malinellus appeared in home gardens
within the city of Helsinki. The larvae defoliated

hundreds of trees. Destruction as severe as this
has rarely been observed (Varrura 1965).
According to previous information the peaks
of abundance of . malinellus cover periods of
several consecutive years (JUNNIKKALA 1960).
According to the responses to inquiries, 15 %
of the apples were damaged by Cydia pomonella
and 12 9%, by .Argyresthia conjugella. Two yeats
previously there had been a year of exceptionally
great damage by A. conjugella, when 47 % of
of the entire apple crop was damaged by this
moth (MARKKULA 1966). Cydia nigricana damaged
22 9, of the pea pods and 15 %, of the seeds can
reckoned as damaged (cf. Exnorm 1963, p. 4).
Some new data were obtained on Heterodera
rostochiensis Woll. So far, at least, the economic
significance of this species has remained slight.
Damage has been noted almost exclusively in
small plots where potatoes have been cultivated
in the same soil for many yeats in succession.
In potato fields with a normal crop rotation the
eelworm has been of no economic significance.
Since, however, there is little land suitable for
potatoes even on large farms, early potatoes are
often cultivated from year to year in the same
spot, and multiplication of eelworms is con-
sequently possible. Significant destruction was
reported at Hyvinkdd, where the eelworm
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Fig. 1. Present known occurtence of the potato root
eelworm in Finland.

Kuva 1. Nykytiedot peruna-ankeroisen esiintymisesti.

destroyed almost the entire crop on a half-
hectare early potato plot. New localities were
Kirkéld, Nousiainen and Vihti (Fig. 1).
Varrura (1965, pp. 10, 227-—228) states that
1084 species are known to occur as pests of
cultivated plants in Finland. Since the appear-
ance of that publication there has been a slight
increase in the number of pest species (MARK-
kULA 1965, 1966, 1967). During 1967, informa-
tion was received about sex pests new to
Finland. Orchidophilus aterrimus (Waterh.) caused
damage to orchids in Helsinki and Cochylidia

implictana Wocke to chrysanthemus in Helsinki
commune, and Preronidea spiracae (Zadd.) dam-
aged leaves of Aruncus silyester in Helsinki. In
the cuttings of chrysanthemum imported from
Canary Island into Ruokolahti larvae of Plusia
orichalcea F. and P. circumflexca L. were observed.
Piesma maculatum Lp. damaged young seedlings
of sugar beet in Southern Finland. These bring
the number of known pests of cultivated plants
to 1099.

Summary

Warm dry weather notwithstanding, the abun-
dance of pests was low and the damage also
less than usual. It appeared from the inquiries
made that only four pests caused damage equal
to or greater than in the three-year period
1964—1966. These pests were Phyllotreta vittula,
Anthonomus rubi, Hyponomenta malinellus and Cydia
nigricana. Argvresthia conjngella damaged 15 %, of
the apples and Cydiza pomonella 12-%,. Cydia
nigricana damaged 22 9, of the pea pods and
159, of the seeds. Heterodera rostochiensis was
found in three new localities. The number of
species known to be pests of cultivated plants
is 1 099.
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SELOSTUS

Viljelykasvien tuhoeldimet 1967

MarTTr MARKKULA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Limpimisti ja poutaisesta kesisti huolimatta tuholais-
ten midrd oli vihiinen ja my&s vahingot tavallista pie-
nempid. Vain nelji tuhoelinlajia aiheutti suoritettujen
tiedustelujen mukaan saman suuruisia tai suurempia va-
hinkoja kuin kolmivuotiskautena 1964—1966. Nimi oli-
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vat hernekiiridinen, ohrakirppa, omenankehridjikoi ja
vattukidrsikds, Peruna-ankeroista tavattiin kolmelta uudel-
ta paikkakunnalta. Yksityiskohtaisempi katsaus on esitetty
Koetoiminta ja Kiytints -lehdessid n:o 11/1967.
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KIPSI MONIRAVINTEISEN LANNOITTEEN OSANA

Astiakokeiden tuloksia vuosilta 1961—65

Summaty: Gypsum as a constituent of multi-nutrient fertilizer

MARTTI SALONEN, HILKKA TAHTINEN, RAILI JOKINEN
ja. TUOMAS KERANEN

Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila

Samoihin aikoihin kun Maanviljelyskemian ja
fysiikan laitoksen toimesta aloitettiin kentti-
kokeet rikkipitoisten ja rikittdmien moniravin-
teisten lannoitteiden vertailemiseksi (SALONEN
ym. 1965) perustettiin myds samaa kysymystd
koskevat suppeat astiakokeet.

Koeastioissa, pienessi maatilavuudessa, voi-
daan saada aikaan hyvin intensiivinen kasvu,
suunnilleen kymmenkertainen verrattuna siihen
miki on mahdollista tavallisissa pelto-olosuh-
teissa (vrt. MITSCHERLICH 1954, s. 166). Siten
my6s jonkin kasvinravinteen lisdimisen tai
puuttumisen vaikutus voi astiakokeissa tulla
esille nopeammin ja selvempdni kuin esim.
kenttikokeissa. :

_kenttikokeissa (SALONEN ym. 1965, s.

Saapunut 27. 10. 1967

Kokeiden suoritus

Kokeissa kiytettiin yleisintd mallia ja kokoa
olevia Mitschetlich-astioita, joihin pantiin maata
4.5 1, Kokeet jirjestettiin viisi vuotta jatkuviksi
uusintalannoituskokeiksi, joissa samat kisittelyt
toistettiin vuosittain.

Koelannoitteet olivat samat kuin vastaavissa
157).
Rikitdn lannoite, 47, oli valmistettu diammo-
niumfosfaatista ja kalisuolasta; rikkipitoinen, dk,
oli muuten sama kuin edellinen, mutta sithen
oli lisitty kipsid. Koelannoitteiden ravinnepitoi-
suudet olivat prosentteina:

N P,0; K;O a0’ MgO S

di 1961 ...vnieeninnns 10.0 25.6 20.2 0.3 0.0 0.1
1962—65 ...vvvniannn 10.1 25.6 20.1 0.3 0.0 0.1
dE 1961 .. 6.0 15.2 11.4 16.2 0.2 - 9.9
1962—65 ......cvuinn 5.8 15.6 12.6 16.2 0.2 10.1

Annettavat lannoitemdirit jirjestettiin siten,
ettid typped tuli aina 1000 mg/astia. Esitettyjen
lannoitteiden ravinnepitoisuuslukujen mukaan

on muidenkin kuin kalkin ja rikin kohdalla tul-
lut eroja, mutta ne ovat niin pienid, ettei niilld
voi olla merkitysti.
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Maaeristi, joita kokeissa kiytettiin, on ammo-
niumasetaattimenetelmilli (VuorINEN ja Miki-

TIE 1955, KUrRkr ym. 1965) saatu seuraavanlai-
sia analyysitietoja:

Maalaii Alkupess Hu;zusm \'czisgj = mg’/l maata i <
Aitosavi — Heavy ¢lay Mietoinen .. .. .. 6.5 5.8 1990 374 531 15.8
Hiesusavi — Sil¢ clay  Anjala .......... 5.4 5.8 1275 320 208 5.5
Liejusavi — Gy#tjia clay Tikkurila ... .... 4.1 5.2 1790 415 778 6.5
Hieta — Finesand Mikkelf ..., 6.6 6.3 1580 120 100 8.3
Saraturve — Sedge peat Rovaniemi .. . ... (82.3) 5.8 1980 133 552 T2
Koska tutkimuksessa pidettiin pidasiana eri Koetulokset

lannoitetyyppien vertailua, olivat eri alkuperii
olevat maaerit mukana vain kerranteina ilmai-
semassa jonkinlaista maalajeista johtuvaa hajon-
taa, eikd niiden voida katsoa edustavan erityi-
sesti valittuja maalajeja.
Koekasvina oli kaikkina
(Pendek), joka kotjattiin maitotuleentuneena.

vuosina kaura
Analyyseja varten jyvit ja oljet jauhettiin yhteen.

Koesarjoja oli kaksi, nimittidin vuosina 1960—
64 ja 1961—65 kiynnissi olleet. Tissi seloste-
taan vain myéhemmin sarjan tuloksia, silld
aikaisempi sarja ei kaikin kohdin onnistunut
hyviksyttivisti.
kuitenkin, etti ne olivat yhdenmukaiset myo-

Sen tuloksista mainittakoon
hemmin sarjan tulosten kanssa.

g/astia
140

120}
100
80+
60}
a0t

20+

Kun koekisittelyt eri maalajeilla olivat ilman
kerranteita, esitetddn tulokset yleensi keski-
arvoina kaikilta maalajeilta ja vain erdissi tapauk-
sissa tarkastellaan yksityiskohtia graafisesti.

Kuiva-ainesadoista esitetiin ku-
vassa 1 vuotuiset tulokset maalajeittain ja taulu-
kossa 1 viiden vuoden kokonaissadot. Kuten
kuvan 1 pylviisti nihdiin, satotaso on koko
ajan pysynyt suunnilleen samana lukuunotta-
matta hietamaata, jossa ilmenee jokseenkin selvi

lasku.

Satojen sisdltimit kasvinra-
vinnemidrit riippuvat sadon mairisti ja

Taulukossa 2 esitetiin

ravinnepitoisuudesta.

5 61 63 65 6 63 65

Kuva 1. Vuosittaiset kuiva-ainesadot eri koemaista g/astia. Fri koekisittelyilld saatuja satoja
esittivit pylvaat ovat tavallaan paillekkiin, jotta erojen vertailu olisi helppoa. Vasemmalta:
aitosavi, hietasavi, licjusavi, hieta ja saraturve.

Fig. 1. Annual dry matter yields of different soils, glpot. Columns Dpresenting yields after different
freatments are given one upon the other, to facilitate comparisons. From the left: beavy clay, silt clay,
Qttja clay, finesand and sedge peat.
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Taulukko 1. Kuiva-ainesadot yhteensi 5 vuoden aikana gfastia
Table 1. Dry matter yields glpot in 5 years

Lannoite — Fertilizer
I rikiton rikkipitoincn
sato di dk
Check  yield sato erotus
yield diff. dk—di
Aitosavi — Heavy clay ..o oovvviniiiviinin s 118.2 561.6 5.4
Hietasavi — S#HZ clay «vvveeeiv i iniieieeeen 69.5 385.4 149.1
Liejusavi — Gy#fja clay «...ooooiineeiiiiiiies 32.1 383.7 135.9
Hieta — Finesand ....covvievn oo riiinnaaees 41.5 407.5 79.9
Saraturve — Sedge Pear .. ... eei et i 71.4 407.9 117.2
Kaikki koemaat keskimédrin — Average of all soil types 66.5 429.2 97.5 1)

1y Vartianssianalyysin mukaan lannoitteen rikkipitoisuuden aiheuttama erotus (d& — di) on tilastollisesti merkitsevi,
todennikdisyys yli 99.9 %, vaikka sadonlisiyksen suuruus onkin huomattavasti vaihdellut koemaasta ja koevuodesta
tiippuen — According to analysis of variance, the difference is significant at the 99.9 %, level. ’

Taulukko 2. Satojen sisaltimit kasvinravinnemiirit sekd erotus lannoituksessa annettu madrdi — satojen sisiltimi
midrd, ns. tase, yhteensd 5 vuoden aikana mg/astia keskim. kaikissa koemaissa.
Table 2. Plant nutrient contents of yields mg[pot, and differences between amounts given in fertilization and content of yield, so-
called balances, averages in all soil types.

Ainesisilto — Contents | Tase — Balance
Iman lana. Lannoite — Fertilizer
Check di dk di dk
Typpi — Nitrogen N .. ..coooiveinnn 587 3911 4940 1089 60
Fosfori — Phosphorus PyOg oo oovvvvnnnn 292 3564 4571 9136 8722
Kali — Potassinm K,O ooooviviiinnn 1083 11118 12359 — 1138 — 1771
Kalsium — Caleinm CaO .............. 178 1087 1847 — 937 12 025
Magnesium — Magnesium MgO ........ 181 884 1166 — 874 — 997
Rikki — Sulphur S .ooviiiiiii et 127 331 980 — 281 7 634

Kaikkien ravinteiden kohdalla on lannoitelajien vilinen erotus tilastollisesti merkitseva —Differences between test fertilizers

are significant in every plant nutrient.

satojen kaikkiaan sisiltimit ravinnemiirit ja
lisiksi ns. ravinnetaseet eli erotukset lannoitteissa
annettujen ja sadoissa olleiden midrien valilla.
Typen kohdaila on annettu miadrd ollut jok-
seenkin sopiva etenkin lannoitteessa 4. Fosfotia
on lannoitteiden ravinnesuhteesta riippuen an-
nettu hyvin paljon yli satojen ottamien miirien,
mutta kalissa on asiaintila ollut piinvastainen.
Magnesiumia koelannoitteet ovat sisiltineet koz-
keintaan vain epipuhtautena, joten kasvit ovat
olleet maan magnesiumin varassa. Hietamaan
kohdalla onkin erittdin todennikoistd, ettd sato-
jen: huononeminen (kuva 1) on johtunut maan
jo alkuaankin niukkojen magnesiumvarojen (vtt.
s. 3) ehtymisesti. Samaan suuntaan viittasivat
myds kasvien ulkonidsti tehdyt havainnot.

4 12583—68

Kipsin mukana olo lannoitteessa on muutta-
nut tiydellisesti sekd kalsium- ettd rikkitaseen.
Kuvassa 2 nihdidin satojen rikkipitoisuuden
kehitys koeaikana kolmella maalajilla. Useim-
missa tapauksissa satojen rikkipitoisuus on alen-
tunut kun on kiytetty rikiténtd lannoitetta.

Tutkimuksia koemaista

Syksyisin sadonkorjuun jilkeen tehtyjen pH-
mittausten. tuloksia nihdddn kuvassa 3, jossa
esitetddn tiedot aitosavesta ja hiedasta erikseen
ja kaikista koemaista keskimdirin. Koekisitte-
lyjen vaikutukset ovat kaikissa maatyypeissi
olleet samansuuntaiset. Alussa on lannoitusten
maan happamuutta lisidvi vaikutus ollut jyrkka,
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Fig. 2. Sulphur content of yields after different treatments in di [ferent years in three soils, S mglg. From the left:

heavy clay, fine-

sand and sedge peat.
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Kuva 3. Maan pH-luvut vuosittain kahdella koemaalla erikseen ja keskim. kaikilla koemailla.
pH vesilictoksessa; katkoviiva: pH 1 n kaliumkloridilietoksessa. Vasemmalta: aitosavi, hieta ja

Yhtendinen viiva:
kaikkien maalajien

keskiarvot.

Fig. 3. Development of soil pH in 2 d [fferent soils and average of all soils.
1 N KCI. From the left: heavy clay,

mutta jatkunut myShemmin lievempini. Vesi-
lictoksesta tehtyjen mittausten mukaan niyttiisi
kipsi tehostavan lannoitteen maan happamuutta
lisddvad vaikutusta, mutta 1 n kaliumkloridi-
lietoksesta saadut pH-arvot osoittavat, etti kysy-
myksessi on vain kipsin suolavaikutus. Kaiken
kaikkiaan lannoituksen maan happamuutta
lisddvd vaikutus on tissi astiakokeessa ollut
suuri, mutta ei ndyti pahemmin hiirinneen kau-
ran kasvua.

Syksylld 1965 kokeen lopussa otetuista maa-
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Continnous lines: pH in water; broken lines: pH in
finesand and averages of all soils.

ndytteistd tehtiin ravinnemiiritykset ammonium-
asetaattimenetelmilldi (VuorINEN ja MAkITIE
1955, Kurkr ym. 1965). Suppea katsaus niiden
tuloksiin nihdiin taulukossa 3, jossa esitetdin
sen rinnalla myds ns. ravinnetaseet, samat kuin
taulukossa 2, mutta ilmaistuina elementteini ja
laskettuina maalitraa kohti, jotta vertailu maa-
analyysiarvoihin olisi helpompaa. Voidaan to-
deta, ettd ravinnetaseiden suuntaiset muutokset
kuvastuvat maa-analyysiluvuissa, mutta aineisto
ei ole riittdvi suhteiden tatkempaan selvittelyyn.



Taulukko 3. Koekauden lopussa maasta analyysissi esille tulleet kasvinravinnemairit ja ns. taseet mg/l maata keskim.
kaikissa koemaissa.
Table 3. Resulis of soil analyses (amm. acetate method, VUORINEN and MAKITIE 1955) a2 the end of the 5-year irial period,
wgll soil, and the so-called balances, mgll soil, averages of all soil fypes.

Ilman lannoitasta Lann. rikitén, 47 Lann. rikkipit. d&
Check Without sulphur With sulphur
maa-anal. tase maa-anal. tase m:-ia-anal. tase
soil test balance soil test balance soil test balance
e T 2e) D S R 4.2 — 28 76.2 886 102.3 846
Kalium K .ooiviiie e 102 —200 184 —210 112 —326
Kalsium Ca v.ovvvvvnvinmanneenneennns 1220 — 28 950 —148 2690 1909
Magnesium Mg ....oooiiiiaiiiaeenn 435 — 24 293 —117 238 —133
Rikki S:
epiorgaaninen — morganic ........... 48 58 1708
totai — 2odal ... 355 — 23 326 — 62 2117 1696

Tulosten tarkastelua

Kun rikkipitoisella lannoitteella on hyvin
suurella tilastollisella varmuudella saatu parem-
mat sadot kuin rikittomilld, on selvid, ettd
kokeessa vallinneissa oloissa rikin antaminen on
ollut hyddyllinen toimenpide. On tuskin syytd
epiilli, ettd kipsin aineosista nimenomaan juuri
rikki on tissd ollut vaikuttava tekijd, silld kai-
kissa koemaissa on kalsiumia ollut riittavasti kas-
vinravinteeksi. Aikaisemmin julkaistujen kentti-
kokeiden tulosten mukaan (SALONEN ym. 1965)
antoi kipsi lannoitteen aineosana pienen, epa-
varman sadonlisiyksen usein, mutta varman ja
selvin vain hyvin harvoissa tapauksissa. Mitdin
ristiriitaa kentti- ja astiakokeiden tulosten vililld
ei kuitenkaan tarvitse olla. Sivulla 111 mainittu
astiakokeen suurempi intensiivisyys voi olla eron
ajheuttajana. Astiakoe lisitessddn kasvien ravin-
teiden kiyttod ja kirjistiessddn kaikkia ilmibitd
maassa voi antaa myds jonkinlaisen kisityksen
lannoitteiden jatkuvan kiytén vaikutuksista,
joskaan aikaisemmin mainittua tehon kymmen-
kertaisuutta el voida ottaa kirjaimellisesti. Tat-
kastellun kokeen tulokset tukevat omalta osal-
taan kisitystd, ettd mikili rikin jatkuva maahan
saattaminen lannoitteiden sivuaineena loppuu ja
muita ravinteita runsaasti kdyttien saadaan hyvid

satoja, voi muutamien vuosien kuluttua rikin
puute esiintyd satoja rajoittavana tekijini.

Tiivistelmi

Astiakokeessa on selvitetty kipsin merkitystd
moniravinteisen lannoitteen aineosana. Tulosten
mukaan kipsin rikilli on astiakokeissa ollut sel-
vempi ja suurempi satoa lisidvi vaikutus kuin
kenttikokeissa, mikd johtuu astiakokeessa ai-
kaansaatavasta tehokkaammasta maan ravintei- '
den kaytdsti.

KIRJALLISUUTTA

Kurkri, M., Laxanex, E., MixrE, O., SrLrLANPAA, M.
& VuoriNEN, J. 1965. Viljavuusanalyysien tulosten
ilmoitustapa ja tulkinta. Summary: Interpretation of
soil testing results. Ann. Agric. Fenn. 4: 145—153.

MrrscuerricH, B. A, 1954, Bodenkunde. Berlin & Ham-
burg. :

SALONEN, M., TimrNen, H., Tamio, A., KERANEN, T,
BarxorF, E. & Jokmen, R. 1965. Rikkipitoisten ja
rikittdmien moniravinteisten lannoitteiden kiyttSarvoa
selvittelevid tutkimuksia. Summary: Comparative
studies on the effect of sulphur-containing and sul-
phur-free multi-nutrient fertilizers. Ann. Agtic. Fenn.

© 4:; 155—177.

VUuoRINEN, J. & Mikrrig, O, 1955, The method of soil

testing in use in Finland. Agrogeol. Publ. 63.

115



SUMMARY

Gypsum as a constituent of a multi-nutrient fertilizer

Results of pot trials in the years 1961—65

MarTTI SALONEN, Hirkka TAHTINEN, RArr JoxmEeN and Tuomas KErRANEN

Agricultural Research Centre, Department of Agricultural Chemistry and Physics, Tikkurila, Finland

If fertilizers contain no sulphur, as is the case with
some kinds of high grade multi-nutrient fertilizers, there
is a risk that after some years plants may show symptoms
of sulphur deficiency, which is detrimental to both quan-
tity and quality of crops. It is necessary to gain compre-
hensive experience of the long-term effects of new type
fertilizers before recommending these for general use.

Plants in pot trials show a very high rate of dry matter
production and plant nutrient consumption per unit
volume of soil. Some investigators estimate the rate as
ten fold that in field conditions. Therefore pot trials can
be used to predict long-term trends in the field.

In a pot trial, run according to the Mitscherlich
system for five years, the test fertilizers were: 1) a granu-
lated mixture of diammonium phosphate and potassium
salt, 4i, and 2) the same but containing gypsum, dk
(p. 111). The rate of fertilizers was adjusted to give 1 000
mg N per pot. The treatments were repeated yearly. Oats,
which was the trial crop every year, was harvested at the
stage of milk ripeness. There were five different soil types
in the trial (p. 112).
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The annual dry matter yields are given in Fig. 1, and
the five-year totals in Table 1. The yield-increasing ef-
fect of gypsum is significant at 99.9 % level. Fig. 2
illustrates the trends in sulphur content, mg/g dty mat-
ter, during this period on some trial soils. It is seen that
with sulphur-free fertilizer, 4, the sulphur content on
dry matter basis is lower than in the controls or with
gypsum-containing fertilizer, 4&. There is also a trend of
annually diminishing sulphur content in treatment d7.

All fertilizing has made the soil more acid (Fig. 3).
Determined in distilled water suspension the fertilizer 4k
seems to have lowered the pH more than the fertilizer
di, but determined in 1 IV KCl solution there are no
differences between the fertilizers.

In field trials carried out in Finland the effect of adding
gypsum to fertilizers has been slight and insignificant
(SALONEN et al. 1965) on account of the substantial
amounts of gypsum in the old-type fertilizers previously
used on the soils of the trial fields. The pot trials show
that sulphur deficiency may develop if sulphur-free fer-
tilizers are used for long enough.



ANNALES AGRICULTURAE FENNIAE, VOL. 7: 117—122 (1968)

Seria AGROGEOLOGIA, -CHIMICA ET -PHYSICA N. 37
Satja MAAPERA, LANNOITUS JA MUOKEKATUS n:o 37

A STUDY ON THE METHOD OF SPECTROPHOTOMETRIC DETERMINA-
TION OF TRACES OF TRON IN SOIL EXTRACTS WITH NITROSO-R SALT

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

Nitroso-R salt is a colour-forming reagent for
iron, already known for a long time. The first
observations on the reactions of nitroso-naphtol-
sulphonic acids with iron (II) ions were feportcd
as long ago as 1885 by Horrmann (1885).
Van Krooster (1921) first noted the colour
reaction of Nitroso-R salt (disodium salt of
Nitroso-R acid, or 3,6-sulphonate of 1,2-
naphthaquinone-1-oxime) in the presence of
divalent iron ions, which form a bright green
colour with the reagent. Since then, this reaction
has been made use of in several analytical
methods for determination of small amounts of
iron in different materials (for instance; THOMP-
son and TuomrsoN 1937, Siperis 1942, 1944,
GrrrrFING and MEerron 1947, DEaN and LADY
1953). Relative recently, the Nitroso-R salt
method has also been used for determination
of iron in water extracts of soils (METson 1956).

The anionic form of Nitroso-R acid forms a
green complex in the presence of divalent iron
ions in aqueous solution. The complex shows
maximum absorbance at 710 millimicrons and
in this wavelength region the reagent itself does

Received January 4, 1968

not give any disturbing absorption even when
used in large excess, as is necessary in analytical
determinations. The reaction is also very sensi-
tive, and in this respect superior to many spectro-
photometric methods for iron determination.
In spite of this advantage, relative little attention
has been paid to the use of this method in
trace analysis of iron. Nitroso-R salt has been
better known as a popular treagent for cobalt
analysis. The author has earlier studied the for-
mation of metal complexes of Nitroso-R acid
with several trace metals (MAxrrie 1961, 1966).
Although the formation of the iron (II) complex
of this acid has previously been studied by other
workers (GrirrING and Merron 1947, Oxa
and Mrramoro 1955), the colour reaction has
now been restudied in the present work. It has
also been applied as a spectrophotometric
method for determination of iron in soil extracts.
As the extracts of our soil analyses are usually
acetic acid-ammonium acetate buffer solutions, .
the study has been particulatly applied to these
soil-testing extracts (VUORINEN and MAKITIE
1955).
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Complex formation of Nitroso-R acid with iron (II) ions

The absorption spectra of the deep green
iron complex and of the anionic form of
Nitroso-R acid are shown in Fig. 1. In acid
aqueous solution the anionic sulphonate form
(HL?-) of the acid gives an absorption maximum
at 371 mu. The corresponding absorption peak
of the totally dissociated anion (1.2-) in alkaline
solution is located at the wavelength of 423 my.
The equilibrium constant of the dissociation
reaction between these two forms of Nitroso-R
acid, K = [H +] - [L3-] / [HL2-], has the thermo-
dynamic value pKj§ =7.51 at 25°C (MAKITIE
1960).

Thus, in acid solution (pH Z 6), Nitroso-R
salt shows strong absorbance at 371 myu and
in alkaline solution at 423 mu. No peaks are
observable in longer wavelength regions.

A strong metal complex is formed in the
presence of iron (II) ions in solution, a reaction
which is reflected in the spectrum by the forma-
tion of a new absorption peak with a maximum
at 710 mu. Some other metal ions also form
strong complexes with Nitroso-R acid, like
divalent cobalt and palladium ions. The absorp-
tion peaks of these complexes, however, are in
a much lower wavelength region, namely 500—
520 mu. The relatively strong complexes of
divalent copper and nickel have the last absorp-
tion peaks with maxima at 446 and 485 my,
respectively.

&/ -4
1.0~

08—

0.6

0.4

02+

T | [ T
400 500 600 700 800

WAVELENGTH  millimicrons
Fig. 1. Absorption spectra of the species; HL2~ (in acid
solution), L3~ (in alkaline solution), curves; 1. pH =
4.05, 2. pH = 4.29, 3. pH = 4.47, 4. pH = 4.58,
5. pH = 4.67, 6. pH = 4.86 and 7. pH = 5.48 (iron (II)
complex. ¢ =5 -10-5 ¢z, = 5 - 104
Kuva 1. Eri muotojen absorptiospekirit.
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Fig. 2. Determination of the composition
of the Fe (II) complex by the method of
continuous variation. ¢ = 1.25 - 10-4,
pH = 5.2 (buffered with sodium acetate).

Kuva 2. Ranta(II)-kompleksin kokoonuk-
Sen mddrittdminen menetelmilla, jossa ¢:cp,
subde jatkuvasti muuttnu.

The spectrum of the iron complex indicates
some strengthened absorbance in the lower
wavelength range, too; however, the absorbance
in the red region of the spectrum shows that
in structure the iron complex clearly deviates
from other metal complexes of the reagent. The
low value 1.6 for the molar absorptivity was
obtained for the reagent itself (HL2-) in acid
solution (pH 5.3) at 710 mu, which shows that
excess of the reagent in solution does not
disturb the determination of iron.

The method of continuous variation was used
for the spectrophotometric determination of the
composition of the iron complex (Fig. 2).

" Potentiometric titrations of Nitroso-R salt in

the presence of divalent iron ions, carried out
in different ratios of the ligand and the metal,
with the ligand in excess also show that the same
ratio, ¢:¢p, = 3.4, as was obtained spectro-
photometrically must be the composition of the
complex. It can also be noted that at first the
formation of the 2:1 complex prevails, in
potentiometric titrations (Table 1). However,
divalent iron obviously oxidizes partly to the
trivalent state in the course of the reaction and
in the titration more ligand molecules are com-
bined with the metal. This phenomenon is



Table 1. Composition of the iron complex, as obtained

by titrations of Nitroso-R salt (in excess) in the presence

of iron (II) ions; ¢ = 2.5 . 10-3 (sodium hydroxide as
titrant)

Molecules of ligand

¢/ege ratio, used i p
feFe ’ complexed with iron ion

3.13 2.97
3.50 - 3.16
3.57 3.25
4,00 3.40
6.25 3.41
8.33 3.42
10.00 3.42

apparently similar with that of cobalt (II) ions
and Nitroso-R salt. For it is known that cobalt
cootdinates with 3.25 molecules of Nitroso-R
acid, analogously with nitroso-naphthols (MAxi-
11 1961). Howevert, no loss of ligand was ob-
served with titrations in the presence of divalent
iron ions, as is the case when Nitroso-R salt is
titrated in the presence of divalent cobalt ions.

The iron complex is formed readily when the
concentrations are high enough. Buffering with
acetate is needed for development of the colour
when the concentrations, particularly the con-
centration of iron, is low. The formation of the
green iron complex in solutions of increasing
pH is shown in Fig. 1 and in Table 2.

The absorption spectrum of the iron complex
has a different shape at a higher pH range
(GriFrFiNG and MELLON 1947). There is also
some deviation in the spectral peak formation
if the ratio between the ligand and the metal is
too low. Otherwise, in conditions where a large

Table 2. Formation of the absorption maximum of
the iron complex;

¢ = 5.10-5, cp. = 5.107%, cpur = 0.5 M (acetate)

pH E 690 mu E 710 mu E 730 mu
4,05 0.031 0.032 0.030
4.29 0.072 0.074 0.072
4.47 0.121 0.124 0.121
4.58 0.169 0.177 0.170
4.67 0.210 0.219 0.211
4.86 0.256 0.265 0.257
5.09 0.269 0.277 0.268
5.34 0.269 0.278 0.270
5.48 0.270 0.278 0.270

¢ = 4.10%, ¢g, = 1.105, oy = 0.5 M (acetate)

pH E 690 my E 710 mu E 730 mu
4,08 0.207 0.217 0.210
4,21 0.208 0.218 0.211
4,49 0,212 0.222 0.214
4,79 0.213 0.224 0.215
5.12 0.215 0.226 0.216
5.47 0.221 0.230 0.222
6.18 0.233 0.236 0.225
6.54 0.249 0.250 0.235

excess of ligand is used, the absorbances ob-
tained with increasing concentrations of iron
nicely obey Beer’s law.

Oka and Miyamoto have calculated the forma-
tion constant of the iron complex in the reaction
from spectrophotometric data (Oxa and Miya-
MoTo 1955). The equilibrium constant cannot be
determined so easily, however, because the
second complex is very strong (Table 2).

Experimental

A Beckman Quartz spectrophotometer equipped with
10-mm QS-cells was used for the measurements. The pH
values were taken with a Radiometer PHM 4 c potentio-
meter connected to a Beckman glass electrode and 2
reference calomel electrode containing saturated potas-
sium chloride solution.

Nitroso-R salt (puriss.p.a., a reagent from Fluka AG.)
was used when purified by recrystallization from watet.
Pute iron powder (electrolytically prepared, from British
Drug Houses, Ltd.) was dissolved in hydrochloric acid
solution. The standard solution was 5 -10-*M to
Fe2*ions and 5 - 10-2M to hydrochloric acid.
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Analytical procedure for iron determinations in acetate extracts of soils

10 ml of soil extract (0.5 M CH,COOH, 0.5 M
CH,COONHj,, pH 4.65 4 0.1) was taken for the deter-
mination. 15 ml of 1 M ammonium acetate solution was
added to adjust the pH of the solution to 5.3 4 0.1.
One ml of 5 %, hydrazine hydrochloride solution in water
was added, and finally 10 ml of 0.02 M aqueous solution
of Nitroso-R salt.

The solution was diluted with water to a final volume
of 50 ml and the absorbance measured spectrophoto-

metrically at the wavelength of 710 mu. 10-mm cells
were used.

The calibration curve was obtained by means of a
standard series of solutions containing increasing amounts
of iron, these solutions having the same composition in
respect of acetic acid, ammonium acetate and hydrazine
hydrochloride. Iron concentrations from 0 to 12 ppm
were used.

Conclusions on the method

The Nitroso-R salt method is particularly
suitable for iron determination in acetate extracts
of soils. The pH of the extract is 4.65 4 0.1,
when extracted with the extractant of 0.5 molar-
ity with respect to both acetic acid and ammo-
nium acetate. When the pH of the solution is
increased to 5.3, with addition of acetate, the
absorbance of the deep green iron complex is
steady and has an optimum peak value at
710 mg.

No spectrophotometer is actually needed,
because the disturbance due to the excess reagent
and possible complexes of other metal ions
present is detectable only in a very much lower
wavelength region. Therefore a suitable light
filter colorimeter can be used for comparison.
Beer’s law is obeyed when the concentration of
iron in the soil extracts does not exceed the
usual range.

The reliability of the method was tested by
the addition method, where exact amounts of
added iron were satisfactorily analysed in test
solutions (Table 3). The method was also
compared with the common ortho-phenanthro-
line method (Table 4).

The sensitivities of some other methods of
spectrophotometric iron analysis are as follows;
for instance, for the thiocyanate iron complex
at 430 my the molar absorptivity &w~7 000,
for 2,2° — dipyridyl &w~8 000 (at 522 my) and
for ortho-phenanthroline (at 505 my) swr
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Table 3. Analysis of iton in acetate extracts of soils.
Known amounts of iron (II) were added to extracts.

Sample Soil extract 2 ppm Fe 8 ppm Fe

No. ppm Fe added added
1 0.40 2.45 8.48
2 0.45 2.48 8.50
3 0.48 2.50 8.46
4 0.53 2.51 8.48
5 e e 0.57 2.61 8.65
[ 2.12 4.09 10.10
T o 2.28 4,33 10.32
8 2.60 4.72 10.70
9 2.93 4.98 10.96
10 ... 3.22 5.30 11.35

Table 4. Comparison of the Nitroso-R salt method with
the ortho-phenanthroline method. Iron analysed in acetate
extracts of soils (mg Fe/l).

Sample Nitroso-R Ortho-phenan-

No. salt method throline method
11 ... 0.50 0.57
12 o 0.53 0.56
13 ... 0.92 0.88
4 ... 2.62 2.49
15 oo, 4,83 5.02
16 ..o, 5.70 5.88
17 oo 7.55 7.46
18 .o 10.35 10.85
19 o 10.92 11.05
20 0. 11.78 12.20

11 000 (WEsT 1951, CuARLOT 1964). High sensi-
tivity is obtained for the Nitroso-R acid com-
plex for iron, &w~23000 at 710 myu and at
pH 5.3 (Table 2). '



Summary

The formation of the deep green iron (II)
complex of Nitroso-R acid in aqueous solution
of Nitroso-R salt has been studied particularly
in solutions buffered with ammonium acetate.
The absorbance of the iron complex is measut-
able at the wavelength of 710 mu at pH 5.3.
A method of iron determinations in trace con-

centrations has been introduced for acetic acid-
ammonium acetate extracts of soils. The sensi-
tivity of the method is very high. The reagent
itself does not show any disturbing absorbance
in the same wavelength region, nor do the
complexes of other metals possibly present in
the extracts.
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SELOSTUS

Raudan hivenmiirien spektrofotometrisesta midrittimisesti maauutteissa Nitroso-R
suolan avulla

Osm0 MAKITIE

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Tutkimuksessa on kisitelty maauutteiden pienten rauta-
mdirien spektrofotometrista ma4rittimistad Nitroso-R suo-
lan kompleksina,

Nitroso-R suola eli 1,2-naftokinoni-1-oksiimi-3,6-
sidulfonihapon natriumsuola on tunnettu reagenssi usei-
den metallien, nimenomaan koboltin miirittimisessi. Sen
vihred kompleksi kahdenarvoisen raudan kanssa on niin
ikddn erittdin herkki virireaktiona, ja raudan midritys
voidaan suorittaa absorptiomaksimissa aaltopituudella
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710 my. Tilld aaltopituudella ei reagenssin ylimiiri
absorboi, eiki tilli alueella ole mydskisn muiden metal-
lien kompleksien absorption hiirintdi.

Tutkimuksessa on esitetty miiritysmenetelmi happa-
masta ammoniumasetaattiuutteesta suoritettavaa kahden-
arvoisen raudan miirittimistd varten seki kokeiltu lisit-
tyjen raudan miirien toistuvuutta analyysissa (taul. 3).
Menetelmdd on my8s verrattu tunnettuun orto-fenan-
troliinimenetelmiin (taul. 4).
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STRONTIUM 90 AND CAESIUM 137 IN SOME FINNISH SOIL PROFILES
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The contents of the long-lived fission prod-
ucts strontium 90 and caesium 137 in soils is
kept under obsetvation in many countries. A
world-wide systematic study of soil St 90 content
was carried out by ALEXANDER et al. (1961).
The analysis of soil St 90 and Cs 137 is of
importance for keeping a check on the amount
of fallout and estimating the level of dietary
contamination.

Analysis of St 90 and Cs 137 in undisturbed
soil profiles gives the cumulative deposition
(mCi/km?) and penetration into the soil. The
amount. of fall-out depends on latitude, pre-
cipitation and the distance of the testing site
from the nuclear explosions. The penetration
into the soil is affected by soil characteristics
and annual precipitation.

The present paper is the first report of ana-
Iytical determinations of Sr 90 and Cs 137 from
Finnish soils and show the situation at the end
of 1965. The contents of Sr 90 and Cs 137 in
other material has been analysed frequently
(e.g. LakaNeEN and Saro 1964, CAsTREN and
Paaxkora 1967, JoxeLAINEN 1967, MIETTINEN
and HAisANEn 1967).

Material and methods

Four soil profiles wete taken from southern
and one from northern Finland. The sampling
sites are virgin soils on open areas not sheltered
by buildings or markedly overshadowed by
trees. The sampling data are given in Table 1.
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Table 1, Place and time of sampling
Taulnkko 1. Naiytteenottopaikka ja -atka

Place Location Date
I Rajamiki ... | 60°34'N 24°45’E | 22.10. 1965
II Rajamiki ... | 60°34’'N 24°45' E | 25. 10. 1965
III Nurmijirvi .. | 60°29' N 24°47'E | 25. 10. 1965
IV Tikkurila ... | 60°17" N 25°05'E 8. 11. 1965
V Rovaniemi .. | 66°34' N 26°01'E 2. 11. 1965

The vegetation on an area of 1.0 m? was
removed and taken as the first sample, followed
by layers of 1.5—4 cm of surface soil and layers
of 5 cm from deeper levels of the profile.

The samples were dried at room temperature,
weighed, ground and thoroughly mixed. Some
of the plant matetial and peat soil was ashed for
Sr 90 determination. ' .

Strontium 90 was determined according to
the method of Parker et al. (1965)." Caesium
137  was
straight from the vegetation and soils low in

analysed gammaspectrometrically

mineral material. Owing to the many naturally
active substances, the smallest amounts of Cs
137 id the deeper mineral soils were not meas-
ured quantitatively. '

Results and discussion

The results of strontium 90 and caesium 137
determinations (Table 2) are of the same otdet
as activities reported in other countries of
approximately the same latitude.
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Table 2. Contents of St 90 and Cs 137 in vegetation and soils
Tanlukko 2. Sr 90- ja Cs 137-pitoisundet kasvillisundessa ja maissa

mCi/km?
Depth .

Profile Soil type
em or P Sr 90 Cs 137
vegetation lichen, moss 11.7 44.8
0—1.5 mor humus 18.9 27.3
1.5—4 sand 3.4 6.6
4—6.5 » 2.4 5.3
I 6.5—9 » 4.6 —
9—11.5 » 1.6 —_
11.5—16.5 » 2.4 —
16.5—21.5 » 3.2 —
total 48.2 84.0
0—2 Green part of Sphagnum peat 5.2 38.9
2—5 Sphagnum peat 13.1 24.6
5—8 » 5.0 11.5
il 8—11 » 7.8 8.9
11—17 » 7.7 . 11.5
17—23 » 6.2 5.2
23—29 » 2.2 3.0
total 47.2 103.2
vegetation grass 5.0 10.7
0—2 mat horizon 7.6 31.2
2—4 mull humus 5.4 10.4
I 4—6 mineral soil rich in humus 9.2 2.0
6—8 silty finesand 3.0 2.0
8—10 » 1.1 —
10—15 » 0.7 —_
total 32.0 56.3
vegetation grass 4.2 2.1
0—2.5 mat horizon 10.2 44.5
2.5—5 mull humus 4.6 15.4
v 5—7.5 finer finesand rich in humus 2.6 4.7
7.5—12.5 » 2.2 3.4
12,5—17.5 » 2.0 —_
total 25.8 70.1
vegetation lichen, moss 18.3 30.0
0—4 mot humus 6.2 22.2
4--6.5 finesand moraine 8.2 4.9
6.5—9 » 2.4 4.3
\'2 9—11.5 » 4.7 —
11.5—13 » 1.1 —
13—18 » 0.6 —_
18—23 » 0.3 —
total 39.9 61.4

In Denmark in 1964 the Sr 90 activity of the
soil was 38.7—64.9 mCi/km?, mean 49.8 mCi/km?
(AarkrOG and LippErT, 1965). Values 11—68
mCi/km? were reported from Germany in 1965,
20—50 mCi/km? from Poland and 18—41
mCi/km? from the northern taiga in the Soviet
Union (ANonN. 1966, JacIELskI et al. 1962,
NEevsTRUEVA et al. 1967).

The Cs 137 activity is mainly measured from
the vegetation. Lipinx and Gusrarsson (1967)
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obtained 34—55 mCi/km? from lichen and moss
in Sweden in 1964, the values of 56—74 mCi/km?
in Norway in 1959 are higher, owing to the
higher annual rainfall (HviNDEN and Livie-
GRAVEN 1961) The effect of soil factots and type
of vegetation on the distribution of fall-out
nuclides in soil profiles is clearly seen from
Table 3.

Being a peat soil, profile IT has no mat hotizon
a term which is used instead of mor humus in



Table 3. The relative distribution of Sr 90 and Cs 137
Tanlukko 3. Sr 90:n ja Cs 137:n subteellinen jakautuminen

in %
Profile Vegetation Mat horizon Veget. 4+ mat hor, First 4—5 cm

Sr 90 Cs 137 St 90 Cs 137 Sr 90 Cs 137 Sr 90 Cs 137

I oot 24,3 53.3 39.2 32.5 63.5 85.8 70.5 93.7
I o, 10.8 37.7 —_ — — — 38.0 61.5
O .eeeeiien, 15.6 19.0 23.8 55.4 39.4 74.4 56.3 92.9
IV oo 16.3 3.0 39.5 63.5 55.8 66.5 73.6 88.4
Vo 43.8 48.9 14.8 36.2 58.6 85.1 58.6 85.1
Mean 22.9 33.7 22,1 46.1 45.0 .78.3 58.7 82.3

profiles I and V. Plant material contains more
Cs 137 than Sr 90, probably because plants
absorb more Cs 137 directly from the atmos-
phere. Lichens have a marked ability to absorb
fall-out nuclides. The Cs 137 content of grass
is rather low but that of the mat horizon high.

Caesium 137 and strontium 90 have not
penetrated deep into the soils. About 60 per
cent of the Sr 90 and 80 per cent of the Cs
137 are found in the first 4—5 cm layer of the
soil. The deepest penetration occurs in peat soil.
Warron (1963) found that 80.9 per cent of the
Cs 137 was in the first 2 cm and 93.4 per cent in
the first 5 cm in the mineral soils of New Jersey.
Erris and MEeRCER (1965) reported 64—74 9,
of St 90 to be in the 0—4 cm layer of undisturbed

soils and a medium depth (50 9, penetration)

of 2.9—4.5 cm for Sr 90 and 2.9 cm for Cs 137.
The corresponding mean values in this study
are 4.2 cm for Sr 90 and 2.1 cm for Cs 137.
Thus St 90 has leached twice as deep as Cs 137.
The leaching of both nuclides has been very
insignificant, however, being greatest in Sphag-
num peat (II) and smallest in profile I, sandy
soil covered with lichen and moss. The small

degree of leaching of St 90 and Cs 137 is ex-
plained mainly by the climate in Finland. The
annual precipitation on sampling sites has been
only 460—660 mm and in addition to that there
is a long cold winter in Finland. A leaching of
elements in frozen soils is not to be expected.

The ratio of Cs 137 to Str 90 in world-wide
fall-out is found to be approximately 1.7.
However, the ratio of these radionuclides in the
soil-plant system may vary considerably, owing
to the different chemical character of these
elements. Within the limits of experimental
error the mean value 1.9 4 0.6 of this study is’
the same as that of world-wide fall-out.

Summary

The amounts of Sr 90 and Cs 137 in 5 un-
disturbed Finnish soils in 1965 were 26—48 and
56—103 mCi/km? (means 39 and 75 respectively).-
The cotresponding median depths, 50 %
leaching, are 4.2 and 2.1 cm, which is due to
the low annual rainfall and freezing of soils
in winter.
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SELOSTUS

Suomalaisten maaprofiilien strontium 90 ja kesium 137

UirA HARXINEN ja Bsko LAKANEN

Maatalouden tutkimuskeskus, Isotooppilaboratorio, Tikkurila

Ydinasekokeista perdisin olevia pitkaikdisid saasteiso-
tooppeja St 90 ja Cs 137 on levinnyt kautta maailman
ulottuvana laskeumana maaperidn, Laskeuma on voimak-
kain pohjoisella pallonpuoliskolla 45—60 leveysasteilla.

Muokkaamattomien maaprofiilien Sr 90- ja Cs 137
-miiritykset selvittivit kumulatiivisen laskeuman ja nii-

den saasteisotooppien huuhtoutumista. Téssd tutkinmmuk-

sessa analysoiduista maaprofiileista on nelji periisin
Uudeltamaalta ja yksi Lapista (taul. 1).
Analyysituloksista (taul. 2) nihddidn, etti vuoden 1965
lopussa Sr 90 -pitoisuus oli 26—48 mCi/km?, keskiarvo
39 mCi/km? ja Cs 137 -pitoisuus vastaavasti 56—103
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mCi/km?, keskiarvo 75 mCi/km?. Arvot ovat leveysasteil-
lemme tyypillisid ja riippuvat lisiksi vuotuisesta sademii-
rastd. Saastelaskeuma Lapissa ei ole ollut suurempi kuin
muualla maassa.

Vihiisestd vuotuisesta sademdiristi ja maan jaitymi-
sestd johtuen Sr 90 ja Cs 137 ovat huuhtoutuneet kovin
vahin, 50 9% keskimiirin 2—4 cmu:n syvyyteen. Titen
60—80 %, aktiivisuudesta on yhi 4—5 cm:n pintakerrok-
sessa (taul. 3). Huuhtoutuminen on ollut voimakkainta

rahkaturpeessa. Jikild pintakasvustona pidittdd tehok-

kaasti saasteisotooppeja.
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»Guldlake», en ljus firgvariant av lake. Medd. frin
Byran f6r Fiskeriekonomiska Understkningar 1:
37—40. Sama: Kultamade — mateen vaalea virimuun-
nos. Titppi 6. Sama: Kultamade. Suomalainen 4: 39.

SuMmaRrr, ‘O. Pienid vai isoja ahvenia? Erddn ahvenkannan
analyysia. Metsistys ja Kalastus 1: 7—9.

— Ahven ja kalavesien hoito. Sama 6: 267—269.

— »Matokaihi» ja kirjolohen verkkoallaskasvatus. Kala-
mies 3: 10.

— & WestMAN, K. Midin mukana levidvien kalasairauk-
sien torjunta. Suom. Kalastusl. 7—8: 235—239.

— & Wesrman, K. Bekimpning av fisksjukdomar som
sprids med rom. Fiskeritidskr. for Finland 4: 108—111.

WesTMaN, K. Kirjolohen ja taimenen kasvuun vaikutta-
vista tekijoistd. Kalamies 2: 4—6.

— Kitjolohen ja taimenen ruokinta. Sama 3: 5—8.

— Kirjolohen ja taimenen kuivatehuruokinnasta, Maa-
taloustied. 3: 12—13.

— & Sumarrt, O. Kuivarehuilla verkkoaltaissa suoritettu
kitjolohen vertaileva kasvatuskokeilu. Maataloushal-
lituksen Kalatal. Tutkimustoim. Monistettuja julkai-
suja 30: 1—33.

Maatalouskoneiden tutkimuslaitos, Helsinki, Rukkila

Farm Machinery Research Institute, Helsinki, Rukkila

Julkaistut koetusselostukset
v. 1966 lopulla:

638 Zetor 3511 Zetormatic-dieseltraktori
639 Taarup-kelasilppuri malli DM 1100
640 Belarus MTZ-50-dieseltraktori

v, 1967:

641 Pattner-moottorisaha, malli R 14 S
642 Constructa-astianpesukone, malli G 12
643 AEG Favorit-astianpesukone

644 NEFF-astianpesukone

645 Oke-esipuhdistin

646 Horsma-lajittelukone
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647 Salo-turvakatos

648 Junkkari-turvakatos

649 Esa-traktoriniittokone, 6 jalan

650 Pomo-traktoriniittokone, 6 jalan

651 ASP 0-viljankuivuri

652 Haukka-mylly

653 JF-vetopuimuri

654 Juko-kylvokoneet

655 Kronos S-25, S-piikkides

656 Nippidrd S-piikkides

667 John Deere-ajopuimuri, malli 630

658 V-jousto, S-piikkinen lata-des

659 Lilla-Harrie LH 27/19, S-piikkiies

660 Sampo S-28, S-piikkinen lata-des

661 Muko-kultivaattorin ja S-piikkidkeen yhdistelmi
662 Sampo 10-ajopuimuri

663 Tume-rivilannoitin

664 Juko-rivilannoitin 15 S-piikkivannasta

665 Remington-moottorisaha, malli PL 4

666 Victor-ruohonleikkuri, malli 18

667 John Deere-ajopuimuri, malli 630

668 Sinkkili-laikkuri

669 Norlett-ruchonleikkuri, malli 912 B

670 Nurmi-traktoriperikirry

671 Rex 3-traktoripumppu

672 Mc Culloch-moottotrisaha, malli MAC 2-10
673 Dolmar-moottorisaha, malli CA ‘
674 Raket-moottorisaha

675 Ignis-astianpesukone

676 Candy-astianpesukone

677 Husqvarna-astianpesukone

678 General Electric-astianpesukone, malli SD 322 LB
679 Tietoja markkinoillamme olevista moottorisahoista
680 Pioneer-moottorisaha

REINIKAINEN, A. Maatilojen keskeisestd yhteistoimin-
nasta erdissi maissa, Tutkimusselostus 5.

Sokerijuurikkaanviljelyn Tutkimuskeskus, Helsinki
Research Centre for Sugar Beet Cultivation, Helsinki

Avrastaro, O. Puolet juurikasalasta nostettiin koneilla.
Rahaa ja Rehua Sokerijuurikkaasta 8, 1: 18—22,

— Erikoissiementen kdytostd. Sama 8, 2: 13—18.

— Koetutkimuksia Huhki kotjuukoneesta. Sama 8, 4:
10—11.

— Laatumaksutavan vaikutus sokerijuurikkaan kotjuu-
tekniikkaan. Pelletvo 68: 755—757.

BrumMER, V. Mitd mahdollisuuksia viljelijalli on vai-
kuttaa juurikkaiden sokeripitoisuuteen? Juurikassokeri
3, 2: 2—6.

— Sokerijuurikkaanviljelyn nykytilanne. Sason Uutiset
9, 4: 2—4. :

— & Axasraro, O. Rikkakasvihivitteiden kiyttd sokeri~
juurikkaanviljelyssd. Summary: The use of herbicides in
sugar beet cultivation. Maatal. ja Koetoim. 21: 126—139.



Suoviljelysyhdistyksen koeasemat, Leteensuo ja
Tohmajéirvi
Excperimental Stations of Society of Peat Cultivation, Leteensuo
and Tobmajsrvi

LuosTariNgN, H. Vaaramoreenin lannoitus- ja kalkitus-
kokeen tuloksia. Swummary: Results from a fertilizing
and liming test on hill moraine. Maatal.tiet. Aikak. 39:
193—204.

— Vaatamoreenin lannoituksesta ja kalkituksesta. Suz-
mary: On fertilizing and liming of hill moraine. Suo-
vilj.yhd. Vuosik. 71: 32—38.

— & Pauvramixkr, E. Seosviljakokeiden tuloksia. Swm-
mary: ‘Results of mixed cereals tests. Ibid. 71: 39—45,

Pauramiki, E. Nurmikasvikokeiden tuloksia. Summary:
Results of tests with grassland plants. Ibid. 71: 13—31.

Tyotehoseura t.y., Helsinki
Work Efficiency Association, Felsinki

Anrtrica, R, Monikiyttdinen katjarakennustyyppirat-
kaisu. Teho 1—2: 42—44.

— Parsipibatto  karjarakennusratkaisuna.
118—119.

— Lannanpoiston jitjestelysti emakkosikaloissa. Sama
5: 134—135.

— Sikalan ilmanvaihto. Sama 10: 269.

— Sikalan limpétilasta ja kosteusolosuhteista. Sama
11: 304—305. '

— Tyénkiytostd sikataloudessa. Tyotehoseur. Vuosik.
1967: 58—62. .

— Rakolattian kiyttékelpoisuutta karjarakennuksissa sel-
vittivd tutkimus, Tyotehoseur. Julk. 120, 80 s.
Helsinki. '

Kantora, M., Uorira, P. J. & Mikeri, J. Pellon ja
metsin yhteisviljelykoe. Teho 11: 314—317.

SEIsE, A. Perunavarastojen ilmastointi. Sama 5: 131—132,

— Vatastokuivutissa kiytettivd lisilimpd. Sama 10:
256—257.

SrerLi, M. Metsi maatilatalouden osana. Maatal.seur.
Keskusl. Julk. 528: 31—41.

— Kehittyvi ja teknistyvi tuotantoeldimi. Teho 5:
107—108.

— & SrrmLi, H. Tuoretehun varastointitutkimus. Tyo-
tehoseur. Julk. 118. 48 s. Helsinki.

Sama 5

Uorira, P. J. Perunan varastointi, eri varastotyyppien

rakenteet ja rakennusmatetiaalit sekd perunavarastojen
kustannusvertailu, Puutatha-Uutiset 19: 29, 31, 34.

— Traktoosi- ja turvekokeista TyStehoseuran koetilalla,
Teho 3—4: 75—77.

— Maatilan timénhetkisestd kuljetustilanteesta. Sama
7—8: 180—183.

— Perunavarastoista perunanviljelyyn erikoistuvilla ti-
loilla, Sama 10: 248—253.

— Maatalouskoneiden vuokrat. Maatalouskalenteri 1967:
161—164.

— & Savoniemi, T. Kyntdtyén nykyinen saavutustaso
ja kyntotulokseen vaikuttavista tekijoistdi. Teho 10:
244—247.

— & SEse, A. Viljan varastokuivatustutkimus, Tyo6-
tehoseur. Julk. 113, 148 s. Helsinki.

Valtion eldinliiketieteellinen laitos, Helsinki
State Veterinary Medical Institute, Helsinki

ANDERSSON, P., VALTONEN, M., Rarrs, T. & Korvisro, I
Valkohintipeuran pneumostrongylus-loista koskeva
jatkokertomus. Suomen Riista 20: 102—104.

Estova, T. Sensitivy of suckling mice to various strains of
infections bronchitis virus. Acta Vet. Scand. 8: 86—87.
— Tutkimus Mycoplasma gallisepticumin esiintymisestd

Suomessa. Suom. Eldinlidk.l. 73: 102—104.

— & WECksTROM, P. Electron microscopy of infections
bronchitis virus. Ann. Med. Exp. Fenn. 45: 30—31.
Henriksson, K. Metsistys, Erikitjasto 2. Helsinki 1967.

Luku riistan sairauksista, s. 524—542.

— HucossoN, G. & VENNSTROM, R. The occurence of
bovine lenkosis following the introduction of babesiosis
vaccination. 3. Intern. Symp. on Comparative Leukemia
Research, Paris 11—13/7 1967.

KorraNEN, L. & Nurwmi, E. Bacteriological Review of
Milk Samples from Clinical Mastitis. Notrd. Vet.-Med.
19: 36—40.

Nurwmt, E. Kestomakkaran pH-arvon nopean alentamisen
merkitys tuotteen hiivasienipitoisuudelle. Suom. Eliin-
ladk.l. 73: 148—152.

PASANEN, V. An Appraisal of on Auntoradiographic Technique
for Enumeration of Antibody Containing Cells in Response
0 Salmonella somatic Polysacharide. Int. Arch. Allerg. &
Apld. Immunol. 32: 149.

STENBERG, H. Om fotekomsten av salmonellabaktier i
prov som undersokts for smittosam kastning. Suom.’
Eldinlagk.l, 73: 294—296,

— Om frekvensen av Salmonella typhimurium-infektion
hos nétkreatur. Notd. Vet.-Med. 19: 598—604.

— Artur Birlundin eliminkerta. Suom. Eldinlddk.l. 73:
3—12.

ScrurMaN, A. Skérdeskadad spannmdl it svin. Lantm.
Andelsfolk 18: 23—24,

Valtion maitotalouskoelaitos, Jokioinen
State Institute for Dairy Research, Jokioinen

Kone- ja tarvikekoetuksia:

N:o 61 Milko-Tester II rasvanmdirityslaitteen koetus-
kertomus,
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Valtion siementarkastuslaitos, Helsinki
State Seed Testing Station, Helsink:

Hirrr, A. Valtion siementarkastuslaitos. Toiminta 1/9°

1965—31/8 1966. Referat: Statens forkontrollanstalt.
Verksamheten 1/9 1965—31/8 1966. Summary: State
Seed Testing Siation. Activity 1/9 1965—31]8 1966.
Zusammenfassung: Staatliche Samenkontrollanstalt. Betrich
119 1965—31|8 1966. Maatal. hall. Tied. 361: 1—51,
ja Kayt.

— Saunakukka ja siemenviljely. Koetoim.

24: 21. -

Joxera, MEerr. Rikkakasvien siementen miirin ilmaise-
minen kylvGsiemenessd. Sama 24: 43,

Urvinen, O. & Irora, Hiukka. Tirkeimpien vilja-
lajikkeittemme tuntomerkeisti. Kylvosiemen 1967:
3: 5—19,

Alands Fors6ksstation, Jomala
Aland Agricultural Experiment Station, Jomala

BdckeLmaN, P.-O. Sinimailaskokeet Ahvenanmaalla
1952—66. Summary: Field Experiments with Alfalfa in
Aland 1952—66. Maatal. ja Koetoim. 21: 71—75.

Correction.

Ann. Agric. Fenn. 7, 1: Figures 2 (p. 50) and 3 (p. 52) have been changed with each othet.
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69° I A 69°
68° 68°
67° 1 67°
66° 66°
65° { 65°
64° 64°
63° 63°
62° 1 62°
61° | M 61°
60° | | 60°

DEPARTMENTS, EXPERIMENT STATIONS AND BUREAUS OF THE
AGRICULTURAL RESEARCH CENTRE IN FINLAND

1. Administrative Bureau, Bureau for Local Experiments (HELSINKI) — 2. Departments of Soil
Science, Agricultural Chemistry and Physics, Plant Husbandry, Plant Pathology, Pest Investigation,
Animal Husbandry and Animal Breeding; Isotope Laboratory, Office for Plant Protectants, Pig
Husbandry Bxp. Sta. (TIKKURILA) — 3. Dept. of Plant Breeding (JOKIOINEN) —4. Dept. of
Horticulture (PIIKKIO) — 5. Southwest Finland Agr. Exp. Sta. (HIETAMAKI) — 6. Satakunta
Agr. BExp. Sta. (PEIPOH]JA) — 7. Karelia Agr. Exp. Sta. (ANJALA) — 8. Hime Agr. Exp. Sta.
(PALKANE) — 9. South Savo Agt. Exp. Sta. (Karila, MIKKELI) — 10. North Savo Agr. Exp. Sta.
(MAANINKA) — 11, Central Finland Agr. Exp. Sta. (VATIA) — 12, South Ostrobothnia Agt.
Exp. Sta. (PELMA) — 13. Central Ostrobothnia Agr. Exp. Sta. (LAITALA) — 14, North Ostro-
bothnia Agr. Exp. Sta. (RUUKKI) — 15. Arctic Circle Agr. Exp. Sta, (ROVANIEMI) — 16. Pas-
ture Bxp. Sta. (MOUHIJARVI) — 17. Frost Research Sta. (PELSONSUOQ)
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