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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 
Taulukko 1. Mekaaninen koostumus 

Soi] type < 0.002 
111111 

0.002 
0.006 
mm 

0.006 
0.02 
mm 

0.02 
0.06 
mm 

0.06 
0.2 
mm 

0.2 
0.6 
mm 

Firiesand 
Heavy clay 

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

Soil type C 
% 

CEC 
meq/100g EFI 

Exchangeable (ppm) 

Ca Mg Sr Na K 

Finesand 	 1.0 3.7 6.0 450 100 6 52 74 
Heavy clay 	 0.4 35.1 6.5 3 060 1 600 36 110 342 
Sphagnum 

peat 	 43.5 98.4 4.33 650 770 20 120 390 

Soil pH was adjusted 
calculated amounts of HC1, 
In addition to these, the 
rates of 4, 8, 16, 32 and 
hectare. 

with experimentally 
NaOH and Ca(OH),. 
peats were limed at 
64 tons CaCO3  per 

4.5 
84.2 

1.0 
8.5 

	

1.5 	4.6 

	

6.6 	0.1 
87.0 
0.6 

1.4 
0.2 
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THE EFFECTS OF SOIL FACTORS ON THE UPTAKE OF 
RADIOSTRONTIUM BY PLANTS. PART I 

ESKO LAKANEN and ARJA PAASIKALLIO 
Agricultural Research Centre, Isotope Laboratory, Tikkurila, Finland 
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The fact that strontium-90 has increased the 
total radiation dose by bone as a result of fallout 
has directed particulat 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 he 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, FREDRIKSSON et al. 1961, FREDRIKS-
SON and ERIKSSON 1966, STEENBER G 1964). 
There are practically no published data, however, 
on the uptake of radiostrontium fröM 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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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, 
CH2COONH4, pH 4.65), which is the extractant 
used in the Finnish soil-testing method 
(VUORINEN and MÄKITIE 1955). 

The plastic pots were 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 NEI,NO„ 
400 kg 13205/ha and 400 kg K20/ha as KH21304, 
50 kg Mg/ha as MgSO4. 7 H20 and 100 mg a 
mixture of micronutrients per pot. The nutrients 
and carrier-free strontium-89 (15 4uCi/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 were 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 HC1 
and finally dissolved in dilute HC1 from which 
calcium was determined with the aid of an 
atomic absorption spectrophotomete-r. 

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

SOIL pH 
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 pH:n vaikutus Sr 89:n adsorptioon aitosavessa 

(ylemmät käyrät) ja hiedassa (alemmat käyrät). 

Results and discussion 

Sorption and desorption of radiostrontinnt Iy 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 vety high 
(97 %). Finesand represents a simpler exchange 
system compared with heavy clay. The CEC of 
finesand is only about 10 % 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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Fig. 3. The effect of pH of soil and extractant on the 
extractability of Sr 89 from Sphagnum peat. 

Kuva 3. Maan ja uuttonesteen pH:n vaikutus Sr:n uuttumiseen 
rahkaturpeesta. 
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SOIL pH 

Fig. 2. The effect of soil pH on the adsorption of Sr 89 
by Sphagnum peat. 

Kuva 2. Maan .pH:n vaikutus rahkaturpeen Sr 89 -adsorptioon. 

Hydrogen ions in acid soils are able to ompete 
successfully and replace several soil cations, 
including Sr. The increase of soil pH thus 
increases the adsorption of strontium (e.g. 
RHODES 1957, SCHROEDER and BUSSCHE 1962, 
SCHROEDER et al. 1962). The decrease of Sr 
adsorption as a function of increasing pH value 
has already been reported earlier but at a higher 
pH level than that presented in Fig. 1. Paour 
(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 
Sr-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  

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

Desorption studies were earried out using 
acid ammonium 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 
acetate goes through a minimum at about pH 
6 and that of neutral ammonium acetate has a 
slight maximum in approximately the saMe 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 (LAKANEN 1967). 

Uptake of radiostrontium b plants 

Soil type proved to he 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 Sr-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 (HC1, 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 n,onavailable to plants 

Fig. 4. Relative mean values of Sr 89/Ca in plant material 
and experimental soils. 

Kuva 4. Kasvimateriaalin ja koemaiden keskimääräiset suh-
teelliset Sr 89ICa-arvot. 

SOIL pH 

Fig. 5. The effect of soil pH (adjusted with HC1 and 
NaOH) on the Sr 89 - content of the plant. 

Kuva 5. Maan pH:n (säädetty HC1:11ä ja Na0 Hilla) vai-
kutus kasvin Sr 89 -pitoisuuteen. 

(FREDRIKSSON 1962, von REICHENBACH and von 
der BUSSCHE 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 
(MR-IITA et al. 1956, FREDRIKSSON and ERIKS-
SON 1966). On the basis of the present results 
the Sr-89/Ca ratio of timothy is possibly reduced 
more by Carex peat than by Sphagnum peat, 
which may he 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 clearly reduced 
by increasing soil pH in Sphagnum peat and 
finesand but not at ali in heavy clay. The corre- 
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Fig. 6. Sr 89/Ca - ratio of the plant as a function of 
exchangeable calcium. 

Kuva 6. Kasvin Sr 89/Ca -suhde ja vaihtuva kalsium. 
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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 Gt.YNTHER 1967). 

Liming of acid soils low in exchangeable 
calcium decreases the Sr/Ca ratio of the plants 
which is affected by the increase of both soil pH  

and exchangeable calcium (FowLER and 
CHRISTENSON 1959, FREDRIKSSON 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 
more rapidly in mineral than in peat soils. This 
is apparently due to the lower cation exchange 
and buffering 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. 

Surnmary 

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 

Maaperätekijöiden vaikutus kasvien radiostrontiumin ottoon. 

ESKO LAKANEN ja ARJA PAASIKALLIO 

Maatalouden tutkimuskeskus, Isotooppilaboratorio, Tikkurila 

Atomiaikakauden vaarallinen sivutuote, radioaktiivi-
nen strontium 90, on maataloustuotteisiin kulkeutuneena 
lisännyt säteilyrasitustamme. Saasteisotooppi kulkeutuu 
maasta kasveihin ja edelleen eri teitä ihmiseen. On tär-
keää tietää sen ravintoketjuissa kulkeutumista säätelevät 
tekijät sekä löytää, kehittää ja testata käyttökelpoisia vasta-
toimenpiteitä. 

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 
esitellään taulukoissa 1-2. Koekasviksi valittiin timotei. 
Tutkimus suoritettiin käyttämällä merkitsijäaineena radio-
aktiivista strontiumia (Sr 89). 

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

Kasvin radioaktiivisen strontiumin pitoisuus ei ole riit-
tävä vaarallisuuden mitta. On seurattava myös kasvin ra-
dioaktiivisen strontiumin ja kalsiumin suhdetta, jota alen- 

taa mm. happamien maiden kalkitus. Kalkitus vaikuttaa 
kahdella tavalla. Kohoava pH lisää strontiumin — ja mui-
denkin — kationien pidättymistä maahan ja lisääntyvä, 
vaihtuva kalsium kilpailee Sr:n kanssa. Kalkituksen vai-
kutusta timotein Sr 89/Ca -suhteeseen esittää kuva 6. 
Maan lisääntyvän pH:n alentavaa vaikutusta kasvin Sr 
89 -pitoisuuteen luonnehtii kuva 5. 

Tutkimuksen tärkein tulos ilmenee kuvasta 4. Maalaji 
on vielä kalkitusta ja pH-säätöäkin merkittävämpi tekijä. 
Timotein Sr 89/Ca -suhde alenee voimakkaasti järjestyk-
sessä: hieta, aitosavi, rahkaturve, saraturve, mikä vastaa 
myös kasvavan kationinvaihtokapasiteetin mukaista jär-
jestystä. 

On huomattava, että tutkimuksessa käytetyt astiakoe-
maat edustavat tarkoituksellisesti valittuja, toisistaan suu-
resti poikkeavia maalajeja, mistä syystä tuloksia ei voida 
sellaisenaan soveltaa käytännön olosuhteisiin. Sellaiset 
tärkeät maaperätekijät kuten hienousaste sekä orgaanisen 
aineksen määrä ja laatu vaativat yksityiskohtaisempaa tut-
kimusta. 
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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 MYLLYMÄKI 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, FORBES 1962, LOWE 1962, ADAMS 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 
(RAATIKAINEN and TINNILÄ 1961, SMITH and 
ALLEN 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 (F.) on the yield and quality 
of wheat (RAtrrApÄÄ 1966). 

Material and methods 

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

the tests were obtained by the method presented 
by RALTTAPÄÄ. (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-voile cages 
(30 x 30 x 120 cm). The shoots were thinned 
out at the 2-leaf stage, 50 	 in 
each cage. 

Groups: 
A — cages 1-6. The aphids were placed in the cages 

on June 13. The plants were at the 4-leaf strge 
and measured approximately 15-20 cm. The 
aphids were allowed to reproduce until harvest. 

B — cages 7-12. The aphids were 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 were controls without aphids. 

The aphids which became transferred on 
plants were gathered from the roofs of rearing 
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 

plants being left 
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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 RAurikr.Ä.Ä. 
(1966). 

Ali 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 harvested on August 19. The 
panicles were dried at a temperature of app. 
+ 35°C and in the relative temperature of app. 
20 %. 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, 

under supervision. of Mrs. Hilkka 
Suomel a, Dr. Agr. and For. In order to 

establish the occurence of virus or take-all 
diseases the plants harvested from plots were 
examined, with root, by Mr. Aarno Murto-
m a a, M. Agr. and For. (virus diseases) and 
Mr. Martti Toiviaine n, M. Agr. and 
For. (take- ali 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: 1.6) and greatest in cage 3 (1: 8.3). 

APHIDS/sHooT 
600 

Fig. 1. Numbers of Rhopalosiphum .padi in panicles (broken line) and other parts of 
shoots (solid line) in cages 1-12 at various times during the growing period 1966. 
Kuva 1. Tuomikirvan keskimääräinen luku röyh_yssä (katkoviiva) ja verson muissa osissa 

(yhtenäinen viiva) häkeissä 1-12 kasvukauden 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 
per 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 he 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 

HEIGHT OF SHOOTS CM 
110 

APHID INDEX 

Fig. 2. Correlation between index and 
height of shoots of group A on July 15. 
The dots show the means for each cage. 
Kuva 2. Indeksin ja koejäsenen A versojen 
pituuden korrelaatio 15. heinäkuuta. Pisteet 

osoittavat kunkin häkin keskiarvon. 

height of the shoots was smallest in cage 5 
(63 cm) and greatest in cage 14 (103 cm) (Table 
1). An increase of 1 000 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 
on,ly 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 quantity ofyield 

The negative correlation between, the index 
and the number of panicles that had formed on 
the plants in, each cage was highly significant 
(r = —0.866, P < 0.01, Fig. 3). An increase of 
1 000 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 correlation between the total 
number of grains obtained from the cages and 
the index was highly significant (r = —0.783, 
P < 0.01, Fig. 4). With an increase of 1 000 in 
the index there was a decrease of 210 in the 
total number of grains iii 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 1 000 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. Correlation between index and 
number of panicles per cage at harvest time. 
Kuva 3. Indeksin ja sadonkorjuun aikana 
häkissä olleiden ryhyjen määrän korrelaatio. 
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Fig. 4. Correlation between index and 
numbers of grains per cage. 

Kuva 4. Indeksin ja häkin sadon jyväluvun 
korrelaatio. 

Table 1. Effect of Rhopalosiphum padi on the yield. 
Taulukko 1. Tuomikirvan vaikutus sadon määrään ja proteiimpatoistmteen. 

Treatment Cage Aphid index 
Panides 
per cage 

Grains 
per cage 

1 000-gtain 
weight 

g 

Grain weight 
per cage 

g 

Average height of shoots 
mn 

Protein 
quantity 
of grains 

% 15. VII 19. VIII 

1 11 367 34 740 17 12 82 80 9.0 
2 11 046 33 129 12 2 68 68 8.3 
3 6 341 28 748 21 16 79 80 12.0 

A 4 4 912 31 549 19 10 64 64 9.4 
5 7 483 27 281 19 5 63 61 11.0 
6 594 72 3 248 33 108 93 96 13.6 

/-e-  6 957 37.1 949.2 20.2 25.7 74.9 75.1 - 	10.6 

7 4 092 54 1 436 26 38 82 75 12.3 
8 636 65 1 011 31 31 67 68 15.1 
9 5 199 46 2 277 26 60 96 95 13.2 

B 10 2 794 61 1 950 27 53 84 77 12.3 
11 4 739 48 2 467 21 51 84 92 11.2 
12 787 83 2 077 34 71 83 81 14.4 

R 3 041 59.5 1 869.7 27.7 50.8 82.6 75.1 10.6 

13 0 91 2 068 34 69 87 77 13.9 
14 0 98 3 185 35 112 103 92 14.0 
15 0 88 3 163 33 105 88 87 14.9 

C 16 0 68 2 389 33 78 86 82 12.8 
17 0 99 2 805 30 85 - - 13.1 
18 0 78 2 289 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. 7. Loss of grain-yield as a function 
of aphid index. 

Kuva 7. Keskimääräinen satotappio indeksin 
funktiona. 
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Fig. 5. Correlation between index and 
1 000-grain weight. 

Kuva 5. Indeksin ja 1 000-jyvän painon 
korrelaatio. 
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Fig. 6. Correlation between index and 
total grain-yield per cage. 

Kuva 6. Indeksin ja häkin jyväsadon korre- 
laatio. 

• 

smallest yield was obtained from cage 2 (2 g) 
and the largest from cage 14 (112 g) (Table 1 ) . 
With an increase of 1 000 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 % although there were no 
aphids on plants. Further, B the yield corre-
sponding to a given aphid index as calculated 
from the regression equation, Y = 80.68-
0.0078 X. On average the crop loss increased 
by 9.7 percentage units when the aphid index 
increased by 1 000 (Fig. 7). The average loss 
of yield of group A was 67.3 %, and of group 
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Fig. 8. Correlation between index and 
protein quantity in percentages of the grain 

yield. 
Kuva 8. Indeksin ja tväsadon mhteellisen 

proteiinipitoisuuden korrelaatio. 
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B 29.4 %. 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). 

Effeet 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 

16— 

PROTEIN g/CAGE 

16 

Fig. 9. Correlation between index and the 
total protein quantity of the yield. 

Kuva 9. Indeksin ja sadon kokonaisproteiini-
pitoisuuden korrelaatio. 

yield (arc sin percentage) was vety significant 
(r = —0.880, P < 0.01, Fig. 8). The protein 
content of the crop averaged 13.7 % in the 
control cages, 10.6 % in group A and 13.1 % 
in group B (Table 1). On average the protein 
content decreased by 0.4 percentage 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 corresponding 
figure for the group A being 2.7 g and that of 
group B 6.5 g. The negative correlation between 
the amount of grain protein and the index was 
very significant (r = —0.801, P < 0.01, Fig. 9). 
With an increase of 1 000 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 
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in 1959. In cage experiments, however, a vety 
great number of aphids did perhaps reduce the 
yield and retard the plants. RAATIKAINEN and 
TINNILÄ (1961) estimated, conversely, that R. 
padi had caused a loss about 12 % in oats, 8 % 
in barley and 3 % in wheat in Finland at the 
same time. Durin,g the fouryear in,vestigation 
by FORBES (1962) aphid control did not signifi-
cantly increase the yield of oats. Only about 
5 % of the aphids were R. padi, the great 
majority being of the species Acyrthosiphon 
dirhodum (Wlk) and M. avenae. The number at 
maximum was 47 aphids per tiilet. 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 WOOD (1965) the number 
of M. avenae on wheat was 200 per foot but the 
aphids did not significantly reduce the yield. 
ADAMS 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. GLENDENNIN G (1938) found that an 
abundance of M. avenae was sufficient to lower 
the yield of oats. KANTACK and DAHMS (1957) 
compared the destruction caused by Toxoptera 
graminum (Rond.) and R. fitchil (Sand.) in wheat, 
oats and barley. The symptoms of T. graminum 
destruction appeared on the shoots earlier than 
did those of R. fitchii. 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. WELLS and MAcDONALD (1961) 

showed that R. maidis can be expected to cause 
great damage to barley if there is a great abun-
dance of aphids at the earlier stages of develop-
ment but little if the barley is at the stage of 
stern elongation. In experiments of SMITH and 
ALLEN (1962) non-viruliferous R. padi caused 
an 18 per cent yield loss in wheat. APABLAZA 

and ROBINSON (1967) clarified the effects of the 
species Schkaphis (T.) graminum (Rond.), M.  

avenae and R. maidis upon barley, wheat and 
oats. R. maidis did not decrease barley yield 
when the aphids were 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 ovet 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 depended in some cases on the plant's 
stage of development during the period of 
greatest infestation (WELLS and MACDONAL D 

1961, APABLAZA and ROBINSON 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-
TAPÄÄ 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 in&station began. 

The effect of M. avenae on the yield of wheat 
(RAuTAPÄÄ 1966) and that of R. padi on the 
yield of oat appeared to he 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 1 000. But, M. avenae had a significant effect 
on the number of grains per head while R. padi 
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 lower 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 EVERLY (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 biochernical 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 sauva of T. graminum may cause damage 
to root formation of small grains (ORTmAN and 
PAINTER 1960), kill the shoots, delay their 
growth, and lower their resistance to cold, as  

does R. fitchii in minor degree, too (KANTAcx 
and.  DAHMS 1957). Also, it is known that e.g. 
Acyrthosiphon pistin; (Harris) in experiments had 
an effect upon alfalfa carotin content and cold 
resistance (HARPER and LILLY 1966). The aphids 
may in many instances significantly alter the 
nutritional value of plants although yield 
quantity remains unaffected. 
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SELOSTUS 

Tuomikirvan vaikutus Sisu-kauran satoon ja sadon proteiinipitoisuuteen 

JORMA RAUTAPÄÄ 

Maatalouden tutkimuskeskus, Tuhoeläintutkimuslaitos, Tikkurila 

Maamme viljoissa elää yleisenä kaksi kirvalajia, tuomi-
kirva Rhopalosiphum padi L. sekä viljakirva Macrosiphum 
avenae (F.). Ajoittain esiintyy kirvoja erittäin runsaasti, 
tuomikirvaa viimeksi 1959, jolloin sen arvioitiin aiheut-
taneen kaurassa n. 12 %:n tappion, ja viljakirvaa vuonna 
1965. Viljakirvan vaikutusta vehnän satoon ja sadon laa-
tuun selvittävän tutkimuksen valmistuttua (julkaistu tässä 
sarjassa 1966) aloitettiin kesällä 1966 tämä työ. Päämää-
ränä oli saada lisätietoa tuomikirvan vaikutuksesta kau-
ran satoon ja sadon proteiinipitoisuuteen. 

Koejäseniä oli kontrollin lisäksi kaksi: toisen häkeissä 
kasvaviin Sisu-kauran oraisiin sijoitettiin kuhunkin kaksi 
siivellistä viruksetonta kirvaa 13. kesäkuuta ja toisen kas-
veihin 7. heinäkuuta. Kaikissa häkeissä kirvat saivat  

lisääntyä sadonkorjuuseen saakka. Kirvojen määrä kas-
veissa laskettiin kahdeksan kertaa, ja kirvojen runsauden 
sekä koeajan perusteella määritettiin kullekin häkille ns. 
kirvaindeksi. Indeksi osoittaa kunakin koeajan päivänä 
versossa eläneiden kirvojen summan. Sadan kirvan eläessä 
versossa kymmenen päivän ajan on indeksi tuhat. 

Kaikkien röyhyllisten versojen pituus mitattiin sekä 
heinäkuun puolivälissä että satoa korjattaessa 19. elo-
kuuta. Kesäkuussa kasveihin asetetut kirvat hidastivat 
versojen kasvua ensimmäiseen mittaukseen mennessä 
merkitsevästi: kirvaindeksin suureneminen 1 000:11a vä-
hensi pituuskasvua 4.5 cm:nä. Toisessa mittauksessa ke-
sän lopulla oli korrelaatio indeksin ja versojen pituuden 
välillä negatiivinen, mutta ei merkitsevä. Ensimmäiseen 
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mittaukseen mennessä eivät heinäkuussa kasveihin ase-
tetut kirvat vaikuttaneet versojen pituuteen, eikä korre-
laatio indeksin ja versojen pituuden välillä ollut satoa 
korjattaessa merkitsevä. 

Häkistä saatu sato oli kääntäen verrannollinen kirva-
indeksiin. Yhtäältä röyhyjen määrän, sadon jyväluvun, 
1 000 jyvän painon ja jy-väsadon kokonaispainon sekä 
toisaalta indeksin negatiivinen korrelaatio oli erittäin 
merkitsevä. Indeksin suuretessa 1 000:11a röyhyjen määrä  

väheni 5.8:11a, 1 000 jyvän paino 1.9 g, sadon jyvämäärä 
210:llä, kokonaissato 7.8 g ja satotappio 9.7 prosentti-
yksikköä. 

Sadon proteiinipitoisuus määritettiin Kjeldahlin mene-
telmän avulla. Kirvaindeksin ja proteiinipitoisuuden ne-
gatiivinen korrelaatio oli erittäin merkitsevä. Indeksin 
suuretessa 1 000:11a proteiinipitoisuus väheni 0.4 pro-
senttiyksikköä. 
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MITRULA SCLEROTIORUM ROSTR., A PARASITE ON THE SCLEROTLA. 
OF SCLEROTINIA TRIFOLIORUM ER1KSS. 

AARRE YLIMÄKI 
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 trifoliorum 
Erikss. but also of Mitrula sclerotiorum Rostr., 
which had been found by JAMALAINEN (1942) 
as long ago as the 1930's. A very great annual 
variation has been observed in the numbers of 
apothecia of M. sclerotiorum. It has also been 
observed that the apothecia of M. sclerotiorum 
invariably appear later than those of S. trifolio-
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 ROSTRUP (1888), who identified the 
species, HAMMARLUND (1932) and EKSTRAND 
(1938) regarded the M. sclerotiorum fungus as 
one of the causes of clover rot, although 
EKSTRAND, on the basis of his experiments, 
thought it probable that this fungus parasitized 
not the clover but the sclerotia of S. trifoliorum. 
This opinion was later supported by the discov-
ery by RÖED (1954) of a sclerotium with apoth-
ecia of both S. trifoliorum and M. sclerotiorum. 
Not even the structure of the sclerotium sug-
gested that it might be formed of the mycelia 

Fig. 1. Märula sclerotiorum a. apothecia 1% x, b. asci 
and ascospores. 

Kuva 1. Mk-ula selerotiorum a. iliöemiii, b. ifiökoteloita 
itiöineen. 

of two different fungi, and RöED too supposed 
the situation to be an S. trifoliorum sclerotium 
with M. sclerotiorum as a parasite. 

During several 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 S. trifoliorum isolate were 
placed on sterilized damp quartz sand in Petri 
dishes. Mycelium of isolated M. sclerotiorum 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. Sclerotinia trifoliarumin ribmastopahkalle siirrostetun 
Mitrula sclerotiorumin ribmastoa ja itiöemiä. Nuolen osoitta-

massa kohdassa on myös S. trifoliorumin itiöemä. 

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 S. trifoliorum 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 S. trifoliorum (fig. 2). 

The evidently rare simultaneous occurrence 
of the two fungi in natural conditions may be 
due either to the n,on-simultaneous occurrence 
of the differing temperature requirements of 
these fungi or possibly to the antagonistic effect 
of the M. sclerotiorum fungus upon the S. tri-
foliorum fungus. 

The following facts indicate that the M. 
sclerotiorum fungus is actually a parasite of S. 
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. sclerotiorum is identi-
cal with that of the sclerotia of S. trifoliorum 
(RöEn 1954), (3) M. sclerotiorum mycelium grows 
better when transferred to the sclerotia of S. 
trifoliorum than it does on artificial nutrient 
media, and (4) M. sclerotiorum mycelium trans-
ferred onto S. trifoliorum sclerotia has developed 
fertile apothecia. 
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SELOSTUS 

Mitrula sclerotiorum Rostr. loisii Sclerotinia trifoliorum Erikss. pahkoilla 

AARRE YLIMÄKI 

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila 

ApiLzmätätaudin aiheuttajana tunnetun Sclerotinia tri-
foliorum sienen itiöemien ohella tavataan nurrnissa syk-
syisin toisenkin kotelosienen Mitrula sclerotiorumin itiö-
emiä. On havaittu viimeksi mainittujen kehittyvän luon- 

non oloissa myöhemmin kuin edellisten ja todettu sen 
aiheutuvan sopeutumisesta alhaiseen lämpötilaan. On 
osoitettu, että M. sclerotiorum on loinen S. trifoliorum sie-
nen pahkoilla eikä apilalla. 
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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 VAPPULA (1965) provides a good 
picture of the information, accumulated up to 
1964, on pests of cultivated plants, and its 
bibliography, which is very extensive, makes 
reference 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 Fest 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 he 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  

make an estimate of the percentage of apples 
damaged by C:ydia 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: vety sparse, 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 ali 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 ali 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 
inquiry 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 reported, using a scale of 0-10. The frequency of damage 
shows the percentages of cultivations in which damage was found in the observation arca. 1 = spring questionnaire, 

2= first summer questionnaire, 3 = second summer questionnaire, 4 --- autumn questionnaire. 
Taulukko 1. Tuhoeläintiedusteltilen tulokset. Tuhojen ankaruus on ilmoitettu 0-10 asteikkoa käyttäen. Yleisyysluku ilmoittaa, 
kuinka monessa prosentissa havaintoalueen viljeyksistä tuhoa tavattiin. 1 = kevättiedustelu, 2 = ensimmäinen kesätiedustelu, 

3 = toinen kesätiedustelu 4 = sy_ystiedustelu. 

CEREALS - VILJAKASVIT 

Questionnaire  

Tiedustelu 

Number of 
observations 
Havaintoja 

1967 

Severity of damage 
Tuhojen ankarina 

Frequency of damage 
Tuhojen yleisyys 

1967 1964-66 1967 1964-66 

9scinella frit (L.), winter cereals - s_y_ysviljat 	 4 85 1.4 1.7 14 21 
Elateridae 	  2 79 1.3 1.4 13 22 
Macrosiphum avenae (F.) 	  4 89 1.3 2.2 19 36 
Phyllotreta vittula (Redtb.) etc. 	  1 114 1.2 0. 8 18 22 
9scinella frit, spring cereals - kevätviljat 	 2 72 1.2 1 . 4 12 21 
Rhopalosiphum padi (L.) 	  2 71 0.7 1.3 9 17 

7.0RAGE PLANTS - NURMIKASVIT 
4maurosoma spp. 	  3 104 1.4 2.4 28 42 
4pion spp. 	  3 62 1 . 4 1.5 23 25 

.00T CROPS AND VEGETABLES - 
JUURI- JA VIHANNESKASVIT 

Flylemya brassicae (Bche) and H. floralis (Fall.), 
late summer - loppukesä 	  4 91 2.4 2.7 32 55 

rlylemya antiqua (Meig.) 	  3 85 2.1 2.4 24 33 
rialticinae, crucifers - ristikukkaiset 	 1 113 1. 9 2.5 36 49 
Vylemya brassicae and H. Pralis, early summer - 

alkukesä 	  2 74 1.8 2.4 22 37 
gieris brassicae (L.) etc. 	  4 88 1.7 2.3 33 34 
glutella maculipennis (Curt.) 	  3 68 1.2 2.1 16 29 
ghaedon cochleariae (F.) 	  2 62 1.1 1.8 16 34 
ldamestra brassicae (L.) 	  4 46 1.0 2.0 24 32 
gsila rosae (F.) 	  2 60 0.8 1.4 18 16 

CURNIP RAPE - RYPSI 
Ideligethes aeneus (F.) 	  1 51 1.4 2. 9 42 63 

,UGAR BEET - SOKERIJUURIKAS 
'egomya betae (Curt.), early summer - alkukesä 	 2 94 2.2 2.4 54 54 
Degomya betae, late summer - loppukesä 	 4 103 2.1 2. 2 55 43 
:,ygus rugulipennis Popp. etc. 	  2 91 2.0 2. 9 44 59 
:haetocnema concinna (Marsh.) 	  1 79 1.7 2.0 31 46 
'ilpha opaca L. 	  2 80 1.6 1.8 35 41 

EA - HERNE 
:ydia nigricana (F.) 	  4 58 2.4 2.2 47 35 

LPPLE - OMENAPUU 
7yponomeuta malinellus (Zell.) 	  2 54 1.6 1.6 16 25 
)anonychus ulmi (Koch), spring - kevät 	 2 49 1.3 1.7 15 26 
lrgyresthia conjugella Zell. 	  4 66 1.5 3.6 22 49 
:ydia pomonella (L.) 	  4 58 1.4 2.6 25 45 
lphis pomi DeG 	  3 50 1.4 2.0 23 31 
dicrotus agrestis (L.) and Arvicola terrestris (L.) 	 1 68 1.2 2.4 9 27 
)anonychus nimi, autumn - syksy 	  4 30 1.1 2.1 17 35 
,epus europaeus Pallas and L. timidus L. 	 1 64 1.1 2.0 11 17 
)sylla mali (Schmidbg.) . 1 49 0.8 1.4 11 26 
;:yleborus dispar (F.) 	  1 39 0.2 1.1 3 10 
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Table 1 (cont.) 
Taulukko 1(jatkoa 

Questionnaire 
Tied„siel„ 

Number of 
°b"r"tims  

Havaintoja 
1967 

Severity of damage 
Tuhojen ankartuts 

Frequency of damage 
Tuhojen yleisyys 

1967 1964-66 1967 1964-66 

BERRIES — MA.RJAKASVIT 
Cecidophyopsis ribis (Westw.) 	  1 110 2.1 2.4 22 37 
Byturus urbanus (Lind.) 	  3 53 

. 	
2.0 2.3 36 33 

Nematus ribesii (Scop.) and Pristiphora pallipes Lep. 3 70 2.0 2.1 19 23 
Aphididae, Ribes species — Ribes-lajit 	 2 68 1.8 2.0 21 32 
Anthonomus rubi (Hbst) 	  2 43 1.7 1. 6 22 30 
Incurvaria capitella Cl. 	  1 79 1. 6 2. 4 16 32 
Stenotarsonemus fragariae (Zimm.) 	  3 68 1.1 2. 4 19 36 
Pachynematus pumilio Knw. 	  3 54 1.2 1.8 24 26 
Zophodia convolutella (Hbn.) 	  2 36 0.8 1.3 10 19 

PESTS ON SEVERAL PLANTS — USEIDEN 
KASVIEN TUHOLAISET 
Deroceras agreste L. etc. 	  4 53 1.8 2.1 35 33 
I-Ivdro.cia micacea (Esa.) 	  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, Anthonomus rubi, Hypo-
nomeuta 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 or 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 
Hyponomeuta 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 (VAPPuLA 1965). 
According to previous information the peaks 
of abundance of H. 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 % by Argyresthia conjugella. Two years 
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). C_ydia nigricana damaged 
22 % of the pea pods and 15 % of the seeds can 
reckoned as damaged (cf. EKHOLM 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 years 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 Hyvinkää, where the eelworm 
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ETERODERA ROSTOCHIENSIS 

Fig. 1. Present known occurrence of the potato root 
eelworm in Finland. 

Kuva 1. 1Vykyliedot peruna-ankeroisen esiintymisestä. 

destroyed almost the entire crop on a half-
hectare early potato plot. New localities were 
Kärkölä, Nousiainen and Vihti (Fig. 1). 

VAPPULA (1965, pp. 10, 227-228) states that 
1 084 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 Pteronidea spiraeae (Zadd.) dam-
aged leaves of Aruncus silvester in Helsinki. In 
the cuttings of chrysanthemum imported from 
Canary Island into Ruokolahti larvae of Plusia 
orichalcea F. and P. circumflexa 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 1 099. 

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 that] in the three-year period 
1964-1966. These pests were Phyllotreta vittula, 
Anthonomus rubi, Hyponomeuta malinellus and Cydia 
nigricana. Argvresthia conjugella damaged 15 % of 
the apples and Cydia pomonella 12%. Cydia 
nigricana damaged 22 % of the pea pods and 
15 % 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 tuho eläimet 1967 
MARTTI MARKKULA 

Maatalouden tutkimuskeskus, Tuhoeläintutkimuslaitos, Tikkurila 

Lämpimästä ja poutaisesta kesästä huolimatta tuholais-
ten määrä oli vähäinen ja myös vahingot tavallista pie-
nempiä. Vain neljä tuhoeläinlajia aiheutti suoritettujen 
tiedustelujen mukaan saman suuruisia tai suurempia va-
hinkoja kuin kolmivuotiskautena 1964-1966. Nämä oli- 

vat hernekääriäinen, ohrakirppa, omenankehrääjäkoi ja 
vattukärsäkäs. Peruna-ankeroista tavattiin kolmelta uudel-
ta paikkakunnalta. Yksityiskohtaisempi katsaus on esitetty 
Koetoiminta ja Käytäntö -lehdessä n:o 11/1967. 
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KIPSI MONIRAVINTEISEN LANNOITTEEN OSANA 

Astiakokeiden tuloksia vuosilta 1961-65 

Summary: Gypsum as a constituent of multi-nutrient fertilizer 

MARTTI SALONEN, HILKKA TÄHTINEN, RAILI JOKINEN 
ja TUOMAS KERÄNEN 

Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila 

Saapunut 27. 10. 1967 

Samoihin aikoihin kun Maanviljelyskemian ja 
-fysiikan laitoksen toimesta aloitettiin kenttä-
kokeet rikkipitoisten ja rikittömien moniravin-
teisten lannoitteiden vertailemiseksi (SALONEN 

ym. 1965) Perustettiin myös samaa kysymystä 
koskevat suppeat astiakokeet. 

Koeastioissa, pienessä maatilavuudessa, voi-
daan saada aikaan hyvin intensiivinen kasvu, 
suunnilleen kymmenkertainen verrattuna siihen 
mikä on mahdollista tavallisissa pelto-olosuh-
teissa (vrt. MrrscHERLIcH 1954, s. 166). Siten 
myös jonkin kasvinravinteen lisäämisen tai 
puuttumisen vaikutus voi astiakokeissa tulla 
esille nopeammin ja selvempänä kuin esim. 
kenttäkokeissa. 

Kokeiden suoritus 

Kokeissa käytettiin yleisintä mallia ja kokoa 
olevia Mitscherlich-astioita, joihin pantiin maata 
4.5 1. Kokeet järjestettiin viisi vuotta jatkuviksi 
uusintalannoituskokeiksi, joissa samat käsittelyt 
toistettiin vuosittain. 

Koelannoitteet olivat samat kuin vastaavissa 
kenttäkokeissa (SALONEN ym. 1965, s. 157). 
Rikitön lannoite, di, oli valmistettu diammo-
niumfosfaatista ja kalisuolasta; rikkipitoinen, dk, 
oli muuten sama kuin edellinen, mutta siihen 
oli lisätty kipsiä. Koelannoitteiden ravinnepitoi-
suudet olivat prosentteina: 

1,20 1CP CaO'  MgO 

di 	1961 	  10.0 25.6 20.2 0.3 0.0 0.1 

1962-65 	 10.1 25.6 20.1 0.3 0.0 0.1 

dk 1961 	  6.0 15.2 11.4 16.2 0.2 9.9 

1962-65 	 5.8 15.6 12.6 16.2 0.2 10.1 

Annettavat lannoitemäärät järjestettiin siten, 
että typpeä tuli aina 1 000 mg/astia. Esitettyjen 
lannoitteiden ravinnepitoisuuslukujen mukaan  

on muidenkin kuin kalkin ja rikin kohdalla tul-
lut eroja, mutta ne ovat niin pieniä, ettei niillä 
voi olla merkitystä. 
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Maaeristä, joita kokeissa käytettiin, on ammo- TIE 1955, KURKI ym. 1965) saatu seuraavanlai-
niumasetaattimenetelmällä (VUORINEN ja MÄKI- sia analyysitietoja: 

Humusta M2112ji 	 Alkuperä PH 
vedessä 	Ca 

trigil maata 
Mg 

Aitosavi — Heavy cIay Mietoinen 	 6.5 5.8 1 990 374 531 15.8 
Hiesusavi — Silt ela_y Anjala 	 5.4 5.3 1 275 320 208 5.5 
Liejusavi — Gyttja elgy Tikkurila 	 4.1 5.2 1 790 415 778 6.5 
Hieta — Finesand Mikkeli 	 6.6 6.3 1 580 120 100 8.3 
Saraturve — Sedge peat Rovaniemi 	 (82.3) 5.8 1 980 133 552 7.2 

Koska tutkimuksessa pidettiin pääasiana eri 
lannoitetyyppien vertailua, olivat eri alkuperää 
olevat maaerät mukana vain kerranteina ilmai-
semassa jonkinlaista maalajeista johtuvaa hajon-
taa, eikä niiden voida katsoa edustavan erityi-
sesti valittuja maalajeja. 

Koekasvina oli kaikkina vuosina kaura 
(Pendek), joka korjattiin maitotuleentuneena. 
Analyyseja varten jyvät ja oljet jauhettiin yhteen. 

Koesarjoja oli kaksi, nimittäin vuosina 1960-
64 ja 1961-65 käynnissä olleet. Tässä seloste-
taan vain myöhemmän sarjan tuloksia, sillä 
aikaisempi sarja ei kaikin kohdin onnistunut 
hyväksyttävästi. Sen tuloksista mainittakoon 
kuitenkin, että ne olivat yhdenmukaiset myö-
hemmän sarjan tulosten kanssa. 

Koetulokset 

Kun koekäsittelyt eri maalajeilla olivat ilman 
kerranteita, esitetään tulokset yleensä keski-
arvoina kaikilta maalajeilta ja vain eräissä tapauk-
sissa tarkastellaan yksityiskohtia graafisesti. 

Kuiva-ainesadoista esitetään ku-
vassa 1 vuotuiset tulokset maalajeittain ja taulu-
kossa 1 viiden vuoden kokonaissadot. Kuten 
kuvan 1 pylväistä nähdään, satotaso on koko 
ajan pysynyt suunnilleen samana lukuunotta-
matta hietamaata, jossa ilmenee jokseenkin selvä 
lasku. 

Satojen sisältämät 
vinne määrät riippuvat sadon määrästä ja 
ravinnepitoisuudesta. Taulukossa 2 esitetään 

kasvinra- 

61 63 65 	61 63 65 	61 63 65 	61 63 65 	61 63 65 

Kuva I. Vuosittaiset kuiva-ainesadot eri koemaista 13/astia. Eri koekäsittelyillä saatuja satoja 
esittävät pylväät ovat tavallaan päällekkäin, jotta erojen vertailu olisi helppoa. Vasemmalta: 

aitosavi, hietasavi, liejusavi, hieta ja saraturve. 
Fig. 1. Annual dry matter .yields of different sali:, glpot. Columns presenting yields after different 
treatments are given one upon the other, 	facilitate comparisons. From the left: heaty clay, silt elay, 

gyttja city, finesand and sedge peat. 
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Taulukko 1. Kuiva-ainesadot yhteensä 5 vuoden aikana &astia 
Table 1. Dry matter yields gjpot in 5 years 

Lannoite —Fertilizer 

Ilman 
lannoitusta 

sato 
Check yield 

rikkipitoinen 
dk 

CrOCIIS 

diff. dk—di 

rikitön 
di 

sato 
yield 

118.2 
69.5 
32.1 
41.5 
71.4 
66.5 

561.6 
385.4 
383.7 
407.5 
407.9 
429.2 

5. 4 
149.1 
135.9 
79.9 

117.2 
97.5 1) 

Aitosavi — Heavy clay 	  
Hietasavi — Silt clay 	  
Liejusavi — Gyttja clay 	  
Hieta — Finesand 	  
Saraturve — Sedge peat 	  
Kaikki koemaat keskimäärin — Average of ali soti types 

Varianssianalyysin mukaan lannoitteen rikkipitoisuuden aiheuttama erotus (dk — di) on tilastollisesti merkitsevä, 
todennäköisyys yli 99.9 %, vaikka sadonlisäyksen suuruus onkin huomattavasti vaihdellut koemaasta ja koevuodesta 
riippuen — According te analysis of variance, the Mfference is significant at the 99.9 % level. 

Taulukko 2. Satojen sisältämät kasvinravinnemäärät sekä erotus lannoituksessa annettu määrä — satojen sisältämä 
määrä, ns. tase, yhteensä 5 vuoden aikana mg/astia keskim. kaikissa koemaissa. 

Table 2. Plant nutrient contents of yields mgfpot, and differences between amounts given in fertilization and content of yield, so- 
called balances, averages in ali soil types. 

Ainesisältö — Contenis Tase — Balance 

Lannoite — Ferlilizer 

dk 	 di dk di 
Ilman Jaon. 

Check 

4 940 
4 571 

12 359 
1 847 
1 166 

980 

1 089 
9 136 

— 1 138 
937 
874 
281 

60 
8 722 

— 1 771 
12 025 

— 997 
7 634 

Typpi — Nitrogen N 	 
Fosfori — Phosphorus P205  
Kali — Potassium K20 	 
Kalsium — Cakium CaO 	 
Magnesium — Magnesium MgO 
Rikki — Sulphur S 	 

	

587 
	

3 911 

	

292 
	

3 564 

	

1 083 
	

11 118 

	

178 
	1 087 

	

181 
	

884 

	

127 
	331 

Kaikkien ravinteiden kohdalla on lannoitela ien välinen erotus tilastollisesti merkitsevä —Differences between test fertilizers 
are sigmficant in every plant nutrient. 

satojen kaikkiaan sisältämät ravinnemäärät ja 
lisäksi ns. ravinnetaseet eli erotukset lann,oitteissa 
annettujen ja sadoissa olleiden määrien välillä. 

Typen kohdalla on annettu määrä ollut jok-
seenkin sopiva etenkin lannoitteessa dk. Fosforia 
on lannoitteiden ravinnesuhteesta riippuen an-
nettu hyvin paljon yli satojen ottamien määrien, 
mutta kalissa on asiaintila ollut päinvastainen. 
Magnesiumia koelannoitteet ovat sisältäneet kor-
keintaan vain epäpuhtautena, joten kasvit ovat 
olleet maan magnesiumin varassa. Hietamaan 
kohdalla onkin erittäin todennäköistä, että sato-
jen huononeminen (kuva 1) on johtunut maan 
jo alkuaankin niukkojen magnesiumvaroj en (vrt. 
s. 3) ehtymisestä. Samaan suuntaan viittasivat 
myös kasvien ulkonäöstä tehdyt havainnot. 

Kipsin mukana olo lannoitteessa on muutta-
nut täydellisesti sekä kalsium- että rikkitaseen. 
Kuvassa 2 nähdään satojen rikkipitoisuuden 
kehitys koeaikana kolmella maalajilla. Useim-
missa tapauksissa satojen rikkipitoisuus on alen-
tunut kun on käytetty rikitöntä lannoitetta. 

Tutkimuksia koemaista 

Syksyisin sadonkorjuun jälkeen tehtyjen pH-
mittausten tuloksia nähdään kuvassa 3, jossa 
esitetään tiedot aitosavesta ja hiedasta erikseen 
ja kaikista koemaista keskimäärin. Koekäsitte-
lyjen vaikutukset ovat kaikissa maatyypeissä 
olleet samansuuntaiset. Alussa on lannoitusten 
maan happamuutta lisäävä vaikutus ollut jyrkkä, 
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64 65 	61 62 63- 64 65 	61' 62 63 62 	63 

dk 

65 

dk 

di .  __-0 
dk 

.di 

Kuva 2. Eri vuosien koesatojen ri kkipitoisuus S mg/g ka. eri koekäsittelyillä kolmella eri koemaalla. Vasemmalta: 
aitosavi, hieta ja saraturve. 

Fig. 2. Sulphur content of yields after different treatments in dIfferent years in three soils, S mg/g. From the le f t: heavy clay, fine- 
sand and sedge peat. 

pH 

dk 

	 di 
dk 

61 62 63 64 65 	61 62 63 64 65 	61 62 63 64 65 
Kuva 3. Maan pH-luvut vuosittain kahdel a koemaalla erikseen ja keskim. kaikilla koemailla. Yhtenäinen viiva: 
pH vesilietoksessa; katkoviiva: pH 1 n kahumkloridilietoksessa. Vasemmalta: aitosavi, hieta ja kaikkien maalajien 

keskiarvot. 
Fig. 3. Development of soil pH in 2 different soils and average of ali soils. Continuous 	pH in avater; broken Iines: pH in 

1 N KCl. From the left: heavy clay, finesand and averages of ali soils. 

mutta jatkunut myöhemmin lievempänä. Vesi-
lietoksesta tehtyjen mittausten mukaan näyttäisi 
kipsi tehostavan lannoitteen maan happamuutta 
lisäävää vaikutusta, mutta 1 n kaliumkloridi-
lietoksesta saadut pH-arvot osoittavat, että kysy-
myksessä on vain kipsin suolavaikutus. Kaiken 
kaikkiaan lannoituksen maan happamuutta 
lisäävä vaikutus on tässä astiakokeessa ollut 
suuri, mutta ei näytä pahemmin häirinneen kau-
ran kasvua. 

Syksyllä 1965 kokeen lopussa otetuista maa- 

näytteistä tehtiin ravin,nemääritykset ammonium-
asetaattimenetelmällä (VuoRINEN ja MÄKITIE 
1955, KURKI ym. 1965). Suppea katsaus niiden 
tuloksiin nähdään taulukossa 3, jossa esitetään 
sen rinnalla myös ns. ravinnetaseet, samat kuin 
taulukossa 2, mutta ilmaistuina elementteinä ja 
laskettuina maalitraa kohti, jotta vertailu maa-
analyysiarvoihin olisi helpompaa. Voidaan to-
deta, että ravinnetaseiden suuntaiset muutokset 
kuvastuvat maa-analyysiluvuissa, mutta aineisto 
ei ole riittävä suhteiden tarkempaan selvittelyyn. 
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Taulukko 3. Koekauden lopussa maasta analyysissä esille tulleet kasvinravinnemäärät ja ns. taseet mg/1 maata keskim. 
kaikissa koemaissa. 

Table 3. Results of soil analyses (amm. acetate method, VUORINEN and MÄKITIE 1955) at the end of the 5-year trial .period, 
d the so-called balances m 1 soil, averages of ali soil types. 

Rikki S. 

mali soiL 	

Ilman lannolmsta 	Lann. rikitön, di 	 Lann. rikkipit. dk  

Cheek 	 Without tulpbur 	 With stelphur 

	

maa-anal. 	tase 	maa-anal. 	tase 	maa-anal. 	tase 

	

soil test 	balance 	sali test 	balance 	sali test 	halutut' 

epäorgaaninen — inorganic  	48 	 58 	 1 708 

Fosfori P  	4.2 	— 28 	76.2 	886 	102.3 	846 

Kalium K  	102 	—200 	184 	—210 	112 	—326 

Kalsium Ca  	1 220 	— 28 	950 	—148 	2 690 	1 909 

Magnesium Mg  	435 	— 24 	293 	—117 	238 	—133 

1-n4.11 — fil tai  	355 	— 23 	326 	— 62 	2 117 	1 696 

Tulosten tarkastelua 

Kun rikkipitoisella lannoitteella on hyvin 
suurella tilastollisella varmuudella saatu parem-
mat sadot kuin rikittömällä, on selvää, että 
kokeessa vallinneissa oloissa rikin antaminen on 
ollut hyödyllinen toimenpide. On tuskin syytä 
epäillä, että kipsin aineosista nimenomaan juuri 
rikki on tässä ollut vaikuttava tekijä, sillä kai-
kissa koemaissa on kalsiumia ollut riittävästi kas-
vinravinteeksi. Aikaisemmin julkaistujen kenttä-
kokeiden tulosten mukaan (SALONEN ym. 1965) 
antoi kipsi lannoitteen aineosana pienen, epä-
varman sadonlisäyksen usein, mutta varman ja 
selvän vain hyvin harvoissa tapauksissa. Mitään 
ristiriitaa kenttä- ja astiakokeiden tulosten välillä 
ei kuitenkaan tarvitse olla. Sivulla 111 mainittu 
astiakokeen suurempi intensiivisyys voi olla eron 
aiheuttajana. Astiakoe lisätessään kasvien ravin-
teiden käyttöä ja kärjistäessään kaikkia ilmiöitä 
maassa voi antaa myös jonkinlaisen käsityksen 
lannoitteiden jatkuvan käytön vaikutuksista, 
joskaan aikaisemmin mainittua tehon kymmen-
kertaisuutta ei voida ottaa kirjaimellisesti. Tar-
kastellun kokeen tulokset tukevat omalta osal-
taan käsitystä, että mikäli rikin jatkuva maahan 
saattaminen lannoitteiden sivuaiheena loppuu ja 
muita ravinteita runsaasti käyttäen saadaan hyviä  

satoja, voi muutamien vuosien kuluttua rikin 
puute esiintyä satoja rajoittavana tekijänä. 

Tiivistelmä 

Astiakokeessa on selvitetty kipsin merkitystä 
moniravinteisen lannoitteen aineosana. Tulosten 
mukaan kipsin rikillä on astiakokeissa ollut sel-
vempi ja suurempi satoa lisäävä vaikutus kuin 
kenttäkokeissa, mikä johtuu astiakokeessa ai-
kaansaatavasta tehokkaammasta maan ravintei-
den käytöstä. 
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SUMMARY 

Gypsum as a constituent of a multi-nutrient fertilizer 

Results of pot trials in the years 1961-65 

MARTTI SALONEN, HILKKA TÄHTINEN, RAILI JOKINEN and TUOMAS KERÄNEN 

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 
he used to predict long-term trends in the field. 

In a pot trial, run according to the Mit s cherlich 
system for five years, the test fertilizers were: 1) a granu-
lated rnixture of diammonium phosphate and potassium 
salt, di, 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). 

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 dry mat-
ter, during this period on some trial soils. It is seen that 
with sulphur-free fertilizer, di, the sulphur content on 
dry matter basis is lower than in the controls or with 
gypsum-containing fertilizer, dk. There is also a trend of 
arunially diminishing sulphur content in treatment di. 

All fertilizing has made the soil more acid (Fig. 3). 
Determined in distilled water suspension the fertilizer dk 
seems to have lowered the pH more than the fertilizer 
di, but determined in 1 N KC1 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. 
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Nitroso-R salt is a colour-forming reagent for 
iron, already kn.own for a long time. The first 
observations on the reactions of nitroso-naphtol-
sulphonic acids with iron (II) ions were reported 
as long ago as 1885 by HOFFMANN (1885). 
VAN KLOOSTER (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 THOMPSON 1937, SIDERIS 1942, 1944, 
GRIFFIN G and MELLON 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  

not give any disturbing absorption everi 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 reagent for cobalt 
analysis. The author has earlier studied the for-
mation of metal complexes of Nitroso-R acid 
with several trace metals (MÄKITIE 1961, 1966). 
Although the formation of the iron (II) complex 
of this acid has previously been studied by other 
workers (GRIFFIN G and MELLON 1947, 0 KA 
and MIYAMOTO 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 particularly applied to these 
soil-testing extracts (VUORINEN and MÄKI-17E 
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 sulphorxate form 
(HL2 -) of the acid gives an absorption maximum 
at 371 mit/. The corresponding absorption peak 
of the totally dissociated anion (L3 -) in alkaline 
solution is located at the wavelength of 423 tn,u. 
The equilibrium constant of the dissociation 
reaction between these two forms of Nitroso-R 
acid, K, = [H+] • [L3-] [HL21, has the thermo-
dynamic value p.K3° -= 7.51 at 25°C (MÄKI= 
1960). 

Thus, in acid solution (pH 6), Nitroso-R 
salt shows strong absorbance at 371 mdu and 
in alkaline solution at 423 m,u. 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 refiected in the spectrum by the forma- 
tion of a new absorption peak with a maximum 
at 710 rn,u. 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 m,u. The relatively strong complexes of 
divalent copper and nickel have the last absorp-
tion peaks with maxima at 446 and 485 m,u, 
respectively. 

_4 .1 
1.0 

0.8 

0.6 

0.4 

p2 

WAVELENGTH 

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. c = 5 • 10-5, cFe  = 5 • 10-4. 
Kuva 1. Eri muotojen absorptiospektrit.  

0.3- 

0.2 
2 	 6 

C:CFe 
Fig. 2. Determination of the composition 
of the Fe (II) complex by the method of 
continuous variation. c = 1.25 • 10-4, 
pH 	5.2 (buffered with sodium acetate). 
Kuva 2. Rauta( II)-kompleksin kokoomuk-
sen määrittäminen menetelmällä, jossa c :tFe 

suhde jatkuvasti muuttuu. 

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 rn,u, 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, c: c, = 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 
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Table 1. Composition of the iron complex, as obtained 
by titrations of Nitroso-R salt (in excess) in the presence 
of iron (II) ions; c = 2.5 . 10-3  (sodium hydroxide as 

titrant) 

ilepe  ratio, used Molecules of ligand 
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. 0 0 3.42 

apparently similar with that of cobalt (II) ions 
and Nitroso-R sait. For it is known that cobalt 
coordinates with 3.25 molecules of Nitroso-R 
acid, analogously with nitroso-naphthols (MÄKI-
TIE 1961). However, 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 
(GRIFFIN G 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, cF. = 5.10, cbuff. = 0.5 M (acetate) 

pH E 690 mit E 710 mp E 730 mir 

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 

c = 4.10-4, cFe  = 1.10-3, Cbu ff .  = 0.5 M (acetate) 

pH £690 mir E 710 mir E 730 mit 

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 ilon complex in the reaction 
from spectrophotometric data (OK.A. and MIYA-
MOTO 1955). The equilibrium constant cannot be 
determined so easily, however, because the 
seconcl 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 a 
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 water. 
Pure iron powder (electrolytically prepared, from British 
Drug Houses, Ltd.) was dissolved in hydrochloric acid 
solution. The standard solution was 5 • 10-4M 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 CH3COOH, 0.5 M 
CH,COONH,, pH 4.65 ± 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 ± 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 m4u. 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 ± 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 480 m,u the molar absorptivity 8.." 7 000, 
for 2,2' - dipyridyl 8..." 8 000 (at 522 mg) and 
for ortho-phenanthroline (at 505 m,u) 

Table 3. Analysis of iron in acetate extracts of soils. 
Known amounts of iron (II) were added to extracts. 

Sample 
No. 

Soil extract 
ppm Fe 

2 ppm Fe 
added 

8 ppm Fe 
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 	  0.57 2.61 8.65 
6 	  2.12 4.09 10.10 
7 	  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 sait method with 
the ortho-phenanthroline method. Iron analysed in acetate 

extracts of soils (mg Fe/l). 

Sample 
No. 

Nitroso-R 
salt method 

Ortho-phenan- 
throline method 

11 	  0.30 0.57 
12 	  0.53 0.56 
13 	  0.92 0.88 
14 	  2.62 2.49 
15 	  4.83 5.02 
16 	  5.70 5.88 
17 	  7.55 7.46 
18 	  10.35 10.85 
19 	  10.92 11.05 
20 	  11.78 12.2o 

11 000 (WEST 1951, CHARLOT 1964). High sensi-
tivity is obtained for the Nitroso-R acid com- 
plex for iron, 	23 000 at 710 mg and at 
pH 5.3 (Table 2). 
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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 ammoMum acetate. 
The absorbance of the iron complex is measur-
able at the wavelength of 710 miu 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 hivenmäärien spektrofotometrisesta määrittämisestä maauutteissa Nitroso-R 
suolan avulla 

OSMO MÄKITIE 

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila 

Tutkimuksessa on käsitelty maauutteiden pienten rauta-
määrien spektrofotometrista määrittämistä 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 määrittämisessä. Sen 
vihreä kompleksi kahdenarvoisen raudan kanssa on niin 
ikään erittäin herkkä värireaktiona, ja raudan määritys 
voidaan suorittaa absorptiomaksimissa aaltopituudella  

710 mg. Tällä aaltopituudella ei reagenssin ylimäärä 
absorboi, eikä tällä alueella ole myöskään muiden metal-
lien kompleksien absorption häirintää. 

Tutkimuksessa on esitetty määritysmenetelmä happa-
masta ammoniumasetaattiuutteesta suoritettavaa kahden-
arvoisen raudan määrittämistä varten sekä kokeiltu lisät-
tyjen raudan määrien toistuv uutta analyysissa (taul. 3). 
Menetelmää on myös verrattu tunnettuun orto-fenan-
troliinimenetelmään (taul. 4). 
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The contents of the long-lived fission prod-
ucts strontium 90 and caesium 137 in soils is 
kept under obsevation in many countries. A 
world-wide systematic study of soil Sr 90 content 
was carried out by ALEXANDER et al. (1961). 
The analysis of soi! Sr 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 Sr 90 and Cs 137 in undisturbed 
soil profiles gives the cumulative deposition 
(mCiikm2) and pen,etration into the soi!. 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-
lytical 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. LAKANEN and SALO 1964, CASTREN and 

PAAKKOLA 1967, JOKELAINEN 1967, MIETTINEN 
and RÄSÄNEN 1967). 

Material and methods 

Four soil profiles were taken from southern 
and on.e from northern Finland. The sampling 
sites are virgin soils on open areas not sheltered 
by buildings or markedly overshadowed by 
trees. The san-ipling data are given. in Table 1. 

Table 1. Place and time of sampling 
Taulukko 1. Näytteenottopaikka ja -aika 

Place 	 Location 	 Date 

	

I Rajamäki ... 60° 34' N 24° 45' E 	22. 10. 1965 

	

II Rajamäki ... 60° 34' N 24° 45' E 	25. 10. 1965 

	

III Nurmijärvi .. 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 m2  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 material 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 analysed gammaspectrometrically 
straight from the vegetation and soils low in 
mineral material. Owing to the many naturally 
active substances, the smallest amounts of Cs 
137 in the deeper mineral soils were n.ot meas-
ured quantitatively. 

Results and discussion 

The results of strontium 90 and caesium 137 
determinations (Table 2) are of the same order 
as acdvities reported in other countries of 
approximately the same latitude. 
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Table 2. Contents of Sr 90 and Cs 137 in vegetation and soils 
Taulukko 2. Sr 90- ja Cs 137-.pitoisuudet kasvillisuudessa ja maissa 

Profile 
Depth 

cm Soil type 
mCi km' 

Se 90 Cs 137 

vegetation 
0-1.5 

1.5-4 
4-6.5 

6.5-9 

lichen, moss 
mor humus 

sand 

11.7 
18. 9 

3.4 
2.4 
4.6 

44.8 
27.3 
6.6 
5.3 

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 

II 8-11 
11-17 

7.8 
7.7 

8.9 
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 muu l humus 5.4 10.4 
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 
IV 5-7.5 finer finesand rich in humus 2. 6 4. i 

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 mor humus 6.2 22.2 
4-6. 5 finesand moraine 8.2 4. 9 

6.5-9 2.4 4. 3 
V 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/km2, mean 49.8 mCi/km2  
(AARKRO G and LIPPERT, 1965). Values 11-68 
mCi/km2  were reported from Germany in 1965, 
20-50 mCi/km2  from Poland and 18-41 
mCi/km2  from the northem taiga in the Soviet 
Union (ANON. 1966, JA GIELSKI et al. 1962, 
NEVSTRUEVA et al. 1967). 

The Cs 137 activity is mainly measured from 
the vegetation. LI D 'EN and GUSTAFSSON (1967)  

obtained 34-55 mCi/km2  from lichen and moss 
in Sweden in. 1964, the values of 56-74 mCi/km2  
in Norway in 1959 are higher, owing to the 
higher annual rainfall (HvINDEN and LILLE-
GRAVEN 1961) The effect of soil factors 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 II has no mat horizon 
a term which is used instead of mor humus in 
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Table 3. The relative distribution of Sr 90 and Cs 137 
Taulukko 3. Sr 90:n ja Cs 137:n suhteellinen jakautuminen 

Profile 

in % 
Vegetation Mat horizon Veget. 	mat hor .  First 4-5 cm 

Sr 90 	1 	Cs 137 Sr 90 Cs 137 Sr 90 Cs 137 Sr 90 Cs 137 

24.3 53.3 39.2 32.5 63.5 85.8 70.5 93.7 
II 	  10.8 37.7 - _ 38.0 61.5 

III 	  15.6 19.0 23.8 55.4 39.4 74.4 56.3 92.9 
IV 	  16.3 3.0 39.5 63.5 55.8 66.5 73.6 88.4 
V 	  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 
soi!. The deepest penetration occurs in peat soi!. 
WALTON (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. 
ELLIS and MERCER (1965) reported 64-74 % 
of Sr 90 to be in. the 0-4 cm layer of undisturbed 
soils and a medium depth (50 % 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 Sr 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 Sr 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 n.ot to be expected. 

The ratio of Cs 137 to Sr 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 ± 0.6 of this study is 
the same as that of world-wide fall-out. 

Surnmary 

The amounts of Sr 90 and Cs 137 in 5 un-
disturbed Finnish soils in 1965 were 26-48 and 
56-103 mCi/km2  (means 39 and 75 respectively). 
The corresponding 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 

ULLA HÄKKINEN ja ESKO LAKANEN 

Maatalouden tutkimuskeskus, Isotooppilaboratorio, Tikkurila 

Ydinasekokeista peräisin olevia pitkäikäisiä saasteiso-
tooppeja Sr 90 ja Cs 137 on levinnyt kautta maailman 
ulottuvana laskeumana maaperään. Laskeuma on voimak-
kain pohjoisella pallonpuoliskolla 45-60 leveysasteilla. 

Muokkaamattomien maaprofiilien Sr 90- ja Cs 137 
-määritykset selvittävät kumulatiivisen laskeuman ja näi-
den saasteisotooppien huuhtoutumista. Tässä tutkimuk-
sessa analysoiduista maaprofiileista on neljä peräisin 
Uudeltamaalta ja yksi Lapista (taul. 1). 

Analyysituloksista (taul. 2) nähdään, että vuoden 1965 
lopusSa Sr 90 -pitoisuus oli 26-48 mCi/km9, keskiarvo 
39 mCiikm2  ja Cs 137 -pitoisuus vastaavasti 56-103  

mCiikm2, keskiarvo 75 mCiiktn2. Arvot ovat leveysasteil-
lemme tyypillisiä ja riippuvat lisäksi vuotuisesta sademää-
rästä. Saastelaskeuma Lapissa ei ole ollut suurempi kuin 
muualla maassa. 

Vähäisestä vuotuisesta sademäärästä ja maan jäätymi-
sestä johtuen Sr 90 ja Cs 137 ovat huuhtoutuneet kovin 
vähän, 50 % keskimäärin 2-4 cm:n syvyyteen. Täten 
60-80 % aktiivisuudesta on yhä 4-5 cm:n pintakerrok-
sessa (taul. 3). Huuhtoutuminen on ollut voimakkainta 
rahkaturpeessa. Jäkälä pintakasvustona pidättää tehok-
kaasti saasteisotooppeja. 
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Agricultural Research Centre 
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kus, tietokortti 2 B 5. 
Riitto-herne. Sama 2 B 6. 
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- Voima-syysruis. Maatalouden tutkimuskeskus, tieto-
kortti 2 B 4. 

- Jyvä-syysvehnä. Sama 2 B 7. 
- Nisu-syysvehnä. Sama 2 B 8. 
- & INKILÄ, 0. Mitä vikaa kasvinviljelyssä? Käyt. 

Maam. 8: 370-371. 
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tietokortti 2 D 11. 

RAVANTTI, SAIJA. Jokioisten Paavo, arvokas rehuohra. 
Karjatalous 43: 121. 

- Teho-peruna. Maatalouden tutkimuskeskus, tieto-
kortti 2 C 5. 

Kasvinviljelylaitos, Tikkurila 
Department of Pian! Husbandry, Tikkurila 

JÄNTTI, A. Laidun- ja säilörehun yhdistämisen tielle? 
Karjatalous 43: 218-219. 

- Laidun-säilörehunurmea hyväksikäyttäen voidaan pa- 

rantaa karjatalouden kannattavuutta. Maas. Tulev. 51: 
60. 

MARTTILA, M. Rikkakasvihävitteiden käyttömahdollisuu-
det perunan viljelyssä. Summary: Herbicide trials in 
potatoes. Maatal. ja Koetoim. 21: 177-182. 

- Rikkakasvinhävitteiden käytöstä perunamailla. Pelto-
Pirkan Päiväntieto 1968: 123-128. 
& RAATIKAINEN, T. Niittonurmien sato vuonna 1967. 
Koetoim. ja Käyt. 24: 37, 39. 

MUKULA, J. Undersökningar med tillväxthämmande 
medlet klorkolinklorid (CCC) i stråsäd. Nord. Jordbr.-
forskn. 49: 243-244. 
Rikkaruohokysymys. Nuorten Sarka 1967: 97. 

- RAATIKAINEN, TERTTU & MARTTILA, M. Heinäsa-
tomme kasvilajikoostumus 1966. Koetoim. ja Käyt. 
24: 6. 
& - & - Artammansättningen i våra höstskördar. 
Förs. Framåt 1967, 3: 1. 

- & - & - Heinäsadon kasvilajikoostumuksen vaihe-
luista. Koetoim. ja Käyt. 24: 17, 19. 

- & - & - Variationerna i höstskördens artsamman-
sättning. Landsb. Folk 21, 25/26: 5. 

- & TEITTINEN, P. Uusia kokemuksia kemiallisesta 
laontorjunnasta. Koetoim. ja Käyt. 24: 13, 16. 

RAATIKAINEN, TERTTU. Rehukaalin rikkakasvien torjunta. 
Leipä Leveämmäksi 15 (1967), 2: 39-40. 
Piklorami rikkakasvihävitteenä. Summar,: Herbicidal 
trials with picloram. Maatal. ja Koetoim. 21: 195-199. 

RANTANEN, T. Varhaisperuna. Koetoim. ja Käyt. 24: 
5-6. 
Kokemuksia rehurapsien viljelystä. Sama 24: 41. 

RUUTTUNEN, E. Voikukan hävittäminen. Maatalouden 
tutkimuskeskus, tietokortti 4 D 1. 

TALVITIE, H. Timotein leikkuupuinnista. Koneviesti 15, 
14: 7-8. 

TEirriNE.N, P. & MUKULA, J. Kevätvehnän typpilannoi-
tus laontorjuntakokeissa. Pellervo 68: 556-557. 

YLLö, L. Syysvehnälajikkeet Kasvinviljelylaitoksella 1958 
-66. Summary: Finter wbeat varieties at the Department 
of Pian! Husbandry. Maatal. ja Koetoim. 21: 63-70. 
Timotein leikkuupuinti. Maatalouden tutkimuskeskus, 
tietokortti 2 D 12. 
Teollisuusperunalajikkeita. Sama 2 C 6. 
Auringonkukka ja maissi lämpimänä kesänä 1966. Koe-
toim. ja Käyt. 24: 9, 10. 

- CCC:n vaikutus syysrukiin kasvuun. Sama 24: 33. 
& TALVITIE, H. Tutkimuksia timotein leikkuupuin-
nista. Summat,: Studies on combine harvesting of timothy. 
Ann. Agric. Fenn. 6: 81-96. 
VARIS, E. & RANTANEN, T. Peruna. Koetoim. ja Käyt. 
24: 27-28. 
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Kasvitautien tutkimuslaitos, Tikkurila 
Department of Plant Pathology, Tikkurila 

AURA, K. Anvisningar för lökodlare. Trädgårdsnytt 21: 
140-141. 

- Ajankohtaista kasvinsuojeluasiaa. Puutarha 70: 461, 
466. 

- Ryvässipulin säilytys. Maatalouden tutkimuskeskus, 
tietokortti 3 C 6. 

JAMALAINEN, E. A. Pohjolan pahkahome (Sclerotinia 
borealis) - vaarallinen nurmiheinien tauti Pohjois-
Suomessa. Summary: Sc/erotinia borealis, a destructive 
fungus on ley grasses in Northern Finland. Maatal. ja Koe-
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Tiedontamisopetuksen aloittaminen maatalous-metsä-
tieteellisessä tiedekunnassa ja täydennyskoulutuskes-
kuksen perustaminen. Maatalous 60, 7-8: 159-161. 
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Maatalous- ja metsäeläintieteen laitos 
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- Maidon ja maitovalmisteiden rasvapitoisuuden määrit-
tämisestä. Karjantuote 50: 82-87. 
Steriilin maidon ravintoarvo. Helsingin Yliopiston 
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- Uudistuva ryhmäkasvien taimikasvatus. I. Taimikas-
vatuksen yleisiä kehitysnäkymiä. Puutarha-Uutiset 19: 
204-205. 
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— Struumakysymys Suomessa. Sama 31: 205-210. 
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MANNER, R. & REKUNEN, M. Ohran lajikekokeiden tu-
lokset. Sama 24: 18. 
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