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The winterhardiness of 24 winter wheat, 13 rye, 5 triticale and 11 winter barley varieties
of different origins was tested at six locations in Finland in 1989-1992. The survival
ability of the cultivars, their resistance to snow mould (Microdochium nivale ) and the
correlations between these traits and the growth habit and growth stage were deter-
mined.

The trials were grouped on the basis of variety ranking, and the differences between
the varieties within each group were studied by the analysis of variance. Statistically
highly significant differences between varieties were found in all cases. The wintering
conditions during the trials were very variable,and this brought about differences in the
ranking of cultivars in different trials. In most cases the genotypic-environmental
interactions could be explained by the different genetic systems controlling the toler-
ance to various winter stresses and changes in their intensity.

Key words; cold tolerance, frost resistance, Microdochium nivale, snow mould

Introduction

Winter cereals are grown mainly in temperate re-
gions of the world. The ability of species to accli-
mate (harden) during autumn to survive the ex-
treme conditions in winter determines their north-
ern limit of distribution. During the hardening pe-
riod, numerous changes take place in the plant
(Levitt 1972). The rates and extent of these
changes depend upon both the genotype of theplant
and the prevailing environmental conditions
(Fowler and Gusta 1977). According to Fowler
and Limin (1987), the maximum coldhardiness of
the most winter hardy cultivars of barley (Hordeum
vulgare L.), triticale (X Triticosecale Wittmack),
wheat (Triticum aestivum L.) and rye (Secale ce-

reale L.) is -19°C, -24°C, -25°C and -34°C, respect-
ively. This order of coldhardiness is also reflected
in their commercial cultivation areas in the Nordic
countries: Denmark, Sweden, Norway, Finland and
Iceland. Winter barley is grown almost only in
Denmark (175,000 ha in 1993) and in Southern
Sweden (10,700 ha in 1992). The winter triticale
also meets its northern limit in Denmark (1,000 ha
in 1993) and in Southern Sweden (19,400 ha in
1992). Winter wheat is grown up to the southern

parts ofFinland (Fig. 1), and the southern and costal
areas of Norway. The area of winter wheat cultiva-
tion was in Denmark 610,000 ha (1993), in Sweden
235,000 ha (1992) and in Norway 33,000 ha
(1993). In Finland, during the last five years the
winter wheat area has varied between 46,400 ha
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(1991) and 12,300ha (1992), depending on both the
climatic factors and policy. The northern limit of
distribution of rye is in central Finland (Fig.l). The
area of rye cultivation was in Denmark 70,000 ha
(1993), in Sweden 34,100 ha (1992) in Norway
2,000 ha (1993) and in Finland it has ranged be-
tween 84,800 ha (1990) and 10,600 ha (1992) dur-
ing the last five years. In Iceland, only some experi-
ments have been made on winter cereals, but there
is no commercial cultivation.

Since the spring forms of species avoid the pos-
sible economic losses caused by the winter dam-
ages, spring barley is cultivated in all the Nordic
countries but Denmark, and spring wheat exceeds
winter wheat in Finland and in Norway. The higher
yield level, the better drought resistance in early
summer and early harvesting in autumn have, how-
ever, made the winter forms very important also in
the northern limits of distribution. This has urged
the development of better agronomic practices for
cultivating winter cereals (Andersen 1992, An-
dersson 1986, Bengtsson 1986, Bruehl 1982.
FOWLER et al. 1976, Gudleifsson 1986, Gusta
1986, Hänninen and Jamalainen 1968, Hether-
ington et al. 1990, Jamalainen 1974, Nissinen
1986, Olvång 1992, Pohjakallio et al. 1962,

Pomeroy and Andrews 1989,Pulli 1986,Smith
1986, 1987 and URVAS 1986) and also to find some

new resources of winterhardiness to be utilized in
developing new, more winter resistant cultivars
(Andrews et al. 1986, Brule-Babeland Fowler
1987, Dvorak and Fowler 1978, Fowler et al.
1977, Hensleigh et al. 1992, Jenkins 1963,

Lazar et al. 1988, Limin et al. 1985, Limin and
Fowler 1984, 1986, 1988. 1991. Veisz and Rajki
1987). Although numerous sophisticated tests have

been developed to measure the hardening ability
and resistance of breeding material against differ-
ent winter stresses, field trials are, in most cases,
still used to give the ultimate evaluation of the
winter hardiness of the studied lines or cultivars.

In the present study, the winterhardiness of win-
ter wheat, rye, triticale and winter barley varieties
was tested in field trials established at six locations
in Finland (Fig.l) in 1989-1992. On the basis of
these results the tested cultivars were arranged ac-
cording to their resistance against different winter

stresses, and the suitability of the experimental sites
for screening the winterhardiness of tested species
was discussed.

Material and methods

The field trials comprised 24 (22 in 1989-90) winter
wheat, 13 (II in 1989-90) winter rye, 5 winter
triticale and II (10 in 1989-90) winter barley vari-
eties. The varieties and their origins are listed in
Tables I and 7.

The field trials were carried out at four loca-
tions: Anjalankoski (60°43'N, 26°48’E), Pälkäne
(61°20’N, 24°13’E), Laukaa (62°20’N, 26°10'E)
and Sotkamo (64°06’N, 28°20’E) in 1989-1990. In
1990-1991 and 1991-1992 trials were established

also at Jokioinen (60°49’N, 23°30’E) and Mietoi-
nen (60°38’N, 21°51’E) (Fig.l).

Fig. 1. Locations of the field trials. 1 = Mietoinen, 2 =

Jokioinen, 3 = Pälkäne, 4 =Anjalankoski, 5 = Laukaa and 6 =

Sotkamo. The northern limits of winter wheat andrye cultiva-
tion are also shown on the map.
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The trials were completely randomized with four
replicates and the cultivars were sown in 1 m rows.
The trials were sown in August and they were
fertilized in autumn and in spring according to the
normal practice of the experimental stations.

In autumn, the growth habit of varieties was
determined using a scoring system of 1 (prostrate)
to 5 (erect). In autumn 1990 at Jokioinen and Mie-
toinen, 10 plants of each variety were selected ran-
domly from the first replicate and the number of
leaves (growth stage) and the height of the plants
were measured.

The winter survival rate of varieties was deter-
mined by counting the plants both in the autumn
and in the spring soon after the snow had melted. At
the same time, damage to the plants caused by snow
mould (Microdochium nivale (Fr.) Samu & Hall)
was rated using the scoring system of 0 (totally
undamaged) to 10 (dead).

The climatic data concerning the temperatures
and the snow cover at the experimental sites was
obtainedfrom the Monthly Reports of the Meteoro-
logical Institute ofFinland.

Differences in winter survival abilities between
experimental varieties were studied using the ana-
lysis of variance and Tukey’s studentized range
test. The arcsin modification of data was done be-
fore the analysis.

The correlations between winter survival of va-
rieties, snow mould resistance, growth habit, num-
ber of leaves and height of plants were determined
using the correlation analysis.

The field trials were part of the Inter-Nordic
"Winterhardiness" Project. The same winter wheat,
rye, triticale and winter barley varieties were tested
in the same years in all the Nordic countries at 17
locations. The test locations were in Denmark Tyst-
ofte, Riso, Abed, Pajberg and Sejet; in Sweden:
Svalöv andUppsala; in Norway: Apelsvoll, Kvitha-
mar and Vågones and in Iceland: Mööruvellir. The
Inter-Nordic field trial results collected by Dr Kurt
Hjortsholm were kindly offered for use in this
study. The data was divided into two groups on the
basis of the assumed main stress factor, snow or
frost, and the winter survival ofvarieties was deter-
mined within each group. The correlations between
the combined Inter-Nordic field test results and the

overwintering results in Finland were deter-
mined.

Results

The level of general survival of each studied spe-
cies varied greatly depending on the year and ex-
perimental site (Fig. 2). The variation was greater
among winter wheat and winter barley varieties
than among the rye and triticale varieties (Fig. 2).
Winter rye was the most winter hardy species, win-
ter wheat was somewhat hardier than winter triti-
cale, and winter barley was inferior in this respect.
Since wheat variety ’Vitus’ behaved more like
spring wheat in it’s ability to harden during autumn

and therefore had very low winter survival
(Table 1), it was excluded from further testing.

Winter wheat

The field survival of winter wheat varieties at dif-
ferent locations in 1989-1992 is shown in Table 1.
The analysis of variance indicates that in some
trials the differences between varieties were not
significant (Table 1). In some cases this was due to
a very mild winter period (Mietoinen 1992 and
Jokioinen 1992), which caused only slight damage
to the plants. Ice encasement at Anjalankoski 1991
resulted in very clear but uneven injury to the culti-
vars, but the differences between varieties were
obscured by the great variation between replicates.

The ranges of variation within each trial are
shown in Figure 2. Very significant positive cor-
relations were found between all the trials in which
there was a wide variation between varieties. This
was obvious for Jokioinen 1991, Pälkäne 1990,
Anjalankoski 1991, Laukaa 1990 and 1991 and
Sotkamo 1990, 1991 and 1992. All these trials were
characterized by cold winter withrather long period
of snow cover, and they were pooled to form group
1. The results of this group correlated well also with
all the results from Inter-Nordic trialsand with the
total results from Finnish trials (Table 2).

The group 2 trials were Mietoinen 1991,Pälkäne
1991, Anjalankoski 1990 and 1992 and Laukaa
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Fig. 2. Variation in winter survival ability of winter wheat (1), triticale (2), rye (3) and winter barley (4) varieties, and total
variation of each species in each of the experimental years (5). Winter wheat variety ’Vitus’ was excluded because it is similar
in hardiness to spring wheats.

314

Agric. Sei. Fin!. 2(1993)



Agric. Sei. Finl. 2 (1993)

Table
1.

Survival
of
winter
wheat
varieties
(%)
at

four
locations
in

1989-1990
and
at
six
locations
in

1990-1991
and

1991-1992.
The
figures

after
the

namesof
test

locations

denote
the
numbers
at

Figure
1.
The

analysis
of
variance
wasused
to
study
the

differences
between

varieties.
nd

=

not
done.
*

p
<

0.05,
**

p
<

0.01
and
***

p
<

0.001.

Mietoinen
(1)

Jokioinen
(2)

Pälkäne
(3)

Anjalankoski
(4)

Laukaa
(5)

Sotkamo
(6)

Variety

Origin
1990
1991

1990
1991

1989
1990
1991

1989
1990
1991

1989
1990
1991

1989
1990
1991

Linna

Finland
99.099.7
83.4

97,1

90.0
95.1

58.499.0
58.995.6
90.085.0
99.4

92.5
47.2
67.7

Vakka

Finland
98.6100.0
83.499.4
87.596.3
38.498.8

58.394.4
93.381.7
97.9

96.8

26.478.6

Albidom
12

Russia
95.6100.0
86.999.0

72.595.2
41.3100.0
59.595.6

73.891.7
93.7

96.5

25.172.5

Frederick
Canada

97.299.2
39.2100.0

81.362.9
11.482.3

52.672.0
85.855.0
88.9

65.3

6.620.5

Goertzen
5559
USA

95.6

99.1

16.092.8
58.884.0

18.099.5
42.384.6
50.0
10.0

97.175.5
14.954.5

Norstar

Canada
96.5

99.5

65.2

93.8

78.888.7
23.4100.0
39.696.0

92.0
71.7
97.2

96.3

17.748.1

Skjaldar

Norway
96.297.9
67.2

97.3

71.395.0
27.9100.0

69.893.8
62.558.0

99.183.7
16.979.3

Folke

Sweden
97.9100.0

60.898.4
63,8

95.427.4
98.5
52.4

94.770.0
66.796.4
70.3

17.2
74.7

Holme

Sweden
95.5

99.8

87.1

99.6

57.5
95.0

12.3

98.0
57.6
87.6

68.8
73.3

97.4

60.5

6.5

41.8

Walde

Sweden
98,2

99.8

90.6

100.0
72.5
92.6
22.8

99.5
59.5
93.0

82.5
79.5
98.1

82.5
19.9

57.1

Hildur

Sweden
91.0

99.8

47.7

93.6

55.0
89.1

16.0

100.0
44.0
87.5

45.8
50.0

98.9

56.8

7.0

38.4

Rida

Norway
97.0

99.2

67.2

99.2

57.5
90.6

33.3

98.8
39.8

97.6

65.0
88.3
98.7

82.0
20.0
57.7

Solid

Sweden
96.1

100.0
46.5

89.7

47.5
93.1

15.3

99.3
25.9
92.7

27.5
28.8

97.6

75.8

9.5

60.5

Kosack

Sweden
96.7

99.8

79.6

97.1

80.0
96.1
24.2

99.5
69.6
93.4

78.8
50.0
99.7

90.0
11.1

75.8

Kraka

Denmark
96.3

100.0
72.9

100.0
91.3

86.7
22.5

96.9
34.6
80.2

81.3
26.3

98.1

42,3

10.9
42.5

Sleipner

Sweden
95.5

99.8

17.8

95.0

61,3

95.9
51.9

96.0
54.1

81.4

70.0
29.5

98.4

37.5

9.3

27.9

Urban

Sweden
96.6

99.3

36.1

97.2

76,3

87.7
21.4

98.3
21.7
86.2

53.8
47.5
98.2

41.0
10.9

21.0

Gawain

England
86.8

99.8

18.0

97.2

47.5

81.6

16.3

92.3
15.3

75.3

10.0
11.3

92.9

38.3

1.9

9.5

Longbow

England
90.7

99.1

16.2

89.9

51.3

70.5

5.2

80.5

19.2

61.8

7.0

22.5
96.2

4,3

1.6

4.6

Apollo

Germany
93.3

99.6

31.2

90.8

45.0
76.7
21.8

79.5

18.7

78.9

20.0
10.0

92.3

9.8

0.6

5.3

Vitus

Denmark
2.2

3.4

0.0

3.2

0.3

0.0

0.3

0.0

10.0

0.0

0.0

0.0

0.0

4.0

0.3

0.0

Aura

Finland
98.0

99.8

86.1

98.0

88.8
89.4
44.3

99.5
38.6
94.7

78.3
66.3

98.6

97.3
34.5
41.3

Mironowskaja
808

Russia
97.6

100.0
76.6

98.4

nd

84.0
19.2

nd

62.7
96.3

nd

66.0

99.0

nd

16.9

66.8

Kharkov
22
MC
Ukraina
97.3

99.7

31.5

93.9

nd

97.3
24.1

nd

37.8
91.1

nd

73.3
99.7

nd

29.2
71.3

F-value

2.15**
0.80

B.6l***
1.45

4.42***
3.67*»*

B.72***
6.29***
2.42**
s.so***

10.69***
7.oo***
2,53**

12.38***
5.35***

12.38***
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Table 2. Correlations between winter survival in the winter wheat, rye and winter barley trials, and mean winter survival
in the Inter-Nordic (Total frost, Total snow, Total l-N) and Finnish trials in 1989-1992 and means of all trials. * p < 0.05,
“ p <O.Ol, *»* p <O.OOl.

Winter wheat Total Total Total Finland Finland Finland Finland
frost snow I-N 1990 1991 1992 total

Mietoinen 1991 0.63*»* 0.82*“ o.74*** o.79*** o.73*** o.7l*** o.77***
1992 0.11 0.15 0.15 0.12 0.16 0.17 0.15

Jokioinen 1991 o.B3*** o.B6*** o.B6*** o.7B*** o.B9*** o.7l*** o.B3***
1992 0.54** 0.61** 0.59** 0.63** 0.61*» 0.41* 0.59**

Pälkäne 1990 o.6s*** o.76*** 0.71*»* 0.82**» 0.62»* 0.55»* o.7l***
1991 0.55** o.66*** 0.63** 0.54* o.64*** o.Bo*** o.67***
1992 0.62** 0.62** 0.64** 0.54** 0.54** 0.68**» 0.60**

Anjalank. 1990 0.60** o.7o*** o.67*** o.6B*** 0.64** o.79*** o.73***
1991 o.69*** o.76*** o.7s*** o.72*** o.79*** o.69*** o.77***
1992 o.77*** o.B2*** o.Bl*** o.7s*** o.Bl*** o.9l*** o.Bs***

Laukaa 1990 o.76*** o.B9*** o,B4*** o.93*** o.Bl*** o.7l*** o.B7***
1991 o.Bs*** o.B3*** o.Bs*** o.7s*** o.9l*** o.7o*** o.B4***
1992 0.36 0.44* 0.42 0.37 0.44* 0.59** 0.47*

Sotkamo 1990 o.B7*** o.B9*** o.B9*** o.9o*** o.B3*** o.B6*** o.9o***
1991 o.B6*** o.B2*** o.Bs*** o.76*** o.7s*** o.79*** o.79***
1992 o.7B*** o.B2*** o.B3*** o.7s*** 0.80**» o.9l*** 0.84»**

Winter rye
Mietoinen 1991 0.28 o.B4*** 0.70* o.Bs*** 0.63* 0.72** 0.71**

1992 -0.13 0.44 0.28 0.35 0.32 0.52 0.42
Jokioinen 1991 o.B4*** o.B2*** o.9l*** 0.71* o.93*** o.B6*** o.B9***

1992 -0.150.54 0.330.56 0.470.56 0.55
Pälkäne 1990 0.70* o.B9*** o.9o*** o.B9*** 0.90*»* o.B6*** 0.91**»

1991 0.55 o.93*** o.B7*** o.9o*** o.B2*** 0.86**» o.B6***
1992 o.B9*** o.B4*** o.93*** o.Bl** o.9l*** o.B6*** o.9o***

Anjalank. 1990 -0.120.45 0.260.52 0.210.39 0.35
1991 -0.41 -0.18 -0.30 -0.050.17 0.240.22
1992 0.51 0.77** 0.74** 0.72** 0.68** 0.70** 0.71**

Laukaa 1990 -0.060.57 0.38 0.64* 0.330.50 0.48
1991 o.Bl** 0.70* 0.79** 0.79** 0.77** 0.63» 0.75**
1992 0.20 0.73** 0.60» 0.69* 0.64* o.ll** 0.73**

Sotkamo 1990 0.65* 0.59* 0.64* 0.68* 0.66* 0.40 0.60*
1991 0.64* o.9o*** 0.88**» 0.76** o.ll** 0.69** 0.73**
1992 0.44 o.B3*** 0.76** 0.61* o.Bo*** 0.90*»* o.B3***

Winter barley
Mietoinen 1991 0.67* o.B3*** o.Bl** 0.54 0.83**» o.Bo** o.Bo**

1992 0.61* 0.79** 0.77** 0.50 0.75** o.B4*** 0.78**
Jokioinen 1991 0.52 0.61* 0.580.54 0.65* 0,55 0.62*

1992 0.68* o.Bs*** 0.83»* 0.60 o.B3*** o.94*** o.B7***
Pälkäne 1990 0.84** 0.68* 0.74** 0.78** 0.500.57 0.67*

1991 0.57 0.61* 0.62* 0.45 o.Bo** 0.61* 0.66*
1992 0.61* o.lo* o.lo* 0.53 0.70* 0.75** 0.71**

Anjalank. 1990 0.88**» o.BB*** o.B7*** o.97*** 0.63* 0.72» 0.84**
1991 o.Bo** 0.86»** 0.84** 0.87*»* 0.65* 0.47 0.67*
1992 0.230.48 0.430.19 0.73** 0.60* 0.55

Laukaa 1990 0.78** 0.78»* 0.77** o.BB*** 0.58 0.63* 0.75**
1991 0.490.60 0.600.49 0.73** 0.63* 0.66*
1992 0.82** 0.84** 0.82*» o.94*** 0.54 0.72** 0.79»*

Sotkamo 1990 0.83** 0.84** 0.83** o.B9*** 0.62* 0.74** o.Bl**
1991 0.410.57 0.510.47 0.59* 0.340.49
1992 0.83** 0.16** 0.79** o.Bo** 0.54 0.69* 0.70*

Winter wheat n = 21 in Inter-Nordic trials and in 1990 trials, otherwise n = 23
rye n = 11 or n = 13 and winter barley n = 10 or n == 11, respectively.
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1992. All these trials were characterized by a relat-
ively mild winter. The cold periods were quite
short, and the minimum temperatures during the
cold season were moderate. In most trials, some
damage was caused by snow mould, but on average
the survival rate of all the experimental varieties
was high, and the variation between varieties was
small. A significant positive correlation was found
between the individual trials, and in most cases the
results of these trials correlated also well with the
total results of the Inter-Nordic trials and with the
totals of the Finnish trials, but the level of correla-
tion was not so high as in group 1. Inboth cases, the
individual trials correlated better with the Inter-
Nordic trials when the stress factor was snow
mould (Table 2). The analysis of variance showed
significant differences between varieties in both
groups. As expected the years and experimental
sites differed from each other also very signific-
antly (Table 3). Tukey’s Studentized Range test
was used to group the varieties on the basis of their
winterhardiness (Table 4). In both groups, varieties
with high and low winterhardiness could be identi-
fied, but the varieties with moderate winterhardi-
ness could only be identified in severe winter con-
ditions. On the basis of these results and the total
means of winter survival (Table 4) the most winter
hardy varieties were ’Linna’, ’Vakka’, ’Kosack’,
’Albidom 12’ and ’Aura’, and those least winter
hardy were ’Gawain’, ’Apollo’ and ’Longbow’.
Three varieties were excluded from the analysis.
Two varieties, ’Mironowskaja 808’ and ’Kharkov
22 MC’ were not included in the 1990 trials and
were therefore excluded from the analysis. These
two varieties are both considered to be moderately
winter hardy. Since ’Vitus’ is similar in hardiness to
spring wheats, it was also excluded from the ana-
lysis.

The negative but not significant correlation be-
tween survival percentage and growth habit, and
the highly significant positive correlation between
amount of snow mould damage and erect growth
habit of winter wheat varieties indicates that pros-
trate growth habit might be more beneficial for the
winter survival of winter wheat (Table 5). There
was a highly significant positive correlation be-
tween survival rate and size (both growth stage and

Table 3. Analysis of variance for the survival rate of winter
wheat in groups 1 and 2, rye in groups 1 and 2, triticale in
groups 1 and 2 and winter barley in groups 1, 2 and 3.
* p <0.05, ** p <O.Ol, *** p <O.OOl.

Source of variation DF MS F-value

Winter wheat
Group 1.
Variety 20 1.70 24.29***
Location 4 1.90 27.14***
Year 2 6.06 86.57***
Error 616 0.07
Group 2.
Variety 20 0.19 9.so***
Location 3 0.46 23.00***
Year 1 1.87 93.50***
Error 395 0.02

Winter rye
Group 1.
Variety 12 1.31 26.20***
Location 4 5.59 111.80***
Year 2 4.33 86.60***
Error 383 0.05

Group 2.
Variety 12 0.14 7.oo***
Location 3 0.75 37.50***
Year 2 0.40 20.00***
Error 276 0.02

Winter trilicale
Group I.
Variety 4 0.53 17.67***
Location 4 6.75 225.00***
Year 1 3.28 109.33***
Error 144 0.03
Group 2.
Variety 4 0.72 10.29***
Location 2 0.69 9.B6***
Error 48 0.07

Winter barley
Group 1.
Variety 10 0.84 21.00***
Location 3 1.59 39.75***
Year 2 1.31 32.75***
Error Ilk 0.04
Group 2.
Variety 10 0.21 21.00***
Location 2 0.90 90.00***
Year 1 0.59 59.00***
Error 162 0.01
Group 3.
Variety 10 0.21 21.00***
Location 2 0.90 90.00***
Year 1 0.59 59.00**»
Error 162 0.01
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2

Table 4. Winter survival of winter wheat, rye and winter barley varieties. Means are total means of field trials in 1989-1992
at six locations. The grouping of varieties is based on Tukey’s Studentized Range test, ni = not included.

Winter wheat Mean Grouping Grouping
Group 1 Group 2

Vakka 83.5 a Linna a
Linna 85.2 a Kosack ab
Kosack 79.0 abc Folke ab
Albidom 12 81.3 abc Vakka ab
Aura 79.4 abc Skjaldar ab
Walde 77.8 abed Rida ab
Norstar 77.0 abed Aura ab
Skjaldar 76.3 abed Walde ab
Folke 74.1 bede Norstar ab
Rida 74.3 bede Albidom 12 ab
Holme 71.1 bedef Solid ab
Kraka 67.6 bedefg Holme ab
Goertzen 5559 63.1 bedefg Sleipner ab
Solid 62.8 bedefg Hildur ab
Frederick 64.1 bedefg Urban abc
Hildur 64,3 bedefg Goertzen 5559 abc
Sleipner 64.0 edefg Kraka bc
Urban 62.1 defg Gawain cd
Gawain 49.6 h Apollo d
Apollo 48.3 h Frederick d
Longbow 45.0 h Longbow d
Vitus 1.4 ni
Mironovsk. 808 73.7 ni
Kharkov 71.3 ni

Rye
Group 1 Group 2
Jussi 90.5 abc Jussi abc
Voima 89.0 abc Anna abc
Anna 87.0 abed Norderåstetra abc
Norderåstetra 84.7 abede Talovskaja 12 abcd
Talovskaja 12 82.8 bede Voima abcd
Vågonäs höstråg 75.6 edef Petkus ii abede
Prima 71.4 efgh Prima abede
Danko 71.8 fghi Dominator abede
Epos 68.3 fghij Danko bede
Dominator 71.2 fghij Kungs ii ede
Kungs ii 67.3 fghij Musketeer edef
Petkus ii 69.0 ghij Epos edef
Musketeer 59.5 hij Vågonäs höstråg ef

Winter barley
Group 1 Group 3
Borwina 46.7 a WB 158-25 ab
Andrea 38.5 b Andrea ab
Frost 37.9 b Borwina abc
Marinka 32.9 cd Marinka abc
Lady 28.2 cd Frost abc
Trixi 30.0 cd Trixi abc
OAC Acton 24.7 cd Finesse abc
Finesse 29.7 cd Lady abc
Igri 24.2 cd OAC Acton abc
WB 158-25 26.0 ede Igri bc
Maris Otter 5.9 de Maris Otter d
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Table 5. Correlations between winter survival of winter wheat, rye and triticale varieties, and snow mould damage, growth
habit, growth stage ( =number of leaves) and height of plants. * p < 0.05, ** p < 0.01 and *** p < 0,001.

Snow mould Growth habit Growth stage Plant height

Winter wheat:
Survival % -0.51**» -0.24 o.s6*** o.s4***

n = 898 n = 40 n = 40 n = 40
Snow mould o.s3*** -0.06 -0.01

n = 40 n = 40 n =40

Winter rye:
Survival % -o.2l*** 0.51** 0.17 0.43*

n = 560 n = 25 n = 25 n =25
Snow mould -0.07 -0.34 -0.42*

n = 25 n = 25 n =25

Triticale:
Survival % -o.6o*** -0.23 0.51 0.31

n = 210 n = 10 n = 10 n = 10
Snow mould 0.27 -0.29 -0.25

n = 10 n = 10 n = 10

height of the plants) of the wheat varieties (Table
5). Thus the robust plants which synthesize more
reserves during the autumn survive better.

The amount of damage to varieties in different
trials caused by snow mould (Microdochium ni-
vale) is shown in Table 6. On the basis of analysis
of variance the differences in snow mould resist-
ance between winter wheat varieties were signific-
ant only in five trials out of twelve (Table 6). On
the basis of the total means of the two years, the
most snow mould resistant winter wheat varieties
were ’Linna’, ’Folke’, ’Sleipner’, ’Aura’ and ’Vak-
ka’ and those most susceptible were ’Longbow’,
’Frederick’, ’Apollo’, ’Gawain’ and ’Goertzen
5559’. There was a highly significant negative cor-
relation betweeen winter survival and snow mould
injury (Table 5). Thus varieties with poor overwin-
tering capacity were also susceptible to snow
mould.

Winter rye

The winter survival rates of winter rye and triti-
cale varieties at different locations in 1989-1992
are shown in Table 7. The analysis of variance
indicated that in some trials the differences be-

tween varieties were not significant (Table 7). In
most cases this was due to a very mild winter
(Mietoinen 1992, Jokioinen 1992 and Anjalankoski
1990).

The range of variation within winterrye trials is
shown in Figure 2. The trials were separated into
two groups based on the degree of variation. In
group 1 there was extensive variation between the
varieties, while in group 2 the variation was limited.
There was in most cases a highly significant cor-
relation between the results of trials within each
group. In group 1 there was extensive variation
between the varieties at Jokioinen 1991, Pälkäne
1990, 1991 and 1992, Anjalankoski 1992, Laukaa
1991 and Sotkamo 1991 and 1992. All these trials
had a cold winter and prolonged snow cover. In
trials at Jokioinen 1992, Mietoinen 1991 and 1992,
Anjalankoski 1990 and Laukaa 1990 and 1992
there was only small variation between the rye
varieties, and these trials made up group 2. These
trials were characterized by a rather mild winters.
There was in most cases a high positive correlation
between theresults of group 1 trials, the totalresults
of Finnish trials and the results of the Inter-Nordic
trials, especially when the primary stress factor was
snow (Table 2). In group 2 trials, the correlations
with the Inter-Nordic trials and the Finnish totals
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Table 6. Snow mould (M.nivale) resistance of winter wheat, rye and triticale in 1990-1991 and 1991-1992 at different loca-
tions. A scoring system of 0 (no damage) to 10(dead plant) was used. The differences between varieties were studied with
the analysis of variance. * p < 0.05, ** p < 0.01 and *** p < 0.001.

Winter wheat

Variety Mietoinen (1) Jokioinen (2) Pälkäne (3) Laukaa (5) Sotkamo (6)
1990 1990 1991 1990 1991 1990 1991 1990

Linna 0.250.75 1.251.50 5.752.00 1.502.00
Vakka 0.751.25 1.002.25 8.251.75 2.005.00
Albidom 2.001.00 1.502.00 6.502.00 3.005.00
Aura 1.001.50 1.752.00 7.502.50 2.753.00
Kosack 1.000.50 1.501.75 9.253.00 1.754.25
Walde 1.002.50 1.753.25 8.751.50 2.003.25
Kharkow 1.503.00 1.251.50 9.003.75 1.253.00
Miron. 808 0.753.25 1.003.25 9.253.25 1.754.50
Norstar 1.250.75 1.503.25 8.755.00 3.255.50
Skjaldar 1.752.50 0.503.00 6.254.25 1.255.25
Rida 1.752.50 1.753.75 7.753.50 2.502.75
Folke 1.251.25 1.250.50 7.752.75 1.002.50
Holme 1.502.25 1.752.25 9.752.00 2.504.25
Hildur 2.003.75 1.502.50 9.755.25 2.004.25
Kraka 1.752.75 2.002.75 9.005.75 2.253.75
Sleipner 1.251.00 1.252.25 3.255.00 2.002.25
Frederick 2.005.00 2.003.67 9.503.50 4.505.50
Solid 1.252.50 1.251.75 8,75 5.751.75 3.50
Goertzen 1.504.25 1.503.25 9.757.75 2,50 6.50
Urban 1.502.50 2.752.50 8.254.00 2.254.25
Gawain 4.252.25 3.003.75 9.505.00 4.254.75
Apollo 2.753.00 1.503.67 8.756.50 4.256.33
Longbow 2.501.25 1.503.50 10.005.75 3.757.00

F-value 3.os*** 3.47*** 2.10** 1.81 B.62*** 1.63 2.77*** 0.86

Rye and triticale

Variety Mietoinen (1) Jokioinen (2) Pälkäne (3) Anjala (4) Laukaa (5) Sotkamo (6)
1990 1990 1991 1990 1991 1990 1990 1991 1990 1991

Jussi 0.504.25 1.753.00 1.250.25 4.251.50 1.000.00
Voima 0.505.00 2.005.00 1.251.25 2.501.75 1.251.00
Anna 0.755.25 2.004.25 1.500.75 3.002.25 2.501.50
Norderäs tetra 0.503.25 1.754.00 1.000.50 3.002.25 2.750.50
Vågonäs höstråg 2.751.75 3.252.75 2.251.00 0.507.25 3.005.50
Talovskaja 1.005.25 1.505.00 1.750.50 1.751.50 3.500.50
Musketeer 3.007.50 1.004.67 6.001.50 1.753.25 1.750.00
Prima 2.756.75 1.004.25 4.501.00 1.002.75 5.000.00
Dominator 2.255.75 4.254.00 7.501.75 2.506.00 1.000.50
Kungs II 2.507.25 4.753.25 7.000.75 3.505.50 3.251.50
Petkus II 2.256.25 2.754.33 6.751.50 2.253.50 5.000.00
Epos 2.005.50 3.503.67 7.000.75 3.503.25 2.751.00
Danko 2.005.75 2.752.50 7.001.25 2.255.00 3.001.25
F-value 7.24*** 4.Bo*** 2.71** 0.99 27.06*** 1.08 3.34«* 6.63*** 1.63 6.3o***

Sv 856003 1.501.75 1.25 1,25 8.753.75 1.502.25 1.500.50
Sj 868013 1.752.25 1.25 - 8.505.50 1.503.75 4.500.25
Dagro 1.753.00 1.25 - 9.253.25 1.003.50 4.500.25
Uno 2.502.50 1.000.50 9.003.40 0.002.75 4.501.50
Local 2.757.50 1.752.25 8.757.75 0.257.25 6.251.50

F-value 1.72 28.47*** 0.30 4.27* 0.671.36 3.34* B.2B*** 1.68 I.s2***
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p
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p
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•**

p
<
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Mietoinen
(1)

Jokioinen
(2)

Pälkäne
(3)

Anjalankoski
(4)

Laukaa
(5)

Sotkamo
(6)

Variety

Origin
1990
1991

1990
1991

1989
1990
1991

1989
1990
1991

1989
1990
1991

1989
1990
1991

Rye Vägonäs
höstråg
Norway
89.5

99.0

89.0
91.5

38.8
80.5

96.4

95.0
70.8

93.0

67.0

99.0
69.6

83.3
35.1

17.8

Jussi

Finland
99.2

100.0
98.1

100,0

66.3

97.8

99.2

100.0
73.3
98.8

93.3

95.0
99.5

76.5
73.5

77.1

Voima

Finland
98.6

100.0
97.4
98.3

61.3

94.4
100.0
100.0

73.7

97.9

93.8

90.5
98.9

76.8
62.9

76.4

Anna

Finland
98.7

100.0
97.3

98.8

47.5

95.1

99,5

100.0
69.5

96.9

98.3

95.8
95.3

83.3
50.4

62.1

Kungs
II

Sweden
91.8

99.8

42.8

97.5

12.5

73.7

44.9

98.9
71.2
91.8

86.3

69.5
78.0

69.5
23.5

25.3

Danko

Poland
95.7

100.0

44,1

94.9

31.3

85.1

73.6

98.8
72.9
94.8

91.3

75.0
83.6

51.8
12.1

35.7

Epos

Germany
90.2

100.0
56.6
96.8

26.3

81.6

52,0

96.5
68.3

92.9

78.0

60.0
88.8

47.8
21.7

35.7

Petkus
II

Germany
94.8

99.3

19.4
98.5

20.0
83.2

68.7

99.5
80.7
86.8

91.8

80.0
92.4

70.5
13.1

5.1

Dominator
Germany
95.7

99.8

26.9
98.2

25.0
83.7

49.4

100.0
80.4
94.3

86.3

82.5
84.9

72.5
24,2

28.2

Talovskaja
12

Russia
97.6

100.0
81.7

100.0
70.0
95.7

95.7

99.5
71.4
98.2

98.5

93.3
96.7

74.5
30.5

26.4

Norderåstetra
Norway
97.9

100.0
96.2

100.0
50.0
98.1

98.3

97.8
70.4
94.4

98.8

83.8
94.9

75.3
48.6

50.3

Musketeer
Canada
94.0

99.6

24.9
94.2

nd

43.8

45.7

nd

61.6
67.7

nd

55.8
74.5

nd

40.4

11.7

Prima

Canada
95.4

99.8

42.1
96.7

nd

74.2
62.8

nd

59.2

97.4

nd

94.5
88.9

nd

35.9

9.3

F-value

2.84“
1.22

11.68*“
1.74

9.63“*
10.41*»»

5.35»»*
2.80*
1.10

2.84**
4.B3***

10.03***
2.70**
2.78*»
7,so***

10.89***

Triticale Dagro

Poland
88.4

99.4

36.0
98.9

51.3

75.1

10.6

98,8
43.0
73.2

41,3

82.5
51.4

33,5

3.8

65.3

Local

England
79.5

99.7

14.7

86.0

8.5

66.9

13.7

95.3
36.8

58.0

13.8

40.8
43.4

16.3

0.3

41.2

Uno

Sweden
84.1

99.4

20.0
99.6

60.0
90.4

12.9

99.3
40.4

85.0

47.5

94.0
84.9

10.0

0,9

32.7

Sv
856003
Sweden
96.8

99.7

82.9

99.7

66.3

81.8

26.9

97.8
56.0
81.7

80.0

89.5
92.0

62.3
23.6

48.4

Sj
868013

Denmark
90.8

93.0

86.8
100.0

27.5

36.6

32.0

100.0
51.3

97.7

68.8

48.3
90.0

72.3
14,0

50.6

F-value

1.14

0.72

22.40***
7.53**

10.77*»*
6.43**
3.47»
3.35*
1.02

4.73*
4.29*
5.38**
3.06*

10.71***
8.07**

1.33

Winter
barley

Frost

Sweden
93.1

95.2

5.4

90.5

3.3

32.2

12.8

62.0
11.9

45.1

28.8

25.0
50.0

43.3
4.0

18.9

Andrea

Germany
95.4

98.1

0.8

90.8

6.5

30.2

7.7

42.3

7.5

28.4

45.0

55.0
35.5

43.3
0.0

27.1

Borwina

Germany
94.4

98.9

10.1

90.5

4.3

25.1

9.2

90.0
11.2

26.2

67.5

51.3
90.8

51.3

3.1

24.0

Marinka
Holland
94.6

94.3

10.9

87.4

1.0

50.7

11.9

26.0

5,7

40.4

11.5

31.3
24.0

22.8
4.1

10.1

Lady

France
94.7

89.8

3.2

87.3

0.3

14.2

3.5

25.0
2.9

24.9

44.5

26.3
11.8

11.3

0.8

11.6

Trixi

Germany
90.7

95.5

2.8

86.9

1.5

12.8

11.1

30.5

5,2

42.3

22.5

36.3
18.4

13.0

1.2

8.9

Igri

Germany
90.7

90.5

0.7

54.9

0.3

7.4

3.3

14.8
2.8

30.9

14.0

27.5
14.2

19.0
0.0

18.4

Finesse

England
89.8

97.6

1.3

82.6

0.5

14.4

4.8

5.3

3.8

48.4

25,8

60.0
11.5

20.8
0.9

12.4

Maris
Otter

England
42.0

11.8

0.0

2.8

0.3

1.5

0.8

0.5

0.7

4.5

6.3

12.0
0.7

5.5

0.0

5.4

OAC
Acton

England
81.4

97.8

1.0

79.6

2.3

3.7

3.6

17.8

1.5

6.8

13.8

15.0
31.
1

30.8
0.0

9.8

WB
158-25

Canada
97.5

97.4

2.2

nd

nd

11.0

2.2

nd

12.6
27.1

nd

25.0
4.8

nd

3.5

nd

F-value

4.47»**
26.70***
6.56***

15.07***
3.40**

B.lo***
7.ll***

13.81***
1.89

3.88**
3.18“
3.24“

B.9s***
5.92“*
5.66***
4.64***

321



were mostly non significant. However, the results
of the trials Jokioinen 1992, Mietoinen 1991 and
Laukaa 1992correlated positively with the totals of
both the Inter-Nordic and the Finnish trials. The
analysis of variance indicated that the differences
between the experimental varieties were highly sig-
nificant for both groups. The differences between
the experimental sites and years were also highly
significant during the test period (Table 3). The rye
varieties were classified according to their winter-
hardiness within both groups on the basis of
Tukey’s Studentized Range test (Table 4). The clas-
sification in group 1 was quite analogous with the
winterhardiness of varieties based on the total
means of the Finnish trials. According to this
grouping, the most winter hardy rye varieties were
’Jussi’, ’Voima’, ’Anna’ and ’Norderåstetra’ and
those most susceptible were ’Petkus IF and ’Mus-
keteer’. In group 2 with quite mild winters, the
order of hardiness of the varieties was somewhat
different from that of group 1. For example,
’Vågonäs höstråg’ survived better cold and snowy
winters than the mild ones. In the case of ’Petkus
IF, the situation was the opposite. Since the differ-
ences in winterhardiness of varieties were very
small in group 2, the order ofvarieties in this group
may be due to chance.

There was a positive correlation between winter
survival and erect growth habit of winter rye vari-
eties (Table 5). On average the growth habit of the
rye varieties was more erect compared to the wheat
varieties. At the end of the hardening period there
was very little variation in the growth stage and
height ofplants among rye varieties. This was prob-
ably the reason for the lack of correlation between
these factors and the winter survival of the varieties
(Table 5). The correlation between growth stage
and plant height and the snow mould damage to
plants was also non significant, but negative as
expected (Table 5).

The differences in snow mould (M. nivale) dam-
age among rye varieties were statistically signific-
ant in seven out of twelve trials (Table 6). There
was a high negative correlation between the sur-
vival rate and snow mould injury in winter rye
varieties (Table 5), indicating the importance of
snow mould.

Triticale

The differences in the winter survival among triti-
cale varieties were significant in seven out of 16
trials (Table 7). The ranges ofvariation within trials
are shown in Figure 2. Although in some trials the
winterhardiness of the most winter hardy triticale
varieties was equal to that of the best winter wheat
and rye varieties, the general winterhardiness of
triticale varieties was similar to the medium or
poorly winter hardy wheats (Fig. 2).

The results from trials with small variation in
winter survival ability, either high survival (Jokioi-
nen 1992, Mietoinen 1991 and 1992) or low sur-
vival (Pälkäne 1992, Anjalankoski 1991 and Sot-
kamo 1991 and 1992), correlated well with each
other, and these trials made up group 1. Since the
results fromLaukaa 1990 correlated well with these
results, they were also included in group 1.

There was also good correlation between trials
with great variation in the survival abilities of vari-
eties: Jokioinen 1991, Pälkäne 1990 and Laukaa
1991. These made up group 2.

The analysis of variance indicated that the differ-
ences in the survival rate among the varieties were
highly significant in both groups (Table 3). The
experimental sites, in group 1 also experimental
years, differed from each other highly significantly,
too. The most winter hardy triticale varieties were
’Sv 856003’ and ’Sj 868013’ and the least hardy
was ’Local’ (Table 4).

The correlations between the individual trials
and Inter-Nordic trials could not be determined
since triticale was excluded from the total Inter-
Nordic results.

The negative correlation between survival per-
centage and growth habit of triticale varieties indi-
cates that prostrate growth habit might be beneficial
for triticale as it was for winter wheat (Table 5).
Positive but non significant correlations were ob-
served between survival rate and growth stage and
height of plants (Table 5).

There was a highly significant negative correla-
tion between survival rate and snow mould resist-
ance of triticale varieties (Table 5). The analysis of
variance indicated that differences in snow mould
resistance were significant only at Jokioinen 1991
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and at Laukaa 1992 (Table 6). The most snow
mould resistant variety was ’Sv 856003’ and the
most susceptible was ’Local’.

Winter barley

The differences in the survival rates among winter
barley varieties at different experimental sites in
1989-1992 are shown in Table 7. Three groups of

winter barley trials could be formed based on the
variation between varieties within trials (Fig. 2) and
on the correlation between the results from differ-
ent trials. Group 1 consisted of two trials (Pälkäne
1990and Anjalankoski 1991), in which the survival

percentage of all winter barley varieties was poor,
and the variation between varieties was not sig-
nificant (Table 7), and of five trials (Anjalankoski
1990, Laukaa 1990 and 1992 and Sotkamo 1990

and 1992) in which winter survival varied greatly
with significant differences between varieties. In
group 2 (Jokioinen 1991. Pälkäne 1991 and 1992
and Sotkamo 1991), the winter survival of varieties
was poor, but the differences between the varieties
were significant (Table 7). In group 3 (Jokioinen
1992 and Mietoinen 1991 and 1992), the survival

rate ofvarieties was high, but there were significant
differences in the winterhardinessbetween varieties.

There was a high positive correlation between
the results ofgroup 1 and group 3 trials and those of
the Inter-Nordic trials (Table 2). The correlation
between group 2 trials and Inter-Nordic trials was
in some cases significant. In group 1 trials, most of
the winters were cold with a prolonged snow cover.
The group 3 trials were characterized by very mild
winters, and most of the winter barley varieties
survived very well. There were highly significant
differences in the survival abilities of winterbarley
varieties within each of the groups (Table 3). The
differences between the experimental sites were
highly significant within each group, and in groups

1 and 2 the years differed from each other sig-
nificantly, too. According to Tukey’s Studentized
Range test (Table 4), the most winter hardy barley
varieties were ’Borwina’, ’Andrea’, ’Frost’ and
’Marinka’. The most susceptible variety in all
groups was ’Maris Otter’.

Growth habit and growth stage were not deter-
mined, since all the winter barley varieties were
similar in this respect. The growth habit of all vari-
eties was totally prostrate.

The snow mouldresistance ofwinterbarley vari-
eties was not determined, because the stands were
severely injured during the winter.

Discussion

The ability to survive under field conditions is con-
sidered to be the ultimate indication of a cultivar’s
winterhardiness potential. There are, however,
biotic (snow moulds) and abiotic (frost, heaving
and desiccation, ice encasement, flooding) stress
factors, which may cause winter injury. Finland
being situated between the maritime and contin-
ental climatic zones, has highly variable weather
conditions during winter. All stress factors may
occur during winter at the same site. It is therefore
difficult to ascertain the major reason for winter
injury. In addition, it is not possible to observe the
sequence of events during the winter beneath a
snow cover. For example, during a winter thaw,
melted water percolates through the snow and
builds up the frozen ground. These conditions may
form ice encasement when the water refreezes.
Alternate freezing and thawing in spring may cause
the ice layer to disappear before the thawing. The
weakened and damaged plant parts are thenreadily
attacked by snow moulds. In such situations it is
very difficult to determine the primary reason for
winter injury. This was observed also in the present
study especially in the case of winter wheat.

The winter survival of winter wheat, rye, triticale
and winterbarley varieties varied depending on the
test location and the year. Rye was the most winter
hardy species, winter wheat was somewhat hardier
than triticale, although in some trials the survival of
the most winter hardy triticale varieties was equal
to that of the best winter wheat and rye varieties.
Winter barley was the least winter hardy species.
This is in accordance with the results of ANDREWS
et al. (1986), Cloutier et al. (1990), Fowler and
Carles (1979), Fowler and Limin (1987),
HÖMMÖ (1992) and Kolar et al. (1991). Accord-
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ing to Metcalf et al. (1970), the higher moisture
content in winter barley crowns than in wheat,
could affect the winter survival of the species. Ac-
cording to Pomeroy et al. (1975), the reason for the
lower overwintering potential of winter barley
compared with winter wheat could be both the
lower hardening and the lower rehardening capa-
city after repeated warm periods in winter.

There were significant differences in the weather
conditions at different test locations during the test
period. At the southern-most location, Mietoinen,
the test winters were very mild, and there was some
winter damage only to the least winter hardy winter
wheat, triticaleand winter barley cultivars.

In 1989-1990, trials were established only at four
locations; Pälkäne, Anjalankoski, Laukaa and Sot-
kamo. At all locations thecold period was short, but
the minimum air temperatures were low (-18°C -

-24°C). At Pälkäne, the ground was unfrozen at the
time of the first snowfall, which created favourable
conditions for snow mould infection. The great
variation in the survival of winter rye and triticale
varieties was obviously due to the damage caused
by snow mould although it was not specified. At
Anjalankoski, the winter was very mild, and only
the winter barley varieties were damaged. At Lau-
kaa and Sotkamo, the winter conditions favoured
screening for winterhardiness. The cold period was
long enough to cause damage to plants, and the
snow cover gave protection against extreme tem-
peratures.

The winter 1990-1991 was the most appropriate
for screening cultivars under field conditions. The
differences in winter survival among the varieties
were significant at all locations but Mietoinen and
Anjalankoski. The primary cause of damage to
plants was, however, in most cases obscure. Snow
mould occurred at all locations, but the differences
between varieties for snow mould resistance were
significant only at Jokioinen, Mietoinen (wheat,
rye) and Laukaa (rye).

The winter 1991-1992 was quite mild at all test
locations. The minimum temperatures were moder-
ate and the continuous frost period was short, but
the snow cover was deeper than average at Pälkäne
and Laukaa. At Pälkäne, winter wheat and winter
barley varieties were injured by ice. At Laukaa, ice

formation did not occur, as the snow melted simul-
taneously with the warming up of the weather.
However, the mild winter combined with the thick
snow cover promoted intensive snow mould infec-
tion primarily to the rye and triticale varieties.

The individual trials, which produced similar re-
sults, were pooled to form larger entities for ana-
lysis of variance. In all species the differences be-
tween varieties within these groups were statistic-
ally very significant. The test locations and the
years differed from each other also significantly. It
is probable that in each trial different combinations
of stress factors prevailed, and the varieties were
ranked according to their tolerance to the dominant
stress factor(s) in each trial.Thus the results offield
trials always characterize rather the general winter
survival ability of varieties than the resistance to
some specific stress factor. Accordingly, Stepon-
KUS (1978) and Veisz and Rajki (1987) stated that
the frost resistance of winterwheat cannot be evalu-
ated under field conditions in countries where the
weather in winter is variable, even in the case of
trialsperformed under extreme conditions.

The genetic controll of winterhardiness is com-
plicated. making the breeding of winter hardy cul-
tivars for all different winter stress conditions diffi-
cult. According to Brule-Babel and Fowler
(1988) and SUTKA (1981), the coldhardiness of
winter wheat is mainly controlled by additive gene
action with possibly by some dominantgenes. Gul-
lord (1974) divided frost resistance of winter
wheat into high and low intensity freezing resist-
ance, and stated that both are controlled by par-
tially dominant genes which are mainly additive.
Fedulov et al. (1990) found also that the frost
resistance of winter wheat is under polygenic con-
trol, but wheat varieties differ in their gene action,
promoting frost resistance in the course of winter.
Genetic control of coldhardiness is mainly additive
also in rye (Brule-Babel and Fowler 1989) and
winterbarley (EUNUS et al. 1962,Rohde and PUL-
HAM 1960).

According to Bruehl (1982), the resistance to
snow moulds is polygenic and non specific. An-
drews and Pomeroy (1975) and McKersie and
Hunt (1987) found a close correlation between the
frost tolerance and ice encasement tolerance of
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winter wheat varieties, but in both studies there
were clear exceptions. A similar correlation was
observed also in winter wheat by Andrews and
Gudleifsson (1983). According to Gudleifsson
and Larsen (1993), winter rye has the highest ice
encasement tolerance of the winter cereals fol-
lowed by winter wheat and triticale, while winter
barley was the least tolerant.

There was a very significant positive correlation
between the results of most of the individual trials
and the results of the Inter-Nordic trials, especially
those with snow being the main stress factor. This
was obviously due to the fact that the snow results
were mostly based on the Finnish trials, whereas the
frost results were collected from the other Nordic
countries.But another explanation mightbe that the
ranking of varieties is different under frost and
snow stress conditions, and that in Finland breeding
against snow conditions is more important.

The prostrate growth habit was found to be more
beneficial for the winter survival of winter wheat
and triticale, and the erect growth habit was more
beneficial for rye. The erect winter wheat and triti-
cale plants are probably easily damaged by e.g.
frost, and the damaged plant parts are readily at-
tacked by snow mould. Since the leaves of winter
rye plants are more hardy, it is not so important for
rye to grow under protective snow cover. On the
other hand, the attack of snow mould is better
avoided if the leaves grow upwards and not along
the ground. These results are in accordance with the
results ofFowler and Carles (1979), Fowler et
al. (1981) and Roberts (1990).

On the basis of the results in this study, the

screening for general winterhardiness of cereals
shouldbe done in quite extreme conditions. Mietoi-
nen and Jokioinen were best suited for the selection
of winterbarley, and Laukaa and Sotkamo for win-
ter wheat, rye and triticale. The most winter hardy
winter wheat varieties were ’Linna’, ’Vakka’,
’Kosack’, ’Albidom 12’ and ’Aura’, the most hardy
rye varieties ’Jussi’, ’Voima’, ’Anna’ and ’Nor-
deråstetra’, and the most hardy triticales ’Sv
856003’ and 'Sj 868013’. The most winter hardy
barley varieties were ’Borwina’, ’Andrea’ and
’Frost’.

The winterhardiness of overwintering plants is,
however, always a very complicated matter de-
pending on the hardening conditions, e.g. temperat-
ure and light, and the prevailing stress factors dur-
ing winter. In addition, the ranking of varieties on
the basis of results from one location may be quite
different from that of another location. For ex-
ample, the winter wheat variety ’Linna’, developed
in Finland, is the most winter hardy winter wheat
variety in Finland. However, when grown in east-
ern Ontario, Canada, the winterhardiness of this
variety was only moderate (Andrews et al. 1986).
Thus one shouldbe very careful in adopting breed-
ing materials and test methods based on local con-
ditions.
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SELOSTUS

Syysvehnä-(Triticiim aestivum), syysruis-(Secale cereale), ruisvehnä-(x Triticosecale)
ja syysohra (Hordeum vulgare) lajikkeiden talvenkestävyys kuudella

koepaikalla Suomessa

Leena Hömmö ja Seppo Pulli

Maatalouden tutkimuskeskus

Tutkimuksessa selvitettiin kolmen vuoden (1989-1992) aika-
na 24 syysvehnä-, 13ruis-, 5 ruisvehnä- (triticale) ja 11 syys-
ohralajikkeen talvenkestävyyttä kuudella eri koepaikalla
(Mietoinen, Jokioinen, Pälkäne, Anjalankoski, Laukaa ja Sot-
kamo). Lajikkeet oli valittu eri puolilta syysviljojen viljely-
vyöhykettä, ja niiden talvenkestävyydessä tiedettiin olevan
suurta vaihtelua hyvin kestävistä huonosti talvehtiviin, lähes
kevätmuotoja muistuttaviin lajikkeisiin.

Kokeen tulosten perusteella ruis on syysviljoista selvästi
talvenkestävin. Syysvehnä jaruisvehnä ovat talvenkestävyy-
deltään hyvin lähellä toisiaan ja huomattavasti syysohraa kes-
tävämpiä. Lajikkeiden talvenkestävyys oli tilastollisesti erit-
täin merkitsevästi erilainen kaikissa niissä kokeissa, joiden
aikana oli ollut kylmä jarunsasluminen talvi. Talvet olivat
koejakson aikana hyvin vaihtelevia, ja eri koepaikoilla kasvit
joutuivat selviytymään hyvin erilaisista stressitekijöistä. Kas-
vien yleisen talvenkestävyyden katsotaan olevan additiivisen,
osittain dominanssiin perustuvan geenitoiminnan säätelemää,
jolloin erilaisissastress iolosuhteissa lajikkeiden kestävyysjär-
jestys on aina hieman erilainen.

Kokeiden perusteella syysohran talvenkestävyyden testaa-
miseen soveltuu koepaikoista parhaiten Mietoinen ja Jokioi-
nen, kun taas syysvehnän, rukiin ja ruisvehnän lajike-erot
tulivat parhaiten esille Laukaassa ja Sotkamossa. Kestävim-
mät syysvehnälajikkeet Suomen oloissa olivat: Linna, Vakka,
Kosack, Albidom 12 ja Aura. Ruislajikkeista parhaiten tal-
vehtivat: Jussi, Voima, Anna ja Norderäs tetra jaruisvehnistä
linjat Sv 856003 ja Sj 868013.

Syysohraa ei Suomessa viljellä kaupallisesti, mutta kestä-
vimpien lajikkeiden: Borwina, Andrea ja Frost talvenkestä-
vyys näyttäisi riittävän viljelyyn eteläisessä ja Lounais-Suo-
messa.

Syysvehnän ja ruisvehnän talvehtimiselle näyttää kokeen
tulosten perusteella olevan edullista matala kasvutapa, kun
taas ruis talvehtii paremmin, jos se on kasvutavaltaan pysty.

Kokeiden tuloksetkorreloivat yleensä erittäin hyvin yhteis-
pohjoismaisten, vastaavien kenttäkokeiden kanssa. Erityisen
hyvä korrelaatio oli niiden kokeiden kanssa, joissa runsas
lumi oli katsottu tärkeimmäksi stressitekijäksi.
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