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THE BIOMASS OF WEEDS IN WINTER CEREAL FIELDS IN FINLAND

Seria AGRICULTURA N. 71 — Sarja PELTOVILJELY n:o 71

M. RAATIKAINEN, T. RAATIKAINEN and J. MUKULA

RAATIKAINEN, M., RAATIKAINEN, T. & MUKULA, J. 1985. The biomass of weeds in
winter cereal fields in Finland. Ann. Agric. Fenn. 24: 1—30.

The air-dry biomass of the aerial parts of plants from 540 winter cereal fields was
studied by species. The average biomass of the fields was 8590,8 kg/ha, 90,7 % of
which consisted of cereals, 1,0 % of timothy grass and red clover, and 8,3 % of weeds.
The weeds with the highest yields and their average weight (kg/ha) were as follows:
Galeopsis bifida 92,0, Chenopodium album 40,1, Polygonum aviculare 38,2, Ga-
leopsis speciosa 26,4 and Polygonum convolvulus 18,6 of spring annual weeds;
Tripleurospermum inodorum 155,5, Viola arvensis 25,3, Matricaria recutita 16,2,
Mpyosotis arvensis 13,1, Centanrea cyanus 11,4 of winter annuals; and Agropyron repens
93,8, Phleum pratense (mostly sown) 85,5, Agrostis tenuis 15,3, Poa pratensis 10,1, P.
trivialis 9,8 and Cirsium arvense 8,5 of perennials. — The total number of phaneroga-
mic species recorded was 173. The number of species was largest in eastern Finland
and smallest in western Finland. The frequencies of the most common species varied

from 34 to 29.

Index words: weeds, phanerogamic species, winter cereals, biomass.

INTRODUCTION

A handful of studies on weeds in winter cereal
fields have been made in Finland (LINKOLA
1921, PORANEN 1972, KAUHANEN 1975, M.
RAATIKAINEN et al. 1979, M. RAATIKAINEN
and T. RAATIKAINEN 1979, 1984), but none of
them have investigated the biomass of weeds or
their proportion of the cereal crop. To fill in
this gap, a survey of available methods was
carried out in 1969, while the main survey was
implemented between 1972 and 1974. This
survey formed part of a research project of the
Institute of Plant Husbandry of the Agricul-
tural Research Centre, and was later continued
in the Department of Biology of the University
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of Jyviskyli. The study covered the composi-
tion of weed flora in winter cereal fields, their
frequencies, densities, biomasses (= yields) and
results of control measures. Up to now, parts
of the study — on the composition of weed
flora, the frequency of species and the density
of plants — have been published (M. RAATI-
KAINEN et al. 1979, M. RAATIKAINEN and T.
RAATIKAINEN 1979, 1984). Only minor non-
technical articles have been published on the
present yield survey (M. RAATIKAINEN et al.
1971 a, 1971 b, M. RAATIKAINEN 1976, 1978),
and certain parts of the study are to be
published separately later on.



The purpose of the present study was to
investigate the composition of weed flora in
winter cereal fields and the biomass of various
species in order to help planning. The work was
done in two stages, consisting of:

1) developing a viable, uncomplicated method
for determining weed yields, in order to
estimate the hypothetical yield of the field if
herbicide had not been used;

2) investigating the regional air-dry yield of

weeds in winter cereal fields throughout
Finland.

The purpose of the study was to discover
which species are the most harmful species of
cereals in terms of biomass, and in which areas
they are most frequent, in order to be able to
concentrate on essentials in weed control and
to apply a suitably adjusted control programme
in each region.

METHODS AND STUDY AREAS

Preliminary study

Weed species with the highest net primary yield
are generally considered the main competitors
of cereals and the greatest reducers of grain
crops. The biomass of the aerial parts of weeds
was selected as the indicator of net primary
yield. The weeds were cut a few days before the
crop was harvested. For the purposes of weed
control planning, however, it was necessary to
find out the yield which would be obtained in
the absence of control. Since two thirds of
Finland’s winter cereal fields were treated with
herbicides during the survey years, the only way
to study this yield would have been to refrain
from using herbicides on some of the fields. It
would have involved considerable expense,
however, to leave many fields untreated.
Determination of a random subsample area in a
high, densely growing cereal field would have
been difficult, and the surrounding plant stand
would have been trampled over a large area. For
this reason a method was employed in which
the subsample areas were marked out while the
plant stand was low, before spraying. The
subsample areas were marked out with a
conspicuous sign and the weed yield was
gathered in July-August a little before harvest
time.
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The method was developed in Paimio in
1969 (M. RAATIKAINEN et al. 1979). Four
random subsamples were selected from 41
winter wheat and 2 winter rye fields before
spraying with herbicide. The subsample areas
were covered during spraying by a 1,5 X 1,5 m
sheet of plastic. The success of the operation
checked between June 3 and June 6, by which
time the effects of the spraying were clearly
visible. A circular subsample area of 0,25 m2
(Fig. 1) was marked out from the centre of each
subsample with a stick to be left there until
harvest time.

The annual weed plants and the perennial

-weed shoots in the subsample areas were

counted between June 3 and June 6, and
phanerogamic species In each investigated
winter cereal field was recorded. Detailed
information on the preliminary study and the
survey on weed density have been published
previously (M. RAATIKAINEN et al. 1979).

On the basis of the data from the preliminary
study it was observed that a survey of 30 winter
cereal fields provided an adequate overview of
the phanerogamic species in a rural municipality
of average size. This was shown in our previous
publication (M. RAATIKAINEN et al. 1979);
unfortunately, however, the captions for Figs.
2a and 2b had changed place.



Fig. 1. Sample area marked with a stick in June and at harvest time.

When calculating the density of weeds in
June (M. RAATIKAINEN et al. 1979), moving
around in the field and detection of many
species were easy, but some species were
difficult to identify owing to their early stage
of development. Certain species, however, e.g.
Myosorus minimus, must be looked for in
June, since in July and August they are very
difficult to distinguish from dead, decaying
parts (cf. GRANSTROM and ALMGARD 1955,
GRANSTROM 1956). On the other hand, the
list of species for perennials which reach an
easily identifiable stage of development in July
should not be compiled before late June or
July. At this time it is also easy to observe tall,
sparsely growing plants.

The main survey

The main yield survey was carried out in the
same subsample areas as the weed density
survey. Thus the choice of survey areas, farms,
winter cereal fields and sample areas appears
from the previous study (M. RAATIKAINEN et
al. 1979). The same study also contains the
same questionnaire, interview and observations
which were used again to collect background
information and independent variables for this
part of the survey.

The data for the present survey was collected
from 18 survey regions, which consisted of
from 1 to 3 parishes. The survey regions and
dates appear from Table 1 and Fig. 3. From 27
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Table 1. Survey areas, sampling periods and number of

fields per survey area.

No. Survey area

Sampling period

Number of fields

01 Pernio 21.—28.7.1972 30
02 Lapinjirvi 24.—25.7.1972 30
03 Alastaro 24.—28.7.1972 30
04 Luvia—Nakkila 24.7.—1.8.1972 27
05 Hartola—Joutsa 25.—31.7.1972 32
06 Siilinjirvi—Lapinlahti ~ 27.7.—2.8.1972 28
07 Tuusula 19.—24.7.1973 30
08 Kuusjoki 22.—26.7.1973 30
09 Sauvo 23.—30.7.1973 29
10 Juupajoki—Orivesi 20.—29.7.1973 30
11 Parikkala-Saari 19.—25.7.1973 30
12 Lapua 24.—30.7.1973 27
13 Kirkkonummi 29.—30.7.1974 31
14 Mellila 2.—7.8.1974 32
15 Parainen 1.—6.8.1974 31
16 Kalvola—Hattula 31.7.—9.8.1974 33
17 Saarijirvi—Ainekoski 5.—7.8.1974 30

18 Oulainen—Haapavesi—
Pulkkila 29.7.—8.8.1974 30
Total 540

to 33 winter cereal fields were examined in each
survey region. The aerial parts of the phanero-
gamic plants in each of these fields were cut
(Fig. 2), grouped by species, dried and stored in
a dry room. Later the samples were weighed to
the nearest 0,1 g. The moisture content of the
stored plants was 6 %. The biomass obtained
in the present survey are given air-dry in Table
2 and Figs. 5—88, and thus contain 6 % water.

The persons who took part in the spring and
summer field work for the main survey are
listed in M. RAATIKAINEN et al. 1979. The
participants at the harvesting stage and their
survey regions (cf. Table 1) were:

Kauko Aunola (02, 07, 13), Ritva Eskola (04,
09, 18), Mauri Haapanen (05, 10, 16), Terttu
Haapanen (05, 10, 16), Raija Heinonen (13),
Heikki Hokkanen (07), Veikko Kauhanen (03,
08), Pirkko Matikainen (06, 11, 14), Piivi
Mattila (17), Inkeri Mustonen (13), Heikki
Niinimiki (12), Ossi Ojanen (15), Jorma Pietala
(01), Lahja Pietildinen (06, 11, 14), Raimo
Pohjanniemi (01), Mikko Raatikainen (17),
Terttu Raatikainen (02, 17), Eira-Maija Raja-
niemi (02, 13), Yrjo Salo (07), Tuija Terimaa
(04, 09, 18), Timo T6rmald (12) and Matti Yli-
Rekola (03, 08, 15).
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Fig. 2. Cutting the sample at harvest time.
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Fig. 3. Survey areas, numbers explained in Table 1.



RESULTS

Weed species and their frequency higher, since some of the plants, including

Carex, Hieracium and Taraxacum, could not
At least 173 uncultivated phanerogamic species  be indentified by species. The largest number
were found in the winter cereal fields in the per 30 studied fields was found in central -
survey (Table 2). The real number was in fact Finland, and the number diminished clearly

Table 2. Frequency of phanerogamic species growing in sample areas in winter cereal
fiedls, and yield for the whole country and phytogeographical regions.

Species Qverall Yield kg/ha
frequency
% Southwest Mid-

Overall Finland Finland
Acer platanoides 0 0,00 0,00 —_
Achillea millefolium 23 8,10 1,17 21,76
A. ptarmica 14 2,62 0,70 6,84
Aegopodium podagraria 1 0,17 0,07 0,34
Agropyron repens 47 93,84 77,13 134,11
Agrostis canina 2 0,22 0,05 0,56
A. gigantea 1 1,54 0,13 4,11
A. stolonifera 2 0,64 0,13 1,83
A. tenuis 19 6,33 0,99 17,43
Agrostis spp. 34 12,36 1,48 35,13
Alchemilla spp. 3 0,03 0,02 0,06
Alopecurus aequalis 9 5,65 3,91 10,73
A. geniculatus 9 6,49 0,95 19,44
A. pratensis 2 0,14 0,06 0,34
Angelica silvestris 0 0,00 0,01 —
Anthemis arvensis 1 0,00 0,00 0,00
A. tinctoria 1 0,07 0,10 —
Anthoxanthum odoratum 0 0,00 — 0,00
Anthriscus silvestris 1 0,01 0,00 0,03
Apera spica-venti 1 0,08 0,00 0,25
Arabidopsis thaliana 2 0,02 0,01 0,03
Arenaria serpyllifolia 1 0,00 0,00 —
Artemisia vulgaris 1 0,01 0,02 0,01
Artemisia sp. 1 0,10 0,00 0,30
Atriplex latifolia 0 0,04 0,08 —
A. patula 4 1,20 1,73 0,00
Atriplex spp. 0 0,00 0,00 0,00
Awvena fatua . 0 0,03 0,04 —
Barbarea vulgaris 2 0,08 0,11 0,02
Betula pubescens 0 0,00 — —
Betula spp. 7 0,06 0,04 0,11
Bidens tripartita 1 0,16 0,01 0,46
Brassica campestris 1 0,01 0,01 0,01
B. napus 1 0,40 0,58 0,04
Bromus secalinus 4 1,39 0,34 3,67
Calamagrostis epigeios 0 0,04 0,07 —
Campanula patula 0 0,00 0,00 0,01
Capsella bursa-pastoris 22 3,98 4,71 2,39
Cardaminopsis suecica 0 0,00 0,00 0,01
Carex flava 0 0,00 0,00 —
Carex spp. 2 0,23 0,01 0,72
Centaurea cyanus 13 11,36 12,22 8,69
Cerastinm arvense 0 0,01 — 0,03
C. caespitosum 27 1,00 0,88 1,19
Chamaenerion angustifolium 8 2,35 1,34 4,48
Chenopodium album s. lat.: 57 40,09 48,45 20,54
C. polyspermum 4 0,33 0,47 —
Chrysanthemum leucanthemum s. lat. 3 0,02 0,01 0,04



Species Overall Yield kg/ha
frEq:/:nCY Southwest Mid-

Overall Finland Finland
C. vulgare 0 0,00 — 0,01
Cirsium arvense 13 8,53 8,44 8,89
C. beterophyllum 1 0,12 — 0,40
C. palistre 1 0,26 0,42 0,02
Crepis paludosa 0 0,00 0,00 —
C. tectorum - 3 0,25 0,36 0,10
Dactylis glomerata 1 0,38 0,23 0,71
Deschampsia caespitosa 8 1,65 0,28 4,33
D. flexuosa 1 0,02 . — 0,02
Dryopteris spinulosa 0 0,00 — 0,01
‘Epilobium montanum 1 0,01 — 0,02
E. palustre 1 0,03 0,02 0,07
Epilobinm spp. 0 0,01 0,00 0,02
Equisetum arvense 28 8,05 9,33 5,53
E. palustre 4 1,03 1,49 0,10
E. pratense 0 0,00 — 0,01
E. silvaticum 8 3,50 1,90 6,75
Erodium cicutarium 0 0,00 0,00 —
Eropbila verna 0 0,00 0,00 0,00
Erysimum cheiranthoides 53 8,59 10,58 5,18
Euphrasia brevipila 0 0,01 — 0,02
Festuca ovina 0 0,02 — 0,07
F. rubra 8" 1,34 0,20 3,75
F. pratensis 2 0,60 0,20 1,47
Festuca spp. o] 0,01 0,01 0,00
Filipendula ulmaria 0 0,01 0,00 0,04
Fumaria officinalis 12 0,81 1,00 0,34
Galeopsis bifida 60 84,56 68,06 114,08
G. ladanum 1 0,03 0,04 —
G. speciosa 27 24,27 29,84 10,33
G. tetrabit 1 0,88 1,26 0,12
Galeopsis spp. 21 9,63 12,37 4,06
Galinm mollugo 1 0,02 0,03 —
G. palustre 1 0,01 0,00 0,02
G. uliginosum 1 0,01 0,01 0,01
G. vaillantii 12 2,13 3,05 0,04
Geum rivale 0 0,00 — 0,00
Glechoma bederacea 0 0,00 — 0,01
Gnaphalium uliginosum 24 1,83 1,21 3,25
Heracleum sibiricum 1 0,01 — 0,02
Hieracium pilosella 0 0,00 — 0,01
H. umbellatum 1 0,02 0,01 0,05
Hieracium spp. 1 0,01 0,00 0,02
Hypericum maculatum 0 0,00 — 0,01
Juncus alpinus 0 0,00 — 0,00
J. bufonius 9 0,23 0,28 0,17
J. filiformis 0 0,00 — 0,00
Juniperus commaunis 0 0,00 — 0,00
Lamium bybridum 4 0,50 0,73 0,00
L. purpureum 4 0,29 0,42 0,00
Lapsana communis 39 8,65 6,75 11,41
Lathyrus palustris 0 0,00 — 0,01
Lathyrus pratensis 6 1,04 0,32 2,66
Leontodon autumnalis 13 1,66 0,11 4,94
Linaria vulgaris 1 0,04 0,05 —
Lolium spp. 1 0,76 0,02 2,25
Luzula multiflora 1 0,01 — 0,04
L. pallescens 0 0,00 — 0,01
L. pilosa 1 0,01 0,00 0,02
Luzula spp. 3 1,09 0,00 3,28
Lysimachia vulgaris 0 0,03 — 0,08
Matricaria matricarioides 6- 1,26 0,93 1,88



Species Overall Yield kg/ha
frequency
% Southwest Mid-

Overall Finland Finland
M. recutita 8 16,15 22,80 3,98
Matricaria spp. 0 0,00 0,01 0,00
Melandrium album 0 0,00 — 0,00
Moebringia trinervia 0 0,00 — 0,00
Myosotis arvensis 55 13,06 11,47 15,97
Myosurus minimus 3 0,06 0,09 0,02
Phleum pratense 52 85,49 40,73 181,25
Picea abies 3 0,01 0,01 0,00
Plantago major 14 0,70 0,64 0,78
P. media 1 0,01 0,01 —_
Poa annua 4 0,71 0,10 1,96
P. compressa 0 0,00 0,00 —
P. palustris 1 0,00 0,00 —
P. pratensis s. lat. 24 10,14 0,59 30,09
P. trivialis 20 9,84 10,20 8,96
Poa spp. 4 0,19 0,13 0,33
Polygonum aviculare 66 38,19 43,30 26,27
P. convolvulus 58 18,62 22,94 8,97
P. bydropiper 9 0,53 0,28 1,05
P. lapathifolium 20 12,97 9,04 21,80
P. minus ' 1 0,01 0,01 0,01
Potentilla anserina 0 0,00 0,00 —
P. erecta 1 0,01 — 0,02
P. norvegica 1 0,02 0,00 0,05
Potentilla spp. 1 0,01 0,01 —
Prunella vulgaris 3 0,05 0,00 0,14
Ranunculus acris s. lat. 5 0,16 0,03 0,43
R. auricomus coll. 1 0,01 0,01 0,01
R. flammula 0 0,00 0,00 —
R. repens 27 3,20 0,53 8,76
Raphanus raphanistrum 4 1,11 1,04 1,36
Rbinanthus minor 0 0,00 0,00 0,01
Rorippa palustris 4 0,34 0,02 0,99
Rubus arcticus 1 0,01 0,01 0,01
Rumex acetosa s. lat. 8 1,05 0,04 3,23
R. aceotosella s. lat. 15 1,51 0,12 4,60
R. longifolius 1 0,46 0,19 0,94
Rumex spp., sorrels 0 0,00 — 0,01
Sagina procumbens 11 0,16 0,10 0,27
Sclerantbhus annuus 5 0,20 0,11 0,40
Scutellaria galericulata 1 0,07 — 0,23
Secale cereale 3 6,46 9,75 0,00
Senecio vulgaris 0 0,01 0,01 0,02
Solanum tuberosum 1 0,00 0,01 —
Solidago virgaurea 0 0,00 — 0,01
Sonchus arvensis 11 1,99 2,77 0,45
S. asper 3 0,31 0,45 0,01
S. oleraceus 1 0,01 0,02 —
Sonchus spp. 0 0,00 0,00 —
Sorbus aucuparia 0 0,00 — 0,01
Spergula arvensis 18 1,45 0,36 3,65
Stachys palustris 1 0,03 0,05 —
Stellaria graminea 5 0,12 0,05 0,26
S. media 46 9,99 10,32 8,96
Taraxacum spp. 29 4,71 3,04 7,79
Thlaspi arvense 8 0,88 0,53 1,51
Tilia cordata 0 0,00 0,00 —
Trifolium arvense 0 0,00 0,00 —
T. bybridum 1 0,26 0,00 0,77
T. pratense 5 0,26 0,21 0,35
T. repens 25 1,02 1,26 0,77
Trifolium spp. 1 0,57 0,83 0,03



Species Overall Yield kg/ha

frequency
% Southwest Mid-
Overall Finland Finland
Tripleurospermum inodorum 52 155,54 214,55 31,23
Triticum aestivum 0 0,06 0,10 —
Tussilago farfara 1 0,01 0,01 0,02
Urtica dioica 4 0,03 0,02 0,04
U. urens 0 0,01 — 0,04
Veronica agrestis 2 0,05 0,06 0,02
V. arvensis 5 0,14 0,14 0,15
V. chamaedrys 2 0,06 0,01 0,16
V. serpyllifolia 28 0,34 0,22 0,59
V. verna 1 0,01 0,00 0,02
Veronica spp. 1 0,01 0,01 —
Vicia cracca 6 0,22 0,13 0,40
V. birsuta 8 0.16 0.14 0.18
V. sepium 1 0,03 0,00 0.10
V. tetrasperma 2 0,10 0,14 —
Vicia spp. 0 0,00 0,01 —
Viola arvensis 79 25,32 28,18 17,65
V. palustris 1 0,03 — 0,07
V. tricolor 1 0,01 — 0,03
Above-mentioned species 800,64 755,91 890,54
Sown cereals 100 7790,18  8302,50 6739,48
Total aerial biomass ) 8590,82  9058,41  7630,02
towards the south (Fig. 4.). The real number of ”I”’”N""“'ec‘
. . . . . <
species was again higher than this, since only 80
those species which grew in four subsample HH o0
areas of 0,25 m2, randomly selected from ;
among 30 winter cereal fields, were included. In i
Mid-Finland (survey areas 5, 6, 11, 12, 17, 18)

at least 148 phanerogamic species were ident-
ified, while the corresponding figure for
Southwest Finland (the remaining survey areas)
was 142, although only 177 fields were studied
in the former area and 363 fields in the latter.
The distribution of species by frequency can be
seen from Table 3.

Fig. 4. Number of taxa per 30 m2

Table 3. Number of weeds species in winter cereal fields by
frequency category.

Frequency Spring  Winter  Biennials Deremmiah  Toual The most common spring annuals and their
annuals _ aonuals frequencies were:
+— 2 12 17 5 63 97 Galeopsis bifida > 60
2: g ‘1‘ ; - 1? }g Polygonum aviculare 66
916 5 3 — 6 14 P. convolvulus 58
17—32 3 1 - ? 13 Chenopodium album 57
33—64 4 4 — 3 11 _ _ .
65— 2 1 _ — 3 Erysimum cheiranthoides 53
31 38 5 99 173 Galeopsis speciosa > 23



The most common winter annuals and their
frequencies were:

Viola arvensis 79
Myosotis arvensis 55
Triplenrospermum inodorum 52
Stellaria media 46
Lapsana communis 39

The only phanerogamic species classified as
biennials were Anthemis tinctoria, Anthriscus
silvestris, Barbarea vulgaris, Brassica napus and
Cirsium palustre, and even these generally occur
in winter cereal fields as winter annuals.

The following were the most common

perennials:
Phlenm pratense 52
Agropyron repens 47

Agrostis tenuis > 34

Yields of cultivated plants and weeds

The yields of sown cereals are presented at the
end of Table 2. The same table classifies
unsown cereals which grew among the sown
species as weeds. ‘Sown cereals accounted for
90,7 % of the aerial yield of the phanerogamic
species in the whole country: the figure for
Southwest Finland was 91,7 % and the figure
for Mid-Finland 88,3 %.

In addition to cultivated cereals, Table 2
includes timothy grass, red clover and alsike
clover as cultivated plants, perhaps also Lolium,
These
species also grow unsown. If the total weight of
the cultivated cereals, timothy grass and red

Poa pratensis and Trifolium repens.

clover is subtracted from the total yield, a fairly
accurate figure is obtained for the real weed
yield. Calculated on this basis, winter cereal
fields in Finland had 715 kg/ha of real weeds —
715 in Southwest Finland and 709 in Mid-
Finland. Real weeds accounted for 8,3, 7,9 and
9,3 % of the total aerial biomass, respectively.
The weed yield of Mid-Finland seems to have
been somewhat lower than that of Southwest
Finland, but in view of the fact that the overall

2 408500262T

net yield was also smaller, the proportion of
real weeds of the total net yield was slightly
higher than in Southwest Finland. Some of the
probable reasons for this are 1) the shorter
period during which herbicides were used in the
north, 2) less frequent use of herbicides in the
north, 3) the larger proportion of grasses after
ley in the north and 4) the better resistance of
grasses than of dicotyledons to the herbicides
used.

Table 4. Number of weed species in winter cereal fields by
yield category.

Air dry yield Spring Winter  Biennials Perennials ~ Total
kg/ha annuals annuals

— 2,0 22 28 5 85 140
2,1— 4,0 —_ 2 — 5 7
4,1— 8,0 2 1 — 1 4
8,1—16,0 2 4 — 6 12
16,1—32,0 2 2 — — 4.
32,1—64,0 2 — —_ . 2
64,1— 1 1 — 2 4
Total 31 38 5 99 173

\

The weed species were classified in Table 4
on the basis of their productivity. The spring
annuals with the highest yields, and their
proportion of the total aerial yield of weeds
alone and of weeds and cereals together were:

Species Yield Proportion of Proportion of
kg/ha weed yield, % phanerogamic
yield, %

Galeopsis bifida 91,98 11,5 1,1
Chenopodinm album 40,09 5,0 0,5
Polygonum aviculare 38,19 4,8 0,4
Galeopsis speciosa 26,39 33 0,3
Polygonum

convolvulus 18,62 2,3 0,2
P. lapathifolium 12,97 1,6 0,2
Erysimum

cheiranthoides 8,59 1,1 0,1

It was not possible to determine the exact
yields of the various Galeopsis species, as some
of the individuals were so ripe that identifica-
tion was difficult. The yields of Galeopsts spp.
were divided in proportion to the weights of
those species which could be identified. In
terms of yield, the spring annual weed which
posed the most serious threat to cereals was G.
bifida, which ranked third among all weeds in
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terms of biomass after Tripleurospermum ino-
dorum and Agropyron repens. This species was
most abundant in Mid-Finland. The highest-
yielding spring annuals were easy to control
with herbicides, with the exception of the
Polygonum species, which have to be fought
with special preparations, usually mixtures of
herbicides.

The winter annuals with the highest yields,
and their proportion of the aerial weed yield,
were:

Species Yield Proportion of Proportion of
kg/ha weed yield, % phanerogamic
yield, %
Tripleurospermum
modorum 115,54 19,4 1,8
Viola arvensis 25,32 3,2 0,3
Matricaria recutita 16,15 2,0 0,2
Myosotis arvensis 13,06 1,6 0,2
Centaurea cyanus 11,36 1,4 0,1
Stellaria media 9,99 1,2 0,1
Lapsana communis 8,65 1,1 0,1

With the exception of C. cyanus, these spe-
cies were resistant or moderately resistant to
MCPA, which had been the most frequently
used herbicide for spring cereals in Finland, and
had sometimes also been used in winter cereal
fields. Consequently, these species had in-
creased during the period when herbicides were
first used in winter cereal fields. Later on far-
mers had generally shifted to other herbicides
and mixtures. T. inodorum is considered the
most harmful winter annual; in fact, weed con-
trol of winter cereal fields often concentrates
on this particular species.

C. cyanus, which used to be the characteristic
weed in winter cereal fields during its flowering
period, has not become at all as rare as is
generally believed (e.g. PESOLA 1975). The use
of herbicides, however, has reduced its growth
and flowering, with the result that it was no
longer one- of the most conspicuous weeds
during the study period. The species is,
however, gradually growing rarer.

Biennial species did not have much signifi-
cance as weeds of winter cereal fields. Few
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species and individuals were found, and even
these generally grew as winter annuals, thus
never reaching full size.

The perennial species with the highest yields,
and their proportion of the aerial weed yield,
were:

Species Yield Proportion of Proportion of

kg/ha weed yield, % phanerogamic
yield, %

Agropyron repens 93,84 11,7 1,1

Phleum pratense 85,49 10,7 1,0

Agrostis tenuis 15,29 1,9 0,2

Poa pratensis 10,14 1,3 0,1

P. trivialis 9,84 1,2 0,1

Cirsium arvense 8,53 1,1 0,1

Achillea millefolium 8,10 1,0 0,1

Equisetum arvense 8,05 1,0 0,1

In compiling this table, Agrostis spp. were
divided in proportion to the individual Agrostis
plants identified by species. A considerable
proportion of the P. pratense had been sown
among the winter cereal as a nurse crop, but
some of it consisted of unsown weeds. The
results show that the perennials with the
highest yields were grasses. This was partly
because winter cereals had often been estab-
lished after grass leys, and the ley plants had
remained in the field. Another reason was the
resistance of grasses against herbicides used to
improve crops, which resulted in their increase
in cereal fields. These weeds must be controlled
by other methods for the time being, as there is
no herbicide available at present which selects
weed grasses from winter cereal fields.

Table 5 shows the weed biomasses grouped
by region and rhythm of development. It shows
that perennials accounted for the largest
proportion of weeds throughout Finland, and
especially in Mid-Finland, where they persisted
from the leys frequent used as preceding crops
of winter cereals. Spring annuals formed the
second largest group, although their role had
diminished as a result of the large-scale
adoption of herbicides, especially in Southwest
Finland. Winter annuals, whose rhythm of
development resembles that of winter cereals,
were the third largest group in terms of



Table 5. Biomasses of weed species with different growth
rhythm, and their proportions of total biomass in the
phytogeographical zones and the whole country.

Southwest Finland Mid-Finland Overall
kg/ha % kg/ha % kg/ha %
Perennials 169 22,3 527 59,1 283 35,3

Spring annuals 259 34,2 256 28,8 260 32,5
Winter annuals 327 43,3 108 12,1 257 32,1
Biennials 1 0,2 0 0,0 1 0,1

Total 756 100,0 891 100,0 801 100,0

biomass. They were particularly abundant in
Southwest Finland, where they had taken over
growing space relinquished by other weeds, (1)
because as ley farming moved northward during
this century, the proportion of perennial weeds
diminished in Southwest Finland, and (2)

Fig. 7. Agropyron repens.

because the number of spring annuals had
diminished owing to the use of herbicides. This
led to an increase in the proportion — and,
obviously, the yields — of winter annual weeds
which are resistant or moderately resistant to
the previously most commonly used herbicides.

Distribution groups

The yields of many weed species showed
regional variation (Figs. 5—88). This variation
was similar for many species; thus, on the basis
of weed distribution and yield, the following
eight distribution groups can be distinguished:

Fig. 8. Agrostis spp.
1
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Fig. 13. Anthemis tinctoria. Fig. 14. Atriplex patula.



.

A

0 Ay e A

e g

O S NS

HES, m%“;f
w. }‘ =

B

S
LTS

Fig. 19. Capsella bursa-pastoris. Fig. 20. Carex spp.
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Fig. 25. Chenopodium polyspermum.

Fig. 26. Cirsium arvense.
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Fig. 31. Equisetum silvaticum.

Fig. 32. Erysimum cheiranthoides.
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Fig. 37. Galeopsis speciosa.
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Fig. 43. Lamium hybridum.

Fig. 44. Lamium purpureum.
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Fig. 48. Linaria vulgaris.

Fig. 49. Matricaria matricariotdes.
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Fig. 50. Myosotis arvensis.




Fig. 55. Poa pratensis s. lat.
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Fig. 56. Poa trivialis.
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Fig. 61. Prunella vulgaris. Fig. 62. Ranunculus acris s. lat.
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Fig. 67. Rumex longifolius.

Fig. 68. Sagina procumbens.
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Fig. 73. Stachys palustris. Fig. 74. Stellaria graminea.
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Fig. 79. Trifolium repens. Fig. 80. Triplenrospermum inodorum.
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Fig. 85. Vicia cracca. Fig. 86. Vicia birsuta.



Fig. 87. Viola arvensis.

1. Species of Varsinais-Suomi. The
yields of the species of this group were highest
in biological province V (the borders and
abbreviations of the biological provinces of
Finland are listed in HEIKINHEIMO and RAA-
TIKAINEN 1981) and the bordering areas of
provinces U, EH and St. Species of this group
were: Anthemis tinctoria, Atriplex patula, Bar-
barea wvulgaris, Chenopodium polyspermum,
Equisetum palustre, Fumaria officinalis, Galeop-
sis tetrabit, Galium wvaillantii, Lamium bybri-
dum, L. purpurewm, Linaria vulgaris, Secale
cereale and Sonchus arvensis.

Many of the species found in Varsinais-
Suomi grow commonly in old fields, have fairly
eutrophic growth requirements, and respond to
the ecological conditions set up for annual
crops and herbicide treatment quite well. Some
of these species, such as Anthemis tinctoria and
Barbarea wvulgaris, in the
beginning and in the middle years of the
present century, but were on the decrease
during the study period, only growing in the
central parts of their former optimum area.

2. Species of Southwest Finland.
The species of this group produced the highest
yields in provinces V, U, EK, St and EH.
Representative members included Centanrea
cyanus, Chenopodinm album, Galeopsis speciosa,

were abundant

4 408500262T

Fig. 88. Viola palustris.

Polygonum aviculare, P. convolvulus, Stellaria
media, Triplenrospermum inodorum and Viola
arvensis.

The members of this group were typical
spring annual or winter annual weeds, most of
which are at least fairly resistant to several
herbicides.

3. Species of South Finland, which
produce the highest yields in provinces St—ES,
PH and PS, and low ones in provinces V—EK.
This group included: Betula spp. (especially B.
pubescens), Lapsana communis, Myosorus mini-
mus, Polygonum bydropiper, Raphanus raphba-
nistrum, Sagina procumbens, Sclerantbus an-
nuus, Urtica dioeca and Veronica agrestis.

These are species of old cultivated areas,
which no longer thrived, however, in the most
intensively cultivated fields of southwestern
and southern Finland, with the exception of
Lapsana communis, which has a fairly high
resistance to many herbicides.

4. Species of Mid-Finland, which are
most productive in provinces ES—KP. The
species of this group were Achillea millefolium,
A. ptarmica, Agropyron repens, Agrostis spp.
(especially A. tenuis), Alopecurns geniculatus,
Bromus secalinus, Deschampsia caespitosa, Festu-
ca rubra, Galeopsis bifida, Leontodon antumna-
lis, Phleum pratense, Poa pratensis, Ranunculus
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repens, Rumex acetosa, R. acetosella, Spergula
arvensis, Thlaspi arvense and Viola palustris.
The species of this group are generally either
-resistant (Achillea millefolium, A. ptarmica and
Agropyron repens) or moderately resistant to
ploughing (Agrostis tenuis, Deschampsia caespi-
tosa, Leontodon auntumnalis, Phleum pratense,
Poa pratensis, Ranunculus repens, Rumex acetosa
and R. acetosella). These species are character-
ized by modest habitat requirements and
abundance in coarse mineral or organic soil. B.
secalinus 1s a species of old cereal cultures,
which will continue to thrive for a while on

farms wusing traditional regional farming
methods.
5. Species of Ostrobothnia, which

produced the highest yields in provinces St, EP
and KP. This group included the following
species: Alopecurus aequalis, Bidens tripartita,
Chamaenerion angunstifolium, Gnapbalium uli-
ginosum, Juncus bufonius and Polygonum la-
pathifolium.

These western species are typically annual,
and favour moist, mineral soils or organic soil.
The perennial C. angustifolium is abundant in
young, oligotrophic, extensively cultivated
tields.

6. Species of the Finnish Lakeland,
which were most abundant in provinces EH,
ES, PH, PS and possibly PK, where no data
was collected. Species of this group included
Alchemilla spp., Festuca pratensis, Prunella
vulgaris, Ranunculus acris and Veronica cha-
maedrys.

These species are perennials and grow in
moraine soils, old leys and meadows. F.
pratensis is also cultivated in pastures and leys.

7. Northern species, which were most
abundant in the northern parts of provinces
PS—KP. The material included very few of
these species, principally Carex spp. (especially
C. canescens), Poa annua and, possibly, Des-
champsia caespitosa which, however, was classi-
fied as a species of Mid-Finland on the basis of

the present survey.
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The northern species seem to grow in moist
soil and have varying degrees of competi-
tiveness.

8. Species distributed more or less evenly
throughout the area in which winter cereal
crops were cultivated. Members of this group
included Cirsium arvense, Equisetum arvense,
Erysimum cheiranthoides, Myosotis arvensis and
Taraxacum spp.

These are all common species, and are
particularly abundant in annual crops. The total
yield of these species is also higher than average
in leys (cf. M. RAATIKAINEN and T. RAATI-
KAINEN 1975). Their requirements were fairly
flexible, but dryish mineral soil seemed to be
their optimum habitat.

Regional division

Weed species can be grouped and regional
divisions made on the basis of the distribution
of the species. In a limited area, such as the
overall area of the present surviey, the distribu-
tion limits of species cannot be used as a basis
for zonal division; the abundance of the species
— based on yield, for instance — is the
criterion to apply. We have used species yield
maps (Figs. 5—88) as our materia. A synthetic

_ Southwests
ﬁ%gﬁg Finland §er¥t
MRS A

Fig. 89. Phytogeographical division made on the basis of
weeds in winter cereal fields.



map was prepared by drawing the borders of
regions through those locations in which the
abundance and range limits of the greatest
number of species fell. The following regions
were obtained (Fig. 89):

1. Southwest Finland. This region is
characterized by the species of Southwest
Finland specified in page 25 and also to some
extent by the species of Varsinais-Suomi (V).
Other species which marked off this region
from others were those of Mid-Finland, to
some extent also Ostrobothnia and the Finnish
Lakeland. The southwesternmost part of the
region had a number of species which can be
said to be characteristic of a separate region or
sub-region. On the basis of these species,
typical of Varsinais-Suomi, on might distin-
guish a separate Varsinais-Suomi region. The

material of the present survey was, however,
too restricted to accommodate this distinction.

2. Mid-Finland. This region contains the
extensive flora typical of Mid-Finland and, to
some extent, the species of Ostrobothnia and
the Finnish Lakeland. The differential species
are the large group of species of Southwest_
Finland and the somewhat smaller one of
Varsinais-Suomi.

This region seems to contain two sub-
regions. The Ostrobothnian region is charac-
terized by its own small group of typical
species. The main differential species are those
of the Finnish Lakeland and South Finland.
The other sub-region, the Finnish Lakeland, is
characterized by its own small group of typical
species, while the main differential group
consists of the Ostrobothnian species.

DISCUSSION

The method adopted for this study proved
adequate, though it involved considerable
travel and work expenses. The subsample areas
were selected before herbicide spraying, while
the plant stand was low, then covered with
plastic during the spraying, and the weeds were
gathered in late summer when harvesting
started. This method can be recommended es-
pecially for local surveys. However, the sub-
sample areas must be covered very carefully in
order to prevent the herbicide from penetrat-
ing beneath the plastic, and the covering must
be removed within a few hours so that the veg-
etation is not damaged by the conditions pre-
vailing under the plastic. '

The results of the survey indicated regional
differences in the number of weed species.
Similar differences have already been described
in the number of species in spring cereal fields,

leys for hay and winter cereal fields (MUKULA

et al. 1969, M. RAATIKAINEN and T. RAATI-
KAINEN 1975, M. RAATIKAINEN et al. 1978).

Similar differences have been found in the
number of insect species (M. RAATIKAINEN
and VASARAINEN 1976).

The biomass of primary producers in winter
cereal fields was somewhat lower in Finland
than e.g. in Poland (HERBICHOWA 1969, WOJ-
CIK 1973, PASTERNAK 1974) and Arizona
(BRAY et al. 1959), for which similar survey re-
sults are available. Poland and Arizona have a
longer growing season and receive more solar
energy than Finland, and, consequently, can
cultivate cereal varieties requiring a longer
growing season and producing a higher yield
than those used in Finland. Weeds accounted
for a much smaller proportion of the total crop
in Poland than in Finland. Comparing the
yields of the aerial biomass of primary
producers of winter cereal fields with the yields
of spring cereals and grass ley crops in Finland
(MUKULA 1974, M. RAATIKAINEN and T.
RAATIKAINEN 1975), it appears that spring
cereal crops amounted to 71 % and ley crops to
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only 43 % of the corresponding winter cereal
crops. Besides this, the proportion of unsown
plants in spring cereal fields and leys was higher
than in winter cereal fields: the figures were 9,3
% in winter cereal fields, 16,3 % in spring
cereal fields and 25,3 % in grass leys. Reasons
for the high yield of winter cereals include 1)
differences in the plants cultivated, 2) a longer
growing season than that of spring cereals, 3)
less favourable growing conditions for weeds
- compared to those in spring cereal fields and
leys, and 4) more widespread and more
frequently applied chemical weed control is
applied to winter cereals than either to spring
cereals or, particularly, to leys.

There are naturally great differences in the
composition of weed flora in various crops.
The proportion of winter annuals is higher in
winter cereals than in spring cereals and leys.
The proportion of spring annuals is highest in
spring cereals and the proportion of perennials
is highest in leys (cf. MUKULA et al. 1969,
MUKULA 1974, PAATELA 1953, M. RAATIKAI-
NEN and T. RAATIKAINEN 1975).

The regional division made on the basis of
the abundance of weed species found in winter
cereal fields is closely parrallel to the division
defined by KUJALA (1964) on the basis of the
plant species of Finnish woodland and peatland.
There are also obvious similarities with the
regional division of spring cereal fields on the
basis of weed flora (MUKULA et al. 1969, M.
RAATIKAINEN and PIETILAINEN 1969). Both
divisions contain a region called Southwest
Finland but, owing to deficient material, the
Finnish Archipelago was not separated from
this region in the study of weeds in winter
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cereal fields. The region of Ostrobothnia is also
largely the same in both divisions. There are
considerable differences in the Finnish Lake-
land. We previously (MUKULA et al. 1969)
divided it in the east-west direction into two
zones. The borderline for the weed flora of
winter cereal fields was not clear enough to
warrant this division. On the basis of the
species of South Finland, it would be more
appropriate to combine Southwest Finland and
the Finnish Lakeland into a zone called South
Finland, leaving Ostrobothnia as a separate
zone. This would make the division more or
less indentical with the phytogeographical divi-
sion of grasslands for hay (M. RAATIKAINEN
and T. RAATIKAINEN 1975). So little material
is available at present on the northwestern,
northern and northeastern parts of the area in
are cultivated, that
sufficient grounds for making such a division
are not yet available. If this division were to be

which winter cereals

adopted, it would conform closely to the
woodland vegetation zones proposed by KALE-
LA (1958, 1961) and the peatland vegatation
zones of RUUHIJARVI (1960) and EUROLA
(1962). Many other regional divisions show
resemblances to this, and summaries of regional
divisions have also arrived at a similar result
(AHTI et al. 1964, 1968).

The regions separated on the basis of weed
flora have arisen through a combination of
factors related to climate, soil and crop
rotation, and to agricultural and historical
factors. We have discussed these factors
previously in other contexts (M. RAATIKAIL-
NEN and PIETILAINEN 1969, M. RAATIKAINEN
and T. RAATIKAINEN 1975).
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SELOSTUS

Rikkakasvien biomassa Suomen syysviljapelloilla

M. RAATIKAINEN, T. RAATIKAINEN ja J. MUKULA

Jyviskylin yliopisto ja Maatalouden tutkimuskeskus

Tami tutkimus liittyy osana Suomessa vuosina 1961—1974
tehtyyn rikkakasvien levinneisyys- ja runsaustutkimukseen,
jonka tuloksista keskeisimmit osat on jo aikaisemmin jul-
kaistu (MUKULA ym. 1969, MUKULA 1974, M. RAATIKAINEN
ja T. RAATIKAINEN 1975, 1979, 1984, ja M. RAATIKAINEN
ym. 1979). Tissi osatutkimuksessa selvitettiin otannalla
poimitun 540 syysviljapellon maanpiillisten kasvinosien il-
makuivat biomassat lajeittain. Joka pellolta leikattiin kasvit
neljltd 0,25 mZn alalca.

Niytealoilta 18ydettiin yhteensi 173 putkilokasvilajia.
simmit lajit ja niiden yleisyysprosentit olivat kevityksivuo-
tisista Galeopsis bifida > 60, Polygonum aviculare 66, P.
convolvulus 58, Chenopodium album 57 ja Erysimum
cheiranthoides 53; syysyksivuotisista yleisimpii olivat Viola
arvensis 79, Myosotis arvensis 55, Tripleurospermum inodo-
rum 52, Stellaria media 46, Lapsana communis 39 sekd mo-
nivuotisista Phleum pratense 52, Agropyron repens 47 ja Ag-
rostis tenuis > 34.
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Syysviljapelloissa oli kasvimassaa yhteensi 8590,8 kg/ha,
josta 90,7 % syysviljoja, 1,0 % timoteita ja puna-apilaa seki
8,3 % rikkaruohoja. Satoisimmat rikkaruohot ja niiden bio-
massa (kg/ha) olivat kevityksivuotisista Galeopsis bifida
92,0, Chenopodium album 40,1, Polygonum aviculare 38,2,
Galeopsis speciosa 26,4 ja Polygonum convolvulus 18,6; syys-
yksivuotisista olivat satoisimpia Triplenrospermum inodo-
rum 155,5 kgtha, Viola arvensis 25,3, Matricaria recutita
16,2, Myosotis arvensis 13,1 ja Centaurea cyanus 11,4 seki
monivuotisista Agropyron repens 93,8, Phleum pratense
(suurin osa kylvettyd) 85,5, Agrostis tenuis 15,3, Poa praten-
sis 10,1, P. trivialis 9,8 ja Cirsium arvense 8,5.

Rikkakasvien levinneisyyden ja satoerojen perusteella la-
kasvilajien runsauskarttojen perusteella Lounais-Suomen ja
Vili-Suomen alueisiin.
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MANNER, R. 1983. Nordic co-operation in the field of plant
breeding. Acta Agr. Scand. 23: 9—10.

— 1983. The co-operative Nordic project on grass breeding
for northern areas. Acta Agr. Scand. 23: 116—121.

— Vixtféradlingen och dess uppgifter. Skuffeli. Utgiven av
drskurs IL p. 23—25.

— Odqing och marknadsféring av irter och annan trindsid
i Finland. NJF-Utredning/Rapport 15. p. 1. Nord.
Jordbr. forskn. 66, 4: 436.

PUURUNEN, T. Jokioisten Arra-ohra — Lajikeuutuus poh-

joisille viljanviljelyalueille. Koivikon maatalousopiston
kurssijulkaisu. p. 18—19.

RAVANTTL, S. Terhi-punanata. Maatalouden tutkimuskes-
kus, Tiedote 12/84. 37 p.

— Jockis nya vallvixtsorter: Kalevi-ingssvingel, Haka-
hundixing och Riikka-engelskt rajgris. LOA 65, 3:
140—141.

— Uusin kotimainen punanatajaloste Terhi sopii nurmi-
koiden yleislajikkeeksi. Koetoim. ja kiyt. 41: 54,

— Jokioisten Terhi-punanata siementuotantokyvyltdin hy-
vi nurmikoiden yleislajike. Kylvésiemen 23, 6: 37—38.

SAASTAMOINEN, M. Simodling av irter med havre till
mogen skdrd. NJF-utredning/Rapport 15. p. (16) 1—14.
Nord. Jordbr. forskn. 66, 4: 451.

Kasvinviljelyosasto,
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Bromqvist, H.,, HYNNINEN, E., PAHKALA, K. & VANHA-
NEN, R. Torjunta-aineita koskevat miiriykset ja
torjunta-aineiden tarkastus. Maatilahallitus. Torjunta-
ainetoimisto p. 31.

CARMEN, M. 1. Acclimatization of Quinoa (Chenopodium
quinoa, Willd) and Canibua (Chenopodium pallidicanle,
Aellen) to Finland. Ann. Agric. Fenn. 23: 135—144.

ErviO, L-R. Kylvstiheyden merkitys kevitviljojen rikka-
kasvien torjunnassa. Kasvinsuoj.seur. 19. Rikkakasvi-
piivi. p. 34—37. Kasvinsuojelulehti 17: 34—37.

— Inverkan av frost och herbicidbehandling p korn. NJF
seminarium 58. Klimafaktorers inverkan pi herbici-
dernas effekt. p. (10) 1—6.

— Kylvotiheys rikkakasvien torjuntakeinona. Kiytinnén
Maamies 33, 4: 14—16.

— Halla, riskitekiji kevitviljojen rikkakasviruiskutuksissa?
Kiytinnon Maamies 33, 5: 18—19.
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— Viljojen rikkakasviruiskutukset ja sid 1984. Koetoim. ja
kiyt. 41: 58.

— Mitd torjunta-aineiden vaihtoehtoja kannattaa tutkia?
Rikkakasvien torjunta. Luonnonmukainen viljely ja
luonnonmukaiset tuotteet. Suomen Akat. Julk. 4/1984:
69—71.

— Forekomsten av grisogris pi odlingarna. Nord. Jordbr.
forskn. 66, 2: 161.

JunnNiILa, S. Rikkakasvien ja herbisidien vaikutus kasvijir-
jestykseen. Kasvinsuoj.seur. 19. Rikkakasvipiivi p.
A36—A43.

— Bekimpning av kvickrot och froogris i drter. NJF-
Utredning/Rapport 15. p. (29) 1—5. Nord. Jordbr.
forskn. 66: 466.

— Rikkakasvien torjunta perunaviljelyksilli. Koetoim. ja
kiyt. 41: 17.

— Markmiljons inflytande pi effekten av kemiska ogris-
medel. Femte nordiska forskarutbildnings- och fort-
bildningskursen i vixtodling: Ogris och ogrisbekimp-
ning. Uppsala 5.—9. mars 1984. 14 p.

— Ympiristdtekijoiden vaikutus herbisidien kidyttdytymi-
seen maassa. Kirjallisuustutkimus. Maatalouden tutki-
muskeskus, Tiedote 16/84. 19 p.

KONTTURL M. & RANTANEN, O. Hernelajikkeet. Koetoim.
ja kiyt. 41: 9.

MukuLA4, J. Rikkakasvien torjunnan taloudellinen kannat-
tavuus Kasvinsuoj.seur. 19. Rikkakasvipiivi. p. Al—
A4.

— Viljan keskisatojen kehitys ja satovaihtelut. Suom.
Maatal.tiet. Seur. Tiedote 5: 4—11.

— Herbisidien vaikutusmekanismi. Kasvinsuojelukurssi, p.
72—89. Ammattikasvatushallitus, Helsinki.

— Saksilla vai puukolla. Kasvinsuojelulehti 17: 52.

— Historical changes-in grain yield levels in Finland from
1810 to 1983. A Task Force Meeting on Assessment of
Climate Impacts on Agriculture in Cold Areas, JIASA,
Laxenburg, Austria, 2.—6. April 1984. p. 1—21.

— Peltokasvien viljelyvydhykkeet. Maatal.hall. Aikak.
4/1984: 1—7. '

— Spannmilens odlingssikerhet och skdrdevariationer 1
Finland. Nord. Cer. Kongr. Abo, 10.—12.10.1984.
Mimeogr. .

MUSTONEN, L. Perunat (Solanum tuberosum). Avomaan vi-
hanneslajikkeet. Tieto Tuottamaan 29: 28—32.

— Kylvdmidrd ja lajikevalinta. Talonpojan taskukirja.
Kirjayhtymi 1984. p. 222—228.

— Varhaisin peruna muovin alta. Pellervo 86, 8: 22—24.

— Ruokaperunalajikkeet. Hyvid Perunaa. Maatalouskes-
kusten Liitto. Kasvintuotanto 3. p. 12—16.



— , Purry S., RANTANEN, O. & KoNTTUR!, M. Tirkeim-
mit peltokasvilajikkeet. Maatalouskalenteri 1985: 170—
174.

— , PurLl, S., RANTANEN, O. & KONTTURI, M. Sortbe-
skrivning. Lantbrukskalender 1985: 74—85.

— , Purwy, S., RANTANEN, O. & KoNTTUR], M. Uuden-
tyyppinen lajikearvostelu.
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niittynurmikan siemenviljelyssi. Koetoim. ja kiyt. 41: 3.

— The problems of chemical weed control in fields where
seed for sowing is produced. Femte Nordiska forskarut-
bildnings- och fortbildningskursen i vixtodling: Ogris
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— & JARrvl, A. Typpilannoituksen ajoitus ja voimakkuus
timotein ja nurminadan siemennurmella. Suom. Maatal.
tiet. Seur. Tied. 5: 194.

PAHKALA, K. Kaupan olevat puutarhaviljelysten rikkakasvi-
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19. Rikkakasvipiivi. p. B22—B25.

— Avomaan vihannesviljelysten rikkakasvilajit. Kasvin-
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Puutarhakalenteri 1985, 44: 356—361.

— Sinappi — vaihtoehto 8ljykasvien viljelyssi. Koetoim.
ja kdyt. 41: 51,

PuLLl, S. Suorakylvén kiyredmahdollisuudet. Koetoim. ja
kiyt. 41: 24.

— Talvehtimisolojen vaikutus syysviljojen satovaihtelui-
hin. Suomen Maatal.tiet. Seur. Tied. 5: 45—52.

— Nurmen kasvu ja siitekijit. Nurmen viljelytekniikka.
Tieto Tuottamaan 31: 14—21.

= XKasvilajit ja lajikkeet. Nurmen viljelytekniikka. Tieto
Tuottamaan 31: 26—38.

— Nurmien talvehtiminen. Nurmen viljelytekniikka. Tie-
to Tuottamaan 31: 96—104.

— Sorasalaojitusta tutkitaan. Eteli-Pohjanmaan Maata-
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rannussanomat 1984: 7.

— Naapuriapua nurmikasvien siemenviljelyssi. Kiytinnén

Maamies 33, 4: 34—36.

— Syysviljojen ja nurmien talvehtimisvauriot ja niistid
selviytyminen. Hankkijan Saroilta 5: 58—59.

— Adaptation and persistance of red clover on Finnish
Farms. The Impact of Climate on Grass Production and
Quality. Proc. 10th Gen. Meet. Eur. Grassl: Fed. As
— Norway 26.—30. June 1984. p. 297—301.

RANTANEN, O. & XKONTTURI, M. Kevitviljalajikkeet.
Koetoim. ja kidyt. 41: 5.
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41: 8

— & KONTTURL M. Crop certainty and yield variations in
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rapsin viljely. Tieto tuottamaan 32: 6—10.
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Forskning for framdc 11: 16—18.

Kasvitautiosasto, Jokioinen

Department of Plant Pathology, Jokioinen

Hotro, J. Oljykasvien tautitilanne. Kasvinsuoj.seur. 5.
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Raision Tehtaat. p. 13—14.

— Tautiongelmia 8ljykasvipelloilla. Koetoim. ja kiyt. 41:
31.
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83.
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29.

MAKELA, K. Marjakasvien tauteja. Taudinaiheuttajat ja
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Marjakasvien tauteja. Marjapensaitten talvivauriot. Puu-
tarha 87: 81.

Marjakasvien tauteja. Mansikan juurilaho. Puutarha 87:
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Marjakasvien tauteja. Halla marjasatojen alentajana.
Puutarha 87: 226—227.
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Perunan taudit ja viat. Hyvid perunaa. Kasvintuotanto
3:10—12.
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— Perunan tyvimiti ja mukuloiden mirkimiti. Koetoim.
ja kdyt. 41: 19.

— Perunarupi ja sen torjunta. Koetoim. ja kiyt. 41: 20.
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tuminen sipuliin kasvukaudella ja sadonkorjuun aikana.
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Suomessa. Kasvinsuojelulehti 17: 5—8.

— & LAHDENPERA, M-L. Kaalin taimipoltteen biologinen
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Proc. and Abstr.: 299—300.

— Apparent and true digestibility of protein and availability
of amino acids in some dry protein ingredients. 3rd Int.
Scient. Congr. in Fur Anim. Prod. p. 22.
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