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ANNALES AGRICULTURAE FENNIAE, VOL. 17: 1—9 (1978)
Seria AGRICULTURA N, 53 — Sarja PELTOVILJELY n:o 53

MEADOW FESCUE AND COCKSFOOT IN PASTURE/SILAGE LEYS

Karre Rinne and Enst ETTALA

Rinng, K. & ErraLa, E. Meadow fescue and cocksfoot in pasture/silage
leys. Ann. Agric. Fenn. 17: 1—9. (Agric. Res. Centre, Sata-Hime Exp. Sta.,
SF-38460 Moubhijirvi, Finland).

In a four year farm scale experiment carried by the Agricultural Research Centre
the total feed unit yields were 4 600 fu/ha for meadow fescue and 4 790 F.U./ha
for cocksfoot. Milk yields were 4 510 kg/ha and 4330 kg/ha, resp. Stocking
dénsity was 0.42 hajcow and the average propottion of silage cut was 40—46 %
of the total yield. The only significant difference between the two grasses was
in milk yield (P < 0.05).

The amount of grass dry matter before grazing was 2 040 4-990 kg/ha for fescue
and 20704950 kg/ha for cocksfoot. Average crude protein content was 22.2+
3.4 % and 22.44-3.5 % respectively, showing no significant difference between
the species, whereas in cocksfoot crude fibte, crude fat, ash, magnesium, potassium
and sodium contents were significantly higher and calcium content lower than
those in fescue. There was no difference in phosphorus content.

The most important changes in chemical composition due to the age of the ley
were an increase in crude protein content and a ‘dectease in crude fibre, ash and
potassium contents. ’ :

The soil pH decreased during the’ experimental petiod by 0.20 pH units (P<
0.01) in paddocks where fescue dominated and by 0.38 pH units (P < 0.01) in
those dominated by cocksfoot. The amount, of exchangeable potassium decreased
339, (P < 0.05) and 25 % (P < 0.01), resp

Index words: meidow fescue, cocksfoot, pasture/silage

When efficient cultivation of meadow fescue and - more moisture and humus. The yield capacity,
cocksfoot became common these grasses were digestibility, regrowth, rcsp‘onse to nitrogen,
recommended for pasture/silage leys. At the etc. of, these grasses were well known. No farm
same time the benefits of heavy nitrogen dress-, scale experiments had, however, tezn carried
ings became evident. Cocksfoot was considered out comparing these grasses under conditions
a crop suitable for clay soils and dry areas, while where both cocksfoot and meadow fescue could
meadow fescue grows better on soils containihg:‘: grow. ' ' '
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Earlier, bay, grazing and silage were generally
considered as separate crops. Even the seed
mixture selected depended on the intended use.
However, when it became the practice to recom-
mend cocksfoot and meadow fescue as the main
grasses for both pastures and silage leys it no
longer seemed necessary to keep these two sward
types, at least, apart. A combination of this
kind offered many advantages. Utilization of
the sward will be more flexible because during
periods of slow growth mowing can be reduced
and a shortage of grass for grazing avoided.
Under good growing conditions the mowed area
may be extended. Mowing the sward will de-

crease the number of dung patches and the grass
will be more palatable.

There are also some disadvantages. More
fences must be built and, according to the loca-
tion on the fields, the average distance between
pastures and cowshed or milking site may also
be greater.

The aim of the present work was to investigate
the possibility of producing, under intensive
cultivation, both pasture fodder and silage for
dairy cattle from a specific area. Another purpose
of the experiment was to compare leys dominated
by cocksfoot with leys dominated by meadow
fescue. '

MATERIAL AND METHODS

Procedure. In the years 1968—71 farm scale
pasture/fsilage experiments were conducted at
the Agricultural Research Centre, Tikkurila
(60°N, 25°E). The experimental area covered
about 8 hectares. The swards were sown in the
beginning of August, 1967, without a cover
crop. Seed mixtures were as follows:

meadow fescue 17 kg/ha cocksfoot 17 kg/ha

timothy 15 » timothy 15 »

red clover 3 » red clover 3 »
35 kg/ha 35 kg/ha

All the plants were of Finnish Tammisto variety.

The soil was sandy clay and fine sand with an
average pHy o 6.19. Exchangeable calcium was
3280, potassium 280 and soluble phosphorus
11,9 mg/l (acid ammonium acetate, pH 4,65).

Fertilization. 45 kg/ha phosphorus was applied
the first year and 37 kg/ha in the ensuing years.
Corresponding figures for potassium fertilizer
were 75 kgfha and 62 kg/ha. 300 kg/ha of
nitrogen (in the form of calcium ammonium
nitrate) was applied annually. The latter was
applied in three equal dressings. Phosphorus and
potassium were spread in one dressing with the
first nitrogen application.

Graging and cutting started in 1968. The experi-
mental area was divided into eight paddocks,
four for each type of sward. The strip grazing
method was used. The length of the grazing
season averaged 110 days, from the end of May
to the 20th September. Each paddock was grazed
four times on average and cut 1—2 times.
Weather (Table 1). The growing seasons were
drier than average, especially at midsummer.

Table 1. Mean temperatures and precipitation in Tikkurila

1968 1969 1970 1971 Normal
temp. prec. temp. ptec. temp. prec. temp. prec. temp. prec.
May ....0........ 7.7 85 8.7 41 9.5 25 10.5 9 9.3 40
June ..ol 16.6 37 15.6 18 16.7 13 141 21 14.3 48
July ..ol 15.2 68 16.5 63 16.4 120 17.0 25 17.0 73
August ......... 16.2 52 16.1 28 15.4 31 15.5 90 15.4 75
September ...... 10.7 47 9.9 95 9.8 78 8.8 62 10.4 69




Precipitation during the growing seasons was
94 9, (1968), 80 % (1969), 88 % (1970) and
68 9, (1971) of the long term average. Mean
temperatures did not differ markedly from those
of normal seasons.

Irrigation. Duting dry periods the experimental
area was irrigated, once in 1970 and twice in 1971.
In one irrigation the water quantity was 50 mm.
Topping. After each grazing the paddocks were
topped if there was too much grass left. The
amount of topped grass was measured.
Sampling. During grazing samples were taken
fot chemical analyses and measuring the quantity
of grass dry matter on average every other day
from ten points on the area to be grazed next.
Samples were also taken before each silage
cutting.

Test animals and procedures in the feeding experi-
ments. In May, before the experiments started,
the cows (Ayrshire) wete put on a uniform
preliminary diet for 20—25 days and the switch
to the pasture experiment feed was then made
gradually, over a period of 5—10 days. In 1968,
1969 and 1971, before going over to the experi-
mental feed, the cows were divided into two
groups each consisting of 8—9 cows, as com-
parable as possible in daily production, milk fat
percentage, live weight and time from calving.
A Latin square design was used in 1968 and
1969, and the factorial design in 1971, when the

second factor-was the concentrate level (ETTALA
1976). In the present experiment the cows spent
the whole summer at the experimental pasture.
In 1970 all the cattle (18 cows) at Tikkurila farm
were split into two neatly uniform groups and
spent only part of the summer at the experi-
mental pasture.

The milk yield of each cow was weighed
separately at each milking (1968, 1969, 1971) ot
at 5 day intervals (1970). Milk samples represent-
ing the 2 day production of each cow were
analysed every 5 days (1968—71) for fat and
every 10 days for protein (1969, 1971). The cows
were weighed on two successive days at the
beginning and end of the experiment and at
intervals of 30 days duting the experimental
period.

Feed unit yield was calculated using ceftain
constant values (ANon. 1935) representing
energy needs for living and for milk and meat
production. The grass cut for silage was con-
verted into feed units and added to the yield.
Correspondingly, the amount of feed units
given as concentrates Wwas substracted. The
feed value was determined by standard meth-
ods and minerals by an atomic absorption
spectrofotometer, apart from P, which was
determined colorlmetrlcally

Significance of the tesults is expressed as folloWs
*P < 0,05, **P < 0,01 and *** P < 0,001.

RESULTS

The grass yields (Table 2)

The first and the third year of the experiment
were mote favourable to the growth of grass
than the other two years. The feed unit yield
and the amount of grass cut for silage was then
as its highest. In 1971 yield was very small
because of the dry growing season. In 1971 there
was just enough grass for grazing but very little
for silage. The feed unit yield of cocksfoot
was slightly larger than that of meadow fescue
except in 1969, but the difference was not
significant.

Production of the cows (Figs. 1—2, Tables 2—3)

The cows’
sharply in June, at the beginning of the expen-
mental period, when the grass yield and its
crude fibre content increased rapidly. Later in
the summer the milk yield remained fairly
stable apart from September, because there Wai
usually sufficient grass for grazing. Varlauons
in milk yields between the years were not great.
The cows produced more milk from meadow

milk production decreased quite

fescue sward than cocksfoot: the difference Was
significant in milk yields in kg/ha (P < 0,05).
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Fig. 1. Seasonal changes in dry matter quantity and its chemical composition, M, J, J, A, S = May, June,
July, August, September.

Table 2. Quantities of milk and grass cut silage and fodder unit yield per ha.

F = meadow fescue D = cocksfoot

Milk kg/ha Silage Fodder units/ha
Yeat fu/ha % of yield
F D F . D

\ F D F D
1968 . ...l .| 4980 4920 3040 3260 55 58 5520 5590
1969 ..., 4220 4 060 1920 1770 43 41 4490 4350
1970 cooeeie .. 4250 4080 2300 2 800 41 49 5550 5760
1970 oo 4 600 4240 |. 190 900 7 26 2830 3460
Mean .....eceunne.... 4510 4330 1860 2180 40 46 4 600 4790
Sign. of diff. ......... * ns. ns.

Table 3. Average daily grass dry matter yield before grazing and milk production by cows during the expeti-
mental period.

E Grass DM Milk Fat Protein Change in live weight,
Vear Cows pe;g;l. kg/day/cow kg/day/cow % % kg
days F D F D F D F D F D
1968 ..... 18 110 31.2 | 284 | 19.0| 18.8 0 0
1969 ..... 16 2x50 263 | 222 17.8 | 171 4.3 4.3 34 3.4 +15 +23
1971 ..... 18 100 239 | 23.6 | 16.0 | 14.7 4.6 4.4 3.6 34 +30 +20
1 Sign. of diff., ~ ns. ns. ns. ns. ns.




There was no significant difference in the milk’s
fat and protein content between the feeding
groups. The live weight of the cows increased
in both groups.

Dry matter before grazing (Tables 4—5)

The DM quantity before grazing was on average
20404990 kg/ha for fescue and 20704950
kg/ha for cocksfoot. For the whole material
there was no significant difference in dry matter
between the species. There was a tendency for
cocksfoot to have a higher crude protein content
than fescue (22.44+3.5 % and 22.24-3.4 %, resp.)
but the difference was not significant. The
average crude fibre content of cocksfoot, 24,3+
2,5 %, was significantly higher than that of
fescue, 23,4-2,9 %. The crude fat and ash
contents of cocksfoot were significantly higher,
too (P < 0,001).

Meadow fescue had a significantly higher cal-
cium content (P < 0,001), whereas magnesium,
potassium and sodium contents of cocksfoot
exceeded those of fescue (P < 0,001—0,05).
There was no significant difference in average
phosphorus content between the species.

Seasonal changes (Fig. 1)

The dry matter quantity before grazing fluctuated
between 1,5 and 2,5 tons/ha, being highest in
June and August. The highest levels of crude
protein, crude fat, phosphorus, potassium and

Table 4. Dty matter

1969

Tran- Experimental pericd
sition 1 I
period

26 71

24

Milk (4%} kg/day/cow

20 1 RN
18 /
16 e
14 \
12+

5/6  25/6 15/7 L/8 24/8 13/9
1971
20
22
201
18
161
14
12
10

—meadow fescue
,/” --~-cocksfoot

31/5 20/6 10/7 30/7 19/8 8/9

Fig. 2. Daily milk yields calculated as 5 day averages for
feeding croups.

sodium occurred in May whereas there was a
general tendency for crude fibre, calcium and
magnesium concentration to rise towards the
autumn. The highest ash content was found in
the middle of the summer.

before grazing and its chemical composition. Data represents four years and several

growth stages and seasons. F = meadow fescue, D = cocksfoot.

Dry matter Crude protein Crude fiber Crude fat Ash
n before grazing % 9 9
kg/ha 0 o ‘0 0
F ..o 162 20404990 222434 23.442.9 3.44-0.5 11.1
D....c...... 163 20704950 22.443.5 243425 3.840.5 12.0
Sign. of diff. .. ns. ns. *E hE ok
P Ca Mg X Na
F ... 128 0.354-0.07 0.584-0.10 0.196--0.041 3.67+0.41 0.007 4-0.006
D........... 128 0.354-0.07 0.44+0.06 0.206-0.041 4.294-0.52 0.008 +-0.004
Sign. of diff. .. ns. o o Hrk H*




Table 5. Influence of the age of the ley on dry matter before grazing,

and chemical composition of grass.

v bI?rY matter Crude protein Crude fibre Crude fat Ash
ear {3 Oll'iﬂg/gllr:zlng o % % %
1968 ............... 2 2200 20.72 25,50 3.58b 12.42
1969 ...l 22200 22.80 23.32 3.48 11.6°
1970 « ..ol 1 9402b 23.50 23.62 3,70 11.4>
1971 .ol 1 6902 22,69 22.82 4.1¢ 10.4¢
Sign. of diff. ........ *kx kx Fokk Hkok Fkk
P Ca Mg K Na
1968 ... ..., 0.37» 0.512 0.20* 4.06 0.008a
1969 ..ol 0.31a 0.52a 0.192 4,06 0.008=
1970 ... ... 0.37% 0.512 0.22v 3.91p 0.007a
1971 ..., 0.322 0.502 0.202 3.612 0.008=
Sign. of diff. ........ X ns. HoHk e ns.

Age of the ley (Table 5)

There were certain significant changes in the
amount and quality of the grass before grazing
according to the age of the ley. The average dry
matter quantity diminished in 4th year compared
to the two first years by 530 kg DM/ha. The
crude protein content was significantly lower
and the crude fibre content higher in the first

Table 6. Soil pH, specific conductivity,

year than in the following years. The crude fat
content increased and the ash content decreased
significantly from the first to the last year.

The phosphorus content was significantly
lower in the dry years 1969 and 1971 than in the
other years. The potassium content was signifi-

. cantly lower in the last year, whereas there were

no differences in calcium and sodium contents.

exchangeable calcium, exchangeable potassium and soluble phosphorus

before and after the four year experimental period (0—20 cm depth).

Before ' After
Difference
pH
Meadow fescue ...................... 6.16 5.96 —0.20%*
Cocksfoot «.vuvviniiii i 6.22 5.84 —0.38%*
Specific conductivity
10 X millimho/ca
Meadow fescue ...................... 1.16 1.03 —0.13
Cocksfoot «.ovviiiii i 1.33 1.14 —0.19
Exchangeable calcium
mg/l
Meadow fescue ...................... 3188 3163 —25
Cocksfoot «.ovviinnin i, 3380 3 350 —30
Exchangeable potassium
mg/
Meadow fescue ...................... 266 168 —98**
Cocksfoot ......oovvviiii ... 295 222 —17*
Soluble phosphorus
mgfi
Meadow fescue ...................... 13.0 10.5 —2.5
Cocksfoot . .....cvveviiniiiiinnin.., 10.8 8.5 —2.3




Table 7. Average botanical composition in different yeats and at different grazing times. % of green mass.

Meadow fescue Cocksfoot
Year

1968 1969 1970 1971 1968 1969 | 1970 | 1971

Main plant ...... 80.5 90.8 96.0 82.4 74.0 88.6 95.4 93.6

Timothy ........ 17.0 7.0 2.7 6.3 23.5 8.8 3.3 2.7

Red clover ...... 1.1 0.5 0.2 0.1 1.1 0.6 0.5 0.1

Weeds  .vvovieennn 1.4 1.7 1.1 11.2 1.4 2.0 0.8 3.6
Grazing I 11 II1 v vV—VI I II 111 v V—VvI
Main plant ...... 85.9 91.0 85.1 87.8 92.4 82.3 90.0 88.5 90.4 93.3
Timothy ........ 11.2 5.5 8.1 7.9 5.7 15.9 7.3 7.5 7.2 5.2
Red clover ...... 0.4 0.5 0.6 0.5 0.5 0.3 0.7 0.5 0.5 0.8
Weeds .......... 2.5 3.0 6.1 3.8 1.4 1.5 2.0 3.5 1.9 0.7

Soils (Table 6)

The analyses made before and after the experi-
mental period showed that the soil pH decreased
significantly. In paddocks where meadow fescue
dominated the average soil pH was 0,20 units
and where cocksfoot dominated 0,38 pH units
lower than at the beginning of the experiment.
There was a general tendency for exchangeable
calcium, potassium and soluble phosphorus to
decreased duting the four year period, but the
decrease was significant only for exchangeable
potassium. The greatest fall, 33 %, occurred in
the fescue paddocks. In the cocksfoot paddocks
exchangeable potassium decreased 25 %-

Botanical composition (Table 7)

All the grass samples taken from the experimental
area were analysed botanically. The proportion of
cocksfoot and meadow fescue varied from 74 %
to 96 %, of fresh grass. There was a tedency for
both species to increase their proportion during
the experimental period except for the last year.
In that year there was some winter damage,
which affected fescue and cocksfoot worse' than
the other plants. ‘ ’

Botanical changes during growing season
were not very great apart from timothy, which
decreased towards autumn. The proportion of
dead grass, on average 3—4 %, is not included
in the table. It was lowest in the spring, less
than 1 9, and highest in the autumn, 8—9 %.

DISCUSSION

The proportion of silage from the whole yield
was on average 40—46 %,. The smaller figure
represents meadow fescue and the larger cocks-
foot. In 1971 the yield was lower than usual
because of winter damage and drought. The
amount of grass cut for silage was very small
in that year.

In the first year of the experiment there were
nine cows in each group. This means that there
were 0,42 hectares of pasture available petr cow.
In addition to pasture, this area produced about
30 kg/day of silage for each cow for the indoor
feeding period, assuming that losses during

silage making were 20 %. In the second year
there were eight cows in each group and 0,48
bectates per cow. Because of the smaller yield,
the amount of silage for the same number of
cows was 20—22 kg silage/day/cow. It seems,
that under favourable conditions it is possible
to produce both pasture and silage for the indoor
feeding period from about 0,4—0,5 ha/cow, if
silage feeding does not exceed 30 kg/day/cow.
In Great Britain it has been estimated that on
average of 0,4 ha/cow should provide silage as
well as pasture (Worrton 1972).



There was no difference between the yields of
cocksfoot and meadow fescue. The reason for
this was that the soil type was fairly good for
both grasses. The sandy clay was not too heavy
for fescue and during the worst periods of
drought irrigation was used. Consequently, the
better resistance of cocksfoot to drought did
not make it superior to fescue. When the grasses
were grazed at the same time the crude fibre
content of cocksfoot was higher than that of
fescue, partly because cocksfoot is earlier and
thus reaches maturity at a different time from
fescue. This difference was not, however, evident
from the crude protein content. The fact that
meadow fescue has a smaller crude fibre content
and is therefore obviously more acceptable and
digestible affected the difference in milk yields.

Some significant changes occurred in the
quality of the grass as the ley increased in age.
Most noticeable, perhaps, was the increasing
crude protein content, in contrast to earlier
results (KrvimiAe 1959, Rinne 1976). This is
clearly because yields were smaller towards the
end of the experiment while the nitrogen applica-
tions remained the same, so that the same amount
of nitrogen increased the protein content. When
yield was small it was necessary to graze earliet
than usual.

If the high nitrogen load is given in the form
of calcium ammonium nitrate the soil pH will
decrease (SiLraneki & RiNnE 1975). This
proved true in the present experiment. During
the four years of the experiment some mineral
contents decreased in the soil. Besides increased
soil acidity, this may be explained by the fact
that the greater part of the yield was cut for
silage. When planning fertilization, this must be
taken into consideration, because if the sward
is used for grazing only a significant amount of
minerals will return to the soil in the form of
facces (RNNE and Taxara 1971).

Soil exchangeable potassium decreased sig-
nificantly during the experimental period. The
decrease was gteater in the meadow fescue than
in the cocksfoot plots, despite the larger total
potassium uptake by cocksfoot. The explanation
for this may be that cocksfoot has a deeper root
system than fescue (SALoNEN 1949). Cocksfoot
also takes potassium from the subsoil (below
20 cm depth) (Joy et al. 1973).

In this experiment the reduction in plant
available minerals was reflected in the decreasing
mineral concentration of grasses as ley aged. The
same change has been pointed out in some other
investigations (RAnINkO 1968, RINNE 1976).
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SELOSTUS

Nurminata ja koiranheini laidun/sdilérehunurmessa

Karre RinNE ja Erst Errana

Maatalouden tutkimuskeskus

Maatalouden tutkimuskeskuksen Tikkurilan laitosten
maatilalla selvitettiin mahdollisuuksia tuottaa intensiivi-
selld nurmiviljelylld samalta alueelta rehua sekd laidunta-
miseen ettd siilorehuksi. Samalla verrattiin toisiinsa nur-
minatea ja koiranheini4 nurmen piikasveina. Koealue oli
8 hehtaarin suuruinen ja jaettu kahdeksaan lohkoon, joista
oli nelji kumpaakin nurmityyppid. Siemenseoksessa oli

nurminataa tai koiranheindi 17 kg, timoteita 15 kg ja’

puna-apilaa 3 kg hehtaarille. Lannoitus oli 1200 kg
oulunsalpietaria (300 N) hehtaarille kolmena yhti suu-
rena erind ja 500 kg PK-lannosta keviilld. Kumpaakin
nutmityyppid laidunnettiin 8—9 lehmin suuruisella ryh-
milld paitsi v. 1970, jolloin tilan koko karja kahtia jacttuna
laidunsi koelaitumilla vain osan kesid. SyottGtapana kiy-
tettiin kaistasyOttod.

Sailsrehuksi niitetyn ruohon osuus oli keskimdirin
40—46 % rehuyksikkosadosta. Ensimmiisend koevuo-
tena, joka oli hyvi ruohon kasvulle, saatiin 0.42 hehtaarin
alalta lehmiai kohden laitumen lisiksi runsaasti siilorehua.
Se olisi riittinyt noin 30 kilon pdivittiiseen siilérehu-
ruokintaan sisiruokintakauden aikana olettaen, etteivit
sailontitappiot ylitd 20 %.

Nurminadan rehuyksikkésato oli keskimédrin 4 600 ry
ja koiranheinin 4 790 ry hehtaarilta. Ero ei ollut merkit-
sevi, silld maalaji ei suosinut erityisesti kumpaakaan kas-
via. Koiranheinin parempi kuivuudenkestivyyskadin ei
tullut esille, koska koelaitumet sadetettiin pahimpien kui-
vien kausien aikana. Ennen sydttdd tai niittoa tarjolla
olleen ruchon miirissd ei mydskidn ollut eroa kasvilajien
vililli. Nurminatanurmella ruohon kuiva-ainetta oli
20404990 kg/ha ja koiranheininurmilla 2 0704950 kg/
ha. Sdilérehuksi kotjatuissa midrissi oli eroa jonkin ver-
ran enemmin (nurminata 1 860 ja koiranheind 2 180 ry/
ha), mutta sekddn ei ollut merkitsevi. Sen sijaan nurmi-
natavaltaisilta nurmilta saatiin merkitsevisti enemmain
maitoa, 4510 kg/ha, kuin koiranheinivaltaisilta, 4 330
kg/ha. Maidon koostumuksessa ei ryhmien vililli ollut

2 127801361)

merkitsevii eroja. Lehmien paino nousi kummallakin
nurmella.

Nurminatalohkoilta saatuun suurempaan maitomiiriin
vaikutti ainakin ruohon laatu. Koiranheinin raakakuitu-
pitoisuus (24.3 2.5 %) oli merkitsevisti korkeampi kuin
nadan (22.4+2.9 %). Raakavalkuaispitoisuuksien vilinen
eto ei sen sijaan ollut merkitsevi (koiranheinin 22.4+
3.5% ja nadan 22.2:4+3.4 %). Fosforipitoisuuksissa ei
my®skéin ollut eroa kasvilajien vililld. Nadan kalsium-
pitoisuus (0.584+0.10 %) oli merkitsevisti suurempi kuin
koiranheinin (0.44-0.06 %), kun taas kalium, magne-
sium- ja natriumpitoisuudet olivat alhaisemmat.

Kuiva-aineen midrd ennen sydttdd oli suurimmillaan
kesi- ja elokuussa. Raakavalkuaista, raakarasvaa, fosforia,
kaliumia ja natriumia oli ruohossa eniten toukokuussa,
kun taas raakakuitu-, kalsium- ja magnesiumpitoisuudet
lisdntyivit syksyd kohden.

Nurmen idn kasvaessa kuiva-aineen mairi ennen syot-
t64 viheni. Ruohon laadun muutoksista olivat samalla
selvimpii raakakuitu-, tuhka- ja kaliumpitoisuuksien ale-
neminen sekd raakavalkuais- ja rasvapitoisuuksien ko-
hoaminen. Fosforia oli merkitsevisti vihemmin vihi-
sateisina vuosina 1969 ja 1971 kuin muulloin.

Voimaperiinen nurmiviljely vaikuttaa maan viljavau-
teen. Typpilannocitteena kiytetty oulunsalpietari alensi
maan pH:ta merkitsevisti: nurminatalohkoilla 0.20 ja
koiranheinilohkoilla 0.38 pH-yksikkodd. Samalla vihe-
nivit maassa vaihtuvan kalsiumin ja kaliumin sekéd liu-
koisen fosforin mddrit, joista kaliumin viheneminen oli
merkitsevd (nurminatalohkoilla 33 % ja koiranheini-
lohkoilla 25 %). Muutoksiin maassa vaikutti osaltaan
my®ds se, ettd suuri osa sadosta korjattiin niittdmall, jol-
loin eldinten ulosteissa maahan palautuvien ravinteiden
miird jii pienemmiksi kuin laidunnettaessa.

Seki nurminata etti koiranheini lisisivit kokeen
aikana osuuttaan nurmessa lukuunottamatta viimeistd
vuotta, jota olivat edeltineet pahat talvituhot:
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THE EFFECT OF MATURITY ON HERBAGE PASTURE DURING GRAZING SEASON

KALLE RINNE

Rinng, K. 1978. The effect for maturity on herbage pasture during grazing
season. Ann. Agric. Fenn. 17: 10—17. (Agric. Res. Centre, Sata-Hime Exp.
Sta., SF-38460 Mouhijirvi, Finland).

The effect of maturity on the dry matter and quality of meadow fescue and cocks-
foot were studied by the Agricultural Research Centre according to samples
taken every other day during grazing in a farm scale experiment covering four
growing seasons.

During the first grazing period the average dry matter of fescue increased
132411 kg/ha and that of cocksfoot 139414 kgfha a day. At the same time the
crude protein content of fescue decreased curvilinearly, on average 0.55 9, units/day
and that of cocksfoot 0.68 %, units/day. The crude fibre contents increased linearly,
0.53 % units and 0.44 %, units/day, resp. The crude fat and ash contents of grasses
decreased significantly, too.

Mineral concentrations of grasses showed a significant decrease with advancing
maturity. The phosphorus content of fescue decreased 0.006 % units and that
of cocksfoot 0.011 %, units/day. The decrease in calcium was significant only for
cocksfoot, 0.004 % units/day. The magnesium concentration decreased slightly
but significantly whereas the decrease in potassium was rapid, 0.03—0.06 %
units/day. '

During the following grazing periods the DM quantity was significantly lower
than during the first grazing. The increase in DM per day was as follows: 39 and
76 kg/ha in the 2nd grazing, 90 and 74 kgfha in the 3rd, 20 and 15 kg/ha in the
4th, and 37 and 19 kgfha in 5th and 6th grazing for fescue and cocksfoot, resp.
The ctude protein content of grasses decreased significantly only in the 3td and
4th grazings. In other respects the quality remained quite stable in the latter grazings
and, in contrast to the first grazing, some contents (ash, fat, Mg and K) incteased
as time went on.

Index words: meadow fescue, cocksfoot, growing time and chemical composition

The agricultural Research Centtre carried out a number of this series (RinNE and Errara in the
four-year farm scale experiment to compare press). The aim of the present work is to show
meadow fescue and cocksfoot as pasturefsilage the effect of increasing maturity on the quality
hetbage. Detailed information concerning quan-  of herbage in successive grazings.

tity and quality of yields is given in the preceding
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MATERIALS AND METHODS

Procedure. 'The farm scale pasturefsilage experi-
ment was carried out in southern Finland
(60°N, 25°E) on sandy clay and fine sand with
on average pH of 6,19H,0. The seed mixtures
were 17 kg meadow fescue or cocksfoot, 15 kg
timothy and 3 kg red clover (Finnish Tammisto
varieties). Detailed information on the layout
of the swards, weather and yields were reported
in the preceding number of this series (RINNE
and ErtaLA in the press).

The experimental atrea covered about 8 hec-
tares divided into eight paddocks, four for each
type of sward. The experiment was grazed by
two groups of dairy cows, each consisting of
nine cows. The length of the grazing season
average 110 days, from the end of May to the
20th of September. Each paddock was grazed
four times on average and cut once or twice.

Fertilization. A nitrogen application of 300 kg
N/ha was given in three equal dressings. P(37—
45 kgfha) and K(62—75 kg/ha) were spread in
one dressing, with the first N dressing.
Growing time was calculated from the beginning
of one grazing period to the beginning of the
next. The growing time for the first grazing was
calculated from May 5, because this date may
be considesred as the start of the growing scason
in southern Finland. Average growing times
were:

grazing I1st 2nd 3td 4th 5th—O6th
average growing time, days 34 21 24 25 16

Sampling. Duting grazing the samples were
taken, on average, every other day from 10
points on the area to be grazed next. Samples
were also taken before each silage cutting.

RESULTS

The first grazing

Growing time ptior to the first grazing averaged
34 days. During grazing, the amount and
quality of the grass changed very rapidly. The
avetage amount of dry matter before grazing
was 2 660910 kg/ha for meadon fescue and
283041000 kg/ha for cocksfoot. The dry
yield of fescue increased during grazing by
about 132411 kg/ha/day and that of cocksfoot
139414 kg/ha/day (Fig. 1., Tables 1—2). The
regressions for dry matter over the growing
time did not differ significantly between the
species.

The average crude protein content of meadow
fescue was 23,14-4,2 9 and that of cocksfoot
22,44-4,7 %, Duzring the first grazing the protein
content decreased curvilinearly (Fig. 1., Tables
1—2). For fescue the decrease averaged 0,55 9,
units/day (from 25,4 9%, to 19,9 9, during ten
days) and for cocksfoot 0,68 %, units/day (from

24,7 to 17,9 %). There were no significant
differences between the species.

Average crude fibre content before the first
grazing was 21,843,5 %, for fescue and 22,4
3,1 9, for cocksfoot. When the growing time
was increased from 30 days to 40 days, the
fibre content increased linearly 0,534-0,04 9,
units/day for fescue and 0,44--0,04 9%, units/
day for cocksfoot (Fig. 1., Tables 1—2). In
regressions, difference between the species was
insignificant.

Crude fat content averaged 3,3--0,4 9, for
fescue and 3,54-0,4 9% for cocksfoot. During the
first grazing the crude fat content of fescue
decreased linearly by 0,046-+0,007 9, units/day
and that of cocksfoot curvilinearly from about
3,7 to 3,2 9% (P < 0,001). '

Average ash content was 9,94+1,1 9, for fescue
and 10,64+1,1 9, for cocksfoot. Ash content in
cocksfoot decreased faster (0,15 9%, units/day)
than that in fescue (0,08 %, units/day).

11



GRAZINGS
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Fig. 1. Changes in the quantity and quality of dry matter on growing days during grazings.

meadow fescue,

There was a significant fall in the mineral

contents of grasses during the first grazing (Fig.
2., Tables 3—4). Average phosphorus content
of fescue was 0,374-0,05 9 and that of cocksfoot
0,364-0,07 %. During the first grazing period P
of the grasess decreased linearly,
0,0064+0,001 9, units/day and 0,01140,001 %,

contents

units/day, resp.

12

@

content decreased

cocksfoot.

Calsium content averaged 0,514-0,05 9, for

< 0,001).

fescue and 0,394-0,04 9%, for cocksfoot. The
content decreased, but the drop was significant
only for cocksfoot, 0,004--0,001 %, units/day

Magnesium content was 0,144-0,01 9, for

(P < 0,01).

fescue and 0,154-0,01 %, for cocksfoot. The Mg
slightly but

significantly



Potassium content of fescue was 3,72-40,32 9,
and that of cocksfoot 4,244-0,47 %. The K
content of cocksfoot decreased linearly, 0,056
0,008 9%, units/day whetreas the decrease in K
content for fescue was curvilinear, from 3,93 %,
to 3,60 9%, in ten days. There was a significant
difference between the level of regressions for
species (P < 0,001).

The sodium content of fescue decreased
curvilinearly from 92 ppm to 29 ppm, whereas
that of cocksfoot decreased linearly from 112
ppm 19 ppm/day (P < 0,01).

The second grazing

In the second grazing the average growing
time was only 21 days. The amount of dry
matter, on average 1 470 kgfha, was significantly
lower than that in the first grazing. The increase
in dry matter for cocksfoot, 764-12 kg/ha/day,
was significantly greater than that for fescue,
39413 kg/ha/day (Fig. 1., Tables 1—2).

The crude protein content was on average
22,6—23,3 %, and did not decrease significantly
during grazing. On the other hand the crude
fibre content increased highly significantly,
0,1640,04 9 units/day for cocksfoot. The crude
fibre content of cocksfoot was significantly
higher than that of fescue (P < 0,01).

There were very few other significant changes
in the quality of the grass in the second grazing.
In contrast to the first grazing, ash, magnesium
and potassium contents increased. Calcium and
magnesium contents were significantly higher
than in the first grazing (Tables 3—4).

The third grazing

In the third grazing there was significantly more
dry matter before grazing compared with the
second grazing. The growth in the grass dry
matter was significantly improved, too, 9018
kg/ha/day for fescue and 7449 kgfha/day for
cocksfoot. The crude protein content decreased
rapidly, 0,254-0,06 %, units/day for fescue and
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Fig. 2. Changes in P, Mg, Ca, K and Na concentrations
of grass on growing days during the first grazing.
——— — meadow fescue, — ———— cocksfoot.

0,404-0,03 9 units/day for cocksfoot (Fig. 1.;
Tables 1—2). On the other hand, the crude fibré
content of cocksfoot only rose significantly,
0,08-4-0,04 9%, units/day. The only signiﬁcant:
changes in the mineral contents were the decrease
in phosphotus, on average 0,008 %, units/day
for both species (P < 0,001), and the decrease
in the potassium content of cocksfoot (P < 0,001);

The fourth grazing

In the fourth grazing there was significantly less
dry matter than in the eatlier grazings and it did
not increase significantly. Nevertheless the crude
protein content of both species decreased sig:
nificantly, on average 0,18 9, units/day, whereas
the crude fibre content of fescue only increased
significantly, 0,16 %, units/day. ‘



Table 1. Regtession coefficients for DM before grazing and feed value (y) on growing time (days) of grass (x).
y = a+bx-—cx2 Effect of the years is eliminated.

Meadow fescue

G::zomg A:vtcg%gc a b e df R?, 9
Dyry mattex 1 26604910 —1798 131.6 1,31 81.6%**
kg/ha 2 1370--380 586 39.0 1,24 28.0%*
3 23304820 185 90.0 1,32 44,6k
4 19804532 1503 19.7 1,33 4.3
5—6 15504330 917 36.5 1,17 35.3%*
Crude protein 1 23.14-4.2 59.49 —1.522 0.0128 2,30 92.8**x
% 2 22.642.2 24.13 —0.076 1,24 3.3
3 21.542.5 27.49 —0.253 1,32 36.6%*x
4 21.442.1 34.05 —0.856 0.0131 2,32 35.8%*x
5—6 22,7415 22.82 —0.007 1,17 0.1
Crude fibre 1 21.84+3.5 3.94 0.527 1,31 86, 9#sk*
% 2 241414 20.95 0.159 1,24 35.1%%
3 23.44-1.7 23.41 0.001 1,32 0.0
4 24.2+1.8 20.24 0.161 1,33 25.2%*
5—6 238413 22.98 0.048 1.17 3.9
Crude fat 1 33404 4.90 —0,046 1,31 59,0%%*
% 2 3.1+0.3 3.59 —0,024 1,24 19.7%
3 3.64+0.2 3.61 - 0.001 1,32 0.0
4 3.640.3 3.75 —0.006 1.33 1.1
5—6 3.540.5 3.10 —0.023 1,17 7.3
Ash 1 9.941.1 12.61 —0.080 1,31 19.1%
% 2 10.84-1.1 9.21 —0.077 1,24 13.7
3 11.741.1 10.44 0.053 1,32 8.9
4 11.34+0.8 11.28 - 0.001 1,33 0.0
5—6 11.940.9 12.03 —0.005 1.17 0.1

Table 2. Regression coefficients for DM before grazing and feed value (y) on growing time (days) of grass (x).
y = a+bx or y = a{bx—cx? Effect of the years is eliminated.

Cocksfoot
Gr:zoing A;':z:é;)gc a b c df RZ, %
Dry matter 1 28304-1 000 —1 869 139.4 1,33 74.1%%x
kg/ha 2 1580490 —16 76.1 1,25 63.4x4*
3 23004530 547 74.4 1,32 68.0%%*x
4 18804520 1521 14.5 1,31 2.6
5—6 13604400 1708 —86.4 3.504 2,16 62,2%%%
Crude protein 1 22.44-4.7 60.23 —1.551 - 0.0123 2,32 87.9%*x
T %. 2 233419 - 24.69 —0.066 1,25 3.2
3 21.442.6 30.74 —0.396 1,32 80,1 4k*
4 219423 26.25 —0.178 1,31 20.7**
5—6 23.742.0 22.39 0.073 1,17 3.8
Crude fibre 1 224431 7.61 0.438 1,33 78.6%**
% 2 252416 20.73 0.213 1,25 50.8%**
3 25.0+1.3 23.07 0.083 1,32 13.1*
4 25.042.0 22.24 0.113 1.31 111
5—6 242414 22.84 0.077 1.17 9.0
Crude fat 1 35404 7.11 —0.163 0.0016 2,32 68.2%%%
% 2 3.540.2 3.36 0.006 1,25 1.6
3 4.1+0.3 3.48 0.027 1,32 21.3%x*
4 3.840.3 3.73 0.006 1,31 0.9
5—6 4.04-0.3 4.26 —0.017 1,17 . 119
Ash 1 10.64+1.1 15.54 —0.146 1,33 73.6%%*
% 2 12.14-0.7 11.72 0.020 1,25 2.3
3 12.64£0.7 13.84 —0.051 1,32 17.8%
4 12.440.8 13.90 —0.059 1,31 20.4%*
5—6 12.54-0.6 12.47 0.004 1,17 0.2




Table 3. Regression coefficients for mineral contents (y) on growing time, days (x). y = a+4-bx ot y = a-{-bx—cx®.

Effect of the years is eliminated.

Meadow fescue

Phosphorus
%

Calcium

%

Magnesium

%

Potassium

%

Sodium
ppm

AZIN; vera 0,
Grno g Ais age a b c af R?, 9%

1 0.374+0.05 0.582 —0.0060 1,25 58,84k

2 0.35-+0.06 0.335 0.0007 1,21 0.3

3 0.354-0.07 0.549 ~—0.0081 1,23 50.1%%*

4 0.3340.06 0.263 0.0028 1,25 9.7
5—6 , 0.37+0.04 0.375 —0.0005 1,14 0.5

1 0.51+0.05 0.512 —0.0002 1,25 0.1

2 0.65+0.10 0.650 —0.0002 1,21 0.0

3 0.64+0.09 0.682 —0.0017 1,23 1.3

4 0.584+0.09 0.510 0.0030 1,25 4.2
5—6 0.5740.06 0.536 0.0018 1,14 2.4

1 0.144-0.01 0.323 —0.0104 0.00015 | 2,24 37.0%%

2 0.21+0.03 0.157 0.0024 1,21 18.6*

3 0.214-0.03 0.207 0.0002 1,23 0.1

4 0.214-0.02 0.226 0.0007 1,25 4.3
5—6 0.2240.02 0.238 0.0007 1,14 3.8

1 3.7240.32 2.62 0.1024 —0.00195 | 2,24 64.3x%*

2 3.5340.33 3.50 0.0017 1,21 0.1

3 3.9340.47 3.98 —0.0020 1,23 0.1

4 3.67+0.27 3.37 0.0129 1,25 8.5
5—6 3.7740.21 3.80 —0.0017 1,14 0.2

1 744+100 1185.6 —59.06 0.754 2,24 34,0%*

2 67424 89.6 —1.09° 1,21 5.7

3 61439 69.5 —0.35 1,23 0.3

4 72439 152.9 —8.48 0.202 2,24 31.1%
5—6 70434 72.1 —0.15 1,14 0.1

Table 4. Regression coefficients for mineral contents (y) on growing time (days) of grass (x). y = a-+bx or

y = a+4bx—cx2 Effect of the years is eliminated.

Cocksfoot
Grazing Afg%’c a b c af R%, %
Phosphorus 1 0.364-0.07 0.727 —0.0105 1,25 90.0%**,
% ‘ 2 0.334-0.04 0.406 —0.0100 0.00026 | 2,21 33.33*
3 0.314-0.06 0.495 —0.0075 1,23 51,0k
4 0.324-0.04 0.334 —0.0005 1,23 0.7
5—6 0.374-0.03 0.379 —0.0003 1,14 0.4
Calcium 1 0.394-0.04 0.513 —0.0036 1,25 40.9%4:%
% 2 0.464-0.09 0,595 —0.0062 1,22 14.9
3 0.454-0.03 0.438 0.0003 1,23 0.2
4 0.47+0.07 0.483 0.0004 1,24 0,2
5—6 0.434-0.02 0.432 0.0001 1,14 0.1
Magnesium 1 0.15+0.01 0.178 —0.0009 1,25 27.9%*
% 2 0.2240.02 0.114 0.0070 —0.0001 2,21 52.0%x*
3 0.214-0.03 0,251 —0.0016 1,23 10.3
4. 0.234+0.02 0,261 —0.0012 1,24 11.9
5—6 0.244-0.02 0.222 0.0008 1,14 5.8
Potassium 1 4.24 1047 6.22 —0.0565 1,25 63.6%%%
% 2 4.3440.29 4.31 0.0014 1,22 0.1
3 4.564+0.39 6.92 —0.1716 0.0028 2,22 55.5%%*
4 4.304-0.59 4.81 —0.0222 1,24 5.6
5—6 4.1740.31 3.56 0.0352 1,14 33.8*
Sodium 1 102427 169.4 —1.91 1,25 21.5%
ppm 2 78432 123.7 —2.12 1,22 12.8
3 75424 71.1 0.16 1,23 0.2
4 81+36 10.3 3.05 1,24 27.8%* -
5—6 71443 76.1 —0.30 1,14 0.1




The fifth and sixth grazing

In the last grazings, in September, the dry
matter quantity again increased significantly,
linearly 37412 kg/day for fescue and curvi-

linearly, on average 19 kg/ha/day, for cocksfoot
during grazing. On the other hand the quality
of the grass did not change significantly apart
from an increase in the potassium content of
cocksfoot.

DISCUSSION

The most rapid changes in the quantity and
quality of yield took place before the first
grazing. The dry matter quantity increased
130—140 kg/ha a day. At the same time crude
protein content decreas:d and crude fibre content
increased rapidly. Most mineral contents de-
creased steadily during the first grazing. Corre-
sponding changes have been found in several
otker investigations (Huoxuna 1964, KrviMiE
1965, Pouriamnen & Rinne 1971, RAmNINKO
1968, REIp et al. 1970, WHITEHEAD 1966 and
Wik 1975). When the grass grew rapidly total
uptake of minerals rose due to increasing yields,
and there were perhaps not enough soluble
nutrients to maintain the mineral concentrations
in the plants.

The average P content of grasses decreased
during the first grazing and even dropped below
the requirements of 2 cow producing over 10 kg
of milk/day (ANow. 1975). During the first grazing
Mg content of the grasses was below that level,
too. Na content was also below that level except
at the very beginning of the growing season.

The period between the first and second
grazings was only three weeks — at the end of
June and beginning of July. At that time the
grass was already growing very much mory
slowly than it was before the first grazing. The
rate of growth of ‘cocksfoot had dropped by
half and that of fescue by two thirds. The crude
protein content was almost stable but crude
fibre content was still increasing. The increase
was, of course, slower than before the first
grazing as was the decrease in mineral contents.

The grass again grew more rapidly at the end
of July and the beginnig of August. At the end
of July the chemical composition of the grass
was still changing rapidly, but this change
slowed down in August and September. The
mineral content was almost stable during the
last grazing periods, except for potassium content
in cocksfoot which was cleatly increasing at the
end of the growing season. It is even possible
to allow part of the pastures to grow for later
use, since the quality of the grass remains more
stable than earlier in the year.
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SELOSTUS

Kasvuajan vaikutus ruohon satoon ja sen laatuun

KALLE RINNE

Maatalouden tutkimuskeskus

Maatalouden tutkimuskeskuksen Tikkurilan laitosten
maatilalla verrattiin lypsykarjan laitumella toisiinsa nurmi-
nata- ja koiranheinivaltaisten nurmien kasvua ja ruohon
laatua neljin vuoden aikana. Koelaidun oli kahdeksan
hehtaarin suuruinen ja jaettu kahdeksaan lohkoon, joista
oli nelj3 kumpaakin nurmityyppii. Lannoitus oli 1 200 kg
oulunsalpietaria (300 N) ja noin 500 kg PK-lannosta
hehtaarille. Kumpaakin nurmea laidunnettiin omalla
yhdeksin lehmin suuruisella ryhmilldan. Sy&ttotapa oli
kaistasyotts, jossa sihkdaidan avulla annettiin eldimille
piivittdin uutta laidunta. Ruohon kasvua ja sen laadun
muutoksia seurattiin ottamalla keskimiérin joka toinen
piivd ndyttect alueelta, joka tuli heti sen jilkeen laidun-
nettavaksi.

Kaikkein nopeimmat muutokset sadon midrissd ja
laadussa tapahtuivat ensimmiisen sy6tdn aikana touko—
kesdkuun vaihteessa. Tarjolla olevan nurminadan kuiva-
ainemiiri sy6ton alkaessa oli keskimdirin 2 660--910 kg/
ha ja koiranheinin 283041000 kg/ha. Nurminadan
kuiva-aine lisddintyi 132411 kg/ha ja koiranheinin
139-1-14 kg/ha piivissi. Ruohon laatu huononi samaan
aikaan erittdin nopeasti. Nadan raakavalkuaispitoisuus
aleni kiyriviivaisesti, vihitellen hidastuen 25.4 %:sta
19.9 %:iin kymmenen piivin aikana eli keskimiirin
0.55 % -yksikkdd piivdssd ja koiranheindn vastaavasti
24.7 %:sta 17.9 %:iin eli keskimadrin 0.68 % -yksikk&d
piivissd. Nadan ja koiranheindn vélilld ei ollut merkitse-
vii eroa kuiva-ainemairissi eikii valkuaispitoisuuksissa.

Ruohon raakakuitupitoisuus kohosi suoraviivaisesti
ensimmiisen syttén aikana, nadan 0.530.04 %-yksik-
ki ja koiranheinin 0.4440.04 %-yksikkod piivissi
(P < 0.001). Raakarasva- ja tuhkapitoisuudet alenivat
merkitsevisti.

3 127801361]

Ruohon kivenniispitoisuudet alenivat nopean kasvun
aikana miltei poikkeuksetta erittdin merkitsevisti. Koiran-
heinin fosforipitoisuus aleni keskimidrin 0.011 % -yksik-
ko4, kalsium- 0.004, magnesium- 0.001, kalium- 0.057 ja
natriumpitoisuus 0.0002 %-yksikkod piivissd. Kaikki
muutokset olivat suoraviivaisia ja merkitsevid (P < 0.01
—0.001). Nurminadan kivenniispitoisuuksien muutok-
set eivit olleet yhti selvipiirteiset kuin koiranheinin.
0.006 %-
yksikkod paivissi ja kaliumpitoisuus kiyriviivaisesti,
(P < 0.001).
ensimmadisen

Nadan fosforipitoisuus aleni loivemmin,
keskimdirin 0.033 %-yksikkod paivissd
Nadan natriumpitoisuus aleni

aikana noin 2/3.

syoton

Ensimmiisen ja toisen sydttékerran vilinen kasvuaika
oli keskimiirin vain kolme viikkoa ja se sattui kahden
puolen kesi—heinikuun vaihdetta. Ruohon kasvu oli
silloin jo huomattavasti hitaampaa kuin ennen ensim-
miistd sy6ttod: koiranheinin kasvuvauhti oli pienentynyt
puoleen ja nadan yhteen kolmannekseen. Ruohon val-
kuaispitoisuus ei tini aikana alentunut merkitsevisti,
vaikka kuitupitoisuus lisidntyikin. Kivenniisaineiden pi-
toisuuksien pieneneminen oli kddntynyt nousuun.

Heinikuun lopulla ruohon kasvu muuttui taas no-
peammaksi. Syyskuullakin kuiva-ainemddrd lisddntyi
merkitsevisti. Heinikuun lopulla oli valkuaispitoisuuden
aleneminen vield nopeaa, mutta hidastui elo—syyskuussa
huolimatta sadon lisd4ntymisesti. Kivenndispitoisuus ei
syyskesilldi muuttunut paljon lukuunottamatta sitd, ettd
kaliumpitoisuus lisadntyi aivan laidunkauden lopulla sel-
visti. Loppukesilli on niin ollen mahdollista antaa ruo-
hon kerdisintyd varastoonkin, koska sen laatu ei huonone

kovin nopeasti.
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THE EFFECT OF THE SOWING DATE AND DENSITY OF WINTER

CEREALS ON WEEDS

LerLa-Rirrra Ervid

Ervi6, L-R. 1978. The effect of sowing date and density of winter cereals
on weeds. Ann. Agric. Fenn. 17: 18—22. (Agric. Res. Centre, Inst. Plant Husb.,
SF-01300 Vantaa 30, Finland).

Cereals stands developed more sparsely the later they were sown. The latest sowing
date also proved detrimental to weeds, and their numbers and weight were lowest
in this sowing. In other sowings, the weight of weeds was reduced in stands which
survived dense.

The plots treated with parathion and parathion-+quintozene against frit fly
(Oscinella frit) and the low-temperature parasitic fungi maintained the highest
density. Therefore winter wheat also produced the highest grain yield in these
plots and the weight of weeds was correspondingly the lowest. In rye, the treat-
ments caused no differences in weed weights.

Index words: Weeds, sowing date of winter cereals, density of winter cereals.

A dense winter cereal is well able to compete
with weeds. However, the ability to compete
decreases fundamentally if the stand thins out
during the winter and gaps form. The correct
sowing date promotes the formation of a dense
and vigorous stand. Survival of the stand during
the winter in Finland can be ensured by the
application of certain plant protection treatments.
The effect of these factors on weeds was studied
in winter wheat and rye stands at the Institute

of Plant Husbandry of the Agricultural Research
Centre in 1969—1971. The weed material was
obtained from a wider study in which the
Institutes of Plant Pathology and Entomology
and four experimental stations also took part.
Part of the results, concerning rye, have already
been published (StmMojoxr 1976); another part is
still unpublished. The present paper deals with
the weed experiments.

MATERIAL AND METHODS

The growth of weeds was studied. in field trials
in which winter cereals had been sown at different
dates on plots whete no weed control measures
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had been taken. Three replicas of a split-plot
design in a Latin square were used. The normal
fertilization used for winter cereals was applied



Table 1. Deviation in temperature and rainfall from the rhean monthly values for 30 years

during the winter

seasons 1969—1971.

Temperature C° Rainfall mm
Moath oso0 | oo 1969/70 1970/71
e —05 —16 26 9
October «.vvevieniiiiiiinnennannas 0.1 —1.0 —18 42
November ..vveviiiiaenantiieanens —0.3 —1.4 61 11
December ..o.vviiiiir i —4.0 0.0 —35 .28
January ....iiiiiiiie e —3.7 4.4 — 3 5
February ......ooiviiiiiiiiiiiiian, —5.7 1.3 — 8 31
March voeerientiie it 1.5 —1.1 44 18
April  aee —1.4 —0.7 39 —27
Y 0.2 1.2 —15 —31

to the field, which was sandy clay and had
previously lain fallow (in 1969) or ley (in 1970).

Three sowing dates were compared. Winter
wheat, cv. Nisu, and rye, cv. Voima, were sown
at a density of 400 plants/m? on the 18th and
26th August and in the first (1970) or second
(1969) week of September. In order to improve
the density of the stands the following pesticides
were applied after sowing:

untreated .. ... e —
quintozene .............oiienann. 5.0 kg/ha
patathion ......... .. oavivnant 03 »
parathion+quintozene ............ 03450 »

The weeds were counted in June and harvested
in July from sampling areas measuring 20,25
m? per plot. The samples were weighted air dry.

The cereals were harvested in the middle of
August from an area of three square meters
per plot.

Weather conditions from the time of sowing
to the following spring showed wide variation
in the years of the experiment (Table 1). The
winter of 1969/70 was considerably colder than
normal. The winter of 1970/71 was warmer than
normal. In the first winter snow covered the
soil for 154 days and formed a 34 cm thick
layer. In the second winter the snow covering
lasted 124 days and was only 14 cm thick.

During the winter of 1969/70 slight damage
was caused to the winter cereals, mainly by plant
discases. In 1970/71 winter damage was caused
by ice scorch and water. In both years frit fly
injuries appeared in the stands sown early.

RESULTS

Sowing date

After sowing, the cereals sown first were the
densest (Table 2). Later sowing reduced the

density of the stands. Sowing time did not
influence stand thinning during the winter. The
number of weeds was higher but the weight
lower in winter wheat than in rye. In both

Table 2. Density of winter wheat and rye in October in the years 1969—1970. Full density = 100.

Sowing datel) Treatment 1)
Cereal . .
1 2 3 Untreated Parathion Parathion+- Quintozene
quintozene
Winter wheat .......... 91¢ 89p 828 852 gov 89p 85
Rye ..ooiiiiiiiiii., 73¢ 69P 542 632 67° 680 63>

1y Figures with the same index letter on the same line are not significantly different at the level of P = 0.05,
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Table 3. Number of weeds in June 1970—1971.

Sowing date 1) Treatment 1)
Cereal :
1 2 3 Untreated Parathion Parathion - Quintozene
quintozene
Winter wheat .......... 101 81b 438 81 758 71% 743
A G B P £ 710 65b 360 61® 583 56* 548

') Figures with the same index letter on the same line are not significantly different at the level of P = 0.05.

WHEAT RYE
200
200 1
160
160
120
< 120
T <
~ i
& 80 G
O
x x 80
w w
o (]
L 44 w 40 1
L L
= =
5000
5000
< 4000 <
i -~ 4000
S ~
< 3000 (:2
x
3000
0 (m]
el i
L w
= - BUU0 = 2000
>
= =
< = 10009 < 1000
i o
) O]
1 23 123 T2 374 1234
Fig. 1. Effect of sowing date on the weight of weeds and  Fig. 2. Effect of pesticide treatments on the weight of
the grain yield in 1969—1971. 1 = 18th August, 2 = weeds and the grain yield. 1 = untreated, 2 = quintozene,
26th August, 3 = early September. Columns marked 3 = parathion, 4 = parathion + quintozene. Letters as
with the same letter in the same cereal stand are not in Fig. 1.

significantly different at the level of P = 0.05.

20



scereals a late sowing date reduced the number
(Table 3) and weight of weeds (Fig. 1). In rye
the weed weight was highet in the second than
in the first sowing. In winter wheat the result
was reversed. Grain yield decreased in rye when
it was sown later, but the grain yield of winter
wheat was not affected by the sowing date,

The main weed species found in the cereal
stands were Capsella bursa-pastoris, Stellaria media,
Chenopodium album and Polygonum spp. In partic-
ular, Capsella bursa-pastoris grew vigorously in
the second sowing of rye.

Treatments

frit
some damage after sowing. Therefore high

In the experimental years fly caused

density was best maintained in the stand
by treatments against frit fly (Table 2). On
the other hand, the quintozene treatment was
of no significance. Also winter damage caused
by abiotic factors thinned the stands to some
extent. The least injuries occurtred on plots
treated with parathion. '

In winter wheat the lowest weed weight and
the highest grain yicld were obtained from plots
which had maintained a high density following
applications with parathion or parathion +
quintozene (Fig. 2). In rye, the grain yield and
the weight of the weeds did not show significant
differences between treatments. Nor were there
any differences in the number of weeds between

‘treatinents in either cereal. The average number

of weeds was 56 plants/m? in rye and 74 plants/
m? in winter wheat,

DISCUSSION

In the autumn following sowing the cereal stands
proved to be sparser than the 400 plants/m?
intended (Table 2). The later the sowing date, the
sparser the stands were. Weeds usually develop
vigorously in a sparse stand (GRANSTROM 1962,
Ervio 1972, Scracg & McKerLvie 1976).

However, in this study the quantity and weight
of weeds were lowest in the third sowing,
which was the sparsest one (Fig. 1). Thus the
last sowing date proved detrimental to both
cereals and weeds. On the other hand, in the
first and second sowings cereal density affected
the number and wcight of weeds. This was
obvious in rye where the thinned second sowing
was heavily infested with weeds. The vigorous
growth of weeds may have caused the dectrease
in grain yield that occurred because the reduc-
tion in yield was not apparent in previously

published results (Stmojoxt 1976) obtained from
an area treated with herbicides. In addition, it
has been proved that competition, especially at
an early stage of growth, decreases the yield of
cereals (KorLse 1976).

The significance of the density of cereal stands
was also evident in connection with the pesticide
treatments. The applications with parathion and
parathion - quintozene which prevented the
stands thinning reduced the weight of weeds in
winter wheat,” The same tendency was seen in
rye but the differences were not statistically
significant.

The total average weight of weeds was 145
kg/ha in rye and 93 kg/ha in winter wheat so
that in this study wheat competed with weeds
better than rye, possibly because of the higher
density of winter wheat (Table 2).
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SELOSTUS

Syysviljan kylv6ajan ja tiheyden vaikutus rikkakasveihin

Lerca-Rirrra Ervid

Maatalouden tutkimuskeskus

Syysvehnidn ja rukiin kylvéajan ja tiheyden vaikutusta
rikkakasveihin selvitettiin vuosina 1969—1971. Kolme
kylvoaikaa noin 10 piivin vilein sijoittui elokuun 18,
piivin ja syyskuun toisen viikon wvilille. Kasvustojen
tiheyteen pyrittiin vaikuttamaan kylvévuoden syksylld
seuraavilla totjunta-ainekisittelyilli: kisittelemitdn, kvin-
totseeni 5.0, parationi 0.3 ja parationi+kvintotseeni
0.345.0 kgfha.

Kasvustot jdivit sitd harvemmiksi, miti my&hemmin
ne kylvettiin, My6hiisin kylvdaika oli epsedullinen seki
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viljoille ettd rikkakasveille. Hatventuneesta viljakasvus-
tosta huolimatta niiden lukumiird ja paino jdivit silloin

pienimmiksi kummassakin viljassa. Muissa kylvéksissi

tihefind sdilynyt vilja pienensi rikkakasvien painoa.

Kahukirpisen ja talvituhosienien totjumiseksi para-
tioni- tai parationi--kvintotseenikisittelyn saaneet vilja-
kasvustot siilyivit tiheimpini. Sen vuoksi myds syys-
vehnin jyvisato muodostui niilli suurimmaksi ja rikka-
kasvien paino vastaavasti pienimmiksi. Rukiissa ei kisit-
telyjen vililld ollut metkittivid eroja.
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PHENOXY HERBICIDE RESIDUES IN COWBERRIES, MUSHROOMS AND THE TWIGS

OF SOME FOREST PLANTS

J. Mukura, H. SiLTaNEN, CH. ROSENBERG, J. IDANPAAN-HEIKKILA and R. LALLUKKA

Mukura, J., StraneN, H., RoseNBeRG, C., IDANPAAN-HEIKKILA, J. & Lax-
LUKKA, R. 1978. Phenoxy herbicide residues in cowberries, mushrooms and
the twigs of some forest plants. Ann. Agric. Fenn. 17: 23—31. (Agtic. Res.
Centre, Inst. Plant. Husb., SF-01300 Vantaa 30, Finland.)

Residues of the phenoxy herbicides 2,4-D and 2,4,5-T were studied in cowberties
(Vaccinum vitis idaea L.), mushrooms, aspen (Populus tremula 1.) and birch (Betula
spp.) from areas of aerial spraying for brush control in Eastern Finland, latitude
62—63°N. Samples wete collected in 1974—1976 2—13 wecks, 8—10 months
or 1 year after a phenoxy herbicide treatment of 2,5 kg/ha a.i.-

In cowberries sampled 2—13 . weeks after spraying the average total residue
of 2,4-D plus 2,4,5-T varied from 4,7 to 6,8 ppm over a three year period while
in mushtooms the cortesponding thtee-yeats average varied from 0,2 to 0,7 ppm.
In twigs and leaves of aspen and birch the average total residue varied annually
between 10 and 21 ppm in samples collected at the above times. Later on no sig-
nificant decrease of the residues was found in dry twigs and leaves killed by the
treatment. On the other hand, the residues were rapidly broken down in surviving
plants when they started to grow the following spring.

Index words: phenoxy herbicides, cowbetry, mushrooms, birch, aspen

INTRODUCTION

The phenoxy herbicides 2,4-D and 2,4,5-T are
widely used for the control of broad-leaved
weeds growing among cereal grain as well as for
decidudus brush control in forestry. The acute
toxicity of these chemicals is in the order of
LD;, 300—1000 mg/kg (cf. NriLsson 1974),
their persistence in soil between 1 and 6 months
(Kearney 1970, TorstENssoN 1975) and their

petsistence in plants between 1 and 3 months
(Lunp-Here 1973, 1974).

When used for the control of broad-leaved
weeds in cereals no residues ate found normally
in the grain harvested. This is because the
herbicides are applied early, and the time between
treatment and harvest is relatively long. Normal-
ly, some residues are found in the vegetative
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growth of herbaceous crops and fruit-crops that
have been sprayed or exposed to wind drift from
spraying. In addition, relatively high amounts
of 2,4-D and 2,4,5-T are found in wild berries
and mushrooms growing in areas that have been
directly exposed to spraying (ErNE and von
HaartMmAN 1973).

Consequently, in several countries official
residue tolerance levels have been established
for phenoxy herbicide residues in food and feed.
Similarly, the Godex Alimentarius Commission
is recommending residue tolerance levels for
2,4-D as follows (FAO 1975):

TAW Zralfll ... 0,2 ppm
Vaccinium betries (eg. lingonberries, bil-

berries), blackberries, raspberries ) .. ..
milk and milk products, meat, eggs ....

50 ppm
0,05 ppm

The use of phenoxy herbicides in forestry is
problematic, because the application time nor-
mally coincides with both the ripening of wild
berries and the emergence of wild mushrooms
growing in the target area. In Finland and the
other Nordic countries wild berries and mush-
rooms are commonly harvested and even con-
commercial products
domestic consumption as well as for export.
According to the existing practices in these

stitute important for

countries, anyone — not only land owners but
the general public, too — has the right to gather

1) Lingonbetrry refers to cowberry (IVaccinum vitis-idaca L

woodland berries and mushrooms. In addition,
twigs of aspen (Populus tremula L.) and birch
(Betula spp.) constitute an important winter feed
for game. Consequently, the use of phenoxy
herbicides for brush control in forestry has been
sharply criticized by the public.

In Finland, phenoxy herbicides for brush
control are applied annually to between 20 000
ha and 40 000 ha of forestland from the air and
to between 40 000 ha and 50 000 ha from the
ground. The latter figures include the areas in
which treatment is applied manually onto the
stem or trunk, or to the stump. The total land
area of the country is 337 000 km?, of which
219 000 km? is forested.

In Finland, an official three weeks safety
interval between foliar spraying with phenoxy
herbicides and gathering wild berries or mush-
rooms was established in 1966. In 1974 this
safety interval was extended to cover the end of
the growing season. In addition, a three-year
study on the occurrence of phenoxy herbicide

- residues in cowberries, mushrooms and some

woody species in the field layer of the Finnish
forest land was initiated by the Pesticide Regula-
tion Unit, the State Institute of Agricultural
Chemistry and the National Board of Health
jointly co-operating with the local authorities in
the areas sprayed. Preliminary information on
the first findings have alteady been published
(MukuLA ef al. 1975, Siutanen 1977). The
present paper gives an account of the whole
three-year study (1974—1976).

MATERIALS AND METHODS

Samples of cowberries, wild mushrooms and
twigs and leaves from sprayed aspen, birch and
cowberry plants were collected from areas in
Eastern Finland, latitude 62—63°N, where 2,4-D
and 2,4,5-T is applied from the air. The spraying
was done between July 28th—August 20th, 1974
—1976, and the samples were taken 2—13 weeks,
810 months and 1 year later. The twigs col-

24

lected in the autumn still had leaves while those
sampled in the spring were bare. According to
the information obtained from the contractors,
the rate of application of 2,4-D and/or 2,4,5-T
was about 2,5 kg/ha a.i.

The total number of samples collected during
the years 1974—1976 amounted to 117. The
samples were deep-frozen and sent to the State



Institute of Agricultural Chemistry for analysing.
Deep-freezing does not effect the residues of
phenoxy herbicides (ErnE ez a/. 1975).

The phenoxy acids were quantified from the
samples by gas-liquid chromatography of the
methyl ester derivatives, using an electron cap-
ture detector. The acidified samples were first
extracted with diethyl ether. The extract was

then hydrolyzed with sodium hydroxide to
convert the herbicide residue into . free acid
form. Before methylation with diazomethane,
the extract was purified by passage through an
aluminium oxide column. This method gives the
sum of free acids, esters and conjugates (SILTA-
~EN and RosEnBERG 1978). '

RESULTS

Cowbetries

In the cowberry samples collected 2—13 weeks
after spraying, the average total residue of 2,4-D
plus 2,4,5-T varied from 4,7 to 6,8 ppm over
the three-year petiod (Fig. 1). The highest
average, 6,7 ppm, was obtained in 1974 (Table
1). The proportion of 2,4,5-T in the average
total residue was higher in 1974 than that of
2,4-D. In 1975—1976 the situation was reversed,
the amount of 2,4-D exceeding that of 2,4,5-T.

The range of 2,4-D residue in the individual
berry samples extended from 0,1 to 5,6 ppm and

ppm
2,4-D+2,4,5-T

7 —_—

2,4.5-T

24-D

2-3 4-7 813 2-3 4-7 8113

WEEKS FROM TREATMENT

2-3 4-7 813

Figure 1. Average residues of 2,4-D and 2,4,5-T in
cowbetries from sprayed forests. The results reptresent
the mean figures for 3 yeats (1974—76).

Table 1. Residues of 2,4-D and 2,4,5-T in cowberries from sprayed forests (1974—1976).

Residue ppm (mg/kg)
Year of Number of Interval between
treattment samples treatment and sampling Mean Range
2,4-D 2,4,5-T 2,4-D 2,4,5-T
1974 15 2—13 weeks ..ot 1.9 4.8 0.1—5.2 0.7 —15
11 lyear covuininennnnnnens <0.05 <0.02
1975 5 2—10 weeks ..., el 3.2 2.2 2.1—4.5 1.2 —2.3
2 1year coviniinenieenenene. <0.05 <0.02
1976 11 2—8 weeks ...l 3.5 0.9 0.2—5.6 0.06—1.7

Table 2. Residues of 2,4-D and 2,4,5-T in cowberries after jam-preserving. The jam was made of 50 g cow-
berries and 20 ml water and was boiled for 10 minutes. The tesults are the mean values of the determinations
of 7 different samples.

Raw Jam
2,4-D 2,4,5-T 2,4-D 2,4,5-T
mg/kg mg/kg mg/kg mg/kg
2.4 2.1 2.2 2.1

4 127801361]
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075

245-T

025

2-3 4-7 8 2-3 4-7 8

WEEKS FROM TREATMENT

2-34-7 8

Figure 2. Average residues of 2,4-D and 2,4,5-T in wild
mushrooms from sprayed forests. The results represent
the mean figures for 3 years (1974—76).

that of 2,4,5-T from 0,06 to 15 ppm (Table 1)
The highest total residue of 2,4-D plus 2,4,5-T
in one sample was 15,9 ppm (Mukura ef 4.
1975). ‘

Seven cowberry samples were analysed after
jam preserving (Table 2). The results showed
that boiling for jam-making did not decrease
the residues of 2,4-D and 2,4,5-T compared with
those found in the raw cowberries.

Mushrooms

In mushrooms sampled 2—3 weeks after the
treatment the average total residue of 2,4-D
plus 2,4,5-T was 0,7 ppm (Fig. 2). The amount
of the total residue decreased in 8 weeks to a
level of 0,2 ppm. Both 2,4-D and 2,4,5-T resi-
dues decreased with time. These results repre-
sent the mean figures for 3 years.

In mushrooms the proportion of 2,4-D in the
average total residue varied from non-detectable
to 0,2 ppm and that of 2,4,5-T from 0,2 to 0,5
ppm (Table 3). The range of 2,4-D in the indi-
vidual mushroom samples varied from non-
detectable to 1,2 ppm and that of 2,4,5-T from
non-detectable to 1,8 ppm.

Aspen

The autumn samples of twigs and leaves were
taken 23 months after treatment and the spring
samples 8—10 months after treatment. The
average total residues of 2,4-D plus 2,4,5-T fox
the years 1974, 1975 and 1976 varied in the
autumn samples from about 14 ppm to about
21 ppm, and in the spring samples from about
2 ppm to about 14 ppm annually (Fig. 3). The
range values of 2,4-D varied in the autumn

ppm 24-D+2,4.5-T
20
10
2-3 8-10 2-3 8-10 2-3 8-10
autumn spring autumn  spring autumn  spring
(1974) (1975) (1976)

MONTHS FROM TREATMENT

Figure 3. Average residues of 2,4-D plus 2,4,5-T in the
twigs and leaves of aspen from sprayed forests.

Table 3. Residues of 2,4-D and 2,4,5-T in wild! mushrooms from sprayed forests (1974—1976).

Residue ppm (mg/kg)
Y f Numb 13 I val between
tr:;::neont ::11;1280 treat::xt:;t aand ts‘:mp[ing Mean Range
2,4-D 2,4,5-T 2,4-D 2,4,5-T
1974 11 2—8 weeks ............... 10 x <0.05 0.5 <0.05—0.2 | <0.02—1.8
1 0.2
1975 | 9 2—6weeks ............... 0.2 0.5 <0.05—1.2 | <0.02—0.9
1976 8 2—T7 weeks .....oininn. 0.2 0.2 0.05—0.4 0.06—0.8
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Table 4. Residues of 2,4-D and 2,4,5-T in the twigs and leaves of aspen from sprayed forests (1974—1976).

Residue ppm (mg/kg)
Year of Number of Interval between
treatment samples treatment and sampling Mean Range
2,4-D 2,4,5-T 2,4-D 2,4,5-T
1974 5 2—3 months .............. 2.3 12 0.3— 6.2 1.4—26
5 8—10 months ............ 4.0 10 0.3—10 1.0—30
1975 1 2—3 weeks ... e, 30 10 30 10
5 2—3 months ............. 8.2 13 0.9—30 0.2—30
6 9—10 months .........:.. 0.8 1.0 01— 24 0.2— 1.8
1976 3 2 months ................ 5.3 9.0 52— 5.4 2.3—-22
3 10 months ............... 31 0.9 29— 3.3 0.8— 1.2
samples from 0,3 ppm to 30 ppm and in the ppm
spring samples from 0,1 ppm to 10 ppm, and 20
5 : 4-D+2,45-T
that of 2,4,5-T from 0,2 ppm to 30 ppm in both 2 248
the autumn and spring samples, respectively o
(Table 4). In a sample taken as early as 2,5 weeks
after treatment, an exceptionally high total
residue of 2,4-D plus 2,4,5-T was found, i.e. P P 573 590
40 ppm (Table 4). autumn spring autumn autumn spring
(1974) (1975) (19786)

Birch

The average total residue of 2,4-D plus 2,4,5-T
for the years 1974, 1975 and 1976 was about
12 ppm in autumn samples of twigs and leaves
and about 7 ppm in the spring samples (Fig. 4).
The range values of 2,4-D vatied in the autumn
samples from 0,15 ppm to 31 ppm and in the
spring samples from 0,1 ppm to 8,0 ppm and

MONTHS FROM TREATMENT

Figure 4. Average residues of 2,4-D plus 2,4,5-T in the
twigs and leaves of birch from sprayed forests.

that of 2,4,5-T from 0,6 ppm to 30 ppm and
from 0,5 ppm to 5,3 respectively (Table 5). A
bitrch sample taken 2,5 weeks after the treatment
showed an exceptionally high total residue, 42
ppm (Table 5). ‘

Table 5. Residues of 2,4-D and 2,4,5-T in the twigs and leaves of bitch from sprayed forests (1974—1976).

Residue ppm (mg/kg)
"Year of Number of Interval between
treatment samples treatment and sampling Mean . Range
2,4-D 2,4,5-T 2,4-D 2,4,5-T
1974 6 22— e 3.2 9.5 0.15—10 0.6—30
5 8—10 months ............ 2.6 3.4 0.1 — 8.0 0.5— 5.3
1975 1 2.5 weeks ... o, 31 11 31 11
2 2—3 months .............. 2.7 7.4 1.8 — 3.5 0.8—14
©1976 1 3 months ................ 9.3 2.6 9.3 - 2.6
1 9 months ........... c.... 4.6 2.4 4.6 2.4 .
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Table 6. Residues of 2,4-D and 2,4,5-T in the twigs and leaves of cowberty plants from sprayed forests

(1974--1975).
Residue ppm (mg/kg)
Year of Number of Interval between
treatment samples treatment and sampling Mean Range
2,4-D 2,4,5-T 2,4-D 2,4,5-T
1974 4 Tyear ... .ooiiiiiiiin., 3.0 5.5 <0.05— 7.2 | <0.02—16
1975 4 Tyear ..ot 14.5 5.7 2.9 —26 1.5 —18

Cowberry plants

The average total residue of 2,4-D plus 2,4,5-T
in the twigs and leaves of cowberry plants killed
by the treatment and sampled a year after the
treatment amounted to 8,5 ppm in the year 1975

and to 20,2 ppm in the year 1976 (Table 6). The
range of 2,4-D in the individual cowberry plant
samples varied from non-detectable to 26 ppm
and that of 2,4,5-T from non-detectable to
18 ppm.

DISCUSSION

The phenoxy herbicide residues found by us in
cowberries grown in Finland were . relatively
high, thus supporting the previous results ob-
tained by ERNE and voN HaarrMan (1973) in
Sweden. The initial average total residue of
2,4-D plus 2,4,5-T analysed by ErNE and vox
Haarmvman was 4,4 ppm after 2—5 days of
treatment with 1,5—2 kg/ha and decreased down
to 2,9 ppm in about a2 month. QOur figures were
somewhat higher, 6,8—4,7 ppm in samples taken
1/2—3 months after a treatment with 2,5 kg/ha
The higher rate of application in our study
apparently explains this difference.

The *amount of herbicides - iri cowberries
showed a slight tendency to decrease in the
course of time. The residues did not disappear
during the rest of the growing “scason. No
residues were, however, found the following
year in the berries growing on cowberry plants
which had survived (Table 1). :

The wide variation in our results makes it
impossible to draw conclusion on the breakdown
speed of phenoxy herb1c1des in Finnish cow-
berries. ‘This variation was apparently due to

28

uneven vegetation and/or the uneven geography
of the areas sprayd as well as to errors in sam-
pling. It would therefore be useful to repeat the
study using an accurate field plot sprayer on
selected, even vegetation. This kind of study
has already been made in Central Finland during
the years 1976—1977 and the results will be
published in a separate paper.

In mushrooms the initial average phenoxy
herbicide residues found by ErNE and von
HAARTMAN (1973) were 4,5 ppm decreasing to
0,4 ppm in about a month. Our results were
somewhat lower, varying from 0,7 ppm to 0,2

- ppm according to the time of sampling. After

-4—T weeks of spraying the results were at the
rsame level as that found by Erne and von Haart-
i man after about a month.

The level of residues was lower in mushrooms
‘than in cowberries and decreased mote rapidly
;as time went on. ‘This is understandable, because
;ogly the earliest samples had been directly ex-
'posed to spraying. The mushrooms that emerged
'later had only been able to absorb the herb1c1de
through the soil. :



In twigs and leaves the residue level of
phenoxy herbicides was high, apparently due to
the high absorptive capacity of the foliage. The
twigs of aspen and birch had been taken from
rather big trees which survived the treatment
with injuries and partially recovered the follow-
ing year. In 1975 the spring season began late
and only a few buds had opened at the sampling
time. In 1976 the spring was exceptionally early
and all the buds had opened at the sampling
time. This difference is also reflected in the
results. In the spring samples from 1975 the
residues showed little decrease, while in 1976
they had dropped drastically. The spring of 1977
was normal, resulting in a moderate rate of
breakdown of herbicides. Consequently, it may
be concluded that plants which survive are able
to metabolize phenoxy herbicides quite rapidly
once they start growing after the winter.

In dry, withered plants which have been
killed by the treatment the phenoxy herbicide
residues seem to persist more than a year without
any significant reduction (Table 6). This is a
well known phenomenon referred to by several
workers, e.g. Lunp-Hete (1973, 1974).

The health risk to people consuming berriers
and mushrooms from sprayed areas is evidently
low. The Wotld Health Organization has estab-
lished an acceptable daily intake (ADI) value of
0,3 mg/kg for 2,4-D. This corresponds to 21 mg
for a person weighing 70 kg. In order to exceed
the ADI value of 2,4-D, the daily consumption
of berries from sprayed areas would have to be
several kilograms. This is, of course, practically
impossible.

No ADI value has as yet been established for
2,4,5-T. The toxicity of 2,4,5-T is of the same
order as that of 2,4-D, or slightly higher. On
this basis 0,2 mg/kg of 2,4,5-T may be com-
parable with 0,3 mg/kg of 2,4-D (NiLsson 1974).
This cortesponds to an acceptable daily} intake
of 14 mg for a person weighing 70 kg. A highly
toxid impurity, 2,3,7,8-tetrachlorodibenzo-p-di-
oxin may, however, interfere with this calcula-

tion. On the other hand, the low level of dioxin
in the formulated 2,4,5-T products at present
available is considered toxicologically insignifi-
cant (BorG and ErnE 1975, Kungl. Vetenskaps-
akad. 1977). With the decteasing use of 2,4,5-T
in Finland, this problem is going to disappear.
In addition, gathering berries and mushrooms
from sprayed areas is forbidden in this country
during the year of treatment.

The clinical and epidemiological study made
among sprayers of 2,4-D and 2,4,5-T in Finland
support the above conclusion (RrrHIMAKT ef af.
1978). '

The Codex Alimentarius Commission is re-
commending a residue tolerance of 5 ppm for
2,4-D in lingonberries. Despite of the low risk to
the consumers, we would recommend retaining
the existing ban to gather berries and mush-
rooms from sprayed areas.

As far as game is concerned, the phenoxy
herbicide residues in woody plants have not
been considered to constitute an appreciable
health risk (Erne 1974, BorG and Erne 1975).
According to the toxicological data available,
an acute toxic dose of 2,4-D and 2,4,5-T would
have to be at least 50—100 times higher than
the recommended maximum daily intake value
referred to above.

The harmful effects of phenoxy herbicides on
the flavour and preserving qualities as well as
on the yield level of cowberries constitutes other
problems, and these are currently being studied
elsewhere (INGELOG e al. 1977, RAATIKAINEN
1977). In this respect the need for more selective
and less harmful herbicides for chemical brush
control in forestry should be emphasized.

This study has been partly supported by a grant from
the Finnish Research Foundation for Natural Resources
(Suomen Luonnonvarain Tutkimussiitid) awarded to
Jaakko Mukula and Mikko Raatikainen in 1975—1976.
The authors wish to express their sincere thanks to the
foundation.
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SELOSTUS

Fenoksiherbisidien jidimit puolukoissa, sienissi ja erdiden metsikasvien oksissa

J. Mukura, H. SiiraNeN, Cu. ROSENBERG, ]. IDANPAAN-HEIXKKILA ja R. LALLUKKA

Maatalouden tutkimuskeskus, Valtion maatalouskemian laitos ja LaskintShallitus

Fenoksiherbisidien kidyttd vesakontorjuntaan on ollut
julkisen arvostelun kohteena mm. siitd syystd, ettd niisti
torjunta-aineista ji4 metsikasveihin jidmii, joiden on
epiilty aiheuttavan terveydellisti vaaraa ihmisille ja eldi-
mille.
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Kasvinsuojelulaitos paitti vuonna 1966 kieltid fenoksi-
herbisideilld kisiteltyjen alueiden marjastuksen ja sienes-
tyksen seki laiduntamisen kolmen viikon ajaksi. Vuonna
1974 marjastusta ja sienestysti koskeva kielto pidennettiin
kasvukauden loppuun saakka. Samana vuonna Maa- ja



metsitalousministeridon asettama torjunta-aineiden lento-
levitystoimikunta ehdotti fenoksihetbisidijdimien tutki-
mista vesakontorjunta-alueiden matjoista, sienistdi ja
muista kasveista. Tillainen tutkimus toteutettiin vuosina
1974—1976 Kasvinsuojelulaitoksen johdolla yhteistoimin-
nassa Pohjois-Karjalan lddnin lidninhallituksen, Lidkints-
hallituksen, kunnallisten terveystarkastajien sekd Valtion
maatalouskemian laitoksen kanssa. Niytteet kerdttiin
lentoruiskutusaloilta Ilomantsista, Polvijirveltd ja Tohma-
jarveltid. Fenoksiherbisidien kdyttomidrd oli noin 2,5 kg/
ha 2,4-D:td ja/tai 2,4,5-T:td ja kisittelyaika 28, 7.—20. 8.
Kaikkiaan tutkittiin 117 niytettd, jotka otettiin 2—13
viikon, 8—10 kuukauden tai yhden vuoden kuluttua
kisittelysti.

Puolukoissa 24-Din ja 2,4,5-T:n jddmien yhteis-
méird vaihteli 2—13 viikon kuluttua ruiskutuksesta 4,7—
6,8 ppm (= mg/kg) kolmen vuoden keskiarvona (kuva
1).

Suurin vuotuinen keskiarvo, 6,7 ppm, saatiin vuonna
1974 (taulukko 1) ja suurin yksittdisessd ndytteessa todettu
jaima oli 15,9 ppm. Matjoista valmistettujen hilloniyt-
teiden analysointi osoitti, ettei keittiminen vihentidnyt
jadmia (taulukko 2).

Sienissid herbisidijidmien yhteenlaskettu keskiarvo
oli 0,7 ppm 2—3 viikon kuluttua kisittelystd. Jddmien
méird viheni ajan kuluessa (kuva 2). Kaikkien niytteiden
keskiarvosta oli 2,4-D:n osuus enintidin 0,2 ppm ja
2,4,5-T:n osuus 0,2—0,5 ppm (taulukko 3). Korkein
yksittiisessi niytteessd havaittu 2,4-D:n jddmi oli 1,2
ppm ja 2,4,5-T:n 1,8 ppm.

Haavan lehti- ja oksaniytteissd herbisidien keskimia-
riinen kokonaisjdgimi vaihteli vuosittain 14—21 ppm
syksylld ja noin 2—14 ppm keviilld (kuva 3). Yksittdi-

sissd ndytteissi 2,4-D:n osuus kokonaisjidmistd vaihteli
0,3—30 ppm syksylld ja 0,1—10 ppm keviilld, kun taas
2,4,5-T:n jadmi yksittdisissi ndytteissd vaihteli 0,2-—30
ppm (taulukko 4).

K oivun oksissaja lehdissd herbisidien keskimairdinen
kokonaisjiimi oli syksylld noin 12 ppm ja keviilld noin
7 ppm (kuva 4). Syksyniytteissi 2,4-D:n jddmit vaihte-
livat 0,15—31 ppm ja kevitniytteissi 0,1—8,0 ppm sekd
2,4,5-T vastaavasti 0,6—30 ja 0,5—5,3 ppm (taulukko 5).
Puolukan varvuissa jalehdissd (kuolleissa) her-
bisidien keskimiiriinen yhteisjdimid oli vuonna 1975
8,5 ppm ja 1976 20,2 ppin (taulukko 6). Yksittdisissd
niytteissi oli 2,4-D:n osuus enintdin 26 ppm ja 2,4,5-T:n
18 ppm.

Puolukoissa havaitut melko korkeat fenoksiherbisidi-
jidmit vihenivit ajan my6td, mutta eivit hivinneet ruis-
kutusvuonna, Sienissd jadmit olivat selvisti vihidisempid
ja pienenivit nopeammin kuin puolukoissa. Varvuissa,
oksissa ja lehdissé jdimit olivat suurempia kuin marjoissa,
mutta eloon jifneissd kasveissa ne vihenivit kevailld
nopeasti uusien lehtien alkaessa puhjeta. Sen sijaan kuol-
leissa oksissa ja varvuissa herbisidijidmit sailyivit yli
vuoden ajan.

Nyt suoritetun tutkimuksen tulokset kidyvit yksiin
Ruotsissa tehtyjen selvitysten kanssa. Verrattaessa jddmien
suuruutta kiytettivissi oleviin tietoihin fenoksiherbisidien
myrkyllisyydestd voitaneen paitelld, ettd vesakontor-
juntaruiskutusten aiheuttamista fenoksiherbisidijddmisti
koituva terveydellinen riski on hyvin vihiinen. Elintar-
vikehygienian kannalta tulisi ruiskutusalueiden marjastus-
ja sienestyskielto kuitenkin pitdd edelleen voimassa.
Maailman terveysjirjestd (WHO) on suositellut 2,4-D:lle
5 ppm:n jiimitoleranssia puolukoissa.
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Pests caused very little damage in the growing season of 1977. The main reason
for the scarcity of pests probably was the chilliness and raininess of the summer.
Responses to inquiries showed that average abundance in all pests, in terms of the
0—>5 value scale, was 1.9. It was 1.8 the previous year, and 2.6 in the ten-year
petiod 1965—1974. Only Lepus europaeus, Arvicola terrestris and Microtus agrestis
caused more damage than normal in apple otchards during the winter time. From
the pests occurring during the growing season, only Amanrosoma-species occurred
in the same abundance than normal in 1965—1974. The abundance of all other

pests was less than the ten-year average.

Index words: plant pests, severity of damage, frequency of damage, year 1977,

Finland.

Like the previous ones (e.g. MArkkuLa 1977)
the present survey is based on replies to inquiries
sent to the advisers at Agricultural Centres.
During the growing season four inquiries were
sent to 197 advisers, and replies were received
as follows:

Com-
munes %

............ 132 67 160 35
...... 110 56 130 28
Second summer inquiry .... 114 58 126 27
.......... 120 61 132 28

Replies %
Spring inquiry
First summer inquiry

Autumn inquiry

A general estimate of pest abundance during
the whole growing season was given by 111
advisers from 143 communes. This estimate was
based on the 0—5 value scale (MarkxuLA 1969).
In 1977 the country was divided into 380 rural
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communes, 21 country towns, and 63 cities, a
total of 464 communes.

The average temperature of the growing
season (May—September) was 1.1°C below the
long term average (13.4°C). Only May was 0,3°C
warmer than normal (9.3°C). The total rainfall of
growing season, 305 mm, was the same as the
average in 1931—1960. July was the rainiest
month, rainfall (125 mm) exceeded the average
with 52 mm. On the contrary in August rainfall
(32 mm) was considerably less than normal or
78 mm.

The number of sunshine hours was small.
There were only 144 hours of sunshine in July,
or almost as little as in September, 122. Evapora-
tion was inconsiderable, thus the growing season
was rather humid.



Table 1. Results of questionnaires. Severity of damage estimated according to a scale of 0—10. Frequncy of
damage calculated as the percentage of crops in which damage was observed.

i | Number -of , Severity.of damage ..| - - .Frequency of damage' .
observations
1977 1977 1965—74 1977 1965—74.

CEREALS , , o
Macrosiphum averiae (F) e . 55 0.6 1.4 12 © 22
Elateridae. ............... e T ..+ 56. 0.5 1.1 4 15
Phyllotreta vittula (Redtb) e 78 . 0.5 1.0 9 18
Oscinella frir (L) ............ T L 114 0.4 1.0 6 13
Rhbopalosiphum padi (L) ............c... 73 0.4 1.2 6 18 -
FORAGE PLANTS
Amanrosoma Spp. ..o P N L 1.5 1.5 29 28
Apion SPPe et s 33 0.4 1.0 11 16,
ROOT CROPS AND VEGETABLES : : e
Delia brassicae (Wied.) and D. ﬂoralz.r (Fall.) 103 1.3 2.0 25 28
Phyliotreta spp. on crucifers ............ 79 1.2 2.0 26 38 -
Plutella xylostella (L) «..oovvvviiiionn. 51 1.0 1.6 . 15 21
Hylemya antigua (Meig) ...t 53 1.0 1.9 23 21
Pieris brassicae (L.) €tc. ....ooovveni.on.. 41 0.8 1.7 17 29
Trioga apicalis (FOtst.) .....ooivviinan, 58 0.7 1.3 17 21
Phaedon cochleariae (F.) ................ 42 0.4 1.1 12 19
Marmestra brassicae (1) ...... ... ... 29 0.4 1.1 10 21
Brevicoryne brassicae (L)) ...oooiiiiiinan. 26 0.3 0.8 4 14
Psila rosae (B) ...t 42 0.2 0.8 3 10
TURNIP RAPE
Meligerhes agnens (B ...l 41 0.9 1.8 38 40
SUGAR BEET
Lygus rugulipennis Popp. ..o in.. 42 1.1 1.9 42 43
Pegomya betae (Curtl) .....vvvviinnn.. 95 1.0 1.8 29 48
Chaetocnema concinna (Marsh.) .......... 67 0.9 1.7 37 40
Silpha opaca L. ..., 31 0.5 1.4 18 33
PEA
Cydia nigricana (F.) ... ..., 34 1.2 1.9 34 37
APPLES
Lepus enropaens Pallas and L. timidus L. .. 81 2.1 1.6 12 15
Microtus agrestis (L) «...ovoiiviiiint. 66 1.8 1.1 19 8
Arvicola terrestris (L) oot 53 - 1.2 0.5 10 4
Cydia pomonella (L) .................. 34 1.1 2.5 28 42
Aprgyresthia conjugella Zell. .............. 35 1.0 34 22 46
Aphis pomi (Deg.) ovovviii i, 32 0.7 1.5 14 24
Psylla mali (Schmidbg.) ................ 42 0.6 0.9 10 13
Yponomenta padellus malinellus Zell. .. .... 36 0.5 1.6 6 23
Panonychus ulmi (Koch.) .......o.oo.oout. 50 0.4 13 10 21
Xyleborus dispar (F.) .................. 37 0.1 0.5 4 4
BERRIES
Cecidophyopsis ribis (Wettw.) ........... 95 1.9 2.2 23 30
Incurvaria capitella Cl. .................. 73 1.6 1.9 18~ 22
Tarsonemus pallidus Bks. ................ 71 1.5 2.0 31 28
Anthonomus rubi (Hbst.) ............... 47 1.2 1.6 27 26
Aphididae, on Ribes species ............ 56 1.0 1.8 12 26
Byturus urbanus (Lndb.) o....ooiiiiiil, 36 0.8 1.7 28 29
Nematus ribesii (Scop.) and Pristiphora pal-

Hpes Lep. vovniiiiiiiiieiiiiiiiaen 48 0.8 1.7 12 16
Pachynematns pumilio Kaw. ............. 43 0.7 1.3 12 21
Tetranychus urticae (Koch.) .............. 36 0.6 1.3 16 21
Zophodia conrolutella (Hbn.) ............ 42 0.5 0.9 8 12
PESTS ON SEVERAL PLANTS
Deroceras agreste (L)) etc. vovvvnennen.n. 37 0.9 1.3 25 24
Hydraecia micacea (Esp.) ............... 34 0.7 1.2 17 21
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Lo - RESULTS AND DISCUSSION

Tf;e_ abundance of pests and the severity  of
d'mage were father small, like in the previous
year. The chilliness and raininess of the summer
pfobably were the main reasons for this.

fThe average abundance of pests in terms of
thf: 0—>5. scale was 1.9. In the previous year it
W s 1.8 (Markkura 1977). The 10-year average
fo&r 1965—1974 was 2.6 (Marxkura 1976).
Since 1965 same method has been used in
githering data. The values for 1976 and 1977
are smaller than ever since 1965.

iOnlyl damages caused by Lepas europaeus,
Apvicola  terrestris, and Microtus agrestis were
clearly more severe than usual (Table 1). Dam-
ages caused by .Awanrosoma species reached the
but the wvalues indicating the
severity of damage by all other pests were below
normal. ‘

i Rbopalosiphum pads, Psila rosae, Ar gyresthia con-
Jugella, Yponomenta padellus malinellus, Panonychus
ulmi and Xyleborus dispar were especially scarce
(Table 1). The values showing, the severity of
damage by them were at most one third of the
average during 1965—1974. In 16 species or
sPecies groups the severity values were only

normal levels,

half or less than half of the average values.
{'The damages of pests was closest to normal
m’ berry plants. Most harmful épecics included
Cecidophyopsis ribis, Incnrvaria capitella and Antho-
nomus rubi. They did not, however, cause any
considerable damage. Very few pests were

noticed in grain fields.

. Apples ripened late because of cold and rainy
weather. However, the yield was quite good, and
damage caused by pests was inconsiderable. The
percentage of damaged apples was markedly
smaller than the 10-year average, but was clcarly
hlgher than in the previous year:

per cent of apples damaged

replies
) 1977 1976 1965—74 1977
Argyresthia conjugella .. 16 8 22 18
Cydia pomonella . . .. .. 14 8 31 18

Damage by Cydia nigricana was also slighter
than usual. According to estimates by the
advisers, 8 %, of pea pods were damaged. The
corresponding figure for the previous year was
9 9%, and for the 10-year period 1965—1974 14%,.
~ An interesting and new observation was done
on Lygus ragulipennis in Nurmijirvi. Bugs dam-
ages badly cucumber plants in glasshouses. The
bugs had moved into the glasshouses situated
one beside: the other from white pigweeds
(Chenopodinm album 1.) growing between the
glasshouses. The pigweeds remained to be
almost »filled» with bugs during the heaviest
damage in glasshouses.

Three new pests were recorded. Larvae of the
tortricid moth Clepsis spectrana (Tr.) damaged
rose buds in glasshouses in Valkeala. Larvae of
prolofba horridella (Tt.) (Y ponomentidae) damaged
leaves of apple trees in Pilkine, and larvae of
Y. vittella (L.) damaged fruits of the wych elm
(Uimns scabra Mill.) in Aland.
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SELOSTUS

Viljelykasvien tuhoeldimet 1977

MARrTTT MARKKULA

Maatalouden tutkimuskeskus

Tuhoeldinten aiheuttamat vahingot olivat kasvukautena
1977, kuten edellisenikin kasvukautena varsin vihiisii.
Padsyyni tuholaisten vihilukuisuuteen ja tuhojen pie-
nuuteen oli ilmeisesti kesin koleus ja sateisuus.

Maatalouskeskusten piiriagrologien esittimien arvioi-
den perusteella laskettu tuholaisten runsausluku oli 1.9.
Edelliseni kasvukautena se oli suunnilleen sama 1.8,
mutta kymmenvuotiskautena 1965—1974 huomattavasti
suurempi, 2.6.

Ainoastaan jinisten, peltomyyrin ja vesimyyrin tal-
vinen vahingon teko omenatarhoissa oli keskimdirdisti
pahempaa. Kasvukauden aikaisista tuholaisista vain
timoteikdrpisten runsaus ylti vuosien 1965—1974 keski-
agrvon tasolle. Kaikkien muiden jii sen alle. Marjakas-
veissa tuholaisten mddrd oli lihinni normaalia. Vilja-
kasveissa oli tuholaisia erittdin vdhin.
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THE CARNATION MOTTLE VIRUS IN FINNISH CARNATIONS

KATRI BREMER

BremER, K. 1978. The carnation mottle virus in Finnish carnations. Ann.
Agric. Fenn, 17: 36—38. (Agtic. Res. Centre, Inst. Plant Path., SF-01300 Vantaa

30, Finland)

28 samples from carnation cultures raised from virus-free mother plants were
tested for virus diseases. The carnation mottle virus occurred in 18 samples and in
two samples two unideatified viruses occurred besides the mottle virus. The mottle
virus was identified on the basis of the symptoms it caused in different test plants

and of its thermal inactivation point.

Index word: Carnation mottle virus.

MATERIAL AND METHODS

Carnation plant samples sent by the growers
to the Institute of Plant Pathology were tested
for virus diseases.

Sap inoculations using a phosphate buffer
(pH 7.2) were made to the following test
plants: Chenopodium amaranticolor Costes Reyn.,
C. guinoa Willd., Gomphrena globosa L., Nicotiana
glutinosa L., N. tabacum L., Samsun, Petunia

hybrida Vilm., Tetragona expansa Murr., Spinacia
oleracea L., Dianthus caryophylins L., cv. Joker.

The thermal inactivation point was determined
from some samples by heating 2 ml lots of
sap expressed from infected carnation plants for
10 minutes in different temperatures and testing
them for infection on C. g#inoa.

RESULTS AND DISCUSSION

Incidence of virus infected samples was high,
though the imported cuttings originated from
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virus-free mother plants. 28 carnation samples
were tested, 18 of which were virus infected. The



carnation mottle virus occurred in all 18 samples
and in two samples an unidenfied virus occurred
together with the mottle virus. The mottle virus
was identified on the basis of the symptoms in
test plants and the thermal inactivation point.
12 virotic samples were from plants of Sim culti-
vars, which are known to be very susceptible to
the mottle virus.

Symptoms of the mottle virus were indisctinct,

or absent in older carnation. Pale spots and faint
mottling occurred in young leaves, which later
disappeared as the leaves matured. Pale, broken
lines sometimes occurred in the petals. In C.
amaranticolor small but distinct pale yellow spots
appeared; they were somewhat bigger in C.
gquinoa. Light spots with red margins occurred
in G. globosa. Chlorotic local spots appeared in
Tetragona expansa, S. oleracea and in Beta vulgaris.

The virus was latent in Petunia hybrida and
did not infect N. glutinosa and N. tabacum.

The symptoms desctibed above ate similar to
those mentioned in the literature (BRIERLE &
Smrra 1957, 1958, HorLiNngs & StoNE 1964).

The frequent occurrence of the carnation
mottle virus, despite the use of virustested prop-
agation material, may be due to the highly
infectious nature and stability of the virus. It
has been proved that the mottle virus is trans-
mitted via tools and hands (HorrinGgs & STONE
1964, ParupaNn & REenHNsTROM 1968, ZAND-
voort 1973). It can stand high temperatures:
virus-free meristem cultures can be obtained
only after 2.5—3 months’ heat treatment.
(BrieriE 1964, Parupan 1964.)

Though mottle virus causes only mild symp-
toms in carnations, it seems to be of importance.
According to Hakxaart (1964), HorrLinGs &
StoNE (1964) and ParupaN & REHNSTROM
(1968) mottle virus diminishes the number, size
and quality of the flowers. It also weakens
the carnation plants so that infected plants are
more susceptible to fungus diseases than healthy
ones.

It seems that to get the full benefit of healthy
propagation material, strict sanitary procedures
must be applied in carnation culture.
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' " . SELOSTUS

Neilikan liikkiviroosia neilikkaviljelmilld

KAaTrr BREMER

[ ‘ -Maatalouden tutkimuskeskus

I‘Vfaataloud'en ‘tutkimuskeskuksenn kasvitautien tutkimus-
laitokselle lihetetyisti 28 neilikkaniytteestd tehtiin virus-
testaukset mehusiirrdin ‘erilaisiin testikasveihin. Vaikka
neilikkangytteet olivat perdisin tarkastetuilla kiyttStaimilla
perustetuilta viljelyksilt todettiin 18 qéyttecéséi esiintyvin
neilikan liikkivirusta ja kahdessa niytteessi vield lisiksi

i

4
i

muuta, vield madrittimitdntd virusta. Liikkiviroosi on
sturen limmonsietokykynsi vuoksi vaikeasti poistetta-
vissa neilikoista ja voimakkaan tartutuskykynsi vuoksi
se levidd nopeasti neilikkaviljelyksilli. Sen wvuoksi siti
esiintyy my®&s terveilld pistokkailla perustetuilla neilikka-
viljelyksilla.

OCCURRENCE OF‘VIRUS DISEASES IN FINNISH STRAWBERRY FIELDS

Kartrr BREMER and MEerjA PETHMAN

BreMeEr, K & PeETHMAN, M. 1978. Occurrence of virus diseases in Finnish
strawberry fields. Ann. Agric. Fenn. 17: 38—41 (Agric. Res. Centre, Inst.
Plant. Path., SF-01300 Vantaa 30. Finland).

Leaf samples were collected at random from commercial strawberry fields in the

main strawberry growing districts. Leaflet grafts were made onto 5 Fragaria vesca

and one F. zirginiana test clones. 21 samples (12.8 %) from the 164 samples tested,
which were collected from about 110 ha of strawberry fields, were infected with
vitus diseases. Viruses were not determined, but mottle type symptoms were very
common. Symptoms also occurred similar to those caused by crinkle. Infection
was less common in cv. Senga Sengana than in other cvs.

INTRODUCTION

Virus diseases have a very detrimental effect on
strawberry yields in many countries. In Finland,
little is known about the incidence of such
diseases in strawbetry fields. In summer 1976 a
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field survey was carried out and samples collected
in the main strawberry cultivation districts with
a view to determining how significant virus
diseases are to strawberry cultivation in Finland.



MATERIAL AND METHODS

Strawberry leaves for virus indexing were col-
lected at random from commercial strawberry
fields during June—August. With a few excep-
tions, the samples were taken from fields planted
with uncertified runners. In Finland strawberry
cultivation is concentrated to the south-west
region (to the east and the north of Turku) and
to Central Finland, mainly in the parish of Suo-
nenjoki. The total strawberry cultivation area
is about 1 000 ha (LeskiNeEn & Exnxorm 1975).
51 farmyards were visited in these strawberry
cultivation areas, the total field area inspected
being about 110 ha; 164 leaf samples were
collected. From these samples over 600 leaf
grafts were mare.

Each sample consisted of 8 to 10 leaves from
a single strawberry plant. In the field the leaves

were put in a plastic bag and kept in a cold box
during the field survey. Later they were placed
in a refrigerator for 1—20 days, until the testing
was done.

The following test plants were used: Fragaria
vesca L. clones: EMK, UC-2, VS§-1 and FV-72,
alpine hybrid seedling, UC-1 and F. virginiana,
clone UC-10.

The excised leaves were grafted according to
the method described by Bringaurst & Vorn
(1956) and Frazier (1974 Db). Two graftings
were made on each test plant; unsuccesful
graftings were repeated.

Sap transmissions were made from nearly
every sample, using 2 9 nicotine as the bufler
and Chenopodium gquinoa and Nicotiana tabacum
as test plants.

RESULTS

No distinct virus symptoms were observed in
the fields. Sap transmission tests failed to produce
any symptoms in the plants. Virus symptoms
appeared in most cases in the F. vesca clones:
EMK, UC-1 and FV-72. All of these, but in
particular EMK and UC-1 clearly showed signs
of the mottle virus disease and less clearly of the
crinkle virus disease (cf. Frazier 1974 a, FurTon
& McGrew 1970). FV-72 is an excellent in-
dicator of crinkle (McGrew 1967). The F.
virginiana clone, UC-10 did not show any symp-
toms in most tests.

The symptoms in the test plants were not
typical enough to allow reliable diagnosis of the
virus diseases, probably because the infections
were mixed. Symptoms similar to those caused
byt the mottle discase were, however, very com-
mon (Fig. 1.). Symptoms like those caused by
the crinkle disease occurred, too, but lesions on
petioles and streaks on petals, symptoms higly
indicative of crinkle (FrazrEr & MEerLror 1970)
were not observed.

21 samples (12.8 9,) from 164 with graft

Fig. 1. Virus symptoms on Fragaria vesca leaves. The
left leaf is healthy.

transmission tested samples were virus infected
(Table 1).

More virus infections (17.1 9,) were found in
samples collected from south-west Finland than
in those collected from Central Finland (9.3 9,).
There was less infection among cv. Senga Senga-
na (11.59,) than among the other cultivars
tested (17.1 9,) (Table 1).
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Table 1. Strawberry leaf samples tested for virus infections

Strawberry cultivar

Main sample district

Infected samples/ o/
samples tested

Senga Sengana

Red Gauntlet South-west Finland

Samples from south-west Finland totally
Samples from Central Finland totally

' Soufh—wcst Finland ..............

......................... 0/6

.» ' . Central Finland .................
» » Other regions in south Finland ...
Zephyr | South-west Finland ..............
» Central Finland .................
» - " Other ..vviiiiii

......................... 1/6
........... 0/2
......................... 1)2

......................... 3/6
......................... 0/1
......................... 0/2

......................... 1/3
......................... 0/1
......................... 0/1
D 1/1

» » Central Finland .................
» » Other «oviviiii it
Ydun South-west Finland .............
» Central Finland .................
» .Other ...... e
Pocahontas South-west Finland ..............
Abundance » S
Elista » S
Lihama » P i

5/32
4/35
122

10/89

3/32

1/12
4/50 8.0

2/10 20.0

Total 3/9

Total 2/6 33.3

21/164 12.8

14/82 17.
4/44 9

[N

DISCUSSION

Strawberry virus diseases are probably intro-
duced into Finland and propagated here on im-
ported runners mainly, since the most efficient
vector of these viruses, the aphid, Chaetosiphon
(Pentatrichopus) fragaefoliae as well as the other
members of the genus Chaetosiphon do not
occur in Finland. It is not known whether other
aphid species act as vectors here.

The reason more virus infections were found
in south-west Finland than elsewhere may be
that in this district many different varieties (e.g.
Zephyr, Red Gauntlet, Pocahontas, Senga Sen-
gana, Lihama, Ydun, Abundance and Elista) are
grown. Most of these varicties were imported
into Finland before being virus-tested. Many
farmers buy runners from a neighbour, so that
the imported virus diseases spread effectively
through a district. Moreover, many strawberry
fields are quite old, planted 6—10 years ago.
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In Central Finland many strawberry fields are
as old as those in south-west Finland. The most
common variety was Senga Sengana. Zephyr and
Red Gauntlet have been grown only to a limited
extent during the past few years. Senga Sengana
has been imported from Germany and consists
of stock propagated in a district in northern
Germany where no virus diseases occurred
(KrczaL 1960). Senga Sengana probably came
to Finland relatively free of viruses and has
remained so.

Since virus diseases do occur in Finnish
strawberry fields, it is certainly profitable to use
virus-tested propagation material. A program
for producing and distributing certified virus-
free material from berry plants was planned and
initiated in Finland a few years ago.
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SELOSTUS

Mansikan virustautisuus Suomessa

KATRI BREMER ja MERjA PETHMAN

Maatalouden tutkimuskeskus

Mansikan lehtindytteitd kerittiin satunnaisesti suurim-
milta viljelyksiltd mansikan tirkeimmilti viljelyseuduilta.
Vhteensid 164 ndytettd otettiin 51 tilalta noin 110 ha
alalta. Mansikan viljelyala on kokonaisuudessaan n.
1000 ha. Lehtindytteisti tehtiin yli 600 lehdykkidymp-
piysti erilaisiin Fragaria vesca ja F. virginiana klooneihin.
Lisiksi tehtiin testaukset mehusiirroin erilaisiin testi-
kasveihin.

Mansikkaviljelyksilli ei tavattu selvid virusoireita.
Mehusiirrostukset eivit tuoneet virusoireita esille. Leh-
dykkiymppiyksin tehdyt testit osoittivat, ettd keskimid-
rin 12.8 % kerityisti niytteisti oli viroottisia. Linsi-
Suomesta kerityissd ndytteissi oli enemmin viroottisia

niytteitd (17.1 %) kuin Keski-Suomen niytfeissi (11.5
%). Timi johtunee siitd, €ttd ‘Keski-Suomessa miltei
yksinomaan viljelty mansikkalajike, Senga Sengana on
tullut Suomeen suhtecllisen viruksettomana, kun taas
Linsi-Suomessa viljellyt, lukuisat lajikkeet ovat tulleet
Suomeen testaamattomina ulkomailta, seuduilta, joissa
esiintyy runsaasti virustauteja. Tehokkain, mansikan
virustautien vektori, Chactosiphon (Pentatrichopus) fragae-
foliae €i esiinny Suomessa ja mansikan -virustautien levi-
minen lienee meilld muutoin kuin-ihmisen vilitykselld
vihiistd. Tdmin vuoksi fcrvet_gimitoiminnar; avulla man-
sikan virustaudit voidaan pitaa meillikin kuris‘.sa.“

Pt
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A CERTIFICATE SYSTEM TO PRODUCE AND DISTRIBUTE VIRUS TESTED
PROPAGATION MATERIAL FROM BERRY PLANTS IN FINLAND

KaTri BREMER and AARRE YLIMAKI

BremEer, K. & Yrmikr, A. 1978, A certificate system to produce and distri-
bute virus tested propagation material from berry plants in Finland. Ann.
Agric. Fenn. 17: 42—44 (Agric. Res. Centre, Inst. Plant Path., SF-01300 Van-
taa 30, Finland).

A certificate system for the production, maintenance and distribution of virus-
tested and genuine propagation material from betry plants was established by
governement statute in Finland. The work is divided between three institutes and
a propagation farm attached to the Agricultural Research Centre, the National
Board of Agriculture, and a few private nurserymen.
Certified propagation material is now available from the following betry plants:
strawberry (Fragaria grandiffora) (cvs. Senga Sengana, Zephyr, Red Gauntlet,
Kristiina),
raspberry (Rubus idaens) cvs. Muskoka, Ottawa, Rikala, Preussen and a hybrid Rubus

idaeus x R. arcticus, cv. Heija,

currant (Ribes nigrun) cvs. Ojebyn, Melalahti,
gooseberry Ribes grossularia, cvs, Hinnomien keltainen, Lepaan punainen.

Index words: certificate system, virus-tested.

Finland offers very suitable climatic and soil
conditions for berry cultivation. Strawberries
(Fragaria grandifiora),
(Ribes sp.), gooseberries (R. grossularia) and rasp-
. berries (Rubus idaeus) are cultivated commonly

red and black currants

for both home and commercial use throughout

almost the entire country. Yields have been low
because of diseased and nongenuine propagation
material. For this reason a program was planned
and initiated to distribute certified plant material
in Finland.

DEVELOPING THE CERTIFICATION SCHEME

_The pilot work, which consisted of investigating
virus diseases on berry plants and freeing plants
from such diseases through thermotherapy and
meristem cultures, has been goirig on since 1970
at the Institute of Plant Pathology. An organisa-
tion then had to be developed to get the healthy
material propagated and distributed propetly. In
1973, a grant from SITRA ) made it possible to
plan and experiment a certificate system on a
large scale. A team, consisting of plant patholog-
ists, an entomogist, and horticulturists, was set
up for this work. Several farmers were willing

1) Finnish National Fund for Research and Development.
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to co-operate by acting as special nurserymen.
To get the project started quickly, healthy, virus-
tested plants from the strawberry varieties Senga
Sengana, Zephyr, Kristiina, and Red Gauntlet
were imported from Denmark and Norway.
Healthy raspberry plants were already available
in Finland. All these plants were retested in
Finland, and used as source plants.

After a three year experimental period an
otganization for producing and distributing
virus-tested and genuine material was established
by statute in 1975.



ORGANIZATION OF THE PRODUCTION AND DISTRIBUTION OF VIRUS-TESTED
- MATERIAL ' . ' :

According -to the statute, the work is divided
between three institutes and a propagation farm
attached to the Agricultural Research Centre, the
National Board of Agriculture and a few private
nurseries subject to official inspection (Fig. 1).
The Institute of Horticulture breeds and
chooses through field experiments varieties of
berry plants suitable for Finnish conditions. The
final choice of varieties to be certified is made
by the board of the healthy plant propagation
farm. The Institute of Horticulture is also re-
sponsible for the nuclear stock being genuine.
The Institute of Plant Pathology produces
healthy source plants through thermotherapy

and meristem cultures and’ conducts the first
virus tests. The Institute of Pest Investigation
co-operates with the Institute of Plant Pathology.
in testing and freecing the source plants from
pests. The National Board of Agriculture is
responsible for approving nurserymen and for
inspecting their propagation fields. It -also
makes contracts with "the nurserymen.

The Agricultural Reseatch' Centre’s - healthy
plant propagation station was founded in 1976
at 2 well isolated state farm in the middle of
Finland. A board consisting of the members of
the Institutes of Horticulture, Plant Pathology
and Pest Investigation, the:Ministry of Agris

Institute of
Pest Investigation

Institute of
Horticulture

Institute of
Plant Pathology

Breeding work, choice
of cultivars, tests of
genuinity

Freedom of pests

l

Healthy plant ‘

propagation farm

Maintainance, propaga-
tion and virustesting
of mother plants.

Release of certified
propagation material
to

Private nurseries
Healthy plants
; . to

Berry-p:rodui:ing farms

Production of healthy
source plants through
thermotherapy and
meristem culture,

first virus tests.

Agricultural
Research Centre

National Board

of Agriculture
(acceptance and
_inspection of private
nurseries)

J

Fig. 1. Scheme of the certificate system for producing and distributing virus-tested material of betry plants.
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cultute 'and the National Board of Agriculture
organizes the work at the station. The station
obtains the healthy source plants from the

Institute  of . Plant - Pathology and . maintains, -

propagates-and tests them further, releasing the
first propagation material to the private nursery-
men. - SRR '
Before' approval, the . private nurseries are
inspected by the Bureau of Horticulture of the
National Board: 6f Agriculture for their suitabil-

ity, e.g. the extent to which they can be isolated

from wild berry vegetations, the freedom of the
soil - from virus .vector nematodes, etc.

‘When a nursery is accépted, a contract is made
between ‘it and the. Bureau of Horticulture in

National Board of Agriculture. According to the -

contract, which is fen:wed every year, the nurs-
ery will be inspected two or three times every
year. The nurserymen have to pay for these
inspections.

i
Kaivio, T., HEIkINHEIMO, Q. & RYYNANEN, A. 1977

Tarkastettujen kiytttaimien sato mansikan viljelyssi.
Koetoiminta ja Kiytinté 1977, s. 37.

The ‘certified plants. produces by these private
nurseries will bear a label. Their price is a little
higher than that of uncertified plants.

Certified propagation material is now available
in Finland from the following berry plants.
Strawberry (Fragaria grandifiora) cvs. Senga:

Sengana;, Zephyr, Red Gauntlet, Kristiina,
raspberry (Rubas idaens) cvs. Muskoka, Ottawa,

Rikala, Preussen and a hybrid plant. (Rabus

idaens X Rubus arcticus) cv. Heija,
currant (Ribes nigram) cvs. Ojebyn, Melalahti,
gooseberry (R. grossalaria) cvs. Hinnomien kel-

tainen (Hinnomiki yellow) and Lepaan punai-
nen (Lepaa red).

Experiments cartied out in farmers’ fields to
compare the yield of certified strawberry plants
with that cf uncertified plants showed that in
three experiments certified strawberries gave two
or three times higher yields than uncertified
plants (KarLio ez al. 1977).
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Marjakasvien tervetaimituotantojirjestelmid Suomessa

KATRI BREMER ja AARRE YLIMAKI

Maatalouden tutkimuskeskus

i
i

Suomessa on aloitettu marjakasvien tervetaimien tuotto
kolmen vuoden kokeilun jilkeen. Tervetaimitoimintaan
osallistuu kolme maatalouden tutkimuskeskuksen laitosta,
joiden tehtiviini on tuottaa terveet ja aidot ydinkasvit
oloihimme sopiv'is:ta' ' lajikkcfista. Tutkimuskeskukseen
kuuluvalla tervetaimiasemalla siilytetiin ydinkasvit ja
lisitdin niistd aineistoa, joka luovutetaan maatilahallituk-
sen hyviksymille yksityisille taimistoille lisittiviksi.
Maatilahallitus valvoo niiden taimituotantoa.
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Terveitd taimia on tilli hetkelld saatavilla mansikka-
lajikkeista Senga Sengana, Zephyr, Red Gauntlet ja
Kristiina, vadelmalajikkeista Muskoka, Ottawa, Rikala
ja Preussen, mesivadelmasta Heija-lajikkeesta, musta-
herukasta Ojebyn-lajikkeesta. Tervetaimiasemalla on
lisittivini mustaherukasta Melalahti-lajike ja
karviaisesta Hinnonmien keltainen ja Lepaan punainen.

myos

Mansikan terveilli taimilla perustetut viljelykset ovat
antaneet jopa 2—3 kertaisia satoja tavallisilla kauppa-
taimilla perustettuihin viljelyksiin verrattuna,
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valkuaista. Maas. Tulev. 22. 10. 1977,

— Kotieldimilld paikkansa ruoantuotannossa. Keskustelu

jatkuu . . . Maatalous 70, 6—7: 135.
— Jalostuksella terveempid eldimid. Keskipohjanmaa
10. 12. 1977.

— Jalostus lupaa patempaa, Tuottava Maa 3: 45—75.
Helsinki.

— Jalostus ja eliinten terveys. Tuottava Maa 4: 28—
36. Helsinki.

— & JokmEN, L. Pillereiden ei-uusintatulokset 4 vuoden
sdilytyksen jilkeen verrattuna tuloksiin 1 vuoden sii-
Iytyksen jilkeen. Kotieldinjalostuksen tiedote 14. 12 p.

— & SIRKKOMAA, S. Comparison of dairy progeny test for
sires and sons. Livestock Production Sci. 4, 1: 45--55.

— & TIGERSTEDT, P. Dagens mat kunde ricka for alla,
Hbl 7. 9. 1977. ‘
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— & TicersTEDT, P. Kriser framtvingar nya system
inom jordbruket. Hbl 14. 9. 1977.

— Husdjurens framtid: Ny teknik ger hdjd avkastning.
Hbl 25. 9. 1977.

— & TIGERSTEDT, P. Sjilvgodslande sidesslag, protein-
fabriker ljuspunkter pd dyster framtidshimmel. Hbl
29.9. 1977.

— & T1I1GERSTEDT, P. Finlands jordbruk lever farligt.
Hbl 5. 10. 1977.

— & ViLvA, V. Frequency of stillborn calves and its associa-
tion with production traits in Finnish cattle breeds. Z.. Tierz.
Ziucht.biol. 94, 1: 27—43.

— & VILvA, V. Economic breeding for milk and beef in the
Finnish Ayrshire. Symp. Ayr. Cattle Breed. Proc.:
140—159.

Marjara, K. & OsTERBERG, S. Productivity of pure Finn-
sheep in Finland and abroad. Livestock Production Sci.
4, 4: 355—377.

Poutiamnen, E. & Haara, M. Ruokinnan vaikutus yk-
siloarvostelun tuloksiin ja luotettavuuteen. Nauta-
katja 7, 5: 21—23.

Ruonowmixi, H. Results of Meat Production Experiments in
Cattle. Symp. Ayr. Cattle Breed. Proc.: 42—54.

— Friisildis- ja charolaisristeytysten vertailu lihantuo-
tantokokeissa. Karjatalous 53, 1: 36—37.

— Hereford- ja charolaisristeytykset samoissa lihantuo-
tantokokeissa. Karjatalous 53, 5: 38—39,

— Hiehojen tuotantopalkkiorajan alentaminen. Lihan-
tuottaja 6: 22—23.

— Eri rotuisten lihanautojen elopainot ja idt 160 kilon
teuraspainossa. Kotieldinjalostuksen tiedote 18. 12 p.

— Lihantuotantokokeiden tuloksia. Kotieldinjalostuksen
tiedote 19. 3 p.

— & Haxkkora, H. Lihantuotantokokeiden tuloksia.
Kotieliinjalostuksen tiedote 12. 15 p.

— & KenrtriAmies, H. Tuloksia lihakarjan rotuvertailu-
kokeista vuosilta 1960—1976. Kotieldinjalostuksesta
koottua 1/77. 7 p.

StrToNEN, L. Siipikarja-alan tutkimustoiminta Suomessa:
Kotimainen tutkimus ja Pohjoismainen yhteistyd.
Kanatalous 20, 3: 19—20.

ViLva, V. Sonnien jalkeliisarvostelun kehittimisestd.
Kotieldinjalostuksen tiedote 19. 2 p.

OsTERBERG, S. Mitd hyétyi on pissien yksildarvostelusta
lampaankasvattajalle? Lammastalous 1: 14—15,

Maantutkimuslaitos, Vantaa

Institute of Soil Science, Vantaa

Erv1b, R. Lead contenis of crop plants growing in the vicinity
of a lead smeltery. Ann. Agric. Fenn. 16: 172—176.

— Maalajit ja niiden tunnistaminen. Helsingin yliopisto.
Neuvontaopin ja tiydennyskoulutuksen keskus. Mo-
nistesarja 5 Metsimaakurssi 14.—17. 6. 1977. 4 p.
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— Viljelykasvien saastuminen lyijysulattamon ympiris-
tossd, Koetoim. ja Kiyt. 9. 6. 1977.

— Niin syntyi maaperimme. Pellervo 78, 8: 16—17, 20.

Laruri, R. Typpi-, fosfori- ja kaliumlannoituksen kehi-
tys Suomessa. Kehittyvd Maatalous 36: 3—11.

Perromaa, R. Kaivosjitteiden kasvinravinteista. Koe-
toim. ja Kiyt. 25, 1. 1977.

—, Karivuio, H., KempriNeN, H., KorkMaN, J., RAIKE,
P. & RaNTANEN, S. Kaivosten jitealueiden saattami-
nen uudelleen kasvillisuuden peittimiksi. Vuorimies-
yhdistyksen tutkimusseloste 48: 1—45,

RinNg, S-L. Lannoituksen vaikutus ruohon kalsium/fos-
fori -suhteeseen. Koetoim. ja Kiyt. 10. 5. 1977.

— Lannoituksen wvaikutus ruohon kupari/molybdeeni
-suhteeseen. Koetoim. ja Kiyt. 9. 6. 1977.

— Ruohon piipitoisuus. Koetoim. ja Kiyt. 1. 11, 1977.

— Séilérehunurmen maasta ottamat ravinteet. Leipi
Leveimmiksi 25, 3: 5—6.

—, SiLranNeii, M., Hmvora, S-L. & Huoxuna, E.
Typpilannoituksen vajkutus ruohon piipitoisuuteen.
Kehittyvd Maatalous 35: 7—12.

—, Smraneii, M., Hovora, S-L. & Huoxuna, E.
Effects of nitrogen fertilization on the Ca|P ratio of grass
berbage. Ann. Agric. Fenn. 16: 177—183.

—, Smraneii, M., Huoxkuna, E. & Hnvora, S-L.
The effect of nitrogen fertilization on the copper|molybdenun:
ratio of grass herbage. Ann. Agric. Fenn. 16: 192—198.

S1LLANPAR, M. Availability of secondary and micronsutrients
Jor crops. Expert consultation on better exploitation on
plant nutrients. FAO. Rome 18.—22. April 1977. (In
print.)

— Problems involved in estimating the micronutrient status of
soils. Expert consultation on soil and plant testing in
developing countries. FAO. Rome 13.—17. June 1977.
(In print.)

— Maanidytteiden varastointiajan, kosteustilan ja uutto-
limpétilan  vaikutus  viljavuusanalyysin  tuloksiin.
Kehittyva Maatalous 35: 13—23,

-— Maaperikartat. Maatalouden tutkimuskeskus, tieto-
kortti 1 A 1. Uusi painos.

— & KorvistomneN, P, Country Statements: Finland.
Report of the consultation on the establishment of the
European research network on trace elements held in Bonn
15.—18. March 1977. Appendix 7: 4—6. FAO Rome.

Sterora, J. & Ervid, R. Determination of boron in soils and
plants by the Azomethine-H method. Finn. Chem. Lett,
1977: 138—140.

Suomen maaperin peruskastoitus. Yhteistyd: Geologinen
tutkimuslaitos, Maatalouden tutkimuskeskus ja Maan-
mittaushallitus, Maanmittaushallituksen Julk. 44:
1—324-3 karttaa.

1977 painetut maaperikartat (1:20 000) (yhteistyossid
Geologisen tutkimuslaitoksen ja Maanmittaushalli-
tuksen kanssa). Soil maps (1:20000) (in cooperation
with the Geological Survey of Finland and the National
Board of Survey of Finland) printed in 1977:
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Maanviljelyskemian ja -fysiikan laitos, Vantaa

Institute of Agricultural Chemistry and Physics, Vantaa

EroneN, P. Peltojen favinnetaseeseen enemmin huo-
miota. Koetoim. ja Kiyt, 25, 1. 1977,

— Paketoinnin ja kesannoinnin vaikutus maan viljelykun-
toon. Maataloustutkimuksen piivit. Moniste., E1—E4.

— Hyvi kylvGalusta maan rakennetta pilaamatta. Kiy-
tinnén Maamies 1977, 4: 8—13.

— Kesikuun sadetus juurikassadon varmentajana savi-
maalla. Juurikassokeri 1977, 2: 2—7.

— Herneen sadetuksesta. Maas. Tulev. 26. 3. 1977.

— Sadetuslaitteet — sddvakuutus, Teho 1977, 10: 28—29.

— Myrkyllinen aine maaperissi. Poikkeusolojen C-labo-
ratoriotoiminnan suunnittelutilaisuus Laajavuorella
28. 11. 1977. 10 p.

Jaaxxora, A. Kalkitus tehostaa lannoituksen vaikutusta.
Leipi Leveimmiksi 1977, 2: 6—7.

— Olkien maahankyntd, Maataloustutkimuksen Piivit.
Moniste. O1—0O3.

— Olkien maahankynté. Teho 1977, 4: 12—13.

— Miten lannoittaisin. Pelletvo 1977, 7 16—18.

— Paljonko kalkkia hehtaarille. Kiytinnén Maamies
1977, 5: 23,

— Kannattaako oljet kyntdd maahan. Koetoim. ja Kiyt.
30. 8. 1977.

— Effect of fertilizers, lime and cadmium added to soil on
cadminm content of spring wheat. J. Scient. Agric.
Soc. Finl. 49: 406—414.

— Kasvinvuorottelu ja kasvijirjestys. Spectrum tieto-
keskus. 5. osa. p. 212—213. Porvoo.

— Kasvutekijdt. Spectrum tietokeskus. 5. osa. p. 221—
222. Porvoo.

— , Hakkora, H., K6yLijirvy, J. & SiMojokr, P. Effect
of liming on phosphorus fertilizer requirement in celeals
and lgy. Ann. Agric. Fenn. 16: 207—2109.

Joransson, W., Knupsen, H., ELonNEN, P. & MryHgr, E.
Rapport frin arbetsgruppen for bevattning, Notd.
Jordbr. forskn. 59: 142—148.

Joxkmnen, R. Kalkitus. Maatalouden tutkimuskeskus,
tietokortti 1 D 3.

— Perunan magnesium- ja mangaanilannoitus. Maanvil-
jelyskemian ja -fysiikan laitoksen tiedote 1: 1—11.

— Kalkituksen ja runsaan kaliumlannoituksen vaikutus
magnesiumlannoituksella saatavaan tulokseen. Maan-
viljelyskemian ja -fysiikan laitoksen tiedote 2: 1—29.

— Magnesiumsulfaattilannoitus kevitviljoille, Maanvil-
jelyskemian ja -fysiikan laitoksen tiedote 6: 1—17.

— Magnesiumlannoitus, kalkitus ja runsas kaliumlan-
noitus. Kehittyvd Maatalous 36: 23—36.

— Effect of added magnesium, potassium, lime and nitrogen
on oats I. Yields. J. Scient. Agric. Soc. Finl. 49:
283—295.

— Effect of added magnesinm, potassinm, lime and nitrogen
on oats II. Nutrient contents, cation ratios and magnesinm
uptake. J. Scient. Agric. Soc. Finl. 49: 296—314.

—— & Mustonen, L. Kevitoljykasvien viljelytekniikka
ja sadon laatu. Maas. Tulev. 5. 3. 1977.

Kiniry, J. & Jaaxkora, A. Kuparilannoitteiden ver-
tailu astiakokeessa. Kehittyvd Maatalous 35; 3—6.
Larres, G, Lannoitteiden vertailu kevitviljanviljelyssi

savimaalla. Koetoim. ja Kiyt. 25. 1. 1977.

— Ekonomisk gédsling. Landsb. Folk 1977, 14.

— Sinkimuokkauksella juolavehni kuriin. Koetoim. ja
Kiayt. 27.9. 1977.

— Stubbeatbetning minskar kvickrot. LOA 1977: 334—
335.

SaLoNEN, M. & KAHARI, J. Suoturvelisiyksen typpivai-
kutuksesta humuskdyhissi savimaassa. Maanviljelys-
kemian ja -fysiikan laitoksen tiedote 4: 1—13.

TAuTiNeN, H. Kuparilannoitus. Maatalouden tutkimus-
keskus, tietokortti 1 E 9.

— The effect of sulphur on the yield and chemical composition
of timothy. Ann. Agric. Fenn. 16: 220—226.

— Hiventavinteet peltoviljelyssd. Koetoim. ja Kiyt. 9. 6.
1977.

— Kupari — titked hivenravinne. Kiytinndén Maamies
1977, 11: 22—24.

— Perunan typpi- ja kaliumlannoitus. Maanviljelys-
kemian ja ~fysiikan laitoksen tiedote 5: 1—21.

— , Kovrijarvr, J. & TErrTiNeN, P. Niittonurmen syys-
lannoitus. Maanviljelyskemian ja -fysiikan laitoksen
tiedote 3: 1—12.

Voar, P. Maaperi ja kasvit. Ympiristo ja Terveys 8, 1:
67—069.

— Maaperi ja kasvit kivenniisainetutkimuksen kohteena.
Elintarvikeylioppilas syksy 1977, 12: 12—14.

Puutarhantutkimuslaitos, Piikkid

Institute of Horticulture, Piikkio

AnoN. SF-vihanneskasvilajikkeet. Kehittyvd Maatalous
33: 1—21.

Hursawmr, H. Culture and breeding of highbush blueberry in
Finland. Acta Hort. 61: 101—110,

— Inheritance of characters in hybrids of Vaccinium uliginosum
and highbush blueberries. Ann. Agric. Fenn. 16: 7—18.
— Marjakasvien jalostus. Puutarhantutkimuslaitoksen

tiedote 13: 9—14.
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— & Kormviki, M. Suomessa tavattavien Rubns-lajien
ja niiden risteytymien sytogenetiikasta.
tutkimuslaitoksen tiedote 12: 28—36.

HuriLa, 1. & Pessava, R. Porkkanan kylvé Planet
Juniorilla ja Mini-Nibexilld, Puutarhantutkimuslai-
toksen tiedote 14: 1—4.

Karrio, T. K. Arboretum Yltéinen. Puutathantutkimus-
laitoksen tiedote 10: 1—7.

— Puutarhantutkimuslaitoksen puu- ja pensaskokoelma
1927—1976. Puutarhantutkimuslaitoksen tiedote 10:
8——27.

— Puutarhan koristekasvit: ryhmiéruusut, pensasangervot,
koristeomenapuut. Rakennusviesti 1977, 4: 62—68.

— Kataja — Juniperus. Puutarha 80: 376—377.

— The ornamental trees and shrubs grown at the Institute of
Horticulture in the years 1927—1976. Ann. Agric.
Fenn. 16: 27—36.

— Terveilld taimilla suuriin matrjasatoihin. Emintilehti
1977, 9: 14,

— & KaruINIEMI, A. Blommande paradisippeltrid.
Tridgirdsnytt 31: 9—10.

— & KaruINIEMI, A, Omenapuut (Malus) koristekas-
veina. Puutarhantutkimuslaitoksen tiedote 10: 28—36.

— & KaruiNiemi, A. Kirsikat ja tuomet (Prunus) ko-
ristekasveina. Puutarhantutkimuslaitoksen tiedote. 10:
37—40.

— & KaruiNieMI, A. Ryhmiruusukokeet Puutarhan-
tutkimuslaitoksessa 1972—1976. Puutarhantutkimus-
laitoksen tiedote 10: 41—49.

Karuaimniemi, A. Rikkakasvihivitteiden jaettu ja perik-
kiiskiyttd porkkanan, sipulin ja kaalin viljelyssd. Kas-
vinsuojeluseuran 12. rikkakasvipdivd 1977: A33—A40.

— Koristepuut ja pensaat, uudet kiyttdsuositukset. Kas-
vinsuojeluseuran 12. rikkakasvipiivd 1977: B1—B7.

— Rikkakasvien torjunta avomaan vihannesviljelyssi.
Puutarhantutkimuslaitoksen tiedote 11: V1—V5.

— Rikkakasvihivitteiden perikkiiskiytté vihannesvilje-
lyssd. Puutarhantutkimuslaitoksen tiedote 14: 29—38.

—, Kurki, L., Pessara, R., Pessava, T. & SAiko, J.
Rikkakasvien torjunta-aineiden ja kasvunsiiteiden
koetulokset 1976. Kasvinsuojelulaitoksen tiedote 12:
1—49.

Kurki, L. Effects of propagation conditions on greenbouse
tomato yield. Ann. Agric. Fenn. 16: 49—56.

— Kotimaista kylmyyttid vihannesvarastoon. Koetoim. ja
Kayt. 26. 2. 1977.

— Esijadhdytys tuorevihannesten laadun perustana. Koe-
toim. ja Kiyt. 12.7. 1977.

— Vihannesten varastointi. Puutarhantutkimuslaitoksen
tiedote 11: R1—RS5.

— Esijidhdytys tuorevihannesten laadun perustana. Puu-
tarhantutkimuslaitoksen tiedote 14: 44—45,

— Enemmin kotimaista kylmyytti vihannesvarastoihin.
Puutarhantutkimuslaitoksen tiedote 14: 46—48.

— Kasvihuonetomaatin lajikekokeiden tuloksia vuodelta
1976. Puutarhantutkimuslaitoksen tiedote 15: 1—4.

Puutarhan-
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—- Taimikasvatusolosuhteiden vaikutus kasvihuoneto-
maatin satoon. Puutarhantutkimuslaitoksen tiedote 15:
5—13.

— Kasvihuonetomaatin ja -kurkun lajikkeiden varrenta-
minen resistentille perusrungolle. Puutarhantutkimus-
laitoksen tiedote 15: 14—17.

— Kasvihuonepersiljan lajikkeita ja viljelytekniikkaa.
Puutarhantutkimuslaitoksen tiedote 15: 18—22,

— Myohiissyksyn ruohosipuli ja persilja. Puutarhan-
tutkimuslaitoksen tiedote 15: 23—25.

— Tillin lajikkeita ja viljelytekniikkaa kasvihuoneviljelyd
varten. Puutarhantutkimuslaitoksen tiedote 15: 26—29.

— Kasvihuonetomaatin lajikekokeiden tuloksia.
tarha-Uutiset 30: 590—591.

— Talven ja myShdissyksyn salaatti, Puutarha-Uutiset
30: 1085—1086.

— Kasvihuonetomaatin ja -kurkun taimien varrentami-
sesta. Puutarha 80: 14—15.

— Lisdvalo tomaatin taimikasvatuksessa. Puutarha 80:
410—411.

— Kasvihuonetillilajikkeet. Puutarha 80: 470—471.

— Kasvihuonekurkun lajikekokeiden tuloksia vuodelta
1977. Puutarha 80: 520.

— Vihannesten kisittely tuoremyyntid varten. Kansan-
terveys 18, 4: 27—30.

— Painohivi6 ja vihannesten nuutuminen. Kansanterveys
18, 4: 30—32.

— Aistinvarainen arvostelu vihannesten,

Puu-

marjojen ja
hedelmien laatuluokituksen ja tarkastuksen apuvili-
neend. Insinddrien koulutuskeskus. Elintarvikkeiden
aistinvarainen arvostelu 83—77: XIIT 1—9.

— Kasvihuonevihannesten suositeltavat lajikkeet. Puu-
tarhakalenteri 37: 167—171.

— & PEssara, R. SF-vihanneskasvilajikkeet. Puutarha
80: 254—259.

LenmusHOVI, A. Puolukan lisiimismenetelmit. Koetoim.
ja Kiyt. 26, 2, 1977.

— Puolukan marjontaan vaikuttavista tekijdisti. Puu-
tarha 80: 122—123.

~— Sowme aspects of the cowberry trials in Finland. Ann. Agric.
Fenn. 16: 57—63.

— Trials with the cowberry in Finland. Acta Hort. 61: 301—
308.

— & Hursarmi, H. Pohjoisamerikkalaisten matalakas-
vuisten mustikoiden viljelystd. Puutarha 80: 558—560.

PEssarLa, R. Rikkakasvien torjunta muovin alla. Kasvin-
suojeluseuran 12. rikkakasvipdivd 1977: A29—A32,
— Rikkakasvien totjunta muovihuoneviljelyssi.

tarha 80: 70—71.
— Odling av frilandsgurka i plastvixthus. Tridgards-
nytt 31: 57—58.
— Muovihuoneen kiyttd avomaan vihannesviljelyn te-
tiedote 11:

Puu-~

hostajana. Puutarhantutkimuslaitoksen
T1—T3.
— Rikkakasvien totjunta muovin alla. Kasvinsuojelulehti

10: 41—44.



— Muovihuone avomaan vihannesviljelyn tehostajana.
Puutarha-Uutiset 29: 728.

— Purjon taimikasvatus. Puutarhantutkimuslaitoksen tie-
dote 14: 5—13.

— Purjon viljely ryhmitaimina. Puutarhantutkimuslai-
toksen tiedote 14: 14—17.

— Sokerimaissikokeet Puutarhantutkimuslaitoksella vuo-
sina  1955—76. Puutarhantutkimuslaitoksen tiedote
14: 18—22, ‘

— Rikkakasvien torjunta porkkanan ja perunan muovi-
huoneviljelyssd. Puutatrhantutkimuslaitoksen tiedote
14: 23—28.

— Avomaaviljelyyn suositeltavat vihanneslajikkeet. Puu-
tarhakalenteri 37: 173, 175, 177, 179, 181, 183, 185.
— & HArpu, K. Mulching in the cultivation of pickling

cucumber. Ann. Agric. Fenn. 16: 64—71.

Prssava, T. The effect of plant material and plant density on
flowering in the ’Baccara’ rose variety. Ann. Agric. Fenn.
16: 72—79.

— Neilikka maljakkokukkana. Koetoim. ja Kdyt. 20. 12,
1977.

— Ruusulajikkeita
334—335,

— Viritysvaloa neilikalle. Puutarha 80: 514—515.

kasvihuoneviljelyyn. Puutartha 80:

SAx0, J. Tutkimuksen voimavarat ja tavoitteet. Vihannes-
ja kukkaviljelyn sekd tutkimuksen kontaktiseminaari
26.—27. 10. 1976. Viiksy. Moniste p. 4—10. Helsinki.

— SF-vihanneslajikkeet. Puutarhantutkimuslaitoksen tie-
dote 11: P1—P5.

— YP, uusi suvuttomasti lisdttivi omenapuuperusrunko.
Puutarha 80: 232—233.

— Y P, a new clonal rootstock for apple. Ann. Agric. Fenn.
16: 88—96. :

— Professor Mauri Olavi Meurman. Flead of the Institute
of Horticulture in 1927—1960. Ann. Agric. Fenn.
16: 2—6.

— YP, uusi suvuttomasti lisittivd omenapuuperusrunko.
Puutarhantutkimuslaitoksen tiedote 12: 1—13.

— Herukoiden ja karviaisen pamputuskorjuu. Puutar-
hantutkimuslaitoksen tiedote 12: 14—16.

~— Maleiinihydratsidin vaikutus mustaherukan kukintaan.
Puutarhantutkimuslaitoksen tiedote 12: 17—18.

— Mansikan ja vadelman siilyminen kotjuun jilkeen.
Puutarhantutkimuslaitoksen tiedote 12: 19—22.

— Puutarhantutkimuslaitoksen 50-vuotistaival.
hantutkimuslaitoksen tiedote 13: 1—8.

— Maatalouden tutkimuskeskuksen puutarhantutkimus-
laitoksen toiminta 1927—1977. Puutarhantutkimus-
laitoksen tiedote 16: 1—17.

— & LauriNeN, E. Mansikan rénsyjen poistaminen ja

Puutat-

niiden kasvun heikentiminen. Puutarhantutkimuslai-
toksen tiedote 12: 23—27.

VIROLAINEN, V. Salaattia kivivillakasvualustalta. Puutarha
80: 290—291.

— Melonin viljely muovihuoneessa. Puutarhantutkimus-
laitoksen tiedote 14: 39—40.

— Salaattia kivivillakasvualustalta. Puutarhantutkimus-
laitoksen tiedote 15: 38—40.

— Kivivilla
hantutkimuslaitoksen tiedote 15: 30—37.

— Mineralwool as a growing substrate for greenbouse cucumber.
Ann. Agric. Fenn. 16: 97—102.

— & DPessara, R. Kurpitsan viljelyn varmentaminen.
Koetoim. ja Kiyt. 10. 5. 1977.

Yrimixri, A. & Pessava, T. Neilikan nuppujen kehitys.

Puutarha 80: 184.

kasvihuonekurkun kasvualustana. Puutar-

Tuhoeldintutkimuslaitos, Vantaa

Institute of Pest Investigation, Vantaa

HarwMmg, J. Perhosissa loisivien pistidisten ja kédrpisten
kerdilystd. Not. Ent. 57: 33—40.

— Apbhidiidae ( Hymenoptera) of Finland. I. Historical review
and records of eight new species. Not. Ent. 57: 109—114.

HAMALAINEN, M. Control of aphids on sweet peppers,
chrysanthemums and roses in small greenbouses using the
ladybeetles Coccinella septempunctaia and Adalia bipunctata
(Col., Coscinellidae). Ann. Agric. Fenn. 16: 117—131.

— Seitsenpistepirkon ja kaksipistepirkon soveltuvuudesta
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lannoitus saraturvemailla. Koetoim. ja Kiyt. 25.1.
1977.

— Yksivuotiset raiheinilajikkeet Pohjois-Pohjanmaalla.
Koetoim. ja Kiyt. 19. 4. 1977.

— Vikirehutason vaikutus mullien sidilérehuvaltaisessa
ruokinnassa. Koetoim. ja Kiyt. 12. 7. 1977.

57
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78, 3:20—21, 33,

— Erikoiskasvina herne. Pellervo 78, 7: 12—13.

— Rikkakasvit kevitviljoissa. Pellervo 78, 9: 9—10.

— Vaarassa viljasadon terveys. Pellervo 78, 16: 16—17.

— Uutta rikkakasvien torjunnassa. Leipd Leveimmiksi
25, 1: 28—29.

— Uutta herneen rikkatorjuntaan — Basagran M. Leipi
Leveimmiksi 25, 2: 23.

— Viljojen rikkakasvitorjunta. Leipi Levedmmiksi 25,
3:8—9.

— Talvituhosienten torjunta alkaa peittauksella. Leipi
Leveimmaiksi 25, 4: 17.

YLANEN, M. Ferrosulfaatista apu sammaleen torjuntaan.
Leipid Leveimmiksi 25, 1:28.

— Tuorerehunurmelta ennityssatoja Vihdissd. Leipd Le-
vedmmiksi 25, 2: 21.

— Syysviljojen lannoitus kylvomuokkauksen yhteydessa.
Leipd Leveimmiksi 25, 4: 6.

Maatalouden taloudellinen tutkimuslaitos, Helsinki

" Research Institute of Agricnltnral Econowics, Helsinki

Ajankohtaista maatalousekonomiaa. Kirjanpitotilojen tu-
loksia. Tilivuosi 1975. Maatal. Tal. Tutk.lait. Tied.
41: 1—46.

Ajankohtaista maatalousekonomiaa. Eri tuotantosuuntaa
harjoittavien kirjanpitotilojen tuloksia. Tilivuosi 1975.
Maatal. Tal. Tutk.lait. Tied. 43: 1—32.

Maatalouden kokonaislaskelmat ja hintaindeksit sekd
maataloustuotteiden tuotanto ja kulutus vuonna 1976.
Maatal. Tal. Tutk.lait. Tied. 47: 1—30.

AALTONEN, S. Maatalouden taloudellinen tutkimus, suun-
nittelu ja koulutus Unkarissa. Maatal. Tal. Tutk.lait.
Tied. 40, 4: 41—56.

— Unkarin maatalouden kehityskuva 1970-luvulla. Maa-
tal.hall. Aikak. 1: 16—24.

Hacoren, E. Kotieldintuotannon rehuhy6tysuhde ja sen
tuleva kehitys. Maatal. Tal. Tutk.lait. Tied. 49: 1—67,

Hanminamti, H. Maatalouden kannattavuuden kehityk-
sestd ja sithen vaikuttaneista tekij6istd Eteldi-Suomen
alueen kirjanpitotiloilla 1953—1974. Maatal. Tal.
Tutk.lait. Tied. 45: 1—76.



KarwssoN, L. Ajatuksia maatilan taloussuunnittelusta.
Maatalous 11: 210—211.

— Modell for stimulering av jordbruksféretagets eko-
nomi. Nord. Jordbt.forskn. 59: 621.

KerruneN, L. Syksyn hintaratkaisu — saiko viljelijd
tulonlisd4? Kainuun Sanomat 15. 9. 1977,

— Maidontuotantoa rajoitetaan. Keskipohjanmaa 26. 11.
1977.

~— Production Forecasts. Maatal. Tal. Tutk.lait, Tied. 46:
1—15. Res. Inst. Agric. Econ. Bull. 40. Budapest.

— Feed efficiency and its development in animal production.
Maatal.tiet. Aikak. 49: 5.

— Ravinnontuotannon pitkdn aikavilin ongelmia. Maa-
tal. Tal. Tutk.lait. Tied. 48, 2: 1—11.

— Maatalouden tulotason kehitys 1970-luvulla. Maatal.
Tal. Tutk.lait. Tied. 48, 3: 1—14.

—— & SIrEN, J. Ajankohtaista maatalousekonomiaa; Maa-
talouden rakenteesta ja hintapolitiikasta Puolassa. Maa-
tal. Tal. Tutk.lait. Tied. 40: 12—25,

Mikr, S. Havaintoja Notjan maataloudesta ja elin-
tarvikeomavaraisuudesta. Maatal. Tal, Tutk.lait. Tied.
40, 5: 57—062.

NEevara, M. Vikilannoitteiden hinnat ja kiytté., Maa-
talous 4: 65—066.

— Keskihintalinja vaihtoehto kananmunien hintapoli-
titkkaan, Maas. Tulev. 14. 5. 1977,

— Maatalouden tulo- ja hintapolitiikan keinoista. Maa-
tal.hall. Aikak. 2: 5—9,

— Tybn tuottavuuden kehitys maataloudessa vuosina
1965—75. Summary: The trend in agricultnral labour
productivity, 1965—75. Osuuspankkijirjeston taloudel-
linen katsaus 1977, 2: 9—16, 25—26.

— On Methods for Forecasting Production and Consumption
of Agricultural Products. Maatal. Tal. Tutk.lait. Tied.
46, 3: 1—16. Res. Inst. Agric. Econ. Bull. 40: 85—97.
Budapest.

— Ruotsi turvautuu maatalouspolitiikassaan keskihinta-
linjaan. Maas. Tulev. 22, 10. 1977.

— Maataloustulo ja tulevaisuus. Ilkka 14. 2. 1977.

RouHIANEN, ]. Maidon tuotannon supistamistoimen-
piteet meilld ja muualla. Katjantuote 60, 5: 12—13.

— Puutarhatuotteiden kysyntiin vaikuttavista tekijoisti.
Puutarhatuotteiden markkinointi. Akateeminen Puu-
tarhakerho ja Markkina-Agraarit, luentomoniste: 1—7.

SinTANEN, L. Maatalouden kokonaislaskelmat 1960—
1975. Maatal. Tal. Tutk.lait. Tied. 44: 1—84.

StrEN, J. Production Costs of Milk and Grains on Finnish
Family Farms. Maatal. Tal. Tutk.lait. Tied. 46, 2:
1—11. Res. Inst. Agric. Econ. Bull. 40:59—68.
Budapest.

— Maatalouden tuotantokustannukset. Maatalous 4: 80
—82.

— Viljelmidmallit apuna tuotannon kannattavuuden vet-
tailussa. Pelto-Pitkan Piivintieto 1978: 172—176.

— Yrityskoon vaikutus maatalouden tuotantokustannuk-
siin, Teho 5: 8—9.

— Leipdviljojen sadon arvon alueittaisista vaihteluista
Suomessa vuosina 1966—74. Maatal. Tal. Tutk.lait.
Tied. 42: 1—43.

TorveLa, M. Maatalousohjelmat ja tuotannon rationali-
sointi. Maatalous 5: 91—93.

— Maatalouden pddomatarpeesta ja investointimahdolli-
suuksista. Maatal.hall. Aikak. 4: 1—13,

— Technical Changes in Finnish Agriculture. Maatal, Tal.
Tutk.lait. Tied. 46, 1: 1—15. Res. Inst. Agric. Econ.
Bull. 40: 9—21. Budapest.

— Maatalouskitjanpito ja maatalouden kannattavuus.
Mitdi Missd Milloin 1978: 298—302. Helsinki.

— Maidon tuotantokustannusten kehityksestd 1975—77.
Karjatalous 53, 12: 22—24, '

— Tuotantokustannusten alentaminen tuotantoa ratio-
nalisoimalla. Maatal. Tal. Tutk.lait. Tied. 48, 1:
1—11.

— & JARVELA, H. Maatalousekonomiin tutkimuksista
ja maatalouskirjanpitotoiminnasta Puolassa. Maatal.
Tal. Tutk.lait. Tied. 40, 1: 1—14.

— & JArveri, H. Nikokohtia Tsekkoslovakian maa-
taloudesta ja kirjanpitotoiminnasta. Maatal. Tal. Tutk.-
lait. Tied. 40, 3:26—40.

Sokerijuurikkaanviljelyn Tutkimuskeskus, Salo

Research Centre of Sugar Beet Cultivation, Salo

Erjara, M. Viljelijéiden pelloilla suoritetut typpilannoi-
tuskokeet v. 1976. SaSon Uutiset 19, 1: 17—19.

— Viljavuustutkimuksen hyviksikdytté. SaSon Uutiset
19, 4: 5—7.

HeLrg, J. Syksyn 1976 sokerijuurikkaan korjuuniyttk-
sistd. Sokerisatka 1:21—24,

— Ohjeita Huhki-korjuukoneen rikkoutuneen vannas-
rungon korjaamisesta. Juurikas 4: 19—21. SaSon Uuti-
set 19, 3: 21—23,

— Soketijuurikkaan nostossa tapahtuvien kotjuutappioi-
den pienentimismahdollisuuksia. Juurikas 4: 22—23,
SaSon Uutiset 19, 3: 2—3.

— Ruotsin nostoniytdksessi nihtyid. SaSon Uutiset 19,
4: 8—13.

— Kokemuksia py6ropaalaimista ja pyd&répaalien kisit-
telystd. Koneviesti 25, 9: 12—13.

— Py0ropaalaimet ovat tulleet. Kiytinndn Maamies 1977,
5: 27—28.

Nuormara, N. Rikkakasvien torjuntamahdollisuuksia
sokerijuurikkaalle. SaSon Uutiset 19, 1: 7—14,

— Ruiskutusohjelma Betanalilla. SaSon Uutiset 19, 2:
20—21.

— Tramatin kdyttd. SaSon Uutiset 19, 2: 32—34,

Ramvinko, K. Piha- ja puistonurmikon rakentaminen.
Puutarha 80, 2: 67—69.
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— Muokkaus ja kylvé oikeaan aikaan. SaSon Uutiset

19, 1: 2—4.

Bearbetning och sidd i ritt tid. Betsocker 13, 1: 2—4.
— Sadetanko sokerijuurikasta. SaSon Uutiset 19, 2: 7—10.
—- Skall jag bevattna sockerbetorna. Betsocker 13, 2:

7—10.

—- Sockerbetsodlingen i Finland II. Naturforhédllandena

och odlingsteknik. Betodlaren 40, 3: 192—194.

— Havaintoja sokerijuurikkaanviljelystd

Juurikassokeri 12, 3: 9—12.

-— Kaunis kestivi nurmikko. Puutarhaliiton opaskirja

25: 1—100.

— Viliaikatietoja Pohjankartanon ruokintakokeista. Sa-

Son Uutiset 19, 2: 24—26.

— Naudanlihaa kopsiruokinnalla. SaSon Uutiset 19, 3:

19—20.

Englannissa.

Tydétehoseura, Helsinki
Work Efficiency Association, Helsinki

Axon, Kone- ja tydkustannukset maatilojen keskini-
sessd tydavussa. Teho 8: 46—48,

ANTTILA, R. Vaihtoehtona pihatto. Teho 5: 34—35,

— Karja on pellon ystivd. Teho 5:41—42.

— Haketta uudelleen limmitysaineeksi. Istutusaloilta riit-
tid harvennuspuuta. Maas. Tulev. 60, 29: 4.

— Kustannukset kuriin rehun kotisekoituksella. Savon
Sanomat 92: 7.

— Uutta lannan kisittelyssi. Karjalan Maa 102: 3.

— Karjassa talon turva. Karjalan Maa 129: 5.

Horma, M. Muuttuvatko maanmuokkausmenetelmit?
Teho 4: 10—11.

— Lannanpoiston menetelmit. I Lietelantamenetelmit.
Teho 5: 28—30.

— Siilorehun varastointi- ja kisittelykikkoja. Teho 5:
38—40.

— Lannanpoiston menetelmit. Padotusmenetelmit. Teho
8: 22—23, 51.

— Kastelusymposiumin satoa: Kastelun tilakohtainen
suunnittelu ja kasteluveden saannin turvaaminen. Teho
10: 28—30.

— Jatevesiliete sopivaa pellolle. Miten viedddn — kuka
maksaa? Teho 10: 32—37.

— Voidaanko maatalouden menoja sifstad? Teho 12:
6—9.

— Mistd energiaa? Luopuako kynnéstd? (Vuoden 1976
maatilataloudelliset neuvottelupiivit II). Maatalous
70, 1: 14—16.

— FErikoiskasvit, puun markkinointi ja rehun sekoitus
(Vuoden 1976 maatilataloudelliset neuvottelupdivit
III). Maatalous 70, 2: 34—36.

— Siilérehun valmistus vaatii nopeutta ja taitoa. Karja-
talous 53, 4: 19—21.
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— Lijetelannan sijoituslannoitus sddstdd selvdd rahaa.
Nautakarja 7, 3: 10—11. '

— & Nurwmrsto, U. Maatilasiilojen rakennus- ja varas-
tointikustannukset — esilaskelmia. Teho 8: 8—9.

KarLio-MANNILA, R, Sirkyvitkd seinit. Teho 5: 13—17.

LartiNeN, A. & Orava, R. Lehmin pituus ja lyhyt-
parren mitoitus. Helsingin Yliopisto, Maatal. Tek-
nol.lait. Tutk.tied. 19: 1—26.

— & Orava, R. Lyhytparren mitat. Teho 10: 48—50.

~— & Orava, R. Lyhytparren mitoitusohjeet. Kdytinndn
Maamies 1977, 12: 35—36.

Liskorna, K. SIMA-niyttelyn koneita. Teho 4: 24—27.

— Herukan konepoimintaa Englannissa ja Ruotsissa.
Teho 10: 40—41.

— Laatuheinfii kuivauskatoksesta — Kahden vuoden
kokemukset. Koneviesti 25, 10: 2—3.

— & TERTSUNEN, V. Heinin kuivauskatoksen koetulok-
sia. Teho 12: 22—26.

LounasHemMo, P. Maatalouskoneiden kotjaajat tulevat.
Teho 5: 46—48.

MAKELA, J. & Wuorrjokr, E. Hevoskuljetus — histo-
riaanko? Teho 3:28—30. -

Nissi, T. Kolmipistekytkintilaite kiyttokokeissa. Teho
3:38—39.

Orava, R. Perunapenkki kokkareettomaksi jyrsimella.
Teho 8: 18—20.

— Tybdtehoseuran koetilalla koettua. Teho 12: 44.

— Navettatdiden tyStapaturmat. Pellervo 78, 9: 26—27.

SALoNEN, V. Nelivetoko tulossa? Teho 4: 28—29.

— Ota marjakin maasta. Teho 8: 32—34.

TERTSUNEN, V. Traktorin taakse kiinnitettdvit siilorehun
irrotuslaitteet. Teho 4: 34—35.

— Dieselmoottorilla sihkdd ja limpod. Teho 5: 22—23.

— Olki limmoksj. Teho 8: 24—26.

— Uutuuksia maatalousniyttelyissi. Teho 8: 42—44.

— Siilérehun koneketjuista Suomessa. Kéytinnén Maa-
mies 1977, 6: 41—43.

— Onko huomenna pouta? Pellervo 78, 10: 26—30.

— Naapuriapu ja purkain avuksi sdilérebutyéhon. Kai-
nuun Sanomat 47: 8.

— Siilérehun irrotus yleistyy konetyoni. Kainuun Sa-
nomat 112: 9.

TurkkiLa, K. Siilérehun kiyttéon liittyvid terveydellisia
haittoja tutkitaan. Teho 8: 52—54,

— Karjanhoitajan fyysinen kuormittuminen siilérehun

Teho 12:40—43.

UotiLa, P. J. Maatalouden koneellistamisen timinhet-
kiset ongelmat. Teho 4: 7.

— Nikymii Unkarin maataloudesta. Teho 4: 22—23, 53.

— Suunnitelmallisuutta rakennustutkimukseen. Teho 5: 7.

— Viljavuorien varastointi. Teho 8: 5.

— , Lisxora, K. & TERTSUNEN, V. Traktorin ja leikkuu-
puimurin tyStunnin hintalaskelma. Teho 8:40—41.

irrotus-, siirto- ja jakelutyossd.

— & TerTsuNEN, V. Viljankuivauksen kustannukser
vuonna 1977. Teho 8:45.
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Valtion eldinlididketieteellinen laitos, Helsinki

State Veterinary Medical Institute, Helsinki

Ava-Huikku, K., Nurwmr, E., Pajuranri, H. & Rae-
vuort, M. The Occurence of Clostridium Botulinum Type
E in Finnish Trout Farms and the Prevention of Toxin
Formation in Fresh-Salted Vacuum-Packed Trout Fillets.
Nord. Vet.-Med. 29: 386—391.

—, Nurwmi, E., PajuranTi, H. & Raevuori, M. Effer
of Nitrite, Storage Temperature and Time on Clostridium
botulinnm Type A Toxin Formation in Liver Sausage.
Eur. J. Applies Microbiol. 4: 145—149.

Esrora, T. Kanaleukoosin epidemiologia. Siipikarja 12:
297—304.

— & NeuvoneN, E. Erfabrungen ither die Wirksambkeit

v der Influengaimpfung beim Pferd. Tierirztl., Praxis 5, 4:
461—465.

KirskiNen, T., MAKELA, ]J. & Kangas, J. The Feeding
Experiment with sprat (Clupea sprattus). Scientifur 1,
4: 42,

KoIRANEN, L. Rokotuksen merkitys mastiitin ehkiisyssd,
Suom. Eldinlaik.l. 83: 77—78.

— Ehkiise utaretulehdustartunnan levidminen. Pellervo
78, 4: 16—17.

— Miki on utaretulehdus? Katjatalous 53, 6—7: 30.

— Utaretulehduksesta karjanomistajalle aihcutuvat me-
netykset. Karjatalous 53, 12: 4—5.

— Delvotest P Multi-menetelmi antibioottijiddmien osoit-
tamiseksi maidosta. Karjantuote 60, 10: 10.

— Utaretulehdus. Tuottava Maa 4: 131—142. Helsinki.

NiskaNeN, A. & KomRANEN, L. Correlation of enterotoxin
and thermonuclease production with some physiological and
biochemical properties of staphylococcal strains isolated from
different sources. ]. Food Prot. 40: 543—548,

Nurwmi, E., Seuna, E. & Rarvuori, M. Prevention of
Salmonellosis in broiler chickens. International symposinm
on salmonella and prospects for comtrol. June 8—11.
University of Guelph, Guelph, Ontario, Canada.

Pajuramti, H., Raevuori, M. & SoBack, S. Clostridium
Perfringensin esiintyminen eriissi eliinperiisissd elin-

* tarvikkeissa. Kahden maiiritysmenetelmin vertailu.
Suom. Eldinlddk.l. 83: 431,

PExkANEN, T. J. & SoBack, S. Heat Stable Inbibitors
Produced in Raw Milk. Notrd. Vet.-Med. 29: 436—439.

ScuurMan, A. Sikojen sairaudet. Tuottava Maa 4:
169—210. Helsinki.

— PSE (Pale Soft Exudative) eli stressilihasrappeutuma.
Suom. Eldinlddk.l. 83, 2: 73—75.

— Sikojen A-vitamiinin tatve I. Tuottoisa Kotieldin-
talous 2: 30—34.

— Sikojen A-vitamiinin tarve II. Tuottoisa Kotieldin-
talous 3: 66—67.

— Hiénndnpurenta on estettdvissi. Sika 4: 9—10,

— Ulkomaan retkeilyjen ajheuttama tartunnan vaara.
Sika 4: 35,

— Keinoja porsastuotannon tehostamiseksi. Sika 1: 9--10.

— Vierotusripuli. Sika 5: 13—14.

— Karjunlihaa tutkitaan. Lihantuottaja 8: 13—14.

Strvio, P., Nurmi, E., PuoLANNE, E. & NIINIVAARA,
F. P. Der Einfluss von Starterkulturen und verschiedenen
Zusatzstoffen anf das Wachstum von Salmonella Senften-
berg in Robwurst. Die Fleischwirtschaft 57: 1007—
1008, 1011—1012.

STABEL-TAUCHER, R. Determination of selenium in biological
material. Finn. Chem. Lett: 57—60.

TyrLLiNeN, H., KarrPANEN, E., Raevuorr, M. & HiLr,
P. Fosfaattien miérittdiminen lihavalmisteista ohut-
kerroskromatografisella menetelmilld ja erdiden lisi-
aineiden kiyttd suomalaisissa lihavalmisteissa. Suom.
Eliinlidk.]l. 83: 547—552.

—, Raevuori, M., KarrraNEN, E. & GARRY-ANDERS-
SON, A-S. A study on the toxicity of spontaneously molded
bread. Nord. Vet.-Med. 29: 546—551.

Vaasjoxi, R. & MierTiNeN, J. K. Zn/Cd and Zn|Hg
Metalloprotein Interactions in Rainbow Trout Studied by
Gel Chromatography and Isoelectric Focusing. Clinical
chemistry and Chemical Toxicology of Metals: 71—74.
Ed. S. S. Brown. Elsevier. Amsterdam.

Vorrro, A., Erkomaa, K., KarrpaNEN, E., MAKINEN, I.
& TErvo, V. Eriiden raskaiden metallien ja organo-
klooriyhdisteiden pitoisuudet Itimeren kaloissa ja
pohjaeldimissd. Ympiristd ja Terveys 8: 127—143.

Vuori, E., KuituNen, P., Pacanus, A. & TyLLINEN H.
Tupakointi ja didinmaidon DDT. Suom. Liik.l. 32:
1197—1199.

—, Tyrirmnen, H., Kurrunen, P. & Pacanus, A. The
occurrence and origin of DDT in human milk. Acta
Poediatr.. Scand. 66: 761—765.

Valtion maatalouskemian laitos, Helsinki

State Institute of Agricultural Chemistry, Helsinki

ANoN. 1976. Valtion maatalouskemian laitos 1973—1974.
Maatilahall. Tied. 384.

— Valtion maatalouskemian laitos 1975—1976. Maatila-
hall. Tied. 388.

HENANEN, E. Valtion maatalouskemian laitoksen kehi-
tyksestd, tehtdvistd ja toiminnasta. Kemia-Kemi 4:
215—218.

— Rehujen lisdaineiden kiyttd Suomessa ja mahdolli-
suudet joutua elintarvikkeisiin. Elintarvikkeiden Tut-
kimussddtion Julk. 7: 66—71.

Markxkurs, M., Korvisromen, P., LinpuoLM, L.,
Nriemy, E-L., Nurwmy, E., Sroranen, H., Vamio, H.
& Raurarii, J. Elintarvikkeiden lisdaineet ja vieraat
aineet suomalaisessa ravinnossa. Totjunta-aineet. Elin-
tarv. Tutk.sddt. Julk. 7: 17—39,

NEeuvo, P. Aminohappojen analysoinnista. Kemia-Kemi
4: 196, 209.
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RosenBERG, C. Inverkan av djupfrysning pid resthalter
av benomyl och carbendazim. Nord. Bekaempelses-
middelkonference 1977: F 1—F 4. Arhus.

SmuraneN, H. Vesakontorjunta-aineiden jddmit metsi-
matjoissa, sienissd ja oksissa. Jyviskylin yliopiston
Biol. lait. Tied. 7: 39—46.

— Restanalys av. MCPA. Nord. bekaempelsesmiddel-
konference 1977: F 14—F 16. Arhus.

~— & ROSENBERG, C. Residue analyses of the official testing
of pesticides 1976. Publ. State Inst. Agric. Chem. 12.

SirfN, R. Standardisering av pesticidnamn i Finland.
Nord. Bekaempelsesmiddelkonference 1977: F 20—F
21. Arhus.

Vuor:, A. Suolaus heinin siiléntimenetelminid. Salting
of hay as a preservative. Publ. State Inst. Agric. Chem.
13. 4 p. 9 ref.

— Pekilo-proteiinin turvallisuuteen liittyvid ndkskohtia.
—  Paccilomyces (Byssochlamys)-homeiden toksisuutta
koskeva kirjallisuusselvitys. Safery aspects of Pekilo-
protein — Toxicity of Paecilomyces (Byssochlamys)-molds,
a review. Publ. State Inst. Agric. Chem. 14. 16 p. 64 ref.

— & Nasi, J. M. Fermentation of poultry manure for poultry
diets. Brit. Poultry Sci. 18: 257—264.

Valtion maatalouskoneiden tutkimuslaitos, Helsinki
Farm Machinery Research Institute, Helsinki

934 Sampsa-viljaelevaattorit

935 Reikilevy Oy:n potkuripuhaltimet

936 Rivierre-Casalis Grag-niputin

937 Agrostroj-lieriéniittokone malli RZS-160-4

938 Bizon Super-ajopuimurit, malli KZS-5

939 Tietoja markkinoillamme olevista moni-
toimikoneista

940 Metsurin suojasaappaiden kestidvyys

941 K. E. W. C. 90-korkeapainepesulaitteen kes-
tavyyskoetus

942 Antti 50-viljaclevaattori

943 Husqvarna-moottorisaha, malli 240 SG

944 Tietoja markkinoillamme olevista moottori-
sahoista

945 Husqvatna-raivaussaha, malli 165 R

OECD 538 Valmet 110 id diesel tractor
946 Stihl-raivaussaha, malli FS 410 AV
Liitesel.823 Maidonjidhdytyssiili6 mallit JP-1800 ja

JP-2500

947 Senior-maidonjidhdytyssiilid, mallit 2,5
KBF, 4 XBF ja 6 KBF

948 L.P 150 T-ilmapumpun pikakoetus

949 MKT-maidonjdihdytyssiilié malli 230-Us

950 MKT-maidonjddhdytyssdilid malli 400 S

951 Alfa-Laval-maidonjadhdytyssiilid, malli
DKT 200

952 Stihl-raivaussaha, malli FS 200 AV electr.

953 Jobu-moottorisaha, malli LP 5 BV
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Valtion maitotalouskoelaitos, Jokioinen

State Institute of Dairy Research, [okioinen

ANTILA, V. Maitohappobakteerien muodostamat aromit.
Insin&orijirjestéjen Koulutuskeskuksen moniste 26—
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State Seed Testing Station, Helsinki
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Hanamanti, A. Nurmikasvien siemenseosten lajikoos-
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