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Studies on Methods of Breeding Wheat for Winter Hardiness
by
Yoichi Amano
Summary

Wheat is the crop most widely grown in the world. Such a broad adaptability is thought to be
due mainly to differentialtion of growth habits. Spring wheat can be grown not only in the tropics
but also in the Arctic. However in mild climatic areas farmers generally grow winter wheat, wh ch
is more productive than spring wheat.

Winter wheat sometimes suffers from serious damage when it is exposed to extremely low
temperatures and/or drought conditions, or remains too long under heavy snow cover. So winter
hardiness, the ability to survive severe winter climatic conditions, is a main concern in wheat
cultivation in such regions.

The causes of winter injury are usually various and complicated. In a particular region any one
factor, such as@freezing,@heaving,@smothering,@®physiological drought,®snow mold may
predominate, but in most cases those factors interact with each other. So in breeding for winter
hardiness, many factors must be taken into account.

Though Hokkaido is located in the southern part of the subarctic zone, snow persists
comparatively long, for 130~170 days. So winter wheat cultivation has long suffered from winter
damage. Winter injury in Hokkaido is directly caused by several types of snow mold and in rare
cases by freezing, but freezing injury certainly indirectly affects the incidence of snow molds.
Tomiyama(1955) clarified that the cause of winter injury was snow molds and developed chemical
controls for these diseases. After that, winter damage has decreased remarkably, but in most cases
effects of fungicide on these pathogens are still not absolute even in recent cultivation. There are
five snow molds, namely Typhula incarnata, T. ishikariensis, Fusarium nivale, Sclerotinia borealis
and Pythium spp. in Hokkaido, and except for Pythium spp.,which is localized in badly drained
fields, each pathogen occurs over a wide area.

Breeding programs for winter hardiness in Hokkaido have dealt mainly with snow molds and
freezing resistance. We have tried to improve the winter hardiness of Hokkaido wheat varieties
by introducing snow mold and freezing resistance. In this paper we investigate@development of
testing method for winter hardiness and identification of resistant varieties,@genetics of winter
hardiness,®characteristics of accumulated substances in resistant varieties,@relationship
between growth habits and winter hardiness,® efficiency of selection for winter hardiness. The
results obtained are as follows.

1) Varietal differences of 25 winter wheats in winter hardiness

In this experiment several methods for testing Sclerotinia borealis, Typhula ishikariensis,
Typhula incarnata, Fusarium nivale and freezing injury were devised and using those methods,
25 varieties originating from U.S.S.R., U.S.A., Holland and Hokkaido were tested.

For the method of testing resistance to S. borealis, wheat plants were grown on the high ridge



conditions in the fields and sprayed with ascospores suspension of this pathogen. This was more
effective than when plants were grown on level ground and in furrow ridge in the fields.

Inoculation of wheat with Typhula spp. and F. nivale was done in a snow mold chamber using
techniques developed by Bruehl et al. (1967). The difference between varieties in resistance to
T. ishikariensis and F. nivale, this inoculation method was applied and for T. incarnata a field
test was done at Iwamizawa. -

Natural exposure(-25°C), artificial crown—freezing(-14°C), and Electric Conductivity(-15C)
methods were applied to test cold hardiness. They were very effective.

As theresults of screening for winter hardiness, the following wheat varieties were identified as
being useful materials for breeding resistance to the various types of disease and injury. How —
ever they are inferior to comercial varieties in other agronomic characteristics.

Iohardi, Hokkai 48, : resistant to S. borealis
C. 1 14106, P. 1. 172582, P. 1. 173438, : resistant to T. ishikariensis and F. nivale
C. 1. 14106, P. 1. 173438, Norin 62, : resistant to 7. incarnata

Lutescens 0329, Valujevskaja, : resistant to freezing injury

None of these materials was found to have S. borealis and Typhula spp. resistance
simultaneously. Correlation of resistance to the above two pathogens in 25 varieties was —0.339
and was not significant. Resistance to S. borealis and cold hardiness were closely related. And
degrees of resistance to T. ishikariensts, T. incarnata and F. nivale were also highly correlated with
each other.

2) Genetics of winter hardiness

In this experiment genetic mechanisms for resistance to S. borealis, T. ishikariensis, T. incarnata
and freezing injury were analyzed. Diallel crosses were carried out among 7 varieties which had
typical levels of resistance to those factors, and parents and F: population were examined under
each testing method respectively, as mentioned in the previoius chapter. A randomised block
design with 2 to 10 replications was used and resistance was expressed by the degree of injury.

According to analysis of the variance of means and the variance, differences between parents
and F: populations were significant in every factor. The correlations of mean and the variance
between Fz populations and mid parents were also highly significant. So the resistance of progeny
was very likely to be influenced by that of the parent.

Variance analyses of Wr- Vr among replications and tests of regression of Wr to Vr confirmed
the validity of the assumption of independent action of non-allelic genes. The hypothesis of
diallel’ analysis was satisfied, so that (Vr, Wr) graphical analysis was done and the genetic variance
components and parameters for each factor were estimated according to the method of Hayman
and Jinks.

In every factor the additive effects of genes were significantly large, but the dominance effects
differed according to each. Resistance to S. borealis had partial dominance and resistance to 7.
ishikariensts and freezing injury showed overdominant. The position of array points along the
line of regression showed that resistant parents of S.borealisand T. ishikariensishad more recessive
alleles. On the other hand, a clear tendency of frequencies of effective alleles did not exist in cold



hardiness. In the case of T. ishikariensis, approximately equal numbers of dominant and reccesive
alleles were present, but dominant and reccesive alleles were not distributed equally in the cases
of S. borealis and cold hardiness.

The heritabilities in a narrow sense of S. borealis, T. ishikariensis and freezing injury were
generally high, namely 90, 79, and 82 %, respectively. The number of alleles concerned with each
factor was estimated to be 2 to 3, based on the formula, (maximum parent value-minimum parent
value)?/4D.

Genetic correlation of the mean of F2 populations between S. borealis and T. ishikarienses was
highly negative. This suggested that breeding for resistansce to both S. borealisand T. ishikariensis
would be laborious work. F2 populations of the cross between varieties bred in Hokkaido contained
more non—damaged plants than the other crosses, so it was surmized that Hokkaido varieties, Norin
8, Muka, Horoshiri and Kitakei 628 had the more stable and satisfactory genetic backgrounds for
< winter hardiness. Resistant genes are also available in other varieties, such as P. 1. 173438 and
Moscow 1, so it seems possible to be able to improve the genetic background of winter hardiness
in Hokkaido varieties by introducing specific resistant genes for other factors.

3) Relationship between accumulated substances and winter hardiness

In this experiment we dealt with regional and varietal differences of growth rates and
accumulations or depletions of substances during winter, and relationships between reserve
substances and resistances to freezing, S. borealis, Typhula spp., and F. nivale. The 25 varieties
mentioned in chapter I were examined at Kunneppu and Iwamizawa in 1978-"79 and 1979-'80
seasons, Twenty characteristics measured four times before and after winter were used for
analysis. The degree of resistance to freezing and snow molds obtained -in previous experiments
were taken into account.

Dry weight, percentage of dry matter, total carbohydrate, sugar, starch, and proteinous nitrogen
in the shoot of the plant increased rapidly from autumn to early winter, and reached the maximum
amount immediately after the beginning of permanent snow. Soluble nitrogen, phosphoric acid
and silic acid, decreased with the decrease of temperature. Differences between locations, seasons,
varieties, and wintering types shown in chapter I were significant in 16 characteristics measured
before winter. Wheat plants in Kunneppu showed small growth rate, high accumulations of
carbohydrate and sugar in the fall, and small depletions of them during winter than wheat plants
in Iwamizawa. Varieties resistant to Typhula spp. and F. nivale entered winter with greater
carbohydrate reserves and possessed much more of them after snow melts than susceptible
varieties.

Correlations of reserve substances levels before and after snow cover were highly significant
except for reducing sugar and starch. Correlation coefficients of total carbohydrate between years
was 0.751***(before winter) and 0,767***(after snow melt) at Kunneppu. Highly significant
correlations were also found between following resistances and characters. Freezing and osmotic
value; S. borealis and phosphoric acid, lipid; Typhulaspp., F. nivale and proteinous nitrogen, total
carbohydrate.

Varieties were classified into four groups based on the principal component analysis using 22



characteristics of plant size and reserve substances. These groups coincided very well with the
above mentioned wintering groups, namely, A(less hardy), B(cold resistant), C(intermediate),
D(snow endurable). Resistant varieties to Tvphula spp. and F. nivale,"C. 1. 14106,,"P. 1. 173438,
selected by Bruehl et al. accumulated more carbohydrate more rapidly in the fall than other
varieties did. Nevertheless, their content of proteinous nitrogen, phosphoric acid, lipid, and their
osmotic value were very low. These facts may be a reason why the above three varieties show
susceptibility to freezing and S. borealis. These characteristics might be ascribed to genetic
specificity.

4) Growth habits and winter hardiness

The 26 winter wheat varieties mentioned in chapter I and "Chihoku, were divided into four
groups according to the degree of vernalization requirement(DVR). Among them a new group was
recognized, which requires longer periods of vernalization compared to the VIl group designated
as an extreme winter habit growth type and/or DVR. In this group cold hardy varieties (Moscow
1, Valujevskaja, and Lutescens 0329) and snow mold resistant varieties (C. L. 14106, P. 1. 172582.
and P. L. 173438) were included. In order to identify DVR of a high level as with these varieties,
treatment with short-day photoperiods and low temperatures(0~2°C) were more effective than
that of continuous illumination under comparatively high temperatures(8°C) for green plants.

Wheat lines with various high groups of DVR were developed from two crosses of very high DVR
varieties (P. I. 173438 and Valujevskaja) with a variety of DVRVI(Chihoku). In each level of DVR,
wheat lines having resistance to cold injury or Typhula ishikariensis were found. It was suggested
that high DVR traits are under the control of several genes and their actions are independent of
cold hardiness and snow mold resistance, because there are not any correlations between DVR
and cold hardiness orresistance to S. borealis and Typhulaspp. in the 26 varieties nor in the many
lines obtained from the crosses mentioned above.

5) Efficiency of selection for winter hardiness

To improve the winter hardiness of Hokkaido wheat, we intended to introduce resistant genes
for two traits. One is resistance to Typhula spp, and F. nivale represented by 'C. I. 14106, , 'P.
I. 173438, , and the other is freezing resistance represented by "Valujevskaja; , "Moscow 1, .
For that object we operated series of selection experiments.

(1) Series 1 : (Cross 1051 : P. 1. 173438/Horoshiri//Kitami42)

We performed a selection in this cross using pedigree method from F2 to Fs at Kitami where
S. borealis usually occur. We also referred to the results of snow mold tests conducted at Shibetsu,
where incidence of snow molds, especially Typhulaspp.is high. In Fs, progeny lines were exposed
to natural selection at Sapporo where Typhula spp. usully occurs. In Fs, we retreatd 91 selected
lines with 7. ishikariensis inoculation in the field at Kitami. The inoculation of sclerotia of T
ishikariensis was effective in the field at Kitami. Finally 4 prospective lines which are resistant
to Typhula spp. and have fairly good agronomic characteristics were identified.

(2) Series 2 : (Cross 1050 : Horoshiri/P. I. 173438//Valujevskaja/Horoshiri)
Hybrid populations were grown as a bulk during F: and Fs generation at Shibetsu for natural



selection to winter hardiness. 20 and 15 percent of plants were killed by Typhula spp. in each
generation. In F, 3,000 plants were planted at Kitami, but there was no winter kill. So 980 plants
were sampled randomly. In Fs, 980 lines were treated with T ishikariensisinoculation and freezing
tests, respectively. 76 lines (7.8%) out of 980 were recognized as lines resistant to T, ishikariensis
and 91 lines (9.3%) were as hardy as "Valujevskaja, in freezing resistance. Six lines (0.6%) were
identfied as the materials resistant to both traits, but these selected linese were inferior to
"Horoshirikomugi, in other agronomic traits.
(3) Series 3:(Cross 1: Moscow 1/Horoshiri, Cross 2: Muka/Horoshiri, Cross 3:C. 1. 14106/Horoshiri)
Hybrid populations were grown as a bulk in F2, F3 and F. generation at Kitami. During these
generations winter kill was very rare and in F4, 184(Cross 1), 161(2) and 177(3) plants were sampled
randomly in each cross. From Fs to F- generations those lines were treated with freezing, Tvphula
spp. and S. borealis tests. In every trait differences in resistance among crosses were significant
and the average degrees of damage in each trait were as follows,
Freezing(E. C. value) : Cross 3(497) >Cross 2(438)>Cross 1(393)
S. borealis(%) : Cross 3(62)>Cross 2(48)>Cross 1(43)
Typhula spp.(%) : Cross 1(68) >Cross 2(57)>Cross 3(31)
Five prospective lines, three being resistant to S. borealis from cross 1 and 2, and two being
resistant to Typhula spp. from cross 3, were identified. These selected lines were inferior to
"Horoshirikomugi, in other agronomic charactereistics.
From the materials of these three series, following 12 lines were identified as genetic resources
for winter hardiness.
Resistant to T. ishikariensis: WH 3,5, 6, 7, 8, 9, 10.
Hardy to freezing: WH 1, 2, 3, 4, 6, 11, 12.
Resistant to S. borealis: WH 11, 12.
The degree of resistance to S. borealis of above mentioned two lines are not seemed tobe
satisfactory under actual practices, so further investigations are necessary for getting good
genetic resources for that trait.





