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INTRODUCTION

Potato yields in Finland are characterized by
great variations from year to year. The average
tuber yield of the country has exceeded 20 tons
per hectare in good years, while not reaching
even half this amount in the poorest years.
During the period 1949—1968, for instance, the
average yield ranged from 12.1 to 19.8 tons per
hectare, and the mean was 14.6. When the aver-
ages of the different regions of the country are
considered, the variations are still wider. Wide
annual variation has also been a typical feature
of the yield figures recorded in trial fields (Yrro
1965).

What are the causes of the great variability of
our potato yields? It is obvious that weather
conditions, directly or indirectly, must exert a
decisive influence. In previous studies (e.g.
Jonansson 1922, Kerinen 1931 a, 1931 b,
LunerLunp 1943, TiuTiNeN 1962, Yiro 1963 a,
1964) it has been demonstrated that climatic
factors, in particular the earliness of the spring
and the warmth in the beginning of the summer,
substantially influence the yield figures. Similar
conclusions have also been reached in the other
Scandinavian countries (Vik 1914, HALLGREN
1947, FroGNER 1964 b). The starch content of
the tubers has been found to depend primarily
on the weather conditions of August: a negative
correlation exists between rainfall and starch
content (FROGNER 1964 b, YrrLd 1964, VAaris
1970), and a positive correlation between mean
temperature and starch content (YLro 1964).

The extent to which the late blight disease,
which is caused by Phyfophthora infestans (Mont.)
de Bary, contributes to the variation of the yields
is a question in need of clarification. It should be
kept in mind that blight thrives best in the same

conditions in which the potato crop does well.
It follows that infection with blight may offset
the beneficial effects of favourable weather.

As long ago as 1910, GROTENFELT drew atten-
tion to the great fluctuations in the incidence of
blight, and his observations have been borne out
by subsequent investigations (Ramnro 1937, Anr-
TINEN 1963, Simojoxk: 1963, Yrrd 1963 a, 1963 b).
Recently, MAikeri (1966), when studying the
overwintering of late blight and the dependence
of susceptibility to this disease on the stage of
growth of the potato plant confirmed the above
observation. It is not surprising that incidence
of late blight should fluctuate greatly, because
it is very strongly correlated with the weather
conditions, especially with the temperature and
relative humitidy of the air.

Ramwio (1937) attempted to determine the
effects of blight on yields by analysing the yield
statistics and the estimates of the extent of the
disease made by growers. He found that in 1934,
a severe blight year, the yield losses due to pre-
mature death of the tops and to tuber contami-
nation totalled 37 9}, whereas in 1935, a mild
blight year, they were only 139, Ramio
attributed the heavy losses to the widespread
cultivation of varieties susceptible to blight, a
conclusion also drawn by Jamavramwenx (1933)
from an analysis of the same data.

Ever since the 1930s, measures for combatting
blight have centred round the cultivation of
resistant varieties. Chemical control has not
gained any foothold in Finland, owing to the
great fluctuations in the incidence of this disease
and to doubt as to whether the benefits would
justify the costs, at least in the central and north-
ern parts of the country. Haulm destruction in
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order to protect the tubers is rarely practiced.
To be sure, the haulm is often destroyed by
autumn frost at the end of August or in early
September.

At the agricultural research institutes and
experimental stations of Finland, records have
been kept for several decades in connexion with

potato variety trials. In the present study these
data have been analysed with a view to clarifying
the influence of weather conditions and late
blight on the yields of potatoes, as well as the
incidence of blight, and the blight resistance of
different varieties.

MATERIAL AND METHODS

Fig. 1. Trial localities.
Kuva 1. Koepaikat.

1. Dept. of Plant Husbandry — Kasvinviljelylaitos, Tik-
kurila

2. The Plant Breeding Institute of Hankkija — Hank-
kijan kasvinjalostuslaitos, Tammisto

3. The Plant Breeding Institute of Hankkija, Experi-
mental Farm Anttila — Hankkijan kasvinjalostuslaitos,
Apnttilan koetila

4. Dept. of Horticulture — Puntarbantutkimuslaitos,
Piikkid

5. Dept. of Plant Breeding — Kasvinjalostusiaitos, Joki-
oinen

6. Satakunta Agr. Exp. Sta. — Safakunnan koeasema,
Peipolija

7. Hime Agr. Exp. Sta. — Hdameen koeasema, Pilkine

8. South Savo Agr. Exp. Sta. — Efeli-Savon koeasema,
Mikkeli
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Material

The present study is based on the results of
variety trials arranged during the period 1931—
62 at the Finnish research institutes and experi-
mental stations (see Fig. 1) and on the observa-
tions made during the trials. This period was
chosen for the reason that the German variety
Rosafolia, which was introduced commercially
in 1928, was included in nearly all the variety
trials by the beginning of the 1930s and was
later adopted as a check variety. Being a second
early variety and one which is rather susceptible
to leaf blight, Rosafolia constituted an excellent
standard of comparison in surveys of the annual
incidence of blight and also for comparisons
between varieties. The data of the present study
chiefly comprise the results of the main trials,
supplemented on certain cases with results
obtained in other comparable trials. The trial
including the most important varieties was con-
sidered as the main trial. In such instances, the
results were amended as indicated by the extent
of their deviations from the results obtained with

9. Society of Peat Cultivation, Exp. Sta. Tohmajirvi —
Suoviljelysybdistyksen Karjalan koeasema, Tobmajdrvi

10. North Savo Agr. Exp. Sta. — Pobjois-Savon koeasema,
Maaninka

11. South Ostrobothnia Agr. Exp. Sta. — Eteli-Pobjan-
maan koeasema, Ylistaro

12, North Ostrobothnia Agr. Exp. Sta. — Pobjois-Pok-
Jawmaan koeasenma, Runkki

13. Atctic Circle Agr. Exp. Sta. — Perd-Pohjolan koe-
asema, Apnkka
All except nos. 2, 3 and 9 belong to the Agricultural
Research Centre.



Table 1. Data of years, average planting dates in variety trials, average dates of onset of floweting and of blight epidemic
in Rosafolia, average tuber and starch yields and starch content of Rosafolia and their variations at the different localities.
Taninkfko 1. Tietoja koevuosista, lajikekokeiden keskimddrdisista istutusajoisia, kukinnan ja ruttoepidemian keskimdiiraisistd alka-
misajoista Runsnlebdessd, Ruusulebden keskimddriiset mukula- ja tirkkelyssadot sekd tirkkelyspitoisuus ja sen vaibteln eri Foe-

paikoissa.

) I of Tube & Starch content 9%,

Locality ‘ Period 1) Pl;:.:lcng e({:z:;.:; O}[)_‘lsj:g‘;;t_ yittjld‘T y::rlflj,l Tarkkelyspitoisuus

Koepaikka Koejakso') | Istwins- | Kukinnar epidemic | Mukula- | Tdrkke- —— Variati

ik albamiraiki Ruttocpidenian sato lyssato ZIVEHR Aftation
alkamisaika tnfha | hkg/ha Keskiarvo Vaibtelu
|
Bildlearla <owis v s 1931—62 ! 30.5 ‘ 19.7 | 21.--25.8 32.7 52.4 16.0 13,2—21.9
TARIMIE0 iovani s vieimien.; 1931—48 255 | 17.7 | 26.—31.8 33.6 53.0 15,9 11,7—20.1
AR v s svssaan 1949—062 — | 16.7 | 16.—20.8 30.8 47.5 15.6 12.4—21.0
JoKIoMen jun o semoaen 1942—62 29.5 — 26.2 40.6 15.8 13.1—21.4
PEpohia «uouss o swenang s 1931—62 26.5 —_ — 34.1 56.0 16.5 13,5—20.3
PAlARe wuisios o svimniag 1931—62 29.5 19.7 | 21.—25.8 35.0 51.7 14.7 11,6—17.9
Mikkel comuiis sisvsiies s | 193862 29.5 — — 29.0 40.0 13.8 12.4—15,6
Tohmajirvi .. ............ | 1932—38

1950—58 25.5 26.—31.8 25.7 36.7 14.4 12.2-—16.2
MNagninka’ oo v snaoierss | (1981—62; | 1.6 21.7 | 26.—31.8 38.7 58.3 15.1 13.4—17.7
YHEEREG s s v vp s o 1932—62 30.5 23.7 6.—10.9 31.9 47.7 14.9 10.1—22.3
RGERET vcvma we s vae s 1931—62 2.6 — —_ 30.9 45.8 | 14.1 | <10.0—21.3
7T L 1951—62 — | — | 28.2| 39.7| 14.3 | 11.5—17.3

1) Results are not available for all the years of the period.

Kaikilta jakson vuosilta ei ole koetuloksia.

the check varieties in the different trials. The
most important data on the trials are assembled
in Table 1.

The soil type in each locality was the
same in all years except at Tikkurila, where the
main trials were conducted on clay soil con-
taining 3—06 9, organic matter in 1938—47, and
on soil containing 20—40 %, organic matter in
the other years. The yields at Tammisto, Piikkis,
Jokioinen and Ylistaro consisted of clay soil and
the others of sandy soil. At Tikkurila, Piikkit
and Peipohja, parallel trials were run in a few
years on clay and on sandy soil.

The rate of application of fertil-
izers was heavy, enabling the plants to utilize
any favourable weather conditions. It was not
possible to specify the amounts of nutrients
applied, because stable manure was often used,
and the information on the previous nutrient
status of the soil was also inadequate.

The weather conditions were very
variable. The period covered by the study
included the exceptionally warm years of the
1930s and for comparison, the growing seasons
of 1952 and 1962, which were exceptionally cold.
In consequence, the data provide an excellent
opportunity for clarification of the direct as well

as indirect influence of weather conditions on
potato yields. In Appendix 1 the monthly means
of temperature and rainfall at the different trial
localities for the period 1931—60 are presented.
More detailed data on the weather conditions
during the period 1931—62 are to be found in the
Meteorological Yearbook of Finland. Korkkr
(1966, 1969) and Hertmikr (1967) have analysed
the weather conditions of the period 1931—60.
It should be noted that in the years 1938, 1941,
1951, 1955 and 1959, according to entries made
in the field records, drought was a nuisance at
virtually all the trial localities. Its harmful effect
was greatest on the clay soils at Tikkurila, Tam-
misto, Jokioinen and Ylistaro. In 1955, total crop
failure was caused by drought at Jokioinen.
Frost affected the trial crops comparatively
frequently (Figs. 4—10). The greater importance
of frost at the northerly localities of Maaninka,
Ylistaro, Ruukki and Apukka was clearly evident.
Sometimes, frost was even responsible for total
crop failure, e.g. at Ruukki in 1941 and 1942.
The planting date in different years
varied by 2—3 weeks (Figs. 4—10 and Table 1).
On the other hand, the differences in the average
planting date between different trial localities
were smaller than expected. For instance, the
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difference between Tikkurila and Ruukki was
only three days. In the southerly localities the
potatoes may perhaps have been planted some-
what later in relation to the advent of summer.

The observations concerning the onset of
flowering were incomplete, and data are
presented here only with reference to the check
variety, Rosafolia. The annual variation was even
greater than in the case of planting time, from
214 to 315 weeks. The means fall on either
side of July 20. The development of the crops
was a few days slower at Maaninka and Ylistaro
than at the southerly localities.

The observations on the incidence of late
blight had only been made for purposes of
comparing the resistance of varieties, and the
number of observations recorded varied from
year to year and from one locality to another.
It was therefore very difficult to give a coherent
account of aspects of the disease which were
entirely different from those for which the origi-
nal observations had been made. More frequent
observations at more regular intervals at all
localities would have been preferable. According
to the number of trial localities and the number
of trial years, the data provide an adequate basis
for a picture of the importance of late blight.
The observations on tuber blight were made
prior to storage. The results are variable and
perhaps deficient.

Yields were expressed as tuber yield, starch
content and starch yield. The tuber yields were
fairly high, but the annual variation was great.
The highest average yield, 38.7 tons per hectare,
was obtained at Maaninka, and the lowest, 26.2
tons per hectare, at Jokioinen. The latter figure
is probably too low, owing to the absence of
data from the favourable years of the 1930s. The
yields of the best years were often 2—3 times
those of the poorest years. The starch content
of the tubers varied within wide limits. In some
years with early night frost in autumn it was less
than 10 9%, and in the best years it was more
than 20 9,. The starch content was consistently
lower at the northerly than at the southerly
localities. The starch yield per hectare varied
considerably, too. The figures exceeded 8 tons
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per hectare in the best years, but reached only a
quarter of this figure in poor years. The variation
in yield was less marked on sandy soils than on
clay.

The possible disadvantages of changes in the
trial blocks and of the small size of the trial plots
could not be eliminated. The occurrence of virus
diseases and even variation in the size of the seed
tubers may have affected the development of the
crops. Statictical analyses were not undertaken
in instances in which the data did not satisfy the
criteria imposed. But despite the deficiencies
indicated, the data were fairly suitable for the
present purpose.

Statistical treatment

The influence of weather condi-
tions on tuber and starch yields
and on the starch content was clarified
by means of multiple regression calculations. The
yield of Rosafolia was the dependent variable,
and observations concerning its crops as well as
weather statistics based on meteorological obser-
vations made at the trial localities were the
independent variables. The date of cessation of
growth was considered to be September 20, or
else the date by which blight had destroyed 50 9,
of the leaves or frost had destroyed the tops.
LarcE (1952) considers that increase of the tuber
crop ceases when 75 9, of the leaves have been
destroyed by blight. In this study, the time cotr-
responding to the 50 9, figure is more appro-
priate, because subsequent growth at most com-
pensates for the reduction of the crop which has
already taken place prior to destruction of 50 9
of the leaves. Since data with reference to onser
of the blight epidemic and to the time of 50 9,
defoliation are deficient, the missing values have
been determined by extrapolation and inter-
polation from actual observations. If only one
set of observations was available, the values were
estimated from the average rate of propagation
of blight observed in Rosafolia in the trials at
Pilkdne. Since weather conditions are one of the
factors regulating the rate of spread of blight,
this method does not give exact values, but



provided the data are sufficiently ample, the
crrors will cancel out. Of the years with autumn
frost, only those were taken into account in which
no noteworthy damage was caused by frost, and,
on the other hand, the years in which the vege-
tation was completely destroyed, and growth was
thus arrested by frost, in a single night.

The most extensive calculations were made
from the results of the trials at Pilkine and Ylis-
taro, for which the longest usable series of data
existed, covering 31 and 23 years, respectively.
Some regressions were also calculated from the
series of data collected at Tammisto and Maa-
ninka, covering 14 years. Appendix 1 gives the
mean values of temperature and rainfall during
the growing scasons at the different trial local-
ities.

The of blight
studied as a regional and as an annual phenom-
enon. Endeavours were made to elucidate its
significance on the basis of its incidence and of

occurrence was

the damage caused. An observation period of
three decades may be considered adequate for
collection of adequate data. The incidence was
also recorded in relation to the severity of the
epidemic, the blight years being classed as severe,
moderate, etc.

The data concerning the incidence of tuber
blight is so deficient that statistical treatment
was not considered possible. The results of
observations have merely been presented as such
in the form of Appendix tables.

The comparisons between vari-
eties with respect to resistance
are presented, with reference to leaf blight, as
average deviations of the observed values for
each variety from that of Rosafolia (scale from
0 to 10, with 10 = healthy). Observations based
on various scales were converted to a scale of
0—10. Observations in which the value 0 or 10
was obtained for one or other of the varicties
were discarded. Differences in resistance were
submitted to Student’s t-test.

Observations concerning the incidence of
tuber blight are not available for all years.
Since, for most varieties, data have only been
collected for a few years and since the annual
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Fig. 2. Depedence of the development of tuber yield in
Rosafolia on the onset of flowering in the trials at Tik-
kurila, Mikkeli, and Maaninka, 1967—68.

Kuva 2. Ruusulehden mukulasadon kebittymisen riippuvuus
kukinnan alkamisesta Tikkurilassa, Mikkelissd ja Maanin-
galla v. 1967—68 jarjestetyissd kokeissa.

variation between the different varieties is great,
the raw data are presented in the form of tables.
It is realized that mean values would suggest
completely unwarranted comparisons between
varieties and lead to etroneous conclusions.
The influence of blight on the yields of the
different varieties has been clarified by means
of correlation analysis. The relationship between
incidence of blight and yield in Rosafolia was
clarified by correlation analysis of the crop figures
and times of outbreak of epidemics. In the inter-
varietal comparisons the relative yields of each
variety (Rosafolia = 100) and the times of out-
break of epidemics were used. The use of these
relative yields enabled the effect of blight on the
yields of different varieties to be calculated
directly. This procedure eliminated the influences
of annual and varietal differences in yields. It is
thus understood that the correlation indicates
wheather the yields of the variety in question
are reduced more or less strongly by blight than
those of Rosafolia. The correlation coefficients
were tested for statistical significance by Student’s
t-test. The respective regression equations were
calculated for the graphical representations.
Calculations of yield losses.
As a rule, the severity of a blight epidemic is
measured by the proportion of leaves or tubers

73



destroyed. With certain reservations, this method
is appropriate for assessing the damage caused
by tuber blight. The situation is different in the
case of leaf blight: when it occurs late in the
season, even a severe epidemic has no note-
worthy effect on the yield, whereas an epidemic
which develops early may cause marked reduc-
tion of the yield, even if comparatively mild.
The decisive factors are thus how early the out-
break occurs and how rapidly the disease spreads
through the crop. The situation is also affected
by the stage of development of the crop, which
may be earlier or later than normal.

The yield loss has been estimated in this study
from a graph in which the date of onset of
flowering is plotted against the date of cessation
of growth, as specified above (p. 72). The size
of the tuber crop in relation to the time of onset
of flowering was clarified by means of field trials

in 1967—1968. It can be seen from Fig. 2 that

the average tuber yield at the onset of flowering
was 5.9 tons per hectare. Towards the end of the
growing season, the increase of the tuber crop
has been assumed to slow down as a result of
the changes in light and temperature conditions,
so that during the period September 1—10 the
daily increase of yield is half and during the
period September 11—20 only one quarter of
the increment in the corresponding period in
August (cf. e.g. Murery 1939, Ko&yLijirvi
1962). If the tops were destroyed by blight
during the course of the growing season, the
potential yield was calculated, i.e. the yield which
obviously would have been obtained in the
absence of blight. The difference between the
potential and actual yields is the yield loss. This
is expressed as a percentage of the potential yield.
Fig. 12 partly illustrates the method that has been
employed.

RELATIONS OF YIELDS TO WEATHER CONDITIONS

Dependence of tuber and starch yields on
weather conditions

The yield figures from Pilkine and Ylistaro
afforded the most extensive series of data for
analysing the effect of weather conditions on the
tuber and starch yields and on the starch content,
because the longest usable series of results were
available from these localities, covering 31 and
23 years, respectively. In some of the calculations
the 14-year series of records from Tammisto and
Maaninka were also used, the purpose, in these
instances, being merely to corroborate the con-
clusions drawn from the Pilkine and Ylistaro
results. The mean temperature and rainfall data
of the localities in question can be seen from
Appendix 1.

As a first step, the meteorological factors
during the growing season were taken as inde-
pendent variables: the effective temperature sum
from planting to the start of flowering and thence
to cessation of growth, and the rainfall during

74

the same periods. These factors accounted for
only a small fraction of the total variation of the
tuber and starch yields (Table 2). The partial
regression was not statistically significant with
regard to any factor. Of the total variation of
starch content, however, nearly half was due to
the weather factors, although only the weather
conditions after the commencement of flowering
had any notable effect. Table 5 shows the regres-
sion between the weather conditions of the latter
part of the summer and the statch content; the
weather conditions in the early part of the sum-
mer, being less important, have been distegarded.
Increase of the effective temperature sum was
associated with a significant rise in the starch
content and increase of rainfall with a significant
reduction in this yield parameter. At Pilkine
both exerted an equally strong effect, with beta
coefficients of 0.421 and 0.427, respectively. At
Ylistaro the influence of the effective tempera-
ture sum was greater (beta coefficient 0.707,
against 0.503 for rainfall). This is thought to



Table 2. Total variation accounted for when vatious combinations of independent factors were used in analysing the
relationship between weather factors and yield.
Tanlukko 2. Sidtekijoiden ja sadon vilistd riippuvuntia selvitettiessi eri rifppumatiomien tekijsiden ryhmilli saadut kokonais-
vaibtelun selvitysprosentit.

Pilkine Ylistaro
Combination of independent variables Tuber Starch Starch Tuber Starch Starch
Riippumattomien muntiujion tekijarybma yield yield content yield yield content
Mukula- Tirkkelys= Tarkkelys- Mukula- Tidrkkelys- Tarkkelys-
sato fato Dpitoisuns sato sato Ppiteisns
Effective temperature sum and rainfall of growing
season — Kasvukanden tehoisa limpitilasumma ja
i Y ey 17 27 44 11 15 48
Dates of onset of flowering and cessation of
growth — Kukinnan alkamisen ja kasvun péditty-
L T T e 26 27 —— 23 29 -
All the factors named above — Molemmat edeili
wdinitad. rybisdp Yhdersd uiacvuvian veveri s 40 42 46 50 46 55
Weather conditions of March—May and of the
growing season, effective illumination only from
latter part of growing season — Maalis - touks-
Kuun ja kasvukanden sddolot, teboisa valosumma vain
kasvukanden loppuosalta . .................... 58 | 63 61 59 67 86

Table 3. Regression between onset of flowering and cessation of growth and the tuber and starch yields.
Tanlukko 3. Kukinnan alkamisen ja kaseun padttymisen sekd mukula- ja tirkkelyssatojen vilinen regressio.

Partial regression cocfficient, and t-value
Osittaisregressiokerroin ja i-arve
Trial locality ;
Koepaikka R
Onset of flowering Cessation of growth
Kukinnan alkaminen Kasvun padttyminen
Tuber yield — Mukunlasato (tn/ha):
PAIRANIE wv cousiomsrasssonssmrisn e s —0.560 2ihigkn 0.187 1.93 0.261
Ylistaro —0.610 2. 42% 0.091 1:31 0.228
TRINIMSLY oo wms e —0.618 l.62 0.279 1.0z 0.453
MABBINKE oo rimemsmsmmmmmn. wsmasmnms —0.982 4, 49%x% 0,192 1:31 0.660
Starch yield — Tdrkkelyssato (tn/ha):
PHIERNE vy soamummmnsis s susmisaessmss —0.095 2,94%% 0.038 2.26¥% 0.273
B i U1 7o R ——— —0.123 2.63% 0.053 1.98 0.290
1701575517 <o AR —0.164 2.60% 0.062 1.36 0.453
Masnlnleal .o comsmms vy s s —0.128 2.71% 0.027 0.83 0.412

be due to the fact that the material includes data
for years in which the haulm was destroyed rather
early by frost.

As a second step, in addition to the weather
factors, the dates of onset of flowering and ces-
sation of growth were considered as independent
variables; it is realized that these, too, are indi-
rectly dependent on weather conditions. Now
nearly half of the total variation of the tuber
and starch yields could be accounted for (Table
2). The dependence of the yields in these factors

reflecting the degree of development was dis-
their dependence on the

weather conditions of the growing season. The

tinctly stronger than

yield figures are dependent, at a statistically
significant level, both on the date of onset of
flowering and on that of cessation of growth,
the former appearing to rank considerably higher
in importance than the latter (Table 4). Faitly
similar results were obtained by analysing the
data of Tammisto and Maaninka (Table 3).
Provided that the regression coefficients in
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Table 4. Dependence of tuber yield, starch yield and starch content of Rosafolia on the temperature and rainfall con-
ditions of the growing season (effective temperature sum from planting to onset of flowering and thence to cessation

of growth, and rainfall sums from corresponding periods) and on dates of onset of flowerin

g and cessation of growth

at Pilkine and Ylistaro.
Tanlukko 4. Ruusulebden muknla- ja tdrkkelyssatojen seki tarkkelyspitoisunden riippurnns kasvukanden limpi- ja sadeoloista
(teboisat limpétilasummat istntuksesta kukinnan alkamiseen Jja siitd kasvun paatiymiseen sekd sadesummat vastaavilta Jaksoilta)
sekd kukinnan alkamis- ja kasvun pediltymisajankobdista Dilkaneells Jja Ylistarossa.

Independent variable
Riippumaton tekifd

Partial regression coefficients, and t-value
Osittaisregressiokertoime! ja t-arvot

Pilkiine Ylistaro
Tuber yield — Mukulasato (tn/ha):
Effective temperature sum 1 (day-degrees above 5°C) —

Tehoisa lampitilasumma 1 (°) ... .. ... ......... .. —0.002 0.10 0.027 0.80
Rainfall sum 1 (mm) — Sadesumma 1 (mm) ........ —0.062 1 0.043 1.27
Date of onset of flowering (days) — Kukinnan alkamis-

T e —0.893 2.89%* —1.619 3.52%%
Effective temperature sum 2 — Tehoisa limpitila-

L —0.018 1.14 —0.058 2.60%
Rainfall sum 2 — Sadesumma 2 ...... ... .. .. ...... —0.024 0.77 0.009 0.25
Date of cessation of growth (days) — Kasoun pdtty-

TR ) R R 0.465 2.11% 0.573 2.50%

Starch yield — Tdrkkelyssato (tn/ha): ¥ vakue— F“’”’;’ - (2}:3: F value — F_;{: 0_“*02;23
Effective temperature sum 1 (°C) — Tehoisa limpitila- o SRS

71 L ) e —~0.002 0.57 0.002 0.23
Rainfall sum 1 (mm) — Sadesumma 1 (mm) ........ 0.006 0.83 0.009 l.27
Date of onset of flowering (days) — Kukinnan alka-

T R —0.120 2.28% —0.278 3.00%
Effective temperature sum 2 — Teboisa lampitila-

i T —0.001 0.50 —0.007 1.45
Rainfall sum 2 — Sadesumma 2 ... ... ...... ... —0.009 161 —0.006 0.91
Date of cessation of growth (days) — Kaseun pédrty-

e i T Y e 0.066 2.26% 0.118 2,57%

- * o =
Starch content — Tarkkelyspitoisuns (%,): B yalge— F"’ﬁ‘; o g'i‘:s Filig—r ”RW; - {2)':29
Effective temperature sum 1 (°C) — Teboisa limpitila- o A

s o A ) R e —~0.005 1.27 —0.011 1.13
Rainfall sum 1 (mm) — Sadesumma 1 (mm) .. ...... —0.008 0.95 0.008 0.80
Date of onset of flowering (days) — Kukinnan alka-

L7 T e ———————— 0.055 0.87 —0.108 0.81
Effective temperature sum 2 — Toboisa limpitila-

BRI 2 o i oy i its o 55755 5408 O 0T 58w mniem 0.005 1.45 0.007 1.07
Rainfall sum 2 — Sadesumma 2 ... ............. .. —0.014 2.24% —0.024 2.43%
Dade of cessation of growth (days) — Kaseun pditty-

27, g ) S S —0.010 0.30 0.097 1.48

F value — F-arvo = 3.38% |F value — F-aryo = 3.26*
R? = 0.458 | R* = 0.550

Table 3 give a reliable idea of the dependence
of yield on the times of onset of flowering and
cessation of growth it appears that a shift in the
commencement of flowering to one day earlier
(with unchanged termination of growth) resulted
in an increase of tuber yield, averaging about 0.6
tons and of starch yield averaging about 0.1 tons
per hectare. Postponement of the cessation of
growth by one day (with unchanged onset of
flowering) increased the yields by only about
one-third of the above figures.
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Another observation that can be made from
Table 4 is that an increase of rainfall seems to
have a more favourable effect on yield when it
occurs in the early part of the growing season.
Even at best, however, the significance of the
respective regression remains at the 80 % con-
fidence level. The temperatures in the early part
of the growing season seem to be of no signif-
icance, whereas an increase in the effective tem-
perature sum in the latter part of summer has
meant, as a rule, a lowering of the yield; at Ylis-



Table 5. Influence of thermal sum and rainfall after onset of flowering on the starch content of the tubers.

Taulukko 5. Kukinnan alkamisen jalkeisen kasvukanden teboisan limpitilasumman ja sademdiirin vaikutus mukulain sdrkkelys-
prosenttiin,

Variable
Munttuja

Partial regression coefficients, and t-value
Osittaisregressiokerroin ja t-arve

Pilkine Ylistaro
Effective temperature sum (°C) — Teboisa limpétila-
Summa (°) e 0.004 2,85%% 0.013 3, 61%%
Rainfall sum (mm) — Sademisri (mm) .............. —0.015 2,89%* —0.023 2.56%
F value F value
Foarpo = 9,12%%% F-aryo = 6,95%*
R% = 0.395 R? = 0.410

Table 6. Dependence of statch yield on tuber yield and starch content.
Tanlukko 6. Tirkkelyssadon riippuvans mukunlasadosta ja tirkkelyspitoisundesta (mittayksikkoing tonni ja prosentti).

Partial regression cocfficients, t-value and § coefficient

Variable Osittaisregressiokerroi, i-arvo ja B-kerroin
Mauntinja
Pilkine Ylistaro
Tuber yield — Mukulasato (tn) ...................... 0.151 64.99%%*% 0,867 0.144 31.37%%% (723
Starch content — Tarkkelyspitoisuns (%) .............. 0.340 31.46%%* 0,420 0.301 19.80%** (0,469
F value F value
F-aryo = 2816.85%%* Fl-aryo = 958.14%%%
R? = 0.995 R% = 0.990

taro, in fact, a significantly reduced tuber yield
was noted.

The times of onset of flowering and cessation
of growth showed no significant correlation with
the starch content.

Analyses to settle the question of whether the
starch yield is more closely correlated with the
tuber yield or the starch content revealed that
the tuber yield is distinctly more important
(Table 6). With an increase of the tuber yield
by 6.5 to 7.0 tons per hectare (with unchanged
statch content) the starch yield increased by
about one ton. Correspondingly, when the
starch content increased by about 3 percent

units (with unchanged tuber yield), the starch

yield also increased by one ton. The beta coeffi-
cients in Table 6 indicate the relative importance
of the two factors, as dlsclosed by the ptesent
data.

Of the factors influencing the time of onset

of flowering, the planting time proved to be the
most important (table 7). The earlier the potatoes
were planted, the earlier was the onset of fow-
ering. The regression was statistically significant
in both localities. At Tammisto and Maaninka,
too, the date of onset of flowering was signif-
icantly dependent on the planting  date (cor-
relation coefficients 0.55%* and 0.61%*, respec-
tively). It is seen from Table 7 that a positive
correlation existed between the accumulated
effective temperatute of the early part of summer
and the date of onset of flowering, yet the cot-
relation was not statistically significant. But this
must not be interpreted to mean that an increase
of the effective temperature sum would delay the
commencement of flowering: pair correlation
testing of the effective temperature sum and the
time interval between planting and the onset of
flowering established that the opposite was the
case. The interval became shorter with increasing
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Table 7. Effect of planting date and weather conditions from planting date to onset of flowering on the date of onset
of flowering.

Tanlukko 7. Istutusajan sekd istutus- ja kukinnan alkamisaikojen vilisen ajan sddolofen vaikuntus knkinnan alkamisaikaan.

Partial regression coefficients, and t-value

Variable Osittaisregressiokerroin ja t-arvo
Munttuja
Pilkine Ylistaro
Planting date (days) — Istutusaika (pv) .............. 0.580 5, 54%%x 0.674 2.23%
Effective temperature sum (°C) — Tehoisa limpitila-
SHABIE (%) vcerosns wvvenmi s e Rd S S T 0.009 0.62 0.051 1.90
Rainfall sum (mm) — Sademédrd (mm) .............. 0.023 1.00 0.050 1.86
F value F value
F-arvo = 14.09%%* F-arvo = 3.64%
R? = 0.610 R? = 0.441

Table 8, Effect of planting time, effective temperature sum, rainfall and effective illumination after the onset of flowering
on tuber and starch yields of Rosafolia at Pilkine and Ylistaro.
Tanlnkko 8. Istutusajan, kukinnan alkamisen jilkeisen tehoisan limpitilasumman, sademdirin ja teboisan valosumman vaikutus
Runsulebden mukula- ja tirkkelyssatoihin Pilkéaneelld ja Ylistarossa.

Independent variable
Riippumaton muuttuja

Partial regression coefficients, and t-values
Osittaisregressiokertoimet ja t-arvol

Pilkine Ylistaro
Tuber yield — Mukulasato (tn/ha):
Planting date (days) — Istutusaika (pv) ............ —0.206 1.27 —0.433 1.16
Effective temperature sum (°C) — Tehoisa limpitila-

gumima ([P s coeumnsion seivee SRR B SRR —0.020 1.43 | —0.052 2.28%
Rainfall sum (mm) — Sadesumma (mm) ............ —0.019 0.67 0.013 0.37
Effective illumination (EsH) — Tehoisa  valosumma

(EsH) 0.031 2.23%* 0.056 2.61%

F value F value
F-arvo = 4.03% F-arvo = 2,93
R? =:0.383 R? = (.395
Starch yield — Tdrkkelyssato (tn/ha):
Planting date (days) — Istutusaika (pr) ............ —0.044 1,66 —0.068 0.94
Effective temperature sum (°C) — Tehoisa limpitila-

R [P cnmpmasriosgn @i Statausimsime: soiousesv i e —~0.001 0.67 —~0.006 1.31
Rainfall sum (mm) — Sadesumma (mm) ............ —0.008 1.71 —0.007 1.08
Effective illumination (EsH)— Tehoisa valosumma

CBSELY o omsmicunomossos osaman s - s s s s s s sk e 0.004 1.91 0.011 2.66%

F value F value
F-arvo = 5.57%* F-arvo = 3.11
R? = 0.462 R? = 0.409

effective temperature sum, but when planting had
been late, the commencement of flowering was
postponed till the end of July, and the high tem-
peratures in July caused a positive correlation
between the effective temperature sum and the
date of onset of. flowering.
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As a third step, the mean monthly temperatures
of March, April, and May and the rainfalls of
these months as well as the effective illumination
in the latter part of the growing season were
included among the independent variables, which
thus number eleven altogether. With these inde-



Table 9. Effect of weather conditions from the onset of flowering to the end of growth on the starch yields (tn/ha)
of Rosafolia at Pilkine and Ylistaro.
Taulukko 9. Kukinnan alkamisen jilkeisen kasvukanden siidolojen vaikntns Bunsnlehden tirkkelyssatoibin (inlha) Péilkdneelli
ja Ylistarossa.

Weather component

Partial regression coefficicnt, and t-value
Osittaisregressiokerroin ja t-arve

Sadtekija
Pilkine Ylistaro
Effective temperature sum (°C) — Teboisa ldmpitila-

L ) R T —0.003 1.25 —0.006 1.37
Rainfall sum (mm) — Sadesumma (mm) ... ... ...... —0.010 2.32% —~0.007 1.01
Effective illumination (EsH) — Teboisa valosumma (EsH) 0.006 3.30%* 0.011 2.79

F value F value
F-arvo = 6.12%* F-arvg = 3,87%
R? = 0.405 R% = 0.380

pendent variables, the percentage of the tuber
yield variation accounted for increased to neatly
60 %, and for the starch content and starch yield
the corresponding values were even higher
(Table 2). However, mutually correlated factors
detracted from each other’s influence, and there-
fore only a few of the correlation coefficients
were statistically significant. Therefore the less
important factors were omitted from the further
calculations,

The following were retained as independent
variables: planting date and rainfall of the
growing season after the onset of flowering,
effective temperature sum, and effective illumi-
nation. The planting date serves as an indication
of the effect exerted by the weather conditions
of the spring, while the illumination replaces the
dates of onset of flowering and cessation of
growth, The total wvariation accounted for
remained about 40 9, for both the tuber and
the starch yields. The results ate presented in
Table 8. It can be seen that the yield figures were
most strongly affected by the effective illumi-
nation during the time after the onset of flow-
ering. It is thought to be due to the correlation
between this factor and the planting date
(—0.49%* at Pilkine and —0.21 at Ylistaro)
that these two factors masked each other, and
the regression with regard to planting date
remained weak, although paired analyses of
planting date and yield figures revealed corre-
lations (at Pilkine, planting date tuber yield

—0.50%* and planting date starch yield —0.56**;
at Ylistaro, respectively, —0.32 and —0.28).
When the planting date was neglected, almost
the same percentage of the variation in the starch
yield was accounted for as above, but the regres-
sion between the illumination and starch yield
became stronger (Table 9). Once more, it can
be observed that increase of the effective tem-
perature sum and rainfall after the onset of
flowering were both factors that lowered the
yield. This demonstrates the detrimental effect
of high temperatures in July—August. It may
be mentioned, moreover, that the yields were
not significantly dependent on the combined
effect of the effective temperature sum and
illumination after the onset of flowering.

A further study was made of the factors
influencing the planting date. The independent
variables were the mean temperatures and rain-
fall figures for April and May of these, the most
important was the temperature of April: the
warmer this month, the earlier planting could
be effected (Table 10). Increased rainfall in May
delayed planting; a significant regression was
established at Ylistaro but not at Pilkine. At
Pilkine, potatoes had been planted as early as
mid-May in a few years, which means that the
planting date was not dependent on the weather
conditions of the entire month. This may have
affected the result of the calculation.

Tuber size. — The proportion of small pota-
toes (under 35 or 40 mm) in the yields of Rosa-
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Table 10. Dependence of planting date on weather conditions of April and May at Pilkine and Ylistaro.
Tanlukko 10. Istutusajan (pv) riippuvius hubti- ja towkokuun sidoloista Palkaneelld ja Ylistarossa.

Weather component
Sddtekija

Osittaisregressiokertoimet ja t-arvot

Partial regression coefficients, and t-values

Mean temperatute of April (°C) — Hubtikunn keski-
FIMBOIIE [P0)] 113555 5t yin woqmemmmmomssons vie s 3ot s
Rainfall of April (mm) — Hubtikuun sademiidrid (mm) . .
Mean temperature of May (°C) — Toukokunn keskilinpi-
T e e o N LN R
Rainfall of May (mm) — Tonkoknun sademiird (mm) ..

Pilkane Ylistaro
—2.407  3,13%% —1.164 2.54%
0.032 0.42 0.050 0,96
0.170 0.24 —0.444 1.25

0.077 1.42 0.096 3.05%*

F value F value
F-arvo = 3.72% F-arve = 3.55%
R? = (.364 R2 = 0.441

Table 11. Cotrelations of small tubers (less than 35 or 40 mm) and mean tuber weight with tuber and starch yields.
Taulukko 11. Pienten mukuloiden (alle 35 tai 40 mm) ja mukuloiden keskipainon sekd sadon middrien viliset korvelaatiot.

Small tubers

[ Mean weight

Number ‘ ;o S by
Liocality of trial | Pienet mukulat| Keskipaina|
Koepaikka FEuEy o
Koe- Tuber yield Starch yicld Tuber yield Starch yield
b Mukulasato Tarkk.sato Muknlasato Tarkk.sato
PHIRBRE . vonsims sumpsams weese e 25 —0.48% —0.55% 0.54 0.52%
Masfinka' coamsunsaning marmek s 14 —0.55% —0.60% — —
WHBHES: »oemvves e Serrem Vs 2% —0).59%* —0.43% — -
ROAREL - vy o s someasmin s 23 — — 0.78%%* 0.20

folia at Pilkine, Maaninka and Ylistaro and the
average tuber weights in the trials of Pilkine and
Ruukki are seen in Table 11. The average tuber
weight and the proportion of small tubers in the
yield were both significantly correlated with the
tuber and starch yields. The higher the yield, the
smaller was the proportion of small tubers in the
crop; on the other hand, the higher the yield, the
higher also was the average weight of the tubers.

Discussion

The tuber yield was most highly
dependent on the dates of onset of flowering
and cessation of growth. The first of these dates
was most strongly influenced by the earliness of
the summer. The catlier the advent of summer,
the sooner planting could be undertaken (cf.
KerANEN 1925), and the date of commencement
of flowering, again, was significantly dependent
on the planting date at all four localities. The
planting date was affected by the mean tempera-
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ture of March—May, and especially by that of
April. An increase in the May rainfall delayed
planting. At Ylistaro, where the trials had been
established on clay soil, the effect was stronger
(cf. TAnTineN 1962). However, the reliability of
the regressions was only of the order of 90 9.
The great importance of the thermal conditions
of April has previously been noted in Finland
by Jomansson (1922) and LuNeLunD (1943). In
Sweden the same conclusion was reached by
HALLGREN (1947). The favourable effect of the
thermal conditions of May has been stressed by
Jonansson (1922), KerANeN (1925, 1931 a) and
HavLGren (1947). Yoo (1963 a) found a weak
positive correlation between the temperature of
May and the tuber yield. Previously, Savro-
HEIMO (1936), LAupE (1944), and Simojoxr
(1961), working with potatoes, observed the
advantage of early planting. This was also
pointed out by Curistie (1910), Vik (1915) and
FroGNER (1964 a) in Norway, and by Dyke
(1956) and others in England. It should be noted



that in Finland a favourable effect of early sowing
has also been reported with spring cereals (PEsst
1957, RyynANEN 1958), turnip (ANTTINEN and
Kovrijdrv 1961) and sugar beet (TAmTINEN
1960, BrummEer 1961).

Besides early planting, the weather conditions
during the interval between planting and the
onset of flowering are also of considerable
importance. A negative correlation was estab-
lished between the length of this interval and the
weather conditions. In other words, high tem-
perature accelerated development. High tem-
peratures in June may thus partly offset the
detrimental influence of late planting. This was
more clearly evident at Ylistaro than at Pilkine.
In comparisons of the relative significance of the
eatliness of summer and the temperature of June
with respect to their influence on the date of
onset of flowering or on the yield, it has to be
taken into account that the temperature of June
depends on the eartliness of the summer. The
earlier the advent of summer, the warmer is the
month of June. The cotrelations in the series of
Pilkine and Ylistaro amounted to r = 0.47* and
0.41, respectively. The statistic adopted as a
measure of the earliness of summer was the
mean temperature of the period March— May,
which was correlated with the planting times
(correlation coefficients —0.45% and —0.30). It is
thus seen that warm spring months have an
immediate influence on the earliness of planting
and, indirectly, through the temperature of June,
on the rate of growth of the crop, both these
factors in turn leading to accelerated onset of
flowering and, thereby, to increase of yield.
A positive relationship between the mean tem-
perature of June and the yield has also been indi-
cated by Jomansson (1922), KeriAnex (1931 a),
Lunevunp (1943), TAutiNesn (1962) and Yiro
(1964). The mean temperature of June is, in fact,
an excellent index by which to predict the yield,
because it has an immediate effect on the rate
of development of the crop and in it is also
reflected the influence of the preceding months.
It may be mentioned that in Sweden HALLGREN
(1947) attributes less importance to June than to
April and May,

11 7322471

The time of commencement of flowering can
be regarded as an expression of the joint effect
of the weather factors that have been acting up
to that time. There is no information on the size
or abundance of the haulm at the time when it
reached the flowering stage, and therefore no
possibility for a more detailed analysis of the
effects of meteorological factors.

In addition to the time of commencement of
flowering, the time of cessation of growth was
found to have a significant influence on the tuber
yield figure. It follows that the weather conditions
at the time when the tubers are increasing in size
have the most decisive influence on the yield.
A weak negative correlation was found to exist
between the effective temperature sum and the
yield, which suggests an unfavourable effect of
high temperatures in July (cf. Yrrod 1963 a).
A weak negative correlation was likewise observ-
able between rainfall and yield. This is partly
understandable, however, because in rainy years
the significance of blight is greater, and because
normally the rainfall was probably sufficient. The
relation between added growth time of the tubers
and yield proved to be weak (although at Pil-
kine a significant correlation was found, r =
0.38%), but the great importance of the date of
onset of flowering suggested a closer study of
whether decrease of the light dose due to de-
creasing day length was of any significance. The
effective illumination sum was indeed found to
be an excellent index of the variation in yield.
The days rapidly decrease in length in July—
August, and the assimilation time per day
becomes less. Warson (1947) has shown that
assimilation rate rapidly
towards the autumn and is only 50—70 9, of
its maximum when the leaf area index of the

the net decreases

potato reaches its maximum. This emphasizes
the great importance of early development.
TrorNE (1960) has found that the net assimi-
lation rate falls with age in plants. Boran et al.
(1960) reported that the incremental growth of
the tubers is a positive function of incident
radiation and day temperature and a negative
function of night temperature, and that higher
yields could be expected if the onset of tuber
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Mean remperature
Keskildmportila

Mean ramnfall mm

Sademddara mm

Fig. 3. Illumination (I), temperature (T) and rainfall (R)

during the growing season at Pilkine, and free-hand

curves representing the amount of illumination received

by the crop and the tuber yields. Curves .4 and a represent

vears with eatly development of the crop and B and b years

with late development. Effective illumination according
to LuneLunD (1941).

Kuva 3. Kasvukanden aikaiset valo-, lampi- ja sadeolot (1,

T ja R) Pilkaneelli seki pernnakasvuston vasiaan oftamia

kdytettivissi olevia valomiirid ja vastaavia mukulasatofa kuvaa-

vat kdyrit, Kayrdt A ja a esittivit aikaista, B ja b myi-

héistd kebitystd. Tehoisa valomdird 1LuNeLuNDin (1941)
' mittkaan.

initiation could be accelerated. Scrorte UsiNGg
(1958) also pointed out the significance of the
light dose. It should be noted that regarding the
distribution of the light dose Finland differs
essentially from Central Europe. In the present

study it was not possible to use the leaf area
index as a variable in regression calculations, but
the results suggest that it is less significant than
early development. In Finland, several investi-
gators, including Pesst (1958) and BrumMer
(1961), have called attention to the significance
of radiation, the former in his studies on spring
cereals, and the latter with respect to the signif-
icance of early sowing of sugar beet.

In Fig. 3 the mean rainfall, temperature and
light dose in May—September at Pilkine are
given, as well as curves indicating the effective
illumination received by the potato plants, a
figure which was arrived at by deduction. The
areas enclosed by the curves A and B may be
considered to represent the light dose conditions
consistent with the light doses received by the
crop. Curve A shows the light dose when the
development of the crop is early and curve B
when it is delayed. If, moreover, the fall in tem-
perature towards the autumn and the effects of
blight and frost are taken into account, it appears
natural that the illumination available to the plant
has a decisive effect on the yield. Curves a and b
illustrate the course of development of the cor-
responding tuber yields. It can be assumed that
the tuber yield increments in two-weck periods
from the beginning of July to the middle of
September are on the average as 1:4/5:3/5:%/3%/;
(tn/ha/day). The same is also suggested by the
results presented in Fig. 12.

Table 12. Relationship between the yicld figures of certain varictics and of Rosafolia in the trials at Pilkine and Ylistaro.
Taulukko 12. Erdiden lajikkeiden ja Ruusulehden ( Rosafolia) satolukujen vilinen riippuvuns Pilkineen ja Ylistaron kokeissa.

|
Correlation coefficients

. | Korrelaatiokertoimet
Variables Number
Muuttujat 05)'""3 Tuber Starch Starch
Viuosia yield percentage yield
Mukula- Tarkkelys- Tarkkelys-
sato prosentdi salo
Pilkine: k
Jaakko —PRosafolit v vumennn samesen e s 13 M 0.79%* 0.9 4%x* 0.96%*%*
Olympia.— RO$AFOUE .ocwscsvmmmsmnin swmmmmes sasmom & 12 0.9 4%%* 0.76%% 0.9 1%%*
Ostbote—RoSaIOlR « wuwnviam s s s 19 | 0.7 6%** 0.81%%% 0.82%%*
Ylistaro:
Eigenhieittief — RoBafolia ».cuvwmmmniin wmsmnms awsmmas 21 0.9 3%u% 0.96%*% 0.93%%%
Eldctado — Roafolif - wowswn svmwm s e e srwvas 15 0,93%%* 0.92%%% 0.9 4%%¥
Osthote — RoEAFOlA » s sn saeses smawaes 10 0,97%%* 0.68% 0.9 7%**
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Table 13. Correlations of tuber yields of Rosafolia and of
mean yields in the districts surrounding the trial localities
in the period 1931— 62.

Taulukko 13. Ruusulebden mukulasatojen ja koepaikkoja
ympdriivien maanviljelyssenrojen keskisatojen véliset korre-
laatiot v. 1931—62.

| Correlation

Variables | Number | oefficient
Munttujat | of_'yea_[s Korrelaatio-
Viuosia kerroin
|
Tuber yield of Rosafolia, I
Runsulehden mukulasato,
vs. average yield of Agricultural Society
or Admin. District |
Maanviljelyssenran keskisaio ‘
at Tammisto/Uusimaa 18 | 0.62%*
at Pilkdne/HAmMe ... oonimn s o 32 0.46%*
at Pilkine/Hime—Satakunta ... .. ‘ 32 0.55%*
. g |
at Maaninka/Kuopio ............ | 31 0.48%*
at Ylistaro/Eteli-Pohjanmaa ... .. |30 0, g%k

The starch content is most strongly
influenced by the effective temperature sum of
the late summer and by its rainfall; an increase
of the former raises and that of the latter lowers
the starch content. The correlation between the
effective temperature sum and the rainfall
amounted to —0.01 at Pilkine and 0.48% at
Ylistaro. A corresponding effect of the temper-
ature and rainfall of the late summer on the
starch content has previously been shown by a
number of workers, including Simora (1926),
LauriLa and Axtiva (1956), FRoGNER (1964 b),
Y1ro (1964) and Varis (1970).

The date of onset of flowering had no effect
on the starch content, but between the date of
cessation of growth and the starch percentage
there was a weak correlation (r = 0.23) at Pil-
kine and a significant correlation (r = 0.47%) at
Ylistaro. These results support the generally held
belief that the starch content as a rule increases
towards the autumn (cf. e.g. Carrssox 1964,
Barruc 1965, Neenan 1965). The starch con-
tent was higher at the southerly localities than
at the northerly ones (cf. Umaerus 1970).

The starch yield seems to be most
powerfully affected by the same factors as the
tuber yield. This is understandable, because the
starch yield was more strongly dependent on the
tuber yield than on the starch content.

Since the calculations presented above con-
cerning the relations of potato yields to weather
conditions were all calculated from the yields of
a single variety, Rosafolia, the question arises
whether the results obtained here are of general
applicability. Table 12 shows the correlations
between the yields of Rosafolia and several
varieties which were included in the trials for
long periods. All these correlations are signifi-
cant. In addition, there was a significant corre-
lation between the tuber yields of Rosafolia
obtained at Tammisto, Pilkine, Maaninka and
Ylistaro and yields in the vicinity of the trial
localities (Table 13). Furthermore, a relationship
was shown to exist between the time of onset
of flowering of Rosafolia and the average yield
of potatoes in the province surrounding the trial
locality, the correlation being significant in two
instances and weak in three (Table 14). Thus,
it is obvious that the results obtained with Rosa-
folia may be considered, in Finnish conditions
at least, to give a true indication of the general
relationship between weather conditions and
yields.

Table 14. Correlations of date of onset of flowering of
Rosafolia and average yields in the districts surrounding
the trial localities in 1931—62.

Tanlukko 14. Ruusulehden kunkinnan alkamisajankobdan ja
koepaikkgja  ympirdivien maanviljelysseurofen  keskisatojen
viliset korrelaatiot v. 1931—62,

T
| Correlation
Variables Number | oefficient
Munttujat | of years | goroizatio-
| Vwosia kerroin
Date of onset of flowering of
Rosafolia
Ruusulehden kukinnan alkamis-
aika
vs. average yield of Agricultural Society
or Admin. District
Maanviljelyssenran keskisato
at Tammisto/Uusimaa 16 | —0.30%)
at Pilkidne/Hime ............... 32 | —0.40%
at Pilkine/Hime—Satakunta .... 32 |[—0.40%
at Maaninka/Kuopio ............ 21 |—0.26%)
at Ylistaro/Eteli-Pohjanmaa ... .. 30 | —0.27%)

*) Confidence level of correlation, p = 0.75.
*) Korrelaation lnotettavuus p = 0.75.
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INCIDENCE OF BLIGHT AND BLIGHT RESISTANCE OF DIFFERENT VARIETIES

Leaf blight

Wide annual variation of incidence was a
typical feature of leaf blight. The earliest recorded
epidemics began at the end of July, but in most
years the disease did not break out until the latter
half of August, and in some years no blight
occurred at all.

Figs. 4 to 10 give a general idea of the incidence
of blight in the different years and at the different
trial localities. Unfortunately, regular and fre-
quent observations were not made, and the de-
scriptions of the spread of blight through the
crop leave much to be desired.

The particular varieties proving most sus-
ceptible to blight varied with the locality as well
as with the year, for which reason the times of
outbreaks in different years were not mutually
comparable. However, the observations made on
Rosafolia may be considered to reflect the differ-
ences between the years as well as between the
localities. The frequency of frost at the northetly
localities merits attention.

There was distinct uniformity in the incidence
of blight between the southerly localities of Tik-
kurila, Tammisto-Anttila, Jokioinen and Pil-
kine. Piikkié and Peipohja also belonged to
this group. Tohmajirvi seemed to be interme-
diate between these and Maaninka and Ylistaro,
which formed the other group. At Ruukki and
Apukka only occasional outbreaks of blight were
of importance.

If the results of observations on the southern
group are slightly smoothed, it is evident that
the blight epidemic had broken out by August
10 in four years, i.e. during one year in eight
on the average. In at least eleven years, i.e.
during one year in three, on the average, it had
started by August 20, and in twenty years, i.e.
in two out of three years, before the end of
August. In seven years, i.e. during one year in
five, an outbreak of the epidemic occurred in
September, and in five years, i.e. during one
year in six, there had been no blight at all.
The average frequency of occurrence of severe

epidemics (growth of the most susceptible varie-
ties arrested by blight by about mid-August)
was once in five years. A moderate blight year
(growth of the most susceptible varieties arrested
before the end of August) was encountered once
in two years, while once in three years, on the
average, blight was negligible or there was no
outbreak.

At the latitude of Maaninka and Ylistaro the
epidemic only broke out prior to August 20
during one year in five and by August 30, once
in two or three years on the average. Approxi-
mately once in two years on the average the
attacks of blight were very mild, or the disease
was not observed at all.

At Maaninka, there was a very bad blight year
once in five or six years, while there was only one
such year at Ylistaro. Severe or moderate blight
occurred at Maaninka once in two years, at Ylis-
taro only once in four years on the average. The
importance of blight was less at Ylistaro than at
Maaninka, which is due, at least in part, to the
more frequent occurrence of frost at the former
locality.

Tuber blight

The information concerning the occurrence of
tuber blight was incomplete. In the years for
which such data are lacking it is probable that
the disease reached only negligible proportions,
or was not encountered at all.

Numerous factors impede the study of the
importance of tuber blight. Firstly, Rosafolia
cannot be accepted as a standard for the incidence
of tuber blight, owing to its exceptional resist-
ance. Most other varieties, again, had only been
included in the trials for comparatively short
periods, and the proportion of the crop con-
sisting of their blight-infested tubers had varied
greatly, For these reasons, statistical analysis of
the data was not considered warrantable, and only
the most important observations are presented in
Appendices 2 to 11.

The wide variation in the incidence of tuber
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Table 15. The resistance to leaf blight of the most common varieties cultivated in Finland compared with Rosafolia.
Taulukko 15. Yieisimpien perunalajikkeidemme lehtiruton kestivyys eri koepaikoissa Ruusulehteen verrattuna.

Tikkurila l Tammisto - Anttila 1 Jokioinen

| Mean | | | Mean Mean Mean ‘

deviation deviation| deviation deviation

Variety Num- |compared Num- |compared Num- |compared Num- |compared
Lajike | berof | with t-value | berof | with t-value | berof | with t-value | berof | with Evalige
vears | Rosa- Eaivo years Rosa- 1-arvo years Rosa- t-arsa | Years Rosa- t-ario

! Koe- folia | Kaoe- folia Koe- folia Koe- | folia

vwosia | Keskim. | puosia Keskim., vuvsia Keskim, vuosia Keskin, |

ero Run- ( ero Ruu- ero Run- ero Rau- |

‘ sulebteen ‘ sulebteen sulebteen sulehteen ‘

| | | | |

Early Rose — Aikai- ‘ ‘

NER THUSH ... vnn l — Lo s =7 = = ==z == B == ==
Tammiston aikainen | — — — 9| —5.2| 7. 12%%% — —| — — —| —
Harbinger —Vesijirvi | — — - 7| —4.4|4.76%x — —| — — —| —
Sieglinde — Siikli ..| —| —| — | —| —| — 6| —3.6|6.55%% 6| —3.0|5.88%%
King George V — w

Kimingas Yrjo V7 .. | 10| —1.4|3,19%% | 6| —1.7|3.47% - — — 10| —1.9]3,17*

|
Eigenheimer ....... —_ —_ [ 9| —1.4|3.509%* S —_] = 10 | —2:2:| 3.03%*
Jagkke seism w i 8| —0.2/0.51 | — s 7 4+0.2)0.34 10| —0.6|1.54
Up-to-Date — Upto . — e 9| —0:7 1,94 ) —_ — — S
Paul Wagner — Panli | — wa |l = [ 13} —0.3(1.00 — | — — 8| +40.5/0.64
Olympia .......... 7| 40.6]1.54 | — - 8| +1.3|2.28 8| +0.1]0.23
Ostbote:omue o 5w 11| 4-3.3 | 9. 43%%% 6| +1.5]|2.63% ‘ Tl 52| Bigpks: 8 L +-2.5 | 4,55%%
Alpha — Alfa ...... 6| +2.4|2.86% 6| +1.8]|2.50 — e 8| +2.213.61%*
Record — Rekord . .. - —| — | - — 6| +3.1|2.91* — ] —
Aquila — Akvila . .. Tl 6.4 | 5. 73%* — — ‘ 6| +5.2|5.15%* 8| +2.2|3.73%%
Frithnudel — Nuutti| — == == | = | =] =| = 6| -3.0|4.69%*

blight is apparent from the tables. In some
instances, the majority of the crops were infected,
while in other years the whole crop, even of the
most susceptible variety, escaped entirely. On the
average, tuber blight broke out at nearly every
locality approximately every other year, or in two
years out of three. At Jokioinen and Pilkine it
was only encountered in one year in three. The
differences between the localities may also have
been affected by the differences in the accuracy
of the observations. For example, the percentage
of affected tubers had sometimes been rounded
off to whole numbers, sometimes stated with
greater accuracy.

Moderately frequent tuber blight had been
noted in 1934, 1936, 1938, 1943, 1953, 1954, 1957
and 1961, i.e, in one year in four on the average.
These years can be considered bad tuber blight
years. In addition, some tuber blight was encoun-
tered, in the years 1932, 1935, 1937, 1945, 1946,
1952 and 1960. Tuber blight had thus been of
some importance in at Jeast one year in two. In
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one year in three it had been negligible or not
encountered at all. It is obvious that frost had
to some extent restricted the occurrence of tuber
blight, by destroying the infected haulms.

Blight resistance

The resistance of a given variety to blight is
usually understood to mean its resistance to a
combination of leaf and tuber blight. In the
present study the resistance to leaf blight and
to tuber blight have been considered separately,
as well as the relative resistance of the different
varieties to leaf blight.

The values indicating resistance to leaf blight
presented in Table 15 have been compiled from
observations made at eight localities. Only those
varieties were included for which observations
covering at least six years and in at least two
localities were available for comparison with
Rosafolia. The results revealed little that is new,

Results obtained at different trial localities. On the right the resistance of varieties after SaLonEN (1962). Scale 0—10.
Vertailun vioksi on esitetty myis SALOSEN (1962) perunanviljelyoppaassa esittimit arvosanal. Asteikko 0—10.
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ber of with t-value | betof with | inlae ber of with toviine ber of with tevalue Porunan viljely-
yeats Rosa- t-arvo years Rosa- t-arva years Rosa- t-arvo years Rasa- 1-arvo oppaan arsosanat
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compared to the scores presented by SALONEN
(1962).

Of the second early varieties, King George V
and Frihnudel, of the main crop varieties, Paul
Wagner and Olympia, and of the late varieties,
Ostbote, Alpha and Aquila had one too many
points, while the scores of the other varieties
were fairly appropriate.

No statistical analysis of the resistance of the
varieties to tuber blight was possible. However,
attempts were made to gain some idea of the
resistance of the varieties by comparisons of
pairs. The assessments thus obtained were com-
pared with those assigned by SarLonen and partly
presented in Table 15. The scores of Barima (5)
and of Ostbote and Record (9 both) are one
point, and those of Bintje (6), Magnum Bonum
and Paul Wagner (8 both), King George V and
Olympia (9 both) and Aquila and Frithnudel
(10 both) are no less than two points too
high.

The relative resistance of a variety to leaf blight

indicates whether the yield was reduced by attacks
of blight more or less strongly than that of Rosa-
folia. Since the lower limit of the useable pairs
of results was set at seven and in regard to each
variety results from at least two localities were
required, correlation coefficients could only be
presented for 40 cases. These related to six local-
ities and thirteen varieties (Table 16). A positive
correlation meant that the variety in question was
relatively more susceptible, and a negative cor-
relation that it was relatively more resistant, than
Rosafolia. Owing to the limitations of the data,
only a few of the correlations were statistically
significant, even though the correlation appeared
obvious in a greater number of cases.

Of the varieties commonly cultivated in Fin-
land, Harbinger, King George V, Eigenheimer,
Up-to-Date and Olympia were more susceptible
to blight than Rosafolia, the losses being the
greater the earlier the epidemic started. The
opposite was true of the damage to crops of
Frihnudel and Jaakko in relation to Rosafolia.
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Table 16. Correlations between the date of outbreak of a bli
of the most important varieties in the trials

ght epidemic and the relative yields (Rosafolia = 100)
at Tikkurila, Tammisto, Jokioinen, Pilkine, Maaninka and Ylistaro.

Tanlukko 16. Ruton alkamisajankobdan ja tirkeimpien lajikkeiden subleellisten satojen ( Ruusulebti — 100 ) véliset korrelaatiot
Tikkurilan, Tammiston, Jokioisten, Pilkdineen, Maaningan ja Ylistaron kokeissa.

J Tikkurila ‘ Tammisto Jokioinen l Pilkine Maaninka Ylistaro
Corre- i J Corre- Corre- Corre- Corre- E Corre-
Variety Num- | lation | Num-| lation |Num-| lation |Num- lation | Num- lation [ Num-| lation
Lajike berof | coeffi- | berof | cocffi- |berof | coeffi- |berof | coeffi- |berof | cocfi- | berof | coefi-
years | cient | years | cient | years cient years cient years cient years cient
Koe- | Korre- | Koe- | Korre- | Koe- | Korre- | Koe- Korre- Koe- Korre- Koe- Korre-
| wwosia | faatio- rvuosia | laatia- | vuosia | laatio- | puosia laatio- | yuosia laalio- viosia | laatio-
| kerroin kerroin | kerroin kerroin kerroin | kerroin
[ | ‘
Har!?ing_cr tuber yield I : ‘ | ‘ ‘ ‘
Vesiérvi miukiilasato | = - — =) — 9| 0.51 | 12| 0.64% 11| 0.82%*
» starch yield ‘ [ [ |
tdrkkelyssato = — — T — 9| 0.41 12 0.72%% 11| 0.78%*
King Georg Vtuber yield - \ ; |
Kuningas muknlasato | 15| 0.44  — —| 7] 027 | — } - 12 0.58% | 10 | 0.06
Yrji V7 starch yield ; I w
» ftérkkelyssato 15| 0.47] — — 7| 0.08 | — — 12| 0.59% 10| 0.7¢*
Eigenheimer tuber yield ‘ | |
mukulasato — | —[ 10| 0.23 8| 0.83% 8| 0.39 - — 19| 0.13
» starch yield [ |
tirkkelyssato — —| 10| 0.61 8| 0.75% 8| 0.59 — - 19 | —0.09
Up-to-Date  tuber yield | ‘ 1
Upto mukylasato | — | —| 11| 033 —| —| —| — | 17| 0.44 | —| —
» starch yield | 1
tirkkelyssato — —| 11| 039 — —| — - 17| 0.46 | — -
Olympia tuber yield | ‘
mukulasato | 8| 0.53| —| —| 11|—033| 13| 0.26 | —| — | 10| 0.6s*
» starch yield | |
tirkkelyssato | 8 0.47| — — | 11|—0.15 | 13| 0.52 — - 10 I 0.7 5%%
Paul Wagner tuber yield |
Pauli minknulasato — - 16 |—0.17| — - 7| 0.80% - - — —
» starch yield ‘
tarkkelyssato — —- 16 |—0.08| — — 71 0.57 — — —_ —
Sieglinde tuber yield
Stikli mikulasato — — - —| — - 10 0.16 9| 0.55 — -
» starch yield '
tarkkelyssato — - - - —| — — 10| 0.18 | 9| 0.53 — -
Ostbote tuber yield w
mukulasato 18| 0. = —| 10|—0.12 | 21| 0.32 | 9|—0.07 9/ —0.07
» starch yield [
tirkkelyssato 19 |—0.17| — — | 10| 0.0t | 21| 0.63%% 9| 0.14 9 —0.07
Record tuber yield | [
Rekord minkulasato - — — - 8| 0.69 | 11|—0.08 9/—0.18 | — J —
» starch yield ; ‘ [
tirkkelyssato —| =] —| ~—=| 8| 01| 11| 008 | 9|00 | —| —
Alpha tuber yield | | |
Alfa miukulasato 13| 0.38] — —| — — | 16 —0.18 — = — =
» starch yield |
tirkkelyssato 13| 07| — S| Qe — | 16|—0.15 = — - =
Aquila tuber yield ! | '
Akvila nikulasato 11 |—0.31| — — 8 019 — — - — - =
» starch yield ‘
tirkkelyssato 11 (—0.41 - — 8|—0.05 | — “a | &= = | &= —
Frithnudel  tuber yield 1 [ |
Nuntti mukulasato — — — —| 10| 0.01| — — | = = 11 |—0.70*
» starch yield : ‘
rarkkelyssaro | —|  —| —| | 10| o0.09 S . ; = : 11 [—0.70%
Jaakko tuber yield [
muklasato 9 Quas — - 9 1—0.49 | 14 |—0.75%*% 11 0.48 | 9|—0.56
» starch yield : ‘
tirkkelyssato 9|—0.10) —| —| 9|—0.30| 14—0.44 | 11| 037 | 9|—0.51
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In other words, these varieties were the most
resistant ones, in relation to their earliness, or
relatively resistant. The other varieties in the
table were approximately equal in resistance to
Rosafolia; Paul Wagner and Sieglinde were per-
haps slightly more susceptible and Aquila perhaps
slightly more resistant,

In Fig. 11 an attempt has been made to depict
the relative resistances as lucidly as possible, with
the aid of regression analysis. Compared with the
vields of Rosafolia and Ostbote, those of Jaakko
were greater when the blight epidemic com-
menced early. From the data of Table 15, Jaakko
appeared to be the most susceptible variety of
the three, and Ostbote the most resistant to leaf
blight. When resistance was measured in terms
of yield, Jaakko was found to be the most resist-
ant and Ostbote the most susceptible. Thus it is
seen that earliness proved to be a more important
trait than actual resistance to leaf blight.

Another striking example of the significance
of ecarliness can be found in Table 17, which
shows the yields of four varieties, Harbinger,
Rosafolia, Eigenheimer and Ostbote, in different
years at the Experimental Station at Ruukki. In
the years with early frosts, Harbinger, an early
variety, had understandably produced the highest
yields and Ostbote, a late variety, the lowest
yields. Also, in the blight years of 1938 and
1943, Harbinger was approximately equal in
yield to the varieties Rosafolia and Eigenheimer,
which were both more resistant to leaf blight,
whereas Ostbote had no chance to manifest its
blight resistance. In years favourable for late
varieties Harbinger had fallen slightly behind
Rosafolia and Eigenheimer. The four varieties
were not all included in the trials in all the years
for which the data were analysed.

Discussion

The data presented are sufficiently ample to
give a general idea of the incidence of leaf blight.
Blight had occurred almost every year, partic-
ularly in southern Finland. The eatliest epi-
demic outbreaks had been recorded at the end of
July; usually outbreaks did not occur until the
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Fig. 11. Regressions between the relative tuber yield
(upper graph) and relative starch yield (lower graph)
(Rosafolia = 100) of Jaakko and Ostbote and the time
of late blight outbreaks. The earlier the onset of the blight
epidemic, the higher the yields of Jaakko relative to those
of Rosafolia and Ostbote. Data from trials at Pilkine.

Kuva 11. Jaakon ja Osthoten subteellisten mukula- ja tirkkelys-

satojen (Ruusulebti = 100) ja ruttoepidemian pubkeaniisaiko-

Jen vilinen regressio. Jaakko on voittanut Ruusulehted ja Ost-

botea sadoissa sitd ememméin mitd aikaisemmin ruttoepidemia
on alkanut. Tulokset ovat Pilkineen kokeista,

latter half of August even in the most susceptible
varieties, and in Rosafolia the average date was
about August 25. The results reveal that blight
was more frequent in the south of Finland than
in the north, where its occurrence was somewhat
restricted by the greater frequency of frost. Blight
epidemics as a rule started in southerly localities,
and the impression was gained from the results
that the disease spreads from south to north.
Analogous observations have been made by Cox
and LARGE (1960) in regard of the occurrence of
blight in Great Britain and Sweden. The state-
ment made by Ramnto (1937) that blight first
appears in the county of Vaasa (Ylistaro and
Ruukki) and that Uusimaa (Tikkurila, Tammisto
and Anttila) is infected last of all, has to be
dismissed, in the light of the present study, as
an erroneous inference drawn from inadequate
evidence.
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Table 17. Yields of Harbinger, Rosafolia, Eigenheimer

and Ostbote in frost and blight years and in good potato

vears, at the Experimental Station of North-Ostrobothnia
at Ruukki.

Taulukko 17. Vesijirven, Ruusulebden, Eigenbeimerin ja Osi-
boten satotuloksia halla- ja ruttovuosilta sekd suotuisilta vuosilta
Pokjois-Poljanmaan koeasemalla Ruukissa.

Yield - Sato, tn/ha
i folia | Eigenhei-
H;’é?r::fw:t g::fﬂﬂ.lbﬁ g:m:r Ostbote
|
Frost years — Halla- | [ ‘
viodet [
i1 8.4 — 5.8 —
1942 .. ompmeis 25.8 14.6 16.2 8.0
1944 . 23.¢6 20.1 17.8 10.2
1950 s wnsssonmmer e 31.2| 27.7| 322 —
\
Blight years — Rutto-
vitode!
J1938: .., 0 sememii 26.0 29.6 29.4 -
1943 ... ........ 31.3 28.8 31.9 23.9
1953 ... ... - 47.7 48.3 —_
51515 S | — 18.2 16.8 i —
| |
Good potato years — '
Suotuisat viodet
1948 .. .\ cocimnims 35.9 40.1 37.6 —
1947 ... & asnmios 35.0 40.1 — —
1949 .. . voveniine 39.3 36.9 41.6 —
UG o o bhromeis - 38.0 40.0 | —

Rosafolia was about average in its level of
resistance to leaf blight. When the areas under
different varieties as reported by Saxsa (1955),
are taken as a basis of comparison, the incidence
of blight in Rosafolia can be said to correspond
approximately to the incidence of blight in
general,

Information on tuber blight is incomplete, and
for reasons given carlier there have not been
adequate data for statistical treatment. It follows
that the drawing of inferences is risky. It is likely,
however, that the importance of tuber blight was

less than that of leaf blight. We can assume that
the proportion of infected tubers averaged, about
5, and did not exceed 10 per cent.

The resistance of the varieties to leaf blight
was measured by the differences from Rosafolia,
The
results were fairly similar to those obtained by
Kosgmnen 1932, Wirrr 1935, BrumMER 1950,
Linya-anmo 1955, Varis 1960, KoéyrijArvr 1962,
Y1ro 1965, SeppANeEN 1967.

A more descriptive way of indicating the differ-
ences in resistance between the varieties would
be to express them in days (cf. Varis 1960,
MAKELA 1966). The haulms of Early Rose, Sieg-
linde and Harbinger were destroyed by blight on
the average one week earlier than those of Rosa-
folia. Eigenheimer, Up-to-Date, Paul Wagner
and Olympia did not differ from Rosafolia by
more than a couple of days. Ostbote, Alpha,
Frithnudel, Record and Aquila were more resist-
ant by 5 to 10 days. Owing to the differences
between epidemics and the meagre data, these
differences were statistically significant in only
a very few cases.

The best way to obtain reliable data on resist-
ance to leaf blight and especially to tuber blight
would be to carry out a series of trials with arti-

which were then converted into scores.

ficial infections.

Establishment of the relative resistance of the
different varieties to leaf blight is especially
important in Finland, because of the shortness
of the growing season. This means that earliness
is an important characteristic and also that it is
often questionable whether chemical control is
profitable. Although these preliminary results on
relative resistance were only rough scores, they
nevertheless deserve notice,

INFLUENCE OF BLIGHT ON YIELDS

Reduction of yield

It is by ptemature defoliation of the haulm
that blight reduces the yield of potatoes. At-
tempts have been made to estimate the extent
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of this reduction and of its annual fluctuations
by calculating, in the manner described above,
the yiceld curve of each year, which reveals the
actual yield and the potential yield (Fig. 12). By
potential yield is meant the yield which would
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Fig. 12. Curves for yields of Rosafolia in the trials at Pilkine and Maaninka.
Solid lines indicate the actual yield and dotted lines the potential vield.

Kuva 12. Runsulebden satokdyrit Pilkdneen ja Maaningan kokeissa. Yhtendinen viiva
osoittaa todellisen, katkoviiva potentiaalisen sadon.

13 7322-—71
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Table 18. Yield losses due to curtailment of growing period caused by blight in the variety Rosafolia at som= localities
in 1931—1962,

Taulukko 18, Ruton aiheuttama kasvuajan lyhenemisestd jobtuva satotappio Ruusulehti-lajikkeessa erdissd koepaikoissa v. 1931—62,

[ Range of Average | Cotrected
Number yield losses, yield losses, ‘ value of

Locality of years Period Satotappion Keskimaddrdinen losses
Kocepaikka Vuosien Jakso vaibtelu satotappio Tappion

luten S —— o | korjatiu

| | taha A tn/ha ‘ e

| | \

Tikleurila: oo is svpse s svmsones | 30 1931—62| 0—19.6  0—40 3.8 8.9 8.6
Tammisto s o siimsens ot 5 | 15| 1931—48| 0— 8.7 0—24 13 | 3.6 | 7.4
Palkane: i o sssimsn ssnesve o 32| 1931—62| 0—14.5 0—33 3.0 | 7.1 T
Whaniohs 5u: - soomnvnsi soaE 16 1945—62  0—27.0  0—39 3.9 ‘ 7.0 4,9
YHstaro i i sncnmmies snammas 30| 1932—62 0—11.6 0—25 1.6 3:9 | 3.9

Table 19. Mean values of the actual and potential yields, and correlation coefficients between the time of cessation
of growth and the tuber yield of Rosafolia.

Taulukka 19. Todellisten ja potentiaalisatojen keskiarvot sekd kasvun péitiymisajan ja Ruusunlebden mukulasadon viliset korre-

laatiokertoimet.
|
Actual yield | Potential vield
Todellinen sato Potentiaalisato Correlation
Trial locality . coefficient
Koepaikika Mean Mean y | Korrelaatio
keski- S'D'_ keski- b'D: kerroin
sato koski- sats keeski-
tn/ha bajonta | tn/ha bajonta
- . |
TIREGHIR cvsommmmmmua 8 oo s 32.0 7.417 35.8 9.23 —
TOMIMIRED. womoss suvaiars i SROSSoB RIS 34.0 8.65 | 35.3 8.68 2.21
PRIGHHE oo vy soommmins 5 aRssmsimsig 35.0 6.54 [ 38.0 8.08 0.16
Maatinlia: oz v s e 40.1 5.34 43.5 9.53 —0.25
YHSEIO : wonongs puspnan m s 31.5 6.80 34.6 7.38 —0.11

probably have been attained if no blight had
occurred. The yield loss is, of course, the differ-
ence between the potential and actual yields.
The yield loss caused by blight could be cal-
culated from the yields of Rosafolia at five trial
localities (Table 18). The loss was greatest at
Tikkurila, where it averaged about 9 9, with a
range from 0 to 40 9,, and lowest at Ylistaro,
where it averaged about 4 9, with a range from
0 to 25 9,. The corrected figures for losses are
presented in the last column of Table 18. The
correction applied eliminates the influence of the
period from which the yield results were re-
corded; it thus serves to render the results from
the different localities mutually comparable. The
correction had no notable influence except at
Tammisto and Maaninka. As regards individual
vears, the greatest losses were incurred in 1953
and 1961. The loss in the former year varied
from 9 to 20 tons per hectare and in the latter
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year from 6 to 27 tons per hectare; the corre-
sponding percentages were 20—40 9%, and 11—
39 9, respectively. Among the other yeats spe-
cific mention may be made of 1934 (losses 3—
18 95), 1942 (1—24 9%,), 1943 (2—31 9;), 1954
(4—29 9,), 1960 (11—349%,), and 1962 (0—
30 9,). Moreover, it has to be noted that in
the years 1934, 1938 and 1961 blight was more
destructive in the northerly trial localities, and
in the years 1942, 1943, 1945, 1953, 1960 and
1962 in the southerly localities.

Blight as a yield equalizer

In the preceding section the great importance
of blight as a yield-reducing factor was noted.
Since the ecarliness of the crop has a decisive
influence on the yield, it is important to know
the extent to which blight contributes to the yield
variations. To find the answer to this question



two approaches were adopted: firstly, the disper-
sion of the values calculated for the yield losses
was studied; secondly, the cortelations between
the yield and the time of termination of growth
were calculated. The results are presented in
Table 19. It is seen that according to the first
mode of calculation, blight tended to equalize
the yields rather than add to their variation,
although there is not a sufficient basis for gene-
ralizations. Thete is no correlation between the
yield and the time of cessation of growth.

Discussion

The influence of blight on tuber yields could
only be considered in the light of the results of
five trial localities. However, the uniformity of
the results indicates that they are fairly reliable,
although they are considered to give a conserva-
tive rather than an exaggerated estimate of the
magnitude of the losses. It goes without saying
that the results for individual years have to be
taken with great reserve, but they are believed
to demonstrate fairly reliably the order of magni-
tude of the losses incurred in each instance.
Morecover, it should be noted that the calculated
losses produce a picture which shows strong
similarities to the findings concerning the pre-
valence of blight. The picture is merely supple-
mented by taking into account the influence of
the earliness of the individual crops. Further-
more, the results obtained for Rosafolia can be
considered to give a fairly representative idea of
the importance of blight in Finnish potato
growing as a whole. By and large, our crops
seem to have been more susceptible to blight
than Rosafolia during the first half of the period
under consideration, while in the latter half they
secem to have been more resistant, when all our
varieties and the areas in which they are cultivated
are considered.

The yield losses in individual years
varied greatly. In five trial localities, the highest
losses varied from 24 to 40 %, For the southerly
trial localities the worst blight year was 1953,
and for the northerly localities 1961. In general,
however, the losses in the different localities were

of roughly the same order in a given year. In
the years with the highest yield losses (tons/ha),
the actual yields were above the average besides
a few exceptional cases. In fact, the greatest losses
occurred in years in which losses could be
afforded.

If late development of the crops and an early,
severe blight epidemic wete to coincide in any
given year, a general crop failure would be likely.
In such a case the percentage yield loss would
be very high, even though, on a weight basis,
it might remain much less than in a so-called
good year. Indeed, the worst blight year is one
in which the average yield of a given area is low,
irrespective on whether the loss is measured in
tons per hectare or as a percentage. A typical
example was the year 1954, particularly in north-
ern Finland. Owing to the late development of
the crops, this year, in fact, was one of the very
worst blight years.

The average yield loss percentages due to leaf
blight are mean values of the annual loss figures,
for which reason they differ from the average loss
expressed in tons. The average losses never
exceeded 10 9, at any trial locality. The differ-
ences between different localities are not great
in percentage units, but the losses at Maaninka
and Ylistaro were only half of those at Tikkurila.
At Ruukki the corresponding losses appear to
have been only one or two per cent, and at
Apukka quite negligible. If the yield losses of
the whole country are estimated from these
results, they will probably be between 5 and
10 %. If these losses are added to the losses
caused by tuber blight, the average losses caused
by late blight can be estimated at 10—15 9.
Considering the average yield per hectare in Fin-
land, this implies an average loss of about 2 tons
per year and per hectare.

Comparison of the results obtained in the
yield loss calculation with the estimates presented
by Raixto (1937) reveals that the average losses
are hardly as great as he assumed, although the
results relating to the worst blight years do not
differ much.

The comparison is greatly hampered by the
fact that in Ramio’s study the data for all
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varieties were combined, and the losses due to
tuber blight was not considered separately. The
average increase in yield obtained by Yrrimik:
(1960) in the chemical control of blight during
the 1950s was 13.2 9. This is somewhat higher
than the figures for losses found here, but the
varicties used in his spraying trials were mote
susceptible to blight than Rosafolia.

The uniformity of the yields was
hardly influenced by blight. The results from
Maaninka suggest that blight is a factor tending
to equalize the yields of different years, while the
results from the other localities afford no evi-
dence either in favour of or against this con-
tention.

SUMMARY

The present paper is a statistical study of the
influence of weather conditions on the yields of
potatoes, and of the occurrence of late blight and
its effect on the yields of potatoes in Finland.
The study is based on potato variety trials
carried out in 1931—62. The following con-
clusions were reached.

The yield was most strongly
dependent on the eatliness of the crop. The
eatlier the plants reached the flowering stage,
the greater was the yield. The first important
factor was an early, warm spring, which created
favourable conditions for early planting. Warm
spring months were usually succeeded by higher
than normal temperatures in June, and the
development of the plants to the flowering
stage was accelerated. Of the weather factors
during the growing season, the effective illu-
mination after the onset of flowering was the
most important. Its significance depends on the

tuber

fact that if the crop reaches the flowering stage
— the stage at which incremental growth of the
tubers starts — at a comparatively early date,
plant has at its disposal twice as much light for
augmentation of its tuber yield as a crop that
is very late in development.

The starch content was moststrongly
dependent on the effective temperature sum and
rainfall after the onset of flowering. The starch
content was positively correlated with the former
and negatively correlated with the latter.

The starch yield displayed a stronger
correlation with tuber yield than with starch
content. It was, therefore, mainly affected by the
same factors as the tuber yield. The effect of a
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warm late summer in increasing the starch con-
tent was also reflected in figutes for the starch
yield.

Leaf blight occurred nearly every year,
in four out of five on the average. In southern
Finland one year in three was a severe blight
year, i.e. the blight epidemic had started by
August 20 and destroyed most of the haulm in
2—3 weeks, or a year in which a severe outbreak
started before September 1 and tuber develop-
ment was delayed. Further north, at latitude
63°N, the importance of leaf blight was con-
siderably reduced, primarily owing to the more
frequent occurrence of frost and of weather con-
ditions less favourable to blight. At this latitude
frost and blight were of approximately equal
significance. In northern Finland and Lapland
blight was only occasionally of any importance
whereas frost occurred in these localities almost
every year.

Tuber blight encountered less
often, and appeated to be of less importance
than leaf blight. In certain years the tuber infec-

was

tion of the most susceptible varicties was almost
total, especially on clay soils. The average pro-
portion of tubers infected with blight was less
than 5 9%,. One year in three, on the average, was
a severe blight year, with more than 10 9, of
infected tubers. Frost was of importance as an
agent destroying the haulm and thus restricting
the incidence of tuber blight.

The values obtained for the resistance
of varieties differed somewhat from pre-
vious estimates. In particular, the old second



early, maincrop and late varieties were found to
have poor resistance to leaf and tuber blight.

A study of the relative resistance of the varie-
ties to leaf blight revealed that there were few
varieties whose resistance to this disease was
sufficient to compensate for a longer growing
time they required. Earliness may, at least in
part, have compensated for poor resistance to
blight.

The influence of blight on the
yield figures varied greatly. In the worst
years the lowering of tuber yield due to prema-
ture defoliation amounted to more than 20 tons
per hectare (40 9,) at some of the trial localities.
However, at all localities the average yield losses
were below 10 9%,. The magnitude of the losses

decreased from south to north. At the northern-
most localities they were negligible. The pro-
portion of blight-damaged tubers was thought
to average less than 5 9, of the total yield. The
average yield losses due to blight, including
tuber blight, were estimated at 10—15 9.

Blight was found not to contribute to the
annual variations in the yields. The worst blight
years were those in which the combined effect
of blight and late development of the crop
reduced the yield to a level remarkably below
the average.

Blight affected the quality of the tubers not
only by damaging the tubers, but also by low-
ering the starch content and increasing the pro-
portion of small tubers.
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SELOSTUS

Sdiolojen ja perunaruton vaikutus perunasatoihin Suomessa 193162

Esko SEPPANEN

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Tutkimus perustuu koelaitoksillamme ja -asemillamme
(kuva 1) v. 1931—62 jirjestettyjen perunan lajikekokeiden
tuloksiin ja kockasvustoista tehtyihin havaintoihin. Aikai-
sempien kokeiden poisjittiminen on johtunut siitd, etti
v. 1928 kauppaan tullut saksalainen lajike Ruusulehti otet-
tiin melkein kaikkiin lajikekokeisiin jo 1930-luvun alussa
ja mybhemmin verrannelajikkeeksi. Sen tuolloin alkanut
koesarja muodostaa yhteniisen rungon seki ruton esiin-
tymisen selvittimisti etti lajikkeiden keskeistd vertailua
varten; melko aikaisena ja lehtirutolle kohtalaisen alttiina
lajikkeena Ruusulehti on erinomainen vertailuperusta seki
eri vuosia etti eri lajikkeita verrattaessa.

Sddolofen vaikutus pernnan satoibin

Mukulasato riippuu eniten kasvuston kehityksen aikai-
suudesta. Miti aikaisemmin kasvusto saavuttaa kukinta-
asteen, sitd runsaammaksi sato muodostuu. Ensimmiinen
tirked tekiji on aikainen, limmin kevit, joka luo edelly-
tykset aikaiselle istutukselle. Lampimid kevitkuukausia
seuraa yleensi keskimiiriisti limpimiampi kesikuu, miki
nopeuttaa kasvuston kehittymisti kukinta-asteelle. Kas-
vukauden aikaisista siditekijoistd osoittautui tirkeimmiksi
kukinnan alkamista seuranneen ajan tehoisa valomiiri.
Sen merkitys perustuu siihen, etti kasvuston saavuttaessa
suhteellisen aikaisessa vaiheessa kukinta-asteen, jolloin
mukuloiden lisikasvu on alkanut, silli on kiytettivissiin
lihes kaksi kertaa se valomiird, minki mychain kehittyva
kasvusto voi mukulasadon kartuttamiseksi saada.

Tirkkelyspitoisuuteen vaikuttivat eniten kukinnan alka-
mista scuranneen ajan tchoisa limpoétilasumma ja sade-
miird. Edellisen suuretessa tirkkelyspitoisuus kohosi ja
jalkimmiisen lisaéintyessi se aleni.

Tirkkelyssato oli korreloitunut vahvemmin mukula-
sadon kuin tirkkelyspitoisuuden kanssa. Niin ollen se
on piiasiallisesti riippuvainen samoista tekijoisti kuin
mukulasatokin. Limpimin syyskesin tirkkelyspitoisuutta
kohottava vaikutus heijastui myds tirkkelyssadoissa.

Ruton esiintyminen

Lehtiruttoa esiintyy Eteli-Suomessa lihes joka vuosi,
ainakin neljini vuotena viidesti. Pahoja ruttovuosia on
keskimiirin joka kolmas vuosi. Sellaisiksi on katsottu
vuodet, joina ruttoepidemia alkaa 20. 8. mennessi ja
levidda 2—3 viikossa lipi kasvuston, sekii sellaiset vuodet,
joina ankara epidemia alkaa ennen 1. 9. ja jolloin perunan
kehitys on normaalia my6hemmissi, Maaningan ja Ylis-
taron korkeudella lehtiruton merkitys on jo huomattavasti
vihidisempi. Timi johtuu ennen kaikkea hallan yleisem-
misti esiintymisestd, mutta osittain myos rutolle epi-
edullisemmista sadoloista. Ruton ja hallan merkitys on
tilli korkeudella suunnilleen yhti suuri. Ruukissa ja Apu-
kassa on ruton mainittava esiintyminen ollut sattuman-
varaista, mutta halla on ollut melkein jokavuotinen vieras.

Mukularuttoa esiintyy harvemmin ja sen merkitys niyt-
tid vihiisemmilta kuin Ichtiruton, mutta joinakin vuosina
— etenkin savimailla — se voi turmella altteimpien lajik-
keiden sadon jopa lihes kokonaan. Keskimiirin lienee
ruton turmelemien mukuloiden osuus sadosta vihemmiin
kuin 5 %, ja pahoja ruttovuosia — alttiissa lajikkeissa rut-
toisia vihintiin 10 9, — enintdén joka kolmas vuosi.
Syyshallojen merkitys varsiston hivittijini ja siten muku-
laruton esiintymisen rajoittajana on huomattava.

Lajikkeiden kestiyyys

Lajikkeiden kestivyys poikkeaa jossakin miirin aikai-
semmin esitetyisti tiedoista. Etenkin vanhojen, melko
mydhaisten lajikkeiden seki lehti- etti mukularuton kes-
tivyys osoittautui verraten heikoksi.

Lajikkeiden suhteellisen rutonkestivyyden tutkiminen
osoitti, ettd vain harvojen lajikkeiden lehtirutonkestivyys
vastaa niiden vaatimaa pitempdi kasvuaikaa. Aikaisuus
voi ainakin osittain korvata heikon rutonkestivyyden.
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Ruton vaikutns satoihin

Ruton vaikutus sadon miiriin oli hyvin vaihteleva.
Pahimpina vuosina lehdistén ennenaikaisesta tuhoutu-
misesta johtuva mukulasadon aleneminen oli joissakin
koepaikoissa yli 20 tn/ha eli 40 9. Keskimiiriinen sato-
tappio jii kuitenkin kaikissa koepaikoissa alle 10 9;:n.
Tappion suuruus pieneni eteldsti pohjoiseen, pohjoisim-
missa koepaikoissa tappio oli merkitykseton, — Ruton
vioittamien mukuloiden osuus sadosta lienee keskimiirin
alle viiden prosentin. Tulosten perusteella voidaan ruton
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aiheuttama satotappio arvioida keskimairin 10—15 pro-
sentiksi, mihin sisiltyy myods mukularutto.

Ruton ei todettu vaikuttavan satojen vuosivaihteluun.
Pahimpina ruttovuosina on pidettivi vuosia, jolloin
perunan mydhiisen kehityksen ja ruton yhteisvaikutuksen
vuoksi sato jid mainittavasti alle maan keskisadon.

Sadon laatuun rutto vaikuttaa — paitsi mukuloita tur-
melemalla — tirkkelyspitoisuutta alentavasti ja pienten
mukuloiden osuutta lisddvisti.

MS. received January 28, 1971
Printed April 20, 1971



Appendix 1. Monthly mean temperatures (°C) and sums of rainfall (mm) during the growing season at different
trial localities. (Data of 1931—60).

Liite 1. Kasvukanden limpitilan ja sademidrdn kuukausikeskiarvot eri koepaikoissa v. 1931—60.

“Temperature Rainfall

Trial locality \ Limpitila Sademdrd
Koepaikka o B
‘ v | VI | Vi r VIIT % | v ; VI | Vi ‘ VIII IX
\ [
Famemistn 5 sess s sienees & s 9.0 14.0 16.8 153 10.2 37 46 | 69 70 | 65
Fikkunla o swaese seeamms s wgs 9.3 14.3 17.0 15.4 10.4 40 48 | 73 75 | 69
PHEMG: o on s om sueasis o SwEs 9.2 14.0 17.3 15.9| 11.0 ‘ 29 43 | 63 76 64
Joldiatnen u sumwencapem s 8.8 13.5 16.4 14.7 ‘ 9.8 39 42 | 70 74 61
Peipohis : i s sisens e v | 8.7 13.6 16.¢ 14.8 9.9 31 45 | 69 72 51
Palklne : o onsemnainsass e 8.8 13.9 17.0 15:3 10.4 40 48 | 66 | 71 54
Mikkell : ssonsveinsasaem o aag | 8.6 13.9 16.7 14.6 ‘ 9.4 40 57 69 73 | 61
Tehmajirvi vsowss qsioss o v g ¥ L 13.4 16.1 13.9 | 8.6/ 39 57 | 74 74 | 66
YIBtaro: « o wneavs uosives o gr 8.3 13.5 16.6 14.4 9.3 30 5 | 71 68 56
Maaninka - e aremens & w0 T 13.7 16.7 14.8 9.4/ 35 56 | 67 65 | 58
Ruankkt - o= snpvan seanes & w0 7.3 12.8 16.2 14.0 8.4 32 57 71 71 57
ApukBa ¢ o vvevsin seeaees @ o e 5.4 12.0 15.1 13.0 7:3 33 55 67 74 54
Appendix 2. Incidence of tuber blight in Anttila, 1957 —62.
Liite 2. Mukularuton esiintyminen Anttilassa v. 1957—62.
ittty . _Tubcn\ infected with blight (weight 9,) — Rutlaisia muknloita painsprosenttic
Lelis 1957 1958 | 1960 | 191 1962
T T
Rosafolia — Ruusulebti . .. ........ b e [ 0 0 | 0 0 0
Alpha — Alfa . ..ot i s [ 1.2 4.0 — | == | =
Tammiston aikainen . ......... ..o iiiiinniininnn.. ' 22.5 3.2 —_ — | —
Up-to-Date — Upfo .........cccoviiinninniininnn.. [ 3.0 8.2 =— — | ==s
Frishnudel — Nuutti .. ... o iiiiiiiiaiiiiaan.. 6.1 6.5 0 1.4 —
Record — Rekord .........cooviiiiiiiiiiianinnnnn 1.0 0 0 7.0 —_
BHETIENE o v il snsenansbi bt s it fsmssiubinsoiseeaie. Sienech [ 8.9 3.4 | 4.7 10. 4 -
Aquila — Akvila S ' 1.6 254 | 0 0 1.1
EIgenheimier ... «. oo sonsnmmpins som psssmimnss ssism s s bie ' 8.2 0 5.4 | 1.8 14.3
Jarlelotr, oo bt i i Mostosnginat Bt S 6.3 3.6 | 4.6 | 0 7.3
CUemPIa: o0 i Do tiitn o, 5 bbb Bt SIS, 58 Vidgs 4.9 0 | 2:3 14.6 | 23
EBthate: o0, o B8 3mSRl RIS 5, 5 55 2.2 158 | 0.7 1.z | 0.9
Steghinde=— Bl oot ditn: B Satin b s dkbe 3 5.0 9.2 2.4 | 5.7 6.4 | 1.5

Appendix 3. Incidence of tuber blight in the variety trials at Jokioinen, 1942—62.
Liite 3. Tiedot mukularuton esiintymisestd kasvinjalosiuslaitoksen lajikekokeissa Jokioisissa v. 1942 —62.

‘ Tubers infected with blight (weight %) — Ruitoisia muknloita painoprosenttia

Variety .

Lajike ‘ 1943 | 1950 | 1953 | o1ese | 1951 | 1960 1961
Rosafolia — Ruusulehti . .. .............. 9.2 0 1.0 1 1.0 j 1.0 2.4
King George V — Kuningas Yrjo V7 .. .. 37.2 15 19.0 | 5.0 2.3 14.0 11
Eigenheimer ......................... 67.6 — 20.0 | 35.0 5.4 22.0 345
OStbOte ..ottt 28.9 — | 11.0 | 7.0 0 4.0 0.5
Jaakko ... — 0 | 20.0 | 8.0 1.0 11.0 14.4
Olympia . ...ooviiiiiiiiiiii i — 0.8 19.0 8.0 15.9 11.0 2.1
Frithnudel — Nuatti .. ....... ... | — — 18.0 2.0 5.0 16.0 -
Aquila — Akvila . .......coiiiiiiiiinn. = = 8.0 6.0 | 2.0 18.0 | 0.8
TKATRN 00500 v e b ot msmatn B s — 19.0 | 9.0 0 8.0 13.4
Record — Rekord . ..............c..... — — 13.0 | 7.0 0.8 1.0 6.2
BInt@! il il 5hSimbimes i st i — - 21.0 44.0 | — 57.0 34.5
Sieglinde — Siikli ... ......oooreenn.. —— — 13.0 ‘ 17.0 | - — 2.8
Alpha—sAlfg .00 @ Serminiiesig i - -- 11.0 — - 12.0 2.2

14 733271 105



Appendix 4. Incidence of tuber blight in the variety trials at Tikkurila, 193162, § = clay soil, Hk = sandy soil.
Liite 4. Mukularuton esiintyminen lajikekokeissa Tikkurilassa v. 1931—62. § = savimaa, Hk = hiekkamaa.

Tubers infected with blight (weight %) — Rufteisia muknlsiia painoprosenttia

Variety
Lajike 1934 1936 1937 1938 1939 1942 1942 1943
S s S S S 5 Hk S
Rosafolia — Ruusulebti ... ........ 0.7 1.5 0 0 0 0 0 1.8
Up-to-Date —Upto . ............ 36.5 — — .- - — — —
Harbinger — Vesijdrvi . .......... 15.4 313 — — - — —- —
King George V — Kuningas Yrji 17 4.7 1.3 0.6 0.5 2.6 4.4 0.7 10.0
Ben: Lomond g s o ey — 12 13.6 1.4 20.4 — —
Elgepheimer saws o s s — 18.7 33.0 - — — 10.0 —
Paul Wagner — Panli ........... — 137 — - — = 0.3 —
Goldwihtung s s s = — 25 1.2 — — = | —
Esthote: & sarmssss oiesmm g anms — - 0.9 0.2 0 2.9 2.0 13.3
Alpha— Al 1sevn pevsass sy = = = — — — = 4.6
QIempid ¢ o vopswns sorars o v — — — — = — — =
Aquila—ARWa oovvayws v son — — — — — —_ == ==
Jaakko: s s soup s s g == — — — - — = =
Kooto! wiwe s mievwns e Summe s s — — — = S— — = —
AMTIR 50 v so v sussss sves | === — | — — S — | — =
Patitng: oo wpessiaremus i s | — — | — — - —| #l =
Appendix 3. Incidende of tuber blight in the variety trials at Piikkié, 1932—55. S = clay soil, Hk = sandy soil.

Liite 5. Mukularuton esiintyminen lajikekokeissa Piikkivssd v. 1932—55. § = savimaa, Hk = biekkamaa

Tubers infected with blight (weight %) — Ruttoisia mukuloita painaprosenttia

\’ar?;t}- | | l |
Lajike 1932 1932 1933 1934 1934 1935 1935 | 1936 1936
S Hk Hk § Hk S ‘ Hk S Hk
|
Rosafolia — Ruusulehti ... .. ... ... — — — 0 — 0 - i35 0.5
Magrinm bofuml. «.wvww v v woms 12.0 — — 15.7 — — - —
Up-to-Date — Upto . .ovvvvininnn 26.1 8.7 0 9.7 27.8 1.8 0 29.9 —-
DIeBtata s comanmmmen semmenn sees 3.8 — 2.7 1.2 i - 3.7 —
Eldorado .......ccoiviviinnnnnen | 1.0 = s 0.9 —_— 53| — 2.8 =
BB e sy spmmmsn wo- ‘ 9.9 1.6 0 < 7.9 1.6‘ 0.9 5.0 -
Harbinger — Vesifdrvi ........... 6.4 2.9 1.2 10.9 11.1 1.9 2.1 - 12.7
Early Puritan — Paritaani ... .. .. e 5.5 2.5 - - 6 — 1.5 - —
Early Rose — Aikainen runsu . ... — 12,3 1.4 — — — - — -
TaASton MEAINEN o woumiewons o v — 1.5 1.3 - 2.4 = 2.8 —_ 10.3
370 s L 11 3 OB ———— — — 0 — 15.6 — 3,5 2257 21
King George V — Kimingas Yrjo V — — — — S = 7.9
CDREIORE (e vy cnmpupacioins wssssmienone w3 — — — — — - - — —
Sieglinde — S#ikli . ... .. — - —- - —_— - - — —
JRAKKO, . ovvns oo simmemininse smesammnis o o == — s — — — — —
BAtIEIC! v vismprose s semmomspens smenssonss 55 — — — — - — — —— —
Appendix 6. Incidence of tuber blight in the variety trials at Mikkeli, 1932—62.
Liite 6. Mukunlaruton esiintyminen perunan lajikekokeissa Mikkelissd v, 1932—62.
. Tubers infected with blight (weight %) — Ruttoisia mukuloita painoprosenttia
Variety
Lafiks 1932 1933 1934 | 1935 1936 1937 | 1938 | 1939
Rosafolia — Ruusulehti . .......... 0.1 0 0 0.4 0.1 0.1 0 0
DEHAA s s pivsnereinmmmamsss 0.2 0.1 0.3 0.3 0.2 0.6 0.6 —
Green Mountain ............... 2.7 0.9 2.3 5.3 2z 19! e | —
Early Rose — Aikainen ruusu . . . .. 3.7 0.3 5.8 S8 0.4 0.3 13.0 -—
Harbinger — Vesijdrvi ........... 0.2 0.3 0.2 0.9 0.6 0.8 3.8 1.4
Up-to-Date — Upto ............. 1.0 0.1 0.7 0.7 1.7 0.3 6.4 —
Paul Wagner — Pauli ........... — | 1.0 0.2 0.1 0.1 0.2 14 0.5
BigenhQimer: . .. conpsmmssmmsms s == — — 0.5 1.4 0.7 6.5 2.4
King George V — Kuningas Yrji 1/ — — — 0.8 2.4 Lt 3.3 1.5
(0747 57 (SRR SO S N = == - — -— 0.5 2.7 0
Alpha — Alfa ....covvviiinnn.. — — e — - — — —
Sieglinde — Sdfkli ... .oovvinnn.. - — .- o — - .- —
JaaRRE: oo v omsmremm e - = - — — =g — —

|
194 | 1944 1944 1945 1945 1946 19
o4 < g 45 45 - Hf’ :9553 19554 19:; 19562
0.2 | 0.1 0 0.1 0 0 0 0.8 0 2.0 4.0
— | — - — 6.8 - — o= — — —
= - — 8.7 - — s — — —
0.8 8.0 2.0 3.9 0.3 0 5.3 — == — =
5.5 - — — — —_ - — —_ —
3.7 | — — - 15.0 - - - = 2= =
14 — — 3.6 4.0 6.7 -— - — e —
ik 34,9 16.0 — 11.4 A 15.7 | - - - =
— 5.0 5.0 6.1 0.4 0 0.5 2 0.6 - —
— | 17.0 6.0 2.4 0.1 0% 3.2 6.8 2.4 - —
— == — 1.4 | 0.1 0 0 3.8 2.3 — —_
— | — —_— 0.3 0 1.5 0 0.7 0 5.0 =
- = e — ‘ — — — | 143 26.4 34.0 53.0
L . i ~ - - — | = 9.4 20.0 23.0
= — - — ‘ — - — | e — 7.0 13.0
— — - — = — — | — - 44.0 78.6
1937 1937 1938 1938 1939 9 |
937 1942 194 1944 1945
S Hk s Hk Hk | Hk Hk Hk He lt?riﬁ 131? 1&12 119151(3 11?1?\-4
0.9 0% 0 0 0 0.2 0.3 1.3 0 0 0 0.3 0
36.3 - o IS I (Rl S S S I A T E—— _
12,9 — 1.9 | — 1.0 0 3 74 8.5 -— - — — —
6.2 — 0 — 0.9 0 L 0.9 2.5 . - — - —
22,5 - 1.7 — Lo/l 0 1.3 4.1 18.8 e — = — —
—_ 6.9 — — — | — — —_ - — — — e —
. = = = o - i I — — — - - S
— 2.0 — 3.9 2: 0_ 10: 2.7 1 1: 5; 1_; " ™ -
63.1 9.6 — —_— == — A == == - 1_4 37: -
12.4 — 4.2 — 0.6 0.5 3.8 3.6 - — — o =
- 1.5 0.8 — 5 0.5 5 1.2 2.5 — — — e —
- — — - — - o 3. 3.9 0 0. 4.7 3.2
=i — - - — — | -— — - - 0 0.6 12.5 14.4
— — — - - — — — — | — — — —| 41.8 37.3
1943 ‘ 1944 | 1945 | 1946 l 1952 ‘ 1953 | 1954 [ 1955 ‘ 1956 | 1957 i 1958 { 1960 ‘ 1961
0 0 0 0 0 0.1 0 0 0 0 0 0 0
2.3 0.1 | 7.9 28 | 39| 98| 41 ti| 11| 28| os _ .
1.3 0 12.2 2.4 : : : : : : : : :
0.4 0.3 0 0 0.2 1.8 0.4 — — — — — -
0.5 0 0 2.3 0.3 7.0 0.3 0 0.1 2.8 0 — —
0 0 0.6 0 0.9 2.2 0.2 — — — - — --
- - 0 0 0.2 1.8 0.1 0 0.1 0.4 0.1 3.2 3.0
— — — — 0.7 1.8 0.2 0 0.4 0.7 - 5.9 38




Appendix 7. Incidence of tuber blight in the variety trials at Ylistaro, 1932—62.
Liite 7. Mukularuton esiintyminen perunan lajikekokeissa Ylistarossa v, 193262,

Tubers infected with blight (weight %) — Ruttoisia mukuicila painaprosenttia

Variety e
. 1932 | 1934 ‘ 1935 1936 [ 1937 1938 | 1939 1940
Rosafolia — Ruusulebti . .......... ‘ 15 0 ‘ 0 0 0 1.1 | 0 0
Magnum bonum ............... ‘ 18.1 2.4 | == = e =N = =
Eldorado ...................... 2.6 0 0 | 13 59 | 1.7 ‘ 0.7 =
Harbinget — Vesijarvi . .......... 7.3 4.4 3.4 | 8.6 36.4 6.2 | 4.0 11.5
Eigenheimer ................... 9.7 2.6 2.4 | 20,9 62.5 13,5 | 9.0 16.1
Ben Lomond .................. = — 4,0 6.0 40.2 10.0 | 3.0 2.3
King George V — Kuningas Yrji 17 — = — 23 i 17.9 - —- 0
Ostbote ..........ccovviiiinnnn. | — —_ == | — | == 0.7 | .
BriBBotE oo seomomm e s oo ‘ = = = il — — | —
Olympia . ..., | —- — — — | — — ==
Frihnudel — Nuutti .. .......... i — ‘ — ; — — —_ — — —
Early Rose — Aikainen ruusu . . . .. — — | — — — — - —
Jaakko ... | - ‘ — | — — — - — —-
Appendix 8. Incidence of tuber blight at Peipohja, 193139 and 1945—62.
Liite 8. Tietoja mukularuton esiintymisestd Peipobjassa v. 1931—39 ja 1945—62.
= Tubers infected with blight (weight 9,) — Ruttoisia mukuloifa painoprosenttia
\a:!‘ety o - ===
Lajike 1931 ‘ 1932 | 1934 ‘ 1937 ‘ 1938 | 1946 ‘ 1948 | 1952 : 1953 | 1954 ] 1956 | 1957 | 1938 | 1961 | 1962
| | | 1 \ |
Rosafolia — Ruusulebti . . . .. 0 | 0 0 | 0 0.7] 0.7/ 1.z 0.1] L.o| O | O 0 2 35| 0.3
Deodora ................ 0.8 0.5 1.4} l.o| lo| — —; S [ e _i S (|| Qe
King George V — Kuningas [ ‘ i
Yrjo Voooiii i 0 0.3| 1.2| 1.3} 0.7 _‘ — = =] =| =| =| —| —| —
Sieglinde — Siikli ........ —| —| —| —| —| 11| 40| 0.5 99| Ls5| Lo| —| —| —| —
JORANAR « o e v v R P ) 0.3 08 0.9 120 27| 0.2 0 ‘ ag —| —
Olympia ................ 2 S -1 0 | 33| 0 | 4.7‘ 1.1 0 | 0.3| 40| Lo 0.2
Jaakko .. ..., S [ | - h‘ —| 42 24.3} 5.7 0.7 —| —| —| —| —
Koto .......ooiiviinninn) e e e - —] —1] 34| 0 1.5] 0. 8.7| 0.2
Appendix 9. Incidence of tuber blight at Pilkine, 1931—062.
Liite 9. Mukularuton esiintyminen Pdilkdneelld v. 1931—62,
Variety | Tubers infclcd _wi'thﬂsl—n—(wcigbt %) — Ruttoisia _mi&n.'oim pairoprasenttia
Lajike i = |
193 | 1938 | 199 | 1943 1945 | 1950 | 1954 | 1957 | 1961
Rosafolia — Runusulebti . ................ | 0 0.4 0.5 | 0 0 0 0 . 0 | 2.0
Deadar® ¢ cuses mmerass i EserE Taaes | 0.6 2k 1 0 - | — — — | —
Bigenheimer - covmm a8 mones s 0 0.6 | 0.4 I — | — — — e
Paul Wagner — Pawli ................. [ 0. 0 | 0.2 —_ — — — = —
Harbinger — Vesiiagrei ................. | 0.5 8.7 | 0.4 — | — — - — —
MytBRIAN: PELOng o 50 o vwssais seeias [ 1.4 2.0 L7 0.4 19.6 — | —_— —
BRtBOE . oo soonune s sy seemss [ — | 0 3.6 0 0 0 0.3 0 9.0
GoldWiheing: « o e s sm v s aiams — — 0 0 5.1 14.7 — - —
Bl gl « oo moomrn pusw: | - — — 0 o o0 0 0.3 16.0
OIYMPIa « .o et — — —| =] 1@ ®© 5 - —
Sieglinde — SHAH « ..o ‘ o B B —| 67 —| o
Jaakko ... - -] — —| 187 0 0.3| 27.0
Record — Rekord . .ovvivvivivan vvsvmes | — —_ — | — — — 0 0 4.0
108

1944 l 1945 \ 194 | 1949 ‘ 1950

st | s | 1953 | 1ese | 195 | 106 |

; -
1960 1 1961

1957 l
| I ' i |
0 0 0 0 0 0 0 0 | 1o 07| 0 1.1 0 1.3
S —_ — | —_— — — | —_ — —_ —_ —_— —_ —_ — -
0 0 0 | 0 1.6 0 0 - — | - — — — —
1.7 0 1.8 | 27 6.4 0.3 3. 8.3 41.7 -— — —
0.3 0 3:3 1.g 8.4 3.1 0 4.9 17.6 15.9 1.3 11.7 15.6 6.5
0 0.9 53| —| —| | —| | Z| "= | = o
- — 0 0 19/ 0 | 0 0.8 20.0 4.9 0.7 2.9 — | s
0 0 0.5 0 0.3 0.3 0 - — — - - —
0 0 0 0 10| 03] o0 1.0 3.0 — . - o
0 0 0.6 0 0.1 0 0 2.4 20.0 0.6 0 3 — —
0 0 0.5 0 0 0.3 0 2.9 11.4 4.0 0 2.3 0 1.0
— 74 17| 3.4 16.2 3.3 0 — — — — | = — | -
= — — ] 0 0 | 1.3 0 2.5 26.9 T3 20| 6.6 13.0 | 2.9

Appendix 10.

Incidence of tuber blight at Maaninka, 1931—62,

Liite 10. Mukularuton esiintyminen Maaningalla v. 1931—62

Tubers infected with blight (weight %) — Ruttoisia mukulboita painoprosenttia

Variery
ke | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | 1938 | 1939 [ 1943 j 1946 | 1952 | 1953 ‘ 1954 | 1956 | 1957 ‘ 1961
\ [ ‘ | 3 |
Rosafolia — Rtm.m—! ‘ 1 |

lebti ... ... 0 |0 | 01| 01] 02020100 |01]0 |0 |0i|]o0o |0 ]| o1
Early Puritan — Pu- | I ‘ |

ritaani .. ........ | 28.0| 6.0 9.5/28.1| 41| 3.4| 76| 16| 50| —| —| —| —| —| —| —
Harbinger — Vesi-|

Jarvi ... { 5.4 0.5| 1.3 50| 1.0} 10| L3| 07| L.1| 03| —| — - —
Up-to-Date — Upta| 1.7| 0.6| 2.5|14.0| 0.3 0.8| 6.8 0.1| —| 1.5[12.2| 5.4| 45| 85| —| —
Eigenheimer ....... | —| —| 2.6| 9.2] 0.2| 02| 60| 0 | 56| 10| —| — N
Early Rose — Aikai- | |

nem FHUSH ... .. .. —| —| 4.7|30.9 ‘ 21| 1.3{10.4| 16| 3.0 14| O 0.4 —| —| — -—
Ostbote ........... —| —| —=| =] =| =| —| 02| 16| 0 | — —| =] =] —
King George V — [

Kimingas Yrjo V" .. - - = = = —=| —| —| —| 0.1 0.5 1.8| 0.9 03| —| —
Sieglinde — Srikli .. —| = = =] = =] —| —| —| —f 0.1 0.2 0.1| 0.1 0.5 —
Jaakko ............ — = —‘ = = =l = = =| = .7| 1.4| 0.2 0.9| 0.9| 2.8
Record — Rekord ...| —| —| —| —| —| — —| — — - = = — 0 |0 0

Appendix 11. Incidence of tuber blight in the variety trials at Ruukki, 1931—62.
Liite 11. Mukularuton esiintyminen lajikekokeissa Ruukissa v. 1931—62.
Tubers infected with blight (weight %)
Variety Ruttoisia mukuloita painsprosenitia
Lajike B S
i 1936 1953 [ 1954 1961
Rosafolia = BUulaltr oo o somepen somsmns w s 0 0 0 0.3
Liminka . ... ... .. i 64.3 — —
Early Rose — Aikainen ruusue . ...................... 5.5 = | — o
Harbinger — Vesifarsi ........cooviiiiiiiiinnnn.. 0.9 — | — -
Eigenheimer ... ...ttt 2.0 7.0 18.0 —-
Peippo . ..ot — 0 19.0 —
Jaakko . .. —_ 0 | 31.0 0
Barima ... ... — | —_— — 5.0
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Science, Agricultural Chemistry and Physics, Plant Husbandry, Plant Pathology, Pest Investigation,
Animal Husbandry and Animal Breeding; Isotope Laboratory, Office for Plant Protectants
(TIKKURILA) — 3. Dept. of Plant Breeding (JOKIOINEN) — 4. Dept. of Horticulture (PIIK-
KIO) — 5. Southwest Finland Agr. Exp. Sta. (HIETAMAKI) — 6. Satakunta Agr. Exp. Sta. (PEI-
POHJA) — 7. Karelia Agr. Exp. Sta. (ANJALA) — 8. Hime Agr. Exp, Sta. (PALKANE) — 9,
South Savo Sgr. Exp. Sta. (Karila, MIKKELI) — 10. North Savo Agr. Exp. Sta. (MAANINKA) —
11. Central Finland Agr. Exp. Sta. (VATIA) — 12. South Ostrobothnia Agr. Exp. Sta. (PELMA) —
13. Central Ostrobothnia Agr. Exp. Sta. (LAITALA) — 14. North Ostrobothnia Agr. Exp. Sta.
(RUUKKI) — 15. Arctic Circle Agr. Exp. Sta. (ROVANIEMI) — 16. Pasture Exp. Sta. (MOUHI-
JARVI) — 17. Pig Husbandry Exp. Sta. (HYVINKAA) — 18. Frost Research Sta. (PELSONSUOQ)






