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ANNALES AGRICULTURAE FENNIAE, VOL. 26: 1-18 (1987) 
Seria AGRICULTURA N. 82 — Sarja PELTOVILJELY n:o 82 

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

I. BASIC FACTS ABOUT FINNISH FIELD CROPS PRODUCTION 

JAAKKO MUKULA and OLLI RANTAI\TEN 

MUKULA, J. & RANTANEN, 0. 1986. Climatic risks to the yield and quality of 
field crops in Finland. I. Basic facts about Finnish field crops production. Ann. 
Agric. Fenn. 26: 1-18. (Agric. Res. Centre, Dept. Crop Sci,, SF-31600 Jokioinen, 
Finland.) 

Finland is the most northerly agricultural country in the world. It has some 2,4 million 
hectares of arable field located between the latitudes of 60-67°N and distributed 
among 230 000 farms. The major soil types are various mixtures of glacial till, sand, 
silt, clay and peat. The growing season (+5 °C ... +5 °C) is 170-180 days long in 
the south and 130-135 in the north. The effective temperature sums (above +5 °C) 
are 1 200-1 300 dd and 750-800 dd, respectively. The mean temperature of the 
warmest month, July, is 16-17 °C, and precipitation during the growing season 
totals 250-300 mm. 

The production of field crops is closely linked with animal husbandry. The major 
crops are grasses for hay and silage (including pasture), barley, oats, wheat, oil-seed 
rape, rye, potato and sugarbeet. The degree of mechanization of Finnish agriculture is 
well advanced. The average "trend yield", 2 650 fodder unit per hectare in 1985, 
showed a remarkable annual increase of 1,7 % during the period of this study (1969-
1986). As a result, agricultural production in Finland exceeds domestic needs. 

The climatic risks, however, to both the quantity and quality of yield are consider-
able, especially in the northem marginal areas. The variability of weather and climate 
brings forth annual fluctuation in yield. High production costs are another problem 
resulting in difficulties to sale the surplus products. 

Index words: Finnish agriculture, field crops, harvest, climate, soil types. 

INTRODUCTION 

In .1975 —1981 the department of Crop Science 
of the Agricultural Research Centre carried out 
the first study on risk factors affecting the quan-
tity and quality of field crops in Finland, with 
particular attention to regional differences in 

the quantity and quality of major field crops. 
The study covered the period 1950-1975, and 
the main results have been published as reports 
in the Finnish i:ublication series entitled Maata-
louden tutkimuskeskuksen Kasvinviljelylaitok- 
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sen Tiedote (MuKuLA et al. 1976-1981, KAL-
LINEN et al. 1977, SIREN 1977, SUOMELA et al. 
1977, VARIS et al. 1981). 

In view of the importance of the study and 
the experiences gathered during its implemen-
tation, it was decided in 1984-1986 to carry 
out a complementary survey of the developing 
yield trends, and of climatic impacts to the an-
nual variation and economy of production. 
This survey period was limited to cover the 
period 1969-1986, i.e. the time of present culti- 

vation technology. This, the first introductory 
report (I) of the survey, gives background in-
formation about the geographical, meteorologi-
cal and technological conditions of field crop 
production in Finland. The aim of the second 
report (II) is to outline a proposal for an im-
proved zonal and sub-zonal division of agri-
cultural land in Finland (RANTANEN and So-
LANTIE, in this volume, p. 19-37). The results 
for individual crops will be published in later 
reports. 

MATERIAL AND METHODS 

For this study the yield records of crops were 
collected from the Official Statistics of Finland 
(Suomen Vir. Til. 1969-1986) and from the 
results of field experiments of agricultural ex-
periment stations. In the Official Statistics the 
yield records are given as averages of each 'agri-
cultural district' (Fig. 1). The meteorological 
records were obtained from the network of ob-
servation stations of the Finnish Meteorological 
Institute (Ilmastohav. 1969-1986). Empirical 
statistical yield-climate models were used to 
evaluate the climatic impacts to agricultural po-
tential and productivity (KETTUNEN et al. 
1986, MUKULA 1987). This was done by means 
of selective multiple regression analyses. The 
variability of crop yields was measured by 
correlation coefficient. 

Fig. 1. The agricultural districts (No. 1-20), agricultural 
field experiment stations (A) and major meteorological ob-
servation stations (*) in Finland. 
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FIELD AREA AND CROPS 

At present Finland has some 2,4 million hec- of the country's arca (Fig. 2). The cultivation 
tares of arable field located between the lati- 	of field crops is closely linked with animal hus- 
tudes of 600  and 67° and comprising 8 per cent bandry. Finland has approximately 230 000 

Fig. 2. The geographic distribution of arable fields in Finland calculated as per-
centages of total land arca of farms (Atlas of Finland 1982: 11g). 
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Fig. 3. The development of Finland's arable area, and the 
division of arable area by different crops. 

farms, of which 63 000 are producing not only 
field crops but also raising dairy cattle. Even 
beef, pork, eggs and broilers are produced on 
more specialized farms. 

Crop rotation is practised to the extent al-
lowed by meteorological, soil and economic 
factors. The most important field crops are 
grasses for hay and silage (including pasture),  

barley, oats, wheat, oil-seed rape, rye, potato 
and sugarbeet. The distribution of field area ac-
cording to crops is shown in Figure 3. It shows, 
firstly, that the total field area has been de-
creasing since the 1960s. This is mostly due to 
urbanization and highway building on arable 
!and in the south and deforestation of fields in 
the north. The area used for cultivation of 
grasses has decreased the most, due to overpro-
duction and oversupply of dairy products. Acre-
age of rye cultivation has also declined steadily. 

On the other hand, the areas of barley and 
oil-seed rape are increasing. A more detailed 
distribution of the regional cultivation of 
various crops shall be presented in the later re-
ports of this study. 

For climatic reasons, late ripening cereals, 
oil-seed rape and sugarbeet can be grown in 
southern Finland only. Early-ripening cereals 
and potatoes can be grown up to the central 
and north-central parts of the country, while 
grasses thrive satisfactorily even in certain areas 
of northern Finland. The great majority of cul-
tivars grown are of domestic breed. 

CLIMATE 

Finland's geographical location, at the extreme 
northern limit of successful agriculture, means 
that crops are exposed to risks caused by cool 
climate. On the other hand, the warmer a:ir 
brought by the Gulf Stream from the North 
Atlantic makes Finland's climate milder than 
elsewhere at corresponding latitudes. Further, 
the Baltic Sea with its bays and Finland's inlard 
lakes act as heat reserves levelling out thermal 
differences between seasons. For these reasons, 
extensive cultivation of field crops is successful 
in Finland at latitudes more northerly than 
anywhere else or at latitudes between 
67°N. 

Length of the growing season 

Due to its northerly location, the growing 
season is short in Finland, and this sets certain 
limitations on crop production. The growing 
season comprises the period when the average 
daily temperature remains above +5 °C. Thus 
the growing season averages 170-180 days in 
southern Finland, and is some 130-135 days at 
the northern edge of field crop production (Fig. 
4). 

There are annual fluctuations in the length 
of the growing season, and the first weeks of 
the season are often lost due to delays in sowing 
caused by ground frost, rain or spring floods 
(RANTANEN and SOLANTIE, in this volume p. 
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Fig. 4. The length of growing season +5 °C—+5 °C. 

19-37). Further, frosts may interrupt or con-
siderably shorten the growing time for field 
crops. Thus cereals must ripen in a shorter time 
than would be required by the average length of 
the growing season. Only those cereal varieties 
with an average growing time of, at most, 115 
days in southem Finland and 90 days in north-
ern Finland are likely to ripen in time. Grasses, 
on the other hand, are able to make use of the 
entire growing season, though the shortness of 
the season limits both the number of mowings 
and the length of grazing time. 

Thermal conditions during the growing 
season 

Mean monthly temperature is the traditional 
indicator of the quality of thermal conditions 
in the growing season. The degree days (dd) or 
so-called  effective temperature sum  (ETS), how-
ever, is a more accurate measure of thermal re-
quirements of crops. In Finland the practice is 
to calculate the ETS from the sum of the mean 
daily tempratures above +5 °C during the 
growing season. In southem Finland ETS is 
usually accumulated for an average of 1200-
1300 dd but, primarily due to shorter growing 
season, for only about 750-800 dd at the 
northern marginal areas (Fig. 5). In other words, 

Fig. 5. The effective temperature sum or degree days 
> +5 °C; (Finnish Meteorological Institute 1986). 
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Fig. 6. Number of night frosts in June-July (SOLANTIE 
1980). 

the ETS has more time to rise in the south, 
whereas the mean growing season temperatures 
in the south are not much higher than in the 
north. The mean temperature for July, the 
warmest month, is approximately 17 °C in 
southern Finland and about 16 °C in the north, 
at Rovaniemi's latitude. 

In practice thermal sufficiency, i. e. the ETS, 
is determining the northern limit of cultivation 
for each crop. The latest cultivars of spring 
cereals and oil-seed rape grown in Finland re-
quire an average of 1 100-1 150 dd to ripen, 
the earliest ripening some 750-800 dd. Fluctu-
ation in the annual ETS is some ±200 dd (once 
in 20 years) means that, in some years, the latest 
ripening cultivars grown in Finland have insuf-
ficient time to ripen even in the southernmost 
areas; and in a cool summer even the earliest 
ripening cultivars may not have time to ripen at 
the northerly edge of cultivation. Late ripening 
cultivars requiring abundant amounts of ther-
mal energy produce the highest yield, and it is 
therefore tempting to use all available ETS to 
best advantage despite the increased risk in-
volved. 

Night frosts  occurring at the end of the 
growing season have been the cause of Finland's 
worst famines over the centuries. Up until the 
1950s, night frosts caused considerable crop 
losses in Finland, on average every fifth year 
(PESSI 1958). Since then, severe night frosts 
have occurred less frequently. 

With cereals, milder autumn frosts first af-
fects the quality and only then, when severe, do 
they affect the size of the crop. Early autumn 
frosts usually destroy the germinability of seeds. 

In spring time or during the early summer 
night frosts are even more scommon and more 
severe but are less dangerous than the autumn 
night frosts. Of the spring sown crops only 
barley and .sugärbeet are sometimes killed by 
frost after germination or during the early 
growth. Rye is sometimes damaged at flowering 
time in June and barley before the emergence of 
spices in early July. Later in July, night frosts  

are rare and not severe causing yield loss to the 
potato crop at most. 

Figure 6 shows the likelihood of night frosts 
occurring from June to August in various re-
gions of the country. The zone most susceptible 
to night frosts extends from northern Finland 
along the inland areas of the west coast down 
to the latitudes 62-63°N, whereas eastern 
Finland's lake district usually remains free of 
severe frosts (below —2 °C) until the end of 
August (SOLANTIE 1982). 

Annual rainfall in Finland is somewhat greater 
than evaporation and for this reason most fields 
have to be drained. Southern Finland has a 
mean annual rainfall of 600-700 mm; the corre-
sponding figure at the northern edge of culti-
vation is 400-500 mm (Fig. 7a). Rainfall 
during the growing season averages some 250-
350 mm, an amount usually sufficient for suc-
cesful growing of field crops. The need of plants 
for water varies, however, and depends on the 
evaporation of moisture, which in turn depends 
on air temperature, relative humidity and wind 
velocity. Further, precipitation in Finland is 
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distributed unevenly, for which reason yield 
losses due to both drought and rain are com-
mon. 

In early summer the amount of rainfall is 
low, only 40-60 mm per month, and com-
pletely rain-free periods often last several weeks. 
The total precipitation shortfall from May to 
July is 100-130 mm in southern and coastal 
areas (Fig. 7b). Certain crops like grasses, for 
instance, may transpire as much as 4,5 mm 
daily, i.e. 135 mm monthly. Therefore early 
summer droughts often cause serious yield 
losses especially in southern and coastal regions 
and in certain soil types prone to dryness, such 
as silty soil and fine sand. 

Abundant precipitation is most often a disad-
vantage at the end of the growing season, when 
the monthly amounts of rainfall are the greatest, 
with a mean of 60-80 or even 100-200 mm. 
The relative air humidity is also at its highest  

and evaporation at its lowest in autumn; thus, 
in Finland, harvesting of grain is often at the 
mercy of the weather. Moisture increases the 
a-amylase activity of grains which in turn brings 
about the hydrolization of starch, and it loses 
its capacity to bind water, the result being a 
lowered 'falling number'. In addition, rains 
cause sprouting and moulding of grains in the 
spices, and lodging of straw to the extent that 
the full crop cannot be harvested. The grains 
are usually moist when harvested, thus requiring 
costly drying. 

Long periods of rain may also make fields so 
soft that they no longer support tractors or 
harvesters. In the worst circumstances, lengthy 
periods of heavy rain cause floods, as does the 
melting of snow. Floods occur most often in 
the river valleys and plains, particularly in 
southern and central Ostrobothnia. 

Fig. 7. a) Annual precipitation, mm. (Kouuti 1969). 	 Precipitation shortfall in May-July, mm..(SEuNA-1977). 
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Length of day and amount of radiation 

The intensity of solar radiatiön during the 
growing season is higher in the south than in 
the north. Longer days in the north, however, 
partly compensate for this difference in the 
Midsummer time or during the early summer. 
Both the strength of solar radiation and the 
length of the day promote growth, and so 
growth is the most intense in the Midsummer 
time unless limited by other conditions, e. g. 
drought. 

Significance of winter 

The success of winter cereals and grasses de-
pends not only on the growing season but also 
on weather conditions in winter. The southwest 
and westem coastal regions are permanently 
covered with snow for 110-130 days, central 
Finland for 160 days and northern Finland for 
190-210 days (Fig. 8). Snow depth is least in 
the southwest and western coastal regions, and 
increases eastwards and northwards. 

A snow cover protects plants from frost but 
also exhausts their viability. If the permanent 
snow cover falls on ground not yet frozen, low-
temperature parasitic fungi can destroy the 
plants under the snow. Sometirnes an ice cover 
or surface water kills plants during winter. In 
spring, once the snow has melted, ground frost 
may cause plant dehydration and root breakage, 
particularly in dry soil. Poor winter survival 

110 

Fig. 8. The length of permanent snow cover season 
(KOLKKI 1969). 

limits the cultivation of winter wheat to 
southern and southwestern Finland, and winter 
barley cannot be grown in Finland at ali. The 
northern edge of rye and grass cultivation is 
also determined in part by their winter survival. 

TOPOGRAPHY AND SOILS 

Finland is typically a flat country, with glacial 
relief. Peat soils prevail over large areas, es-
pecially in central and northern Finland, tills in 
the central region, leaving most of the alluvial 
soils in the coastal areas of the south and 
southwest. There is some degree or regional 

differentiation in the production capacity of the 
soils in southern Finland between the coastal 
clays and the inland till areas, whereas a rela-
tively high spacial homogenity is typical of soils 
in the north. The geographical distribution of 
soil types of arable land in Finland is illustrated 
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Fig. 9. Distribution of the major soil types of arable land 
(KuRn 1972). 

in Fig. 9. Their properties and suitability for 
the production of field crops is clarified below. 

Glacial till consisting of coarse material is too 
easily permeated by water, and therefore poorly 
suited to farming. However, when containing 
finer textured material such as fine sand its 
water-binding properties and capillarity are 
good and the addition of organic matter makes 
it excellent. Such soil is easy to work, is mellow 
and light, and retains nutrients well; it is, how-
ever, often disturbingly stony. Mikkeli agricul-
tural district (No. 11, Fig. 1) in central Finland 
has the most sandy till put to agricultural use. 

Finesand,  dominating particle size 0,06-
0,2 mm, has fair water permeability and reten-
tion, but is relatively sensitive to drought. Sol-
uble nutrients are readily washed from fine 
sand, which thus requires frequent fertilization. 
Mixing finer finesand and silt with finesand im-
proves water retention. Proportionally, the most 
finesand put to agricultural use is on the west 
coast, in Ostrobothnia and on the Ahvenanmaa 
(Äland Islands). 

Finer finesand, dominating particle size 
0,02-0,06 mm, has excellent moisture proper-
ties due to its good capillarity and sufficient 
water binding capacity. Even the nutrient ab-
sorbing ability of finer finesand is good. As a 
result it usually contains higher amounts of 
nutrients than the coarser types of soil. If the 
amount of humus is sufficiently high, the finer 
finesand is one of the best soils for agricultural 
use. Increasing amount of silt in finer finesand 
improves its water binding capacity but slows 
down soil warming and drying and contributes 
to a risk of surface crusting. Finer finesand is 
found throughout Finland, most commonly 
near eskers and river walleys. The most exten-
sive river walleys are in the agricultural district 
No. 15 of southern Ostrobothnia. 

Silt, dominating particle size 0,002 — 
0,02 mm, is susceptible to drought. In spring a 
sludge forms readily as a result of rain and 
melting snow and ice. The surface is then 
crusted, and since the capillarity of silt is strong, 
new water from underground comes constantly 
to the surface and evaporates. As a result the 
surface hardens and in the end is too dry. In 
wet conditions the subsoil often lacks oxygen, 
whereas when dry the hard subsoil is a mech-
anical obstacle to root development. If the 
permeability of the subsoil is limited, e. g. 
because of a high clay content, compacted by 
ploughing or stratified, the topsoil may dry out 
vety quickly. 

Clay soils,  containing more than 30 % ma-
terial with particle size less than 0,002 mm, 
arose either through stratification at the end of 
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the Ice Age, in sweet or low salt content water, 
the result being stratified, or through sediment 
settling as water ran into post-Ice Age seas, i. e. 
salt water, in which case stratification is absent 
or unclear. Ali clay soils are plastic and tough 
when wet, hard and full of cracks when dry. 
Clay has better water permeability than silt due 
to its cracking and crumbling; clay also retains 
an abundant supply of water and nutrients. 
Most of the clay soil is in southern and 
southwestern Finland and on the western coast. 

Light clays  (sandy clay and silty clay) are dif-
ficult to work. Their clay content is not suf-
ficient for the formation of a permanent aggre-
gate structure, but high enough to make the 
soil hard and difficult to work when compact. 
"Silty clays" have high silt and clay contents, 
and in properties they are much like silt. "Sandy 
clays", however, resemble heavy clay and are 
suited for the cultivation of spring cereals. On 
the other hand, areas with sandy or silty clay 
having clay as subsoil, are sensitive to drought 
and therefore not well suited for growing spring 
sown crops (HEINONEN 1975). 

Heavy clay, containing more than 60 % clay 
size material, is not vety permeable to water. In 
autumn when wet it gets too compact, and this 
can cause a crop reduction of as much as 30 — 
40 per cent the following year (HEINONEN 
1975). The higher the water content of the soil, 
the greater the risk of it becoming too compact. 
Spring rain can delay the seed bed cultivation 
to the extent that sowing spring cereals be-
comes too risky. On the other hand, heavy clay 
has good sowing properties when there has 
been enough soil frost during the winter, and 
then it yields excellent harvests of spring cereals. 

Gyttja clays  are special clay types containing 
much organic matter. The most common is 
sandy gyttja clay. It has good capillarity, but it 
warms up slowly. As a result the start of culti-
vation and sowing of spring cereals is delayed. 

Mull is composed of both organic and min-
eral constituents, the organic matter content 
being some 20-40 per cent. Mull is usually the  

result of a thin peat layer blending, through 
working the soil, with the mineral soil beneath. 
Mull is usually light and airy, and retains moist-
ure and nutrients well. On the other hand, mull 
warms up in spring even more slowly than 
gyttja clay, so cultivation of late ripening spring 
cereals is not recommended. 

Peat soils,  composed of the wastes of mosses, 
sedges, grasses and trees, are classified according 
to their main components. The two main 
groups are Sphagnum peats and Carex peats. 
The latter are made up mainly of wastes from 
euthrophic plants with high growth require-
ments, the former of wastes from less de-
manding Sphagnum species. Soils with over 
40 % of organic matter are classified as peats. 
They have a much greater water retention ca-
pacity than mineral soils; peat warms slowly, 
and abundant evaporation binds heat; thus 
peats are colder than mineral soils. Further, 
peat has a lower heat conduction than mineral 
soils, and Sphagnum peats by nature have a low 
nutrient content and are acidic. About onethird 
of Finland's land area is peat land. Most peats 
in agricultural use are Carex peats; the great 
majority of them are located in northern Fin-
land. 

Moisture of the seed bed 

Not only the overall physical properties of soils 
in regard to cultivation, tilling, water retention, 
capillary capacity, permeability and heat conduc-
tion, but also the moisture of the surface layer 
of top soil at sowing time have a bearing on 
farming techniques (ELONEN 1977). Seeds do 
not germinate, if the surface layer is too dry dur-
ing sowing. Figure 10 shows the dependence be-
tween the amount of water usable by germinat-
ing seeds and the soil type; the curves (broken 
Iines) illustrate variation in the amount of water, 
the vertical axis is the depth of the bed and the 
horizontal axis the clay content of the soil. The 
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Silty and sandy soils have the highest content 
of water usable by plants. As the amount of 
clay increases, however, the usable water con- 

% 	tent in the upper strata decreases. The situation 

+6 	is critical close to the surface, in the uppermost 
% 

3 cm, and thus seed bed in clay soil must be 
more than 3 cm deep (KRITz 1977). 

Fig. 10. The amount of water available for plants in the seed 
germination layer of different soil types (modified accor-
ding to KRITZ 1977). 

CULTIVATION TECHNIQUES 

Drainage and irrigation 

In Finland fields must be ditched in order to 
drain excess water, as the yearly precipitation is 
greater than the evaporation. Ditches are es-
pecially important in spring, to drain the water 
from melting snow and ice out of the fields as 
quickly as possible, and so soil cultivation and 
sowing can start sufficiently early. Otherwise 
field cultivation would be difficult or impossible 
in this country. 

Open ditches have traditionally been used in 
Finland. They are of serious hinder for mech-
anization of agriculture. For this reason subsur-
face drainage is becoming more and more 
fawoured. By 1986 some 900 000 hectares or 
38 % of arable fields were already subsurface 
drained. 

Although annual rainfall exceeds evaporation, 
certain areas of Finland normally suffers precipi-
tation deficit in early and midsummer (Fig. 7b). 
Yield losses are the result, particularly in the 
soil types which are most sensitive to drought. 
Early summer drought often causes losses in 
southern Finland and iii western coast areas of 
the Gulf of Bothnia. Irrigation has adopted in 
some areas in an effort to avoid yield losses due 
to drought. The need for irrigation has been  

estimated at some 100 000 hectares. At the be-
ginning of this study period in 1969, there were 
some 1 500 irrigation devices in Finland; at its 
end in 1986, they number about 8 000 (ELO-
NEN 1980c). Fresh water for irrigation is avail-
able in Finland almost everywhere, as the 
country abounds in rivers and lakes. Some lack 
of water resources exists in southwestern areas, 
where the need for irrigation is greatest. 

Mechanization 

The mechanization of field cultivation in Fin-
land was well advanced already at the start of 
this study period. Tractors numbered 155 000 
in 1969 and 245 000 in 1986, which corresponds 
to one tractor per 10 hectares, or slightly more 
than a tractor per medium-sized farm. The 
number of combined grain harvesters was 
29 000 in 1969 and 46 000 in 1986. This corre-
sponds to one combine harvester per 46 and 28 
hectares of cereals, respectively. There was also 
an average of one seed dryer per medium-sized 
farm, and one grass harvester per medium-sized 
cattle farm. Hay balers were uncommon, only 
90 in 1969, bi.4 by 1986 their number had in-
creased to 40000, i. e. one baler per average- 
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sized cattle farm; only on small farms the har-
vesting of hay and grasses for silage was less 
mechanized. 

Liming and fertilization 

Due to the high ratio of rain to evaporation, 
Finnish soils are podsolized. This means that, 
in practice, the bases or cations of soil particles 
are leached and deposited in lower strata, 
making the topsoil acidic. Liming has been prac-
ticed in Finland to reduce the acidity of soil. 
Rather satisfactory results are obtained, with 
the exception of northern Finland and certain 
coastal areas in the west (Kalkitusopas 1982). 

Farm yard manure has traditionally been used 
as fertilizer in Finland; some 17 000 tons is still 
used annually. Chemical fertilizers were used 
rather little until the 1950s; since then their use 
began to increase steadily, except during the re-
cession brought on by the oil crisis in 1974-
1978 (ELONEN 1983). At the end of the study 
period in 1986, the use of chemical fertilizers 
calculated as the main nutrient was as follows: 
N 91 kg/h, K 56 kg/h and P 31 kg/h (Fig. 11). 

There was a major improvement in tech-
niques for applying chemical fertilizers during 
the study period. Combined sowing-fertilizing 
equipment was developed; these 'place' the ferti- 

lizer between seed rows below the level of the 
seed bed, where the soil is moister than on the 
surface. This method facilitates better dissol-
ution of fertilizers, and the deeper location of 
the plant nutrients 'attracts' roots, which grow 
deeper into moist soil instead of remaining close 
to the surface and drying out. Thus not only 
are the fertilizers used more efficiently, but 
yield losses due to drought are also reduced 
(ELONEN 1980a). 

Use of pesticides 

Herbicides are the most important group of 
chemicals used for plant protection in Finland 
(HYNNINEN and BLOmoviST 1985). About 
85 % of cereals are sprayed with herbicides an-
nually (Fig. 12a). As a result, during the period 
1962/64-1982/84 the average amount of weeds 
on controlled, unsprayed plots of spring cereals 
has decreased from 1 000 kg/ha to 320 kg/ha dry 
matter (ERviö and SALONEN 1987). The 
amount of weeds on sprayed cereal fields was 
only 124 kg/ha (Fig. 12b). So 876 kg/ha of pro-
ducing capacity of fields has been relieved to 
the use of crop plants. As to the other crops, 
sugarbeets are sprayed with herbicides at least 
once a year, oil-seed rape and potato less often, 
and fodder grasses not at ali. 

AREA 
1000 HA 

1956 -60 -64 -68 -72 -76 -80 -84 

Fig. 12a. The use of herbicides on spring sown cereals in 
Fig. 11. The use of chemical fertilizers in 1956-1985. 	1950-1985. 
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Insecticides are normally used on sugarbeet 
and oil-seed rape, and occasionally on cereals, 
to control lice. 

Fungicides are normally used for seed dress-
ing of ali crop types. They are also used to con-
trol potato blight especially on farms where 
potatoes are grown on commercial contract. 
Some fungicides are also used to control para-
sitic fungi from overwintering cereals. 

Fig. 12b. The amount of weeds on spring cereals in 1962/64 
and 1982/84. 

YIELDS 

An increase in crop yield per hectare  has been a 
feature typical of the general trend in Finnish 
agriculture since the 1950s (MELA and HAAPA-
LAINEN 1976). During the study period of 
1969-1986, the average yield of field crops 
rose from 1 834 to 2 649 fodder units per hec-
tare, or about 1,7 per cent a year (Fig. 13). The 
highest yields, 3 200 f.u./ha, were obtained in 
southwestern part of the country and the 
lowest, 1200 f.u./ha in the north (Fig. 14a). Simi-
larly, the yearly increase of yield level was 
highest, 60 f.u., along the western and southwest-
ern coast, and lowest, 17 f.u., in the north. A 
particular small-farm area of central Finland 
showed lower increase, 30 f.u. than the sur-
rounding areas (Fig. 14b). 

Without making a more detailed analysis of 
this rising trend of development in this intro-
ductory paper, it certainly demonstrates the 
result of putting improved farming techniques  

to more efficient use. In particular, increased 
use of chemical fertilizers, especially nitrogen, 
has brought about the rise in yields. Subsurface 
draining and mechanization have largely in-
creased both the efficiency and speed of soil 
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Fig. 13. The increasing trend of crop yields and their annual 
variability during the period of 1969-1985 (Satoennusteet 
1985). 
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cultivation: so spring sowing can be ac-
complished earlier than before. As a result the 
growing time for spring cereals is lengthened. 

On the other hand, disadvantages have also 
been encountered in the increased use of trac-
tors and other heavy machinery. The chief dis-
advantage is compacting of the soil (ELONEN 
1980b). To some degree, compacting can be re-
duced by using paired wheels in tractors. 

Besides improved technology, the yielding 
capacity of crops has also improved as a result 
of plant breeding. For instance, the "harvest 
index" for unbreeded land-race cereals, which 
in Finland as in many other countries was orig-
inally only 30 — 35 per cent, has now risen to 
45-50 per cent (MC KEY 1978, KIVI 1984). 

On the other hand, the yearly variation  in  

yield of certain crops has increased during the 
study period, in some cases considerably. Such 
variation is mainly due to varying climatic con-
ditions, and is only occasionally a result of ex-
tensive epidemics of insect pests or plant dis-
eases. 

A number of meteorologically abnormal years 
fell within this study period. In addition, as 
crop yield rises, the coefficient of variance tends 
to increase as well (WAGGONER 1984). This is 
probably because the genetic improvement of 
crops cannot always keep up with technological 
progress. Especially in Finland the plant 
breeders have not always succeeded to improve 
the tolerance of cereals to extremes in weather 
as quickly as the increased use of chemical ferti-
lizers requires. 

DISCUSSION 

The production costs of field crops are higher 
in Finland than the world market prices, and 
this is reflected even in the production costs of 
dairy products (KETTUNEN 1983, 1986). With-
out doubt, the chief cause of the high pro-
duction costs is Finland's geographical location 
in the extreme marginal zone for field crop pro-
duction. In other words, because of its climate 
Finland cannot produce field crops as cheaply 
as elsewhere. 

There are also regional differences in pro-
duction costs within the country, owing to the 
considerable differences in climate and soils. In 
general, expenses increase from south to north. 
The same is true to the profitability of field 
crops production. More valuable cash crops, 
such as cereal grains, sugar beets and oilseed 
crops can be grown in the south while grasses 
for cattle are dominant in the north (Valkuais-
komitea 1974, RANTANEN and SOLANTIE in 
this volume p. 31-34). 

The main direct expenses from unfavourable 
weather conditions are yield losses caused by: 

early summer drought 
— night frosts 

excess rain and humidity in harvest time 
unfavourable winter conditions. 

Regional yield losses exist almost annually in 
various parts of the country, especially in the 
north and in the west (SEPPÄ 1985). 

Indirect expenses due to climatic and soil 
conditions particular to Finland include: 

The need for drainage: Owing to ground 
frost, ditches must be dug deeper than in 
other countries, and the drainage network 
must be dense in order to speed the draining 
of melting waters. 
The need for liming: The great majority of 
finnish soils in their natural state are so 
acidic that liming is essential. 
The need for drying grain and seeds: Owing 
to rainy and humid harvesting season, arti-
fical drying with special oil-heated equip-
ment is necessary. 
The need for cultivars suitable for a short 
growing season and cool climate: The grow- 
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ing season in Finland is so short and the 
ETS so low that the cultiyars with high 
yielding capacity cannot be grown. 

On the other hand, not only meteorological 
conditions but also the small size of farms and 
of field plots separated by lakes, ridges and for-
ests increase the costs of agricultural pro-
duction in Finland. 

Despite these difficulties, Finland is self-suf-
ficient in agricultural products, and owing to 
the increased average yield per hectare, there is 
even an oyer-supply. Although production costs 
per kg fall as yield increases, Finnish agricultural 
products cannot compete on intemational 
markets. As a result difficulties are encountered  

in marketing surpluses. The objectiye of Finnish 
agricultural policy has been to maintain self-
sufficiency, but eyen this requires government's 
subsidies. Finland's rural areas would otherwise 
be deserted (Elintary. mietintö 1986). 

For the aboye reasons, it has been deemed 
important to clarify the climatic regions and 
types of soils where various field crops can be 
cultivated at minimal costs and with minimal 
risks - taking into consideration the amount 
and quality of crop yield as well as the regional 
differences in yield variation and loss. Finding 
answers to these questions is the chief goal of 
this study. 
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SELOSTUS 

Peltoviljelyn ilmastolliset riskit ja satovaihtelut Suomessa 

I. Perustietoa Suomen peltoviljelystä 

JAAKKO MUKULA ja OLLI RANTANEN 

Maatalouden tutkimuskeskus 

Maatalouden tutkimuskeskuksen Kasvinviljelyosaston joh-
dolla tehtiin Suomessa vuosina 1975-1981 ensimmäinen 
koko maan kattava peltokasvien sadon määrän ja laadun 
riskialttiutta koskeva tutkimus huomioon ottaen erityisesti 
eri kasvilajien sadon määrän ja laadun alueelliset erot (Mu-
KULA et al. 1976-1981, KALLINEN et al. 1977, SIREN 1977, 
SUOMELA et al. 1977, VARIS et al. 1979). 

Nyt esillä olevassa jatkotutkimuksen ensimmäisessä osa-
julkaisussa (I) annetaan kansainväliselle lukijakunnalle pe- 

rustietoa Suomen maataloudesta, erityisesti peltoviljelyn 
ilmastollisia riskejä ajatellen. Myös Suomen peltojen tär-
keimmät maalajit ja niiden viljelytekniset ominaisuudet esi-
tellään lyhyesti, samoin eri viljelykasvien osuus Suomen 
peltoalasta ja viljelytekniikan kehityksen pääpiirteet ajan-
jaksona 1969-1986. Ehdotus peltoviljelyn tarkennetuksi 
vyöhyke- ja aluejaoksi esitellään tämän jatkotutkimuksen 
toisessa osajulkaisussa (II) ja kasvikohtaiset tutkimustulok-
set myöhemmin julkaistavissa osajulkaisuissa. 
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CLIMATIC RISKS TO THE YIELD AND QUALITY OF FIELD CROPS IN FINLAND 

II. CULTIVATION ZONES AND SUB-DIVISIONS 

OLLI RANTANEN and REIJO SOLANTIE 

RANTANEN, 0. & SOLANTIE, R. 1987. Climatic risks to the yield and quality of 
field crops in Finland. II. Cultivation zones and sub-zones, Ann. Agric. Fenn. 26: 
19-37. (Agric. Res. Centre, Dept. Crop Sci., SF-31600 Jokioinen, Finland.) 

In this study the arable land area of Finland was divided into four cultivation zones: a 
bread grain cultivation zone, a feed grain cultivation zone, a grasses cultivation zone 
and the northern border zone of cultivation. The northern boundary line of each 
cultivation zone was defined according to the climatic risks encountered in cultivating 
a particular crop species or cultivar. The zones were further divided into cultivation 
sub-zones on the basis of climatic and soil conditions, and the bread grain zone was 
divided into spring and winter grain sectors. Sub-zonal averages and variations were 
also calculated for the most important climatic parameters. 

Index words: climatic risks, cultivation zones, discriminant analysis, field crops, Fin-
nish agriculture, climate classification. 

INTRODUCTION 

Geographically Finland is situated at the ex-
treme northern limit for the successful practice 
of agriculture. Great regional differences exist 
in the country's climatic and edaphic conditions 
(cf. MUKULA and RANTANEN in this vol-
ume) The rate of plant growth is strongly 
regulated by temperature, and higher tempera-
tures accelerate the growth. The size of crop 
yield is further regulated by daylight. When 
spring has arrived ant the last snow has melted, 
this northerly country enjoys more than 17 
hours of daylight. Day length regulates not 

only the duration of the vegetative growth 
stage of plants (i.e. the time from the sprouting 
to heading of cereals), but also the yield 
producing capacity of plants (MAjoR 1980). 
In the long-day climate of early summer both 
tillering, ear formation and number of cereal 
grains per head takes fewer days than in areas 
where the days ,are shorter. Crop yields are also 
affected by radiation and temperature condi-
tions during the filling stage of grains. A long 
day combined with a low temperature reduces 
the number of grains per ear in northern areas 
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and makes the period during which the grains 
swell shorter than under shortday conditions 
(ÄKERBERG and HEIDER 1976). 

In the southern part of the country the 
tillering of spring sown cereals occurs at a 
period when the temperature is relatively high, 
from 10 to 15 °C, and usually in the second 
week of June (RANTANEN 1987). The ground 
receives its maximum solar radiation from late 
May to early June, when only grasses and 
wintered cereals utilize it efficiently; their opti-
mal leaf area occurs in mid-May, when spring 
sown crops have only reached the sprouting 
stage. 

The effective temperature sum and the length 
of the growing season are not the only im-
portant thermic factors. Particularly in middle 
parts of Finland there are inland regions in 
which heavy summer frosts are a more severe 
risk than the short vegetation period (SOLAN-
= 1980a). The increase of the humidity 
northwards is advantageous in the early 
summer but is a disadvantage during harvesting. 

Wintering crops face risks quite different 
from those encountered crops sown in the 
spring. Some 50-60 % of the variation in crop 
yields of winter cereals (rye, winter 
wheat) results from winter injuries. 

In certain types of soil, such as silt, the spring 
sowing is often delayed. Early ripening crops or 
cultivars must be selected for such areas. In 
delayed sowing early summer drought often 
reduces crop yield. In addition, surface crusting 
often develops on silty soil after rain, and this 
may considerable delay or even prevent the 
emergence of seedlings on silty areas. The aci-
dity of mould and peat soils in the middle parts 
of Finland makes then less appropriate for 
growing of barley. 

Considering the great regional differences in 
climatic and edaphic conditions for successful 
agriculture, the division of the country into 
specific cultivation zones and sub-divisions is 
justified to clarify which crops and cultivars are 
best suited for cultivation in various parts of the  

country. 
Zonal and sub-zonal divisions were already 

made in Finland, as in many other countries, in 
the early 1800s. These divisions have served vari-
ous purposes, including botany, zoology, clima-
tology, forest ecology and agriculture (CAJAN-
DER 1927, KALELA 1961, LINKOLA 1932, PESO-
LA 1947). Although the oldest classifications 
mention 'areas' only, the creation of a more 
specific hierarchy soon began, in the form of a 
division into zones, sub-zones and sections. 
This was also the case in regional planning of 
crops research in Finland (PESOLA 1941). 

In the application of zonal division to region-
al agro-economic policy, however, Finland has 
followed the practice — also followed in other 
countries — of using a simple and non-hier-
archical division. In the Scandinavian countries, 
for instance, the so called "areas" for grain culti-
vation recommendations are in fact only sec-
tions, whereas Finland has adopted a simple div-
ision on a zonal level (Koi.= et al. 1970, 
SUOMELA et al. 1972, MUKULA 1984). This div-
ision is intended for "official" use to guide seed 
sales nation-wide and assist agricultural advisory 
services in recommending crops and cultivars in 
various parts of the country (Asetus 820/75). 
For these purposes the division has proved to 
be essential. However, the requirements of agri-
culture, like those of society in general, have in-
creased steadily. For example, a specific decree 
was issued in 1977 to compensate the farmers 
for local crop losses caused by unfavourable 
weather (Asetus 1082/85). A more detailed 
hierarchical division designed .to meet practical 
respective risks on a local level or even for indi-
vidual farms, was therefore considered necessary 
to supply the current official zonal division. 

In this study the main attention was paid to 
the differing behaviour and success of plants in 
varying climatic and soil conditions. The aim of 
the study was t find out, by means of more 
detailed zonal division, the areas in which ap-
propriate cultivation of various crops and culti-
vars is best suited so that risks and yield 
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variations could be reduced as much as possible. 
This study was a cooperative effort. 011i 

Rantanen contributed his expert knowledge of 
cultivation and analyzed the soil as the fringe 
conditions for cultivation. Reijo Solantie, a  

meteorologist, was responsible for the factors 
associated with climate and weather, including 
causal connections between soil and climate and 
their regions. The synthesis presented here was 
the outcome of their joint effort. 

MATERIAL AND METHODS 

2.1. Soil types 

The statistics for individual municipalities 
presented by KURKI (1982) were used as the 
basic data in the map analyses of the distribution 
of soil types on arable land. Some deviation 
from municipal borders was made only in the 
northern segments of the lake district and the 
large municipalities of the Kainuu region 
(Fig. 1), where peat soil is common along divides 
but not in the valleys of large lakes. Soil maps 
were compiled chiefly by inspecting the 'generar 
soil characteristics, i.e. soil types comprising 
more than one-fifth of the arable land, flexibly 
combining types so as to obtain a distribution 
of soil types that is meaningful with respect to 
cultivation. 

In Finland soil types vary to such an extent 
that the diversity can be seen even within the 
same cultivation sub-zones. It was possible, 
however, to specify one to three of the most 
typical soil types for most of the cultivation 
sub-zones. 

For this study, soils were classified according 
to the Finnish classification criteria as presented 
by KURKI (1982), combining however, adjacent 
or relative soil types and neglecting most un-
common soil types. The soil types used in this 
study, with their abbreviations according to 
the Finnish usage, are as follows: 
Mr 	= Sandy and fine sandy glacial tills 

(finer material is sand or fine sand) 
HtMr = Fine sandy glacial tills (finer material 

is fine or finer fine sand) 

Fig. 1. Summary map of characteristic soils in tilled layer of 
fields. 
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Ht 	= Fine sand and finer fine sand (grain 
size 0,02 to 0,2 mm) 

HHt = Finer fine sand (grain size 0,02 to 
0,06 mm) 

Hs 	= Silt (grain size 0,002 to 0,02 mm) 
= Clay (grain size less than 0,002 mm) 
= Mould soil. Comprises more than 

40 % organic material 
Peat soils. Comprise more than 
40 % organic material. 

2.2. Climatic parameters 

Not only the climatic parameters most impor-
tant for defining cultivation zones and their 
borders (SOLANTIE 1980b), but also long-
term average climatic parameters and their 
intra-zonal variation were calculated for re-
presentative locations in each cultivation zone 
as follows: 
— The length of the growing season, the effec-

tive temperature sum and the time when 
open fields were completely free of snow (A), 
as regional climatic means and ranges of vari

• 

	

	
- 

ation, were obtained from map analyses by 
SOLANTIE (1976, 1977). 

— Periodical means calculated or estimated on 
the basis of data collected from the numer-
ous and representative meteorological stati-
ons (SOLANTIE 1980a) were used to deter-
mille the average dates of the last hard frost 
in spring and the first hard frost in autumn. 
The dates were rounded off into even five 
days. Hard frost was defined as a negative 
daily minimum temperature (°C) at obser-
vation sites 2 m above the ground level. Such 
frost was considered 'spring frost' until June 
30 and 'autumn' frost from July 1. 

— The difference between evaporation and 
precipitation from the time when open fields 
were completely free of snow (A) until June 
30 is based on the maps of SOLANTIE (1976), 
which show the average monthly amounts of 

precipitation and annual evaporation for 
open treeless lands. Evaporation during 
April, May and June was determined from 
the annual amounts, on the condition that A 
= 1.5, i.e. that open fields were free of snow, 
on average, by May 1. 
These evaporation data of SOLANTIE (1976) 

(2, 18 and 25 per cent of the annual evaporation) 
were used to plot a curve depicting the increase 
in evaporation. In this model evaporation begins 
to rise once half the open fields are free of snow. 
New curves were plotted for various other A 
values; then the proportional amount of evapor-
ation in April and May decreased or increased 
depending on whether A occurred before or after 
May 1. This 'correction' in evaporation according 
to A was transferred to the latter half of the 
year. Estimated from these curves, the correction 
for the particular period (A 	June 30) as the 
percentile proportion of the year's evaporation 
was one-third of the change in the value of A in 
days; this corresponds to a change of about 
1 mm in evaporation per a day. Using this 
method, the evaporation during the inspection 
period accounted for 46 % of the annual eva-
poration when A occurred on April 20 and for 
40 % when A fell on May 10. 

The isolines of the length of growing season 
and the effective temperature sum used for the 
detailed drawing of the borders between zones 
and sub-zones were obtained directly from maps 
composed before by SOLANTIE (1976, 1980a). 
However, some isolines were slightly moved for 
adaption to soil patterns (see Discussion). 

2.3. Methods for the division to zones 

Finland was divided according to the cultivation 
usage, adapted to natural conditions, into four 
climatic cultivation zones: a bread grain culti-
vation zone (I), a feed grain cultivation zone 
(II), a grasses cultivation zone (III) and the 
northern border zone of cultivation (IV). 
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The northern borders of the zones were 
drawn according to the climatic minimum fac-
tors for growing of the earliest cultivars of 
spring wheat (I), oats (II) and barley (III). For 
this purpose, the minimum climatic conditions 
of the cultivars were investigated and the cor-
responding climatic isolines analyzed. In this 
connection, the general climatic regional divi-
sion (SOLANTIE 1980b) could be applied. 

2.4. Fitting the soil and climatic factors 
for sub-zonal divisions 

The cultivation zones were divided into sub-
zones so that soil and additional climatic factors 
affecting cultivation could be taken into ac- 
count in addition to the chief climatic para-
meters. Soil factors and climatic factors had to 
be combined for this purpose, taking into 
consideration the central soil requirements for 
field crops as presented in Chapter 3.3. This 
combining is an essential method in this re-
search (SOLANTIE 1974, 1980a, KURKI 1982). 

Although zones and sub-zones become de-
fined in chapters 3.1 and 3.2, their marks in Figs. 
1 and 2 are used earlier because regional features 
are in this way easy to explain by authors and to 
locate by readers. 

In middle and northern parts of Finland min-
eral soils (sandy and fine sandy glacial tills) as 
well as organic soils (mould and peat) are com-
mon. This division to organic and mineral soils 
is important when deciding between oats and 
barley. 

Because of the cool, humid climate in early 
and mid-summer, cultivation zones III and IV 
as well as the western sub-zone of cultivation 
zone II have appreciably more peat soil than 
there is further south. The same holds for clear-
ed fields whose soil is mould or peat (SOLANTIE 
1974). This change in main soils is connected to 
an appreciable change in nightly minimum tem-
peratures (SOLANTIE 1980a). 

Fine sandy glacial tills in connection with a 

Fig. 2. Cultivation zones and sub-zones in Finland. 

I. The bread grain cultivation zone 
I: 1 = The southern archipelago 
I: 2 = The southern coast 
I: 3 = Southern and western Finland 
I: 4 = The southern lake district 
II. The feed grain cultivation zone 
II: 1 = The northern lake district 
II: la = The Multia highlands 
II: 2 = Ostrobothnia 
III. The grasses cultivation zone 
III: 1 = Suomenselkä 
III: 2 = Kainuu 
III: 3 = Peatland region 
IV. The northern border zone of cultivation 
IV: 1 = Southern Lapland 
IV: 2 = Northern Lapland 

hilly topography and an abundance of lakes, are 
characteristic of the eastern sub-zones of culti-
vation zones I, II and III, in contrast to their 
western sub-zones (KURKI 1982). The hilly 
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topography in the eastern regions is less inclined 
to paludification than the flat in the western re-
gions. In the middle parts of Finland (zones II 
and III) paludification increases both from the 
south to the north (due to the climate) and 
from the east to the west (due to the topo-
graphy and soils). 

The changing topography from the east to 
the west also has climatic consequences. The 
shores of lakes as well as hilltops are less suscep-
tible to frosts than is flat land. The same holds 
for mineral soils as compared to peat. (On the 
other hand, the advantageous climate near great 
lakes decreases paludification). The fields in the 
eastern regions of zones II and III have there-
fore, to a large extent, been cleared in such ad-
vantageous places. Consequently, the propor-
tion of mould and peat soils used for cultivation 
increases in zones II and III from the east to 
the west more than the proportion of these soils 
generally. Hence, both with respect to soils and 
climate the eastern parts of zones II and III 
have been separated into their own sub-zones. 
Northwards, mould gradually is replaced by 
peat with a decreasing age of cultivation (Mu-
KULA 1987) and with a shortened growing 
season. Consequently, the western part of zone 
III, being long on the north-south axis, was 
therefore divided into two. The risk of winter-
ing crops suffering ice scorching is considerable 
in the west, and the risk of parasitic fungi 
growth under the snow is considerable in the 
east (Fig. 3). 

In zone I the eastern part (southern lake 
district) differs from the regions west and south 
of it mainly as in zones II and III. However, 
in the western and southern parts of zone I clay 
and other soils are not generally covered by 
mould and peat because of the less humid cli-
mate in southern Finland. In the western and 
southern parts of the bread grain cultivation 
zone (I) the growing season shortens, the effec-
tive temperature sum decreases, the risk of frosts 
increases and the humidity of the climate in-
creases from the archipelago through the coast 
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Fig. 3. the frequency of winter damages to wintering crops. 
(Modified according to SOLANTIE 1985). 

Occasional damage caused by a shortage of 
snow; rare and slight damage caused by the 
abundance of snow. 

Frequent damage caused by a shortage of 
snow. 

ITill
Rather frequent damage caused by either a 
shortage or the abundance of snow. 

M More frequent damage caused by the abun-
dance of snow. 

to the inland with few lakes. The climate of the 
southern archipelago has its own characteristic 
effects for cultivation (chapter 3.3) as well as the 
inland with few lakes, both regions being climati-
cally rather uniform. The coast forms, both 
with regard to climate and cultivation, a zone 
of change between those two regions. Zone I 
was divided to four sub-zones. Clay regions and 
regions of other soils form sectors across these 
climatic sub-zones. Consequentely, an additional 
division according to soils was necessary (Fig. 4). 

,1 	IMIMUUSIMM i...... iiiiiiiiiiik 
i 	111111111EllP 

11111111111111111. 
0111111111111111111111h. 

	

. 	.119.911111111111ki 
Mmk-  

.1 • womml 	r 

le ■■■■■■■■■■■■■■■■■■■■■■ 
	• JOREEEOW 	 

1M« MIRIMUS 
..., 1:111,  ASO. MMK 
.demdilf 'MW OSMO» 

AM.' Iallfr Malla. 

	

.... 	, 	• 
11 

24 



Fig. 4. Regions favoring spring crops and winter crops 
within zone I (Fig. 6). 

= Regions favoring spring crops. 

= Regions favoring winter crops. 

Wiihin the regions favoring winter crops. 

= Dairy production arca, comprising 
regions, in which silty clay is common 

soil type in tilled layer of fields but finer 
fine sand is not such. 

regions, in which heavy clays and silty 
clays together comprise more than half of 
soils in subsoil of fields. 

These divisions are somewhat correlated with 
each other, first because the most problematic 
clays occur inland, and second, because the in-
land climate is problematic for clays (Chapter 
3.3). 

In northern Finland the proportion of sandy 
glacial tills of ali hectarage increases northwards. 
In addition, sandy glacial tills in fields coar-
sen northwards. This is connected to climatic 
factors. Firstly, the humidity of soils increases 
northwards along with the shortened growing 
season so that the water supply improves in 
coarse mineral lands. Secondly, coarse mineral 
soils warm up sooner than other soils. Conse- 

quently, it was suitable to divide zone IV into 
two sub-zones (however, the change occurs 
smoothly over large distances). 

2.5. Crop yields and statistical methods 

The yield records of crops were derived from 
field experiments conducted by the Agricultural 
Research Centre during 1969-1985 and from 
the Official Statistics of Finland, where the 
yield records are published annually as averages 
of the agricultural districts (cf. MUKULA and 
RANTANEN, in this volume, Fig. 1). The cli-
matic records of the Finnish Meteorological 
Institute for 1969-1983 were available for 
studying the causes for regional variations in 
crop yields and in out-lining the boundaries of 
zones and sub-divisions. 

The growth rate of crops and their cultivars 
depends on temperature. Each variety has its 
own temperature requirements for growth and 
ripening. Experimental records on the thermal 
requirements of crops were necessary to deter-
mine which crops and cultivars would be suc-
cessful in each cultivation zone (e. g. RANTA-
NEN 1978, PULLI 1980). 

Discriminant analysis (CooLEY and LOHNES 
1971) was used to determine the differences 
among and between agricultural districts (No. 
1-20) and zones (I—III). The independent 
variables used were sowing time, effective tem-
perature sum, wintering, the yields of five indi-
vidual crops, and certain properties of crop 
quality (commercial acceptability). The effects 
of some additionalr risk factors were also evalu-
ated for crop quality. 

The success of winter grains and grasses de-
pends on their ability to survive the winter. Ef-
forts were made to clarify which winter crops 
should be recommended for each cultivation 
sub-zone, whereby the risks caused by crop 
yield variation could be reduced as much as 
possible. 

4 463074R 
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RESULTS 

3.1. Definition of the cultivation zones 

The climatic definitions for borders between 
cultivation zones were as follows: 
I/II: 	The length of the growing season is 161 

days and the effective temperature sum 
is 1 120 degree days (dd). The border is 
drawn in details according to the 
former parameter. 

II/III: The effective temperature sum is 
1 050 dd. The time between the last 
hard night frost in spring and the first 
hard night frost in autumn shortens 
steeply from 110 to 80 days. The bor-
der is drawn in details according to the 
former parameter. 

111/TV: The average effective temperature sum 
is 890 dd. 

The effective temperature sum has been calcu-
lated for this and for the tables in the figures 
on the basis of the long-term average tempera-
tures.1) Had the results been calculated as 
means of the individual annual values, they 
would be some 50-55 °C greater (sample from 
Finland's meteorological stations for 1961-
1975). The mean and standard deviation for 
this difference is 53 ± 4 dd. The long-term aver-
ages comparing the values for individual years 
at the borders of cultivation zones are: I/II 
1170 dd; 	1100 dd and III/IV 940 dd. The- 
se values are used below as the effective tempe-
rature sum requirements of cultivars corre-
sponding to zonal borders. 

With respect to cultivation, the zonal bor-
ders were defined as follows: 
I/II: 

	

	This is the northern border of spring 
wheat. In order to ripen, Finland's 
earliest cultivars of spring wheat require 
an effective temperature sum of at least 

In Finland the sum of degree days is based above +5 °C daily 
averages. 

The end of growing 
season 

50 
percentfle 	1?.ercent He 

ZONE 
III /IV 

ZONE 

ZONE 

800 	900 1000 1100 1200 1300 1400 1500 dd 
Degree days 

GROWING SEASON 

Fig. 5. Time when the growing season ends in yarious zones 
in relation to the ripenmg. Ripening of early barley, oat and 
spring wheat cultivars, indicated by degree days (dd). 

910 dd. The temperature sum between 
the disappearance of snow and sowing 
is at least 40 dd, but may be as much as 
100-150 dd, particularly in silty and 
clay regions. Therefore, in the worst 
circumstances, even the earliest spring 
wheat cultivars require as many as 1 100 
dd to ripen (Fig. 5). 

II/III: This boundary line can be considered 
the northern border for ripening oats. 
Only the earliest oat cultivars can be 
grown in cultivation zone III. There is 
great risk of frost (Table 3.), however, 
and it may cause severe loss of oats in 
cultivation zone III (Fig. 5). 

III/TV: To the south of this boundary line 
grasses can safely be harvested three 
times during a growing season but only 
twice on the northern side. This is also 
the general northern border of barley 

95 
percent He 
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cultivation. The difference in the 
length of the day between southern and 
northern Finland reduces the tempera-
ture sum requirements in the fringe 
areas of barley cultivation. The earliest 
barley varieties grown in Finland require 
an average of 750 dd from sowing in 
order to ripen, and in the worst circum-
stance they need 800-850 dd (Fig. 5). 

Table 2. Long-term average climatic parameters as sub-zonal 
averages and deviations within sub-zones of the feed grain 
cultivation zone (II). 

Expression of dates in the light of an example: June 
5 = 5.6. 

Sub-zone 	Fields entirely 	Difference 	 The average 
free from snow 	between 	 sum of effective 
Date (A) 	evaporation 	 temperature 

and precipitation 	(dd.) 
A — 30.6. (mm) 

II: 1 	28.4. ± 5 	20 ± 10 	1 100 ± 80 
II: 2 	23.4. ± 5 	30 ± 10 	1 080 ± 40 

3.2. Definitions of the sub-zones 

The borders between sub-zones were drawn 
along an isoline or boundary of the most dis-
tinct climatic or soil parameter characterizing 
this border. Thus, the climatic definitions of 
borders between sub-zones are as follows (Fig. 
2 and Tables 1 to 4): 

In sub-zone El the period from the last 
hard frost of spring to the first hard frost of 

growing season 
beginning 	end 	 duration (clays) 

II: 1 
	

3.5. ±4 
	

5. 10. ± 5 	154 ± 6 
II: 2 
	

3.5. ±3 
	

5. 10. ± 2 	155 ± 5 
Last hard frost 	 First hard frost 
in spring 	 in autumn 

II: la) 
	

25.5. 	 20.9 . 
II: lb) 
	

5.6. 	 5.9. 
II: 2 
	

5.6. 	 31.8. 

a = areas abundant in lakes 
b = areas with few lakes 

Table 1. Long-term average climatic parameters as sub-zonal 
averages and deviations within sub-zones of the bread grain 
cultivation zone (I). 

Expression of dates in the light of an example: June 
5 = 5.6. 

Table 3. Long-term average climatic parameters as sub-zonal 
averages and deviations within sub-zones of the grasses cul-
tivation zone (III). 

Expression of dates in the light of an example: June 
5 = 5.6. 

Sub-zone Fields entirely 	Difference 	 The average 	Sub-zone 	Fields entirely 	Difference 	 The average 
free from snow 	between 	 sum of effective 	 free from snow 	between 	 sum of effective 
Date (A) 	evaporation 	 temperatures 	 Date (A) 	evaporation . 	temperatures 

and precipitation 	(dd.) 	 and precipitation 	(dd.) 
A — 30.6. (mm) 	 A — 30.6. (mm) 

I: 1 -I- 2 16.4. ± 8 80 ± 20 1 250 ± 100 
I: 3 21.4. ± 6 45 ± 15 1 200 ± 80 
I: 4 26.4. ± 4 45 ± 15 1 240 ± 90 

beginning 
growing season 
end duration (clays) 

I: 1 + 2 29.4. ± 5 23.10. ± 10 177 ± 7 
I: 3 28.4. ± 2 11. 10. ± 4 165 ± 4 
I: 4 29.4. ± 3 10. 10. ± 2 165 ± 4 

Last hard frost 
in spring 

First hard frost 
in autumn 

1: 1 5.5. 20. 10. 
1:2 25.5. 20.9. 
I: 3 31.5. 10.9. 
I: 4a) 20.5. 25.9. 
I: 4b) 25.5. 15.9. 

a = areas abundant in lakes 
b = areas with few lakes 

III: 1 	28.4. ± 3 	15 ± 10 	1 010 ± 40 
III: 2 	8.5. ± 4 	0 ± 15 	970 ± 80 
III: 3 	8.5. ± 4 	10 ± 10 

growing season 
beginning 	end 	 duration (days) 

III: 1 	5.5. ± 3 	2. 10. ± 2 	150 -I- 4 
III: 2 	9.5. ± 5 	29.9. ± 3 	143 ± 6 
III: 3 	10.5. ± 4 	29.9. ± 3 	143 ± 6 

Last hard frost 	 First hard frost 
in spring 	 in autumn 

III: 1 	10.6. 	 15.8. 
III: 2a) 	31.5. 	 5.9. 
III: 2b) 	10.6. , 	 15.8. 
III: 3 	31.5. ' 	 25.8. 

a = areas abundant in lakes 
b = areas with few lakes 
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Table 4. Long-term average climatic parameters as sub-zonal 
averages and deviations within sub-zones of the northern 
border zone of cultivation (IV). 

Expression of dates in the light of an example: June 
5 = 5.6. 

Sub-zone 	Fields entirely 	Difference 	 The average 
free from snow 	between 	 sum of effective 
Date (A) 	evaporation 	 temperature's 

and precipitation 	(dd.) 
A — 30.6. (mm) 

IV: 1 	15. 5. ± 5 	—10 ± 10 	800 ± 90 
IV: 2 	17.5. — 	—10 ± 10 	<710 

growing season 
beginning 	end 
	

duration (days) 

IV: 1 
	

16.5. ± 3 
	

22.9. ± 3 
	

128 ± 8 
IV: 2 
	20.5. — 	 — 23.9. 	<124 

Last hard frost 
	 First hard frost 

in spring 
	 in autumn 

IV: la), 2a) 
	

5.6. 	 25.8. 
IV: 1b), 2b) 

	
5.6. 	 15.8. 

a = areas abundant in lakes 
b = areas with few lakes 

autumn lasts on average more than 140 days 
but in sub-zone 1:2 less than 140 days. 

In sub-zone 1:2 the growing season lasts on 
average more than 170 days but in sub-zone 1:3 
less than 170 days. 

In sub-zone 1:3 occasional damage is caused 
by a shortage of snow but not in sub-zone 1:4. 

The mean effective temperature sum is in 
sub-zone IV:1 more than 710 dd but in sub-
zone IV:2 less than 710 dd. 

Definitions of borders between sub-zones 
according to soils are as follows (Figs. 2, 6-9): 

In sub-zone 11:2 mould is a common soil but 
silt is not. Together mould and peat comprise 
more than 30 % of ali hectarage. In sub-zone 
II:1 such regions do not occur. 

In sub-zone III:1 mouid is a common soil 
type but it is not common in sub-zone 111:2. 

In sub-zone III:1 peat and mould soils ac-
count for less than 40 % of all hectarage but in 
sub-zone 111:3 for more than 40 % because 
peat soils are so common. 

In sub-zone 111:2 fine sandy glacial till is a 
common soil type but is not common in sub-
zone 111:3. 

Fig. 6. The soils in tilled layers of fields in the bread grain 
cultivation zone (zone I). 

A soil type comprising more than 20 % of ali hectarage is 
defined as common. 

— — = The borders of the zone and between sub-zones 
(Fig. 2.) 

Region division 1. Main soils. Letters mark the regions, 
which are separated by the thicker continuous Iines. 

= Clay is a common soil. 
Ht 	= Finer fine sand, fine sand or both are the only 

common soil type (40 to 70 % of ali hectarage). 
I-Is = Silt is a common soil type and more common than 

clay. 
HtMr = Fine sandy glacial till is a common soil type. In 

addition, mould and peat soils together account 
for 25 ± 10 % of ali hectarage. 

M 	= Mould is a common soil type but fine sandy glacial 
till and silt are not common soil types. 

Region division 2. Additional information on the distri-
bution of soil types. Segments are marked with crosses and 
diagonal Iines, their borders with thinner continuous Iines. 

= Finer fine sand is a common soil type. 

= Clay or silt is the only common soil type 
(50 to 80 % of ali hectarage). 

= Silty clay is a common soil type. 

Gyttja clay is the most common soil type 
on the coast of the Gulf of Finland, into 11-20 km 
from the shoreline, also in some coastal and archipelago 
regions further west 
in the clay areas of westem Satakunta (Fig. 11) 
in the clay area of Kyrönmaa (Fig. 11) 
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Fig. 7. The soils in tilled layers of fields in the feed grain 
cultivation zone (zone II). 

A soil type comprising more than 20 % of all hectarage is 
defined as common. 
— — — = The borders of the zone and between sub-zones. 

Region division 1. Main soils. Letters mark the regions, 
which are separated by thicker continuous Iines. 
Hs = Silt is a common soil type. 
Ht = Finer fine sand, fine sand or both are the only 

common soil type. 
HtMr = Fine sandy glacial till is a common soil type. In 

addition, humous and peat soils together account. 
for 25 ± 10 % of all hectarage. 

M in sub-zone 1 = Mould is a common soil type, but fine 
sandy glacial tills are not common. 

M in sub-zone 2 = Mould soils are common but peat soils 
are not common. Peat and mould soils 
together account for more than 30 % of 
all hectarage. 

HtMr M = Both fine sandy glacial tills and mould are 
common soil types. 

T = Peat is a common soil type. Peat and mould together 
account for more than 40 % of all hectarage. 

Region division 2. Additional information on the dis-
tribution of soil types. Segments are marked with crosses 
and diagonal Iines, their borders with thinner continuous 
Iines. 

1=1 = Finer fine sand is a common soil land ty-
pe. 

= Silt is the only common soil type (com-
prising 60 to 70 % of all hectarage). 

Fig. 8. The soils in tilled layers of fields in the grasses culti-
vation zone (zone III). 
A soil type comprising more than 20 % of all hectarage is 
defined as common. 
— — — = The borders of the zones and between sub-zones. 

Region division 1. Main soils. Letters mark the regions, 
which are separated by thicker continuous Iines. 

= Peat soils are common. Peat and mould soils 
together account for 40 % or more of all 
hectarage. 
Both fine sandy glacial tills and peat are 
common soil types. 
Fine sandy glacial tills are common soil types 
but mould and peat are not common. 
Finer finer sand, fine sand or both are the 
only common soil type. 
Silt is a common soil type. 
Mould soils are common but peat soils are 
not common. Peat and mould soils together 
account for more than 30 % of all hectarage. 
Both fine sandy glacial tills and mould are 
common soil types. 

Region division 2. Additional information on the distri-
bution of soil types. Segments are marked with crosses and 
diagonal Iines, their borders with thinner continuous Iines. 

= Finer fine sand is a common soil type 

= Silt is the only common soil type (com-
prising 70 % of all hectarage) 

• 

HtMr T = 

HtMr = 

Ht 

Hs 

HtMr M = 
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Fig. 9. The soils of the northern border zone of cultivation 
(zone IV). 

A soil type comprising more than 20 % of ali hectarage is 
defined as common. 
— — — = The borders of the zone and between sub-zones. 

Region division 1. Main soils. Letters mark the regions, 
which are separated by thicker continuous Iines. 
Mr 	= Sandy and fine sandy glacial tills are common 

but peat soils are not. 
Ht 	= Finer fine sand, fine sand or both are the only 

common soi! type. 
= Peat is the only common soi! type. 

T + Mr = Both sandy glacial tills and peat are common 
soi! types. 

Ht 	= Finer fine sand, fine sand or both are the only 
common soi! type. 

Region division 2. Additional information on the distri-
bution of soi! types. 

Finer fine sand is a common soil type. 

3.3. Characteristics of sub-zones 

Discriminant analysis was used to clarify which 
agricultural districts belong to each of the cul-
tivation zones and sub-zones (Fig. 10). Only 
sub-zones 1:1-4, 11:1-2 and 111:2 were in-
cluded in the analysis, because analysis of these 
was the most difficult. The more northern zo- 

CANONICAL DISCRIMINANT FUNCTION 1 
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Fig. 10. Results of discriminant analysis for sub-zones 1:1, 
1:2, 1:3, 1:4, II:1, 11:2 and 111:2 and significances of the dis-
criminant functions. 

nes, on the other hand, are closely bound to the 
effective temperature sum (dd), and so their 
demarcation as zones and sub-zones was easier. 

Sub-zone 1:1 differed from the others clearly, 
especially when factors affecting quality and 
wintering were taken into consideration (Fig. 
10). Sub-zone 1:2 also differed from the others 
in the analysis. Sub-zone 1:3 covers a wide 
geographic area. However, agricultural districts 
01, 05, 07 and 09 (cf. MUKULA and RANTANEN 
p. 2 in this volume), locating mainly within 
this sub-zone, proved to be parts of the same 
area. Within this sub-zone Kyrönmaa region 
(Fig. 11) and the western coast south of it (agri-
cultural district 16) was somewhat different 
from the formers. 

In the analysis the southern lake district (I:4) 
proved to be a sub-zone of its own (Table 5.), 
as did the northern lake district (II:1) and 
Ostrobothnia (II:2). The southern and northern 
lake districts resembled the more sub-zones 1:2 
and 1:3, even more when factors describing 
grain quality were used as independent variables. 
By using the quality parameters also in the case 
of the northwestern part of sub-zone 1:3 it was 
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Table 5. Accuracy of results for various zones and the proportion of error by 
zone. 

Classification results 
Actual 
group 1 2 

Predicted group membership 
3 	4 	5 6 7 

GROUP 
I: 1 

1 46 
88,5 % 

4 
7,7 % 

2 
3,8 % 

0 
0,0 % 

0 
0,0 % 

0 
0,0 % 

0 
0,0% 

GROUP 1 13 4 1 0 0 0 
I: 2 5,3 % 68,4 % 21,1 % 5,3 % 0,0 % 0,0 % 0,0 % 
GROUP 3 5 16 65 23 12 9 9 
1:3 3,6 % 11,5 TE 46,8 % 16,5 % 8,6 % 6,5 % 6,5 % 
GROUP 4 3 8 5 44 5 1 3 
I: 4 4,3 % 11,6 % 7,2 % 63,8 % 7,2 % 1,4 % 4,3 % 
GROUP 5 0 0 0 1 9 1 2 
II: 1 0,0 % 0,0 % 0,0 % 7,7 % 69,2 % 7,7 % 15,4 % 
GROUP 6 0 0 3 2 4 26 3 
II: 2 0,0 % 0,0 % 7,9 % 5,3 % 10,5 % 68,4 % 7,9 % 
GROUP 7 0 0 2 1 0 0 8 
III: 2 0,0 % 0,0 % 18,2 % 9,1 % 0,0 % 0,0 % 72,7 % 

Percent of "grouped" cases correctly classified: 61,88 % 

obtained that this region resembled even the 
sub-zone I:1. On the other hand, the Ostro-
bothnian sub-zone (II:2) differed from sub-zone 
1:3 but resembled more zone III, when quality 
factors were taken into account. 

The discriminant analysis revealed that heavy 
clay and silty clay soils are problematic. Because 
of the increased risks entailed by late sowing, 

Fig. 11. Locations of particular regions treated in this paper. 

sub-zone in which such soils are most common 
(1:3) is also similar to sub-zones in cultivation 
zone II. 

1:1 The southern archipelago sub-zone 
The moisture conditions of early summer are 
disadvantageous to crops with a short growing 
season. Then early varieties of barley and oats 
suffer greatly from the dryness. Crops with a 
long development, however, are better able to 
withstand the drought (Table 1). Late spring 
wheat cultivars and oilseed rapes grow fairly 
well in this sub-zone. Sugarbeet can also be cul-
tivated in this sub-zone, because its growth se-
ason lasts until late autumn. As the risk of frost 
is low, special cultivars can be grown in this 
sub-zone. The winter is short, with rather little 
snow, and the day temperatures rise frequently 
above freezing. Winter grains are widely culti-
vated in this sub-zone. Winter grains, wheat in 
particular, suffer when the temperature is repe-
atedly above freezing, because ice scorching oc-
curs when the temperature drops again below 
zero. Winter wheat should thus be cultivated 
mainly on slopes. Rye can withstand ice scor-
ching better than wheat, and so it can be culti-
vated on level fields. Rye succeeds excellent on 
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coastal islands, where autumn nights are warm 
and dry. Rye grown on coastal islands keeps a 
better (i. e. higher) 'falling number', an indica-
tor of starch quality, than mainland-grown rye, 
which is subject to colder and moister nights, 
immediately causing the 'falling number' to 
drop. 

1:2 The southern Finnish coastal sub-zone 
In this sub-zone the early summer is also rather 
dry, and the crop yield is often limited by 
drought or lack of water. The differences in the 
southern sub-zone vary somewhat according to 
the cultivar. Clays and fine sand are typical soil 
types. Grains account for a high proportion of 
crops raised in this sub-zone, whereas the culti-
vation of grasses as well as animal husbandry 
have dropped considerably in the past two dec-
ades. There are however some special areas 
suited to dairy (Fig. 4). 

The cultivation problems on clays, being the 
most serious in sub-zone 1:3, occur somewhat 
in this sub-zone (I:2) on the heaviest clays. 

Repeatedly melting/refreezing of surface soil 
is, however, a problem for crops wintering on 
fine sand and humous soils, as it can break the 
roots of plants. Thus most crop species grown 
on finer fine sand soils are sown in spring. To 
some degree, especially in the province of Uu- 
simaa (Fig. 11) where wintering conditions vary 
between extremes, cultivation of winter grains 
is restricted by the abundance of snow and by 
ice scorching. On the other hand, the cultivars 
of spring sown crops that ripen almost as early 
as those cultivated on coastal islands can be 
grown in this area. Sugarbeet and oilseed rapes 
succeed satisfactorily also because the growing 
season is rather long. 

1:3 The southern and western Finland sub-
zone extends ali the way from Ostrobothnia to 
southeastern Finland. Its clay areas comprise an 
entity of their own. The regions at the begin-
ning of the clay arca are primarily fine sand or 
humous soils. Cultivation in this sub-zone faces 

considerably more risks than are encountered in 
the former sub-zones. The shortness of the 
growing season restricts the growing of late 
types of crops and cultivars. Finland's heaviest 
clays are located here. Heavy rainfall in May, 
which delays spring sowing, constitutes a real 
problem for cultivation on clay soils in this 
sub-zone. On the other hand, drought in early 
summer is closely linked to deferred sowing. 
Prolonged continuous grain cultivation on clay 
soils has caused soil compression, as heavy agri-
cultural machinery is used when the soil is too 
wet. More strong-rooted cultivars and grasses 
should be raised on clay areas, to keep the soil 
in better condition. Test results show that, 
particularly on clay soil, the proportion of 
winter grains (wheat, rye) should be raised to 
15-30 % (Fig. 12). Cultivation of winter grains 
would reduce yield variations, thereby reducing 
risks. In years when the early spring is too dry 
and does not favour spring grains, winter grains 
benefit from the early summer drought and 
from the abundant radiation, thereby ensuring 
the final result. The regions of most problem-
atic soils are suited to dairy (Fig. 4). 

The cultivation of winter grains and grasses 
should be increased in this sub-zone. The fine 
sand and other coarse mineral soils in this sub-
zone are better suited to cultivating crops sown 
in spring. Wintering crops are more riskprone 
in eastern areas of the sub-zone than in western 
ones (Fig. 3). 

1:4 The southern lake district is characterized 
by its abundance of lakes and a lower risk of 
frosts (Table 1). The main soil types in this 
sub-zone are finer fine sand, silt and fine sandy 
glacial till. Grasses and winter rye are recom-
mended for silt soils; early barley can also be 
cultivated. Rye is well suited to this sub-zone. 
"Snow mold" by parasitic fungi poses the least 
threat to cultivation in the valleys or large 
lakes. A top-quality rye crop is generally ob-
tained. Crops and cultivars sensitive to frost 
can be grown successfully in this sub-zone. 
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Fig. 12. Effect of winter rye and spring wheat hectarage on 
annual variations in crop yields. The optimal hectarage has 
been a spring wheat to winter rye ratio of 3:1. 

II:1 The northern lake district 
Farming in this sub-zone is based mainly on 
feed grain and grasses. The shortness of the 
growing season is crucial to the success of grain 
cultivars. Drought reduces crop yield only 
rarely. This sub-zone has problematic silt soils, 
as does the southern lake district. Snow cover 
is rather thick and crop destruction in winter is 
therefore rather common (Fig. 3). 

11:2 The Ostrobothnian sub-zone differs from 
the northern lake district with respect to snow 
cover and soil types. The humous and peat soils 

5 46307413 

typical of this sub-zone are acidic and, in ad-
dition, sensitive to frost. Oat cultivars ripen 
later than barley but can better withstand aci-
dity. Because the sub-zone is prone to frost, the 
cultivars grown there should be early ripening 
ones (Table 2). Because of soil acidity, however, 
oats has to be favoured over barley. The Os-
trobothnian coastal area, with its coarser fine 
sand soils, is well suited to potato farming. 

III:1 The Suomenselkä sub-zone belongs to 
the cultivation zone for grasses. The "length" 
of the growing season, however, encourages the 
growing of late ripening cultivars, but frequent 
frosts occuring often destroy the harvest (Table 
3). This sub-zpne is susceptible to frost even 
throughout the summer, and agricultural pro-
duction rests almost solely on animal hus-
bandry. Because of its flatness and winter 
climate the w-estern part of the sub-zone is 
prone to ice scorching. Barley is nearly the only 
cultivated grain. The growth of oats for green 
feed can also be recommended. 

111:2 The Kainuu sub-zone, as the Suomen-
selkä sub-zone, is strong in animal husbandry. 
The growing season in this sub-zone is some-
what shorter than in the former. The risk of 
frost is less on sides of hills and in the vicinity 
of large lakes; potato and early barley can be 
grown in such areas. The snow cover in winter 
is very thick. It also lasts longer than in zones I 
and II or other.parts of zone III. Consequently, 
wintering damage is common (Fig. 3). 

111:3 The peatland region 
The risk of frost in spring and late summer is 
high in this sub-zone. There may even be frost 
in July, thougli not as severe as in the "Suo-
menselkä" sub-Zone (Table 3). The risks entai-
led by wintering are not as great as in the 
"Suomenselkä" and Kainuu (i.e. 111:2) sub-
zones. The only grains that can be grown here 
are the earliest cultivars of barley. 
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IV Southern (1) and northern (2) Lapland 
These are among the world's most northerly 
plant cultivation regions (Table 4). The short 
summer places restrictions on agriculture. Pro-
duction is based solely on animal husbandry, 

but potato and feed crops, e. g. feed rape, can 
also be grown. The risk of frost is about the 
same in southern Lapland as in "Suomenselkä", 
less on the shores of large lakes and in northern 
Lapland. 

DISCUSSION 

The new zonal division presented here is based 
on the regional effects of climatic and edaphic 
factors on the yield and quality (commercial ac-
ceptability) of major field crops. Some short-
comings, however, still remain to be solved in 
the future. The basic data currently available 
on crop yields and on the location of agricultu-
ral experiment stations do not fit the zonal div-
ision. In addition, a denser agricultural exper-
iment network on a local level, similar to that 
in the Scandinavian countries, would be needed 
to further adjust the boundaries of our new div-
ision. 

On the other hånd, as the climate, soils and 
waters regulate ali ecology, our new regional di-
vision into zones, sub-zones and sections, is 
well-founded, and agrees for the most part with 
the earlier divisions in other natural sciences, 
e.g. botany (AHTI et al. 1968), as well as with 
the "official" zonal division currently used for 
agricultural policy in this country (MuKuLA 
1984). In the latter division as well as in an-
other by KOLKKI et al. (1970) Pohjanmaa and 
"Suomenselkä" were designated as overly bene-
ficial and the lake district as too disadvantage-
ous. On the other hand, these deficiencies were 
absent from the two pioneer works by LINKO-
LA (1932) and PESOLA (1941), who divided Fin-
land to regions instead of zones. All of the 
former authors (except Linkola) separated the 
no-  rthem and southern lake districts from each 
other, whereas none of them divided southwes-
tern Finland into sections determined by soil 
type composition. 

Because soil types, latitudes and the locations 

of waters are independent of temporal climatic 
variations, the division into zones and sub-
zones is also to a great extent independent of 
possible future climatic change. Only changes 
in the values of sub-zonal climatic parameters 
of crop recommendations may require occa-
sional revision in the future. 

In certain small sections the borders of zones 
and sub-zones were problematic. At the north-
ern border of the feed grain cultivation zone 
(II) the effective temperature sum decreases 
steeply from the northern lake district (II:1) to 
the "Suomenselkä" region (III:1). The corre-
sponding change in soils is smoother so that 
hills of glacial tills occur in sub-region III:1 near 
this border (Fig.7). These hills are favoured for 
farming for two reasons. Firstly, they are less 
susceptile to night frosts, that are a real pro- 
blem particularly in sub-zone 	Secondly, 
because of their,elevation, thes-e.  glacial till lands 
were not leached after the last Ice Age. Especi-
ally on the "Multia highland" (Figs. 7 and 11) 
fields are actually concentrated in such advan-
tageous places. Therefore, "Multia highland" is 
included in zone II as a region with a vety small 
relative cultivated area. 

Definition of a sub-zone for the eastern 
segment of the cultivation zone I (the southern 
lake district, i. e. 1:4) is also problematic. The 
Vanajavesi region should be included in the eas- 
tern sub-zone because of its abundance of water 
and low susceptibility to frost, but it has been 
included in the southern and westem Finland sub- 
zone (i. e. 1:3) because of the risk of ice scorch-
ing the surface soil, the prevalence of clay and 
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silty clay soils, and the large proportion of culti-
vated land. Thus the line between sub-zones 1:3 
and 1:4 was drawn in accordance with the gen-
eral climatic border; this line also forms the 
northeasterly boundary of the ice scorching 
region (Fig. 3). In addition, this line tangents to 
the most northeasterly region in which clay and 
silty clay soils are common. The favourable finer 
fine sand region east of the Kymijoki river was 
also included in sub-zone 1:4 in spite of the 
small number of lakes in the area (Fig. 11). 

The western end of the boundary between 
zones I and II, following the 161-day isoline, 
was moved slightly so that the clay region of 
Kyrönmaa (Figs. 6 and 11) is included in zone I. 
Respectively, the 170-day isoline between sub-
zones 1:2 and 1:3 was moved slightly at its 
northwestern end, so that the region in which  

finer fine sand dominates, remains just to south 
of it. 

In conclusion, the cultivation zones defined 
here do not greatly differ from the current "of-
ficial" zones. They are still needed for nation-
wide agro-economic planning and agricultural 
advisory services. However, in spite of the 
shortcomings mentioned above, our more de-
tailed sub-zones and sections are likely to con-
tribute to the possibilities of more agricultural 
planning and risk analyses, especially at the 
local level, which was the original aim of this 
study. 
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SELOSTUS 

Peltoviljelyn ilmastolliset riskit ja satovaihtelut Suomessa 

II. Suomen peltoviljelyn vyöhyke- ja aluejako 

OLLI RANTANEN ja REIJO SOLANTIE 

Maatalouden tutkimuskeskus ja Ilmatieteen laitos 

Suomi jaettiin etelä-pohjoissuunnassa neljään viljelyvyö-
hykkeeseen: leipäviljavyöhyke, rehuviljavyöhyke, nurmia-
lousvyöhyke ja' pohjoinen siirtymävyöhyke. Leipäviljavö-
hykkeen pohjoisraja määriteltiin kevätvehnän ja rehuvilja-
vyöhykkeen pohjoisraja kauran ilmastollisten riskien perus-
teella. Nurmitalousvyöhykkeeri pohjoisrajan määrittelyssä 
nojauduttiin ensisijaisesti nurmien niittoaikakokeiden tu-
loksiin ja rajausta tarkennettiin ottamalla huomioon tällä 
vyöhykkeellä nurmien ohella Viljeltyjen aikaisten ohralajik-
.. 
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keiden lämpösummavaatimukset. Pohjoisessa rajavyöhyk-
keessä viljely on enää kannattavaa sivuelinkeinona. 

Viljelyvyöhykkeet jaettiin edelleen ilmastollisin ja maa-
perällisin perustein ilmastoalueisiin. Soita ja niille raivattuja 
peltoja, joiden maaperä on turvetta tai multaa, on runsaasti 
vain Suomen viileimmissä osissa. Järvi-Suomen ja Kainuun 
moreenimaat taas erottuvat runsasjärvisyytensä takia myös 
ilmastollisesti niiden länsipuolisista alueista. Kaikenkaikki-
aan viljelyalueet ovat suurimmaksi osaksi samat kuin Suo- 



men yleiset ilmastoalueet. Ilmastoalueet on määritelty lä-
hinnä kasvukauden ilmasto-olojen pohjalta. Talvehtimis-
olot otettiin huomioon aikaisemmin tehdyn kartta-analyy-
sin mukaan. Diskriminantti-analyysin avulla tutkittiin, 
mitkä tekijät vaikuttivat maatalouskeskusten sijoittumiseen 
eri vyöhykkeisiin. Diskriminanttianalyysien tulokset tuki-
vat aikaisempia kartta-analyysin tuloksia. Eteläisten aluei-
den edullisuus tuli esiin varsin selvästi. Myöskin suurien ve-
sistöjen edullinen vaikutus riskien (hallat) vähentäjänä nä-
kyi analyysissä. 

Kaksi eteläisintä aluetta jaettiin vielä erikseen kevät- ja 
syysviljavaltaisiin osiin. Syysviljavaltaiset alueet ovat savi-
tai/ja hiesuvaltaisia alueita. Syysviljavaltaisista seuduista on 
vielä erotettu erikseen jäykän saven ja hiesusaven alueet, 
jotka sopivat maidontuotantoon. Leipäviljavyöhykkeellä 
eteläsaaristo, etelärannikko ja eteläinen Järvi-Suomi ovat 
vähähallaisempia kuin niiden väliin jäävä vähäjärvinen Etelä-
ja Länsi-Suomi ja sopivat siten parhaiten vaativien erikois-
kasvien tuotantoon. 
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