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ANNALES AGRICULTURAE FENNIAE, VOL. 17:109—114 (1978)

Seria ANIMALIA DOMESTICA N. 46 — Sarja KOTIELAIMET n:o 46

FEEDING VALUE OF GRASS MOLASSES PELLETS AND THEIR
INFLUENCE ON THE FAECAL MICROBIOTA OF HORSES

TERTTU PELTONEN, VaArpu Kossiva, Lirsa SyrjALA and IrmMA IMMONEN

PeLToNEN, T., KossiLa, V., Syrjiri, L. & ImmoxEeN, 1. 1978. Feeding value
of grass molasses pellets and their influence on the faecal microbjota of
horses. Ann. Agric. Fenn, 17: 109—114. (The State Horse Breeding Establishment,
SF-32100 Ypijd, Finland.) '

The feeding value of 10 %, grass molasses pellets was studied in 16 Finn-horses.
These were divided into two groups of 8: one experimental and one control
group. The animals were fed on Timothy hay and oats; either with (experimental
group) or without (control group) grass molasses pellets. The feeding trial was
conducted for 4 months.

Qualitative and quantitative investigations were carried out on the faecal
ciliate fauna and quantitative investigations on the faecal bacterial flora of the
horses. The average number of bacterial cells was 52,69 X 10° per ml. in the
experimental group and 50,03 X 10° per ml, in the control group. The average
number of ciliate cells was 425 900 and 272 300 per ml. respectively. The differences
in the numbers of mictrobes between the two groups were not statistically significant.
The high differences in microbial numbers between individual animals were

caused by other factors, and not feeding.
Grass molasses pellets were found to be a suitable feed for horses. The nutritive
value of the pellets was higher than that of Timothy hay. Hay can be partly replaced

by pellets in hotse rations.

Index words: equine, faecal microbiota, grass molasses pellets.

INTRODUCTION

Hay is an essential ingredient in a horse’s diet.
As roughage, it functions as a structure and
filling material in horse feeding and it is an
important soutce of Calcium and such pro-
vitamins as carotene. Hay contains vatiable
amounts of protein, depending on the plant
species and the harvesting time. Hay furnishes
energy for bacteria and ciliates in the caecum
and colon of horses.
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Soil, plant species and hatvest conditions have
a considerable effect on the quality of hay. Poor
quality hay causes disturbances in health and
reduction in performance of the horse. In this
feeding ttial, the suitability of grass molasses
pellets in horse-feeding and the possibility of
theit substitution for hay was studied.
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MATERIAL AND METHODS

Grass was cut from the field and machine-
pressed, with addition of 10 9, molasses, into
20 mm diameter pellets. These pellets were tested
on 16 adult Finn-horses, of which 8 belonged to
the experimental group and 8 to the control
group. Each group was composed of 3 stallions
and 5 mares.

The horses were fed three times daily with hay
and oats, in amounts determined by the degree
of training. In the experimental group, part of
the hay replaced by pellets, with each hotse re-
ceiving 4 kg pellets/day. About 50—80 g Cal-
cium-rich mineral and 200 g wheat bran was
given to each horse daily. The experiment was
carried out over a period of 4 months and was

divided into 4 four-week feeding periods.
The horses were exercised for 1 15 hours/day,
four or five times a week. The live weight of

‘the horses was checked to show wheather or not

the energy intake was sufficient.

During each feeding period, faecal samples
were collected from the rectum. 5 g of the rectal
contents were measured and transferred to a
glass bottle containing 45 ml of 4 %, formal-
dehyde. The bacterial cells were counted with
the aid of a microscope. The counting methods
are described by WesTERLING (1970) and Syr-
JALA at al. (1973).

Feeds were analysed using Official Stand-
ardised Analytical Methods.

RESULTS

The composition of the pellets and other feeding
materials used are given in Table 1. Pellets
contained more protein, fat and NFE but less
crude fibre than hay. At times the quality of the
hay was not the best because of dust and mould.

In the experimental group, 33 9, of the total
enetgy was derived from the pellets, 21 9, from
hay and 46 9, from oats. In the control group,
50 9%, of the total energy intake was furnished
by hay and 50 9, by oats. About 39 9, of the
total, daily, dry matter intake of the experimental
horses was obtained from the pellets. Live
weight, daily feed and nutrient intake of the
horses are given in Table 2. The greater energy
and protein consumption in the experimental
horses was due to their receiving more exercise
than the control horses.

The average numbers of microbe cells are
given in Table 3. There were large differences
in the numbers of microbes between individual
horses, but differences between groups were not
statistically significant.

Some genera of ciliates were identified (HstunG
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1930). The most common ciliates were Blepha-
rocorys, Bundleia and Triadinium. Some identified
genera are shown in Figs. 1—11.

Table 1. Average composition and feeding values of the
feeds used in the trial

THE:;,hY milr:sssscs Qats
pellets 1)

Dry matter, % .... 87,04 90,26 86,43

In dry matter, %:
Ash ............ 6,10 7,57 3,18
Organic matter .. 93,89 92,42 96,81
Crude protein ... 7,45 10,08 13,17
» fat ....... 1,68 2,47 5,82
» fibre ...... 32,62 26,34 9,84

»  carbo-

hydrate 84,76 79,87 77,82
NFE ........... 52,14 53,52 67,97
Mcalkg .......... 1,79 1,81 2,58
fulkg ...l 0,47 0,58 0,91
kg dry matter/fu 1,85 1,56 0,94
DCP glkg ........ 35,67 53,67 88,77
» 5 % e 3,56 5,36 8,87

1) Pellets manufactured by Naantalin Juurikassokeri Oy
NEE = nitrogen free extract

fu = feed unit (1 fu = 0,7 starch unit)

DCP = digestible crude protein



111



*

Fig. 1—11. Some genera of ciliate identified from the rectal contents of the horse. 1. Blepharoprosthium 400x.
2. Blepharocorys 400x. 3. Cycloposthium 200x. 4. Tetratoxum 310x. 5. Bundleia 400x. 6. Triadinium 670x. 7. Parais-
otricha 630x. 8. Polymorpha 670x. 9. Tripalmaria 400x. 10. Spirodinium 470x. 11. Allantosoma 650x.

Table 2. Live weight; daily feed and nutrient intakes of horses during 4 feeding periods )

1) Each period was 28 days except period 1, which was 37 days.
A = experimental group, B = control group.

Period 1 Period 2 1 Period 3 Period 4
A B A B ! A B A B
B |

Live weight, kg ...... 529 512 521 505 524 502 524 503
Timothy hay, » ...... 29 6,4 29 6,4 29 6,3 29 6,3
Pellets, Do 3,4 — 4,0 - 3,9 — 38 —
QOats, P 3,0 3,6 33 3,0 3.5 27 3,4 3,0
Dry matter, » ...... 8,3 8,8 9,0 8,2 9,1 8,0 8,9 8,3
Fibre, P o 1,9 21 2,0 2,0 2,1 2,1 2,0 21
Mcal ...ccvevvencenns 19,4 21,0 21,1 19,5 21.1 18,8 20,8 19,6
I ——— 6.2 6.4 6.7 5.9 6.8 5.6 6.6 5.9

DCR g v soviionmn 537 546 638 521 621 497 602 506

Table 3. Average changes in faecal dry matter and number of bacteria and ciliates in experimental and control
groups during 4 feeding periods

Dry matter, % Bacterial cells, n x 10%/ml Ciliate cells, n x 103/ml
Experim, Control Experimental Control Experimental Control
b3 s X s : - s X s

At the beginning

of the trial ... 23,46 22,53 51,17 | 15,75 | 51,93 | 12,99 | 544,05 | 837,96 | 422,80 | 379,87
Pedod 1 ;.00 24,00 2291 64,71 20,29 56,36 5,78 | 376,38 | 756,12 | 147,65 | 249,14
Pertod 2 .oy 21,33 20,52 52,17 9,16 56,27 17,67 | 658,48 | 682,38 | 429,91 | 513,08
Period 3 .avsisa 23,41 22,77 43,78 4,92 39,22 10,07 | 299,52 | 500,01 | 115,55 | 118,54
Period 4 ....... 23,08 21,82 52,93 10,30 | 47,26 7,78 | 279,57 | 375,05 | 183,84 | 332,62

n = number of bacterial or ciliate cells.

X = mean

s = standard deviation
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DISCUSSION

Grass molasses pellets were palatable, and most
horses preferred them to hay. Pellets caused no
health disturbances or reduction in the per-
formance of the horses.

Pelleted rations have the following advantages
according to orr (1973)

— more consistent balance of nutrients

— less feed wastage

— greater nutritive value when fed ad /ibitum

— less dust

— reduction in storage-space requirements

— reduction in gut fill (hay belly)

— less labour in handling feed

Some disadvantages ate also apparent

— increased incidence of wood chewing
— reluctance of some horses to eat pellets

It has been noted that the chopping or grind-
ing of hay for horses does not improve its
nutritive value, if the hay is of good quality.
Pelleting of hay appears to improve its nutritive
value, and to increase the rate of energy con-
sumption. Grass can also be pelleted and used
effectively (Ort, 1973). Pelleting roughage has
reduced the digestibility of fibre in horses
(MEeYER et al. 1974). Hinrz’s et al. (1966) and
ErrkssoN’s (1973) investigations failed to reveal
any significant effects of pelleting hay on the
digestibility of crude fibre. The rate of passage
of oat pellets through the digestive tract was

similar to that of long hay in the study by
Kossmua and Lyune (1976).

Microbial population and activity in diges-
tive tract of the horse can be influenced by many
factors. The microbial population is affected by
gross composition, by trace element content and
by other minor constituents of the feed, as well
as by the feed’s physical state. For instance, it
has been suggested that finely-ground feed-
particles may cause the intestinal feed-turnover
rate to become faster than the division rate of
the larger ciliates, resulting in the disappearance
of the ciliates (Hosson 1969). Kern et al. (1973)
found that diet affected the proportion of proto-
zoal types: with oats, Blepharocorys uncinata
increased in number (P < 0,01), and when
Timothy hay (with or without oats) was fed, the
Cycloposthinm  bipalmatum population increased
(P < 0,05). No differences (P > 0,05) in the
total protozoa/ml ingesta were found, but an in-
crease (P < 0,05) in the total and viable bacteria/
ml ingesta occurred when oats were fed to ponies.

Grass molasses pellets were found to be suit-
able feed for horses, and they had neither harmful
effects on the digestive functions, nor caused
reductions in physical performance of the horses.
The nutritive value of the pellets was higher
than that of Timothy hay and, thus, it can be
concluded that part of the hay in the diet of
horses can be replaced by grass pellets.
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SELOSTUS

Melassoitu ruohokopsi hevosten ruokinnassa ja sen vaikutus

hevosen fekaaliseen mikrobistoon

T. PeLTONEN, V. KossiLa, L. Syrjivi ja I. IMMONEN

Valtion hevosjalostuslaitos, Maatalouden tutkimuskeskus ja Helsingin yliopisto

Melassoidun ruohokopsin soveltuvuutta hevosten ruo-
kintaan tutkittiin 16 suomenhevosella. Niistdi 8 kuului
koeryhmiin ja 8 vertailuryhmiin., Rehuina kiytettiin
timoteiheindd ja kauraa molemmille ryhmille sekid koe-
ryhmille lisiksi kopseja (4 kg/pv). Kokeen kestoaika oli
4 kuukautta.

Hevosten sonnan mikrobimiirit laskettiin. Bakteerien
keskimidrdinen lukumiirid oli 52,69 x 10%/ml koeryh-
milld ja 50,03 X 10%/ml vertailuryhmilld, kun taas keski-
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midrdiset alkueldinmiirit olivat vastaavasti 425 900/ml
ja 272 300/ml.

Ryhmien viliset erot eivit olleet tilastollisesti merkit-
sevid. Suuret yksillliset erot mikrobimiirissi johtuivat
muista syistd kuin ruokinnasta.

Melassoidun ruohokopsin todettiin soveltuvan hevos-
ten ruokintaan. Kopsien ravintoarvo oli suurempi kuin
timoteiheindn ravintoarvo ja heinii voidaan hyvin kot-
vata kopsilla.
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WEED SPECIES, FREQUENCIES AND DENSITIES IN WINTER CEREALS IN FINLAND

Mikko RAATIKAINEN, TERTTU RAATIKAINEN and Jaaxko MURULA

RAATIKAINEN, M., RAATIRKAINEN, T. & Muxkura, J. 1979. Weed species, fre-
quencies and densities in winter cereals in Finland. Ann. Agric. Fenn. 17:
115—142. (Univ. Jyviskyld, Dept. Biol. SF-40100 Jyviskyla 10, Finland.)

The survey looks at the weed flora occurring in winter cereal cultivations in the
whole of Finland. A sample area covering method, where the plant stand was
protected for the duration of treatment with herbicide, was developed for the
survey in order to study the weed situation when no herbicide had been sprayed.

The number of taxa found in the fields was 190. ‘The most common species
and their frequencies were, for the spring annuals, Chenopodiunt album 89, Galeopsis
spp. 88, Erysimum cheiranthoides 16, Polygonum avicnlare 16 and P. comvolvnlus 63;
for the winter annuals, Viola arvensis 89, Matricaria spp. 83, Stellaria media 73,
Mpyosotis arvensis 69 and Lapsana commmunis 53; and for the perennials, Egquisetum
arvense 51, Ranunculus repens 51 and Taraxacam spp. 50.

Winter cereals were found to harbout, on average, 256 weed plants or shoots
/sq. metre. The most densely growing taxa and their densities (plants/m?) were
found, among the spring annuals Galeopsis spp. 36, Chenopodiunt album 21, Erysimum
cheiranthoides 12 and Polygonum aviculare 9; among the winter annuals Viola arvensis
28, Matricaria spp. 14, Stellaria media 12, Myosotis arvensis T and Lapsana communis
6; and among the perennials (shoots/m?) Agrostis spp. 10, Agropyron repens 10,
Poa pratensis 1, Phleum pratense 7T and Ramunculus repens 7.

On the basis of the occurrence and density of weed species the winter cereal
cultivation area was divided into two phyto-geogtaphical sections. The discussion
examines the temperature and oceanic-continental factors, as well as soil and
cultural factors which influenced delineation of the sections.

Index words: weed flora, weed disttibution, winter cereals.

1. INTRODUCTION

Winter rye was the most common type of
cereal grown in Finland during the 19th century,
but at the turn of the century, spring-sown oats
took over as the most common Finnish cereal.
In the late 19th century the area under wheat
was about a tenth of that under rye. Over half
of this was accounted for by winter wheat. In
the 20th century the area under winter rye de-
clined further while that under winter wheat in-
creased. This trend was still highly apparent in

1950—1975 (Mukura and RaNTANEN 1976,
Muxkura et al. 1976).

Dutring the period when this study was con-
ducted, in 1972—1974, the area under winter
tye was, on average, 61 500 hectares and that
under winter wheat 52 000 hectares. The overall
area under winter cereals came to 4,3 %, of the
area under cultivation in Finland and 9,0 9, of
that under cereals.
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Weeds in winter cereals attracted attention
from a very early point, and numerous reports,
especially on thistles, were recorded in the 19th
century. Occasional information of this kind on
the occurrence of various species among winter
cereals is to be found in e.g. flora, local flora,
weed control manuals and popular articles.

More extensive information on the weed seeds
spread with winter cereals is available from, for
example, reports by the State Seed Control In-
stitute and the Hrrr1 (1961) study. On the other
hand,’ there are very few latge-scale reports on
weeds in winter cereal as such. LiNgora (1921)
describes the weed vegetation of eight burnt-
over clearings sown with rye in Ladoga Karelia
and Nozth Karelia; PEsora (1952) the vegetation
of one rye field in Kuusamo and one in Salla;
Borg (1964) the weed flota of two rye fields in
the rural districts of Helsinki; Poranen (1973)
the vegetation of 13 rye fields in the rural
districts of Kuopio and Siilinjdrvi; and Kauna-
NEN (1975) the weed vegetation of 19 rye fields
in the Tisalmi region.

At the outset of the present survey in 1969,
data on the weeds of only three rye fields had
been published in Finland. The preliminaty
study of the present survey provided the prin-
cipal data on 136 winter cereal weeds and
these wete utilized by T. Raarikamnen (1970)
when she prepared the first regional survey of
Finnish winter cereal weeds.

The present survey on weeds in winter cereal

2. SURVEY AREAS
2.1 Preliminary study

Because weeds in winter cereals had not been
studied before and many of the fields were
treated with hetbicides, we found ourselves
initially in a situation in which new survey
methods and approaches had to be developed
and adopted. To test these, a varied and flexible
preliminary study was arranged, in which details
of the questionnaire, interview and the empirical
surveys wete worked out and adjusted. In addi-
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fields is the third of the projects on weed ranges
conducted by the Institute of Plant Husbandry
of the Agricultural Research Ceatre. The other
projects in the series and their field work stages
are: 1) Weeds in spring cereals and their abun-
This was carried out in 1961—1965
(Mukura et al. 1969, PaaTera and Ervié 1971,
Muxkura 1974). 2) The yield of grassland for
hay, flora composition and changes in it. The
field work was done in 1966—68 (M. RaArti-
KAINEN and T. RaaTikAINEN 1975). The third
project, now being published, deals with weeds
in winter cereals and their abundance. The field
work was done in 1969 and 1972—74 and the
results are being published in several articles,
this being the first.

The main aim of the project on weeds in

dance.

winter cereals was to analyze:

1) weed flota and frequency of species,
 2) plant density of annuals and biennials and

shoot density of perennials, no./m?,

3) biomass of weed species, g/m?, and

4) changes in biomass caused by weed control

practices. ‘

This first article provides general accounts of
1) and 2). Later publications will deal with these
subjects by winter cereal species. Some advance
data have already been published on the projects
being dealt with (T. Raatikamex 1970, M.
RaatikamNeN, T. RAATIKAINEN and TINNILA
1971 a, 1971 b, M. RaATirkAINEN 1974, 1976,
1978 a).

AND METHODS

tion to the present authors, two other people who
had taken part in the field survey took part in
this preliminary study (see section 2.2.1). The
preliminary study was made in the parishes of
Paimio and Laihia in 1969 (Fig. 3). 43 winter
cereal fields were studied in both parishes. In
Paimio, (P) there were 41 fields under winter wheat
and in Laibia (L) 10. The rest were under winter
rye. Winter batrley is not grown in Finland. In
addition, a total of 50 winter cereal fields were
studied in several parishes in the Finnish lakeland.
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in the Laihia preliminary study area.

In the preliminary study in Paimio and Laihia,
four 0,25 sq.m. sample areas were picked by
random selection from each winter cereal field.
For the herbicide spraying period, these were
covered with 1,5 X 1,5 m plastic sheeting in
fields subject to spraying. On 3—6 and 10—17
June 1969 the weed plants and shoots found in
the sample areas were counted by species.

The preliminary study showed that a sutvey
of the sample ateas in 30 fields in Paimio and
Laihia provided an adequate, overall picture of
the composition of the weed flora. If the number
of fields studied had been raised to 40, 4 more
taxa would have been found in the sample areas
(Figs. 1 and 2). This would only have raised the
total number of taxa by 7 9,, though the amount
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TILASTON POHJAKARTTA 1.1.1976
BASKARTAN FOR STATISTIK 1.1,1976

Fig. 3. Winter cereal survey regions. Numbers of regions

in Table 2. Northern limit of winter wheat cultivation

indicated by broken line and that of winter rye by un-
broken line.

of work would have risen by around 30 9,. For
an analysis of the flora in the region, it proved
better to study the entire flora in the fields while
working there. Using this procedure, the number

" of taxa found in 30 Paimio fields rose 34 %, and

the number found in Laihia 309, but the
amount of work involved did not even increase
19, (Figs. 1 and 2). A survey of 30 fields was
in fact adequate even for analysis of the entire
flora of the regions covered by the preliminaty
study, for if the number of fields had been raised
to 40, for instance, the number of taxa would
only have risen by 5 species, i.e. 69, though
the amount of work involved would have grown
by around 20 %,.
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Table- 1. Minimum number of fields (n) required in

order for the number of units per m? of the taxa mentioned

below to give a 95 %, significant result in the preliminary

study areas. The average number of plants or shoots
/m? is given in column X.

Paimio Laihia
Taxon = <

X n X n
Achillea millefolium . .. .. 0,2 | 67 1 30
Agropyron repens . .. .... 8 49 8 20
Agrostis spp. .. .v.e.... 3 20 35 35
Capsella bursa-pastoris . . 6 19 0,5 | 103
Cerastium caespitosum . . . 0,9 | 19 3 9
Chamaenerion angustifolium | — — 2 23
Chenopodinm album s. lat. | 43 18 53 13
Eguisetum arvense .. .... 3 22 0,2 | 56
Erysimum cheiranthoides . | 12 6 15 17
Fumaria offcinalis .. .... 1 22 0,1} 85
Galeopsis SPP. « v vuvn.. 38 4 172 3
Galium vaillantii . ...... 2 24 0,2 | 48
Guaphalium uliginosum . . 7 1103 35 31
Lapsana communis . . .. .. 5 17 7 98
Leontodon autumnalis . . . . 0,5 | 89 0,6 [ 25
Laugula spp. .oooooo... 0,1 61 3 22
Matricaria spp. ........ 43 11 2 15
Mpyosotis arvensis . ...... 13 8 4 43
Myosurus minimus .. .. .. 21 24 1 31
Polygonum aviculare s. lat. 6 6 22 11
P. comvolyulus .. ........ 8 8 7 12
P. lapathifolium . ...... 2 69 20 18
Ranunculus repens ... .. 0,51 39 15 17
Raumex spp. «veevenn.. 0,1 62 7 8
Scleranthus annuus . . .. .. 0,3 | 38 — —
Sonchus asper .......... 0,2 | 21 0,2 | 36
Spergula arvensis ... .... 5 44 57 13
Stellaria graminea ... ... 0,1 | 61 2 31
Stellaria media . .. .. .. .. 62 28 5 15
Taraxacum spp. ....... 2 36 3 50
Thlaspi arvense . ....... 0,9 | 28 0,8 | 21
Trifolium repens . ...... 3 11 5 12
Trifolinm pratense .. .. .. 0,3 | 74 0,3 31
Urtica dioica .......... — — 0,3 | 40
Veronica serpyllifolia .. .. 2 25 3 23
Viola arvensis ......... 52 3 26 13
Vicia cracea ........... 2 36 0,5 34

The minimum number of samples needed to
attain a 95 9, significance for the number of
plants or shoots of the various taxa per sq.m.
(Table 1) was also evaluated from the Paimio
and Laihia data. According to the preliminary
study, an average of 5 taxa would have been
analyzed with 95 9, significance if there had been
10 fields; 14 if there had been 20; 21 if there had
been 30; and 27 if there had been 40. A level of
about20 taxa was considered adequate and thus the
survey, proper aimeéd at studying 30 fields in each
region. In Paimio and Laihia, 12 of the 21 taxa
wete common to both.
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On the basis of the preliminary study, a printed
list was also drawn up of the 71 most commmon
species and the 4 most common genera in which
the plants are often difficult to identify by species.

2.2 The survey proper

2.2.1 The survey regions, research workers and
research period

The scope of the actual survey was worked
out on the basis of the time spent on the pre-
liminary study and the resources available. The
actual survey period was 1972—1974, and 18
regions were selected for study. The land area
under winter cereals in the 1969 statistics was
divided by the number of regions, which gave
a range for the selection. The survey regions
were then located in an agricultural centre area.
The result was, the larger the land area under
winter cereal belonging to an agricultural cen-
trel), the more survey regions were located on
it. The parishes to be studied were then picked
by random selection from the 1969 municipal
list of agricultural centres. Six of these survey
regions were picked for study each year (Fig. 3,
Table 2).

At least two experienced field workers were
chosen for each survey region as follows: Kauko
Aunola (2, 7, 13), Ritva Eskola (4, 9, 18), Mauri
Haapanen (5, 10, 16), Terttu Haapanen (5, 10,
16), Tarmo Halinen (17), Heikki Hokkanen (7),
Veikko Kauhanen (3, 8), Pirkko Matikainen
(Laihia, 6, 11, 14), Piivi Mattila (17), Inkeri
Mustonen (13), Heikki Niinimiki (12), Ossi Oja-
nen (15), Jorma Pietala (1), Lahja Pietildinen
(Paimio, Laihia, 6, 11, 14), Raimo Pohjanniemi
(1), Mauri Péntinen (12), Mikko Raatikainen
(Paimio, Finnish lakeland), Terttu Raatikainen
(Finnish lakeland, 2, 17), Tuija Terimaa (4, 9,
18), Timo Tormili (12) and Matti Yli-Rekola
3, 8, 15). :

1) In Finland, the term ,agticultural centre” refets to the

regional agricultural advisory areas, which are nearly
the same as the adrninistrative: provinces of the country.



Table 2. Survey regions (see Fig. 3), early summer survey petiod 1, and the number of fields and farms.

No. Region Survey period Nug::ll);: of Nu;::};: of
B S B =3 5 o & Lo J P 3.— 7. VI 1972 30 12
2 | Lapinfdrvi .oonieeeniiii i i e 1.— 5. VI 1972 30 16
3 Alastato .. ovn i i i 1.— 6. VI 1972 30 17
4 1 Luvia—Nakkila ...t 3,— 8. VI 1972 27 22
5| Hartola—Joutsa . ......ooviiiiieiinniinnnn s 4.—11. VI 1972 32 27
6 | Siilinjarvi—Lapinlahti ........ ..o i 5.—13, VI 1972 28 22
7 Tuusula ..ot i e e e 4.— 8. VI 1973 30 17
8 | Kuusioki «ovevirennii it i, 4,— 8. VI 1973 30 17
9 ] SaUVO .ottt i e e, 4.— 8. VI 1973 29 14
10 | Juupajoki—Oftivesi .......cviiiiiiiii i 4.— 8. VI 1973 30 24
11 | Patikkala—Saari .........coiiiiiiiiiii i 4.—15. VI 1973 30 26
12 | Lapua .ovenntieenaetiiiecait i 4.—10. VI 1973 27 22
13 | Kirkkonummi .......cooviiiiiiiiiiiiiiiiiiin.., 4,—10. VI 1974 31 11
B - 4.—10. VI 1974 32 16
15 | Parainen ...ttt e e 3— 8. VI 1974 31 12
16 | Kalvola—Hattula ........covuiiiiiiiiiiiiiinninns 5— 9. VI 1974 33 24
17 | Saarijarvi—Adnekoski .. .vovvrerenit it 6.—14. VI 1974 30 24
18 | Oulainen—Haapavesi—Pulkkila ..................... 10.—18. VI 1974 30 23
540 346
On survey farms where herbicide spraying was The interviews — some done during

to be carried out, the team visited the farm for
the first time as soon as the ground frost had
melted, in Aptil—May, to mark the sample areas
and to distribute the plastic sheets which the
owner or his representative then used to cover
the sample area and its sutroundings during
spraying.

The empirical survey proper was made in
early summer when the weeds had emerged
and herbicide spraying was over (Table 2). The
aim was to work at the same phenological time
all over the country, so the southern regions
were surveyed rather earlier than those in the
north.

2.2.2 The field research

The questionnaire which was sent in
late winter covered the arable area under winter
cereal, and tequested permission to make the
survey. The questionnaire was sent to over 1 000
farms. On all farms with winter cereal the owners
permitted the survey. Winter cereals were not,

however, grown on all farms, especially in the

northernmost regions.

the spring rounds in April—May, but most not
until the early summer rounds in June — asked
the farm owner or his representative for
the following general data:

— farm arable area (to the nearest 0,1 ha)

— number of winter cereal cultivation fields

(a maximum of 5 fields were chosen for this
sutvey, regardless of the number under
cuitivation).

The term ’field’ was defined as part of a
uniform winter cereal cultivation sown after the
same crop and on the same kind of soil. If the
cultivation had to be divided into several fields,
the largest was chosen for the survey, though
this had to be a minimum of 0,1 ha in area. The
following details were requested for each field:

— field area to an exactitude of 0,1 ha (meas-

urements taken if necessary)

— type of soil (coarse mineral-silt soil, clay

soil, organogenic soil) _

— drainage (open ditches, subsurface drainage,

no drainage)

— soil humidity (dry, average, wet)

— number of times combine-harvested in the

last 10 years ,

— number of herbicide sprayings in the last

10 years .
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— age of the field in arable use

— distance of the field from the farm buildings
by road or track

— plants cultivated in the four previous years

— winter cereal sowing date

— variety of winter cereal

- quantity of winter cereal seed in kg/ha

— clover and/or grasses undersown (no, yes)

— chemical treatment of winter cereal seed
(no, yes; chemical)

— fungicide spraying against overwintering
parasitic fungi (no, yes; fungicide)

— insecticide spraying (no, yes; insecticide)

— herbicide spraying (no, yes)

— date of herbicide spraying

— commercial preparation used for herbicide
spraying

— amount of preparation used for herbicide
spraying (I/ha or kg/ha)

— herbicide spraying method used (on tractor,
on cart, carried)

— volume of water used for herbicide spraying
in 1/ha

— store fertilizing of the field in autumn
— animal manure (no, yes; tons/ha)

— other fertilizer (no, yes; fertilizer and
amounts used in kg/ha, from which the
amount of the various nutrients were
calculated)

— winter fertilizing (no, yes; fertilizer and
amount kg/ha)

— spring fertilizing (no, yes; fertilizer and
amount kg/ha)

— use of growth regulator to prevent lodging
(no, vyes; preparation and
amount in 1/ha).

The empirical survey was begun
during the spring rounds, but was not seriously
embarked upon until the rounds of the early
summer. In this survey many of the data obtained
from the interviews were checked on the spot;
a map was drawn of the field and four circular
0,25 m? sample areas at least 2 m from the edge
of the field or the bank of an open ditch were
marked out in the field, using randomly selected
figures. A stick was set up in the middle of the
sample area, which the farmer or his representa-

commercial
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Fig. 4. The 0,25 m® metal circle used to delineate the
sample area and the plastic sheeting used to cover it
during herbicide spraying.

]
=i

tive removed for the herbicide spraying period,
covering the sample area and its surroundings
with the thick 1,5 x 1,5 m plastic sheet provided
by the field workers (Fig. 4). The sheet was held
down with stones or lumps of earth. The plastic
was removed after spraying and the stick re-
placed in the hole.

During the spring rounds, 35 winter cereal
fields were taken for survey in each region, so
that following any failures there would still be
32 fields for survey in the early summer, and
again, following any failures, 30 would remain
in the late summer, to be reported on in later
publications. If there were even more failures,
the superfluous ones were eliminated, giving a
final number of fields of 27—33 per region (Table
2). The total number of fields surveyed was 540,
with a surface area of 864 ha, which represents
0,8 9%, of the country’s total winter cereal area.
There were 346 farms in the final study, and on



these farms an average of 1,6 winter cereal fields
were studied.

The empirical survey was made on 1—18 June,
in 1972—74 (Table 2). The following were then
recorded:

— the height of cereal stand, measuring it up

to the top of the main shoot

— the cereal percentage cover on four 0,25 m?
sample areas

— the total percentage cover of weeds on four
0,25 m? sample atreas

— the number of seedlings or shoots of
phanerogam species (e.g. Agrostis, Equise-
tum) of, in some cases, genera (Agrostis,
Galeopsis, Luznla, Matricaria) in four 0,25
m? sample areas. The nomenclature used
was that of Lip (1963) to make for easier
compatison with earlier studies in the series
(Muxkura et al. 1969 and M. RAATIKAINEN
and T. RaaTigkAINEN 1975)

— the phanerogam species growing on the
field but not round its edges. This list was
usually made while the two field workers
were studying the sample areas and taking
samples from the field.

The questionnaire, interview and empirical
survey were usually successful. The greatest
failure was in region 1, for which no individual
plant density findings are available.

2.3 Mathematical analysis

To work out the weed flora with sufficient
accuracy, a species area curve (e.g. MUELLER-
Dowmsors and ErLLeEnBErRG 1974) was used to
determine the minimum number of fields to be
surveyed. To work out the number of plants or
shoots of the various species per sq.m with
sufficient accuracy in the different regions, the
SNEDECOR (1965) size-of-sample formula was
used.

In making the regional breakdown on a phyto-
geographical basis, the SRENSEN (1948) quotient
of similarity method was used, applied as follows:

22c
2(a + b)

, where

QS = 100

a = number of individuals of the species in
the sample areas in region 1
b = number of individuals of the same
species in sample areas in region 2
¢ = the lower of these two figures
To make the regional breakdown, the 102
most common taxa out of a possible 190 were
used, as not all the taxa could be data-processed
for reasons of economy.

3. RESULTS

3.1 Flora and frequency of species

In the 540 winter cereal fields studied, at least
190 phanerogam taxa were found (Table 3). If
the 86 winter cereal fields in the preliminary
study areas of Paimio and Laihia are also in-
cluded, at least 191 phanerogam taxa were found
in the winter ceteal fields. The species occurring
in the sample areas were registered most care-
fully in all the survey regions. Outside these
areas, the differences in population size of the
species were registered with different accuracies
in different regions. In the best surveyed regi-
ons, 21—41 taxa which occutred outside the

sample areas were registered; in average-good
regions 10—19 and in poor regions 2—10. 16,8
such taxa were recorded on average. The spe-
cies outside the sample areas raised the number
of taxa in the regions to 23 (5—91 9).

The number of taxa registered in both the
fields and the sample areas was highest in eastern
Finland and decreased towards the south and
west (Fig. 5), where the figures were 61 %, and
81 9, of the totals from eastern Finland. Several
factors probably caused this higher number of
species in winter cereal cultivations in eastern
Finland: 1) several species have spread into Fin-
land from the southeast and east, 2) the pH of
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Table 3. The frequency percentage of weed taxa in Paimio (P) and Laihia (L), and in the regions (1—18); sections
(I—1II) and the whole country (C). For the number of regions cf. Fig. 3 and Table 2.

T ) 1969 1972 1973 1974 1972—1974
axon
L 2 3 4 5 8 9 10 11 12 14 15 16 17 I I c

Achillea millefolinm . . 53 37 20 30 91 23 17 70 73 11 34 39 9 77 25 63 38
A. ptarmica ........ 21 — 30 19 47 20 — 20 40 44 16 3 — 33 10 43 20
Aegopodinm podagraria — _— — — 28 — — 7 7 — — 3 3 — 1 6 3
Agropyron repens .. .. 47 40 13 74 53 13 28 40 93 59 19 55 39 13 31 52 38
Agrostis spp. ..., .. 60 10 13 78 63 20 17 67 53 100 4 3 — 13 23 60 35
Alchemillavulgaris coll. — 3 — — 19 — — 3 20 — —_ — 3 7 111 4
Alopecurus aequalis .. 2 — 3 44 - —- 7 — — — 3 - — — 54+ 4
A. geniculatus ... .. 9 — — — 6 27 — 20 — 19 38 19 3 — 9 12 10
A. pratensis ........ 5 — 3 4 9 27 3 — — 4 — 3 — — 3 2 3
Alopecurns spp. ... .. — — 27 — — —_— = = — —_— — = — 2— 1
Anemone nemorosa . .. — 3 6 — — 3 — — — — 6 — — — 2— 1
Abngelica silvestris . . .. — — 3 — 9 3 — 7 3 — —_ = = — 1 2 1
Anthemis spp. ...... — — 10 4 — 10 — 13 — — 25 3 — — 5 — 4
Anthricus silvestris . .. 21 13 — 25 10 3 13 17 323 3 7 610 7
Arabidopsis thaliana . — — 3 4 3 13 — 23 3 — — 3 — — 4 8 5
Artemisia vulgaris . .. — —_ — — 6 —- — 3 — — — 6 12 3 2 2 2
Atriplex patula . .. .. — — — 4 — 3 - — — — 22 16 3 — 5— 3
Atriplex spp. ...... — — — 7 9 _ _ = = — 3 23 — — 3 2 2
Barbarea vulgaris . . .. — 3 3 4 3 - — 23 3 7 6 3 — 3 4 6 4
Betula spp. ........ — — — 52 3 —_ - 7 - — 3 — 6 — 6 4 4
Bidens tripartita . ... — —_— = = — 3 — — — 4 3 3 3 — 1 21
Brassica campestris .. — — 3 15 6 10 10 20 — — 3 6 — — 7 15
Brassica spp. ....... — _ - = = —_ - — 7 16 — — — 11 1
Bromus sp. ........ — _ - — = —_ - = = — 3 — — — + 5 2
Calamagrostis spp. .. — —_ = = — 10 — — — — — — 3 3 — 1 — 1
Campanula patula . .. — _ = = — —_ = — — — 4 _— = - — — 1 +
Campanula spp. .... — —_— = = — _— — — 3 — _ - = — — 1 +
Capsella bursa-pastoris 26 63 47 30 50 40 63 69 70 50 — 44 58 45 17 51 33 46
Cardaminopsis suecica. — — 3 — 3 _ = = = — 7 9 3 — — 1 2 1
Carex SPp. ev.een.. —] —_ = = — —_ - — — 23 — — — 9 — 1 9 4
Caram carvi ........ — _— = - — — 13 - — — — 3 - — — 1 1 1
Centaurea cyanus .. .. — 17 27 15 44 3 17 21 23 53 4 31 6 15 17 17 27 21
Cerastium arvense . .. — _ — = — _ = - — 3 — —_ — = — — 2 1
C. caespitosum .. .. .. 67 50 30 41 63 13 57 24 73 77 59 53 23 12 43 31 58 40
Chamacenerion angusti-

Jolinm ... ... .. 67 — 13 26 25 — 3 3 10 13 19 9 3 9 17 6 30 14
Chenopodiun album

s. lat. ..ol 88 93 97 100 91 93 79 83 87 81 97 100 97 80 91 86 89
C. polyspermum . .. .. —] _ - = = —_ - = — — — 29 6 — 3 — 2
Chrysanthemum

lencanthemnm s. lat. 2 — 3 — — - 7 — 13 — 3 3 — 10 1 8 4
C. valgare ......... — —_ —_ = = _ - = 7 — —_— = — = — 2 1
Cirsium arvense . .... 19 40 73 26 41 80 31 27 37 19 81 77 39 7 44 26 38
C. heterophylium . . .. — — — — — — — 13 — —_ — — — — 5 2
Crepis tectorum . .. .. — - — — 3 — — — 3 4 _ = = — — 2 1
Dactylis glomerata . .. 2 — 3 — — 3 — 3 — 4 3 3 — 3 1 2 2
Deschampsia caespitosa — — — 4 16 — — 7 10 26 3 — — 20 321 09
Epilobinm montanum . 28 — — — 13 _ — = - — —_ — — 3 — 3 1
E. palustre ......... 2 —_ - = — —_ = = 7 — _ — - — — 8 2
Eguisetum arvense . . . 35 57 83 56 56 73 66 43 53 41 66 84 21 23 55 42 51
E. palustre ......... 2 7 10 — 3 27 — 3 10 — 13 3 — — 6 5 6
E. silvaticum . ...... 16 13 27 — 28 33 7 40 13 31 16 3 27 17 22 19
Erophila verna . ..... — — 7 — 3 100 3 — — — — 3 6 10 2 2 2
Erysimum cheiranthoides 74 97 90 81 84 93 90 97 90 85 88 77 76 73 74 79 76
Festuca rubra . ...... — — 3 7 — 10 — 7 7 11 13 3 — — —| 4 5 4
F. pratensis ........ — 7 — — — — — 7 23 17 6 3 — — —|2 6 3
Festuca spp. . ...... — — 3 — — _ - — 7 — 6 3 — 10 —1 7 3
Filipendula ulmaria . . 2 3 13 4 — 3 — 3 7 17 6 10 — 13 71410 6
Fumaria officinalis . .. 9 27 20 11 13 27 28 10 10 7 56 65 30 23 328 12 23
Gagea minima . . .... — _— = = — —- = — 3 — — - — — 3 —|+ 1+
Galeopsis bifida ... .. — 3 — 7 — 3 — — 67 17 — 91 23 15 7 7|17 7 14
G. speciosa ......... — — — 89 66 — — 8 — 4 78 23 6 — 3|24 13 21
Galeopsis spp. ... .. 100 97 97 4 97 100 93 80 90 96 97 94 97 100 90(84 96 88
Galium palustre . .. .. 12 — — 4 3 1| - — — — T — 3 — — — 13]1 6 2
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Tazon 1969 1972 1973 1974 1972—1974
P|L |1 2 3 4 5 6 7 8 9 10 11 12 |13 14 15 16 17 18}1 I C
G. uligmosum ....... |— —|— — — 4 9 | — — — — — —3 3 — — —1 2 1
G. vaillantii ........ 56| 14[13 53 17 7 6 7{43 60 59 3 33 —— 6 71 24 — 7|30 923
Galium spp. ....... — 5} 3 - 4 - -7 - 3 — 3 —46 3 — — — —42 1 2
Graphalium aliginosums 23| 74/ 3 3 57 74 44 61| 40 23 17 70 57 48— 13 13 15 27 60|27 49 34
Heraclewm sibirienm . |— —|— — — — 6 18 — — — — — —— — — — — —— 4 1
Hieracium spp. ..... 2l 7|— — 17 11 — 25 — 10 — — 14 22}— — — — — — 310 5
Hypericum macwlatwn {— —— 3 — — 3 — — — — — 3 —— 3 6 — —1 1 1
Juncus bufonsus .. .. .. - -t - — — 3 14 - — — 30 13 11— 3 — 3 — 33 8 4
Knautia arvensis ... .. — - - - 9 = - - — 20 —|- - — — — —— 5 2
Lamium hybridam ... 19| —\— 100 — — 3 — 7 13 48 3 — —3 3 5 9 3 —13 2 9
L. purpurenm ...... 16| —| 3 20 3 4 6 —|17 23 28 3 — —|16 6 77 15 3 —18 213
Lapsana communis ... |72| 5|33 80 43 30 88 29/ 80 70 62 50 90 —|65 25 84 70 43 — 58 42 53
Lathyrys pratensis ... |21 7|— 17 47 7 6 18 — 20 — 3 23 7— 34 19 3 3 10113 11 12
Leontodon autummalis . | 9| 28/ 7 — 7 15 13 82 — 3 3 7 20 26— 16 3 3 30 3353414
Linaria valgaris . . ... ] - - = - 4 7 - — 3 — —)— — 13 — — —{2 11
Lolium spp. . ...... — - - - - - 4= - - = 3 4= — — — — —|— 1+
Luzgnla spp. ....... 5, 47— — — — — 18/ — — — — 7 22|3 — — — — —|4 8 3
Matricaria spp. ..... 95\ 77|97 93 97 85 47 86| 90 97 97 83 70 56|68 100 100 64 73 90;89 70 83
Mentha arvensis ... .. ] - - 4 - - = = - - == - — — — 34+ 1+
Mpyosotis arvensis .... |91| 4237 83 70 56 84 79| 63 87 83 87 90 5242 69 74 64 63 6368 72 69
M. stricta ......... ) =] - = - = ] - - - = = - — 3 3 — —|1— 4
Myosurus minimus ... |60 21170 17 47 44 19 46{ 17 20 62 47 17 30{16 16 48 24 7 1336 22 31
DPhleum pratense . .. .. 21 9— 17 — 4 47 89 — 13 — 63 47 59— 56 19 3 37 4016 52 29
Phragmites commmnis . |— —— — — — — —| — — 3 — — —— 3 6 — — —1-— 1
Pimpinella saxifraga . |— —|{— — — — 3 —|— — — — 3 —(— — — — — —i— 1 +
Plantago major . .... 14/ 23~ — — — 9 3| — — — 7 — 43 6 32 — 13 31411 ¢
Plantago spp. ...... -] - - - - - - - 7 - 3 - - — — — —1 11
Poa annna ... ... ... 9 2— — 13 — 31 32/ — 10 — 20 20 4— 3 10 3 3 — 515 8
P. pratensis s, lat. .. |—| 23— 43 7 19 81 86/ 13 23 7 53 57 78 3 38 29 18 37 5021 65 35
P. #rivialis ......... - 4 — — — 84 39— 7 31 9 33 —— 6 — 6 — 7122717
Poa spp. vo.vvnn.. 47| 56/— 3 13 19 — 7 — 20 21 — — —— 6 29 — 7 —9 2 7
Polygonnm aviculare
s lat. ..ol 86| 98(80 80 80 96 66 75| 87 80 72 77 60 81|84 88 90 82 53 47|83 64 76
P. convoloulns . ...... 84| 84/63 73 53 56 66 46| 77 87 86 33 80 33|74 84 94 67 20 40|71 48 63
P, hydropiper ....... -t - 7 — 13 111 3 7 — 30 37 —|— 9 3 9 — — 610 7
P. lapathitolium 28/ 91— 23 — 48 34 61|37 20 — 17 60 56— 50 45 9 30 70)21 52 31
Potentilla anserina ... \—| —jor — — T — —— 10 — — — —— — 3 — — —2— 1
P oerecta .......... — ] - - - 3 4 - = = — — —_ - — —|— 2 1
P. norvegica ........ - - - = — 16 3¢ - - - - — /- - - — — —|— 10 3
Potentilla spp. ...... — -] 3 - — — 4] — —_ - = - - 3 - — —1 11
Prumella vulgaris .... |—| 53— — — — 6 25 — — — — 13 —— 3 — — — —+ 7 3
Ranunculus acris s. lat. |— 26— 3 3 7 28 57 — 7 — 33 33 153 3 3 — — 13152411
R. auricomus coll. 5119— 7 3 26 34 54/ 13 — — 43 27 —— — — 6 3 792112
R. repens ..., 42| 79 7 40 46 22 91 96| 53 37 41 57 77 78|16 50 68 9 63 8037 87 51
Raphanus raphanistram |— —'3 3 3 15 56 7 — 3 — 10 — —3 9 19 9 7 3l 712 9
Rbinanthus minor .... | — —|— — — — — —| — — — 3 3 - - — — — —|4+ 11
Rorippa palustris .... |—| 16|]— — — — — 11} — 3 — — 10 7— 9 — — — 2001 8 3
Rithus arcticus .. .... —_ 1 - - - 9 - - — — 3 44— 9 — — — 31 5 2
Rumex acetosa s. lat. |—| 30|— 7 7 48 38 54 — — — 3 13 19— 38 — — 10 37} 9 28 15
R. acetosella s. lat, .. |14 99— — 3 4 59 89 3 10 3 20 57 743 6 6 3 13 27/ 55321
R. longifolins . ...... 7 33}— — — 4 25 57, — 13 — 10 3 11— 13 10 — 7 10{ 4 18 8
Rumex spp., sortels |— —|— — 6 — — —| — 3 - = - — 10 — — —42— 1
Sagina procumbens ... | 7| 16— 10 - — 34 3927 13 — 67 40 52— 6 — 6 — — 11 27 16
Salisc spp. ..ot —— - 3 - — 11 — — —_ = = = — = — —|4+ 21
Scleranthus anuuns ... |19 —}— — 10 — 6 7| — 20 10 17 —|— 19 3 — — 6 5 6
Scutellaria galericulata \—| —|— — — — — 4 — — _— = — — = — 77— 2 1
Secale cereale . ... ... 2/ 147 10 30 — — — — 8 — 13 — —|— 3 16 — —(14 — 9
Senecio vulgaris . ... .. - - - - - 4= = 3 - - -] - 6 — — —|1-— 1
Sonchus arvensis ... .. 30 9|17 27 33 7 13 29/ 27 37 3 17 30 —[10 34 87 18 3 27 12 22
S.oasper ..o 6| 14— — — — — | — — — — — —|— — 9% 3 3 —8 16
Spergula arvensis .... (30| 79117 7 17 56 47 43} 50 10 — 50 33 44119 53 23 6 37 57|26 43 31
Stackys pabustris ... |— ——"3 — — 6 4 3 — 3 — 3 —3 — 6 — — —2 2 2
Stellaria graminea ... | 5 30— 7 — — 3 25— 7 3 7 10 223 13 3 — 7 7 412 6
S.omedia ... 93| 70143 63 63 78 94 68/ 90 83 100 63 77 52/61 81 94 73 53 77|74 70 73
Tarascacum spp. .... |47| 33(33 70 67 44 78 89| 20 83 21 50 57 33 6 78 61 24 50 3047 56 50
Thlaspi arvense . .... 37| 26]27 33 40 63 47 46| 3 33 3 17 33 26/ 3 25 45 39 7 2328 30 29
Trifolium bybridame .. | 5| 2|— — — — 3 — 60 — 3 — — —|3 — — — — 36 1 4




Tazon 1969 1972 1973 1974 1972—1974
P|L |1 2 3 4 5 61 7 8 9 10 11 12113 14 15 16 17 18|I 1II C
T. pratense ......... 14143 10 — 11 3 25 — 20 — 7 3 15/16 19 23 9 13 3|11 10 11
T. vepens .......... 67, 65/13 30 43 67 25 75/ 3 60 38 43 50 56/ 6 50 35 6 33 57|33 49 38
Trifolinm spp. ...... -t - = - - — - - — — — —|— 6 10 — — —1— 1
Tussilago farfara .... |30 —— 10 30 15 16 18 3 40 3 7 13 —— 38 26 15 3 —|16 8 13
Urtica divica . ...... - - - — — 9 11— 3 3 10 — —|— 3 — — 3 |2 4 2
Veronica agrestis .... |— —— — — — — | — — — 27 — —|— . _ 3 _ _|g32_. 9
V. arvensis ......... — 51— — — — 3 —| — 47 10 — 17 —|— 16 6 — 3 —| 7 4 ¢
V. chamaedrys .. .. .. 40 510 33 3 22 9 32110 7 3 13 3 {3 — — _— 3 79 9 9
V. serpyllifolia .. .. .. 35| 47,7 23 — 26 72 86| 60 47 28 90 53 48— 31 10 18 30 13/28 50 35
V.verna........... - - — — 3 4 - — — 7T 27 - — — — — 4y 9 3
Veronica spp. ...... -~ - - = = = = = — — —— 6 10 — — —— 2 1
Vicia eracea .. ...... 231 2603 3 17 19 9 36/ 13 17 14 7 30 193 22 6 9 10 —[11 17 13
V. birsuta ......... 12| 54— — — — — 1] — — 17 17 40 —|— 9 26 — — 3/ 610 7
V. sepinm . ........ -~ -] - - = 3 211 7 — — 3 23 —|— 3 — — — 171111 4
Vicia spp. ......... -t = = - - - = = - - — —|— — 6 3 — 41— 1
Viola arvensis .. .... 98| 81|57 97 83 81 97 89(100 97 97 93 100 78[84 100 94 91 87 70|89 87 89
V. palustris ........ - 12— 3 — — 6 14 7 — 3 — 10 —— — — — — 101 7 3
V. tricolor ......... -4 - - - 3 |- - — — 37 —4— — — — — |— 7 2
V. riviniana ........ -1t - - 4 — 4 - - — — — 4 3 — — — 1 11
Undetermined
dicotyledons ..... — —| 3 17100 4 72 29/ 23 100 7 43 40 15555 6 87 9 7 13|38 29 35
Undetermined
monocotyledons .. | —| —— — 73 — — 4/33 33 — — 20 —10 — 6 — 7 313 6 11

Frequencies of the taxa found in ogne region ( ) only:
(P) Arctium sp. 2, Cerastium sp. 5
(1) Acer platanoides 3
(2) Viola montana T
(3) Alnus incana 3, Populus tremula 3, Rubus saxatilis 3
(4) Campanula rotundifolia 4, Solidago virgaurea 4
(5) Campanula glomerata 3, Carex nigra 3, Deschampsia
Sfexuosa 3, Melampyrum sp. 3, Ranunculus polyanthemos
3, Rhinanthus spp. 9, Ribes rubrum 3, Succisa pratensis
6, Vicia tetrasperma 16
(6) Cirsium palustre 4, Comarum palustre 4, Dryopteris
spinulosa 4, Euphrasia brevipila 4, Genm rivale 25,
Maianthemum bifolinm 7, Oxalis acetosella 4, Picea abies
7, Trientalis europaea 4
(7) Brassica rapa 10, Festuea ovina 3

the soil is higher in the east than in the west,
3) the land has been above water level longer
in the east, 4) the variation in habitat is greatest
in the east, 5) less time has passed since burning-
over in the east, 6) cultivation patterns are
smaller in the east than in the west, so that spe-
cies in close plant stand types usually occur in
winter cereal, and 7) herbicides have been used
for a shorter time and in smaller quantities in
the east. The last-mentioned factor is probably
the most important element in reducing the
number of species in the west.

Many of the weeds growing in winter cereals
are species which germinate in the autumn, like
winter cereals, and overwinter in the seedling
stage (Table 4). Some individuals of plants that
germinate in autumn die during the winter. Of
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(8) Arenaria serpyllifolia 3, Fragaria vesca 3, Medicago
sativa 7, Triticum aestivam 3

(10) Galeopsis ladanum 3, Thalictram sp. 3

(11) Anthoxanthum odoratum 17, Convolvulus arvensis 3,
Equisctum fluviatile 3, Glechoma hederacea 3, Juncus
Siliformis 3, Juncus spp. 7, Lysimachia ouigaris 7,
Mocehringia trinervia 10, Pinus silvestris 10, Potentilla
argentea 3

(12) Callitriche sp. 3, Ranunculus fammula 7

(14) Dancus carota 3, Silene cucubalus 6

(15) Arabidopsis thaliana 3, Avena fatua 3, Corydalis solida
3, Sonchus oleracens 6

(17) Caltha palustris 3

(18) Lathyrys palustris 3, Poa palustris 3

the most common species, those that fit best
into this thythm include Bromus secalinus, Cap-
sella bursa-pastoris, Centanrea cyanns, Galium vail-
lantii, Laminm hybridum, L. purpurenm, Lapsana
communis, Myosotis arvensis, Thlaspi arvense, Tri-

Table 4. Frequency classification of weed taxa occurring
among winter cereals.

requency % :‘: § § g E -5 ﬁ
Very frequent | 65—100 | 3| 4 — | 7
Frequent .... | 33— 64 3 2| —| 10} 15
Fairly frequent | 17— 32 5 3| — 6| 14
Scattered .. .. 9— 16 4 3| — | 11| 18
Faitly rate .. 5— 8 4 4 1 6| 15
Rare........ 3— 4 4 4 1 11| 20
Very rare +— 2 8| 12 41 67| 9N
Total ....... 31| 32 6 {111 | 180




plenrospermum inodornm and Viola arvensis. M';my
other species, too, such as Stellaria media, ger-
minate in the autumn, but most individuals die
during the winter. Individuals.of all the species
germinating in the autumn also germindte in
the spring, but these individuals remain small
in size, produce less seeds and, in fact often die
because the winter cereals — especially rye and
other competing plants — strangle them.
Many plants classified as annuals also get-
minate in the autumn. These include Galeopsis
bifida, G. speciosa and Spergula arvensis, but their
seedlings die in the winter and in the spring
new individuals germinate and develop rapidly.
The individuals of ‘several species of this kind
remain small in size, however, and even die,
especially in rye stands. The individuals of other,
e.g. Galeopsis, species are able to compete qﬁite
well with cereal stands however. Annuals can
thus be harmful winter cereal weeds, though
they are not usually as harmful as winter annuals.
The biennials Anthriscus silvestris, Barbarea vul-
garis and Erophila verna have very little im-
pottance in winter cereal cultivation. These
species are unable to grow in winter cereals as
biennials, only as winter annuals. In this case
they are small in size and not harmful.
Perennials play the main role in winter cereals
(Table 4). Of these, the seeds of many species,
such as Dactylis glomerata; Festuca pratensis, F.
rubra, Lugula multifiora, Phlenm pratense, Poa pra-
fensis, P. trivialis, Ranunculus repens, Rumex ace-
tosa, R. acetosella, Trifolium pratense and T. repens
germinate either in the autumn or in the spring,
and the individuals are small in size. However,
because they resist shading and competition they
Several
individuals of these species can be older plants

do quite well among winter cereals.

which have survived tilling and they may become
. large plants that compete with the cereal. Seed-
lings and older individuals of Phlenm pratense
and Trifolinm pratense were recorded in 1973 and
1974 in all the fields. It was then found that
both seedlings and older individuals of P. pra-
tense occurred on 10 %, of the fields. There were
T. pratense seedlings on 7 %, of the fields, but
older plants only on 3 9,. Though the percent-
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ages are small,
clearly. et

There ate’ also perennials in:wintet cereals,
occurring -mainly in the form of individuals

above one year old. These include, Achillea mille-

they show the trend very

Jolium, A. ptarmica, Aegopodinm podagraria, Agro-
Dyron repeﬂf,' C'bgzmaeﬂeriaﬂ angustifolinm, Equisetum
arvense, B. palustre, E. silvaticum, Filipendula ulma-
ria, Lathyrus pr&temz'.r, Sonchus arvensis, Stellaria
graminea, Taraxacum spp., Tussilago farfara, Ur-
tica divica, Vicia iracca and Vicia. sepium. Some
of these, e.g. Agropyron repens and Sonchus arven-
sis, are very harmful weeds. However, perenmals
are not as common as the winter annuals and
annuals that have adjusted best to .. winter
cereal cultivations. '

3.2 Density

Table 5 shows the number of plants or shoots
of taxa pet square metre found in the sample
areas in southwest Finland, mid-Finland and the
country as a whole. In this sub-division, regions
2—4, 7—10 and 13—16 ate counted as south-
west Finland and regions 5, 6, 11, 12, 17 and
18 as mid-Finland. At least 102 taxa of the 190
taxa identified in winter cereal cultivations (Table
3) were in the sample areas. The others were
either so rare or, as in some cases, the sample
areas included such young individuals that it
was impossible to identify even their genus. The
number of individuals and shoots not identified
— 11,05 per m? — was only 3,9 %, of the total
individuals and shoots occurting in the sample
areas (i.e. 285,90 per m?). Most — 92,99, —
of those not identified were young dicotyledon
seedlings, and the bulk of these — 57 % —
were in the mid-Finland zone, fhough only
34,7 9%, of the sample areas were in this zone.
This primarily indicates that the plants in the
more northerly zone had not grown big enough
to be identified (as they had in the more southerly
zone) by the census stage. This finding was
endorsed in July—August, when another visit
was made to identify the plants in all; the sample
areas.

125



oy

SEass

Wit

Fig. 5. Number of taxa occurring in all sample areas of Fig. 6. Achillea millefolium.
the survey regions for various parts of the area of winter
cereal cultivation.

Fig. 8. Agropyron repens.
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Fig. 9. Agrostis spp. Fig. 10. Alchemilla vulgaris.



Fig. 15. Barbarea vulgaris. Fig. 16. Capsella bursa-pastoris.
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Fig. 17. Centaurea cyanus.

Fig. 21. Cirsium arvense. Fig. 22. Deschampsia caespitosa.
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Fig. 23. Equisetum arvense.
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Fig. 26. Fumaria officinalis.
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Fig. 27. Galeopsis spp. Fig. 28. Galium vaillantii.
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Fig. 29. Guaphalinm wliginosun:.

Fig. 31. Lamium purpureun.

Fig. 33. Lathyrus pratensis.
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Fig. 34. Leontodon autumnalis.




Fig. 39. Poa pratensis. Fig. 40. Polygonum aviculare.
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. 43. Pobygonum lapathifolium.

Fig. 45. Ranunctlus anricomus. Fig. 46. Ranunculus repens.
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Fig. 49. Rumex acetosa.
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Fig. 51. Rumex longifolius. Fig. 52. Sagina procunbens.
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Fig. 55. Spergula arvensis.
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Fig. 57. Taraxacum spp.
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Fig. 58. Thlaspi arvense.
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Fig. 59. Trifolium repens. Fig. 60. Veronica arvensis.
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Fig. 61, Veronica chamaedrys. Fig. 62. Veronica serpyllifolia.
/iy \ |

Fig. 63. Viola arvensis.
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Table 5. Numbers of individual plants or shoots of various weed taxa per m? of sample area found in the two
. zones, southwest Finland and mid-Finland, and the country as a whole.

South- | Mid- | Whole ; South- | Mid- | Whole
west Finland | country . west Fipland | country
No. of fields Finland No. 6f fields Finland .
; 333 177 510 i 333 177 | 510
Galeopsis spp. «.cvvvvuinn. 29,17 | 49,74 | 36,48 Secale cereale ......... 0,44 0,00 0,28
Viola arvensis ............. 27,52 | 28,84 | 27,99 Leontodon autumnalis . .. .. .. 0,09 . 0,64 0,27
Chenopodium album s. lat. .. 28,00 | 25,43 | 27,35 Scleranthus annuns: ... ... .. 0,16 0,47 0,27
Matricaria spp. ........... 18,66 6,01 | 14,29 Atriplex patwla ........... T 0,34 0,00 0,22
Stellaria media .. .......... 12,07 | 12,78 | 12,26 Veronica verna ............ 0,02 0,54 0,20
Erysimum cheiranthoides . . .. 14,30 7,52 | 11,87 Alopecurus geniculatus .. . ... 0,14 0,31 0,19
Unidentified dicotyledons . 6,14 | 16,76 | 10,26 Carex SPPe v eemrennan.n . 0,02 0,53 0,19
Agrostis SpP. vt iinean., 1,88 | 27,74 | 10,25 Alopecurus aequalis .. ...... 0,29, 0,00 0,17
Agropyron repens ... ..., 5,11 | 18,20 9,57 Barbarea vulgaris .......... 0,22'| 0,08 0,17
Polygonum avicrlare s. lat. .. 10,42 7,49 9,37 Rumex longifolius s. lat. ... 0,08 0,36 | 0,17
Gnapbalium sliginosum . .. .. 6,79 | 12,27 8,41 Veronica chamaedrys . .. .. e 0,19 | 0,09 | 0,15
Mpyosotis arvensis .......... 5,71 9,85 7,11 Lathyrys pratensis ......... 0,12 0,191 0,14
Poa pratensis s. lat. ....... 1,57 | 17,65 7,10 Trifolium spp. v..voovun... 0,14 0,14 0,14
Phleum pratense ........... 2,91 | 13,58 6,68 Raphanus raphanistram . . . .. 0,10 0,18 0,13
Ranunculus repens . ........ 0,89 | 18,22 6,68 Hieracium spp. -.......... " 0,16 0,12 0,13
Lapsana communis ........ 5,78 6,34 6,12 Brassica campestris ........ 0,24 0,02 0,12
Polygonum convolyulns . . .. .. 7,14 2,67 5,62 Stellaria graminea . ........ 0,07 0,21 0,11
Mpyosurus minimus . ........ 6,50 3,60 5,28 Luzula spp. ooovveovo... 0,06 0,22 0,10
Galeopsis speciosa .. ........ 5,60 2,33 4,27 Erophila verna . .......... 0,15 0,02 0,10
Spergula arvensis .. ...... .. 1,01 | 10,17 4,18 Vicia cracca .............. 0,09 0,10 0,09
Polygonum lapathifolinn . . .. 1,18 9,02 3,87 V. birsuta ............... 0,10 0,08 0,09
Veronica serpyllifolia . ...... 1,52 7,68 3,61 Sonchus asper . ............ 0,13 0,00 0,08
Poa trivialis .. ............ 2,33 5,00 3,38 Alchemilla vulgaris coll. .. .. 0,09 0,06 0,08
Capsella bursa-pastoris . .. .. 3,17 3,39 3,27 Festuea spp. ............. 0,00 0,24 0,08
Sagina procumbens . .. ...... 1,85 6,05 3,25 Epilobium palustre . ........ 0,00 0,24 0,08
Achillea millefolium .. ...... 0,73 5,50 2,44 Viola palustris ........ e 0,09 0,09 0,08
Cerastium caespitosum . . .. .. 1,19 4,41 2,27 Eguisetum palustre ........ 0,05 0,11 0,07
Taraxacum spp. .......... 1,48 3,53 2,24 Epilobium spp. ......... .. 0,00 0,21 0,07
Trifolinum rvepens . .......... 1,07 3,47 1,84 Filipendula wlmaria .. ...... 0,00 0,20 0,06
Rumesxe acetosella s. lat. . ... 0,10 5,11 1,76 Aegopodinm podagraria . .. .. 0,02 0,13 0,06
Eguisetum arvense ......... 1,66 1,94 1,74 Chenopodium polyspernun: . . . 0,10 0,00 0,06
Galeopsis bifida ........... 2,46 0,01 1,61 Alopecurus pratensis ........ 0,00 0,15 0,05
Poa anmya ... ............ 0,23 4,28 1,57 Galium palustre ........... 0,00 0,15 0,05
Thlaspt arvense .. .......... 1,31 2,08 1,56 Atriplex spp. ..o 0,06 0,02 { 0,05
Trifolium pratense ......... 1,49 0,60 1,18 Prunella vulgaris .. ... R 0,01 0,11 0,04
Fumaria officinalis . ........ 1,36 0,41 1,05 Anthriscus silvestris .. ...... 0,01 0,07 0,03
Galium vaillantii .......... 1,52 0,17 1,04 Chrysanthemum leucanthenzum
Achillea ptarmica .......... 0,15 2,36 0,90 s. lat. ...... e 0,01 0,08 0,03
Arabidopsis thaliana . .. .... 0,21 2,05 0,81 Potentilla norvegica ........ 0,00 0,12 0,03
Unidentified monocotyle- Viola tricolor ............. 0,00 0,11 0,03
dons ................ 0,63 1,14 0,79 Plantago major ............ 0,02 0,03 0,02
Juncus bufonius ... ........ 0,71 0,73 0,71 Tussilago farfara .......... 0,03 0,03 0,02
Deschampsia caespitosa . .. .. 0,15 1,71 0,67 Campanula patwla . ........ 0,00 0,08 0,02
Festuca ritbra . ............ 0,12 1,84 0,66 Campantila spp. .......... 0,00 0,08 0,02
Polygonm bydropiper .. .. .. 0,20 1,48 0,65 Gagea minima ............ 0,04 0,00 0,02
Centasrea cyanus .......... 0,50 0,81 0,62 Rubus arcticus ............ 0,00 0,07 0,02
Ranunculus acris s. lat. ... .. 0,22 1,22 0,55 Vicia sepium ............. 0,01 0,04 0,02
Laminm hybridum ......... 0,82 0,02 0,52 Anthemis spp. ........... . 0,04 0,00 0,02
Trifolium bybridum .. ...... 0,18 0,96 0,45 Artemisia vulgaris ......... 0,01 0,04 0,02
Betwla spp. ..o, 0,75 0,01 0,45 Urtica dioica ............. 0,01 0,02 0,01
Veronica arvensis .......... 0,56 0,24 0,45 Galium spp. .......... ... 0,02 0,00 0,01
Chamaenerion angustifolinm . . 0,08 1,10 0,42 Cardaminopsis suecica .. .. .. 0,01 0,03 0,01
Cirsinm arvense ........... 0,46 0,33 0,41 Vicia spp. vovvevennin. 0,02 0,00 0,01
Lamium purpnrennt .. .. .. .. 0,62 0,02 0,41 Dactylis glomerata . ........ 0,00 0,02 0,00
Poa spp. cveviiniiiinn 0,43 0,37 0,41 Veronica spp. ............ 0,00 0,03 0,00
Rorippa palustris .......... 0,01 1,11 0,40
Eqﬂﬁe PR 018 | 71| 03¢ Tomal oo 234,03 | 387,00 | 285,90
Sonchus arvensis ... ........ 0,47 0,17 0,36
Ranunculus anricomus coll. .. 0,33 0,37 0,34
Festuca pratensis .......... 0,07 0,81 0,33
Rumexe acetosa s. lat. ...... 0,18 0,58 0,30
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The most common plants and those growing
most densely were usually the same. The density
of the annuals, winter annuals or the perennials
occurring as seedlings was, however, usually
greater than that of the equally common
older perennials. The species growing more
densely were usually winter annuals or annuals.
Those growing less densely were often perennials
— usually species occurring in winter cereals as
seedlings, and those growing least densely of all,
perennials occutring as old individuals.

On the basis of the number of individuals, the
importance of perennials in winter cereals is
usually more difficult to decide than that of
annuals. Some species, e.g. Trifolinm pratense and
Phlenm pratense, usually occur as seedlings, and
others, e.g. Agropyron repens and Sonchus arvensis,
as large, old individuals. As far as Trifolium
pratense and Phlenm pratense are concetrned, this
matter is clarified by the census taken in all the
sample areas in 1973 and 1974, according to
which 99,6 9, of the individuals of the former
and 82,7 %, of the latter were seedlings. Most
of the Ranunculus repens individuals were also

seedlings, but only a small proportion of the-

individuals of e.g. Agropyron repens, Cirsium ar-
vense and Sonchus arvensis were seedlings.
Figures 6—063 show the concentrations of the
most dense taxa and some taxa of regional or
other interest in the various survey regions.

3.3 Division into sections

In dividing the country into sections using
the Sérensen method, the boundaries were drawn
where regional similarities were smallest. Using
this procedure, the area under winter cereals
was divided in two (Figure 64):

Section I. Southwest Finland, en-
compassing regions 1—4, 7—10 and 13—16.
Species typical of this zone include Lapsana com-
munis, Matricaria spp., especially Matricaria (Tri-
plenrospermum ) inodora, Polygonum convolvnlus, Ra-
nunculus anricomus and Sonchus arvensis. A few of
the species typical of this section only occur in
greater abundance in the southwestern parts of
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Fig. 64. Weed-based phytogeographical division into
winter cereal sections,

the zone. These include .Azriplex patula, Fumaria
officinalis, Galium vaillantii, Laminm hybridum, La-
minm purpurenm and Veronica arvensis. 'Table 5
shows the plant densities of the species typical
of this section compared with their densities in
the mid-Finland section. The species typical of
the southwestern Finland section are generally
winter annuals and annuals and usually grow in
rather dry, clay soils or in coarse, mineral soils
long under cultivation. The population of each
species is highest among cereals sown after the
spring cereals, especially wheat, the winter ce-
reals, potato and root crops. Since many of the
species in this group can withstand the most
commonly used MCPA herbicide rather well,
they are often more abundant on fields treated
with herbicides. Use of the combine harvester
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has also raised the plant density of a few of the
species in this group. The species in this group
cannot generally withstand a prolonged grass-
land stage, but are moderately successful in open
patches in young grassland.

Section II. Mid-Finland, encompassing
regions 5, 6, 11, 12, 17 and 18. Species typical of
this section ate Achillea millefolium, A. ptarmica,
Agropyron repens, Agrostis spp., especially 4. tenuis,
Cerastinm caespitosum, Galeopsis spp., Leontodon
antnmnalis, Mpyosotis arvensis, Poa pratensis s. lat.,
P. trivialis, Ranunculus repens, Rumex acetosella,
Sagina procumbens, Spergula arvensis and Veronica
serpyllifolia, whose densities are shown in Table 5

and on the maps. Also closely allied with this
group are Deschampsia caespitosa and Chamaenerion
angustifolium. The species typical of the mid-
Finland section are generally perennials. They
occur on tecent cultivations and are often
abundant on cultivations close to farm buildings.
The species appear to favour rather moist mo-
raine and humus soils. Many occur in abundance
on old, sparse grasslands, especially in places
where the crop rotation is dominated by grass.
The plant numbers are highest among other
crops, too, when they are cultivated after grasses
especially, but at times also after winter cereals,
oats or barley.

4. DISCUSSION

This part of the survey and the preliminary
survey alteady showed that for practical reasons
winter cereal weed surveys should be conducted
in early summer during the normal herbicide
treatment season. On the other hand, it became
clear that the weed species and the plant densities
of the various species cannot be fully identified
at so early a stage of development. The species
and the numbers of each particular species should
thetefore be identified again later in the summer.

The most abundant winter cereal weed species
were West European—Siberian species (34 %),
West European—Middle
Siberian species accounted for 18 9, the West

among which the

European—South Siberian species for 8 9%, and
the West European—North Siberian species for
8 9/ of the total number of species (see HuLrin
1950). Of these species, however, only a few,
such as Agrostis tennis, Lapsana communis, Myo-
sotis arvensis, Triplenrospermum inodorum and Viola
arvensis, were common or vety common. The
second most abundant group of species com-
prised the boreal-citcumpolar species (18 9%,), of
which Eguisetum arvense, Erysimum cheiranthoides
and Guaphalium wliginosum were the most com-
mon. The third most abundant range group
comprised the circumpolar species, whose coun-
tries of origin are unknown and whose distribu-
tion has been strongly culturally affected. Such
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species accounted for 13 9, of the total, and
many of these were among the most common
species in winter cereal cultivations, including
Achillea  millefolium, Agropyron repens, Capsella
bursa-pastoris, Cerastium caespitosum, Chenopodium
album, Polygonum aviculare, P. comvolynlus, Ranun-
culus repens and Stellaria media. The fourth most
abundant group comprised European or Euro-
pean—West Sibetian species (9 %) among which
Galeopsis bifida, Poa pratensis, Trifolinm repens and
Veronica chamaedrys were common. Representa-
tives of many ranges (e.g. even a group as large
as the subatlantic) did not occur as weeds in
winter cereal cultivations. This may be due to
environmental demands, for example, and Fin-
land’s recent cultivation history, to which the
plant species, concerned have not yet managed
to adapt themselves.

In processing the material it became apparent
that winter cereals in Finland are too excessively
heterogenic a group for their weeds to be treated
as a single group when aiming at efficient control.
In a general survey, however, this can be done,
thus giving basic information on the weed flora
affecting winter cereals and their abundance in
various patts of the country. In future, the weed
flora among wintet rye and winter wheat, and
their ecology should be dealt with separately.



The survey also showed that research into
winter cereal weeds has been badly neglected and
should be stepped up by looking into e.g.

1) the population dynamics of weeds, e.g.

wintering and competition in wheat and rye,

2) the undetground and surface biomasses of
weeds in rye and wheat,

3) weed control results and economic signi-
ficance in practical cultivations using va-
rious eradication methods,

4) the significance of various weeds for cul-
tivated plants, and

5) the plant communities of wheat and rye
cultivations and their use in intensifying
weed control.

The number of weed species occurring among
winter cereals was fewer than those occurring
among spring cereal (see Mukura et al. 1969).
The difference in weed plant densities was even
greater. There was an average of only 286 plants
or shoots pet sq.m among winter cereals, as
against 550 among spring cereals (MURULA et al.
1969). This may be due to many reasons, e.g. 1)
winter cereal cultivations atre located on soils in
which the content of germinating weed seeds is
probably lower than in spring cereal cultivations
(see Paatera and Ervio 1971), 2) weed ger-
minability is highest following tilling, but winter
cereal cultivations are tilled in the autumn when
germinability is lower than in the spring, 3)
most (and with several species all) of the seed-
lings germinating in the autumn die during the
winter season, 4) in the spring a smaller porpoz-
tion of the seeds of many species germinate in
winter cereal cultivations than in spring cereal
cultivations, 5) winter cereals, particularly rye,
strangle many scedlings more effectively than
spring cereals in both the autumn and the spring,
6) the large-growing weeds germinating in the
autumn in winter cereal cultivations may prevent
germination of spring-germinating weeds and
kill off weak spring-germinating seedlings, 7)
earth encrustation, especially on clay soils, pre-
vents sprouting of spring-germinated plants.

The division into sections on the basis of win-
ter cereal weeds was relatively easy to carry out
from the data given by the computer. The most

problematical was tegiod 10, which might also
have been transferred to the mid-Finland section,
but which nevertheless was best located in the
southwest Finland section. The regional division
is preliminary and is open to modification once
more data from additional regions become
available. In re-examining the division, additional
information should be obtained, especially for
Finland’s western and eastern parts.

The reasons undetlying creation of the sections
shown in Figure 64 are partly a consequence of
temperature and the oceanic-continental factor.
The thermal growing season is long (165—180 d)
and the thermal autumn long (60—80 d) in the
southwest Finland zone (Korxxr 1966). The
thermal winter is short (110—145 d) (KoLkk1
1966) and the thickness of the snow cover only
25—50 cm (Kerinen and Kormonen 1952).
The volume of water formed by melting snow
is small, and as rainfall is scarce in the eartly
summer, plants suffet early in the growing season
owing to a shortage of water.

The boundary formed by climatic factors is
sharpened by the boundaries formed by soil
factors, which largely coincide with the sectional
boundary. These are the dominant types of soil
in the tillage layer of cultivations, either clay or
fine-sandy soils in the southwest Finland section.
Clay soils account for 5—60 %, fine-sandy soils
often for over 30 %,, but moraine soils and peat
soils for under 10 %,. The exchangeable calcium
content is over 1400 mg/l, pH often over 5,7,
exchangeable potassium content 140—230 mg/l,
exchangeable magnesium content over 220 mgj/l,
exchangeable manganese content under 8,0 mg/l
and the acid-soluble coppet content often over
7,1 mg/l (Kurkr 1972).

The sharpest changes in cultural factors regu-
lated by climatic and soil factors coincide largely
with the boundary between the southwest and
mid-Finland sections. These include population
density, the age of cultivations and the propot-
tions of the land area accounted for by cultiva-
tions, which are substantially larger in south-
west Finland than in mid-Finland. The cultiva-
tion season in southwest Finland lasts 190—210 d
(CajanNDER 1922).
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Southwest Finland is an atea of wheat and
root crop cultivation where both combine har-
vesters and herbicides have been used more
frequently and longer than in mid-Finland (Mu-
kuLA and RuuTTuNEN 1969). Many native plant
species and cultural arrivals, too, have spread to
Finland from the southwest and advanced right
up to the northcastern boundary of southwest
Finland. By means of cultivation techniques,
particularly herbicides, the abundance of these
and other species of plants has been much re-
duced in recent decades precisely in southwest
Finland.

Characteristic features of the mid-Finland sec-
tion include the brevity (140—165 d) of the
thermal growing season, the brevity of the thet-
mal autumn (50—60 d), the length of the thermal
winter (145—175 d) and the thickness of the
snow cover (50—80 cm). Consequences of the
long and snowy winter include an upset plant
energy balance, poor condition, and damage
caused by overwintering parasitic fungi. In this
section, plants do not suffer from spring drought
as badly as in the southwest Finland section.

The soil types prevailing in the tillage layer of
cultivations are moraine, fine-sandy and organic
soils, and in soil terms the cultivations in the
mid-Finland section ate more vatiable than those
in southwest Finland. The exchangeable calcium
content is about 800—1 400 mg/l, pH under 5,7,
exchangeable potassium content 80—140 mg/l,
exchangeable magnesium content under 220
mgfl, exchangeable manganese content 8—14
mg/l and acid-soluble copper content often
under 7,0 mg/l (Kurkr 1972).

In the mid-Finland section, cultivations ac-
count for under 15 9, of the land area with the
exception of the Ostrobothnian region, where
they occasionally account for over 15 %, as they
do throughout the southwest Finland section.
The cultivation season in mid-Finland is 160—
190 d, and the section is typical hay and pastoral
grassland.

140

Since many climatic, edaphic and cultural fac-
tors vary sharply along the same boundary be-
tween the southwest and mid-Finland sections,
it is clear that the boundary is also reflected in
the weed species of cultivations and especially
in the abundance of the species, as is apparent
from, for example, the range maps. A sectional
boundary has earlier been found to lie in much
the same place in the case of the weed flora of
spring cereal cultivations (Mukura et al. 1969,
M. RAATIRAINEN and PreTILAINEN 1969) and the
weed flora of hay grassland (M. RAATIKAINEN
and T. RaATigAINEN 1975). The boundary is also
seen in the fertility districts made by LiNkora
(1922, 1932, 1936) and in Kujara’s (1936) vege-
tation zone division. The boundary has since also
been clearly ascertained for natural forest and
peatland plant flora (Kujara 1964) and for peat-
land vegetation (Eurora 1962). Karrrora (1973)
considers the boundary so well defined that he
has separated from southern Finland a south-
western subdivision, whose southeastern bound-
aty is practically identical with the southeastern
boundary of southwest Finland as described in
this survey. The boundary concetned is not
distinguished in anywhere near all the geo-
graphical divisions in Finland. The boundary is
not generally considered a zonal boundary de-
termined by temperature factors, but a section
boundary determined primarily by humidity and
soil factors. It is primarily as such that it should
be understood in this survey, too, though tem-
perature factors do nevertheless play a part in
defining the boundary. Studies in Sweden have
also come up with a weed flora composition
among winter cereals similar to that found in
Finland, and there, too, regional differences
similar to those found in Finland have been
observed (GraNSTROM 1956). In both countties
it may be concerned with the same southern
and middle boreal zone vegetation (see AmtI
et al. 1968).
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SELOSTUS

Syysviljojen rikkaruoholajit, niiden yleisyys ja yksilétiheys

Mixkko RAATIKAINEN, TERTTU RAATIKAINEN ja JAaxxo MUKULA

Jyviskylin yliopisto ja Maatalouden tutkimuskeskus

Maatalouden tutkimuskeskuksen kasvinviljelylaitok-
sen toimesta aloitettiin v. 1969 esitutkimukset syysviljojen
rikkaruoholajiston ja sen koostumuksen selvittimiseksi.
Tarkoituksena oli petustietojen saaminen rikkaruohojen
torjuntaa varten. Aikaisemmin oli selvitetty kevitvilja-
peltojen ja heindnurmien rikkaruoholajit, niiden koos-
tumus ja siind viime aikoina tapahtuneet muutokset.
Syysviljojen rikkakuoholajistosta ei esitutkimusten teko-
aikana ollut juuri mitddn julkistettuja tietoja.

Esitutkimuksessa v. 1969 selvitettiin tutkimukseen
otettavien tutkimusalueiden miird, koko syysviljalohko-
jen mddrd tutkimusalueella, lohkolta tarvittavien osa-
ndytteiden midri, nidytealojen peittiminen rikkatuoho-
ruiskutusten ajaksi sekd kysely-, haastattelu- ja havain-
nointitutkimukseen tarvittavan lomakkeen sisilts.

Varsinainen tutkimus tehtiin v. 1972—74. Kunakin
vuonna tutkittiin kuusi aluetta (taulukko 2 ja kuva 3).
Joka alueelta tutkittiin 27—33 syysviljalohkoa, joksi mii-
riteltiin se syysviljapellon osa, joka oli kylvetty saman
viljelykasvin jilkeen ja sijaitsi samalla maalajilla, Joka
lohkolta rajattiin satunnaisotannalla nelji 0,25 m%n osa-
niytealaa (kuva 4), jotka peitettiin 1,5 X 1,5 m:n muovi-
kelmulla ruiskutuksen ajaksi. Kesikuun 1.—18. piivien
vilisend ajkana kiytiin laskemassa osaniytealoilta rikka-
ruohojen kappalemidrd tai versojen midrd lajeittain,
Lisdksi merkittiin muistiin kaikkilohkolla tavatut putkilo-
kasvilajit.

Tutkituilta 540 syysviljalohkolta 18ydettiin ainakin
190 putkilokasvilajia (taulukko 3). Lajimiiri oli suurin
Iti-Suomessa ja pienin Etelid-Suomessa (kuva 5). Ylei-
simmit Jajit ja niiden frekvenssiprosentit olivat (a) kevit-
yksivuotisista jauhosavikka 89, pillikkeet 88, peltoukon-
nautis 76, pihatatar 76 ja kiertotatar 63, (b) syysyksivuoti-
sista pelto-orvokki 89, sauniot 83, pihatihtimé 73, pelto-
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lemmikki 69 ja linnunkaali 53 ja (c) monivuotisista pelto-
korte 51, ronsyleinikki 51 ja voikukat 50.

Syysviljoissa oli keskimidrin 256 kasviyksilod tai
versoa/m?. Kaikkien ndyteruuduilla esiintyneiden lajien
yksilomiirit esitetddn taulukossa 5, ja kuvissa 6—63 on
merkittdvimpien tiheydet eri alueilla. Tiheimmissi kas-
vaneet kevityksivuotiset kasvilajit ja niiden yksil6tihey-
det (kpl/m?) olivat seuraavat: pillikkeet 36, jauhosavikka
27, peltoukonnauris 12, pihatatar 9, savijikkiri 8 ja
kiertotatar 6. Tiheimmissd kasvaneet syysyksivuotiset
kasvilajit ja niiden yksilotiheydet olivat pelto-orvokki 28,
sauniot 14, pihatihtimé 12, peltolemmikki 7 ja linnun-
kaali 6. Tiheimmissi kasvaneet kestorikkakasvit ja niiden
versotiheydet olivat seutaavat: £ollit 10, juolavehnid 10,
niittynurmikka 7, timotei 7 ja rdnsyleinikki 7.

Rikkaruoholajien esiintymisen ja tiheyden perusteella
syysviljojen viljelyalue jaettiin kahteen alueeseen (kuva
64):

1) Lounais-Suomen alue, jolle tyypillisid lajeja olivat
yleisimmin kiytettyd MCPA-hivitettd melko hyvin kes-
tdvit avoviljelysten lajit kuten linnunkaali, saunakukka
ja pihatatar sekd kestorikkakasveista peltovalvatti ja

2) Vili-Suomen alue, jolle tyypillisii lajeja olivat moni-
vuotiset nurmiviljelysten lajit kuten siankdrsimd, oja-
kidrsimo, juolavehnd, nurmirdlli, nurmihirkki, syys-
maitiainen, nurmikat, ronsyleinikki, ahosuolaheini ja
orvon tddyke. Tyypillisid kertarikkakasveja olivat pillik-
keet, peltolemmikki ja peltohatikka,

Syyt edelld esitettyjen alueiden syntyyn ovat etupdissi
limpétilan, mereisyyden-mantereisuuden, maaperiteki-
joéiden ja kulttuuritekijéiden aiheuttamia.

Tutkimuksesta myShemmin julkaistavissa osissa tar-
kastellaan lajistoa ja torjuntaa viljalajeittain. ’
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AN IMPROVED REARING METHOD FOR CHRYSOPA CARNEA STEPH.

Unto TuLisaLo

Turisaro, U. 1978. An improved rearing method for Chrysopa carnea Steph.
Ann. Agric. Fenn. 17: 143—146. (Agric. Res. Centre, Inst. Pest Inv., SF-01300

Vantaa 30, Finland.)

The method consists of a rearing cabinet with 2 mixed population of Sitefroga
cerealelle and Chrysopa carmea. Once a month Chrysopa eggs are spread into
the Sifotroga rearing cabinet. Adult lacewings ate collected from the roof of
" the cabinet after their emergence. The yield of adults in one generation was 10—

20 %, of used eggs.

Index wotds: mass-rearing, Chrysopa carnea, Sitotroga cerealella.

INTRODUCTION

Following Finney’s innovation (1948) the mass-
rearing of the green lacewing has been modified
a number of times (FINNEY 1950, VANDERZANT
1969, 1973, Hacen and Tassan 1970, Ripcway
et 2l. 1970, Turisaro and Koreera 1973, HassAN
1974, 1975, MorrisoN et al. 1975, MORRISON
and RipGway 1976, Turisaro and Kurera 1976).
Nowadays, rearing is generally accomplished by
using the MorrisoN and RipGway method
(1976) whereby adults are fed an artificial diet
and the larvae are reared on the eggs of Sitotroga
cerealella. Many attempts have been made to
devise an artificial diet for the larvae, but so far
they have not led to practical application (HAGEN

1950, Vanperzant 1969, 1973, HaceEx and
Tassan 1970, PonoMAREvVA 1971, ABAsSHKIN and
Yazroverskir 1977). Today the green lacewing
is reared for pest control purposes in the USSR
and in the USA, but still on an experimental
scale. :
The rearing method described in this report
was developed over a number of years on the
basis of expetience gained in rearing green lace-
wings for vatrious pest control experiments. ‘The
main aim was to develop a method of producing
Chrysopa eggs for pest control purposes, which
would involve a minimum of work and employ
cheap raw materials.
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EQUIPMENT AND PROCEDURE

From the earliest attempts, the adults in the -

rearing cage have been fed on Food »Wheast»®,
yeast hydrolysate, mixed with sugar and water,
and this method is still in practice. However, the
reating of the larvae has undergone great changes
over the years. The adults of the following
generation are produced in rearing cabinets as
2 mixed population together with Sitotroga cerea-
lella (Fig. 1). The cabinets measure 1,8 m high,
0,75 m deep and 0,75 m wide. Each »comb» in
the cabinet is filled with 10 kgs of barley which
has been treated with dikophole to ward off
mites. At this stage S7z0zroga adults are introduced
into the cabinet. As soon as the S7zo#roga popula-
tion has increased sufficiently, Chrysopa eggs are
placed in the cabinet. About 25000 eggs are
strewn over the floor of the cabinet at a time.
After an average of 16 days the first Chrysopa
adults hatch and are collected from the walls
and roof of the cabinet with the help of a
sucking device.

Most of the lacewings hatch within a period
of 3 to 6 days, after which the next batch of
Chrysopa eggs may be placed in the cabinet.

About twice a week the cabinet is vacuum
cleaned through a gauze filter to remove wing-
scales. One breeding period is from 6 to 12
months. Thereafter, the cabinet is emptied and
cleaned thoroughly.

An attempt was made to keep the temperature
at about 27°C, and the relative humidity at as
a high a level as possible without causing the
formation of mould. The intensity of the roof-
lighting was 10 000 lux. The only real work in-
volved in looking after the cabinet is the collect-
ing of the adult lacewings with the sucking device
as well as the renewal of the Sitofroge brood,
twice a year. '

0.75m

T 7
> C . 0, \
B LIGHTS
|

NYLON
GAUZE

COMBS FOR
S.CEREALELLA

1.8 m

> SLEEVES

DISCUSSION

At first the green lacewing larvae were fed on
aphids (Turisaro and Koreera 1973). This
proved to be extremely laborious and so the
change was made to Sitofroga cerealella eggs for
the feeding of larvae. This, however, required
the rearing of the Chrysopa larvae in separate
cells (Morrison and Rrpeway 1976) which, for
its part, was too time-consuming from the point
of view of large-scale production. When it was
discovered that Chrysopa latvae could also feed
on the Sitotroga cerealella adults and larvae, the
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rearing of the larvae of Chrysopa was commenced
in rearing jars, in which they were given nothing
but a Sitotroga adult »mass» (Turisaro and
Kurera 1977).

However, even when using this method, S7zo-
#roga food had to be fed to the lacewings several
times during their larval stage. Thus, the de-
scribed mixed-population rearing was arrived at,
whereby the larvae of Chrysopa require no special
tending. The larvae, depending on their stage
of development, now feed on the Sitotroga eggs,



larvae and adults and also on each other. The -

loss in eggs resulting from this cannibalism is,

nevertheless, economically small compared with -

the savings in labour in the rearing of the larvae.

In the above-mentioned rearing cabinet, about
3700 Chrysopa adults were produced in one
rearing cycle. The percentage of hatched adults
from those eggs placed in the cabinet varies
from 10 9, to 20 9%,.

Thus about 10 9, of the adults’ total egg
production had to be used to reproduce the new
generation. It was possible to use the remaining
90 9, for pest control experiments. In the event
of establishing a large .mass-rearing, a larger
percentage of the eggs must, of course, be used
to yield this increased population.

Green lacewings have now been produced by
this method for two years or, in other words, for
about 20 generations. The old laboratory strain
from the year 1972 and the new strain gathered
from nature did not differ from each other in

. this cabinet rearing. Because the amounts of

Chrysopa for experiments have not been very
large it has not been possible to discover how
many thousand eggs one laboratory assistant
would be able to produce in'a day. On the basis
of calculation at least as good 2 tesult as that
of Morrison and Ripeway (1976) would be
achieved. In spite of easier rearing and good
pestcontrol results it is still very dif’fi'cult' for the
green lacewing to compete econorﬁiﬁailly with
pesticides. : ‘
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SELOSTUS

Harsokorennon massakasvatusmenetelmi

UNrto TULISALO

Maatalouden tutkimuskeskus

Biologisen tuholaistotjunnan oleellisimpia osia on tor-
juntaelién massakasvatus, Harsokorentoa on menestyk-
sellisesti kokeiltu ja kiytetty biologiseen tuholaistotjun-
taan sekd avomaalla ettd lasinalaisviljelmilli. Sen massa-
kasvatukseen ei ole kuitenkaan vieli onnistuttu kehitti-
miin teollista ja halpaa tuotantomenetelmid. Téssi tutki-
muksessa on kehitetty menetelmi, jossa harsokorennot
tuotetaan sekakasvatuksena viljakoin kanssa samassa
kammiossa. Kammion viljakennot tdytetddn ohralla ker-
ran puolessa vuodessa ja istutetaan viljakoikanta tihin
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ohraan. Kun koit ovat riittdvisti lisdéintyneet siirretdin
kammioon harsokorennon munia. Harsokorennon toukat
sy6vit omatoimisesti viljakoiaikuisia, -munia ja -toukkia
ja koteloituvat ja aikuistuvat kammioissa. Ainut ty6ti
vaativa hoitotoimenpide on kerdti ajoittain aikuiset
hatsokotennot imulaitteella kammion katosta. Tyén me-
nekki on varsin vihiinen ja laskennallisesti yksi labota-
torioapulainen voi tuottaa harsokorentoja piivdd kohti
enemmin kuin muilla tihin saakka kiytdssi olleilla
menetelmilld.
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DETERMINING THE SENSITIVITY OF CEREAL VARIETIES TO COPPER

DEFICIENCY IN A POT EXPERIMENT

Hirxxa TAHTINEN

TAuTiNeN, H. 1978. Determining the sensitivity of cereal varieties to copper
deficiency in a pot experiment. Ann. Agric. Fenn. 17: 147—151. (Agtic. Res.
Centre, Inst. Agric. Chem. and Phys., SF-01300 Vantaa 30, Finland.)

The culture medium in pots was Carex peat with a low copper content. Six
different levels of copper were used. The species studied here was oats.

Nip, 2 brown husked vatiety with a low yielding capacity, was able to produce
grain at a lower level of copper than Pendek. Although these varieties took up
nearly the same amounts of coppet, the grain yield of Nip was much less responsive
to copper application than that of Pendek. Differences between the varieties are
most evident in the reduction in grain yield caused by Cu deficiency, and in the
minimum coppet application requited for grain formation.

The grain/straw ratio of the dry matter yield and of the copper yield are more
effective indicatots of the copper sensitivity of an oat variety than are the copper
contents of the grain and straw yields.

Differences between varieties with respect to copper sensitivity can be deter-
mined in pot experiments when several levels of copper ate used, ranging from
the minimum necessary for grain formation to the level necessary for realizing
the genetic potential of the varieties.

Index words: Cu uptake, Cu X variety-interaction, Cu fertilization, Cu deficiency

INTRODUCTION

Of the crop-plants cultivated in Finland, the
most sensitive to copper deficiency are cereals.
Spring grains suffer from copper deficiency more
than winter grains (SmiLDE and HENkENs 1967,
Fipran et al. 1977).

Studies have also shown differences in copper
requirements between cereal varieties (SMILDE
and Henxkexs 1967, Namsrar 19762 and b).

A slight copper deficiency causes a decrease
in the grain yield alone. Decay of the vascular
bundles caused by copper deficiency restricts the

flow of water in plants. In cereals this is most
evident in the drying of the leaf tips. Other
symptoms of copper deficiency are limited forma-
tion of panicles or heads and delayed ripening
with subsequent profuse tillering in both oats
and barley (e.g. Rammvr 1972, Raximr and Buss-
LeEr 1973, TArTmnen 1976).

The purpose of this preliminary investigation
is to assess the suitability of pot experiments for
determining differences in the copper uptake of
oat varieties.
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MATERIAL AND METHODS .

The varieties chosen for the experiment were
Nip, a brown husked variety with low growth
requirements, and Pendek, which has a white
husk, produces a higher yield and is more re-
sistant to lodging. It also has a higher grain
protein content and generally higher growth
requirements than Nip.

Since optimal conditions for plant growth and
yield development were desired, the experiment
was made outdoors in pots. This method affords
the plants good possibilities of achieving their
genetic capacity for growth rate. In field trials,
external factors often limit plant growth and in
addition the subsoil may affect the result, de-
pending on the depth of the roots (Gurra and
MacLrop 1970). On the other hand, it has been
observed that differences in copper uptake ability
of the roots between different varieties are
brought out more effectively in a soil culture
medium in pots than in a water medium (SMILDE
and HenkEens 1967).

Acid (pH(,0) 4,2) Carex peat (0,7 kg dry
matter per 5-litre pot) served as the substrate.
The peat contained Ca 400, P 4,2, K 20 and
Mg 80 mg/l of soil, extractable in acid am-

RESULT AND

Various degrees of copper deficiency symptoms
were brought about with the copper levels
used in the experiment. Where no or insufficient
copper was applied deficiency symptoms were
marked, and appeared at an early stage in the
plant stand, which remained green throughout.
Witherting of the leaf tips was most apparent in
pots which had received 0, 0,1 and 0,5 mg Cu.
Panicles did not form without copper and the
plant stand did not ripen.

Panicle formation was limited at low levels
of copper. The panicles had no grains, and the
plant stand did not ripen. Moreover subsequent
tillering was profuse, a phenomenon observed
in Pendek in previous experiments (TAHTINEN
1976). The length of the culm increased with
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monium acetate (Kurkr et al. 1965) and Cu 0,3
mg/l of soil, extractable in acid ammonium
acetate/0,02 M EDTA (LakaNeN and Ervio
1971).

Acidity of the soil was neutralized by using 5 g
Ca (CaCOy,) per pot. As basic fertilizer, the
following quantities of chemically pure nutrients
were added to each pot:

1000 mg N (NH,NOy)
400 » P (Ca(H,PO,),  H,0O)
1000 » K (KCD
200 » Mg (MgSO,-7H,0)
10 » H,BO,
50 » MnSO,-H,O
50 » ZnSO,-7H,O
10 » Na,MoO,:-2H,O
10 » Fe EDTA

The copper treatments were 0, 0,1, 0,5, 2,5,
12,5, and 62,5 mg Cu (CuSO, - 5H,0).

In each pot were sown 25 grains, In accordance
with the Mitscherlich system, the pots were
watered daily with de-ionized water to field
capacity. The yield was harvested when ripe. The
experiment was performed without replications.

DISCUSSION

increasing application of copper, except in the
case of the largest amount applied.

The copper deficiency symptoms in Nip were
stronger at the two lowest copper levels than in
Pendek.

Copper application had a significant effect on
the size of both grain and straw yield of oats
(Fig. 1). At low copper levels, increases in the
level stimulated only vegetative growth. When
oats received sufficient copper for grain forma-
tion, the straw yield decreased. The maximum
straw yield was thus obtained at a lower level
of copper than the maximum grain yield.

The differences between varieties were clearest
with the minimum application of copper neces-
sary for grain formation, and in the rate at which
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Fig. 1. The effect of different amounts of copper on
the grain and straw yield of Pendek and Nip oat vatieties.

the grain yield increased with further copper
application. In Nip, grain formation began at a
lower level of coppet application (0,5 mg Cu/

pot) than in Pendek. Likewise RADEMACHER
(1940) observed in his study that brown oats
were less sensitive to copper deficiency than
white. With an application of 2,5 mg Cu, Nip
was still able to develop a more abundant grain
yield than Pendek. However, a higher applica-
tion of copper did not significantly increase the
yield of Nip. In contrast, the grain yield of
Pendek rose steadily with increased copper appli-
cation, and Pendek showed a higher capacity to
re-translocate Cu from vegetative patts to grains.
This also agrees with the findings of NAMBIAR’S
(1976 2 and b) studies, according to which the
cereal genotypes with the highest grain protein
in normal grains are the most sensitive to copper
deficiency. Other studies indicate that a high
nitrogen/copper ratio in normally developed
grains renders a variety sensitive to copper de-
ficiency (Cuaupmry and Loneracan 1970,
DeKocxk et al. 1971)

At low levels of copper the increase of vege-
tative growth caused by Cu increments resulted
in a reduction of the copper content of the straw '
yield. When the copper application was increased
5 and 25 times above the minimum required for
grain formation, the copper content of the straw
and particularly of the grain increased.

In this study, the copper content of the straw
was high not only in the plant stands that had
received sufficient copper but also in those suf-
fering from a considerable copper deficiency, i.e.

Table 1. The coppet content of the grain and straw dry matter, the copper yield, and the grain/straw ratios of the
dry matter yield and of the copper yield.

Cu applied mg/pot

0 0,1 0,5 2,5 12,5 62,5
Cu mgfkg | grain Pendek .. — — — 0,6 2,0 4,5
Nip ..... = — . 1,3 2,5 4.4
Cu mgfkg | straw Pendek .. 1,9 1, 1,1 1,7 2,4 3,2
Nip ..... 2,4 2,3 1,4 1,9 2,6 3,7
Cu mg grain Pendek .. — — — 0,3 1,1 2,7
Nip ..... — — — 0,7 1.3 2.3
Cu mg straw Pendek .. 0,7 0,5 0,8 1,1 1,5 1,9
Nip ..... 0,6 0,8 0,9 1,0 1,2 1,9
Cu mg grain +. Pendek .. 0,7 0,5 0,8 1,4 2,6 4,6
straw Nip ..... 0,6 0,8 0,9 1,7 2,5 4,2

Grain/straw ratio of .
the D.M. yield Pendek .. — - — 0,7 0,9 1,0
Nip ..... — —_ 0 1,0 1,1 1,0

Grain/straw tatio of

the Cu yield Pendek .. — — — 0,3 0,7 1,4
Nip ..... — — 0,7 1,1 1,2
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the copper content of the straw yield did not
reflect a deficiency. Even the copper content of
the grain is less closely associated with copper
deficieney than is the grain/straw ratios of the
dry matter yield, or of the copper uptake (Table
1). The amount of copper in the grain and straw
yield clearly increased as more copper was applied
to the plants. The copper yield for the varieties
studied was nearly the same at each level of
application.

As for Pendek, the results support the findings
of SCHARRER and ScHAUMLOFFEL (1960), who

state that in cases where there was a copper
deficiency the copper yield of the straw was
greater than the copper yield of the grain.

Pot experiments permit determination of the
reaction of different varieties to copper deficiency
and copper uptake, provided that the amounts of
copper applied range from the minimum required
by the varieties for grain formation to a level in
excess of the maximum genetic capacity. A low
copper content in the substrate is essential for
successful comparison.
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SELOSTUS

Viljalajikkeiden kuparintarpeen toteaminen astiakokeessa

{

HiLkxka TAHTINEN

Maatalouden tutkimuskeskus

Kasvualustana oli vihin kuparia sisiltivi saraturve, jolle
annettiin lannoituksena kuusi eri kuparimidrds.

Heikkosatoinen, tuskeakuorinen Nip tuotti jyvid vi-
hiisemmilld kuparilannoituksella kuin Pendek. Vaikka
nimi lajikkeet ottivat lihes yhti paljon kuparia, lannoi-
tusta lisdttdessd Nipin jyvisato ei kuitenkaan lisddntynyt,
kun taas Pendekin jyvisato nousi kuparilannoituksen
mydti. Lajike-erot nikyivit selvimmin puutteen aiheut-
tamassa jyvisadon alenemisessa, sen nopeudessa ja jyvin-
muodostuksen kuparilannoitustarpeen vihimméaismaa-
rissi.

Jyvi- ja olkisatojen suhde sekd niiden ottamien
kuparimiirien suhde ilmaisivat paremmin kauran kuparin
puutteen kuin jyvd- tai olkisatojen kuparipitoisuudet.

Astiakokeissa voidaan todeta kuparin puutteen herk-
kyydessi ilmenevid lajike-eroja. Tilloin on kiytettivi
useita kuparimédrisi, jotka vaihtelevat jyvien muodos-
tuksen minimitarpeesta kasvun maksimin edellyttimidn
tasoon saakka.
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Service, Library (VANTAA) — 3. Institute of Plant Breeding (JOKIOINEN) — 4. Institute
of Horticulture (PIIKKIO) — 5. South-West Exp. Sta. (MIETOINEN) — 6. Satakunta Exp. Sta.
(KOKEMAKI) — 7. Sata-Hime Exp. Sta. (MOUHIJARVI) — 8. Hime Exp. Sta. (PALKANE)
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Exp. Sta. (RUUKKI)—18. Lapland Exp. Sta. (ROVANIEMI)—19. Swine Rescarch Sta.
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