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ANNALES AGRICULTURAE FENNIAE, VOL. 28: 1-43 (1989) 

Seria AGRICULTURA N. 91-95 — Sarja PELTOVILJELY n:o 91-95 

INFORMATION TO THE READER 

A survey on climatic risks to the yield and qual-
ity of field crops was carried out in Finland 
covering the period from 1969 to 1986. The 
first introductory reports (I and II) of the sur-
vey were published in Annales Agriculturae 
Fenniae (Vol. 26, 1(1987). The aim of the in-
troductory reports was to give background in-
formation about the geographical, meteorolog-
ical and technological conditions of field crops 
production in Finland (MulcuLA and RANTANEN 

1987) and to outline a proposal for an improved 
zonal and sub-zonal division of agricultural land 
(RANTANEN and SOLANTIE 1987). MateriaiS and 
methods used in the study were also briefly 
described. The actual results by cereal crops are 
given in this volume. The zonal division of the 

country's agricultural land, which we used in 
our study, is given on the back side of this 
sheet. 

Cultivation zones and sub-zones in Finland 
The bread grain cultivation zone 
1 = The southern archipelago 
2 = The southern coast 
3 = Southern and western Finland 
4 = The southern lake district 
The feed grain cultivation zone 
1 = The northern lake district 
la = The Multia highlands 
2 = Ostrobothnia 
The grasses cultivation zone 
1 = Suomenselkä 
2 = Kainuu 
3 = Peatland region 

IV. The northern border zone of cultivation 
IV: 1 = Southern Lapland 
IV: 2 = Northern Lapland 
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ANNALES AGRICULTURAE FENNIAE, VOL. 28: 3-11(1989) 
Seria AGRICULTURA N. 91 — Sarja PELTO VILJELY n:o 91 

CLIMATIC RISKS TO THE YIELD AND QUALITY OF FIELD CROPS IN FINLAND 

III. WINTER RYE 1969-1986 

JAAKKO MUKULA and OLLI RANTANEN 

MUKULA, J. & RANTANEN, 0. 1989. Climatic risks to the yield and quality of field crops 
in Finland. III. Winter rye 1969-1986. Ann. Agric. Fenn. 28: 3-11. (Agric. Res. 
Centre, Inst. Crop and Soll, 31600 Jokioinen, Finland.) 

Winter rye is cultivated in Finland between the latitudes 600-650  N. The area planted 
for rye at the beginning of this study period in 1969 was 74 200 hectares; by 1986 
it had been reduced to 26 600 ha, corresponding to only 1.1 % of the total arable 
field area of the country. One of the factors reducing the sowing of rye was excess 
rainfall in the autumn. Winter damage, fiooding of fields and heavy rains further 
reduced the harvested area by 7 % (0-37 %) annually. 

The average yield of rye per hectare, when calculated on the basis of the linear 
trend, increased during the study period (1969-1986) from 2 010 kg to 2 280 kg, 
which corresponded to an annual increase of 16 kg/ha or only 0.7 %. The propor-
tion of commercially acceptable yield was 90 %. The highest regional yields per hec-
tare and the best quality of the harvest were obtained on the southwestern coast. 

The variation coefficient of the average yield per hectare was 15 %; the correspond-
ing figure for the commercially acceptable yield was 19 %. Regionally the lowest 
annual variation occurred on the southwestern coast and in the central lake district. 
Significant annual differences were also found in the yield and quality of the cul-
tivars. 

Index words: Finland, agriculture, climate, harvest, winter rye. 

INTRODUCTION 

Winter rye has traditionally been the most im-
portant bread grain in Finland. However, since 
the Second World War, wheat has gradually dis-
placed rye, and the cultivation of rye has 
dropped to a fraction of its former level (VALLE 
1959). The use of rye as bread grain has also 
decreased by half and is now only about 100 
million kilograms, or 20 kg/capita per year. 

Finnish winter rye thrives in the southern 
and central regions of the country, between the 
latitudes 60 ° —65 ° N, from zone I to zones 
111:1-111:2 (Fig 1, Cf. RANTANEN and SOLANTIE  

1987). It does well in most types of soil and re-
quires little in terms of habitat and fertilization. 
At the beginning of our study period in 1969, 
the area planted for rye was 74 200 hectares; 
by 1986 it had declined to 26 600 ha (Fig. 2). 
This is only 1.1 % of the total arable field area 
of the country. Several climatic effects, not only 
winter damage but also floading of fields and 
heavy rains, further reduced the annually har-
vested area by 8 % (0-37 %) during the 
period of this study (Table 1). 

As the cultivated area has decreased, the fo- 
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Fig. 1. Distribution of rye cultivation in Finland 1975 (Atlas of Finland 1982). 

cus of the rye region has shifted towards the 
southwest, especiallY since the 1960s. The fol-
lowing factors contributed to the regional 
changes and the decline in the rye cultivation: 
a) higher quality requirements by bakeries and 
mills concerning the water-binding capacity of 

rye grain starch ( = 'falling number'); b) rainy 
autumns preventing sowing; c) increased fer-
tilization, which improved the competitiveness 
of spring-sown cereals as compared with rye; 
d) inadequate suitability of Finnish long-straw 
rye for combine harvesters. 
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1988). The western, short-straw varieties are 
not able to withstand the long Finnish winter, 
and their grain quality tends to decline during 
the rainy harvesting season (MulcuLA et al. 
1977). 

The average grain weight of Finnish rye 
varies between 24 and 32 grams per 1 000 
grains, and its normal volumetric weight is 
about 70 kg/ha. Rye is commercially accepted 
as bread grain if its volumetric weight exceeds 
54 kg/ha. Lighter rye is only accpeted as fod-
der. The price of rye for bread is also graded 
according to its starch quality, which is mea-
sured by the 'falling number', from 60 upwards. 

The prerequisite for successful rye cultivation 
in Finland is the correct sowing time (Fig. 3). 

1950 1960 1970 1980 

Fig. 2. The annually planted arca and harvested yield of 
rye in Finland from 1950 to 1986. 

Table 1. The area of total crop failure in rye from 1969 
to 1986. 

Year Area of total crop failure 

1000 ha % 

-69 0.0 0.0 
1970 0.0 0.0 

-71 3.4 5.5 
-72 4.1 6.5 
-73 3.3 6.3 
-74 12.1 14.2 
-75 1.9 0.4 
-76 1.2 1.8 
-77 11.5 19.7 
-78 0.0 0.0 
-79 0.0 0.0 

1980 6.8 11.1 
-81 23.7 36.7 
-82 0.5 3.0 
-83 2.4 4.9 
-84 4.6 9.4 
-85 0.0 0.0 
-86 0.0 0.0 

Aver. 4.2 6.6 
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The rye cultivated in Finland is biennial or 	 18.V111 
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overwintering. The major cultivars are domes- 	 DATE OF SOWING 

tic breeds from the eastern types of rye with Fig. 3. The influence of sowing date to the yield and winter 
long straw and small grains (cf. KOBYLANSKY injuries in rye (MuxuLA et al. 1976). 
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For seeds to germinate and develop into suffi-
ciently strong tillering plants in the autumn, the 
effective temperature sum (ETS) between the 
sowing time and the end of the growing sea-
son should be about 265 degree-days (base 
5 °C). On average, this is achieved in southern 
Finland if rye is sown on August 25; the opti-
mum sowing time in the south, however, varies 
from August 17 to September 2, depending on 
the weather conditions. Farther north, the op-
timum sowing time is 5 to 10 days earlier (RAN-
TANEN 1979, SALO 1980, SIMOJOKI 1980). Only 
certain types of long-strawed land-race rye and 
an old cultivar, Ensi, can be sown earlier, in spe-
cial cases already in the end of June, when it 
is called 'midsummer rye'. — In neighbouring 
Sweden, the recommended sowing time is 
about two weeks later than in Finland (LARSSON 
1961, BENGTSSON 1971, 1983). 

With early sowing, certain parasitic insects 
and fungi may cause severe damage to rye 
stands. By using pesticides, these risks can be 
reduced to such an extent that sowing can be 
safely done one week earlier than normal 
(BENGTSSON 1971, 1983, RANTANEN 1979). 

To be able to overwinter, rye plants need to 
be 'hardened'. This means that growth must 
stop, i.e. the dormant stage be reached, before 
winter sets in. Otherwise, the plants continue 
to grow and respire, using up energy reserves 
which they need for the winter (RANTANEN 
1978, PULLI 1981). 

The duration of the permanent snow cover 
varies from 120 to 170 days in the rye-grow-
ing regions of the country. If the soil has not  

frozen before the onset of winter, the parasitic 
fungi, growing under the snow, may destroy 
the rye stand. The size of the risk depends also 
on the length of the snowy period and the 
thickness of the snow cover. To some extent 
the fungi may be controlled by fungicides, as 
was mentioned above. 

Water and ice can also destroy rye plants dur-
ing the winter. The risk is severe in the spring, 
after the snowmelts; ice will break up plant 
roots if the soil repeatedly melts during the day 
and refreezes during the night. 

In the following summer, rye is fairly resis-
tant to night frost. Occasional frost damage may 
occur when the ear is emerging or flowering. 
Similarly, early lodging may sometimes prevent 
the fertilization of flowers. A chemical growth 
regulator, chloromequat, is normally recom-
mended to strengthen the straw against lodg-
ing. 

To ripen, Finnish winter rye requires some 
800-900 degree-days during the summer, i.e. 
about the same amount as the earliest spring-
sown barley varieties (RANTANEN 1987). As a 
whole, the time needed by winter rye from 
planting to ripen is 340-345 days. 

At harvest time autumnrains constitute the 
most important risk to rye. In addition to caus-
ing lodging of straw, rain prevents grains from 
drying; this is followed by an increased enzyme 
activity of the alpha amylase. As a result, starch 
in the grains begins to be hydrolyzed and looses 
its water binding capacity, which is normally 
expressed by a decreased 'falling number'. Later 
on, the grains begin to germinate in the ears. 

MATERIAL AND METHODS 

Our study period covered the time from 1969 
to 1986. The material and methods used in the 
survey were briefly discussed in our introduc-
tory papers on the production of Finnish field 
crops (MuRuLA and RANTANEN 1987, RANTANEN 
and SOLANTIE 1987). For statistical analyses we 

calculated the yearly developing linear trend of 
the annually fluctuating yields. The magnitude 
of annual variations was measured by using the 
variation coefficient, which is equal to the per-
centage of the standard deviation of the aver-
age yield. 
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The yield records for this purpose were ob-
tained from the Official Statistics of Finland 
(1969-1986). Complementary records on the 
quantitative crop losses were obtained from the 
Finnish Board of Agriculture (SEPPÄ 1986). 
These 'atter records were based on a special law 
which provide the farmers with compensation 
for crop losses caused by exceptional climatic 
conditions during the growing or harvesting 
season. The law was enacted in 1975 and com-
plemented in 1981 to cover winter damage 
also. 

The 'yields per hectare' (kg/ha), which we 
used in our analyses, were based on the har-
vested arca instead of the planted area. The 
difference represented the area of total crop 
failure caused either by winter damage and/or 
flooding at the time of ripening or harvesting. 

In studies of plant varieties ('cultivars') we 
used yield records from field experiments pub-
lished earlier by RANTANEN (1987). The 
meteorological records were obtained from the 
Annual Reports of the Finnish Meteorological 
Institute (1969-1986). 

CLIMATIC IMPACTS IN 1969-1986 

Annual variation in yield 

At the beginning of our study period in 1969, 
the average per hectare yield of the harvested 
rye was 2 010 kg/ha, when calculated on the 
basis of the linear trend; by 1986 it had risen 
to 2 280 kg/ha (Fig. 4). The annual increase in 
the average yield was only 16 kg/ha, or 0.7 %, 
and the variation coefficient of the yield was 
15 . The corresponding coefficient for the 
commercially acceptable yield was 19 %. 

The area of total crop failure, i.e. the differ-
ences between the planted area and the har-
vested area, varied from 0 to 23 700 ha 
(0-37 %) yearly. The average annual loss from 
total crop failure was 7 %. The worst crop 
failures occurred in 1974 (12 100 ha), 1977 
(15 000 ha) and 1981 (23 700 ha). They were 
caused by unfavourable winter conditions or 
continuous rain and/or flooding at the time of 
harvesting. 

Additional winter damage accounted for 
about 50 % of the annual variation in the har-
vested yield per hectare. Significant variations 
were also caused by autumn rains, especially 
quality losses in the years 1970, 1974, 
1977-1982 and 1985 (Fig. 5). Delayed harvest-
ing also decreased the grain quality (Table 2, 
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Fig. 4. Annual variation and linear trend of per hectare yield 
of rye from 1969 to 1986. The annual increase of the trend 
is about 16 kg/ha or 0,7, the variation coefficient for the 
total yield is 15 % and the respective coefficient for the 
commercially acceptable yield is 19 %. 
	 total yield 
_ _ _ _ commercially acceptable yield 
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Fig. 5. Annual fluctuation of 'falling number' in the grains 
of rye (HUTTUNEN 1987). 
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p. 9). A similar phenomenon has also occurred 
in Sweden (BENGTSSON 1975). 

Regional differences in yield 

The major climatic factors causing the regional 
differences in yield and quality were about the 
same as mentioned in previously, i.e. un-
favourable winter conditions, rains and/or 
flooding at the time of ripening or harvesting, 
an insufficient temperature sum and occasional 
night frost at the time of flowering. 

Winter damage was most common in the 
north and in the east, Le. in the areas with abun-
dant snow and a long winter. However in 1981, 
the worst year, winter damage occurred 
throughout most of the country. 

The regional losses caused by rain and/or 
flooding were most widespread in the flatland 
areas between the rivers in the western prov-
ince of Ostrobothnia, and were also quite se- Fig. 6. Regional differences in the trend yield of rye (kg/ha) 
vere in the southeastern areas. An insufficient in 1986.  
temperature sum caused sharp quality losses, 
most often in the north. Night frost occurred 
in certain areas of the southwest at the time of 
flowering in 1969 and 1976. 

The regional yields per hectare, when calcu-
lated on the basis of the linear trend at the end 
of our study period in 1986, are shown in Fig. 
6. As expected, the yields per hectare were 
highest, 3 000 kg/ha, on the southwestern coast 
(zones 1:1-1:2). Toward the northeast the yield 
level decreased to 1 500 kg/ha. The level was 
lower in central Finland than in the neighbour-
ing regions to the west and east. 

The good quality, commercially acceptable 
grain averaged 90 % of ali grain. The best 
quality was obtained in the southwestern re-
gion, the worst in the northern marginal areas 
(Fig. 7). 	 88 

The lowest regional variation coefficient, 
18 %, was found in the lake district of central 
Finland and in a narrow strip along the south- Fig. 7. Regional differences in the percentage of commer-
western coast. Elsewhere in southern and cen- cially acceptable, 'good quality' grains of rye in 1969-1986. 

86 
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Varietal differences in yield 

The main aim of Finnish rye breeding has been 
30 	 40 	 to shorten the straw and maintain the winter 

hardiness of the original eastern land-race rye. 
Since the 1960s, improving the quality of grain 
starch has been added to these objectives. 

Results of recent field experiments compar- 
30 	ing new cultivars in various parts of the coun- 

25 	try from 1979 to 1985 are given in Table 2. As 
24 	expected, the best grain quality — when mea- 

25 	 sured by the falling number — was found in 

24 	 the cultivars with small grains (Sampo and Pon- 
si) and the best winter hardiness in the culti- 

21 	 Finnish cultivar Ensi, not included in Table 2. 
II has significantly longer and weaker straw 

18 	20 	
than the present cultivars. The differences in 
the yielding potential of the cultivars were of 

Fig. 8. Regional differences in the coefficient of the annu- lesser importance, 0-13 . 
A Polish variety, Zlote, resembled more 

closely the western type of rye with larger 
grains and shorter straw. It showed significantly 

tral Finland, the variation coefficient ranged lower grain quality and weaker winter hardi-
from 19 to 20 %, rising to 30-40 % in the ness than the Finnish cultivars. Its straw, how- 
north (Fig. 8). 	 ever, proved to be much stronger. 

Table 2. Some typical characteristics of Finnish winter rye as compared with a Polish variety Zlote. Results from field 
experiments in 1979-1986 (RANTANEN 1987). 

Name of 
cultivar 

Length 
of straw 

cm 

Lodging 
of straw 

Winter injuries, % Grain size 
g/1000 
grains 

Falling number 

in the 
south 

in the 
West 

in the 
east 

at the 	at the time 
time of of delayed 
ripening harvesting 

Finnish cultivars: 
Sampo 143 66 12 6 18 26.4 148 73 
Jussi 132 47 14 8 16 24.9 123 76 
Kelpo 134 51 21 13 16 26.9 116 76 
Ponsi 126 51 21 10 38 27.5 150 88 
Voima 137 59 13 18 22 27.9 126 69 
Kartano 130 38 21 18 26 28.3 119 75 
Anna 132 44 16 9 25 31.5 110 71 

Polish cultivar: 
Zlote 114 26 30 31 45 37.1 100 75 

21 
20 	vars with long straw (Sampo, Jussi and Anna). 

19 	These types of cultivars, however, were more 
susceptible to lodging of straw. 

20 	 19 
18 	

Still better winter hardiness express the old 
20 

al yield variation (%) of rye in 1969-1986. 
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CONCLUSIONS AND RECOMMENDATIONS 

Taking into account the various aspects of the 
Finnish field crop production — domestic 
need, climatic risks, soil requirements, etc. — 
rye cultivation should be continued, and every 
effort should be made to increase rye produc-
tion in this country. 

The country's rye cultivation is currently 
over-concentrated in the south, where clay soils 
dominate (zoneS'11—I:3). When wet, the clay 
is too soft for sowing and harvesting. Neverthe-
less, we recommend that the cultivation of rye 
be continued in this arca. The clay soils are sus-
ceptible to the early summer drought which is 
a common phenomenon here, and winter rye 
is better able than spring-sown crops to make 
use of the moisture remaining in the soil after 
the snowmelts. Rye cultivation also reduces the 
problems caused by compaction of the soil, be-
cause the plants are sown in the autumn instead 
of in the spring. 

To mitigate sowing problems on wet and soft 
soil in rainy autumns, rye should, if possible, 
be sown after grass instead of after a cereal crop 
or a fallow period. Direct drilling may also. be  
worth experimenting with (cf. Pulla 1987). 

Cultivation of rye could be increased in the  

northwestern corner of zone 1:3 ('Western Fin-
land') and in southern areas of zone 11:2 ('Os-
trobothnia'), where the yields per hectare are 
relatively high. However, the quality require-
ments for the yield should be eased in this area 
(cf. Figs. 7 and 8). 

Similarly, in the southeastern lake districts 
(zone 1:3) the cultivation of rye is well justified, 
taking into consideration the satisfactory qual-
ity of grains, the reasonably high yields per hec-
tare and the safety of crop yield (cf. Figs. 6, 7 
and 8). 

The genetic breeding of domestic rye should 
be continued, the aim being to improve its yield 
potential. The use of proper fungicides may 
make it possible to sacrifice some of the genetic 
winter hardiness of rye in order to obtain a 
shorter and more durable straw. The long, 
small-grain types of rye should, however, con-
tinue to be cultivated in the snowy southeast-
ern lake district, because of their better winter 
hardiness and higher grain quality. In addition, 
these types of rye are not as closely dependent 
of the late sowing time as are the shorter types 
of rye. 
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SELOSTUS 

Peltokasvien ilmastolliset riskit ja satovaihtelut Suomessa 

III. Syysruis 1969-1986 

JAAKKO MUKULA ja OLLI RANTANEN 

Maatalouden tutkimuskeskus 

Syysruis on perinteellisesti ollut tärkein leipävilja Suomes-
sa. Toisen maailmansodan jälkeen vehnä on kuitenkin vä-
hitellen syrjäyttänyt rukiilta sen valta-aseman. Nykyisin 
(1986) rukiin kotimainen käyttö leipäviljana on enää noin 
100 milj. kg  eli noin 20 kg henkeä kohden vuodessa. 

Rukiin viljely on vähentynyt suhteellisesti vieläkin no-
peammin kuin sen käyttö ja samalla sen viljelyn painopis-
te on siirtynyt Etelä-Suomen savimaille. Tämän tutkimuk-
sen tarkastelujakson alkaessa 1969 rukiille kylvetty pelto-
ala oli vielä 74 200 ha, mutta tarkastelujakson päättyessä 
1986 se oli enää 26 600 ha. Rukiin kokonaissato aleni tar-
kastelukauden kahtena viimeisenä vuotena 70 milj. kg:aan, 
mikä vastasi enää kaksi kolmannesta rukiin kotimaisesta 
käyttötarpeesta. 

Tärkeimmät syyt rukiinviljelyn jatkuvaan taantumiseen 
Suomessa olivat a) leipomo- ja myllyteollisuuden lisäänty-
neet laatuvaatimukset, b) kylvö- ja korjuutöiden estyminen 
runsaiden syyssateiden vuoksi, c) lisääntyneestä lannoituk-
sesta johtunut muiden korsiviljojen kilpailukyvyn parane-
minen rukiiseen verrattuna ja d) pitkäkortisen rukiin huo-
no soveltuvuus koneelliseen korjuuseen. 

Rukiin keskimääräinen hehtaarisato kohosi tarkastelukau-
den 1969-1986 aikana 2 010 kg:stä 2 280 kg:aan. Vuotui-
nen nousu vastasi 16 kg/ha eli keskimäärin 0.7 %. Korkeim-
mat hehtaarisadot saatiin Lounais-Suomessa, alhaisimmat ru-
kiinviljelyn pohjoisilla äärialueilla. Kauppakelpoisen sadon  

osuus kokonaissadosta oli keskimäärin 90 %. Laadultaan 
parasta ruis oli Varsinais-Suomessa. 

Ruissadon vuosivaihtelun variaatiokerroin oli pienin Lou-
nais-Suomen rannikolla ja eteläisessä Sisä-Suomessa. Ruis-
lajikkeiden satoisuudessa, viljelyvarmuudessa ja sadon laa-
dussa todettiin merkittäviä eroja. 

Tutkimuksemme perusteella on pääteltävissä, että rukiin 
viljely on riskien kannalta keskittynyt alueellisesti liian voi-
makkaasti Etelä-Suomen savimaille (vyöhykkeet I:1—I:3). 
Kuitenkin suosittelemme, että rukiin viljelyä Etelä-Suomessa 
jatketaan nykyisessä laajuudessaan, koska kevätviljat kär-
sivät tällä alueella alkukesän kuivuudesta enemmän kuin 
syysviljat. Rukiin viljelyn lisäämistä suosittelemme Etelä-
Pohjanmaalla eli länsi-Suomessa' vyöhykkeen 1:3 luoteis-
osassa sekä Sisä-Suomen järvialueilla vyöhykkeillä I:4—II:1 
(VIT. RANTANEN j2. SOLANTIE 1987). Viljelyn laajentaminen 
Etelä-Pohjanmaalla vaatisi nykyisen sakolukuhinnoittelun 
lieventämistä. 

Sadesyksyinä esiintyvien rukiin kylvöongelmien lieven-
tämiseksi suosittelemme rukiin kylvämistä nurmirikkoon 
kesannon tai sänkipellon asemesta. 

Rukiin jalostusta suosittelemme jatkettavaksi ensisijaise-
na tavoitteena ruissadon määrän ja laadun parantaminen ja 
rukiin korren lyhentäminen. Tähän pyrittäessä voidaan tal-
venkestävyydestä tinkiä, edellyttäen että käytetään talvi-
tuhosienien torjunta-aineita. 
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Winter wheat is cultivated in Finland between the latitudes 60°-61°30' N. The area 
of winter wheat planted at the beginning of this study period in 1969 was 91 100 
hectares; by 1986 it had decreased to 15 300 ha, which corresponded to only 0.6 % 
of the total arable field area of the country. As with winter rye, excess autumn rain-
fall often prevented the sowing of winter wheat. In addition, winter damage result-
ed in a total crop failure of 10 % (0-53 %) of the planted area. 

The average yield of winter wheat per hectare, when calculated on the basis of 
a linear trend, rose during the study period from 2 620 kg to 3 210 kg which cor-
responded to an increase of 35 kg/ha or 1.2 % per year. The proportion of the com-
mercially acceptable `good quality' yield was 92 %. As with winter rye, the highest 
yields per hectare and the best grain quality were obtained in the southwest. 

The variation coefficient of the average yield per hectare was 19 %; the correspond-
ing figure for the commercially acceptable yield was 26 %. The lowest annual varia-
tion occurred in the southwest, the highest in the northern marginal area. Signifi-
cant differences were also found between the cultivars in their yield and quality. 

Index words: Finland, agriculture, climatic risks, winter wheat. 

INTRODUCTION 

In Finland winter wheat thrives only in the 
southern and southwestern areas, between the 
latitudes 60 ° —61 °30' N of zones 1:1-1:2 (Fig. 
1; cf. also the map on p. 2). As compared to the 
other cereal species, winter wheat has been cul-
tivated in a narrower area. At the beginning qf 
this study period in 1969, the arca of winter rye 
planted had peaked, being 91 100 ha. Owing 
to the owerproduction of wheat, it was then 
decided to limit the cultivation arca of winter 
wheat to 50 000 ha. During the last ten years 
of this study period, autumn rains prevented 
the sowing of winter wheat to such an extent 

that the area became still smaller, dropping 
down to 15 300 ha, which corresponded to 
only 0.6 % of the total arable field area of the 
country (Fig. 2). In addition, autumn rains often 
delayed the sowing of winter wheat resulting 
in the failure in wintering; this further 
decreased the harvested area by on average of 
10 % (0-53 %). The worst years were 1969, 
1974, 1981 and 1984 (Table 1). 

The winter hardiness of winter wheat is 
poor. Its regenerative ability is weaker than that 
of rye. Wheat is thus more susceptible to the 
damage caused by ice and water during the 
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Fig. 1. Distribution of winter wheat cultivation in Finland in 1975 (Atlas of Finland 
1982). 

winter (MARJANEN 1974, MUKULA and RANTANEN 
1976, RANTANEN 1978). To avoid these hazards, 
winter wheat should be planted in sloping land. 

As with rye, the survival of wheat ower the 
winter depends to a great extent on the time 
of sowing. For winter wheat the proper growth  

phase to reach the dormancy is the pre-tiller-
ing stage, which requires about 230 degree-days 
(base 50)  before the winter sets in. Normally, 
the best time for sowing is during the first week 
of September (Fig. 3). Depending on the 
wheather, the sowing can with reasonable safe- 
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Fig. 2. The area and yield of winter wheat in Finland from 
1950 to 1986. 

218 318 109 209 309 

Fig. 3. The influence of sowing date on the yield of winter 
wheat in local experiments (MARJANEN 1975, MuxuLA and 
RANTANEN 1976). 
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Table 1. The area of total crop failure in winter wheat from 
1969 to 1986. 

Year Area of total crop failure 
1000 ha 

-69 16.1 25.7 
1970 6.2 11.7 

-71 0.8 1.4 
-72 2.9 5.2 
-73 0.0 0.0 
-74 13.7 20.2 
-75 1.4 3.5 
-76 1.1 1.6 
-77 0.4 1.0 
-78 0.0 0.0 
-79 0.0 0.0 

1980 3.6 11.6 
-81 19.4 53.0 
-82 0.0 0.0 
-83 0.0 0.0 
-84 16.2 45.0 
-85 1.8 10.3 
-86 0.0 0.0 

Aver. 4.6 10.0 

ty be shifted one week earlier or later. The risk 
to winter wheat from sowing too early or too 
late is similar to that of winter rye (LARSSON 
1961, BENGTSSON 1983, 1986, ANDERSSON 
1986). 

In the following summer, winter wheat needs 
800-900 degree-days to ripen. Damage caused 
by night frost is rare during the summer. Rain,  

however, may cause severe loss of quality, es-
pecially in the end of the growing season (LAL-
LUKKA et al. 1976, MUKULA and RANTANEN 1976, 
RANTANEN 1978, 1987). 

In the climate of Finland winter wheat thrives 
adequately only on clay soi! (TALviTiE and KON-
SALA 1971). It also needs soil with a relatively 
high pH as well as abundant fertilization. 

The protein content of winter wheat grains 
is lower than that of spring wheat. Therefore, 
the baking qualities of winter wheat are poorer 
than those of spring wheat. 

The winter wheat cultivars currently grown 
in Finland have a straw length of 90 to 100 cm. 
The volumetric weight of grains varies from 
75-80 kg/hl, the grain size from 35 to 40 g per 
1 000 grains and the protein content from 12 
to 13 . The normal falling number of grains 
varies from 200 to 300 (Table 2, p. 17). 

In Finland winter wheat is priced according 
to both the volumetric weight and the 'falling 
number'. The requirement for commercial ac-
ceptability as wheat for bread is a volumetric 
weight of 72 kg/hl and a 'falling number' of 180. 
Grains not meeting these requirements are 
regarded as 'fodder' and have a significantly 
lower price. 
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MATERIAL AND METHODS 

The methods used in this study of winter wheat 
were similar to those applied for winter rye (cf. 
p. 6 in this volume). 

CLIMATIC IMPACTS IN 1969-1986 

Annual variation in yield 

At the beginning of this study period (1969), 
the average yield per hectare of the harvested 
winter wheat, when calculated on the basis of 
the linear trend, was 2 620 kg/ha; by 1986 it 
had risen to 3 210 kg/ha, corresponding to an 
average annual increase of 35 kg/ha or 1.2 %. 
The corresponding figures for the commercial-
ly acceptable yield were 2 400 kg/ha in 1969 
and 2 880 kg/ha in 1986, corresponding to an 
annual rise of 28 kg/ha or 1 	(Fig. 4). The an- 
nual variation coefficients were 19 % for the 
harvested yield per hectare and 26 % for the 
commercially acceptable yield. 

The arca of total crop failure (Table 1) caused 
by winter damage is not included in the above 
figures. Of the harvested yield per hectare, 
winter damage accounted for more than 60 %  

of the annual variation. Similar to winter rye, 
considerable damage were also caused by au-
tumn rains, especially quality losses in the years 
1970, 1974, 1978 and 1981. 

Regional differences in yield 

The regional yields per hectare, when calcu-
lated on the basis of the linear trend at the end 
of the study period (1986), are shown in Fig. 
5. The highest yield per hectare, 3 300 kg/ha, 
was obtained in the southwest, the lowest, 
2 800 kg/ha, in the northern marginal arca. 

The commercially acceptable yield averaged 
92 %. Similar to the level of the yield per hec-
tare, the best quality was obtained in the south-
western region, the worst in the northern mar-
ginal area (Fig. 6). In this respect the results are 

Fig. 4. The annual variation and linear trend of the yield 
per hectare of winter wheat from 1969 to 1986. 
	 total yield 
_ _ _ _ commercially acceptable yield 

2800 

Fig. 5. Regional differences in the 'trend yield' of winter 
wheat (kg/ha) in 1986. 
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Fig. 6. Regional differences in the average percentage of 
the commercially acceptable yield of winter wheat in 
1969-1986. 

in agreement with the previous findings made 
by SIREN (1977) and SUOMELA et al. (1977). 

The regional variation coefficient, too, was 
the lowest, 15 %, in the southwest; the highest 
variation coefficient, 25 %, was found in the 
southern and eastern areas of zone 1:3 (Fig. 7). 

Varietal differences in yield 

The main aim of Finnish winter wheat breed-
ing has been to improve its winterhardiness. 
Since the 1960s, an increased protein content 

15 20 

Fig. 7. Regional differences in the annual variation coeffi-
cient (%) for the average yield per hectare of winter wheat 
in 1969-1986. 

and improved protein quality have been added 
to that objective. 

Some results of recent field experiments 
comparing the crop yield of the winter wheat 
varieties cultivated in Finland are given in Ta-
ble 2. The winter damage to the Finnish culti-
vars varied from 14 % to 17 %, that to the for-
eign cultivars from 17 % to 26 %. The most 
resistant Finnish Cultivar, Ilves, was taken in-
to commercial use in 1984, while the weakest 
one, Vakka, was released in 1956. There has 
been only a slow improving trend in this re- 

Table 2. Some typical characteristics of the Finnish winter wheat varieties compared with those of a Russian and a Swedish 
vadety (RANTANEN 1987). 

Name of 
cultivar 

Length 
of straw 

C111 

Lodging 
of straw 

Winter 
injuries 

Grain size 
g/1000 
grains 

Protein 
content 

Falling number 
at the 

time of 
ripening 

at the time 
of delayed 
harvesting 

Finnish cultivars: 
Vakka (1956) 97 43 17 38 12.7 342 240 
Pitko 	(1985) 94 18 16 42 13.2 326 205 
Ilves 	(1984) 91 15 14 42 12.3 354 245 
Aura 	(1975) 95 25 16 41 12.1 330 274 
Russian cultivar: 
Miranovskaja 89 18 17 49 12.7 304 240 
Swedish cultivar: 
Folke 90 4 24 42 12.0 319 295 
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spect. The foreign cultivars seem not to match 
the hardiness of the best domestic breeds. 

In experiments another new Finnish cultivar 
Pitko, released in 1985, had a higher protein 
content, 13.2 %, than the other varieties. In this 
respect Pitko thus comes close to the cor-
responding level of spring wheat. To some de-
gree this can also be regarded as an improve-
ment in the safety of crop yield, at least with 
respect to the competitiveness of winter wheat 
as compared to the spring wheat. 

According to the results of the field experi-
ments presented in Table 2, the most signifi-
cant achievement in the breeding of Finnish 
winter wheat to resist climatic impacts seems 
to be the strengthening of straw. In the future, 
the better strength of straw will certainly re-
duce crop losses caused by autumn rains. 

Conclusions and recommendations 

Because of climatic impacts, the cultivation of 
winter wheat, like that of winter rye, has 
reached a difficult crisis in this country. The 
main cause of trouble has been rainy autumns 

that prevent the sowing of winter wheat. The 
uncertainty of cultivation, illustrated by the 
high variation coefficient of the annually har-
vested yield per hectare, and especially by the 
quality of the yield, contribute to the problem. 
In addition, winter damage has often caused se-
vere or total crop failure. The poor quality of 
the yield further complicates the issue. How-
ever, the main factor causing crop losses is ap-
parently the inadequate winterhardiness of this 
crop species. 

Nevertheless, we recommend that the culti-
vation of winter wheat be continued and even 
increased in the southern and southwestern re-
gion (zones I:1—I:3) where it is presently 
grown. Clay soils, which are suitable for winter 
wheat, dominate in this area, and the early sum-
mer drought, which often damages the spring 
crops sown here, is less harmful to winter 
cereals. 

To reduce the crop yield losses of winter 
wheat in this country, the plant breedes should 
continue their work to improve the winter-
hardiness of this crop and to strengthen its 
straw. 
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SELOSTUS 

Peltokasvien ilmastolliset riskit ja satovaihtelut Suomessa 

IV. Syysvehnä 1969-1986 

JAAKKO MUKULA ja OLLI RANTANEN 

Maatalouden tutkimuskeskus 

Syysvehnä menestyy Suomessa vain maan etelä- ja 
lounaisosissa ja enimmäkseen vain viettävillä savimailla. Tä-
män tutkimusjakson alussa, vuonna 1969 sen viljely oli 
laajimmillaan, 91 100 ha. Tutkimusjakson aikana syysveh-
nän viljely väheni vuoteen 1986 mennessä 15 300 ha:iin, 
mikä vastasi vain 0,6 % maan kokonaispeltoalasta. Tärkeim-
pänä syynä viljelyalan pienenemiseen olivat syyssateet, jotka 
estivät kylvötyöt. Lisäksi talvituhot ja osittain myös korjuu-
kauden sadevauriot supistivat vuosittain korjatun syysveh-
näalan keskimäärin 10 % (0-53 %) pienemmäksi kyl-
vöalaan verrattuna. 

Tutkimusjakson alkaessa 1969 syysvehnän keskimääräi-
nen hehtaarisato — laskettuna lineaarisen trendin mukaisesti 
korjattuna pinta-alaa kohden — oli 2 620 kg. Tutkimusjak-
son aikana keskisato nousi 3 210 kg:aan vuoteen 1986 men-
nessä. Vuotta kohden laskettuna satotason nousutrendi oli 
35 kg/ha eli 1.2 %. Sadon keskimääräinen kauppakelpoisuus 
oli 92 %. Sekä määrällisesti että laadullisesti parhaat sadot 
saavutettiin lounaassa, heikoimmat viljelyn äärimmäisellä 
pohjoisrajalla. 

Hehtaarisatojen vuosivaihtelun variaatiokerroin oli 
keskimäärin 19 % eli huomattavasti suurempi kuin millään 
muulla Suomessa viljellyllä korsiviljalla; kauppakelpoiselle 
sadolle laskettu variaatiokerroin oli vieläkin suurempi, 
26 %. Pienimpiä vuotuiset satovaihtelut olivat lounaassa, 
suurimpia ne olivat Uudenmaan maatalouskeskuksen alueella. 

Huolimatta näistä vakavista riskeistä suosittelemme syys-
vehnän viljelyn jatkamista ja jopa lisäämistä kasvin nykyisel-
lä viljelyalueella. Sateisina syksyinä esiintyvien kylvövai-
keuksien helpottamiseksi suosittelemme syysvehnän — ku-
ten syysrukiinkin — kylvöä nurmirikkoon, sikäli kuin nur-
miviljelyksiä tähän tarkoitukseen on käytettävissä. Kynnetty 
sänkipelto ja kesanto vettyvät sadesyksyinä pahemmin kuin 
nurmirikko eivätkä ne silloin kanna raskaita peltovil-
jelykoneita. 

Syysvehnän jalostuksessa olisi sadon määrän ja jopa 
laadunkin asemesta pääpaino asetettava syysvehnän kes-
tävyyden lisäämiseen säätekijöiden aiheuttamien riskien ja 
satovahinkojen vähentämiseksi. 
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Spring wheat is cultivated in Finland between the latitudes 60 ° —63 ° N, in some 
areas up to latitude 64 0  N. The area planted for spring wheat at the beginning of 
this study period was 120 000 ha; by 1986 it had increased slightly to 150 000 ha, 
corresponding to 6.7 % of Finland's total arable land area. 

The yield per hectare, when calculated on the basis of the linear trend, increased 
during this study period (1969-1986) from 2 210 kg to 3 030 kg, which corresponds 
to an annual rise of 48 kg/ha or 1.8 %. The proportion of the commercially accepta-
ble yield was 84 %. The highest yield per hectare was obtained in the southwestern 
region at the latitudes 60 °-6i ° N and in the Kyrönmaa area, which is located near 
the mid-western coast at latitude 630  N. The lowest per hectare yield was obtained 
in the northern marginal area. 

The annual variation coefficient of the average yield per hectare was 16 %; the 
corresponding coefficient for the commercially acceptable yield was 31 %. Region-
ally, the least annual variation occurred on the southwestern and mid-western coast, 
the greatest in the northern marginal area and in the region penetrating further south 
almost to latitude 61° N between the western coast and the central lake district. Sig-
nificant differences were also found between the varieties in their yield and quality. 

Index words: Finland, agriculture, climatic risks, spring wheat. 

INTRODUCTION 

Like winter wheat, spring wheat is produced 
for bread grain. In Finland it is cultivated be-
tween latitudes 60-63° N, in some areas up 
to latitude 64° N (Fig. 1). Owing to the long 
growing time required for spring wheat, most 
of its cultivation is concentrated in the south-
ern zones I:1—I:3; it is grown to a lesser ex-
tent in zones 1:4 and 11:1-11:2 (RANTANEN 
1987a). To make the best use of the available 
temperature, spring wheat must be sown as ear- 

ly as possible and in soil types which become 
warm and dry early. 

Some 120 000 ha was planted for spring 
wheat at the beginning of this study period; by 
1986 it had increased slightly, to 150 000 ha, 
or 6.7 % of the total arable field area of the 
country (Fig. 2). 

The varieties of spring wheat cultivated in 
Finland are of domestic or Scandinavian origin. 
To ripen they need a growing time of 100-110 
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Fig. 1. Distribution of cultivation of spring wheat in Finland in 1975 (Atlas of Fin-
land 1982). 

days or an effective growing temperature sum 
of 900-1050 dd (base 5 °C). This is significant-
ly more than required by the other spring 
cereals cultivated in Finland. 

The latest ripening varieties of spring wheat  

can be cultivated with reasonable safety only 
in the southernmost areas, whereas the earli-
est varieties can be cultivated further north. 
Normally the late varieties give a higher yield 
than the early ones — provided that the grow- 
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Fig. 2. The arca and annually harvested yield of spring 
wheat in Finland from 1950 to 1986. 

ing season is sufficient for the variety to reach 
maturity. This fact tempts farmers to cultivate 
varieties that mature as late as possible. In years 
which are cooler than normal, there is a great 
risk that the grain fail to reach full maturity (Fig. 
3). Insufficient GDD is indeed the most signifi-
cant climatic risk to spring wheat, since it can 
lower both yield and quality (SUOMELA et al. 
1977, MUKULA et al. 1978). Night frosts often 
contribute to these losses. 
Late summer rains pose another substantial 

risk to the yield and quality of spring wheat. 
As with winter rye, the starch in the grains of 
spring wheat is sensitive to the hydrolyzing en-
zyme, alpha amylase, especially 'in :the -case of 
continuous rains at the tirne of ripening. 
result, -the starch loses its capacity. to bind 
water. The grains later begin.to germinate in the 
ears before harvesting. The commercially ac-
ceptable limit for the starch quality of spring 
wheat, as measured by the 'falling number', is 
80. Any yield not meeting this requirement is 
deemed 'feed grain' and fetches a significantly 
lower price than 'bread wheat' (SIN 1977). 

The volumetric weight limit for commercial 
acceptability of spring wheat is 72 kg/hl. 

Until 1986, no price grading based on the 
protein content of the grains was established 
in Finland. To some degree grain protein is also 
susceptible to the effects of the climate (SUOME-
LA et al. 1977, RANTANEN 1983). When con-
sidering future years, this fact should also be 
kept in mind. 1) 

Normally, the grain size of the spring wheat 
varieties currently cultivated in Finland varies 
from 32 to 38 g per 1 000 grains, their volumet-
ric weight from 75 to 78 kg and their protein 
content from 13 to 14.5 %. The straw is rather 
long, 80-90 cm, but significantly more resis-
tant to rain than the straw of other cereals cul-
tivated in this country (RANTANEN 1987). 

1960 
	

1970 
	

1980 

700 1100 1200 800 900 1000 	 1300 
Degree— days 

Fig. 3. The influence of the effective temperature sum to 	Since 1989 the price grading based on the protein con- 
the quality of spring wheat yield. 	 tent was established for wheat. 
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MATERIAL AND METHODS 

In principle, the material and methods used in 
this study on spring wheat were similar to those 
applied in our reports on winter rye and winter 
wheat (III and IV, p. 3 and 13, respectively, in 
this volume). However, the yields per hectare, 
which we obtained from the Official Statistics 
of Finland, were based on the planted arca in-
stead of the harvested arca until 1980. Since 
1981, however, in agreement with the interna-
tional practice established by the FAO, they 
have been based on the harvested area. Detailed 

information on differences between planted 
and harvested areas were not available for 
spring wheat, nor for other spring cereals sown 
in Finland during the study period of 1969 to 
1986. There is, therefore, a slight statistical bias 
in our yields of spring wheat and other spring 
cereals per hectare. Special statistics on 'com-
pensable' quantitive crop losses, starting from 
a 20 % loss, were used to mitigate the degree 
of this statistical error during the period of 1974 
to 1986 (SEPPÄ 1985, 1986). 

CLIMATIC IMPACTS IN 1969-1986 

Arinua1 variation in the yield 

At the beginning of our study preriod in 1969, 
the average yield per hectare, when calculated 
on the basis of the linear trend,-Iwas 2 210 kg; 
by 1988 it had risen to 3 030 kg, which cor-
responded to an annual rise of 48 kg/ha or 
1.8 % (Fig. 4). This is significåntly less than in 
other European countries (MASTENBROEK 1986, 

JANSSON 1988). 
The coefficient for the annual variation of the 

average yield per hectare was 16 % during the 
study period of 1969-1986. The major cli- 

  

1970 	1974 	1978 ' 	1982 
	

1986 

Fig. 4. Annual variation and linear trend of the average per 
hectare yield from 1969 to 1986. 
	 per hectare yield total 
_ _ _ _ commercially acceptable per hectare yield 

matic factor which caused yield loss was excess 
rain in 1974, 1977-1979 and 1981. Cool tem-
peratures and night frosts contributed to these 
losses in 1978. 

The commercially acceptable average yield 
was 84 %, the annual variation coefficient of 
the commercially acceptable yield being as high 
as 31 %. This reflects the exceptional vulnera-
bility of spring wheat grains to loss of quality 
(Fig. 4). 

The same climatic factor which affected the 
yield per hectare, i.e. excess rainfall especially 
at the ripening and/or harvesting stage, was the 
main reason also for the loss of quality. The loss 
was manifested as a decreased 'falling number' 
and as germination of grains in the ears. Cool 
summer temperatures and night frost con-
tributed to these losses. In the worst years the 
commercially acceptable yield, expressed as 
percentages, were as follows: 1) 

1974 56% 
1976 67% 
1977 52% 
1978 28 % 
1981 22 % 

1 ) In the year following this study period (1987) the com-
mercial acceptability of spring wheat dropped to ali time 
minimum of 15 %. 
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Fig. 5. Average annual variation in the 'falling number' and 
in the protein content of spring wheat during the period 
from 1969 to 1986 (Sample survey, Grain Res. Lab.). 

There was little annual variation in the pro-
tein content of grains until 1974 (SUOMELA ym. 
1977). Since then, a decreasing trend in the pro-
tein content occurred, and continued until 
1985 (Fig. 5). A similar phenomenon has been 
observed in several countries, particularly, in 
Sweden (Nordisk Kvarnför. 1984). It has been 
suggested that the rising trend in the yield per 
hectare may be the affecting factor, i.e. the 
amount of starch and other carbohydrates in 
the grains, increased while the amount of pro-
tein remained stable. This hypothesis does not 
seem to agree fully with our results. In Finland, 
the yields of spring wheat per hectare showed 
a decreasing, rather than an increasing trend 
during the period 1976 to 1981. Recent find-
ings in this country suggest that temporary 
weather conditions at the filling stage of grains 
may also have played an important role, result-
ing in a higher carbohydrate content compared 
with protein in the grains (KoNTTum 1988). 

Regional differences 

The highest yield per hectare, 3 200 kg/ha, 
when calculated according to the linear trend 

Fig. 6. Regional differences in the 'trend yield' of spring 
wheat (kg/ha) in 1986. 

for 1986, was obtained in the southwestern re-
gion at latitudes 60610 N and in the Kyrön-
maa area, which is located near the mid-western 
coast at latitude 630  N. The lowest per hectare 
yields were obtained in the northern marginal 
area (Fig. 6). 

The annual variation coefficient of the aver-
age yield per hectare was the lowest, 12 %, on 
the southwestern and mid-western coast and 
the highest, 25 %, in the northern marginal area 
and in the region penetrating further south 
almost to latitude 610  N between the western 
coast and the central lake districts (Fig. 7). 

The recorded regional quantitative crop 
losses (>20 %) differed considerably between 
various parts of the country (SEPPÄ 1985, 1986). 
In 1973 severe crop loss was caused by early 
summer drought in the southeast, though the 
above normal yields obtained that same year 
in the west partly compensated for this loss (cf. 
Fig. 4 for Finland's average). Heavy rains and 
flooding caused quantitative crop losses on 
7 600 ha in the flatlands of western and cen-
tral Finland in 1974, on 4 560 ha in the south-
western area in 1977, on 7 300 ha in northern 
and western regions in 1978 and on 25 400 ha 
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Fig. 7. Regional differences in the annual variation coeffi-
cient (%) of the average per hectare yield during the pe-
riod from 1969 to 1986. 

in almost the whole wheat growing area except 
the eastern lake district and the mid-western 
coast in 1981. Cool temperatures and night 
frost damaged spring wheat on 1 500 ha in the 
northeastern marginal area in 1976, and night 
frost damaged the crop on 2 300 ha in the 
northwestern marginal area in 1978. 

Regional differences in quality or commer-
cial acceptability, expressed in percentages of 
the average yield per hectare during 1969-
1986, are shown in Fig. 8. As was expected, the 
best commercial acceptability, 85 %, was ob-
tained on the southwestern coast and the 
lowest, 60 %, in the northern areas and in the 

Fig. 8. Regional differences in the average percentage of 
the commercially acceptable yield of spring wheat in 1969-
1986. 

region penetrating to the south between the 
western coast and the central lake district. 

Varietal differences 

The results of recent field experiments (1979-
1986), comparing some characteristics of the 
spring wheat varieties currently cultivated in 
Finland, are given in Table 1. The earliest vari-
ety, Luja needed 100 days to ripen, Ruso, Reno 
and Runar 102 days, Tapio 104, Kadett 105 and 
Drabant 107 days. In effective temperature 
sums, these figures correspond to 900-1 050 
degree-days. Kadett had the highest yield 

Table 1. Some characteristics of the spring wheat varieties cultivated in Finland. Results from field experiments in 
1979-1986 (RANTANEN 1987a). 

Name and origin 
of the variety 

Growing 
time, 
days 

Lodging 
of straw 

Falling number Pro tein 
content at the time 

of ripening 
at the time 
of delayed 
harvesting 

Luja, Finnish (1981) 
Ruso, Finnish (1967) 
Reno, Norwegian (1975) 
Runar, Norwegian (1972) 
Tapio, Finnish (1979) 
Kadett, Swedish (1981) 
Drabant, Swedish 

100 
102 
102 
102 
104 
105 
107 

4 
21 
19 
23 
12 
25 
12 

232 
196 
270 
258 
209 
205 
191 

117 
110 
125 
97 

132 
117 
118 

14.5 
14.0 
14.5 
14.2 
13.7 
13.3 
13.1 
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potential, and Luja had the lowest one, in both 
zones I and II. The average yield of these two 
extreme cultivars differed widely in the above 
zones, from 14 % to 22 %, respectively (RAN-
TANEN 1987a). 

The straw strength of several spring wheat 
varieties proved to be remarkably good with 
regard to their resistance against lodging. The 
strongest variety was Luja, with lodging of only 
4 %. Also Tapio and Drabant resisted lodging 
well (12 %). Less satisfactory in this respect 
were Kadett, Runar, Ruso and Reno with 
19-25 % lodging. 

The grain size was smaller for Luja than for 
other varieties. Nevertheless, the volumetric 
weight of Luja almost reached the same, satis- 

factory level as that of the other varieties. 
The quality of starch in Luja, expressed as the 

'falling number', was also good, and remained 
relatively high even when harvesting was 
delayed. 

Ruso, which was Finland's most commonly 
grown spring wheat variety in the 1970s, at-
tained a significantly lower level of starch 
quality than did Luja. Only Reno and Runar, 
when harvested early, exceeded Luja in this re-
spect. However, when harvesting was delayed, 
the starch quality of Runar fell drastically. 

The protein content was highest, 14.5 %, in 
Luja and Reno, the lowest in Drabant and 
Kadett. 

CONCLUSIONS AND RECOMMENDATIONS 

As a result of this study we conclude that, de-
spite its relatively high and reasonable stable 
yielding potential, spring wheat is very sensi-
tive to loss of quality. In addition, the annual 
variation coefficient for the commercially ac-
ceptable yield of spring wheat was high, at 
31 %. The worst situation occurred in the 
northern marginal areas and in the region 
penetrating further south almost to latitude 
61' N between the western coast and the cen-
tral lake district. The primary factor affecting 
the quality of grains was their late ripening, at 
the season when rains and moisture prevent the 
drying of grains. During the period of this study 
night frosts were less important contributors to 
direct quality losses of wheat. 

Based on the above results we recommend 
that other cereal species be substituted for  

spring wheat in zone II, i.e. in Ostrobothnia and 
in the Northern Lake District, zone 	Further 
south, in zone 1:3 the earliest varieties should 
be substituted for the mid-early and especially 
the late ripening cultivars. The lower yielding 
potential of the earliest varieties is of less im-
portance because in good years Finland over-
produces wheat (RANTANEN 1987b). The target 
for breeding spring wheat should be focussed 
on the earliness of this cereal species in order 
to reach the same ripening time as that of 
winter wheat. This means a maximum grow-
ing time of 97-100 days requiring less than 
1000 dd of effective temperature sum. Only in. 
the long term may the predicted atmospheric 
'greenhouse effect' improve the prospects of 
the late ripening spring wheat varieties in Fin-
land (RANTANEN 1987c). 
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SELOSTUS 

Peltoviljelyn ilmastolliset riskit ja satovaihtelut SuOrriessa 

V. Kevätvehnä 1969-1986 

JAAKKO MUKULA ja OLLI RANTANEN 

Maatalouden tutkimuskeskus 

Kevätvehnää viljellään Suomessa alueella, joka ulottuu. ete-
lärannikolta ja saaristosta 63-64° N leveysasteille pohjoi-
sessa. Tämän tutkimusjakson alkaessa • 1969 kevätvehnän 
viljelyala oli yhteensä 130 000 ha;•tutkimUsjakson päättyessä 
1986 se oli hiukan suurempi,, 150 000, ha. • 	• 

Kevätvehnän kkimääräineri hehtaaris'ato kasvoi tutki-
musjakson aikanalineaarisen U'endin rimkaisesti laskettu-
na 2 213'1ig:sia :3 030 kg:aan: .VUotulnen satotason nousu 
oli tämän mukaan:keskimäärin 48 kg/ha,eli 1.8 %. Korkeim-
mat hehtaarisadot saavutettiin lounaisrannikolla, alhaisim-
miksi ne jäivät pohjoisilla ma'rginaalialueilla. Hehtaarisato-
jen vuosivaihtelun variaatiokerroin oli koko maan keski-
sadolle laskettuna 16 %. Pienimpiä vuosivaihtelun variaa-
tiokertoimet olivat lounaassa ja Etelä-Pohjanmaan Kyrön-
maalla; suurimmiksi ne kohosivat pohjoisessa sekä Länsi-
Suomen ja Keski-Suomen järvialueen välisellä etelään työn- 

tyvällä alueella. 
Kauppakelpoisen sadon osuus kokonaissadosta oli kes-

kimäärin 84 %. Hehtaarisadoiksi laskettuna koko maan 
kauppakelpoisen sadon vuosivaihtelua kuvaava variaatio-
kerroin oli 31 % eli korkeampi kuin minkään muun vilja-
lajin. Kevätvehnä on siis erittäin herkkä laatuvaurioille. Tär-
keimmät laatuvaurioita aiheuttaneet tekijät olivat tämän tar-
kastelujakson aikana (1969-1986) liian pitkä kasvukausi ja 
siitä johtunut korjuuajan siirtyminen sateiselle syyskaudelle. 

Laatuvaurioiden minimoimiseksi siedettävälle tasolle suo-
sittelemme kevätvehnän viljelyn lopettamista rehuviljavyö-
hykkeillä (II:1-II:2). Varsinaisilla leipäviljavyöhykkeilläkin 
(1:1-1:4) suosittelemme viljeltäväksi vain kaikkein aikaisim-
pia kevätvehnälajikkeita. Myös kevätvehnän jalostuksen tär-
keimmäksi tavoitteeksi olisi asetettava nykyistä aikaisem-
pien lajikkeiden kehittäminen. 
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CLIMATIC RISKS TO THE YIELD AND QUALITY OF FIELD CROPS IN FINLAND 

VI. BARLEY 1969-1986 

JAAKKO MUKULA and OLLI RANTANEN 

MUKULA, J. & RANTANEN, 0. 1989. Climatic risks to the yield quality of field crops 
in Finland. VI. Barley 1969-1986. Ann. Agric. Fenn. 28: 29-36. (Agric. Res. Centre, 
Inst. Crop and Soi!, 31600 Jokioinen, Finland.) 

Barley is commonly cultivated in Finland between latitudes 60°-67° N, and occa-
sionally up to latitude 68°45' N. At the beginning of this study period, in 1969, the 
area planted for barley was 401 500 ha; by 1985-1986 it had increased to about 
600 000 ha, which corresponded to 25 % of the total arable land of the country. 

The average yield of barley per hectare rose during the period of this study 
(1969-1988) from 2 275 kg to 2 955 kg, when calculated on the basis of the linear 
trend. This corresponded to an annual rise of 40 kg/ha, or 1.5 %. Eighty-six per cent 
of the yield was commercially acceptable. The highest yields per hectare and the 
best grain quality were obtained in the southwest and the lowest in the northeastern 
marginal area. 

The annual variation coefficient of the average yield per hectare was 11 % and 
that of the commercially acceptable yield was 16 %. The !east annual variation oc-
curred in the southwestern coast and in the central lake district, between latitudes 
61 °30'-62°30'; the most variation occurred in the northeastern regions. Signifi-
cant varietal differences were also found. 

Index words: Finland, agriculture, climatic risks, barley. 

INTRODUCTION 

Owing to restrictions imposed by climate, on-
ly spring barley can be cultivated in Finland. 
Winter barley is not hardy enough to survive 
the long Finnish winter. The cultivation area of 
spring barley extends from the southern coast 
and archipelago, zone 1:1, up to latitude 67°,N 
in zone IV:1 (Fig. 1), occasionally up to latitude 
68°45' N in the north. 

Barley is cultivated in almost ali the major soil 
types, of which light mineral soils are best 
suited to this crop. Barley suffers more than 
other cereal species from soil acidity, from soil  

dryness and from excess soil moisture. It is also 
slightly more sensitive to night frost than oth-
er cereals. 

At the beginning of this study period, in 
1969, the area planted for barley was 401 500 
ha; by 1985-1986 it had increased to about 
600 000 ha (Fig. 2), which corresponded to 
25 	of Finland's total arable land. 

Most of the barley grown in Finland is used 
for animal feed, 10 % for malting and 7-8 % 
for seed; only 1.5 % is hulled for food. 

Both two-row and six-row types of spring 
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Fig. 1. Distribution of barley cultivation in Finland in 1975 (Atlas of Finland 1982). 

barley are cultivated in Finland. They are of 
Finnish or Swedish origin. The earliest of them 
needs 82 days, or an effective temperature sum 
of 800 dd (base 5 °C) to ripen; the latest varie-
ties require 97 days or 1 000 dd (LALLUKKA et 
al. 1978). The normal length of barley straw 
varies from 60 to 90 cm, the size of grains from 

34 to 45 g per 1 000 grains, and the correspond-
ing volumetric weight between 55-70 kg/hl 
(RANTANEN 1987). The commercial acceptabil-
ity for volumetric weight is 51 kg/ha. The pro-
tein content of grains varies from 12 % to 13 % 
(VARis et al. 1979). The maximum acceptable 
amount of protein in malting barley is 12.5 %. 
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vated in Finland has been the weakness of the 
straw. As a result, barley crops have lodged bad- 

1800 
ly in rainy summers (MuKuLA et al. 1978, Mu- 

1600 	KULA 1988). The first acceptable strong-straw 
varieties came into common use as late as in the 

1400 	1980s, bringing about a considerable rise in the 
yield potential of barley (RANTANEN 1987, 

1200 
MUSTONEN et al. 1988). 

1000 

800 

600 

400 

200 

0 

MILLION 
KG 

1950 	1960 
	

1970 
	

1980 

Fig. 2. The arca and total yield of barley in Finland from 
1950 to 1986. 

MATERIAL AND METHODS 

The materials and methods used in this study Some additional records on the quality of the 
of barley were similar to those applied in our yield were obtained from the Grain Research 
report on spring wheat (V, p. 24 in this volume). Laboratory. 

CLIMATIC IMPACTS IN 1969-1986 

Annual variation in the yield 

The average yield of barley per hectare, when 
calculated on the basis of the linear trend, rose 
during our study period (1969-1986) from 
2 275 kg to 2 955 kg. This corresponded to an 
annual rise of 40 kg/ha, or 1.5 	(Fig. 3). The 
proportion of the commercially acceptable 
yield was 86 %. 

The annual variation coefficient of the aver-
age yield per hectare was 11 %, that of the 
commercially acceptable yield being 16 %. The 
most common climatic factor causing annual 
variation in the yield was abundant rain in- 
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Fig. 3. The annual variation and linear trend of the per hec-
tare yield of barley from 1969 to 1986. 
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cluding occasional flooding of fields. The worst 
rainy years were 1974, 1977, 1978 and 1981. 
In certain areas significant yield variations were 
also caused by frequent night frosts and early 
summer droughts (Fig. 3). 

The quality variation caused by the above cli-
matic impacts were often larger than those 
found in the yield resulting in an increased var-
iation coefficient (cf. VARIS et al. 1979, HUTTU-
NEN 1988). Regional details of these climatic im-
pacts are given below. 

Regional differences 

The yield per hectare, when calculated accord-
ing to the linear trend for 1986, was highest, 
at 3 400 kg, in the southwestern coast, between 
latitudes 600_610 N, zone 1:2. Remarkably 
high yields, above 3 100 kg/ha, were also ob-
tained elsewhere in zone 1:2, as well as in the 
Southern Archipelago, zone 	in Southern 
and Western Finland, zone 1:3, and in the west-
ern coast of Ostrobothnia, zone 11:2, up to lati-
tude 64° N. The lowest yields per hectare, 
2 400 kg, were obtained in the northeastern 
marginal arca. A relatively low-yielding locali-
ty (<2 800 kg/ha) was found between latitudes 
610-620  N in the south-central lake district of 
zone 1:4 (Fig. 4). 

The highest proportion of commercially ac-
ceptable yield, 92 %, was obtained in the 
southwest and the lowest, 70 %, in the north-
ern marginal area (Fig. 5). A region with rela-
tively poor quality penetrated from the north 
along Suomenselkä, zone III:1 and further 
south to latitude 62°30' between the north-
western coast of Ostrobothnia, zone 11:2 and 
the Northern Lake District, zone II: 1 . 

Regionally, the annual variation in the yield 
was in most cases larger than the respective 
average variation for the whole country. Appar-
ently the different regional variations had partly 
levelled themselves out in the national average 
(11 %) which we presented above. 

Fig. 4. Regional differences in the 'trend yield' (kg/ha) of 
barley in 1986. 

Fig. 5. Regional differences in the average percentage of 
the commercially acceptable yield of barley in 1969-1986. 
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Fig. 6. Regional differences in the variation coefficient (%) 
of the average per hectare yield of barley in 1969-1986. 

The least regional variation coefficient (11 %) 
of the yield was found in the southwestern area 
of zone 	between latitudes 60 °-61° N and 
in the central lake district of zones 1:4-11:1, be-
tween latitudes 61 °30'-62 '30' (Fig. 6). Almost 
as low (12 %) was the variation coefficient of 
the yield in the mid-western coast (Kyrönmaa), 
at latitude 63 0  N. On the southern coast, how-
ever, the variation coefficient of the yield was 
higher, up to 18 %, i.e. close to the correspond-
ing variation of 20 % in the northeastern mar-
ginal area. 

The most common climatic factor causing an-
nual variation in different regions was autumn 
rain including occasional or temporary flood-
ing of fields. The largest variations, however, 
were caused by night frosts in the north and 
frequent early summer droughts in the south-
ern coast (Fig. 6). 

The recorded quantitative yield losses ( > 
20 %) caused by abundant rains and/or flood- 
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Fig. 7. The effect of early summer drought to the yield of 
barley in southern Finland. Results from field experiments 
(MuicuLA et al. 1978, VIRRI 1988). 

ing of fields extended to an area of 59 700 ha 
on flatlands and along the rivers in Ostroboth-
nia, zone 11:2 in 1974; in the southwest the 
respective losses caused by autumn rains ex-
ceeded 45 000 ha in 1977 and 16 000 ha in 
1986. Almost catastrophic losses were caused 
by continuous rains on 221 000 ha in 1981; on-
ly the mid-western coast and the eastern lake 
district escaped these losses. Accidental heavy 
rainstorms caused local losses on 4 800 ha in 
various parts of the country in 1979 (SEPPÄ 
1985, 1988). 

Insufficient temperature sum and/or night 
frost damaged the yield on 28 000 ha in the 
north in 1975, on 6 700 ha in 1976 and on 

23 750 ha in 1978. Lesser damage caused by 
night frost was found in the north during 
1982-1986. 

Early summer drought led to heavy losses fre-
quently in the south. The most severe situation 
was in the southeastern area in 1973. Substan-
tial drought losses occurred also in the whole 
southern area in 1982 and 1986. Exact records 
on the extend of these losses are, however, in-
complete (Fig. 7). 

The above regional losses, expressed in hec-
tares affected, were the major factors reflect-
ing the regional differences expressed in kilo-
grams per hectare in Fig. 4. 
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Varietal differences 

Many varieties of barley have been cultivated 
in Finland. As mentioned above, our current 
varieties are of Finnish or Swedish origin. The 
earliest of them can be cultivated with reasona 
ble safety from south to north, as far as zone 
IV:1, the latest ones only in zones 1:1-1:4 and 
II:1-11:2. The differences between the varie-
ties in terms of their potential yield are less than 
10 % in the south and up to 16 % in the north. 
The results of the recent field experiments 
(1979-1986), comparing the new varieties in 
terms of their susceptibility to climatic impacts 
are given in Table 1 (RANTANEN 1987). An older 
variety, Otra, is included for comparison. 

The earliest of the new varieties, Arra, and 
Hja-673, needed 83 days to ripen; the latest, 
Kustaa and Kymppi, required 93 days, i.e. ten 
days more. 

The two latter varieties showed excellent 
straw strength; the percentage that lodged re-
mained as low as 10-12 %. Agneta and Kalle 
were also reasonably strong with lodging of 
16-18 % only; their growing time was 87 
days. Potra and Pokko showed less satisfacto-
ry straw strength, with lodging of 21 %; the 
former ripened in 84 days, the latter in 89 days. 
The most susceptible to lodging were Pomo 
(21 %), Arra (30 %) and HJA 673 (47 %). 

Because Arra and Hja-673 were two of the 
earliest new varieties, it can be concluded that 

Table 1. Results from recent field experiments with barley 
varieties, comparing some of their characteristics which are 
susceptible to clirnatic impacts (RANTANEN 1987). 

Name and origin 
of varieties 

Growing 
time, 
days 

Lodging 
of straw 

Volumetric 
weight 
g/1000 
grains 

Otra, Finnish (1959) 80 (46) (62 	) 
Arra, Finnish (1982) 83 30 63.9 
Hja-673, Finnish (1973) 83 47 61.5 
Potra ( 84 21 61.8 
Agneta, Swedish (1978) 87 18 64.4 
Kalle, Swedish (1984) 87 16 62.7 
Pokko 89 21 64.2 
Pomo, Finnish 90. 24. 61.3 
Kustaa, Swedish (1980) 93 12 66.0 
Kymppi, Swedish (1985) 93 10 65.3 

for the northern areas, the problem of straw 
strength in barley still remains to be solved. 
Nevertheless, when compared to the older va-
riety, Otra, both Arra and Hja-673 showed a 
significant improvement, though at the cost of 
a slightly longer (3 days) growing time. 

The average volumetric weight of ali the new 
varieties proved satisfactory in these experi-
ments. Regrettably, however, the earliest vari-
eties had a slightly lower volumetric weight 
than the late ripening varieties. In the cooler 
climate of the north, where the earliest varie-
ties are cultivated, the volumetric weight of 
barley is often affected by an insufficient tem-
perature sum to such an extent that the volu-
metric weight does not meet the commercial-
ly acceptable limit of 51 kg/hl (MuxuLA 1988). 

CONCLUSIONS AND RECOMMENDATIONS 

To draw conclusions on the basis of this study, 
it should be kept in mind that an unusually dras-
tic change in the genetic plant material, i.e. in 
the varieties, was going on during the study 
period, while the cultivation techniques re-
mainde quite consistent. In 1986 only 30 of 
the total area of barley was planted with the 
same varieties as were cultivated in 1969, and 

less than 50 % of the varieties cultivated in 
1975. On the other hand, the newest and best 
varieties, introduced in the 1980s, had not yet 
been established for widespread cultivation. 
The rising trend in the average yield per hec-
tare during our study period was moderate, 38 
kg/ha, or 1.5 % yearly, which may be less than 
could have been expected. The improvement 
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of the genetic plant material apparently had not 
yet reached its full effect. In addition, some 
years at the end of the 1970s and in the early 
1980s were exceptionally rainy and climatical-
ly less favourable to the old weak-straw barley 
varieties, apparently having a lowering effect 
on the trend. 

The annual variation coefficient of the aver-
age yield per hectare was reasonable low, 11 % 
for the total yield per hectare; it was 16 % for 
the commercially acceptable yield. However, 
the average commercial acceptability of the 
yield was not quite satisfactory, at only 86 %. 

The most significant problems in barley cul-
tivation seem to be regional. Both the average 
quality and the annual variability in the yield 
is too high in the northern areas (zones 111:2 and 
111:3) as well as in the region of Suomenselkä 
(zone III:1). Further studies are needed to im-
prove the situation in these areas (LAAKSONEN 

1979). High variation coefficient caused by fre- 

quent early summer drought in the southern 
coast could be mitigated by using artificial irri-
gation to a greater extend than previously. 

When the results of this study are compared 
with those of our earlier report (MUKULA et al. 
1977) and with the recent study of MELA 

(1987), only minor changes in the annual rise 
of the average yield per hectare and in the an-
nual variation coefficient have occurred since 
the 1950s. However, in the various provinces 
of Sweden, one of Finland's neighbours, the an-
nual rise in the yields of barley per hectare has 
continually been significantly faster than in Fin-
land (JANSSON 1987). Possible reasons for the 
slower development in Finland were discussed 
above. Only in the long term the achievements 
of plant breeders as well as the forecasted at-
mospheric 'green-house' effect may make the 
situation more favourable to barley in this 
country (MUKULA 1987, MUKULA et al. 1987). 
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SELOSTUS 

Peltoviljelyn ilmastolliset riskit Suomessa 

VI. Ohra 1969-1986 

JAAKKO MUKULA ja OLLI RANTANEN 

Maatalouden tutkimuskeskus 

Ohran viljelyala oli Suomessa tämän tutkimusjakson alkaessa 
vuonna 1969 yhteensä 401 500 ha; tutkimusjakson loppu-
vuosina 1985-1986 se oli noin 600 000 ha, mikä vastasi 
suunnilleen 25 % maan koko peltoalasta. Ohran viljelyalue 
ulottui etelärannikolta ja saaristosta noin 67° N leveys-
asteelle saakka, satunnaisesti vieläkin pohjoisemmaksi 
(68°45' N). 

Ohran keskimääräinen hehtaarisato lisääntyi tutkimusjak-
son (1969-1986) aikana 2 275 kg:stä 2 955 kg:aan lasket-
tuna lineaarisen trendin mukaan. 'Trendisadon' vuotuinen 
nousu oli 40 kg/ha eli 1.5 %. Sadosta oli kauppakelpoista 
keskimäärin 86 %. Määrältään ja laadultaan parhaat sadot 
saatiin Lounais-Suomessa ja länsirannikolla; huonoimmik-
si ne jäivät koillisella marginaalialueella. 

Ohran keskimääräisten hehtaarisatojen vuosivaihtelua ku-
vaava variaatiokerroin oli 11 %; kauppakelpoisen sadon vas-
taava variaatiokerroin oli 16 %. Pienimpiä variaatiokertoi-
met olivat Lounais-Suomessa ja länsirannikolla sekä Sisä-Suo-
men järvialueella; suurimmiksi ne nousivat pohjoisilla vil- 

jelyalueilla ja etelärannikolla. 
Tärkeimpiä satotason vaihtelujen aiheuttajia olivat sateet 

ja tulvat, etenkin vuosina 1974, 1977 ja 1981. Riittämätön 
tehoisan lämpötilan summa ja loppukesän yöhallat aiheut-
tivat merkittäviä satovahinkoja laajoilla alueilla pohjoises-
sa sekä Suomenselän vedenjakaja-alueella ja Pohjanmaalla 
vuosina 1975-1978, pienemmillä alueilla pohjoisessa vuo-
sina 1982-1986. Alkukesän kuivuus aiheutti merkittäviä 
satovahinkoja etenkin Kaakkois-Suomessa vuonna 1973 ja 
yleisesti koko Etelä-Suomessa mm. vuosina 1982 ja 1986. 
Lisäksi satunnaiset rankkasateet ja rajuilmat aiheuttivat pai-
kallisia satovahinkoja etenkin vuonna 1979. 

Tarkastelujakson aikana saatiin viljelyyn runsaasti uusia, 
entistä vahvakortisempia ,ohralajikkeita, joiden sateensie-
tokyky osoittautui merkittävästi paremmaksi kuin aikaisem-
min viljeltyjen lajikkeiden. Sen sijaan entistä aikaisemmin 
tuleentuvia ohralajikkeita ei tarkastelujakson aikana saatu 
kehitetyksi. 
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CLIMATIC RISKS TO THE YIELD AND QUALITY OF FIELD CROPS IN FINLAND 

VII. OATS 1969-1986 

JAAKKO MUKULA and OLLI RANTANEN 

MUKULA, J. & RANTANEN, 0. 1989. Climatic risks to the yield quality of field crops 
in Finland. VII. Oats 1969-1986. Ann. Agric. Fenn. 28: 37-43. (Agric. Res. Centre, 
Inst. Crop and Soil, 31600 Jokioinen, Finland.) 

Oats are cultivated in Finland between latitudes 6o°-66° N. At the beginning of 
this study period, in 1969, the arca planted for oats was 526 000 hectares; by 1986 
it had fallen to 400 000 ha, corresponding to 17 % of the total arable land of the 
country. 

The average yield of oats per hectare, when calculated on the basis of the linear 
trend, increased during this study period (1969-1986) from 2 305 kg to 3 000 kg, 
which corresponded to an annual rise of 39 kg/ha or 1.5 %. The proportion of the 
commercially acceptable yield was 85 %. The highest regional yield per hectare was 
obtained on the southwestern and mid-western coast, the lowest in the north and 
in the region penetrating further south to latitudes 62 0  N between the western Fin-
land and the central lake districts. Similarly, the best quality was obtained in the 
southwest, the worst in the northeast. 

The average variation coefficient for the annual yield per hectare was 9 %; the 
corresponding figure for the commercially acceptable yield was 16 %. The least an-
nual variation was found in the south-central inland arca extending from latitude 
60°30' N-61°30' N in the west to latitudes 62 °-62 °30' N in the east. The most 
variation occurred in the north and in the region penetrating further south to lati-
tude 62 0  N between the western coast and the central lake districts. Yield losses 
caused by night frost or an inadequate temperature sum occurred frequently in the 
northwestern and northern areas. Abundant rain and flooding damaged the crop most 
often in the west, while early summer drought was a common problem in the south. 
Significant differences were also found between the varieties in their yield and quality 
as well as in their resistance to climatic risks. 

Index words: Finland, agriculture, climatic risks, oats. 

INTRODUCTION 

Oats are one of the two cereal species produced 
for animal feed in Finland. They are cultivated 
from zone I in the south up to latitude 66° N, 
or zone 111:3, in the northwest and to latitude 
64°30' N in the northeast, zone 111:2 (Fig. 1). 
Oats are less demanding than barley with re-
spect to the edaphic factors, growing well in 

muu l and especially in peat, which is often too 
acidic for barley. Oats are also slightly more 
resistant to night frost than barley (SALoHEimo 
1951, 1954). Most varieties of oats need, how-
ever, a longer growing time, and cannot there-
fore be cultivated as far north as barley. 

At the beginning of this study period, in 
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Fig. 1. Distribution of oats cultivation in Finland in 1975 (Atlas of Finland 1982). 

1969, the area planted for oats was 526 000 
hectares; by 1986 it had declined to 400 000 
ha, which corresponded to 17 % of the total 
arable land of the country (Fig. 2). During this 
study period, oats were partly replaced by 
barley as cattle feed. Due to its small grains and 
thick husk, oats usually have a lower feed value 

than barley (LATHROP et al. 1938). The higher 
lycine content, however, improves the nutri-
tive value of oats (PomERANz et al. 1973). For 
this reason, oats are still regarded as an impor-
tant supplement to barley in feed mixtures for 
cattle (VARIS et al. 1979). 

Up to beginning of the 1980s, the yielding 
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Fig. 2. Annually planted arca and harvested yield of oats 
from 1969 to 1986. 

potential of oats was comparable to that of 
barley, but cannot compete with the best 
strong-straw barley varieties introduced in the 
1980s. 

The most important varieties of oats current-
ly cultivated in Finland are of domestic breed. 
To ripen they need a growing time of 96 to 103 
days, corresponding to an effective temperature 
sum of 915-970 degree-days (base 5 °C). Thus 
even the earliest oat varieties require a grow-
ing time and temperature sum which are almost 
comparable to those needed by the latest barley 
varieties. The normal grain size of the Finnish 
oat cultivars varies between 28 and 36 g per 
1 000 grains, the volumetric weight from 48 to 
51 kg/hl and the husk content of the grains 
from 24 to 26 %. To meet commercial accept-
ability, the volumetric weight must be above 
43 kg/hl. 
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MATERIAL AND METHODS 

The material and methods used in this study spring wheat (V, p. 24 in this volume) and bar-
were similar to those used in our reports on ley (VI, p. 31). 

CLIMATIC IMPACTS IN 1969-1986 

Annual variation in the yield 

At the beginning of our study period, in 1969, 
the average yield of oats per hectare was 2 305 
kg, when calculated on the basis of the linear 
trend; by 1986 it had increased to 3 000 kg (Fig. 
3). This corresponded to an annual rise of 39 
kg/ha, or 1.5 %. The proportion of the com-
mercially acceptable yield was 85 %. 

The variation coefficient of the average yield 
per hectare was 9 %; the corresponding coeffi-
cient for the commercially acceptable yield was 
16%. 
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Fig. 3. Annual variation and linear trend of the yields per 
hectare of oats from 1969 to 1986. 
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The climatic factors resulting in the annual 
variation were the same as those given in our 
reports on spring wheat and barley (V and VI, 
p. 21 and 29, respectively, in this volume), i.e. 
an insufficient temperature sum and/or night 
frost, abundant rain and/or flooding and early 
summer drought. The average variation was 
greatly affected by the regional differences dis-
cussed below. 

Regional differences 

The regional differences in the annual yields per 
hectare, when calculated on the basis of the 
linear trend at the end of our study period in 
1986, are shown in Fig. 4. The highest yield, 
3 200 kg/ha, was obtained in the southwestern 
and mid-western coasts. The lowest level of 
yield per hectare, 2 500 kg, was obtained in the 
northeastern marginal area. Relatively low 
yields were also found between the less fertile 
Suomenselkä region, zone III:1, and in the cen-
tral lake districts, zones 1:4 and II:1. 

The best grain quality was obtained in the 
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Fig. 4. Regional differences in the 'trend yield' of oats in 
1986. 
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Fig. 5. Regional differences in the average percentage of 
the commercially acceptable yield of oats during the period 
from 1969 to 1986. 

southwestern region, between latitudes 60°30' 
N-610 301  N, the lowest in the northeastern 
marginal arca (Fig. 5). 

The lowest regional variation coefficient, 
12 %, was found in the south-central inland 
arca, extending from latitudes 60 ° 30'-61 0301 
N in the west to latitudes 62 °-62 '30' N in the 
east. This arca covers the major part of zones 
1:3 and 1:4. The most regional variation, 25 %, 
was found in the north. Relatively high was the 
variation coefficient also in the region penetrat-
ing further south to latitude 62 0  N between the 
western coast and the central lake districts as 
well as in the southern coast (Fig. 6). 

Regional quantitative yield losses ( > 20 %) 
occurred as follows: 

Night frosts and/or an inadequate tempera-
ture sum caused more or less severe loss in the 
northern zones, III:1—III:3, almost every year. 
Ostrobothnia, zone 11,2, and the western and 
eastern corner of the Northern Lake District, 
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zone 11,1, were also damaged often. The worst 
years here were 1975 (25 000 ha), 1976(17 000 
ha) and 1978 (15 000 ha). 

Abundant rain and especially flooding fre-
quently damaged or locally destroyed the 
crop in the western and southwestern areas, 
sometimes in the southeastern arca also. These 
losses were more severe than the correspond-
ing losses in barley and wheat (cf. also the an-
nual variation in Fig. 6). The worst years here 
were 1974 (25 000 ha), 1977 (35 000 ha), 1981 
(221 000 ha) and 1984 (25 000 ha). 

Early summer drought frequently damaged 
oat yield in the south. These losses were, how-
ever, less severe than the corresponding loss-
es in barley (cf. annual variation in Fig. 6), in 
the south. 

Fig. 6. Regional differences in the variation coefficient (%) 
of the yields per hectare of oats during the period from 1969 
to 1986. 

VARIETAL DIFFERENCES 

The results of recent field experiments (1979-
1986) comparing some characteristics of the 
oats varieties currently cultivated in Finland are 
given in Table 1. The growing time of the Finn-
ish cultivars varied in these experiments from 
94 to 98 days. An exceptionally early Nor-
wegian variety, Pol, was included for compar-
ison. It needed only 89 days to ripen. Howev-
er, the straw of Pol is not strong enough to 
resist lodging, and its grain quality and yield- 

ing potential are low. 
Based on the results of the above experi-

ments, the best variety for the southern Finland 
seems to be Puhti, and Veli for the central and 
the northern areas. Their lodging resistance was 
not quite satisfactory, but nevertheless better 
than for other varieties, and their grain quali-
ties — size, volumetric weight, protein content 
and proportion of the kernel, were better than 
the corresponding properties in other varieties. 

Table 1. Results of recent field experiments comparing some characteristics of oats varieties currently cultivated in Fin-
land (RANTANEN 1987). 

Name and origin Growing Lodging Grain size Volumetric Protein Proportion 
time, 
days 

of straw g/1000 
grains 

weight 
kg/hl 

content 
% 

of husk 

Pol, Norwegian (1974) 89 36 28.2 48 13.6 26.2 
Veli, Finnish (1981) 94 24 34.4 52 13.9 23.6 
Puhti, Finnish (1978) 98 26 34.5 50 13.0 22.2 
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CONCLUSIONS AND RECOMMENDATIONS 

As a result of our study, we recommend that 
the cultivation of oats in Finland be continued, 
as compared to barley, in the same range as 
presently. Keeping oats in the cropping system 
of arable land is advisable, as oats have better 
resistance to plant diseases. Oats also thrive bet-
ter than other cereals in acidic soi!. They do 
well in mull and peat, which are common in 
the north. In addition, the nutritive value of 
oats makes them good supplement to barley in 
feed mixtures. The self-sufficiency of cattle 
farming in the north would be more secure 
with the cultivation of oats than with barley 
alone. 

The major difficulty in cultivating barley in 
the north is its long growing time. This problem 
seldom exists in southern areas. Our best vari-
ety, Puhti, needs only 98 days to ripen, which 
is normally enough in the south. The certainty 
of oat yield, when measured by the variation 
coefficient, is reasonably good, especially be-
tween the latitudes 610 -62°30 N or up to the 
zones 1:3 and 1:4. Slightly higher coefficients oc-
curred in the southern coast, due to the varia-
tion caused by early summer drought. This 
could, like in barley, be eased by artificial irri-
gation. 

The earlier of our two best cultivars, Veli, 
which need only 94 days to ripen, is a remark-
able achievement of Finnish plant breeding. 

However, still earlier varieties are needed for 
the northern areas of zones 111: 1-111:3, where 
night frost is a major problem, decreasing the 
safety of oat cultivation. In the northern mar-
ginal area the variation coefficient approaches 
25 % which is too much. The significantly 
earlier variety, Pol, would be safer than Veli. 
However, due to Pol's serious weaknesses in-
cluding its low yielding potential, susceptibili-
ty to lodging and especially, insufficient quali-
ty, it cannot be recommended for widespread 
cultivation. Future plant breeders fall the chal-
lenge of finding a solution suitable for oat cul-
tivation in the north. 

Damage and yield losses caused by flooding 
from rivers and lakes occurred more commonly 
with oats than with other cereals. This is un-
derstandable, because oats are grown most 
often on flatlands or along riversides and 
around lakes, where mun and peat soil are com-
mon. Dams and improved regulation of the 
water level in rivers would lessen or eliminate 
this problem. 

Due to the long growing time, oats should 
be sown as early as possible. In flatlands and 
especially in peat soil, this is difficult because 
of the wetness and softness of the soi!. In spe-
cial cases, early sowing over frozen peat once 
the snow has melted may be advisable. 
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SELOSTUS 

Peltoviljelyn ilmastolliset riskit Suomessa 

VII. Kaura 1969-1986 

JAAKKO MUKULA ja OLLI RANTANEN 

Maatalouden tutkimuskeskus 

Kauran viljelyala oli Suomessa tämän tutkimusjakson alkaes-
sa vuonna 1969 526 000 ha ja väheni vuoteen 1986 men-
nessä 400 000 ha:iin, mikä vastasi 17 % kokonaispeltoalasta. 
Kauran keskimääräinen hehtaarisato kohosi tutkimusjakson 
aikana lineaarisen trendin mukaisesti laskettuna 2 305 kg:sta 
3 000 kg:aan, mikä vastasi vuotuista nousua 39 kg/ha eli 
1.5 %. Kauran kauppakelpoisen sadon osuus oli 85 %. 

Korkeimmat kauran hehtaarisadot, 3 200 kg/ha, saatiin 
lounaassa ja Etelä-Pohjanmaan Kyrönmaalla, pienimmiksi, 
2 500 kg/ha, ne jäivät kauran viljelyn pohjoisella äärialueel-
la. Myös Suomenselällä (vyöhyke 111:1) ja sieltä etelään Jär-
vi-Suomen vyöhykkeelle II:1 työntyvällä seudulla hehtaa-
risadot jäivät suhteellisen heikoiksi. 

Kauran keskimääräisten hehtaarisatojen vuosivaihtelua 
kuvaava variaatiokerroin oli vain 9 %; kauppakelpoiselle 
sadolle laskettu variaatiokerroin oli kuitenkin suurempi, 
16 % . 

Variaatiokertoimet olivat pienimpiä eteläisessä Keski-Suo-
messa, suurimmiksi ne kohosivat pohjoisessa, melko suu-
riksi myös Suomenselällä ja sieltä lounaaseen ulottuvalla seu-
dulla sekä etelärannikolla. 

Tärkeimmät kauran satovahinkojen aiheuttajat olivat yö-
hallat. Tämä johtui siitä, että kauran kasvuaika on pitkä ja 
sen viljelyalue ulottuu Suomessa arveluttavan etäälle poh-
joiseen. Hallavahinkojen vähentämiseksi olisi tärkeätä saa-
da kehitetyksi kauralajikkeita, joiden kasvuaika on lyhyempi 
kuin nykyisin viljelyssä olevien. Ellei tässä onnistuta, on kau-
ran viljelyä pohjoisessa vähennettävä. 

Toiseksi tärkeimmät kauran satovahinkojen aiheuttajat oli-
vat sateet ja tulvat. Kauraa viljellään eniten alavilla multa-
ja turvemailla, jotka kärsivät sateista ja tulvista suhteellisesti 
enemmän kuin muut maalajit. Sadevahinkojen vähentämi-
seksi olisi kauran jalostuksen eräänä päätavoitteena edel-
leenkin pidettävä korren lujuuden parantamista. Tulvava-
hinkojen vähentämiseksi olisi tärkeätä myös kehittää vesien 
säännöstelyä ja suojapatojen rakentamista. 

Merkittäviä poudantuhoja esiintyi kaurassa vähemmän 
kuin muissa kevätviljoissa, ja ne sijoittuvat pääasiallisesti Ete-
lä-Suomen rannikkoalueille. Näiden vahinkojen vähentämi-
seksi suosittelemme kaurallekin keinokastelua pahimmin 
poudanaroilla alueilla. 
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Agricultural Research Centre 

Hallintotoimisto, Jokioinen 

Administrativa Bureau, Jokioinen 

OJALA, R., KONJE., D. & POUTIAINEN, E. Silage making 25 9 

fodder conservation method for dry season in western 
Kenya. Proc. VI World Conf. Anim. Prod., Helsinki. 1 p. 
MUCHINA, J.W. & POUTIAINEN, E. The utilization poten-
tial of maize stover and sugar cane tops for dairy cows 
in western Kenya. Proc. VI World Conf. on Anim. Prod., 
Helsinki. 1 p. 

POUTIAINEN, E. Henkilöresurssit maataloustutkimuksen 
ongelmana. Karjatalous 64, 1: 14-15. 
Itsenäisyys vai alistus. Pellervo 90, 1: 6-7, 9. 
Maatalouden tutkimuskeskuksen uudet tutkimustavoit-
teet. Käytännön Maamies 37, 3: 58-59. 
Priority areas of research at the Agricultural Research 
Centre. Ann. Agric. Fenn. 27: 171-176. 
Maataloustutkimuksen tulevaisuudennäkymiä. Sopimus-
viljelijä 1: 2. 
CGIAR haluaa levittää tietoa tutkijalta viljelijälle. Ke-
hitysyhteistyö 1: 34-35. 
Feed Resources. Feeding Practices. Finnish Animal 
Production. p. 39-56. 
MTTK uusien tehtävien edessä. Jokiläänin Sanomat 9.6. 
Maatalouden tutkimus uusien tehtävien edessä. Oma Maa 
27.7. 
Maito on ja pysyy maatalouden päätuotteena. Maas. 
Tulev. 6.10. p. 2. 

KasvinjalostusosaStO, Jokioinen 

Department of Plant Breeding, Jokioinen 

AASTVEIT, K., DENNIS, B., SAASTAMOINEN, M., HELGADOTTIR, 
H., SÄLL, T. & YNDGAARD, F. Databehandling i plan-
teforedling. Samnordisk Planteforedling. SNP-Publi-
kasjon. 30 p. Nordisk Ministerråd, Kobenhavn. 

Hömmö, L. Rukiin viljelylaajuuden edellytykset. Koetoim. 
ja Käyt. 45: 69. 

ILOLA, A., ELOMAA, E. & Puni, S. Testing of a Danish growth 
model for barley, turnip rape and timothy in Finnish 
conditions. J. Agric. Sci. Finl. 60: 631-660. 

JOKINEN, K., URONEN, T. & THOMPSON, D. Are phenolic com-
pounds indicators of active growth of Scots pine (Pi-
nus sylvestris L.) in vitro? Abstr. 15th Congr. Scand. Soc. 
Plant Physiol. Physiol. Plant. 73: 11A. 

, URONEN, T. & THOMPSON, D. Correlation between vig-
orous growth and high phenolic levels in Scots pine (Pi-
nus sylvestris L.) tissues in vitro. Abstr. 2nd Nordic 

Symp. on Cell and Tissue Culture. Helsingor, Denmark. 
p. 14. 

KORTET, S. Panimoteollisuuden mallasohralle asettamat 
vaatimukset. Maatalouden tutkimus- ja tuotantopäivät. 
Maatalouden tutkimuskeskus, Jokioinen. Mimeogr. 6p. 
Taudinkestävyys ohran jalostustavoitteena. Koetoim. ja 
Käyt. 45: 70. 

MÄKELÄ-KURTTO, R. & TARES, T. Männyn neulasten lyijy-
pitoisuudet Helsingin seudulla 1970 ja 1986. Ympäristö 
ja Terveys 19, 1: 28-32. 

PAHKALA, K. & SOVERO, M. The cultivation and breeding of 
oilseed crops in Finland. Ann. Agric. Fenn. 27: 199-
207. 

PuLL], S. Kansainvälistyminen uuden tiedon avain. Suom. 
Maatal.tiet. Seur. Tied. 11: 1-2. 
Ökad odlingssäkerhet inom höstsädesodlingen behövs. 
LOA 69, 8: 298-299. 
Adaptation of red dover to the long day environment. 
J. Agric. Sci. Finl. 60: 201-214. 
Om förutsättningar för rödklöverns vinterhärdighet. 
NJF-seminarium 136. Vallbaljväxter, odling och utnytt-
jande. Århus. p. 115-122. Mimeogr. 
Kasvinjalostuksen tavoitteet ja mahdollisuudet Maa-
talouden tutkimuskeskuksessa. Koetoim. ja Käyt. 45: 
65-66. 

RAVANTTI, S. Jokioisten uusin timoteilajike Alma. Koetoim. 
ja Käyt. 45: 33. 

SAASTAMOINEN, M. Genetic and environmental variation in 
chemical composition of grains in barley and oats. 
Academie Dissertation. 81 p. + 7 publications. Helsinki. 
Kauran laatu. Koetoim. ja Käyt. 45: 66. 

-, KUMPULAINEN, J. & NUMMELA, S. Generic and environ-
mental variation in oil content and fatty acid composi-
tion of oats. Kemia-Kemi 15 (10B): 1046. 

SALO, Y. Kevätvehnän katovuosi 1987. Koetoim. ja Käyt. 
45: 8. 
Uudet menetelmät vehnän leivontaominaisuuksien ke-
hittämiseksi. Maatalouden tutkimus- ja tuotantopäivät. 
Maatalouden tutkimuskeskus, Jokioinen. Mimeogr. 7 p. 
Vehnän leivontaominaisuuksien kehittämismahdolli-
suudet. Oma Maa 34, 37: 8. 
Vehnän laatujalostuksen mahdollisuudet. Koetoim. ja 
Käyt. 45: 67. 

VIINIKKA, Y. & SOVERO, M. Karyotypes and meiotic behavior 
of chromosomes in two male sterile strains of Brassica 
campestris L. Hereditas 109: 93-97. 

VILKKI, J. Öljykasvien jalostuksen nykynäkymät. Koetoim. 
ja Käyt. 45: 67-68. 

Jalostuksen mahdollisuudet öljykasvien viljelyn laajen-
tamiseksi. Maatalouden tutkimus- ja tuotantopäivät. 
Maatalouden tutkimuskeskus, Jokioinen. Mimeogr. 3 p. 
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Kasvinviljelyosasto, Jokioinen 

Department of Crop Science, Jokioinen 

ERVIÖ, L-R. Rikkakasvien torjunta rehunurmista. Kasvin-
suoj. seur. Kasvinsuojelupäivät 1988: 26-30. 
Juolavehnän, leskenlehden, peltovalvatin ja pelto-
ohdakkeen torjunta. Ajankohtaisia kasvinsuojeluohjei-
ta. Kasvinsuoj.seur. Julk. 79: 22-25. 
Syysviljat, rikkakasvien torjunta. Ajankohtaisia kasvin-
suojeluohjeita. Kasvinsuoj.seur. Julk. 79: 33-34. 
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kasvinsuojeluohjeita. Kasvinsuoj.seur. Julk. 79: 46-47. 
Heinien siemenviljelykset, rikkakasvien torjunta. Ajan-
kohtaisia kasvinsuojeluohjeita..Kasvinsuoj.seurjulk. 79: 
48. 
Niittonurmet ja laitumet, rikkakasvien torjunta. Kasvin-
suoj.seur. Julk. 79: 49. 
Viljojen torjuntaruiskutukset ja sää. Koetoim. ja Käyt. 
45: 56. 
The effect of frost and herbicide treatment on some field 
crops and weeds. Ann. Agric. Fenn. 27, 2: 131-140. 

HIIVOLA, S-L. & RANTANEN, 0. Kaura. Koetoim. ja Käyt. 45: 
20. 
& RANTANEN, 0. Ohra. Koetoim. ja Käyt. 45: 20. 

ItotA, A., ELOMAA, E. & Puu', S. Testing of a Danish growth 
model for barley, turnip rape and timothy in Finnish 
conditions. J. Agric. Sci. Finl. 60: 631-660. 

JUNNILA, S. Mitä dinosebin jälkeen rikkakasvien torjunnas-
sa. Kasvinsuoj.seur. Kasvinsuojelupäivät 1988: 39-43. 
Kevätviljojen rikkakasvien torjunta-aika. Kasvinsuoj. 
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Käyt. 45: 24. 
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kimuskeskus. Tiedote 8/87: 67-134. 

KÄNKÄNEN, H. & KONTTURI, M. Kylvötiheyden vaikutus leh-
tityypiltään erilaisten herneiden sadon muodostumiseen. 
Maatalouden tutkimuskeskus, Tiedote 22/88. 69 p. 

MELA, T. Luonnonmukainen peltoviljely Suomessa. Helsin-
gin yliopiston kasvinviljelytieteen laitos. Julkaisuja 16, 
238 p. 
The diversity of alternative farming in Finland. Global 
perspectives on agroecology and sustainable agricultural 
systems. Proc. Sixth Intern. Sci. Conf. of the Intern. 
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375. Santa Cruz, California. 
Vaihtoehtoisia viljelytapoja - minkälaisia ne ovat? Kyl-
vösiemen 5: 5-9. 

MUKULA, J. Försöksverksamheten på växtodlingsområdet i 
Sverige. 23 p. Lantbrukets forskningscentral; Jockis, Fin-
land. 
The effects of climatic variations on agriculture in Fin-
land. The effects on barley yields. The Impacts of 
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M.L. Parry, T.R. Carter & N.T. Konijn. Kluwer Academic 
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toim. ja Käyt. 45: 22. 
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jelulehti 21, 4: 100-101. 
Hukkakaura. Ajankohtaisia kasvinsuojeluohjeita. Kasvin-
suoj.seur. Julk. 79: 25-30. 
Ristikukkaiset öljykasvit, rikkakasvit. Ajankohtaisia kas-
vinsuojeluohjeita. Kasvinsuoj.seur. Julk. 79: 69. 
& ERVIÖ, L-R. The efficacy of chemical weed control in 
spring cereals in Finland. Weed Research 28: 231-235. 
& ERVIÖ, L-R. Changes in the weed infestation of spring 
cereals in Finland between the 1960's and 1980's. Proc. 
VIIIeme Colloque International sur la Biologie, l'Eco-
logie et la Systematique des mauvaises herbes, Dijon 
Ranska, p. 439-444. 

SEPPÄLÄ, R. & KONTTURI, M. 1987. Mallasohran reagointi 
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telmissä. Lisensiaatintutkimus. Helsingin yliopisto, kas-
vipatologian laitos. Mimeogr. 94 p. 
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Kongressikuulumisia: Peruna ja viljelykierto. Tärkkelys-
peruna 15, 3: 24-28. 
Perunamaan muokkaus. Suomen Perunaseuran talvise-
minaari. Suomen Perunaseuran julkaisuja 1/1988. 5 p. 
Perunan fosforitarve. Tärkkelysperuna 15, 3: 9-11, 30. 
Perunan istutusaika, idätys ja multaus. Koetoim. ja Käyt. 
45: 25. 
Perunantutkimuslaitos tutuksi. Tärkkelysperuna 15, 2: 
17-20. 
(Ed.) Internacional conference on effects of crop rota-
tion on potato production in the temperate zones. Kan- 
sainvälinen konferenssi viljelykierron vaikutuksista lauh-
keiden vyöhykkeiden perunantuotannossa. Esitelmäly-
hennelmiä ja muistiinpanoja. Perunantutkimuslaitoksen 
julkaisuja 2/1988. 31 p. 

, PIETILÄ, L. & RUIPPO, J. Kongressikuulumisia: Pohjois-
maiden perunaväki koolla Ultunassa. Tärkkelysperuna 
15, 2: 23-26. 

PIETILÄ, L. Seitin saa pois. Pellervo 90, 9: 20-21. 
Jatkuvan perunanviljelyn rikkakasviongelmat. Suomen 
Perunaseuran talviseminaari. Suomen Perunaseuran jul-
kaisuja 1/1988. 2 p. 
Kongressikuulumisia: Perunan kasvinsuojelu. Tärkke-
lysperuna 15, 1: 27-30. 
Peruna tutkijoiden puheenaiheena. Kasvinsuojelulehti 
1: 9-11. 
Perunan rikkakasvien torjunta. Kasvinsuojelulehti 2: 
32-35. 
Perunamaiden rikkakasvien torjunta. Koetoim. ja Käyt. 
45: 30. 
Perunan taudit. Pohjois-Pohjanmaan perunakerhon tal-
viseminaari. Rokua. 3 p. 
Perunan uudet taudit varsikuolio ja verkkorupi. Käytän-
nön Maamies 37, 4: 21-23. 
Perunan verkkorupi ja varsikuolio lisääntyneet. Koe-
toim. ja Käyt. 45: 8. 
Teollisuusperunalajikkeiden soveltuvuus. Koetoim. ja 
Käyt. 45: 28. 
Varsiston hävityksessä muistettavaa. Tärkkelysperuna 
15, 2: 15. 
Verkkorupi ja varsikuolio perunalla. Suomen Peruna- 
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seuran talviseminaari. Suomen Perunaseuran julkaisu-
ja 1/1988. 2 p. 
& RUIPPO, J. Perunaseitti (posteri). Suomen Perunaseu-
ran kesäseminaari. Suomen Perunaseuran julkaisuja 
2/1988. 2 p. 
Varsiston hävitys (posteri). Suomen Perunaseuran ke-
säseminaari. Suomen Perunaseuran julkaisuja 2/1988. 
2 13. 

RUIPPO, J. Kirvakesän jälkimainingit. Tärkkelysperuna 15, 
2: 12-13. 
Kongressikuulumisia: Pohjoismaiset kasvinsuojeluihmi-
set Malmössä. Tärkkelysperuna 15, 3: 28-30. 
Murtuuko Saturnan monopoliasema? Tärkkelysperuna 
15, 3: 13-15. 
& KUISMA, P. Koekentän reunalta. Tärkkelysperuna 15, 
3: 17-19. 

Sokerijuurikkaan tutkimuskeskus, Perniö 

Research Centre for Sugar-Beet, Perniö 

ERJALA, M. Sokerijuurikkaan aminotyppeen vaikuttavat te-
kijät. Juurikassarka 1, 1: 11-13. 
Faktorer som inverkar på aminokvävet i betorna. 
Betfältet 1, 1: 11-13. 
Juurikkaan potentiaalinen satotaso. Juurikassarka 1, 1: 
14-17. 
Sockerbetans potentiella skördenivå. Betfältet 1, 1: 
14-17. 
Miten viljelijä voi vaikuttaa sokerijuurikkaan laatuun? 
Juurikassarka 1, 2: 4-6. 
Hur kan odlaren inverka på sockerbetans kvalitet? 
Betfältet 1, 2: 4-6. 
Hinnoittele juurikkaasi syksyllä mahdollisimman kor-
kealle. Juurikassarka 1, 3: 8-10. 
Prissätt dina egna betor så högt som möjligt om hösten. 
Betfältet 1, 3: 8-10. 
Förebyggande av manganbrist hos sockerbetor med 
hjälp av radmyllning och manganhaltig fullgödsel. Nord. 
Jordbr.forskn. 70, 3: 426. 

LINDROOS, N. Sokerijuurikkaan korjuukoneiden työtutki-
mustuloksia. Juurikassarka 1, 4: 18-20. 
Arbetsundersökningsresultat med betupptagare. Betfäl-
tet 1, 4: 18-20. 

PELO, M. Suomen juurikaspeltojen viljavuus 1984-1987. 
Sokerij.Tutk.kesk.tied. 1988, 1: 1-21. 

— Juurikaspeltojen viljavuustilanne vuonna 1987. Juurikas-
sarka 1, 3: 13-16. 
Betfältens bördighetstillstånd. Betfältet 1, 3: 13-16. 

RAININKO, K. Seed bed preparation and simultaneous place-
ment of fertilizer at drilling in one operation to save 
costs and increase yield. IIRB 51st Winter Congress 
Proc. p. 23-32. 
Viljelykierto ja yhdistelmäkylvö — väliaikatietoja Poh-
jankartanossa olevasta kokeesta. Juurikassarka 1, 2: 
10-12. 
Växtföljd och harvsådd — mellanrapport från försök på 
Pojogård. Betfältet 1, 2: 10-12. 
Neuvontatutkimuksen tuloksia. Juurikassarka 1, 4: 4-5. 

Resultat från konsulentundersökningen. Betfältet 1, 4: 
4-5. 
Kasvukerros ja siemenlajikkeet yleis- ja golfkentillä. 
Nurmipäällysteiset yleis- ja golficentät RIL K 97-1988: 
75-79. 

Työtehoseura, Helsinki 

Work Efficiency Association, Helsinki 

JÄRVENPÄÄ, M. The advantages of improved information 
system and automatic control of a combine harvester. 
AgEng 88, Intern. Conf. on Agric. Engin. Book of 
Abstracts: p. 
Huonolla siemenellä kylvölle. Teho 4: 4-5. 
Savukaasut viljan joukkoon. Teho 4: 31-33. 
Puinnin viime vinkit. Teho 7-8: 25-26. 
Siemensadon puinti. Nurmikasvien siementuotanto. Tie-
to tuottamaan 49: 63-73. 
& SUOKNUUTTI, S. Kone- ja työkustannukset maatilojen 
keskinäisessä työavussa. Traktorin työtunnin, leikkuu-
puinnin ja viljan kuivauksen hintalaskelmat. Työteho-
seuran maataloustiedote 5/88 (356): 1-10. 

KALLIONIEMI, M. Kasvinsuojelupäiviltä. Ympäristö ja kasvin-
suojelu. Teho 4: 10-12. 
Viherrehun korjuu Unkarissa. Teho 4: 36-38. (Kään-
nös tri Gyala Banhazin englanninkielisestä tekstistä). 
Lahovaurioiden korjaaminen. Työtehoseuran rakennus-
tiedote 5/88 (243). 4 p. 
Puun suojaus. Puurakennuksen kuokkavieraat. Työ-
tehoseuran rakennustiedote 6/88 (244). 6 p. 
Minne maatilan jätteet. Teho 10: 16-18. 

LAINE, E. LA-puhelin maataloudessa. Teho 1: 22-23. 
Ei enää lämpöä harakoille — kuivurin eristäminen säästää 
kuivausaikaa ja polttoainetta. Teho 5: 22-23. 
Lämminilmakuivurin eristämisohjeet. Teho 7-8: 
29-30. 
Vanhan kasvinsuojeluruiskun kunnostaminen. Teho 10: 
19-21. 
LA rynnii maalle. Pellervo 90, 9: 60-61. 
LA puhelimen käyttö maataloudessa. Työtehoseuran 
maataloustiedote 1/88 (352). 6 p. 
& PELTOLA, A. Kuivurin eristäminen kannattaa aina. 
Työtehoseuran rakennustiedote 3/88 (241). 6 p. 
& LAVONEN, A. Vanhan kasvinsuojeluruiskun kunnos-
tusohjeet.. Työtehoseuran maataloutiedote 10/88 /361). 
8 p. 

LAITINEN, A. Lypsytyö vaatii kehittämistä. Teho 5: 24-25. 
LAVONEN, A. Riittävä valaistus maatalouden tuotantoraken- 

nuksiin. Työtehoseuran rakennustiedote 2/1988 (240). 
5 p. 
Kasvinsuojeluruiskun kunnostus. Leipä leveämmäksi 36, 
3: 24-25. 
Kasvinsuojeluruisku kaipaa kunnostusta. Karjatalous 64, 

26-27. 
Kasvinsuojeluruisku kuntoon — se kannattaa. Puutar-
ha Uutiset 40, 30: 867-868. 
Kasvinsuojeluruiskua käytetään sormituntumalla. Teho 

15-16. 
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Huolellisella ajolla tuloksiin. Teho 4: 26-28. 
Tehoboxin käyttö vuonna 1987. Teho 5: 8-9. 
Toimiva valaistus. Teho 7-8: 36-37. 
& LAINE, E. Vanhan kasvinsuojeluruiskun kunnostami-
nen. Teho 10: 19-21. 

MALKKI, S. Alkon jätevesiliete kompostoitui hitaasti turpeen 
kanssa. Puutarha Uutiset 40, 7: 202-204. 
Herukan laikkutaudin torjunta. Puutarha 91, 5: 
343-345. 
Mesimarja vaatelias viljelykasvi. Teho 5: 33-35. 
Kemiallinen torjunta välttämätöntä herukan laikkutau-
tien torjunnassa. Teho 5: 30-32. 
Mesimarja vaatelias viljelykasvi. Puutarha-Uutiset 40, 20: 
644-645. 
Herukan variste- ja harmaalaikkutaudin monitorjunta. 
Kasvipatologian laitoksen sivulaudatur-työ. 49 p. + 4 
App. 
Kuivikkeen vaikutus talousjätteen kompostoitumiseen. 
Koeselostus. 7 p. + 7 App. (Saatavana Työtehoseuran 
rnaatalousosasto, Rajamäki, Suomi.) 
Lämpöeristyksen vaikutus Biolan-kompostoreiden toi-
mivuuteen talvella. Koeselostus. 6 p. + 8 App. (Saata-
vana Työtehoseuran Maatalousosasto, Rajamäki, Suo-
mi.) 
Förutsättningar för maskinell skörd av jordgubbar i Fin-
land. NJF:s seminar nr. 138. Jordgubbsodling i Norden 
- aktuell i teknik och sorter. p. 49. 

MATTILA, P. Vetovoiman vahvistin traktoriin. Teho 4: 
29-30. 
Laskentarutiinien rationalisointia Savitaipaleella. Teho 
5: 4-5. 
Muovinavetta käytössä toistakymmentä vuotta. Teho 5: 
15-16. 
& PAAVOLA, K. Investointien suunnittelu (INSU) -ohjel-
ma maatalouden investointien suunnitteluun. Työteho-
seuran maataloustiedote 9/1988 (360). 4 p. 

, MATTILA, T., HENNOLA, P. & PELTOLA, A. Perunankorjuu, 
nostovioitukset ja työnkäyttö tilalla. Työtehoseuran jul-
kaisuja 298. 115 p. Helsinki. 

NURMISTO, U. Neljännesvuosisata rakennustiedotteita. Työ- 
tehoseuran rakennustiedote 9/1988 (247). 4 p. 

OKSANEN, E.H. Kansainväliset maatalousteknologian järjes- 
töt. Suomen Maatal. Tiet. Seuran Tied. 11: 135-139. 
Improving the Ergonomy of Older Tractors. XXIII 
CIOSTA -CIGR V Documentation: 240-246. Llubljana, 
Jugoslavia. 
Yhteistyötä maatalouden energiatutkimuksissa. Teho 10: 
15, 22-24. 
Production and con version of Forest Biomass for 
Heading Plants in Finland. Second CNRE Workshop on 
Forest Biomass. Mimeogr. 10 p. Ormea, Italia. 
An Association Becomes a Linking Organization. Int. 
Seminar on the Role of Scientific and Engineering 
Societies in Development. Paper. S. 4/5: 1-5. Kairo, 
Egypti. 

PAAVOLA, K. Varastoi ja käsittele oikein säkkilannoitteita. 
Karjatalous 64, 4: 24-25. 
Bitumiemulssiolla edullinen lattia konehalliin. Teho 5: 
18-19. 
Dieselmoottorilla edullista tehoa kylmäilmakuivaukseen. 

Työtehoseuran rakennustiedote 4/1988 (242). 8 p. 
PELTOLA, A. Viljankuivureiden mitoittaminen erilaisiin olo-

suhteisiin. Työtehoseuran maataloustiedote 3/1988 
(354). 6 p. 
Viljankuivurin säätä kuivauksen aikana - hyödyksi vai 
hienostelua. Työtehoseuran maataloustiedote 4/1988 
(355). 8 p. 
Benelits of microprocessor control in grain recirculating 
mixed flow batch dryers. Intern. Conf. on Agric. Engin. 
Book of abstracts. p. 273-274. Paris. 
Toimivat järjestelmät konekeskeisen ajattelun sijaan. 
Teho 4: 3. 
Kuivausilman vakiolämpöautomatiikka - näppärä oi-
vallus viljankuivureissa. Teho 1: 12-14. 
Mikroaaltouunista apua maatilojen kosteusmäärityksiin. 
Teho 1: 15-16. 
Rehuvilja kestää korkeaa kuivauslämpöä. Maatilan Pirkka 
4: 20-21. 
Råd för varmluftstorkning. LOA 6-7: 286. 
Viljakuivurin mitoittaminen erilaisiin olosuhteisiin. 
Kylvösiemen 27, 3: 23-27. 
Miten valita kooltaan sopiva lämminilmakuivuri. Kone-
viesti 1: 18-20. 
& KALLIONIEMI, M. Viljankuivausopas. Joukkopostitus 
kaikille viljelijöille. 
& KALLIONIEMI, M. Viljankuivausopas. Työtehoseuran 
julkaisuja 299. 125 p. Helsinki. 

PELTOLA, I. Väliaineen käyttö parantaa juuresten säilyvyyt-
tä. Teho 6: 36-37. 
Occupational safety counselling in agricultural con-
struction. XXIII CIOSTA -CIGR V. Documentation: 
263-266. Llubljana, Jugoslavia. 

SUOMALA, E. Kuuma kuivausilma kuivurissa. Teho 7-8: 
27-28. 
& PELTOLA, A. Kuivausilman lämpötilan ja kuivurin si-
säisten kuumien metallipintojen vaikutus ohran elinvoi-
maan viljaa kierrättävässä sekavirtaustyyppisessä kuivu-
rissa. Työtehoseuran maatalous- ja rakennusosaston mo-
nisteita 1/1988. 103 p. + App. 

TUURE, V-M., PELTOLA, 1., MÄKI, K. & PAAVOLA, K. Työme-
netelmät ja työn rasittavuus paalatun heinän latokuivauk-
sessa. Työtehoseuran maataloustiedote 8/1988 (359). 
8 p. 

VIRTANIEMI, J. & HELMINEN, J. Säilörehl111 välivaraston toimi-
vuus rehunsiirtoketjussa. Työtehoseuran rakennustie-
dote 7/1988 (245). 6 p. 

WooLs-roN, G. Asuintalon viherhuoneet kehittyvät. Raken-
nustaito 1/88: 26-27. 
Millainen kasvihuone? Kotipuutarha 4: 164-166. 
Kasvilavat - ja muita pieniä kasvinsuojuksia. Työteho-
seuran rakennustiedote 1/1988 (239). 4 p. 
Toisenlainen navetta. Teho 5: 14-15. 
Kotitalousjätteiden kompostorit. Teho 5: 26-27. 
Viherhuone kansainvälisesti kiinnostava. Teho 6: 
34-35. 
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Valtion eläinlääketieteellinen laitos, Helsinki 

National Veterinary Institute, Helsinki 

ERIKSSON, J., HENRIKSSON, K. & SCHULMAN, A. Sian Dermatosis 
vegetans. Suom. Eläinlääk.l. 94: 6: 300-301. 

FAGERHOLM, H-P. & BERLAND, B. Description of Ascarophis 
arctica Poljansky, 1952 (Nematoda: Cystidicolidae) in 
Baltic Sea fishes. Systematic Parasit. 11: 151-158. 

—, VALTONEN, E.T. & HELLE, E. Contracaecum osculatum 
(Nematoda: Anisakidae) in fish and seals in the Bothnian 
Bay (Northeastern Baltic Sea). Intern. J. Parasit. 18: 
356-370. 
BUTTERWORTH, E. Ascarophis sp. (Nematoda: Spirurida) 
attaining sexual maturity in Gammarus ssp. (Crustacea). 
Systematic Parasit. 12: 123-139. 
Nematode parasites of fish in•North-Western Europe, 
Proc. Symp. on fish parasites of NW Europe, Petro-
savodsk. Akad. Nauka SSSR and Finnish Academy of 
Science, 4 p. (In print) 
Incubation in rats of a nematodal larva from cod to es-
tablish its specific identity: Contracaecum osculatum 
(Rudolphi). Parasit. Res. 75: 57-63. 
Patterns of caudal papillae in Contracaecum osculatum 
(Nematoda) and some related species from different 
regions of the world. Intern. J. Parasit. 18. 13 p. 

HINTIKKA, E-L., WESTERLING, B., SAARI, L. & Rizzo, A.F. Oc-
currence of Trichothecenes in feeds and grains — 
Trichothecene poisoning in farmed rainbow trout. 
Microbiologie-Aliments-Nutrion 1988. (In print) 

LINDFORS, E., BERG, S. & RIZZO, A.F. Determination of 
Trichothecenes Mycotoxins as their trimethylsilyl and 
heptallurobutyryl derivatives in feed and grains. Seventh 
Int. Symp. Mycotoxins and Phycotoxins. Tokyo, Japan. 
Proc. of the Japanese Assoc. of Mycotoxicology 1988. 
(In print) 

LOUNATMAA, K., NURMI, E., VEIJALAINEN, P., HAKKINEN, M. 8z 
SCHNEITZ, C. The surface layer (S-layer) mediated adher-
ence of Lactobacillus acidophilus to the epithelial cells 
of avian alimentary tract. Biotieteen päivät. 

NURMI, E. Modern methods of public health practice; Ex-
clusion of food-borne pathogens. 5th ISVEE Symp. 
Copenhagen, Denmark. 
HIRN, J., OIVANEN, L. & KAUPPI, M. The combined use 
of antibiotic treatment and competitive exclusion (CE) 
in eradication of Salmonella and Campylobacter in poul-
try. VI World Conf. Anim. Prod. Proc. p. 698. Helsinki. 

Rizzo, A. Gas Chromatography-Mass Spectrometry, an ef-
fective technique in the determination of Trichothe-
cenes. The fourth Nat. Symp. on Mass Spectrometry. 
Tampere and Lakiala. 

ATROSHI, F Rizzo, A.F., TYÖPPÖNEN, J. & PARANTAINEN, J. 
Glutathione metabolism, prostaglandins and lipid perox-
idation in relation to inflammation in bovine mastitis. 
Free radicals in medicine. Current status of antioxidant 
therapy, wintermeeting. Paris. 
Rizzo, A.F., WESTERMARCK, T. & PARANTAINEN, J. Possi-
ble role of GSH and GSH-enzymes in lipid peroxida-
tion, formation of prostaglandins and free radical-
dependent host defence in bovine mastitis. The fourth 
abiennal general meeting of the Society for Free Radi- 

cal Research; Int. Conf. on Medical, Biomedical and 
Chemical aspects of Free Radicals. Kyoto, Japan. 

SCHULMAN, A. Experience gained from a national pig health 
scheme. VI World Conf. Anim. Prod. 6, 3: 620. Helsinki. 

PUONTI, M. & SCHULMAN, A. Eradication of halothene gene 
from Finnish pig population. VI WAAP conf. 4, 7: 478. 

KORPELA, H., SCHULMAN, A. & RAHKO, T. The Insiclence of 
Microangiopathy (Mulberry Hearth Disease) in Necrop-
sied Pigs in Finland. J.Vet.Med. A. 1988, 35: 705-708. 

SIHVONEN, L., KURL, D.N. & HENRICKSEN, J. StreptOCOCCUS 
suis isolated form pigs in Finland. Acta Vet. Scand. 1988, 
29: 9-13. 
Rabiesrokotteet (Vaccines against rabies). Suomen Eläin-
lääk.l. 94, 11: 510-514. 

Valtion hevosjalostuslaitos, Ypäjä 

State Horse Breeding Institute, Ypäjä 

KATILA, T., KOSKINEN, E., KUNTSI, H. & LINDEBERG, H. Fertil-
ity after postovulatory inseminations in mares. llth Int. 
Congr. on Anim. Reprod. and Artificial Insemination. 
Congr. Proc. 2: 96-98. 

, KOSKINEN, E. & OIJALA, M. EVa/uatiOn of the post par-
tum mare in relation to foal heat breeding. I. Rectal pal-
padon, vaginoscopy and ultrasound scanning. J. Vet. 
Med. A 35: 92-100. 

, KOSKINEN, E., OIJALA, M. & PARVIAINEN, P. Evaluation of 
the post-partum more in relation to foal heat breeding. 

Uterine swabbing and biopsies. J. Vet. Med. A 35. 
, KOSKINEN, E., KURKI, E. & LEVONEN, K. Tammojen tal-

vianestruksen lyhentäminen. Suom. Eläinlääk.l. 94, 12: 
544-548. 

KOSKINEN, E., KATILA, T., LINDEBERG, H. & KUNTSI, H. Milk 
and serum progesterone levels after ovulation in mares. 
1 1 th Int. Congr. Anim. Reprod. and Artificial Insemi-
nation. Congr. Proc. 2: 36-38. 

MÄENPÄÄ, P.H., KOSKINEN, T. & KOSKINEN, E. Serlaa profiles 
of vitamins A, E and D in mares and foals during differ-
ent seasons. J. Anim. Sci. 66: 1418-1423. 

, PIRHONEN, A. & KOSKINEN, E. Vitaalit] A, E and D nutri-
tion in mares and foals during the winter season: Ef-
Teet of feeding two different vitamin-mineral concen-
trates. J. Anim. Sci. 66: 1424-1429. 

—, PIRSKANEN, A. & KOSKINEN, E. Biochemical indicators of 
bone formation in foals after transfer from pasture to 
stables for the winter months. Am. J. Vet. Res. 49, 11: 
1990-1992. 

SAASTAMOINEN, M. Syntymäkuukauden vaikutus varsan ke-
hitykseen ja myöhempiin kilpailutuloksiin. Hevosur-
heilu, Talvikuvasto 2: 132-133. 
Hevosen ruoansulatus. Hippos 1: 18-19. 
Astutus ja varsominen. Ravimies 3, 5: 74-75. Ratsastaja 
4, 7: 12. 
Kantavan ja varsovan tamman ruokinta. Ratsastaja 4, 2: 
10-11. 
Mitä rehuja hevoselle. Ravimies 3, 1: 103-104. Ratsasta-
ja 4, 16: 4-5. 
Käytännön hevosjalostuksen perusteita, Ravimies 3, 3: 
p. 60-61. 
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Ratsuhevosen ruokinta eri käyttömuodoissa I. Hippos 
2: 24-25. 
Ratsuhevosen ruokinta eri käyttömuodoissa II. Hippos 
3: 30-31. 
Ratsuhevosen ruokinta eri käyttömuodoissa III. Hippos 
5: 18-19. 
Ratsuhevosen ruokinta eri käyttömuodoissa IV. Hippos 
8: 27. 
Hevoset pihatossa. Ratsastaja 4, 18: 10. 
Taloudellisuutta ruokintaan. Ravimies 3, 9: 49. Ratsastaja 
4, 16: 19. 
Kaupalliset ja teolliset rehut hevosten ruokinnassa. 
Hevosurheilu, Jalostuskuvasto 1: 158-160. 
& JUUSELA, J. Vitamiinien saanti ja tarve hevosella. 
Hevosurheilu, Talvikuvasto 2: 134-137. 
& OJALA, M. Influence of birth month on race track 
records in young trotters. Proc. VI World Conf. Anim. 
Prod., p. 495. 

Valtion maatalouskemian laitos, Vantaa 

State Institute of Agricultural Chemistry, Vantaa 

ANON. Valtion maatalouskemian laitos 1987. Meddelanden 
från Statens lantbrukskemiska anstalt med referat på 
svenska. Reports of the State Institute of Agricultural 
Chemistry. Vantaa. p. 122. 

SILTANEN, H., MUTANEN, R. & KUUKKA, P. Residue Analyses 
of the Official Testing of Pesticides 1986. Publ. State 
Inst. Agric. Chem. 28. p. 123, Vantaa. 

MUTANEN, R.M., SILTANEN, H.T., KUUKKA, V.P., ANNILA, E.A. 
& VARMA, M.O. Residues of Diflubenzuron and Two of 
its Metabolities in a Forest Ecosystem after Control of 
the Pine Looper Moth, Bupalus pinarius L. Pestic. Sci. 
23: 131-140. 

digestibility of casein. Proc. 7th World Congr. Food Sci. 
Technol. Singapore 1987. 6 p. (In print) 
Maitovalmisteiden vesiliukoiset vitamiinit. Ravitsemus-
katsaus 2/1988: 25. 
Jäätelö ravitsemuksessa. Meijeriteollisuus 7: 8-9. Valt. 
Maitotal. Tutk.lait. Tied. 240. 4 p. 

KANKARE, V. Maitorasvan teknologian uudet haasteet. 
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