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ANNALES -AGRICULTURAE FENNIAE, VOL. 18: 87—91 (1979)
- Setia ANIMALIA NOCENTIA N. 103 — Sarja TUHOELAIMET n:o 103

MERCURY IN CULTIVATED SOIL IN FINLAND
Jorma RaurarA4, HEikkr PyysaLo, PExkA Ravio and Hans BromQvrst

Raurapii, J., Pyysaro, H., Ravio, P. & Bromqvist, H. 1979. Mercury -in
cultivated soil in Finland. Ann. Agric. Fenn. 18: 87—91. (Agric. Res. Centre,
Inst. Pest Inv. SF-01300 Vantaa 30, Finland).

Total mercury and organic mercury compounds in 23 soil samples taken from
fields representing six localities in southern Finland were analysed in 1978. Neither
inethyl 'metcury nor other organic mercury compounds wete found, but all the.
samples contained inorganic mercury (0,046—0,410 mg/kg, X 0,138 mg/kg). The
mean mescury content of soils cultivated with mercury dressed seed for a long time
was 0,170 mg/kg (0,051—0,410 mg/kg), and that of »untreated» soils 0,097 mg/kg
(0,046—0,176 mg/kg). The difference was' almost significant. The differences
between »untreated» and »treated» soils could be explained by the intensive use
of mercuric fungicides during the last 20—30 years.

Index words: Inorganic mercury, methyl mercury, soil, residues.

Organic mercury compounds have been used Annual sales of mercuric fungicides has been as

in Finland since the end of the 1920’s to control
seed-borné fungus diseases of cereals and sugar
beet. Alkyl (methyl) mercury disinfectants have
been little used, e.g. in 1959—1968 dimethyl
mercury accounted only 5 9, of all mercury
containing sced dressings. Since 1969 .only
preparations of the alkoxyalkyl type (metho-
xyethylmercuric chloride, methoxyethylmercu-
ric silicate) and -the phenyl mercuric type
(phenyl mercuric acetate and chloride) have been
used in cereal and sugar. beet. treatment.
Metcury oxide has been used in’ some quantities
against Plasmodiophora brassicae (club root) and
wound parasites of fruit trees.

1 1279009846

follows (MarkkuLa 1973, 1974, MARKKULA and
TirraNeN 1975, TrrraNeN and BromQvisT
1976, 1977, 1978).

Year o ctive grasion Amougt of Hg
kg
1972 ... L. 3659 2012
1973 ... 5008 2754
1974 . ... ... ... 5787 3183
1975 ... 4398 2419
1976 ... oo. L. 4387 2413
1977 oot 3979 2188

On average, seed dressings contain 2 9, Hg
calculated as metallic Hg. The greatest amount
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of Hg-containing seed dressings was'sold in 1963,
a total of 7 300 kg a active ingredient (TIITTANEN
and Bromqvist 1978). The amount sold was
enough to treat cereal seed for 211 000—640 000
hectares, which represents about 40 to 60 9, of
the area under bread grain crops.

Annual sales of the other mercuric fungicides,
mainly inorganic mercuric oxide and mercuric
chloride, have amounted to only a few hundred
kilograms each year.

The amount of organic mercury as a per-
centage of the total environmental mercury
varies significantly, depending on the material
studied. In fish, for example, mercury has been
found to exist mainly in the form of methyl
mercury (WesTd6 1966). The methyl mercury

content of mushrooms has been found to vary
from 0,2 to 26 9, of the total mercury (STIJVE
and RoscrnNik 1974), and in samples of sediment
the average was 0,4 9, in some cases even lower
(LoNnGBoTTOM et al. 1973).

The degradation and methylation of mescurials
in natural conditions has been studied by several
authors (see e.g. LExMOND et al. 1976) and
mercurials are known to persist in soil for a
relatively long time. The possibility that mercury
salts can be transformed into methyl mercury in
agricultural soil (BECKEI& et al. 1974) prompted
us to analyse the .methyl mercury and total
mercury content in fields where mercury has
been used for a long time.

MATERIAL AND METHODS

" Soil samples
Soil samples of about 1 kg each were taken in
June 1978 from 23 fields representing six locali-
ties in southern Finland (Table 1). Each sample
consisted of 10—20 subsamples taken from the
topmost layer (20 cm) of the field berween the
plant rows. Cereal plants and roots were not
included in the samples.
The samples were stored at a temperature of
—30 °C until they were analysed.

Total mercury

Total mercury was determined using the method
described by Kivavro et al. (1974). 1 g of the
sample was boiled for 30 minutes in a mixture of
concentrated sulphuric acid (1 ml) and fuming
npitric acid (2 ml). The mixture was diluted with
water to 100 ml and potassium permanganate
was added until the violet colour remained in the
solution. Theteafter 5 ml of 5,6 N HNO, was
added and mixed for 15 sec, followed by 5 ml of
18 N sulphuric acid with mixing for 45 sec. Then
5 ml hydroxylamine hydrochloric (1,5 9) was
added and mixed for 20 sec. Finally the sample
was shaken for 15 sec. with 5 ml of 10 9 SaCl,
in 3,6 N H,SO, in a closed BOD bottle. The
inorganic mercury formed was determined with
a Coleman MAS-50 mercury analyzer.
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The recovery of the method was determined
from eight eiperiments in which 0,1—0,3 ppm
of mercury was added to the soil sample and the
mercury determination was carried out after
standing overnight. The mean value of the reco-
very determinations was 86,6 9, and this figure

was used in calculating the values in Table 1.

Methyl mercury

Methyl mercury was determined using 2 modi-
fication of the methods of LoNGBOoTTOM et al.
(1973) and CarroN and Smite (1977). 100 g of
the sample was weighed into a column (30 cm
high and i.d. 30 mm); 6 ml of 0,5 M CuSO, was
added and allowed to absorb, after which 25 ml
of 3 N HCl was added and the resulting eluate
allowed to flow through the column. The CuSO,
and hydrochloric acid additions were repeated
three times and the eluates were combined. The
combined eluates were extracted three times
with 25 ml of benzene. The combined benzene
extracts were extracted three times with 3 ml of
0,01 M Na,S,0;. The thiosulphate solutions
were combined and 4,5 ml of 0,5 M CuBr, was
added. The thiosulphate solution was then
extracted twice with 5 ml of benzene, the benzene
was dried over anhydrous sodium sulphate and
the volume catefully reduced with a nitrogen



Table 1. Total mercury in agricultural soil. All the samples represent ordinary agricultural soils with normal crop
rotation. The soil types were finesand, silt or sandy clay with poor or medium in humus content.

Sn];?glc .. Locality Use of Hg-treated seed T:;t;l/klgg iOEZ,?iI:{g
1 Tikkutila Several tests with new Hg-compounds in the 50’s and 60’s 0,410 © 820
2 | Tikkurila ’ —»— L 0,229 458
3. | Tikkurila | Appr. eveLy second year during the last 40 years .......... ... ... .. 0,144 - - 288
4 | Tikkutila —B»— e 0,217 434
5 | Tikkurila T—»— e 0,342 684
6 Tikkurila Untreated since middle of 60%s  ~......... . ... i i, 0,176 352
. 7 | Tikkurila e . 0,104 208
8 Tikkurila | Untreated ... ... . . . . i e, 0,123 246
© 9 | Kokemiki .| Regularly during the last 10 FEALS e et n e 0,065 1130
10 | Kokemiki | Untreated sincg 1963 ... ... oo oo, 0,048 96
11 | Vihti Regularly since 1966 0,109 218
12 | Vihti —»— 070,130 260 -
13 | Vihti Untreated ....... e e i e 0,046 92
14 | Laukaa Regulatly since 1966 0,089 178
15 | Laukaa —p— 0,051 102
16 Laukaa Untreated since 1963 ........................................... 0,066 132
17 Laukaa e e e e 0,089 178
18 Mikkeli Regularly during the last vears ................ ...l o 0,147 294
19 Mikkelt E e 0,129 258
20 | Mikkeli Untreated ... in i e 0,126 252
21 Mikkeli Untreated .. .. ..ot e e 0,127 254
22 | Pilkine Regularly during the last 40 FEALS o 0,152 304
23 Pilkine Untreated . vvevntvnn et el e e e e e 0,065 130

flow to 0,5 ml. The recovery experiments were
carried out by adding 0,05—0,2 ppm methyl
mercury to the soils, and the mean recovery of
five analyses was 75 9.

GLC expetiménts

A Cartlo-Erba 2300 AC instrument, provided
with a $3Ni EC detector was used. The tempera-
ture of the injector was 200 °C and the oven
temperature was programmed for 70—170 °C.
The following liquid phases were successfully
tested when determining methyl mercury using

RESULTS AND

Neither methyl mercury nor other organic
mercury compounds were found in the soil
samples all the fields
contained detectable amounts of inorganic
mercury (Table 1). The mean value for all the
fields was 0,138 (0,046-—0,410) mg/kg. These
figures are equal to about 276 grams (92-—820 g)

of mercury in an area of one hectare (layer of
20 mm == 2 million kg).

analysed. However,

the high resolution glass cépillai}r GLC ‘tech-
nique: OV-101, OV-17, SF-96, C-20M and
FFAP. The columns. were constructed as
described in detail by Gros et al. (1977), and
the mercury plug method of ScHOMBURG et al.
(1974) was adapted when coafing the column.
The columns had an internal diameter of 0,3 mm
and varied in length from 10 to 75 mettes.
2 ml hydrogen per minute setved as the carrier
gas. The detection limit (signal to noise ratio 3:1)
of methyl mercury using 100 g of the sample
was found to be 0,005 ppm. .

DISCUSSION

The average mercury content of field soil
proved to be about the same as that observed
in England (0,01—0,06 mg/kg, Martin 1963)
and in Sweden (0,01-—0,9 mv/kg, ANDERSSON
1967).

In one locality, Tikkurila,
metcury seemed to be somewhat higher than in
the other areas, but the differencesbetWeen the
localities were not significant (P> 0,05).

the ‘amount of
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- One purpose of the analyses was to study
whether a regular use of mercury seed dressings
thad _increased the total mercury content of
:cilltiVated soils. For this reason the samples were
taken from fields where cereals from mercutry
treated seed had been cultivated for 2 long time.
The mean mercury content of these fields,
0,170 mg/kg (0,051—0,410 mg/kg), was almost
significantly higher than that of »untreated»
fields, 0,097 mg/kg (0,046—0,176 mg/kg). In
kwo localities the difference was about twofold,
in' one locality about 1,4-fold, and in two
localities Ethe amount of mercury in »treated»
and »untreated» fields  was almost equal.

: The annual addition of mercury into soils
with meréury treated seed is about 4—7 grams

i . R
:Hg per hectare. If the mercury in the »untreated»

fields analysed in this study is regarded as the
basic Hg content of agricultural soils (about
0,1 mg/kg =200 g/ha), the annual addition
caused by mercury fungicides (4—7 grams per
hectare) represents about 2—4 9, of the natural
mercury level. The differences in total mercury
content between »untreated» and »treated» soils
were as follows: Tikkurila 268, Kokemiki 34,
Vihti 148, Laukaa 0, Mikkeli 22 and Pilkine 174
grams per hectare. Even the lé.rgest of these
differences can be expléined by the intensive usc
of mercury fungicides during the last 20—30
years. ’

The total absence of methyl mercury in the
soils analysed indicates that methylation of
mercuty in cultivated soil may by negligible.
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SELOSTUS

Viljan peittauksen vaikutus peltomaan elohopeapitoisuuteen

Jorma Raurarii, HEeikkr Pyysaro, PExka Ravio ja Hans Bromqvist

Maatalouden tutkimuskeskus ja Valtion teknillinen tutkimuskeskus

Kesikuussa 1978 otettiin 23:]ta alalta kuudelta eri paikka-
kunnalta (Tikkurila, Vihti, Kokemiki, Laukaa, Pilkine,
Mikkeli) ndytteet peltomaasta metyylielohopean ja koko-
naiselohopeapitoisuuden miirittdmiseksi. Aloista oli 13
sellaisia, joilla tiedetddn pitkddn ja usein viljellyn eloho-
peapitoisilla peittausaineilla peitattua viljaa. Kahdella
Tikkurilassa sijainneella alalla on 50- ja 60-luvuilla jér-
jestetty monia kokeita uusilla peittausaineilla, ja niilli on
kiytetty elohopeapitoisia peittausaineita normaalia suu-
rempiakin mddrid. Kymmenen néytealoista oli sellaisia,
joilla ei tiettdvisti ole koskaan tai ei ainakaan viimeisten
15 vuoden aikana viljelty elohopealla peitattua viljaa eiki
muutoinkaan kiytetty elohopeapitoisia totjunta-aineita.

Mistddn maandytteistd ei 16ydetty metyylielohopeaa
(analyysimenetelmin rajana 0,005 mg/kg), mutta kaikissa
oli mitattavia mddrid epdorgaanista elohopeaa. Elohopean
keskipitoisuus oli 0,138 mg/kg (suurin 0,410 ja pienin
0,046 mg/kg). Keskimiirin oli hehtaarin alalla 20 cm:n
paksuisessa peltomaakerroksessa elohopeaa 276 grammaa
(eniten 820 ja vdhiten 92 grammaa). Peltomaan elohopea-
pitoisuus niyttdd olevan jokseenkin saman suuruinen kuin
muualla Euroopassa.

Tikkurilasta otetuissa niytteissi oli elohopeaa jonkin
verran enemmin kuin muilla alueilla, mutta erot eivit
olleet merkitsevia.

Niill aloilla, joilla tiedettiin pitkddn viljellyn elohopea-
pitoisilla peittausaineilla kisiteltyd viljaa, oli elohopea-
pitoisuus lihes merkitsevisti suurempi (keskiarvo 0,170
mg/kg; suurin 0,410 ja pienin 0,051 mg/kg) kuin aloilla,
joilla elohopeapitoisia peittausaineita ei tiettdvisti ole
kaytetty (keskiarvo 0,097 mg/kg; suurin 0,176 ja pienin
0,046 mg/kg). Kolmella paikkakunnalla ero oli joko kak-
sinkertainen tai suurempi, Kokemielldi 1,4 kertainen
mutta Laukaalla ja Mikkelissi ei eroja ollut lainkaan.

Kylvosiemenen peittaus elohopeapitoisilla torjunta-
aineilla 1isdd maan elohopeapitoisuutta vuodessa noin
4—7 grammaa hehtaaria kohden. Tdmai lisdys, jos koko
mddrd jdd maahan, on noin 2—3 %, maan elohopeapitoi-
suuden perustasosta, jos timin tutkimuksen »kisittele-
mittémien» peltomaiden elohopeapitoisuutta pidetdin
luontaisena tasona. Elohopeapitoisten peittausaineiden
monikymmenvuotinen kiyttd voisi kuitenkin selittdi
ainakin osan siitd erosta, joka havaittiin »kisiteltyjen» ja
rkisittelemittdmien» alojen vililli. Suurimmillaan ero
noin 268 grammaa oli Tikkurilassa niill3 aloilla, joille on
aikanaan sijoitettu monia torjuntakokeita.

Epidorgaaninen tai orgaaninen elohopea on tuskin
muuttunut tutkituissa maissa orgaaniseksi metyylielo-
hopeaksi silld jalkiikddn metyylielohopeasta ei 16ydetty.
Timidn tutkimuksen perusteella ei peltomaata voitane
pitdd luonnossa todettavan metyylielohopean merkittd-
vind lihteeni.
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ANNALES AGRICULTURAE FENNIAE, VOL. 18: 92—95 (1979)

Serie ANIMALIA NOCENTIA N: 104 — Sarja TUHOELAIMET n:o 104
RESEARCH NOTE

PESTS OF CULTIVATED PLANTS IN FINLAND IN 1978

MARTTI MARKKULA

MAaRrRgKULA, M. 1979. Pests of cultivated plants in Finland in 1978. Ann. Agric.
Fenn. 18: 92—95. (Agric. Res. Centre, Inst. Pest. Inv., SF-01300 Vantaa 30,

Finland.)

A warm and dry early part of the growing season gave a good basis for the increase
of pest populations. Although the middle and the end parts were chilly and rainy
the number of pests reached a higher level than usual. Responses to inquities
showed that average abundance in all pests, in terms of the 0—5 value scale, was 2,9.
It was 1,9 in the previous year, and 2,6 in the ten-year period 1965—1974.
Rhopalosiphon padi and Plutella xylostella were patticulatly abundant. P. xj/o}fella
was carried to Finland by SE-winds probably from the southern parts of the
Soviet Union. Damage caused by Cydia pomonella and Argyresthia conjugella remained

minute in apple cultures.

Index wotds: plant pests, severity of damage, frequency of damage, year 1978,

Finland.

Like the previous ones (e.g. MARKKULA 1978)
the present survey is based on replies to inquiries
sent to the advisers at Agricultural Centres.
During the growing season four inquiries were
sent to 196 advisers, and replies were received

as follows:
Replies 9% ,ﬁgg‘cs %
Spring inquiry ............ 119 61 154 33

...... 134 68 180 39
Second summer inquiry .... 113 58 135 29
.......... 111 57 145 31

First summer inquiry
Autumn inquiry
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A general estimate of pest abundance during
the whole growing season was given by 101
advisets from 123 communes. This estimate was
based on 0—5 scale (MarkkuLA 1969). In 1978
the country was devided into 464 communes.

The beginning of the growing season was
warmer than usual. During May and June the
average temperature was 0,8 °C higher than the
long term average (11,8 °C). The middle and the
end patts of the growing season were chilly. The
average temperatures in July, August and Sep-
tember remained 1,4 °C—1,7 °C lower than the
long term averages.



The rainfall was low early in the summer but
twice the normal in August and September.
During the whole growing season (May—Sep-
tember) the precipitation was 343 mm or 43 mm
higher than normal. There were very few sunny
days at the end of the growing season and so
humid and chilly weather was prevailing.

A warm and dry early part of the growing
season gave a good basis for the increase of
several pest populations. Observations from
many years indicate that the weather conditions
patticularly in the spring and eatly in the summer
are important for the appearance of pests. If the
eatly parts of the growing season are warm and
fair there will be a high incidence of pests in the
summer regardless of the prevailing weather
conditions in the middle and end parts. It is
a task in the near future to prove this on the
grounds of sufficiently prolonged material.

Responses to inquiries showed that average
abundance in all pests, in terms of the 0—5 value
scale, was 2,9. It was 1,9 the previous year, and
2,6 in the ten-year period 1965—1974.

Two pest species appeared exceptionally
abundant. These were the oat bird-cherry aphid
Rhbopalosiphon padi and the diamond back moth

Plutella xylostella.

The severity of damage caused by R. padi was
2,3 i.e. noticeably greater than the average during
the ten-year period 1965--74 (Table 1). The
species seems to have become motre abundant
not only in Finland but also in the Scandinavian
Countries and in Central Europe. Years when
insect pests are plentiful seem to reoccur more
often than previously (Ravrarii 1977, l.c.).

The method developed by Raurarii (1977)
was used in determining the need of controling
R. padi and eatly spraying was recommended.
There wete so few ladybeetles in the fields that
they did not affect the abundance of aphids.

P. xylostella was noticed to fly on fields of
crucifers in the beginning of June but the amount
of endemic individuals was low. At the end of
June diamond back moths wete carried very
abundantly to Finland by SE-winds probably
from the southern parts of the Soviet Union.

According to O. Herkmnugmo the first individ-
uals carried by the winds were caught on June 23
in the light traps of the Department of Pest
Investigation. Most of the moths arrived on the
24th of June. Lokkr et al. (1978) mention that
large numbers of P. xylostella were noticed in
Spitsbergen immediately following a severe
S-SE storm. According to Loxkr et al. (1978)
»it is apparent that the specimens of P. xylostella
in about one day had been carried a distance of
1 000 km over the Barents Sea'to Spitsbergeny.

The amount of the moths carried to Finland
was quite large. They moved very abundantly
even on such areas near which crucifers did not
even grow e.g. on the mountains in Lapland.
10—20 moths on m?
However, the number of larvae remained low

was not uncommon.

and it did not cause as great damage as could
have been expected on the basis of the number
of the moths. The severity of damage was 3,1 i.e.
twice as high compared to the ten-year period
1965—1974.

Some othes pests of crucifers and also snails
occured more abundant than usual according to
the replies to the inquiries. Lepus exropeus and
Microtus agrestis, too, damaged apple trees more
than usual.

Amanrosoma  spp., Incurvaria capitella and
Anthonomus rubi were the only pests whose
severity of damage was smaller than in the
previous yéar and in the ten-year period 1965—

1974 (Table 1).

The worst pests of apples in Finland Cydia
pomonelle and. Argyresthia conjugella caused only
little damage. The number of the apples damaged
did not exceed a half or a third of the average of
the ten-year period. It was also less than the
year before.

per cent of apples damaged replies

Argyresthia conjugella . .. .. 10 16 22 18
Cydia pomonella .. ........ 10 14 31 17

Damage by Cydia nigricana also remained rather
slight. The number of the pea pods injured by
the larvae was 9 9%, the year before 8 9, and in
the ten-year period 1965—74 14 9%,.
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Table 1. Results of questionnaires. Severity of damage estimated according to a scale of 0—10. Frequency of damage
calculated as the percentage of crops in which damage was observed.

Number of Serverity of damage Frequency of damage
observations
1978 1978 1965—74 1978 1965—74

CEREALS
Macrosiphum avenae (F.) .......... ... i, 83 2,5 1,4 46 22
Rbopalosiphunz padi (L) ... i, 124 2,3 1,2 62 18
Oscinella frit () oottt ieaans 97 0,7 1,0 9 13
Phyllotreta vittula (Redtb) ... ... ... .. ... ... ..... 78 0,7 1,0 14 18
Elateridae .. ... 0.0 57 0,6 1,1 9 15
FORAGE PLANTS
Amaurosoma Spp. ... 61 0,9 1,5 30 28
ADIOBSPD. vt 35 0,7 1,0 23 16
ROOT CROPS AND VEGETABLES
Plutella scylostella (L) .o oot 82 3,1 1,6 54 21
Delia brassicae (Wied.) and D. floralis (Fall.) .......... 123 2,5 2,0 41 28
Pieris brassicae (L) €tC. .. ..t u et 55 2,1 1,7 35 29
Hylemya antigua (Meig.) ..........ccciiiiiiiiin... 50 1,4 1,9 19 21
Mamestra brassicae (L) ..ot 35 1,3 1,1 27 21
Phyllotreta spp. on crucifers ..........coueveia.... 74 1,3 2,0 27 38
Trioga apicalis (FOLst.) ...coviiini ... 56 0,9 1,3 23 21
Brevicoryne brassicae (L) .. ... . .. ... ... 25 0,9 0,8 7 14
Phaedon cochleariae (B) ... ... . ... ... .. .. ... ... .. 39 0,8 1,1 16 19
Psila rosae (F) oo e 50 0,7 0,8 7 10
TURNIP RAPE
Meligethes aenens (B.) . ... ... .. ... . ... ..., 44 1,8 1,8 49 40
SUGAR BEET
Pegomya betae (Curt) .......ciiiiiiiiiiiiiinannn.. 104 1,2 1,8 38 48
Chaetocnema concinna (Marsh.) ...................... 57 1,0 1,7 33 40
Lygus rugalipennis Popp. ........ ..o i i, 43 1,0 1,9 39 43
Silpha opaca L. .. ..o 36 0,6 1,4 30 33
PEA
Cydia nigricana (F.) ... .. .. i 37 1,7 1,9 34 37
APPLES
Lepus europaeus Pallas and L. timidus L. .............. 61 2,4 1,6 18 15
Microtus agrestis (L) ....ovevun... N 52 1,4 1,1 11 8
Cydia pomonella (L.) ... i, 32 1,3 2,5 26 42
Argyresthia conjugella Zell. ... ... .. .. ... ... ... 34 1,1 3,4 21 46
Panonychus ulmi (Koch.) .........coiiiiiiiniiian. 55 1,0 1,3 13 21
Aphis pomi (DEZ) v e 33 0,9 1,5 24 24
Arvicola terrestris (L) oo ve i i 49 0,9 0,5 6 4
Yponomenta padellus malinellus Zell. .................. 33 0,8 1,6 19 23
Psylla mali (Schmidbg.) ..., 35 0,7 0,9 14 13
Xyleborus dispar (B.) ... o i 35 0,4 0,5 6 4
BERRIES
Cesidophyopsis ribis (Wettw.) ........ ..o, 76 1,9 2,2 22 30
Tarsonemus pallidus Bks. ..., 65 1,8 2,0 37 28
Apbhididae on Ribes species .....c.ceviiiiviiiani.. 58 1,4 1,8 34 26
Nematus ribesii (Scop.) and Pristiphora pallipes Lep. . .. .. 53 1,3 1,7 19 16
Byturus arbanus (Lndp.) ..o i 37 1,2 1,7 34 29
Incurvaria capitella Cl. .. ... ... ... iiiiiiiaiinn. 65 1,1 1,9 21 22
Pachynematus pumilio Knw. .....oooiiiiiie i 49 1,1 1,3 21 21
Anthonomus rubi (Hbst.) ... ... viiiiii i 46 1,0 1,6 27 26
Tetranychus urticae (Koch.) ....... ..., 42 1,0 1,3 22 21
Zophodia convolutella (Hbn.) ........................ 41 0,6 0,9 14 12
PESTS ON SEVERAL PLANTS .
Deroceras agreste (L) etC. «oviiiivtieeiiinnnnnnn.. 46 1,6 1,3 33 24
Hydraecia micacea (BSp.) .......cuouuiiiiiiinnnnnn.. 36 0,9 1,2 28 21
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SELOSTUS

Viljelykasvien tuhoeldimet 1978

MarTT MARKKULA

Maatalouden tutkimuskeskus

Tuhoeldinten mdérd oli jonkin verran tavanomaista suu-
rempi, miki johtui pddosin siitd, ettd kevit ja alkukesi
olivat keskimdiriistd ldmpimimpid ja kuivempia.
Maatalouskeskusten piiriagrologien esittdmien arvio-
lukujen perusteella laskettu tuholaisten runsausluku 0—5
asteikon mukaan oli 2,9. Edelliseni vuotena se oli vain
1,9 ja kymmenvuotiskautena 1965—1974 2,6.
Tuomikirva ja kaalikoi esiintyivit erityisen runsaslu-
kuisina. Tuomikirvat lisdéintyivit nopeasti kevadn edulli-

2 1279009846

sissa olosuhteissa ja levisivdt tuomista heindnurmiin ja
viljapeltoihin. Valtavat mairit kaalikoita kulkeutui maa-

“hamme kaakkoistuulien mukana pidosin Neuvostoliiton

eteldosista,

Loppukesin kosteiden siiden vuoksi etanat lisddntyivit
runsaasti ja vioittivat monia kasveja.

Omenan pahimpien tuholaisten, omenakiiridisen ja
pihlajamatjakoin vioitukset jdivdt vihdaisiksi.
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THE EFFECT OF FERTILIZATION ON THE BLACK CURRANT IN TWO SOILS

Jaakko SAkO and EEva LAURINEN

SAk0, J. & LauriNeN, E. 1979. The effect of fertilization on the black currant
in two soils. Ann. Agric. Fenn. 18: 96—105. (Agric. Res. Centre, Inst. Hottic.,
SF-21500 Piikkis, Finland.)

The effect of increasing doses of nitrogen, phosphorus, and potassium fertilizers
on the growth, yield and vitamin C content of black currants wete studied in
a fertilization experiment on two different types of soil, coarser fine sand and sandy
clay, over a period of ten years. The levels of fertilization were as follows: N 0, 50,
and 100 kg/ha; P 0, 33, and 66 kg/ha; and K 0, 83, and 166 kg/ha. The combinations
used are presented in the Tables.

The growth was more vigorous and the yields higher on the bushes grown on
coarser fine sand than on those grown on sandy clay. The formet needed more
pruning and showed a tendency towards a more creeping growth than the latter.

The fertilization lowered the pH values in both soils. In the bushes grown on
the sandy clay, the potassium content in the leaves was only 64 % of that in the
bushes grown on coaser fine sand. Antagonism was found between potassium and
magnesium. A high dose of phosphorus fertilizer increased the level of manganese
content in the leaves.

Nitrogen, phosphotrus, and potassium fertilizers increased the level of the
nitrogen and potassium content in the leaves, but not that of the phosphorus
content. No symptoms of deficiency were found in the bushes left unfertilized for
ten years. In the tenth year, the levels of nitrogen and potassium in the leaves of
non-fertilized as compared with the maximum-fertilized bushes were as follows:
on coarser fine sand, N 2,36—2,57 %, and K 1,68—2,15 %,; on sandy clay, N 2,08—
2,52 %, and K 1,06—1,38 %,.

The fertilization had no effect on the yield nor on the berry size; nor did it have
any effect on the betries’ vitamin C content ot acidity. The vitamin C content of
the berries was higher in the growth season with rather low temperatutes and
cloudy weather as compared with sunny and warm seasons.

Index words: Black cutrant, fertilization.

INTRODUCTION

The existing literature on the fertilization
requirements of black currants displays a wide
range of opinions. In some older manuals and
handbooks of cultivation the black currant is
claimed to need heavy fertilization, and a regular
yearly fertilization is regarded as important
(Bramr 1945, 1950, LemTONEN 1947, STRONG
1953). Such information is in general not based
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on experimental results, but merely consists of
opinions derived from expetrience which have
been passed on from one writer to another. The
diversity of the recommendations partly also
depends on differing climatic conditions and on
the use of different varieties. Varieties of
different origin react dissimilarly to fertilization.
It has been found, for example, that some



varieties adapted to long-day conditions show
vigorous growth with heavy or even with
moderate fertilization. The result of this is
creeping growth, weak cell structure, and brittle
shoots. Decisions about fertilization are nowa-
days commonly made on the basis of the results
given by soil and leaf analyses. Fertilization is
regarded as being appropriate when the optimum
values are obtained for nutrients in the leaves
of the plants. '

The optimum nutrient values in the leaves of
small-fruit plants used in Finland are based on
Scandinavian research™ (Ljones 1963, Vanc-
PerERSEN 1973). For the black currant they are

as follows: N 3,0—3,2 9; P 0,15—0,25 %;'K
1,2—1,6 %,; Ca 1,0—1,5 %,; Mg 0,25—0,35 %,;
and Mn 30—60 ppm. If the levels of nutrients in
the leaves are below the optima, the fertilization
is regarded as 'being in;aequate,--which will lead
to a low yield and poor quality. Exceeding the
optimum values, on the other hand,
disturbance in the nutrient balance and in the
development of the plant. '

The present investigation into- the fertilization
of black currants was carried out in’ Finland, and
concerned the effect of fertilization on yields and
on the quality of the yield, espec1ally on the
vitamin C content. .

causes

MATERIAL AND METHODS

Fertilization experiments on black currants were
started at the Institute of Horticultute in Piikki6
in 1961, with two kinds of soil, coarser fine sand
and sandy clay, in which the effects on berry
yield were investigated of increasing quantities
of nitrogen, phosphorus, and potassium. The
varieties used were the Finnish variety Brodtorp,
and the English-origin Wellington XXX, in
test replications of 20 m? (4x5 m). Each
replication contained four bushes, at a planting
distance of 22,5 m, and the replications were
isolated from each other with asphaltsaturated
felt to a depth of 30 cm, which prevented the
nutrients from spreading into neighbouring
replications and also made it unnecessary to plant
sepatate border rows around each replication,
which would have considerably enlarged the

area of the tests. Protective rows were however.
planted round the test areas. The plants were two
years old at the time of planting.

There were 216 Brédtorp bushes in thc
experiment on coarser fine sand, arranged in six
blocks of 36 bushes each. Each block included
one teplication, containing four bushes, for each
treatment. There were 108 Wellington XXX
bushes in the experiment on coarser fine sand,
arranged in three blocks. On the sandy clay, the
two varieties were represented by 144 bushes
The following diagram
illustrates the arrangement of the blocks, and

each in four blocks.

also gives the summed annual yields obtained
from them (between 1962 and 1967 for the
Brodtorps and between 1962 and 1966 for the
Wellington XXXs).

Coarser fine sand _ Sandy clay
Brddtorp Wellington Wellington Brédtorp
XXX XXX
2]9: 6 v VII VIII VII v 111
kg/100 m? 260 136 38 49 ) 159 B ] 166
I N VIII Vi v II I
266 251 129 51 55 166 165
IIT VI IX 4%36:144 4%-36:144
275 259 136 bushes bushes
6x36:216 bushes 3x36:108 -
bushes
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With ‘a couple of minor exceptions, fairly
consistent yields were obtained from the blocks,
which suggests that the experimental fields were
suitable for the organization of fertilizer tests.
The yields of the blocks also show that the
bushes grown on coarser fine sand supplied
significantly higher yields than those on sandy
clay, and that on both experiments Brodtorps
were overwhelmingly higher in yield than
Wellington XXXs. The yields were also affected
by the spring frosts in 1963 and 1965, which
caused most damage to the bushes being grown
on sandy clay. In 1968, as a result of spring
frosts, no yield was obtained at all, and the yield
was cut by frost in the following year, too. The
experiments with Wellington XXXs were dis-
continued in 1966. This variety had shown poor
performance in both experiments, and its bushes
had suffered extensive winter damage every year.

RESULTS AND

Pruning

The bushes were pruned by thinning out each
year branches growing too close together, by
removing old branches (over 3 years old), and
by removing any branches drooping towards oxr
creeping along the ground. It was necessaty to
prune the bushes of the Brodtorp variety more
drastically, since they displayed more abundant
and trailing growth than the Wellington XXXs.

Table 1. Black currant fertilization

The experiments with the Brodtorp variety were
continued up to 1970.

The fertilizers were administered in a single
dose each spring, in the following amounts:

Nitrogen N 50 and 100 kg/ha (saltpetre N 25 %,
200 and 400 kg/ha)

Phosphorus P 33 and 66 kgfha (superphosphate, 400
and 800 kgfha)

Potassium K 83 and 166 kg/ha (potassium sulphate,
208 and 416 kg/ha)

In addition there was one unfertilized control in

the experiment, and two further controls
fertilized with cattle manure, one at 15 t/ha per
year and the other at 15 t/ha every alternate year.
The manure obtained for the experiment, how-
ever, varied considerably from year to year, e.g.
in its straw content, and for this reason no
analysis of these treatments is included in the

Tables, although the yield figures are given.

DISCUSSION

The growth was more vigorous in bushes grown
on coarser fine sand than on sandy clay, in other
words, the former soil bushes required more
pruning (Table 1). The bushes grown on sandy
clay were stockier and more upright in growth
than those on coarser fine sand.

Part of the reason for the size of the difference
in weight between the branches pruned from the
Broédtorps and the Wellington XXX is the fact
that the figures for the former cover eight yeats

and amount of branches pruned.

Quantity of branches pruned, kg/100 m?® per year
T F“tkigﬁ:i"“’ Brédtorp (1962—69) Wellington XXX (1962—66)
Sand Clay . Sand Clay
N: P: K:

0 0 O 39 24 17 10
50 33 83 42 23 24 11
50 33 166 e 41 25 25 11
50 66 166 ... 46 26 30 12

100 33 B3 44 28 24 12
100 33 166 . e 43 28 24 12
100 66 166 ... 46 27 29 11
Mean ... et 43 26 25 11




and those for the latter only five. As the bushes
grew older, it became necessary to ttim off
relatively more branches than when the bushes
were young. The Brédtorp vatiety did however
require more drastic pruning, due to its vigorous
and trailing growth. In the case of both varieties,
however, increasing the amounts of fertilizer also
increased the need for pruning, and the pruning
necessary on the non-fertilized controls was less
than on the other bushes.

The density of planting in this experiment was
faitly low, at 2X2,5 m, i.e. 2000 bushes per
hectare. The quantity of branches to be pruned
from a hectare’s plantation of Brédtorp at this
density and in the same soils is ca 3—4 tonnes
a year.

In these expetiments, heavy nitrogen fertiliza-
tion was especially liable to cause heavy growth
and to necessitate pruning. It has been found that
nitrogen fertilization causes an inctease in the
number of shoots, rather than in the length of
the stems (Bjurman 1971).

Nutrient analysis

Fertilization, especially nitrogen fertilization,
incteased the soil acidity in both types of soil
(Table 2: cf. RINNE et al. 1977). The fertilization
was administered in eatly May, before the
beginning of growth. The leaf samples for
analysis were taken in mid-July, when the growth

was at its maximum. Fertilization increased the
amount of nitrogen and potassium in the leaves
in comparison with the non-fertilized bushes,
but the quantity of phosphorus in the leaves was
not altered by fertilization. The nitrogen content
did not rise to the received optimum, 3,0—3,2
%, while the potassium content was in excess of
the received optimum, 1,2—1,6 9%, even in the
non-fertilized bushes. The potassium content of
the bushes growing on sandy clay was on average
only 64 9, of that for those growing on coarser
fine sand. The manganese content of the leaves
rose as the pH values of the soil fell, and the
highest manganese content was obtained with
the heaviest phosphorus fertilization. Phos-
phorus fertilization was clearly. traceable in the
soil analyses, but the increased amount of phos-
photus in the soil did not lead to an increase in
the phosphotus content of the leaves. The
antagonism between potassium and magnesium
was however observable in the leaf analyses.

No deficiency symptoms appeared in the
bushes left unfertilized. The difference in
nitrogen and potassium content between the
leaves of the non-fertilized and maximum-
fertilized bushes, in the tenth year from planting,
was as follows:

Coarser finesand N 2,36—2,57 %
Sandyclay .... N 2,08—2,52 %,

K 1,68—2,15 %
K 1,06—1,38 %,

The differences thus remained very small; at
the end of the experiment, the leaves of the

Table 2. Black currant fertilization experiment. Analysis results, mean annual values.

Variety: Brodtotp

Leaf analyses
F S?li,l Soil
ertiltzer pH N P K Mg Mn
Kefba % % % % ppm
Coarser fine sand
N: P: K:
0 0 0 ..o, 6,13 2,39 0,31 1,95 0,40 54
50 33 83 ............. 6,00 2,70 0,31 2,27 0,44 56
50 33 166 ............. 5,92 2,67 0,35 2,41 0,33 64
50 66 166 ............. 5,85 2,66 0,43 2,44 0,42 73
100 33 83 ............. 5,87 2,74 0,30 2,23 0,40 71
100 33 166 ............. 5,91 2,70 0,28 2,28 0,39 73
100 66 166 ............: 5,92 2,78 0,33 2,44 0,39 78
Mean ........cooviviiinn... 5,94 2,66 0,33 2,29 0,40 67
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Table 2 (continued)

. Leaf analyses
Soil Soil
Fekfﬂ;;lz:r- pH N i X Mg Ma
& % % % % ppm
' Snady clay
N: P K:
0 0 0 oo 5,82 2,37 0,35 1,60 0,70 54
50 33 83 ............. 5,61 2,65 0,33 1,80 0,59 66
50 33 166 ............. 5,66 2,58 0,33 1,77 0,55 67
50 66 166 ............. 5,63 2,58 0,33 1,76 0,63 75
100 33 83 ............. 5,53 2,70 0,28 1,73 0,64 67
100 33 166 ............. 5,53 2,70 0,28 1,82 0,59 59
100 66 166 ............. 5,58 2,62 0,29 1,87 0,58 72
Mean ...iuiiiiiiiiiiiiae 5,62 2,60 0,31 1,76 0,61 66
Optimum values ............ 5,5— 3,00— 0,15— 1,20— 0,25— 30—
6,5 3,20 0,25 1,60 0,35 60
Soil analyses before the beginning of the experiment
Soil pH N P X Mg Mn Ca
Coarser finesand ............ 593" 0,164 20,8 196 74 5,6 1600
Sandy clay .......ooiiiininn. 5,85 0,292 9,4 183 602 6,4 2170

bushes left totally unfertilized for ten years had
a nitrogen content only respectively 8 and 17 %,
less and a potassium content only respectively
22 and 23 9, less than that in the leaves of the
bushes receiving the heaviest N and K fertiliza-
tion. To some extent, the bushes will have
received nitrogen and potassium from rainfall.
The content varied widely, however; according
to the Finnish Meteorological Office, rainwater
in Jokioinen in 1975—76 gave the following
readings: nitrogen (nitrates and ammonium,
total) 5,2—7,0 kg, potassium 2,46—0,63 kg, and
calcium 3,7—3,9 kg per hectare. These quantities
are very low to satisfy nutrition needs. The
nonfertilized bushes did not receive any addi-
tional nutrition. .

The effect of fertilization on the yield

In the present experiments, fertilization led
neither to any increase in yield nor to any
increase in berry size (Table 3). The non-fet-
tilized controls provided as great a yield as the
fertilized treatments. Only in sandy clay did
fertilization lead to a slightly higher yield being
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obtained with maximum fertilization than from
the non-fertilized controls, and even in this case
the difference was so small as to be statistically
non-significant. Examination of the results also
shows that the summed annual yields after five
and ten years from planting are astonishingly
similar as between non-fertilized bushes and
those receiving varying doses of fertilizer (Table
4, Fig. 1). On the same experimental field, how-
ever, the red currant was found to show signs of
deficiency and to cease growing in midseason
when the fertilizer was given in a single dose in
the spring, due to nitrogen deficiency. In corres-
ponding conditions, the black currant continued
to grow. Research into the black currant carried
out in Poland has shown tesults similar to the
preceding. Both investigations showed that the
fertilizer requirements of the black cutrant are
not very great. The Polish investigation was
carried out on soil in which the blocks have
received the same fertilizer since 1922. The black
currant continued to grow and to provide yield
in the non-fertilized block, although the yield
was only about half of that in blocks with full
NPK fertilization (Wropek 1976). The red



Table 3. Effect of fertilization on black currant yield.

Variety: Brodtorp.

Annual yield, kg/100 m? (1964—70)
Fe]:;i};z:r, Coarser fine sand Sandy clay
kg | Tmdex | 0 feres | K¢ | Indes | gt of

N: P K
0 0 0 66 100 88 43 100 71
50 33 83 66 100 88 40 95 68
50 33 166 .. 63 94 87 43 100 66
50 66 166 ... 58 87 88 42 98 69
100 33 83 65 98 88 42 98 68
100 33 0166 ... 66 100 86 34 80 69
100 66 166 .. 62 93 87 46 108 70
Mean ..o e 64 96 87 41 97 69
Cattle manure, 15 t/ha annually ..................... 65 97 87 43 100 69
—»—, 15 t/ha alternate years + K 83 anaually ........ 68 103 87 45 104 70

Differences of yield between the treatments are not statistically significant.

Table 4. Summed annual black currant yields, by soils and fertilizers.

Variety: Brédtorp.

Summed annual yields, kg/100 m?
Fcl:tgi}i:z:t’ 5 years after planting 10 years after planting
Coarser Sandy Coarser Sandy
fine sand clay fine sand clay

N P: K
0 0 0 77 38 398 255
50 33 83 e 78 33 398 243
50 33 166 .. 81 39 375 257
50 66 166 ... 68 37 344 249
100 33 83 78 40 389 250
100 33 166 ..., 74 37 393 237
100 66 166 ... 71 45 370 276
MeEAN ..t 75 | 38 | 381 252

currant survived noticeably less well. Experi-
ments carried out in Denmark, however, in
which the varieties Roodknop and Risager were
used, gave results which diverge from these. It
was considered there that the black currant leaf
should contain at least N 2,6 %, to guarantee an
adequate yield. In order to achieve this, as much
as 100—200 kg N per hectare was administered.
Spraying of nitrogen onto the foliage has also
been tried; spraying is however thought to be
inadequate alone, though suitable as a supple-
mentaty form of fertilization (Groven 1973).
SANDVAD (1965), also in Denmark, considered
N 140 kg/ha (calcium saltpetre 900 kg/ha) to be
the limit up to which an increased yield could be

obtained in sandy soils from the Central Euro-
pean varieties Wellington XXX, Amos Black,
and Silvergieter. i}

As mentioned earlier, the effectiveness of fertili-
zation is dependent both on the black currant
variety used, and on the conditions for growth.
It seems evident that the Central European
varieties mentioned above can tolerate and
benefit from heavier nitrogen fertilization than
the northern long-day varieties, in which heavy
N fertilization causes trailing and makes the
wood brittle, leading to the bush tearing. The
same also applies to the day-neutral Brodtorp
variety. In the Wellington XXX variety, berry
size and the weight of 100 berries have been
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Fig. 1. Black currant fertilization experiment. Summed annual yields over 10 years from planting.

Variety: Brodtorp

Soil: Coarser fine sand

YIELD
kg/100 m

2

400

350 |/

300

N p K
1. 0 0 0
2. 50 33 83
3. 100 33 166
4. 100 33 83
5. 50 33 166
6. 100 66 166
7. 50 66 166
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Note: In the eighth year (1968), no yield was obtained, due to harsh spring frosts.
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Table 5. Effect of fertilization on black currant vitamin C content, by soils, 1964—66.
Varieties: Brédtorp and Wellington XXX.
Vitamin C, mg/100 g berries (Robinson and Stotz’ method). .
Analyses carried out in the Finnish State Technical Research Institute

Brodtorp Wellington XXX
Fertilization,
kg/ba Coarser Sandy Coarser Sandy
fine sand clay fine sand clay
N: P: K:

0 0 0 156 147 241 206
50 33 83 i 154 157 228 214
50 33 0 166 .. 169 151 233 207
50 66 166 ... 160 161 223 213

100 33 83 e 147 156 - 241 221
100 33 166 ... 173 _ 134 239 203
100 66 166 ... 166 C-141 215 222
Mean ..o e 161 151 230 212

The differences by soil and by variety are statistically significant.

shown to increase with increasing fertilization,
especially with nitrogen (SANDvVAD 1965). In the
experiments under discussion, on the other hand,
fertilization of the Brodtorp vatiety did not
increase the weight per 100 berties.

Fertilization with cattle manure, 15 t/ha every
year or every alternate year, also failed to produce
any clear increase in yield in comparison either
with the non-fertilized controls or the other
treatments. The quality of the cattle manure used,
however, varied greatly.

The results set out here suggest that in Finnish
conditions neither the Brédtorp, nor in particular
the northern long-day varieties of the black
currant, require heavy nitrogen fertilization in
pursuit of a good yield. In view of this, the
received optimum nitrogen content in leaf
analysis, 3,00—3,20, would also appear to be too
high for these vatieties.

The effects of fertilization, soil, and climate
on the vitamin C content and acidity of the
black currant

The black currant is particularly valued for the
high vitamin C.content of its berries. This varies
greatly between varieties, with some varieties’
vitamin C content rising as high as double that
in some other varieties. As a rule, there is
considerably more vitamin *C in the Central
BEuropean varieties than in the long-day vatieties
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native to Northern Europe. Brédtorp, which is
classified as day-neutral, is relatively poor in
vitamin C content, whereas the berries of the
other variety used in these experiments, Welling-
ton XXX, are relatively rich in vitamin C.
The vitamin C content of the Wellington
XXX berries in the experiments was considerably
higher than that of the Brodtorps (Table 5). The
effect of the soil on vitamin C content was
statistically significant. In most cases there was
more vitamin C in the berries from bushes
growing on coarser fine sand than from those on
sandy clay. This was all the more surprising,
since the latter berries were smaller, and their
proportion of dry material greater, than in those
of the bushes growing on coarser fine sand. One
possible soutce of influence on the results is that
since the bushes were growing in different test
fields, they may have been at different stages of
development when the analyses wete carried out;
the berry samples for analysis were taken
simultaneously. The between the
coarser fine sand field and the sandy clay field
was only 150—200 m. The vitamin C content has
been shown to decrease as ripening advances
(Hirpu 1964, WEsTRHEIM 1965). The fertili-
zation was not found to affect vitamin C cortent,
nor has fertilization been shown to have ahy
clear effect on vitamin C content elsewhere. On
the Polish research site mentioned earlier, where

distance
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" -Table 6. Effect ‘:of weather conditions on vitamin C content. "~

] ) . Growth seasons
Weathier condltions 1964 1965 1966
' Variety *
s May—July
| Hours of sunshine .........ccueieenneennainin.ens 798 745 837
| Mean temperature, ®C L. oeveitie et 13,1 12,0 14,6
Precipitation, mm ...... e L 120 184 103
Vitamin C, mg/100 g ‘ '
Brodtorp vttt 136 199 o 134
.............................. 203 255 - 207

Wellington XXX

*the fertilization had been kept constant for fifty.
'years, full fértilization (CaPN K) didinot mcrease;
witamin C in comparison with non-festilized.

betries, while the vitamin C content in blocks

fertilized with PK alone was slightly higher than

that elsewhere (LENArRTOWICZ et al. 1976).
Fertilization has not been found to affect vitamin
C content in earlier Finnish studies, either

(HARDH 1964).

- Differences in vitamin C content are however
appatent between the different weather condi-
tions prevailing in the growth seasons in 1964,
1965, and 1966. The growth season in 1965 was
cooler and wetter than the others, with a dis-
finctly lower number of hours of sunshine from
May to July than in the other years. The vitamin
C content of the black currant berries was then
‘higher than in the warm and sunny growth

seasons in 1964 and 1966.(Té.ble 6). Other

investigations have similarly shown that vitamin
C content increases with lower temperatures in
comparison with higher temperatures (FERN-
qvist and Nirsson 1961, HArpr 1964, WEsT-
RHEIM 1965, Nirsson 1969). Lower temperatures
favour the synthesis of both sugar and vitamin C,
and. slow down the oxidation of vitamin C.
Vitamin C ‘does not however increase during
cold storage.

Fertilization had no eﬁect on the ac1d1ty of the
black currant berries (Table 7). The acidity was
however affected by the different soils, being
higher in bushes grown on coarser fine sand
than in those on sandy clay. The berries were
also larger on the former soil. Statistically
significant differences also occurred in this
respect between different years; the acidity was
higher in the cold wet growth season than in the
warm and sunny ones.

Table 7. Acldlty of black currant berries, by fertilization and by soils.
(ml 0,1 n NAOH/100 ml juice)

Analyses carried out in the Finnish State Technical Research Institute

Brodtorp Wellington XXX
Fertilizer,
kg/ha Coarser Sandy Coarser Sandy
fine sand clay fine sand clay
NP K
0. 0 0 e s 538 513 556 486 .
50 33 83 L e 542 519 545 500
50 33 166 .o 556 528 545 503
50 66 166 .. 543 519 567 488
- 100 33 B3 Ll e el 541 520 534 490
100 .33, . 166 . ....iiiieinn e 544 - 520 566 503
100 66 166 ... 545 529 555 500
Mean .o e e e e 543 520 551 497
Growth "seasons . ) )
1964, . ) e e 528 518 534 497
19651) ..l e e 553 530 551 - 508
1066 vttt i e e e e . 548 512 568 479,

1) . Growth-season 1965 cold and chilly.-
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SELOSTUS

Lannoituksen vaikutus mustaherukkaan kahdella eri maalajilla

Jaaxkko SAkG ja EEvA LAURINEN .

Maatalouden tutkimuskeskus

Mustaherukan Jannoituskokeissa selvitettiin kymmenen
vuoden aikana nousevien typpi-, fosfori- ja kalilannoitus-
ten vaikutusta kasvuun, satoisuuteen ja marjojen C-vita-
miinipitoisuuteen kahdella eti maalajilla, karkeassa hie-
dassa ja hietasavessa. Lannoitustasot olivat seuraavat: N 0,
50 ja 100 kg/ha, P 0, 33 ja 66 kg/ha ja K 0, 83 ja 166 kg/ha.
Kiytetyt yhdistelmit on esitetty taulukoissa.

Kasvu oli voimakkaampaa ja sadot suurempia karkeassa
hiedassa ‘kasvaneissa pensaissa kuin hietasavessa ‘kasva-
neissa. Ensiksi mainitut pensaat tarvitsivat enemmin
leikkausta ja niiden kasvu.oli lamoavampaa kuin jalkim-
malsten o

Lannoitus alensi maan pH—arvola molcmmllla maa-
lajeilla. Hietasavessa kasvaneissa pensaissa’ oli lehtien
kalium-pitoisuus vain 64 %, siitd, miti se oli karkeassa
hiedassa. Kaliumin ja magnesiumin vililld esiintyi anta-

gonismia. Runsas fosforilannoitus lisdsi mangaanin m43-
rid lehdissi. ‘ ) :

Typpi-, fosfoti- ja kaliumlannoitus lisisivit typen ja
kaliumin m#4rdd lehdissd, mutta ei fosforin' maarid.
Mitddn puutossymptomeja ei ‘esiintynyt penéaissa, jotka
olivat kymmenen vuotta lannoittamatta, Kymmenenteni
vuonna olivat lehtien typpi- ja kalipitoisuudet lannoitta-
mattomissa — suurimman lannoituksen saaneissa pen-
saissa: katkea hieta N 2,36 — 2,57.%, ja K 1,68—2,15 %,
hietasavi N 2,08—2,52 %, K 1,06—1,38 %..

Lannoitus ei vajkuttanut sadon méirddn eiki marjojen
kokoon. Se ei vaikuttanut myoskaan mar]o;en C-vitamii-
nin miiridn eikd happopitoisuuteen, C-vitamiinia esiintyi
marjoissa enemmin koleana ja’ pilviseni kdsvukautena
kuin auringonpaisteisina ja limpimini kasvukausina.
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- '~ THE USE OF MULCH WITH THE BLACK CURRANT

Jaskko SAkG and EEvA LAURINEN

SAk6, J. & LauriNeN, E. 1979. The use of mulch with the black currant.
Ann, Agric. Fenn. 18: 106—111. (Agric. Res. Centre, Inst. Hortic., SF-21500

Piikkis, Finland.)

The use of peat, bark, or straw as mulch under black currant bushes did not lead
to any increase in yield. The best yields, which were almost identical in quantity,
were obtained from peat mulch and from unmulched and clean cultivated soil.
The poorest yield was obtained from bushes with straw mulch. The use of mulch
had no effect on mean berry weight. The bushes with straw mulch overwintered

wotse than those in other beds.

Index words: Black currant, mulch.

INTRODUCTION

In the cultivation of fruit trees and small-fruit
bushes, various mulches are often used to cover
the soil. The purpose is to hinder the evapora-
tion of moisture from around the roots of the
plant and, in the case of plant material mulch,
i.e. compost, to introduce new organic material
into the soil. As the compost decays, plant
nutrients are released for the growing plant to
use. It is also considered that the use of compost
improves the composition of the soil, since it
leads to increased activity by micro-organisms
in the soil and to an increase in earthworms,
which break up and mix the soil.

The nutrient content of the soil under compost
usually risés. It may decrease initially, since the
'decomposition of the compost consumes nutri-
ents, 'especially nitrbgcn, but the end-result is
beneficial to the growing plants. The decompo-
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sition of organic material increases the humus
content of the soil, and facilitates nutrient supply
to the growing plants. The plants develop
extensive roots below the compost and near the
sutface of the soil, where the nutrient content of
the soil bed is highest.

Tt is thought to be particularly important that
compost economizes the water resources of the
soil, by hindering evaporation. In dry periods,
which occur in Finland especially in the eatly
summer, mulch is therefore considered to be
beneficial in guaranteeing water supplies to the
growing plants. Conversely, in wet autumns, the
use of plant material mulch may be harmful, in
keeping the soil too damp, causing late contin-
uation of ‘growth, with the result that the shoots
fail to ripen adequately before the frosts, leading
to winter injuries.



The most widely-used mulch for the black
currant is straw. In some British investigations,

the use of straw mulch was found to lead to a ‘

20 9, increase in yield, and also to increased
roots activity by the black currant. No benefit
was obtained from increased nitrogen fertili-
zation (Coker 1958, " ArxiNs 1961). In an
investigation in Norway (KoNGsrup 1970),
a straw mulch 10 cm thick improved the mois-
ture conditions in the soil and led to increases in
the growth of shoots, in the size of the berries,
and in the length of the cluster in the black
currant. Addition of nitrogen to the compost
had no-effect. The use of straw compost raised

the phosphorus and potassium content of the
leaves once the compost had sufficiently decom-
posed. Tests carried out in Denmark (Groven
1967, Awon. 1968 and 1973) also showed an
increased yield of 10 t/ha in comparison with
unmulched soil. When fresh straw was used,
a small quantity of additional nitrogen fertilizer
was found to be initially necessary. in order to
achieve the decomposition of the straw,” but

“additional nitrogen fertilizer was considered

redundant at later stages. The use of conifer bark
and sawdust mulch also led to positive results in
these investigations, especially in maintaining
soil moisture and in control of weeds. ‘

MATERIAL AND METHODS

In Finland, three experiments have been carried
out into the use of mulch with black currant
bushes. The Institute of Horticulture in Piikkis
carried out two investigations in 1961-70 into
the effect of peat mulch on the Brédtorp black
currant on two types of soil: coarser fine sand,
and sandy clay. The mulch was administered
without additional fertilizer and to a thickness
of 5 ecm. Clean cultivated soil was used as
a control. In the third investigation, carried out
in 1969—78, the effects on the black currant of
three different mulch treatments were compared:
peat, bark, and chopped sttaw; unmulched, clean
cultivated soil was used as a control. In this
investigation, the soil used was coarser fine sand,
and the black currant varieties used were Ojebyn,
from northern Sweden, and the Dutch Rood-

knop. An initial administration of 1 000 kg/ha?
of garden fertilizer (11—11—22) was carried out
on all the treatments (N 110, P 48, and K 183
kg/ha). Subsequently 400—800 kg/ha of fertilizer -
was spread annually, togethet with an additional
application of superphosphate (300 kg/ha).

The thickness of the mulch was initally 10 cm,
but this was subsequently reduced to 5 cm. The
mulch was separately fertilized, as set out in
Table 2. In the catly years of the experiments,
when the plants were young and the mulch
cover small in area, the soil between the plants
was cultivated, but in the later years, when the
mulch was more widely spread, cultivation was
no longer carried out; nor was the soil culti-
vated in the unmulched control.

RESULTS AND DISCUSSION

Experiments 1 and 2. The results of the first
two experiments show that non-fertilized peat
mulch did not lead to increases in either yield or
berty size in comparison with the black currants
in the unmulched control (which were cultivated
under the bushes, Table 1). A slightly higher
yield was in fact obtained, on both soils, with
peat mulch than from the clean cultivated soil,

but the difference was too small to be significant.
When the price of the mulch and the spreading
costs are taken into consideration, its use in this

- case is seen to have been uneconomic. The

quantity of peat mulch used in this case was
500 m?/ha. At current prices, with peat mulch
costing - approximately 20 Fmk/m?® including
delivery costs, a very considerable increase in
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, _Table 1. Peat mulch with black currants, 1961—70.
Variety: Brédtorp. Planting: spring 1961. Planting distance: 2 2,5 m. Mulch: peat, unfertilized; mulch thickness: 5 cm.

Soil and treatment

Mean annual yield, 1962—70

kg/bush kg/100 m? Wcligg!;:rgers’et
‘Expetiment 1. Coarser fine sand:
Peatmulch . .cuiiiiiiii it iiiie e 2,3 46 89
‘ Unmulched ...t 2,2 44 93
Experiment 2. Sandy clay:
Peat mulch ..... e ettt e e 1,7 33 83
Unmulched ....ininir it iieiieaedens 1,6 31 80

Table 2. Results from the black currant experiment, over 8 years (1971—78).
- Varieties: Ojebyn and Roodknop. Soil: Coarser fine sand.

Treatments:. Unmulched soil, peat mulch, bark mulch, and chopped straw mulch. Planting took place in spring 1969.
" Planting distance: 1X3 m, 33 bushes/100 m?

Soil analysis readings (mean, 1972—78):

pH Ca P K Mg B Cu Mn
Unmulched ......ccoiiiiiiiiinn.... 6,3 1308 24 339, 72 0,7 7,1 3,9
Peatmulch ........ccociiiiiveninna.. 6,4 1650 43 340 313 0,6 13,0 3,4
Barkmulch ......cociiiiiiiiiiaa.., 6,5 2091 51 359 247 0,7 9,0 6,3
Straw mulch .......... el 6,4 1391 35 554 99 0,6 8,5 4,1
Optimum ‘values accotding ‘to 55—| 2500— [ 50— | 300—| 250 1,2—| 12— | 5—
Ljones (1963) :.....ooiiiinnnnan.... 6,5 3500 70 350 2,2 14 8

Fertilization: In 1969, garden fertilizer 11-11-22 was administered to all the treatments at 1 000 kg/ha; subsequently
at 400—800 kg/ha,+-superphosphate 300 kg/ha.

Fertilization of the mulch:

Peat mulch: peat fertilizer 1,8 kg/m3+-dolomite calcium 10  kg/m®
Bark mulch: peat fertilizer 1,2 kg/m3 -+ dolomite calcium 10 kg/m?

425 9, saltpetre 0,3 kg/m?
Straw mulch: garden fertilizer 11-11-22 1 000 kg/ha
M ield Weight i s :
Variety and mulch k;/a{z)oyl;ﬂ glegr ‘:(;(l)l & Ovcm_nntt[:)rmg
1971—77 berries
Ojebyn
Unmulched ..o ettt it iie it ety 96 92 92
Peat MulCh . oive ittt iiieeeincneeenrersansaasnananacaannans 93 88 91
Barkmulch ..uiii i i i e i e e 72 92, 90
Straw MUlCh oot i i e e 68 98 85
1 1= » PPt 82 93 90
Roodknop
Unmulched | o.inii it iiii ittt 40 87 83
Peat Mulch vttt it it i et ieeeas it aiia e 37 93 81
Bark mulch cuininiertiiiiiiiieiiniiarenenarnrannirenneans 37 92 83
Straw mulch .ottt i i i e i i s i 26 -89 78
B Y+ W R 35 920 81

yield would be necessary to cover the costs.
Table 1 also shows that a much higher yield was
obtained on coarser fine sand than on sandy clay,
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and a similar result was also obtained in another
investigation, into black currant fertilization
(Sikd6 and LAURINEN 1979).



Table 3. Yield results from the black currant mulch experiments (1969—78).

Annual yields in kg/100 m?
Variety and mulch
1970 I 1971 l 1972 | 1973 1974 | 1975 | 1976 1977 | 1978
Ojebyn . o .
Unmulched ........................ 20 63 | 117 76 | -85 | 71 | 152 | 110 39
Peatmulch ........................ 21 61 116 80 70 56 177 94 38
Barkmulch ............co.oii 15 38 95 51 63 40 122 96 39
Sttawmulch ............ ... L 16 50 103 51 52 38 114 67 22
Mean ...l 18 53 108 65 68 51.] 141 92 35
Roodknop ‘
Unmulched ........... ..o, 9 43 65 21 15 9 42 85 51
Peatmulch ........ ... ... ... 9 49 66 17 14 7 44 61 43
Barkmulch ........................ 6 34 54 10 13 11 61 78 41
Strawmulch ... oL, 5 29 54 11 8 3 33 46 36
Mean ...ttt 7 39 60 15 13 8 45 68 43
Significant difference (95 %):
Vatieties ... 18 24 15 12 9 28
Mulches ...cvviniiiiiiniiinnenn... 14 20 16

Experiment 3. Despite the faitly heavy fertili-
zation, optimum values were only obtained in
the soil samples analyses from the third experi-
ment in a few cases. Potassium levels reached the
optima, as did magnesium values and those for
some other nutrients, in the peat and bark
replications (Table 2). It would appeat that the
optimum values currently in use (Ljonges 1963,
LeskiNen 1977) are too high for Finnish condi-
tions, and in particular for the northern varieties
" used. Leaf analyses also failed to teach optimum
Sub-

values, even with heavy fertilization.

optimum values did not, howevet, mean reduced .

yield (SAk0 and LavriNeN 1979).

Ojebyn was both eatlier, and greater, in yield
than Roodknop (Tables 2 and 3), with the
former variety producing an annual yield 2 to 3
times higher than the latter. The difference in
yield between the varieties is particularly clear
in the summed annual yields (Fig. 1). The only
exception occurred in 1978, when the yield from
Ojebyn remained below that of Roodknop in
other experiments as well. :

Ojebyn overwintered better than Roodknop,
the shoots of which suffered in the autumn from
gooseberry mildew. The betry weight obtained
from the two varieties was largely similar, and
both may be considered large-betry vatieties.

The use of mulch did not lead to increased
yield. The largest yields were obtained from the
clean cultivated, unmulched, controls and from
the peat mulch treatments of the Ojebyn variety,
while straw mulch, which in experiments in
other countries has been found to be beneficial,
gave the poorest yield with both varieties. The
bushes with straw mulch overwintered less
successfully than the controls or the other mulch
treatments. This would appear to be due to the
wetness of the straw mulch in the autumn leading
to continuing growth by the bushes and a delay
in hibernation. Similat results have been obtained
with appletrees (SAkG 1965).

The results from these tests, carried out over
a period of ten years, indicate that the use of
mulch with the black cutrant is unnecessary in
Finnish conditions. Mulch is particularly bene-
ficial in the case of long periods of drought, but
drought is not usually a problem in black
currant cultivation in Finland. The spring
moisture from the melting snow lasts quite
a long time, and assures the development of the
berries during the dry early summer. Drought
usually only occurs in July, for there is then
sufficient precipitation in the later summer. The
level of moisture in the autumn is often even
harmfully excessive, and in that case the use of
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YIELD

kg/100 m?
I T
1969-78 ,
TREATMENT kg/100 m
' GJEBYN: A UNMULCHED 739 A
700 ' B PEAT MULCH 713 4/’///// 700
C BARK MULCH 559
D STRAW MULCH 523 B
OJEBYN
ROODKNOP: A UNMULCHED 330 :
600 B PEAT MULCH 310 4 600
C BARK MULCH 306
D STRAW MULCH 225 :i/////,/ﬂ
'500 7¢//%45§// = 500
A// Y
400 ////, 400
B /
/ A
c
300 T4 300
:;;/ “:ﬁ;/’ sﬂ”'ﬁ;’
l////////, ROODKNOP
D
200 ///,////// ’///”,ﬂfél — 200
_ “%}———‘/////////,////////
| c—
100 gf%féé;;; "“"””———Tr-—‘“”'//’//’ 100
70 71 72 73 74 75 76 77 78
YEARS

Fig. 1. The cumulative yields of black currant in a mulch experiment.

mulch merely delays the plant’s hibernation and
hampers its wintering ability. With mechanical
harvesting, mulch also hinders the mobility of
the machines, since the growth of the plants is
more abundant and trailing with mulch than
without. The use of mulch also taises costs,
which would have to be compensated by
increased yields.

Clean cultivation of the soil is the easiest, and
cheapest, form of black currant horticulture. The
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soil bed does not require turning over at all, since
weeds can be controlled by herbicides. The crop
rotation cycle of the black currant in Finland is
relatively short, 10—12 years, so that there is no
danger of the composition of the soil being
weakened, even if no organic material is added
to the soil in the course of the cycle; and when
the soil is left undisturbed, its organic material
content survives for longer.
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SELOSTUS

Katteiden kiytté mustaherukalla

Jaakko Six6 ja EEva LAURINEN

Maatalouden tutkimuskeskus

Kasvuturpeen, kuorihumuksen ja viljan oljen kiytts kat-
teena mustaherukan kasvualustalla ei johtanut marjasadon

lisd4ntymiseen. Parhaat ja lihes yhtdsuuret sadot saatiin.

kasvuturvekatteesta ja kattamattomasta, mulloksella pide-

4 1279009846

tystd maasta. Heikoin sato saatiin olkikatteessa kasvaneista
pensaista. Katteen kiytt6 ei vaikuttanut marjan keskipai-
noon. Olkikatteessa pensaat talvehtivat heikommin kuin
muilla kasvualustoilla.
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HERBICIDE RESIDUES IN COWBERRIES, BILBERRIES AND LICHENS IN
CONTROLLED GROUND SPRAYING EXPERIMENTS ON WOODLAND
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Foliar spraying with phenoxyherbicides for brush

and Jaakko MukuLa

RAATIKAINEN, M., SiLraneN, H., RosENBERG, C., RaarikaNeN, T. & MukuLa,
J. 1979. Herbicide Residues in Cowbetries, Bilbetries and Lichens in Con-
trolled Ground Spraying Experiments on Woodland. Ann. Agric. Fenn.
18: 112—116. (Univ. Jyviskyld, Dept. Biol., SF-40100 Jyviskyld 10, Finland.)

Residues of 2,4-D, 2,4,5-T, MCPA and glyphosate in cowbetry (Vaccininm vitis-
idaea 1L.) and bilberry (Vaccinium yrtillns 1.) and of glyphosate in reindeer lichen
(Cladonia rangiferina (L.) G. H. Web.) were analyzed from small plot experiments
in forests. A portable knapsack sprayer (Azo Propan) was used. The cowberry
plots were sprayed on 6. 8. 1975, and the bilberry plots on 17. 8. 1976. The cow-
berry samples were collected 34—35 days after the. treatment and the bilberty
samples 29 days after treatment,

The greater the herbicide doses used, the greater were the residues. For phen-
oxyherbicides, an amount closest to the recommended dose (2,25 kg/ha a.i.)
left a tesidue of 2,5—4,8 ppm in the berries. All phenoxyherbicide residues wete
of the same order of magnitude. The recommended dose of glyphosate for brush
control is 0,54—0,72 kg/ha a.i. In this experiment a dose of 0,75 kgfha a.i. left
a residue of 0,2—1,4 ppm glyphosate in the betries. The same glyphosate dose
left a residue of 7,9 ppm in Cladonia rangiferina 56 days after treatment.

Index words: MCPA, Glyphosate, bilberry, cowberry, reindeer lichen.

INTRODUCTION

MCPA and glyphosate

residues

control has been practised in Finland for about
twenty years. In 1977 glyphosate was also
officially approved for this purpose.

A report has been published in Finland
concerning the residues of 2,4-D and 2,4,5-T
in cowberries, mushrooms and tree twigs as a
result of aerial spraying (MuxkuLA et al. 1978).
A similar study has also been made in Sweden
(BRNE et al. 1973), where 2,4-D, 2,4,5-T,

112

ground spraying of small plot experiments have
also been reported (INGELOG et al. 1977). The
aim of the present study is to determine the
residues resulting from ground foliar spraying
in Finland using a portable Azo Propan knapsack
sprayer. This study was organised jointly by the
Pesticide Regulation Unit of the Agricultural
Research Centre, the Department of Biology of
the University of Jyviskyli and the State Insti-



tute of Agricultural Chemistry. The first two
carried out the field work and the Institute of
Agricultural Chemistry petformed the chemical
analyses. The same small -plot experiments will
be used to prepare a separate study, covering

several years, of the effects of foliar spraying on
the flora and berry yields. Some results have
already been published on this (M. RAATIRAINEN
1977, M. RaATIKAINEN and T. RAATIKAINEN
1979, T. RAATIRANEN and MUSTONEN 197'7).

METHODS

Field tests

The test site 1/1975 was an area of pine forest
type, situated at ILaukaa at approximately
62°30" N and 26° E. In addition to pines, the
flora ‘consisted of: Pleurogium schreberi 30 9,
Cladonia rangiferina 30 %, C. stellaris 25 ©,
C. arbuscula coll. 10 %, Vaccinium vitis-idaea 25 9,
Calluna vulgaris 10 %, and Vaccinium myrtillus
<1 9%, The experimental plots measured 2% 10
m, and there were four replicates. The herbicides
used were 2,4-D ester, 2,4,5-T ester, MCPA
ester and glyphosate. The commercial prepara-
tions used were BASF-24-D-iso-octyl ester,
Vesakontuho Special, Vesakontuho MCPA and
Roundup. The treatment was carried out on
6. 8. 1975 using a portable Azo Propan knapsack
sprayet. The herbicide doses were 0,25, 0,75 and
2,25 kgfha a.i. Only cowberry samples were
taken from test site 1/1975 and the samples were
taken 34 and 35 days after treatment.

Test site 2/1976 was an area of pine forest type
also at Laukaa, but fresher than the previous
one. The flora comprised: Pleuroginm schreberi
75 %, Cladonia rangiferina 15 %, Vaccinium
wmyrtillus 10 %, V. vitis-idaea 10 %, and Calluna
vilgaris 10 %,. The size of the experimental plots,
the number of zeplicates, the herbicides,
herbicide doses and commercial preparations
were the same as for test site 1/1975. Treatment
was carried out on 17. 8. 1976, again using
a portable Azo Propan knapsack sprayer.
Bilberry and Cladonia rangiferina samples were
taken from test site 2/1976 29 and 56 days after
treatment, respectively.

The whole yields of cowberry and bilberry
and, in addition, the lichen samples, were picked
from an area measuring 1,5 % 9,0 m in the centte

of the experimental plot. After weighing, the
berry yields and the lichen samples were com-
bined for each replicate. The berry and lichen
samples . were deep frozen - before chemical
analysis. :

Analytical methods

Analyses to determine 2,4-D (2,4-dichloro-
and 2,4,5-T (2,4,5-tri-
chlorophenoxyacetic acid) residues were made
using a previously published method (SrLTanen
and RoseNBERG 1978). The phenoxy acids were
quantified from the samples by gas-liquid
chromatography of the methyl ester derivatives,
using an electron capture detector. The acidified
samples were first extracted with diethyl ether.
The extract was then hydrolyzed with sodium

phenoxyacetic  acid)

hydroxide to convert the herbicide residue into

_free acid form. Before methylation with diazo-

methane, the extract was purified by passage
through an aluminium oxide column. MCPA
(4-chloro-2-methylphenoxyacetic acid) residues
were determined using the same method, but in
addition MCPA was brominated after met-
hylation (TrI1ER 1972). The resulting deriyative
was sensitive enough for gas-liquid chromato-
graphic determination. Residues of glyphosate
(N-(phosphonomethyl)glycine) and its main
metabolite (aminomethylphosphonic acid) were
determined using the method developed by the
manufacturer (Pesticide Analytical Manual). The
method comprises water extraction, ion-e}c-
change chromatography, charcoal clean-up, and
a two-step derivatization reaction. The resulting
derivatives were determined by gas-liquid chro-
matography using an alkali flame ionization
detector. »
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RESULTS

Cowberry

All the phenoxyherbicide residues found in
cowberry were of the same order of magnitude,
and increased with an increase in herbicide dose
(Table 1). There was an almost straight-line
correlation between the dose and the residue
level. For the smallest herbicide dose (0,25 kg/ha)
the 2,4-D residues were 0,3 ppm. For doses of
0,75 and 2,25 kg/ha the residues in cowberry
were 1,0 and 3,7 ppm, respectively. The corre-
sponding residues for 2,4,5-T were 0,5, 1,2 and
3,9 ppm, and for MCPA 0,2, 0,8 and 3,0 ppm.
The glyphosate residues were more or less the
same as those for phenoxyherbicides (Table 2),
although the correlation with the dose was not
as clear as was the case with phenoxyherbicides.
When the doses were 0,25, 0,75 and 2,25 kg/ha
the residues were 0,15, 0,2 and 4,4 ppm respec-
tively. The metabolite of glyphosate was found
only in the sample containing 4,4 ppm gly-
phosate; the metabolite level was 0,05 ppm.

Bilberry

The residues of both phenoxyherbicides and
glyphosate in bilberry were of the same order of
magnitude, and, as in the case of cowberry, the
residues increased with the increase in the
herbicide dose (Tables 1 and 2). There was
a reasonably straightline correlation between
dose and residue level. For doses of 0,25, 0,75
and 2,25 kg/ha the residues of 2,4-D were 0,1,
1,3 and 4,8 ppm, respectively. The corresponding
values for 2,4,5-T were 0,4, 1,3 and 2,5 ppm, and
for MCPA 0,2, 0,7 and 3,9 ppm. The correspond-
ing residues for glyphosate were 0,5, 1,4 and
3,3 ppm. Glyphosate metabolite was found in all
bilberry samples. As the glyphosate dose
increased, metabolite contents of 0,02, 0,04 and
0,4 ppm were found.

Table 1. Residues of 2,4-D, 2,4,5-T and MCPA in cowberry and bilberry from controlled field experiments (1975, 1976).

Interval
. Active between 2,4-D 2,4,5-T MCPA
Sampel mirgcldl::nt tre:::;lril:l ga’ud ppm ppm ppm
days

COWDELEY ottt i s 0,25 34 0,3 0,5 0,2
0,75 35 1,0 1,2 0,8

2,25 35 3,7 39 3,0

Bilberry .o e 0,25 29 0,1 0,4 0,2
0,75 29 1,3 1,3 0,7

2,25 29 4.8 2.5 3.9

Table 2. Residues of glyphosate and its main metabolite in cowberry and bilberry from controlled field experiments
(1975, 1976).

Interval

Activ b .

Sample in;l;{i:;;l]ignt tre;;t}}}éi;nd Glypp ; ;sate Me;apbut;htc
days

COWDELIY vttt e 0,25 34 0,15 < 0,02
0.75 35 0.2 < 0,02

2,25 35 4,4 0,05
3= 0,25 29 0,5 0,02
0,75 29 1,4 0,06

2,25 29 3,3 0,4
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Table 3. Residues of glyphosate and its main metabolite in reindeer lichen (Cladonia rangiferina) from controlled field

experiments (1976).

Interval
s 1 . AC';YB " i ]:;:etwe:[;nd Glyphosate Metabolite
ample ingredien eatmen
P %{g/ha sampling, ppm ppm
days
lichen ... 0,75 56 7,9 1,1
2,25 56 35 2,7
Lichen higher than in bilberry after 29 days (Table 3).

Samples of lichen wete taken from the test site
2/1976. The glyphosate residues in Cladonia
rangiferina 56 days after treatment were much

The glyphosate residue was 7,9 ppm and that of
its metabolite 1,1 ppm when the dose was 0,75
kg/ha, and correspondingly 35 ppm and 2,7 ppm

when the dose was 2,25 kg/ha. ‘

DISCUSSION

This study was made to determine the residues
of phenoxyherbicides in wood berries when the
spraying was done from the ground on small
plots under controlled conditions without actual
brush vegetation. It was expected, that distinctly
higher residues would be found in these experi-
ments than with aerial spraying for brush
control. This is because in ground spraying in
areas without brush vegetation the herbicide
reaches the surface vegetation directly. On the
other hand, in spraying forests from the air some
of the hetbicide used is retained by the foliage of
trees and brushes. However, this difference was
not found in these experiments.

In the present ground spraying experiments
the average tesidue level of 2,4-D and 2,4,5-T
was 3,8 ppm about one month after treatment
using an amount closest to the recommended
dose. The residue level was, in fact, lower than
the average residue level (c. 5 ppm) after the
same period due to aerial spraying (MukuLA et
al. 1978). Howevert, a slightly smaller dose, 2,25
kg/ha, was used in the ground spraying experi-
ments than in aerial spraying, where 2,5 kg/ha
was used, which is the recommended dose. Thus
we can say that the residue level found in these
small plot experiments was of the same order of
magnitude as those found due to aetial spraying.
The residues in cowberry due to aerial spraying

varied considerably. Differences wete apparently
caused by uneven topography, inconsistent
cover and length of brushes and trees as well as
by uneven distribution of aerial spraying. In
addition, in reforestation areas the berries ate
often picked in open places and are therefore not
protected by trees. Thus our experimental plots
may correspond relatively well with actual
conditions, despite of the absence of brush
vegetation.

The residue level of MCPA in cowberry in
these small plot experiments was slightly lower
than that of the other phenoxyherbicides,
although it was of the same order of magnitude
as 2,4-D and 2,4,5-T.

The dose used in glyphosate treatment (0,75
kg/ha) was closest to the recommended dose
(0,54—0,72 kg/ha). One month following this
treatment cowberry contained only 0,2 ppm
glyphosate, but with the other dose used the
residues in cowbetry were of the same order of
magnitude as for the phenoxyherbicides.

Correspondingly the residues of 2,4-D,
2,4,5-T, MCPA and glyphosate in bilberry were
all of the same order of magnitude, and cor-
responded to the residue level found in cowberry.

The glyphosate tesidues in lichen, which is
often used for reindeer feed, were very high.
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This may be due to the lichen’s ability to absorb
the spray and to the slow rate of break-down in
dry vegetation. The question of whether or not
glyphosate should be used in areas where
reindeer are kept requires ‘investigation.
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SELOSTUS

Herbisidijiimit puolukassa, mustikassa ja poronjikilidssi valvotuissa kenttikokeissa

maasta kisin ruiskutettuna

M. RaarigaNeN, H. Siwranen, Cu.

RosENBERG, T. RAATIKAINEN ja J. Mukuna

Jyvaskylin yliopisto, Valtion maatalouskemian laitos ja Maatalouden tutkimuskeskus

Vesakontorjuntaan kiytettdvien herbisidien 2,4-D, 2,4,5-
T, MCPA ja glyfosaatti jidmid tutkittiin puolukassa ja
mustikassa seki glyfosaatin jaimid poronjikalissi (Cladonia
rangifering). Ruiskutukset tehtiin maasta kisin suoraan
matja- ja jikilikasvustoon kannettavalla reppuruiskulla
(Azo Propan) mintyi kasvavalla karukkokankaalla Lau-
kaan pitdjassi 6. 8. 1975 ja 17. 8. 1976. Puolukkaniytteet
otettiin 34—35 vrk:n, mustikkaniytteet 29 vrkin ja 56
vrk:n kuluttua ruiskutuksesta.

Herbisideist jdi sitd suuremmat jadmét mitd suurempi
oli niiden kiyttdmidri. Normaalia kiytt6d lihinni ole-

116

vasta fenoksiherbisidien kiyttdmddristd (2,25 kg/ha
tehoavaa ainetta) jii 2,5-—4,8 ppm:n suuruiset jidmat maz-
joihin. Kaikkien fenoksiherbisidien jaamit olivat keske-
niin samaa suuruusluokkaa. Glyfosaatin normaali kiyt-
témédri vesakontorjunnassa on 0,54—0,72 kgfha teho-
avaa ainetta, Tidssi kokeessa 0,75 kg/ha kiyttomadrdstad
jai 0,2—1,4 ppm glyfosaattia marjoihin. Jikildssi, joka
otettiin mustikkakoeruuduista 56 vtk:n kuluttua kisitte-
lystd, todettiin 7,9 ppm glyfosaattia, silloin kun kiyttd-
miiri oli 0,75 kg/fha,
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— Avomaan vihannekset. Porkkana, selleri, tilli ym.
satjakukkaiset. Tuhoeldimet. Ajankohtaisia kasvinsuo-
jeluohjcita 1978. Kasvinsuoj.seur. Julk. 58: 73—74.

— Avomaan vihannekset. Sipulit ja putjo. Tuhoeldimet.
Ajankohtaisia kasvinsuojeluohjeita 1978. Kasvinsuoj.-
seur. Julk. 58: 76. '

— Avomaan vihannekset. Herne ja papu. Tuhoeldimet.
Ajankohtaisia kasvinsuojeluohjeita 1978, Kasvinsuoj-.
seur. Julk. 58: 79.

— Avomaan koristekasvit. Koristepuut ja -pensaat,
perennat. Tuhoeldimet. Ajankohtaisia kasvinsuojelu-
ohjeita 1978. Kasvinsuoj.seur. Julk. 58: 116—117.

— Mitkd tuhoeldimet voidaan torjua pyretriinilli. Puu-
tarha 81: 169.

— Tuholaistenkin osuus myyntiin. Puutarha-alan han-
kintaopas. p. 62—63. Helsinki.

— Kasveista periisin olevat tuhoeldinten torjunta-aineet.
Kasvinsuojelulehti 11: 62—65.

— Avomaan vihannesten tuholaiset. Tuhoeldinten tor-
junta-aineiden koetulokset,
tiedote 15: 20.

— Kasvihuonetuholaiset. Tuhoeldinten torjunta-aineiden

Kasvinsuojelulaitoksen

koetulokset. Kasvinsuojclulaitoksen tiedote 15: 21—
22, .

— & PurroNeN, R. PU Tietopaketti. Lasinalaisviljelysten
kasvinsuojelu. Kasvinsuof.seur. Julk. 59: 1—30.

— & PurtoNEN, R. Vixtskydds-ABC {6t gurk- och
tomatodlare. Tridgirdsnytt 32: 182—185.

Turisaro, U. Ruokaperunan tuholaiset ja niiden torjunta-
Tieto tuottamaan 2: 28—31,

— Aloittaisinko &ljykasvien viljelyn. Pellervo 79, 5: 21—
23.

— Uusia supertorjunta-aineita. Pellervo 79, 7: 8—9.

— Oljykasvien tuholaiset. Ajankohtaisia kasvinsuojelu-
ohjeita 1978 Kasvinsuoj.seur. Julk, 58: 63—65.
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— Oljykasvien tuholaistorjunta. Koetoim. ja Kiyt. 28. 2.
1978. p. 6.

— Akimiankeroiset ditienpidivdruusujen harmina, Puu-
tarha-Uutiset 30; 4—5.

— Tuhoeldinosasto. . Maatalouden tutkimuskeskuksen
kahdeksan vuosikymmenti 1898—1978. p. 131—139.
Helsinki.

Varis, A-L. & Raurapii, J. Mangold fly: prediciting
damage and the economics of control. Ann. Agric. Fenn, 17:
103—107.

Lounais-Suomen koeasema, Mietoinen

South—West Finland Experimental Station, Mietoinen

Koyrrjirvr, J. Itdvyyden ja jyvin koon vaikutus siemen-
viljan kidyttGarvoon, Koetoim. ja Kiyt. 31, 1. 1978,
p- 3.

— Miten perustan siemennurmen punanadasta ja niitty-
nurmikasta. Koetoim. ja Kiyt. 11. 4. 1978, p. 13.

— Aikainen rikkakasvien totjunta syysviljoista edullisin.
Koetoim. ja Kiyt. 25. 4. 1978. p. 19.

— Kaura herneen tukikasvina, Koetoim. ja Kiyt. 21. 3.
1978. p. 12.

— Punanadan ja niittynurmikan siemennurmien perusta-
minen. Kasvinviljelylaitoksen tiedote 11: 15—21.

— Anldggning av frovall for rédsvingel och ingsroe.
Referat af indlaeg ved 7. Nordiske seminar ved-
rorende freavlsforsek i Finland 4.—6. juli 1978. p.
47—54.

~— Viljelytekniikka nurmi- ja nurmikkokasvien siemen-
tuotannossa. Kylvdsiemen 18, 1: 21—27.

—— Menik usko herneeseen. Pellervo 79, 5: 10.

— Typpilannoituksen tatve jatkuva. Pellervo 79, 8: 9.

— Herneen viljely. Kiytinndn Maamies 27, 2: 22.

— Juolavehnidn torjunta. Maamiehen Ladke 19, 1: 4—5.

— Miten hivitin rikkakasvit kevitviljasta. Savialueen
maataloussanomat 1978, 1: 1.

— Erikoiskasveista vaihtoehtoja viljanviljelyyn. Skuffaren
1978, 2. ]

— Lannoita oikein: Paljonko ravinteita sato tarvitsee.
Maas. Tulev. 12. 1. 1978. p. 8.

— Lannoita oikein: Maassa olevat ravinnevarat ja lannoit-
teiden kidytts. Maas. Tulev. 17. 1. 1978. p. 10.

— Pieni siemen alentaa satoa. Niin huono siemenvuosi oli
vain vuonna 1962. Maas. Tulev. 21. 1. 1978, p. 1.

— Lannoita oikein: Kalkitus parantaa fosforin kiyttoa.
Maas. Tulev. 9. 2. 1978, p. 13,

— Lannoita oikein: Typpi lis#4 valkuaista ohralla. Maas.
Tulev. 16. 2. 1978. p. 9.

— Erikoistuminen laajentaa sopimusviljelyn alaa. Maas.
Tulev. 25. 2. 1978. p. 8.

— Lannoita oikein: Typen levitys syysviljoille talven ai-
kana ei kannata, Maas. Tulev. 28. 2. 1978. p. 9.

— Kevit- ja syysviljojen lannoitussuositukset,. Maas.
Tulev. 9. 3. 1978. p. 8.



— Satokatastrofi nikyy vieli ensi vuonnakin, .- Maas.
Tulev. 16. 9. 1978. p. 1.

— 280 kg storre hektarskord krivs for att tacka héjda
gddselpriser. Landsb. Folk 13. 1. 1978. p. 3.
— Kirnstorlekens och grobarhetens betydelse .f6r ut-
siidets bruksvirde. Landsb. Folk 20. 1. 1978, p. 6.
— Det biddades £6r katastrof redan under senaste vinter.
Landsb. Folk 22. 9. 1978. p. 1.

— Lounais-Suomen koeasemalla toistasataa kenttikoetta.
Salon Seudun .Sanomat 16. 9. 1978. p. 6.

— Miti katovuosi opetti. Turun Sanomat 26. 11, 1978.
p. 18.

— Lounais:Suomen koeasema. Maatalouden tutkimus-
keskuksen kahdeksan vuosikymmenti 1898—1978.
p. 180—186. Helsinki.

— & MustoneN, L. Viljelenkd kevatrapsm vai.-rypsid.
Koetoim. ja Kiyt. 28. 2. 1978. p. 5.

Satakunnan koeasema, Kokemiki

Satakunta Experimental Station, Kokemdki

TerrriNeN, P. Klormekvatin kiyttd viljoissa, 13. rikka-
kasvipiivd Viikissi 11. 1. 1978. p. B13—B17.

— Nurmi yksipuolisen viljanviljelyn keskeyttijini. Kiy-
tinnén Maamies 27, 4: 71—72.

— Herneen arvo kasvintuotannon osana.
piivid. Helsingin yliopisto, Kasvinviljelytieteen laitos,
Julk. 3. 4 p+kuv.

— Kokemuksia valkoapilan siementuotannosta. Kylvo-
siemen 18, 4: 17—19.

— Sev-maiden maatalouskaupan kehittiminen. Sev-kau-
pan kehittiminen, Pori 19. 1. 1978 Mimeogt. 4 p.
— Omakin siemen voi olla kiyttokelpoista. Satakunnan

Kansa 19. 4, 1978. ’
— Elivd maa. Pellervo 79, 9: 6—7.
— Viljanviljely vaikeuksissa. Kanatalous 5: 7—S8.

Palkokasvi-

Sata-Himeen koeasema, Mouhijirvi

Sata-Hime Experimental Station, Moubijirvi

RmnE, K. Kokemuksia vuohenherneestd Suomessa. Pel-
lervo 79, 1: 17.

— Huomio tasapainoiseen lannoitukseen. Kokooma: tar-
vitaanko ja miten paljon. Pellervo 79, 8: 8—9,

— Lohkoluvun vaikutus laitumen satoon. Koetoim. ja
Kiyt. 21. 3. 1978. p. 11.

— Nurmen perustaminen. Koetoim. ja Kiyt. 11. 4. 1978.
p. 14.

— Suojaviljan ja nurmen fosforilannoitus. Koetoim. ja
Kiyt. 11. 4. 1978. p. 15.

— Nurmiviljelyn vaikein vaihe on petustaminen. Kiy-
tinndn Maamies 27, 4: 58—60.

— Laitumet kuntoon. Lihantuottaja 4: 22—23.

— Lampaiden laitumen typpilannoitus, Sata-Héimeen koe-
aseman tiedote 2. .

— Lypsykarjan laitumen typpilannoitus.
koeaseman tiedote 3.

— Laidunnutrmen perustaminen. Laidunopas. Tieto tuot-
tamaan 5: 20—22.

— The effect of matnrity on berbage pasture during graging
season. Ann. Agric, Fenn. 17: 10—17,

— & Errara, B. Meadow fescue and cocksfoot in pasture|
silage leys. Ann. Agric. Fenn, 17: 1—9.

Sata-Himeen

Himeen koeasema, Pilkine

Hime Experimental Station, Pilkéne,

Taxars, M. Om ogrisbekimpning i olika kloverarter.
Nord. Jordbr.forskn. 60: 820—821.

— Himeen koeasema. Maatalouden tutkimuskeskuksen
kahdeksan vuosikymmenti 1898—1978. p. 198—204.
Helsinki.

Anrrna, S. & Tagara, M. Tuleentuneen hernesadon
tuottamisen ydinkysymyksii. Kaytannon Maamles 27,
4: 42—44.

Kymenlaakson koeasema, Anjala

Kymenlaakso Experimental Station, Anjala

Virrt, K. Crop production. Socio-economic survey of Badakhs-
ban 3: 5—25. UNDP/Finnconsult 1976.

— & BjOrRkBACKA, R. Kauran viljelystd Kymenlaaksossa.
Kymenlaakson koeaseman tiedote 3: 1—13.

Eteli-Savon koeasema, Mikkeli

South Save Experimental Siation, Mikkeli

HuoxuNA, E. Factors limiting the optimum grass yield in
Northern Enrope. Tth Gen. Meet. Europ. Grassld. Fed.
Gent 1978. 11 p.

— Lypsykarjan laiduntaminen. Tieto tuottamaan 5: 41—
46.

— Lampaiden laiduntaminen. Tieto tuottamaan. 5: 51—
53.

— Puna-apilan uusi tuleminen. Karjatalous 54, 4: 8—9.

— Puna-apila takaisin peltoihimme. Kiytinnon Maamies
27, 12: 14—15.

— Laiduntilanne juhannusviikolla. Pellervo 78, 11: 28.

— Nurmi kasvaa suopellolla. Pelletvo 78, 13: 22—23.

— Etel4-Savon koeasema. Maatalouden tutkimuskeskuk-
sen kahdeksan vuosikymmenti 1898—1978. p. 210—
216. Helsinki.

— & RirarTi, S. Enemmin kuiva-ainetta, vihemmin
vettd. Pellervo 79, 9: 18—19.

RINNE, S-L., Siuuaneii, M., HuokuNa, E. & Hirvora,
S-L. The effect of nitrogen fertilization on K|(Ca+Mg)
ratio in grass. Ann. Agric. Fenn. 17: 83—88. ~

RyvnANEN, A. Odling av dkerbir. Mimeogr. 8 p.
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Karjalan koeasema, Tohmajirvi

Karelia Experimental Station, Tobmajirvi

Herkkivi, R. Lajikekysymys tirked siementi varattaessa.
Karjalainen 21. 2, 1978.

— Kesi -78 suosi pohjoiskarjalaista maanviljelijai. Kontu
4: 13—14.

— Karjalan koeasema. Maatalouden tutkimuskeskuksen
kahdeksan vuosikymmenti. 1898—1978. p. 227. Hel-
sinki,

Juora, P. Hallat heikensivit viljojen itiivyyksiﬁ. Karjalai-
nen 21. 2, 1978.

Linpsrap, H. & Herkxiri, R. Tuloksia viljojen lajike-
kokeista Kartjalan koeasemalla 1970--1977, Karjalan
koeaseman tiedote 2: 1—20.

Pohjois-Savon koeasema, Maaninka

North Savo Experimental Station, Maaninka

Errava, E. 1976. Tuotostaso -— monipuolinen haaste.
Tuottava Maa 3: 228—251.

— On pyrittivd valkuaisruokinnan omavaraisuuteen.
Pellervo 79, 8: 6—7.

— Sidilorehututkimukset  Pohjois-Savon
Kiytinndén Maamies 27, 5: 52—54,
~— Maidon valkuaiseen voidaan vaikuttaa. Paimentorvi 1.
— Sdiléntimenetelmien vaikutus

koeasemalla,

sdilorehun  laatuun,
maijttavuuteen ja tuotantoarvoon. Karjatalous 54,
6—7: 43—46.

— Lehmien laidunruokinnasta. Tiedotuslehti 2: 6—7.

— Siilérehuruokinta ja maidontuotanto. Koetoim. ja
Kiyt. 26. 9. 1978. p. 33.

— Factors affecting silage intake by cows. Min. Agric. and
For.: Bur. Intern. Aff. Symp. in Viikki 5.—8. 9. 1978.

— Siilérehun korjuuasteen vaikutus lehmien tuotantoon.
Koetoim. ja Kiyt. 31. 10. 1978. p. 38.

— & Hurpa, L. Laidunruohon sokeripitoisuus. Koetoim.
ja Kiéyt. 6. 6. 1978. p. 22.

—, Rissanen, H. & Lamprra, M. Siilérehun korjuuas-
teen vaikutus lehmien tuotantoon. Kehittyvi Maata-
lous 38: 17—33. -

— & VIRTANEN, E. Muurahaishapon ja Viherhapon
annostuksen vaikutus siilérehun arvoon. Kehittyvi
Maatalous 38: 34—48.

RinnNg, K. & Errava, E. Meadow fescue and cocsfoot in
pasture[silage leys. Ann. Agric. Fenn., 17: 1—09.

Rissanen, H. & Errava, E. Valkuaisvikirehujen merki-
tys korkeatuottoisten lehmien ruokinnassa. Koetoim.
ja Kdyt. 31. 10. 1978. p. 37.

VirTANEN, E. Siilérehun ja heinin vitamiinien riittdvyys
nautakarjalle. Koetoim. ja Kiyt. 28. 2. 1978. p. 7.

— Heini ja sdd. Teho 5: 48—49,

— & Saro, M-L. Siin vaikutus heinin laatuun Koetoim.
ja Kiyt. 6. 6.-1978. p. 23.
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Keski-Pohjanmaan koeasema, Toholampi

Central Pokj

Experimental Station, Tobolampi

Jarvi, A. Nurminata ja typpilannoitus. Koetoim. ja Kiyt.
31. 1. 1978. p. 2.

— Timoteilajikkeet ja typpilannoitus. Koetoim. ja Kigyt.
11. 4. 1978. p. 15.

~— Timotein siemenviljely. Koetoim. ja Kiyt. 11. 4. 1978,
p. 16.

— Kalsium ja magnesium nurmen ravinteena. Eteli-Poh-
janmaan maatalouskeskus, Kalkkisanomat 1978: 5.
— Nurmikasvien siemenviljelytutkimuksia 1978. Nurmi-
ja nurmikkokasvien siemenviljely Keski- ja Pohjois-
Suomessa. Kasvinviljelylaitoksen tiedote 11: 22—28.

— Vaihtoehtona nurmikasvien siemenviljely. Pellervo 79,
8: 10.

— Nurmen viljely Keski-Pohjanmaalla. Keskipohjanmaa,
Maa- ja metsitalousliite. 10. 3. 1978.

— Om fréodling for vallar och gronytor i Mellersta och
Notra Finland. 7. Nordiske seminar vedrerende
freavisforsag, 4.—6. 7. 1978. Abo, Finland. p. 66—70.

— Om fr6odling for vallar och grénytor i Mellersta och
Norra Finland. Notd. Jordbr.forskn. 60, 4: 798—799.

Kainuun koeasema, Vaala

Kainun Experimental Station, Vaala

Varmarr, A, & VUoriNeN, M. Kainuun koeasema. Maa-
talouden tutkimuskeskuksen kahdeksan vuosikym-
mentid 1898—1978. p. 238—243. Helsinki.

VUorINEN, M. Syyshallojen vaikutuksista Pelsonsuolla.
Kainuun koeaseman tiedote 3: 1—14.

— Tavoitteena hyvi tuokaperunasato. Kainuun Sanomat
24, 5, 1978. p. 2.

— Kainuun koeaseman kokemuksia viime vuoden siils-
rehupalvelusta. Kainuun Osuusmeijerin tiedotuslehti
1978, 2: 3.

— Kalkitusta ei sovi unohtaa talvellakaan. Kainuun
Sanomat 27. 12. 1978. p. 7.

Pohjois-Pohjanmaan koeasema, Ruukki

North Pokjanmaa Experimental Station, Ruukki

Haxxkora, H. Eiole kysymys hitiratkaisusta, Pellervo 79,
6: 6—8.

— Tasapainoinen lannoitus takaa nurmen talvehtimisen.
Leipd Levedmmiksi 26, 1: 10—11.

— Kun laidunkausi lhestyy. Lihantuottaja 4: 16—17.

— Teurasmullikokeita tehty Ruukissa yli 10 vuoden ajan.
Lihantuottaja- 7: 24,

— Libanautojen laiduntaminen.
47—50.

— Pohjois-Pohjanmaan koeasema toiminut Ruukissa yli
50 vuotta. Maaviesti, Juhlanumero. p. 6.

Tieto tuottamaan 5:



— Nurmikasvikokeiden tuloksia.
koeaseman tiedote 5: 1—28.
— Nurmen perustaminen syyskesilli. Koetoim. ja Kiyt.

11. 4. 1978. p. 14.

— Pohjois-Pohjanmaan koeasema. Maatalouden tutki-
muskeskuksen kahdeksan vuosikymmenti 1898—
1978. p. 243—249. Helsinki.

— & PoNkAL4, J. Oikea korjuuajankohta ennakoitavissa.
Leipi Levedmmaiksi 26, 3: 6—7.

Luoma, S. & Haxxora, H. Aikaiset kerikaalilajikkeet,
Pohjois-Pohjanmaan koeaseman tiedote 6: 1—S5.

— & Hakxkora, H. Muovihuoneessa ja avomaalla tuo-
tetun pikkuistukassipulin vertailu sipulin viljelyssi.
Pohjois-Pohjanmaan koeaseman tiedote 6: 6—11.

Puumavra, Y., Haxkora, H. & Nisura, H. Ureoitu
murskesdilévilja lihanautojen rehuna. Koetoim. ja
Kiyt. 4. 7. 1978 p. 25. '

Ruonomikr, H. & Hakkoura, H. Friisildis- ja heteford-
risteytyseldimet charolaististeytysten rinnalla lihanau-
takokeessa. Kotieldinjalostuksen tiedote 27: 1—6.

Pobjois-Pohjanmaan

Lapin koeasema, Rovaniemi

Lapland Experimental Station, Rovaniemi

Musraragti, A. 1977. Tiilld Rovaniemi, valmistaudum-
me neljinteen hoitokesidn. Mehildistalous 1977, 6:
170—171.

— Mustaherukkalajikkeet Pohjois-Suomessa. Puutarha
81, 4: 192—193.

,S1LVENNOINEN, M. & VaLmari, A. Lapin koeasema.
Maatalouden tutkimuskeskuksen kahdeksan vuosi-
kymmenti 1898—1978. p. 253—261. Helsinki.

SYRrjALA, L., VALMARL, A. & VirmMaa, E, Jikild- ja sii-
16tehukoe poroilla, Poromies 45, 6: 8—10.

Varmari, A. 1977, Torrliggningsfrigor pid myrjordar.
Notd. Jordbt.forskn. 59, 4: 640—641.

—1977. Overvintringsskador i vall. Anteckningar frin
Notdkalottkommitténs Jordbruksseminarium, Rova-
niemi 9.—10. Maj 1977. Nordkalottkommitténs pro-
memotior 11,

— Hallaisuus Kemijokivarressa ja muualla.
Sanomat 31. 3. 1978, p. 4.

— & PerrTUNEN, E. 1977. Kuollan porojen risteytys-
kokeet Lapin koeasemalla Apukassa. Poromies 44, 6:
16—19.

Pohjolan

Sikatalouskoeasema, Hyvinkid

Swine Research- Station, Hyvinkii

Avaviunkora, T. Puolitiiviste — kolmas vaihtoehto.
Sika 3: 5—6. .

— Viljan valkuaispitoisunden merkitys. sikojen ruokin-
nassa. Koetoim. ja Kiyt. 4. 7. 1978, p. 28.

— Eriarvoisuutta sikojen ruokintaan. Pellervo 79, 14:
14—15.

— Milloin sddstiminen muuttuu tuhlaukseksi? Tuottoisa
kotieldintalous 4: 103—104.

— Kolmen lisdaineen vertailu pikkuporsailla. Sika 5: 23—
24,

— Rankkijauho lihasikojen rehuna. Koetoim. ja Kiyt.
31. 10. 1978. p. 39.

— Vihjeitd sikaloille katoviljasta. Lihantuottaja 8: 22—
23, 32.

PARTANEN, J. Valkuainen sikojen ruokinnassa. Tuottoisa
kotieldintalous 1: 5—8.

— Pekilo soijan ja kalajauhon korvaajana lihasikojen viki-
rehuseoksissa. Sika 1: 19—20.

— Kuitu lihasikojen rehussa. Sika 1: 35—36.

— Sianjalostuksen tavoitteista nyt ja tulevaisuudessa.
Sika 2: 13—14.

— Ureafosfaatti | lihasikojen  fosforikivenniisrehuna,
Suom. Elidinlddk.]. 4: 221—226.

Suowmr, K. Sikojen sisinisit. Sisdnisien ennustaminen por-
sasvaiheessa. Sika 4: 37—38.

— Ureafosfaatti pikkuporsaiden fosforikivenniisrehuna,
Koetoim. ja Kiyt. 19, 12. 1978. p. 48.

-, Raro, P. & ScuHuLMAN, A. Sikojen sisinisit voidaan
havaita pathaiten puolen vuoden ikiisiltd. Koetoim. ja

. Kayt. 31. 10, 1978. p. 40. :

Isotooppilaboratorio, Vantaa

Isotope Laboratory, Vantaa

PaasikaLLio, A. The wmineral element contents of timothy
(Phlenm pratense L.) in Finland. 1L. The clements alumi-
ninm, boron, molybdenum, strontium, lead and nickel. Acta
Agtic. Scand., Suppl. 20: 40—52.

— Isotooppilaboratorio. Maatalouden tutkimuskeskuksen
kahdeksan vuosikymmentid 1898—1978. p. 276—279,
Helsinki,

KimArr, J. & Passikarnro, A. Timotein kivenniisaine-
pitoisuudet Suomessa kunnittain. Maanviljelyskemian
ja -fysiikan laitoksen tiedote 7: 1—19.

Paikalliskoetoimisto, Helsinki

Burean for Local Experiments, Helsinki

MARJANEN, H. Bootin puutosta Kainuun kasveilla. Kai-
nuun Sanomat 5. 1. 1978. p. 8.

— Boorilannoitus nurmiviljelyn varmentajana. Pohjolan
Sanomat 15. 1, 1978, p. 6. Lapin Kansa 6. 1. 1978, p. 11.

— Tuorerehunurmilla herkésti kuparin puutos. Lapin
Kansa 4. 3. 1978. p. 3.

— Kuparin puutosta tuorerehunurmilla, Kainuun Sano-
mat 9. 3. 1978. p. 8.

— Puutteet kasvintavinteissa syyni talvehtimisvaurioihin.
Maas, Tulev, 8. 7. 1978. p. 7.

— Pohjois-Suomen nurmituhot. Pohjolan Sanomat 1. 7.
1978. p. 9. '
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— Paikalliskoetoimisto. Maatalouden tutkimuskeskuksen
kahdeksan vuoslkymmcnta 1898—1978. p 270—276.
Helsinki.

— & ANDERssoN, L. Anvisningar for utforande av lokala

, faltforsok. Byran for lokala filtforsék publikation 9:
1—47. L

— & Somr, S. Kivennidisaineiden ja vitamiinien merki-
tyksestd. 237 p. Helsinki. v

Strrova; J. & MAaRJANEN, H. Viljavuusluokittaiset sadon-
lisiykset paikallisissa nousevien fosfori- ja ' kalium-

. méirien ‘kokeissa. Maantutklmuslaltokscn tiedote 3:
1—16. . h

Kasvi’nsﬁoielulaitos, Vantaa
DPesticide Regulatioﬂ Um'l Va;itaa '

Bromqvist, H. Torjunta-aineet ja nuden Laytto Puutar—
hakalenteri 1978: 317—326.."

— & Ryrsi, B/ Tot]unta-amesaannokset Ympansto ja
Terveys 8: 572—573.

— & Ryrsi, E. Totjunta-aineiden tarkastus ja- rekiste-
r6inti; Ympiristd ja Terveys 8: 576—579.

HivtuNgN, T. Totjunta-aineiden yhdistiminen. Ajankoh-
taisia kasvinsuojeluohjeita. Kasvinsuoj.seur. Julk. 58:
9—10.

— & Bromqvist, H.. Vesakontorjunta-aineiden lento-
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tinnén Maamies 27, 4: 53—56. '

— Tiysi hyéty laidunrehusta, Kiytinndn Maamies 27,
5: 40—50.

— Loppukesin laidun. Kiytinnén Maamies 27, 7: 24—
25,

— Typpilannoitus — lifkaa vai-liian vihin. Karjatalous
54, 4: 45,

— Siemenseoksia erilaisille nurmille ja nurmen perusta-
minen. Maatalouskalenteri 1979: 150—152.
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—Sadonkorjuu. Perunan varastointi. Lajittelu. Perunan-’
varaston ja perunan kisittelylaitteiden vuotuiskunnos-
tus ja hoito. Ruokaperunan tuotanto. Ticto tuottamaan
2: 51—67.

— Nurmiviljelyn suunnittelu. Karjanlanta, Aitaaminen.
Laidunopas. Tieto tuottamaan 5: 4—13, 29—30, 35—
37. .

SritoNEN, M. Maatilamme yrittien eteenpdin. Osuus-
pankkilehti 1: 20—21.

— Miksi tarvitaan tarkkailua. K'xytannon Maamies 27,
4: 10.

— Kotimaista ruokapdytidn. Koti 5: 147.

SissoNEN, L. Kiinankaali kasvaa meillikin. Kiytinndén
Maamies 27, 5: 82--83.

Sokerijuurikkaanviljelyn Tutkimuskeskus, Salo

Research Centre of Sugar Beet Cultivation, Salo

BruMMER, V. Sokerijuurikkaanviljelyn tutkimustoiminta
1953—1978. Summary: The position of sugar beet growing
“in Finland. Sokerijuurikkaanviljelyn Tutkimuskeskus
1953—1978. p. 5—75.

— Forskningsverksamhet f6r sockerbetsodling 1953—
1978. Forskningscentralen for
1953—1978. p. 5—76.

Erjara, M. Sokerijuurikasmaiden kalkitus. SaSon Uuti-
sét 20, 2: 19—22.

— Socketbetsjordarnas kalkning. Betsocker 14, 2: 19—22.

— & Kesivaara, H. Lihdetiinkd lannoitussuosituksissa
ATK-tielle? SaSon Uutiset 20, 4: 10—12.

— & KEesAvaara, H. Skall vi sla in pa datatekniken vid
gddslingsrekommendationerna. Betsocker 14, 4: 8—10.

HELLE, ]J. Naatin korjuutekniikan kehitysnikymit. SaSon

" Uutiset 20, 3: 34—35. Juurikassokeri 14, 3: 34—35.

— Utvecklingsperspektiv  for blastens skoérdeteknik.
Betsocker 14, 3: 34—35.

— Kotjuukoneiden nykyvaihe. SaSon Uutiset 20, 4:
16—23, Juurikassokeri. 14, 4: 14—21,

— Skoérdemaskinernas nuvarande skede.
4: 14—21.

Nuormara, N. Torjunta-aineiden teho eri rikkakasveihin
sokerijuurikkaan viljelyssd. Juurikas 106: 7—11. Juu-
rikassoketi 14, 1: 20—24, SaSon Uutiset 20, 1: 20—24,
Sokerisatka 2: 6—11.

— Bekdmpningsmedlens effekt pd olika ogris i socker-
betsodlingen. Betsocker 14, 1: 20—24.

— Sokerijuurikkaan rikkakasvintorjunta tulevana kasvu-
kautena. Juurikassokeri 14, 2: 12—17, SaSon Uutiset
20, 2: 12—17.

— Sockerbetans ogtiisbekimpning under kommande
vegetationsperiod. Betsocker 14, 2: 12—17.

RaiNiNko, K. Framstillning och kvalitet av helsidescobs.
Notd. Jotdbt.forskn. 60, 4: 538,

— Rikkakasvien torjunnan merkitys soken]uunkasmaalla
Sokerisarka 2: 3—S5.

Sockerbetsodling

Betsocker 14,



— Kiyta oikein turvetta viherrakentamisessa. Puutarha
81, 5: 230—231.

— Tutkimuksen tehtdvit ja nikoalat sokerijuutikkaan
viljelyssd. Juurikas 109: 12—15.

— & Kesivaara, H. Sokerijuurikkaan asema viljely-
kasvina maasamme. Summary: The position of sugar beet
growing in Finland. Sokerijuurikkaanviljelyn Tutkimus-
keskus 1953—1978: 76—99.

— & KEesAvaara, H. Sockerbetans
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sockerbetsodling 1953—1978: 77—96.
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RamniNko, S. Niin mulli kasvaa. SaSon Uutiset 20, 1:
25—27.

— S& hidr vixer ungtjuren till slakt. Betsocker 14, 1:
25—26.

stillning bland

Tyotehoseura, Helsinki
Work E fliciency Association, Helsinki

Anon. Kone- ja tyokustannukset maatilojen keskinii-
sessil tyOavussa. Teho 4: 10—12.

Anrriva, R, Olkivarasto laakasiildn piille. Teho 5: 28—
29.

— Ei unohdeta hevosta, Teho 5: 44—46.

—- Katjarakennukset ja vesiensuojelu. Teho 8: 24—26.

BjorkLOF, L. Halm, birgning, ‘transport, lagring och
anvindningsformer. TyStehoseuran Julk. 209: 1—166.

HowrMma, M. Kevennysti lannoitesikkien kisittelyyn. Teho
4: 34—36.

— Lannanpoistolaitetutkimus
50—52. . .

— Lannanpoisto kotieliinrakennuksesta. Teho 8: 6—9.

— Lietelanta kannattaa mullata. Teho 8: 14—16.

— Lannanpoistolaitteet. Toiminta- ja soveltuvuustutki-
mus. Tyotehoseuran Julk. 204: 1—64.

— Nesteet pellolle. Kdytinnén Maamies 27, 1: 22—25.

Hyronen, T., Liskora, K. & TanvoneN, R. Ennakko-
tiectoja herukan koneellisen kotjuun soveltuvuudesta
Suomen oloihin. SITRAn moniste 33+3 p.-

Kario-ManniLa, K. Mitid 6ljyn tilalle? Teho 3: 6—9.

— Energian tuotanto ja kulutus maataloudessa. Teho 5:
30—35.

— Auringosta energiaa myds maatilalla. Teho 9: 15—17.

—, HuueroNeN, M., MajuriNeN, J. & Nurmisto, U.
Energia maatalousrakennuksissa. Tyotehoseuran Julk,
207: 1—129.
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KrviNniesmr, J. & TERTSUNEN, V. Nurmisdilorehun val-
mistuksen ja kisittelyn tekniikka. Valtion maatalous-
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LAITINEN, A. Navetan rehutilat kannpattaa suunnitella ja
mitoittaa huolella. Teho 9: 12—14.

—, ORrava, R. & PAKARINEN, J. Parsi lyhyemmiksi?
Kiytinnén Maamies 27, 3: 87—88. ’

LEevaNnTO, S. Maatilojen hevoset. Teho 3: 44—45.

— Maatilojen traktorit, traktoriperdvaunut ja -reet. Teho
4: 26—217.

Liskora, K. Herukan poimintakoneet kehittyvit, Puu-
tarha 81, 2: 74—75.

Nurmisto, U. Lannan, virtsan ja puristenesteen varas-
tointi, Teho 8: 10—13.

OksaNeN, E. H. Lannoitteen kisittely piensikeissd, irto-
tavarana, suutsikeissd. Teho 4: 36—38.

— Navetan peruskorjaus. Teho 5: 16—18.

— Suurtraktoreita. Teho 9: 18.

— Perunannostoa Linnen malliin. Teho 9: 20—21.

— Effects of Major Repairs of Dairy Barns on Work in the
Barns. XIX. CIOSTA Congt. II: 681—686.

— Navetan peruskorjaus ja sen vaikutukset. Pellervo 79,
3: 19,

— NAPEROn kuulumisia. Suunnittelu ja toteutus. Pel-
letvo 79, 5: 32—34.

—, Horma, M. & Orava, R. Traktorin ja leikkuupui-
murin tyStunnin hintalaskelma. Teho 4: 6—7.

— & TERTSUNEN, V. Viljankuivauksen kustannukset
vuonna 1978. Teho 4: 8.

ORrava, R. Paripyorin pellolle. Teho 4: 14—15.

— Irtolannoitteen varastointi ja kisittely. Teho 5: 40—42.

— Tulevatko suursikit? Teho 9: 8—10.

TEeRTSUNEN, V. Kenen kannattaa séilyttdd koneensa tai-
vasalla. Teho 4: 32—33.

— Sidilérehun tekniikka ja talous; korjuu koneketjut.
Teho 4: 40—42.

— Siilérehun korjuuta koneellistetaan. Teho 5: 36—39.

— Tyoturvallisuus tirkedd siilérehun korjuussa. Teho
11: 24—25.

— Sidildrehun korjuuvaihe tutkittu, Kiytinnén Maamies
27, 2: 88—91,

— Elementtiajat avuksi sdilérehun korjuutéiden suunnit-
telussa, Kiytinnon Maamies 27, 3: 92—94.

— Tybturvallisuus tirkedd sdilérehun korjuussakin, Kiy-
tdinnén Maamies 27, 4: 106—107.

— Esikuivatun sdilérehun korjuuketjut. Kiytinnén Maa-
mies 27, 9: 96—98.

— Siilorehun korjuun koncketjut. Pellervo 79, 5: 16—18.,

— Sdilérehun tekniikka ja talous. Katjatalous 54, 6: 49—
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TurkkiLa, K. Tybasennot siildrehun purkaustySssi.
Teho 11: 26—28.
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Valtion eldinldiketieteellinen laitos, Helsinki
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KorraNeN, L. Pohjoismainen yhteistyd mastiitin alalla.
Suom. Eliinlddk.]l. 84: 145—154.

— Praktiska erfarenheter efter vaccinering mot mastit.
XIII Nord. Vet. kongr. Abo 1978. Sekt. 6. p. 225—
228. ; .

— Sintidsterapi: Rester av antibiotika i mjélk efter
kalvning, XIII Nord. Vet.kongr., Abo 1978. R 32.
p. 328.

—, Romg, K. & 'Saroniemi, H. Om vixlingarna i
mastitfrekvenssen och de bakteriologiska fynden i
faltundersokningar, XIIT Nord. Vet.kongr., Abo 1978.
R 18. p. 313. :

—, STABEL-TAUCHER, R. & KarrpaNEN, E. Selen-, bly-
och kadmijumbhalten i mjélk i Finland. XIII Nord. Vet.
kongr., Abo 1978. R 33. p. 329.

NiskANEN, A., KoiraNEN, L. & RomNg, K. Siaphylococcal
enterotoxin and thermonuclease production during induced
bovine mastitis and the clinical reaction of enterotoxin in
udders. Infection Immunity 19, 2: 493—498.

Raevuory, M. & KoIRANEN, L. Bacillus cerens utaretuleh-
duksen aiheuttajana sekd bakteerin esiintyminen mai-
dossa ja maitotaloustuotteissa. Suom. Eldinldzk.l. 84:
5—10.

—, SeuNa, E. & Nurwmr, E. Salmonella infantis epidemic
in Finnish broiler chickens in 1975—76. Acta Vet. Scand.
19: 317—330.

RantaMa, A. & KoiraNeN, L. Mastiitin mikrobiologista
diagnostiikkaa kenttiolosuhteissa. Suom. Eldinlddk.l.
84: 157—164. . .

ScauLMAN, A. & Karepanen, E. A-vitaminstatus hos
grisar. XIIT Nord. Vet.kongr. Abo 1978. R 47. p. 344.

Seuna, E., Raevuorr, M. & Nurmi, E. An epigootic of
Salmonella typhimurium var. Copenbagen in broilers and
the use of cultured chicken intestinal flora for its control. Br.
Poult.Sci, 19: 309—314. ’

Valtion maatalouskemian laitos, Helsinki

State Institute of Agricultural Chemistry, Flelsinki

Anon. Valtion maatalouskemian laitos 1977. Meddelan-
den frin Statens lantbrukskemiska anstalt med referat
pé svenska. Reports of the State Institute of Agricul-
tural Chemistry with BEnglish summary. Maatilahall,
Tied. 390. 88 p. Helsinki.

StuTaNEN, H. & ROSENBERG, C. Residue Analyses of the
O fficial Testing of Pesticides 1977. Publ. State Inst. Agric.
Chem. 15. 69 p.

Valtion maitotalouskoelaitos, Jokioinen

State Institute of Dairy Research, Jokioinen

AnTILA, P. & ANTILA, V. Kulutusmaitotuotteiden askor-
biinihapposisilléstd. Valt. maitotal.koel. Tied. 134.2 p.
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— & AwriLa, V. The influence of mastitis on the nutritional
value of cow’s milk. 1. Riboflavin. 20th. Intern. Dairy
Congr. Paris. Brief Commun. p. 157—159.

— & ANriLA, V. The influence of mastitis on the nutritional
value of cow’s milk. 2. Ascorbic acid. 20th. Intern, Dairy
Congy. Paris. Brief Commun. p. 159—160.

— & ANrtILA, V. The influence of mastitis on the nutritional
value of cow’s milk. 3. Cholesterol. 20th. Intern. Dairy
Congt. Paris. Brief Commun. p. 160—162.

—, AnTILA, V. & LEnTto, M. The used of lactase-treated
milk in the manufacture of yoghurt. 20th. Intern, Dairy
Congr. Paris. Brief Commun. p. 498—499.

ANTILA, V. Maidon jiddhdytys, siilytys ja kuljetus. Viri
lactis 1: 35—39. )

— Maidon jddhdytys tuotantotiloilla. Valt. maitotal.-koel.
Tied. 135. 2 p.

— Fractionation of milk fat. 20th. Intern. Dairy Congr.
Paris. Conf. 11 ST. 13 p.

— & KyvLi-Sturora, A-L. Automaattisen néytteenotto-
laitteen malli »MKT-ASP 90—48» Valt.
maitotal. koel. Kone- ja tarvikekoet. 84.

— & Kyri-Siurora, A-L. Automaattisen niytteenotto-
laitteen merkki »Abo» koetus. Valt.
Kone- ja tarvikekoet. 85.

— & Kyri-Sturora, A-L. Advanced Model D 1II
Kryoskoopin soveltuvuudesta vesilisiysten toteami-
sessa maidossa. Valt. maitotal.koel. Tied. 137.

— & Kyri-Siurora, A-L. Maitondytteiden sdilyttdmi-
sestd jidtymispistemddrityksiin. Valt. maitotal.koel.
Tied. 138.

KANKARE, V. & ANTILA, V. Jogurttijddtelén valmistuk-
sesta, Valt, maitotal.koel. Tied. 136. 1 p.

— & ANTILA, V. HTST-pastorointia kestivistdi mikro-
beista. Valt. maitotal.koel. Tied. 139.

— & ANTILA, V. Influence of pipeline milking machines on
lipolysis i farm milk. 20th. Intern. Dairy Congr. Paris.
Brief Commun. p. 132.

— & ANTILA, V. Melting and solidification characteristics of
high melting glyceride fractions from milk and margarine
Jfats. 20th. Intern. Dairy Congr. Paris. Brief Commun.
p. 878—880.

KyrLi-Sworora, A-L. & Anrira, V. Ewvaluation of the
quality of milk by the Lactocult-method. 20th. Intern. Dairy
Congy. Paris. Brief Commun. p. 185—186.

— & ANriva, V. Determination of the freezing point of milk.
20th. Intern. Dairy Congr. Paris. Brief Commun. p.
210—211.

MALkkr, Y., Kararca, P., Antina, V. & Wrrring, O.
The use of peptidases in ripening of cheese. Bioconversion in
Jood technology. VIT Symposium Espoo. p. 91—95,

koetus.

maitotal.koel.

Valtion siementarkastuslaitos, Helsinki

State Seed Testing Station, Helsinki

AHLBERG, E. Nurmikasvien siementilanne. Maas. Tulev.
28. 11. 1978. p. 5.



Hauxiuamrr, A. M. Viime kesidn sato lentonoen tartutta-
maa. Kiytinnon Maamies 27, 2: 35.

— Lentonoki levinnyt viime kesinid. Koetoim. ja Kiyt.
11. 4. 1978. p. 13.

UrviNeN, O. Korsiviljojen ja herneen viralliset viljelys-
tarkastukset v. 1977. Kylvésiemen 18, 1: 16—20.

VaLLE, E. Vuoden 1977 sato ja nurmikasvien siemen-
seosten koostumus. Koetoim. ja Kiyt. 26. 9. 1978.
p. 34.

— Nurmikasvien siemenerien tasalaatuisuus. Swwmmary:
Homogeneity of the herbage seed Jots. Maatilahall. Tied.
387: 35—38.

YLANEN, H. Iti#dko siemen? Pellervo 79, 4: 24—27.

Vesihallitus, Helsinki
National Board of Walers, Helsinki

Hydrologian toimisto
Hydrological ojfice

SeuNa, P. 1977, Kasteluun vaikuttavista hydrometeoro-
logisista tekijoisti. Vesientutkimuslaitoksen Julk. 24.
96 p.

— Demand jfor and availability of irrigation water in Finland.
Collecta Symp. on Methodology of Hydtrology of
Surface Waters. Belgrad 5.—9. June, 1978. p. 67—72.

— Need for and availability of irrigation water in Finnish
conditions. Proc. Notrdic Hydrological Conf. Hanasaati
July 31 — August 3, 1978. p. V 16—VI 13.
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