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How will climate change affect terrestrial ecosystems?

O.W. Heal

Universty of the Arctic, Edinburgh, UK

The paper will summarise some of our understanding of the effects of climate change on
populations, processes and systems in the natura environment. Winter warming has been
identified as a particularly important factor, but it does not act in isolation. Responseswill be
influenced by associated changesin precipitation and from other environmenta factors such as
UV-B, CO2 enhancement and N deposition. There is dso the potentid for cooler conditionsto
develop in some aress.

Fants, animas and microbes have been subject to consderable variaionsin climatein the
past and may be "pre-adapted' to respond to future changes. Past observations, recent changes,
experiments, theory and modds help to assess potentia impacts of environmental change. The
impacts are expected to be spatidly variable, depending on, for example, the soil conditions, the
margins of species range, the controls on populations and on soil processes.

The paper will draw heavily on athree year internationd programme which has devel oped
Impact Scenarios, based on awide range of research. It may raise more questions than answers, but
it highlights the vaue of exchange of information and experience across disciplines.

Climate variations, grass growth and winter Kkill in
|celand

By Pall Bergporsson
Byggdarenda 7, 108 Reykjavik, ICELAND

The relaionship between temperature and hay yield from the beginning of this century is
consdered, and the changes that have occurred in the usage of artificid fertilizer have been
weighed in. It is conclusvely shown that a deviation in winter temperature has a somewhat greater
effect on the hay production than the same deviation in summer temperature, in addition to the fact
that year to year variations in temperature are usualy much greeter in winter than they arein the
summer. Thismakesit possble to predict plant growth in hay fields with resonable certainty by the
end of April, while this prediction may then be used to to control the amount of fertilizer used
inorder to reduce the variation in yield from one year to the next and mostly eiminate the deviaion
in hay yidd between decades. The forecast givesthetotal hay yield of the whole country. A
fourteen year experiment which has been conducted at Hvanneyri in order to verify thisis outlined.
Itisinferred that winter kill in hay fiddsis closdy connected with an index computed on the basis
of the combined summer temperature and the temperature of the preceding winter which however
is much more important. While locd conditions are dso important for the winter kill thiswill

ensure the availahility of hay for farmers badly hit by the damage of their hay fields.

An important fact in this connection isthat it is possible to a certain degree to forecast the
average climatic conditions of severd coming yearsin lceland, based on the extreme variaionsin
temperature and seaice in the ocean to the north of the country. These variationsin the seaare
reflected by for example the climatic variations at Spitzbergen. Due to the extreme persstence of
the ocean temperature and the long time it takes for the ocean currentsto travel towards Iceland
from the north this has a predictive vaue of the climate of severd yearsin lceland. Spreading of



these effects by the globa winds will furthermore make possible aforecast of average temperature
conditions in the whole northern hemisphere for a period of many yearsif a the sametime the
additiona expected greenhouse effect is taken into consideration.

Cold-regulated genes and cold signal transduction
pathways

Norio Murata
Nationa Inditute for Basc Biology, Myodaiji, Okazaki 444-8585, JAPAN

Cold gtress causes two mgjor responses of microorganisms, adecreasein fluidity of membrane
lipids and ablock of protein synthes's. The former can be overcome by increesing unsaturated faity
acidsin membrane lipids by the cold induction of faity acid desaturases [1]. The latter can be
overcome by trangent induction of a specific st of proteins. In Escherichia coli and Bacillus
subtitis, these proteins are termed cold-shock proteins (Csps). Csps are supposed to activate
trandation by stabilizing or defolding mRNAS. In cyanobacteria, cold stress induces another set of
proteins, termed RNA-binding proteins (Rbps), and RNA hdlicases, which are both supposed to
defold mRNAs and activate trandation [1].

Regardless intensive studies on the cold induction of anumber of proteinsinvolved in
protein synthes's, how the organisms sense and transduce the cold signal remained unanswered for
many years. We addressed this question by systematic mutagenesis of dl the 43 putative genes for
higtidine kinases and by random mutagenesis of dmog dl the genesin the genomein
Synechocystis sp. PCC 6803, and identified two histidine kinases (Hik33 and Hik19) and aresponse
regulator as components of the pathway for perception and transduction of the cold signd [2].
His33 islikdly to span the membrane twice and is a strong candidate for the cold sensor. Hik19 is
hydrophilic and of hybrid type, and islikely to be a transducer of the cold signd.

A recent achievement of the genome research has provided us with a great advantage for
understanding the mechanism of cold response of microorganisms. The tota genome sequences
have been determined in a number of eubacteria, archaebacteria and cyanobacteria The DNA
microarray anayss based on the genome information of Synechocystis has dlowed usto identify
the cold-inducible genes which are under control of the Hik33.
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Chilling resistance among isolates of Pythium from
Polar and Temperate Zones

Tamotsu Hoshino*, Motoaki Tojo** Hiroshi Kanda*** M.L. Herrero**** & AnneMarte
Tronsmo****

*Hokkaido Nationd Industrial Research Indtitute, JAPAN
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***Nationa Indtitute of Polar Research, JAPAN
****The Norwegian Crop Research Ingtitute, NORWAY

Maoss vegetation plays an important role as a producer in early stages of primary succession in the
Arctic and Antarctic. Moss colonies dso offer living space for terredtria invertebrates such as
insects, ticks and nematodes. Therefore, moss communities play an important key role in the
terredtrid ecosystemsin Polar regions. Microorganisms, epecialy fungi in Polar regions, are well
known for their formation of mycorrhizae, basidiolichens and decomposer associations. In addition,
some fungi have been reported to attack actively mosses growing in the Arctic. However, there
have been very few ecologica and physologicd studies on phytopathogenic fungi in Polar regions.

In the moss carpets of Sanionia uncinata in Svabard (790N, 1200E) in Barents Sea and King
George Idand (6201S, 58[1W) in maritime Antarctic, many dying maoss colonies were found after the
snow bed had melted. Weisolated see several Pythium spp. from dying moss. Our collected
Pythium isolates were P. ultimum var. ultimum (Svalbard) and Pythium group HS (Svalbard and
King George Is.). Pythium group HS was frequently isolated in both Polar regions. Isolates of P.
ultimum var. ultimum and Pythium group HS killed moss shoots of S. uncinatain atifica
inoculation, and physiologica characterigtics of isolates showed that they were cold tolerant. The
Polar isolates could grow and survive at OL1C (same conditions as under the snow cover and in
spring ground temperature in Polar regions). The Temperate Zone isolates of the same fungus did
not grow at OC1C and were destroyed by storage at OLIC for 2 weeks. The optimum growth
temperature of Polar isolates was 20 - 2501C. These results suggest that Polar isolates origindly
developed from Temperate Zone isolates and adapted to growth under polar conditions.

We have fallowing hypothesis of ecologica role of maoss pathogenic fungi in Polar regions.
Pathogenic fungi have invaded in amoss carpet and after severa years formed patches. The host
moss shoots died in the center part of patches. Some higher plants and other moss speciesin the
dying moss patches were often found. Thus, the invasion of phytopathogenic fungi in a moss carpet
of S. uncinata is thought to lead to the formation of dead patches which are open spaces where
other plants easly can colonize. The formation of these patches might be the first step reward
changes in plant communities in Polar regions.
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Variation between Microdochium nivale isolates.
Is pathogenicity correlated with growth rate and
molecular markers?
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Microdochium nivale is causng pink snow mould on winter cereals and grassesin the Nordic
countries. At warmer temperatures it causes leaf blotch, stem rot and head blight. Based on
morphologicd traits, the speciesis divided in two varieties, var. nivale and var. majus. In spite of
recent molecular characterisation, it is gill unclear whether these two groups aso represent host
Specidisation.

In the effort to identify host variation in resstance to pink snow mould in breeding materia
of winter cereals and grasses, the pathogen must also be characterised. Any host speciaisation and
variation in aggressveness of the strains employed, affects the outcome of the screening for
resstance. Gods for our studies are to reved whether there is any host- specidisation among strains
of M. nivale, and if variation in pathogenicity or aggressiveness between the strains are correlated
with molecular markers or physiologicd parameters.

M. nivale grains, severd of var. nivale and afew of var. majus, isolated from different
grass and cered hosts have been inoculated on different cereal and grass species and incubated
under artificid snow cover. The strains show great variation in aggressiveness and growth rate, but
the variation in cardind temperatures limited. Prdiminary results indicate some degree of host
gpecidisation. According to the estrease profile, the Norwegian isolates tested so far falsin two
groups, one of them assumed to be the var mgjus group. Severd isolates do however show
"private’ band patterns. We are currently also studying the AFLP pattern of the isolates.

Selection of cold tolerant Trichoderma species for
biological control

Arne Tronsmo and Linda Gordon Hjédjord

Agricultural University of Norway, Department of chemistry and biotechnology, Box 5040, N-
1432 Aas, NORWAY

To be able to control plant diseases caused by fungi in cold weether and during cold
storage, antagonists are needed which can grow and control the pathogen at low temperature.

Trichoderma isolates have been used for control of arange of fungd diseases on many plant
species. Because of the large genetic variation in Trichoderma, it was possible to sdlect cold
tolerant isolates with antagonidtic activities at low temperature. 54 isolates from 7 Trichoderma
species were tested. Of these, 32 were able to grow at 2°C and most of them were antagonistic
(produced inhibitors and showed hyphd interaction) a 5°C (Tronsmo and Dennis 1978). Five of
these isolates were tested in fidd trids againgt Botrytis cinerea and Mucor mucedo rot on
strawberries. Two isolates showed as good control as the standard fungicide (Euparen). One of
these isolates, Trichoderma harzianum P, has since been extensively used to control fungd
diseases at low temperature on field grown grasses, strawberries, cherries and apples, and some
successes have been obtained. Fungal diseases on cold stored carrots (Tronsmo 1989), apples
(Tronsmo 1996) and strawberries (Tronsmo and Dennis 1977) have aso been controlled by T.
harzianum P, whereas amutant of this fungus that had lost the ability to grow at low temperature
had no disease reducing activity. Work isin progress to understand the physiology of T.
harzianum, with the am to improve biocontrol control under environmenta conditions unfavorable
for this antagoni<.
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Growth of rhizobia at low temper atures

Halldor Sverrisson

Agricultura Research Indtitute, Keldnaholt, IS-112 Reykjavik, ICELAND

The sgnificance of rhizobiawill probably increase with growing interest in the use of legumesin
agriculture and land reclamation. Rhizobid strains which are commercialy available asinoculum

on the market might not be suitable for use in cold aress like I cdland because they originate from
areas with higher soil temperatures than prevail in subarctic soils. The rhizobia on roots of netive
legumesin lceland are probably adapted to low soil temperatures. Mean soil temperaturesin the
beginning of the growing season may range from 3 to 6 degrees in 5cm depth and reaching only 10
to 12 degreesin the warmest month. Research on Icelandic lupine rhizobia (lupine is not anative
genusin ledand) has shown variation in nitrogen fixing efficiency between different srains.
Sdlected gtrains are now produced commercialy by Soil Conservation Service in Iceland for
inocuation of lupine seed for land reclamation work.

In aNordic research project the ability of strains of Rhizobium loti and severd other strains
to grow in vitro at low temperatures has been measured, and the results showed that one of the
dransof R. loti could grow in vitro down to 2,7 degrees centigrade while one other strain of R. loti
needed 6,6 degrees. One lcdlandic strain of R. leguminosarum biovar. viceae nesded minimum
temperature as high as 7,8 degrees. A Nordic project work has aso been done on testing three
Norwegian strains of Rhizobium leguminosarum biovar. trifolii for their effectiveness on white
clover in lcdand and the results showed that a mixture of the strains gave better yield than any
sangle grain. Similiar work with red clover and Galega orientalis is beeing done. Three gtrains,
originating from lceland, Norway and Finland, are beeing tested on red clover and the first results
show ggnificant variaion in efficiency of the srains, with the Finnish strain beeing the most
effective.

How do plants know it’s cold out there?

Rajinder S. Dhindsa, Veena Sangwan, Hala Khalil and Bjorn L. Orvar

Department of Biology, McGill University, Montred, Quebec H3A 1B1,
CANADA

Being immobile, higher plants are frequently confronted by many stressful conditions such as
freezing temperatures. Many plants succumb to freezing and those that survive the freezing winter
do so through a series of adaptive actions. First, of course, the plant has to sense the approaching
winter. Fortunatdly, winter gpproaches gradudly. Chilling temperatures (generaly below 10°C)
persgs for along time before it sarts freezing. Thistak will focus on the perception of the low
temperature Sgnal and its transduction into biochemica events that lead to the development of



freezing tolerance, a process called cold acclimation (CA). We shall provide evidence for the
following sequence of events during cold senaing: the temperature Signd is perceived by plasma
membrane through decreased fluidity, followed by reorganization of cytoskeleton, activation of
cacium channds, cacium influx, activation of specific MAPKs (MitogenActivated Protein
Kinases), cold-activated SAMK and heat-activated HAMK

In our studies of low temperature signd transduction, we have used the expression of cas
genes or activation of a specific mitogen-activated protein kinase of dfafaas end-point markers.
Triggering of cold acdimation requires an influx of cacium, largely from the cdll wadl, through the
plasma membrane-located mechanosengtive channds into the cytosol. Prevention of this calcium
influx by ether calcium chelators or by calcium channel blockers prevents cold-induced gene
expression and CA. Conversdly, experimenta increase in cytosolic cacium induces the cas genes
at 25°C. How cold triggers the opening of calcium channds has not been clear. We are
investigating the nature and tempora order of early events during cold sensing leading to cold-
specific gene expression. Using dfafa cells as experimenta system, we have examined the role of
membrane fluidity, cytoskeeton gability and cdcium influx in cold activation of SAMK, an dfdfa
MAPK activated by cold, drought and touch.

Temperature is known to directly modulate membrane fluidity, cold rigidifies and heat
fluidizes cdlular membranes. Low temperature is known to activate a specific MAPK, cdled
SAMK. High temperature, on the other hand, activates another MAPK which we have named
HAMK (Heat shock-Activated MAPK). Both these MAPKSs have the same el ectrophoretic mobility
but can be digtinguished immunochemicdly. Rigidification of cel membranes with DMSO
activatesthe SAMK a 25°C but fluidization of the membranes with benzyl alcohol (BA) a 4°C
prevents SAMK activation and at 25°C activates HAMK. How opposite changesin membrane
fluidity activate SAMK or HAMK? Activation of both of these MAPK s requires reorganization of
actin cytoskeleton , because it is prevented by jasplakinolide but both MAPK s are activated by
cytochdasin D at 25°C. The activation of both these MAPKs by ether temperature, chemicaly
modulated membrane fluidity or by cytochasin D is prevented by cacium chelaors or cacium
channd blockers. We show that cytoskeleton reorganization is downstream of membrane fluidity
changes but upstream of cacium influx. MAPKs are activated by MAPKK's and the latter by the
upstream MAPKKKs. What activates the MAPKKK involved in cold sgnding is not yet clear but
we have preiminary evidence that calcium-dependent protein kinases may beinvolved. The
relaionship of these MAPK s with freezing tolerance is il unclear. It is possible that a plant may
be competent in Signaling but either does not have or fails to express genes the products of which
are needed to develop freezing tolerance. Such appearsto be the case with Medicago truncatula.
Recently, it has been shown that the congtitutive expression of aMAPKKK, NPK1 confers
tolerance to multiple siresses, including freezing, in tobacco.

Early signaling eventsin cold acclimation-specific
gene expression in alfalfa

Bjorn L. Orvar, Veena Sangwan, Franz Omann and Rajinder S. Dhindsa

Department of Biology, McGill University, 1205 Avenue Docteur Penfield, Montred,
Quebec H3A 1B1, CANADA

Cold acclimation in plants is associated with specific gene expresson triggered by a transent
cacium influx into the cytosol. The nature and tempord sequence of events leading to the cacium
influx are not known. We have shown that the expresson of a cold acclimationspecific (€as) gene
of dfdfa, cas30, cdcium influx and the development of frost tolerance at 4°C are al prevented by



cdl membrane “fluidizers’ but, conversdy, induced a 25°C by membrane “rigidifiers’. Cas30
expresson and cdcium influx a 4°C are dso prevented by an actin microfilament dabilizer but
induced a 25°C by an actin microfilament destabilizer. Furthermore, membrane rigidifier-induced
cas30 expresson a 25°C is inhibited by actin microfilament dabilizer. Biochemicd evidence
demondrates dynamic reorganization of actin microfilaments as an ealy response to cold stress.
Chemicals modulaing actin microfilament organization and membrane fluidity draméticaly affect
these changes. Our results suggest that actin microfilament reorganization provide an essentid link
between the cold-induced membrane rigidification and cddum influx leading to cas gene
expression and cold acclimation.

Genetic bases of barley physiological responseto cold
environments

Busconi M., Dal Bosco C., Crosatti C., Baldi P.,, MareC., Gross M., Mastrangelo A., Rizza
F., Cattivelli L. and Stanca A.M.

Experimenta Institute for Cereal Research, Via S.Protaso 302, 1-29017 Fiorenzuola d'/Arda, (PC)
ITALY
(eemal m stanca@ol .it)

Acclimation to low temperaturesin plants is an adaptive response that prevents damage due to
winter freezing. The ability of plants to withstand winter temperatures is mediated by specific sets
of genes which modify cell metabolism making cells aole to cope with adverse conditions.
Molecular dissection of the cold acclimation process has shown that many cold regulated (cor)
genes are involved.. The accumulation of cor mRNAS depends primarily on the low temperature,
but it can aso be modulated by other factors such as gpplication of ABA, drought stress or light.
For example, we have found that expression of the barley corl4b occurs only at low temperatures,
but it is enhanced after even brief exposure of the plants to light. We have seen that the cold
induced expression of a number of cor genes such as cor14b, cor tmc-ap3 and of the blt14-gene
family was strongly reduced in plants carrying the dbino mutation an. Notably, these plants were
not able to harden when exposed to low temperature providing a direct evidence of the relationship
between expression of cold-regulated genes and the development of cold hardening.

Genetic sudies proved that in cereds only few chromosome regions, particularly on the
long arm of the homeologous group 5, carry loci that play an important role in frogt tolerance.
While mogt of the cold-regulated genes known so far map outside the homeologous group 5, we
have shown, by usng wheat chromosome subgtitution lines, that the chromosome 5A carries few
regulatory genes which control the expression of known cold-regulated sequences, demonsirating a
genetic linkage between the frost resstant locus/i and the expression of cold regulated genes.

A putative function can be assigned to severa cor genes on the basis of their sequence
amilarities. We have found that the barley gene cor tmc-gp3 is highly smilar with oepl6, a pea
gene that codes for a putative amino acid- sdlective channd protein of the chloroplast outer
membrane. A homologue cold-induced Arabidopsis EST sequence suggests the existence of a
common mechanism in mono and dicotyledonous plants. According with the
putetive function of cor tmc-ap3, the chloroplast ability to exchange amino acids was assayed by an
in vitro test performed using radioactive-labelled methionine in both barley and Arabidopsisintact
chloroplasts. In both species chloroplasts extracted from cold-acclimated plants had higher ability
to import amino acids than those extracted from control plants.



The magnetizing dehydrins
Einar Mantyla!, Jan Svensson? & Bjérn Welin®

L Agricultura Research Intitute, Keldnaholti, 112 Reykjavik, ICELAND
“Department of Plant Biology, Uppsala Genetic Center, SLU, S-75007 Uppsala, SWEDEN
3Biologia Vegeta, Universidad de la Republica, Igua 4226,114 00 Montevideo, URUGUAY

The dehydrin protein family is one of the most abundant group of novel proteins accumulaing in
plants in response to environmenta stresses such as drought, sdinity and low temperature and in
the drying seed during embryo development. They have been found to be widely distributed within
the plant kingdom. The dehydrinsfail to show homology to any other known proteins and assigning
aphysologicd function to the dehydrins has proven an dusive task.

We have recently found biochemical evidence for a strong metd ion affinity for severd of
the dehydrins. Some dehydrins show strong affinity for severd divalent metd ions, however, the
specificity of the metal binding of the dehydrins varies somewhat. Structurd features of the
dehydrins that may be important for their metd affinity will be adressed.

Oxidative stress is animportant aspect of many abiotic stresses, such as cold and drought,
particularly when in combination with high light conditions. Divaent metd ionsplay ardein
oxidative gressin plants, where they catdyze the formation of the highly reactive and damaging
hydroxyl radica. Chelaion of metalsis a meansto neutralize their cataytic activity and may
provide the plant with protection by preventing or atenuating the formation of hydroxyl radicas
and the subsequent, highly damaging chain reactions.

Ectopic expresson of dehydrinsin transgenic plants provides an opportunity to test the
relevance for stress tolerance of our finding that dehydrins are efficient metal binders. We suggest
that the metd binding nature of severd of the dehydrins may prevent or attenuate damage due to
oxidative stress during exposure to abiotic stress.

Desiccation injury in winter cereals. Therole of
dehydrins, heat stable proteins and carbohydr ates.

L.V. Gusta, G. Wu, A.J. Robertson & R.W. Wilen

Crop Development Centre, University of Saskatchewan, 51 Campus Drive
Saskatoon SK S7N 5A8, CANADA

Winter injury to winter ceredsis a complex phenomenawith little or no progress made in the last
100 years. Thetype of injury sustained is afunction of winter condition, e.g. low temperature
injury versus ice encasement. A high correlation was observed between duration of low
temperature exposure and winterkill for cultivars selected for continental climates. Winter injury
under these conditions appears to be related to freeze-induced injury.

Temperatures approaching 0°C initiate cold acclimation, however, it is not known how low
temperatures transduce thissignd. Our results suggest a change in water potential may be the
initid sgnd. During cold acdimation of winter hardy continental adapted cultivars, thereisan
increase in both freezing tolerance and freeze desiccation tolerance. Cultivars may attain the same
level of freezing tolerance as determined by a2°C ha* freeze-test (L Tso), however they can differ
dramaticaly in ther freeze-induced desiccation tolerance (LTso). This suggests there are different



genes associated with freezing tolerance and freeze desiccetion tolerance. Dehydrins are prime
candidates to be involved in the development of desiccation tolerance.

Southern analysis revedled that spring and tender winter cultivars possess Smilar stress
genes as the winter hardy cultivars. However, these genes are ether not, or only transently,
expressed during cold acclimation according to results from northern and western andlysis. Bailing
gtable proteins and dehydrins were investigated for their role in freeze-induced desiccation
tolerance. These proteins are thought to maintain native protein structure during freeze-induced
dehydration and consequently maintain the capacity to recover the biologicd function of the
protein upon rehydration. A strong correlation between winter surviva and these proteins was
observed. However, these proteins done did not account for the increase in freezing tolerance.
Sugar(s) in combination with these proteins gppear to confirm freeze-induced desi ccation tolerance.

Water and ABA content in fully-expanded |eaves of
cold-hardened barley

Ilja PréSl, Zuzana Kadlecova, Milos Faltus

Research Ingtitute of Crop Production, Drnovska 507, CZ 16106 Prague 6,
CZECH REPUBLIC
(e-mall: prasl@hb.vurv.cz)

Intact mature leaves provide a suitable mode of non-expanding green tissues (where changes
connected with growth and cdll differentiation are completed) and we used them for sudying
physiologica changes during cold hardening of winter barley (Hordeumvulgare L.). After
cultivating plants a 16 °C (light period 16 hours, 400 imol/n/s) in Hoagland 3 nutrient solution

till the second leaves fully expanded, we exposed the plants to cold hardening at 3 °C and under the
same light conditions. We sampled the second mature leaves at the end of the dark period, at the
stage of full water saturation. In the second mature lesf the ratio of water weight to dry weight
decreased sgnificantly under hardening conditions. When we expressed both leaf water weight and
dry weight per leaf area (the leaf arearemains constant) we observed increase only in dry weight.
Hence, the decrease of the ratio of water weight to dry weight during hardening was dueto an
increase in dry weight rather than a decrease in water content. The accumulation of dry weight was
accompanied with decrease of osmotic potential and increase of freezing tolerance during cold
hardening. The content of ABA did not change significantly in the second mature legf of cold
hardened plants. Further, we compared the changesin dry weight, ABA content, osmotic potentia
and freezing tolerance of cold hardened plants with those in plants exposed to drought trestment
(20% of PEG 8000 solution) at the same temperature of 16 °C and light conditions asin foregoing
cultivation. This drought treatment induced only negligible increase of freezing tolerance and of

dry weight accumulation in the second mature leaf. The ABA content trangently increased at the
onset of drought hardening. We concluded that cold hardening resulting in increase of dry weight
content and decrease of osmoatic potentid is prerequidite for the development of full freezing
tolerance of plants. Therole of ABA ininduction of freezing tolerance could be mediated via
different mechanismsin cold or drought hardened plants.
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Frost tolerance among provenances and families from the
Picea complex in Alaska

Brynjar Skulason, Adalsteinn Sigurgeirsson, @yvind Meland Edvardsen, and Bjarni E.
Gudleifsson

lcdand

Sitka spruce (Picea sitchensis (Bong.) Carr.) isthe most promising tree species for production
forestry in the cool, oceanic regions of southern and western Iceland.  Experience suggests,
however, that the species may be susceptible to frost damage during late soring and early autumn.
To reduce thisrisk it was nessesary to examine the genetic varigtion in growth rhythm and frost
hardinessin spring and autumn among those provenances of Sitka spruce that can be successfully
cultivated under lcelandic conditions. Freeze-testing under controlled conditions was used on a
total of 8000 Sitka spruce (P. sitchensis (Bong.) Carr.) and Lutz spruce (P. x lutzi) seedlings, from
among 10 families from each of 20 provenances. Differencesin fros tolerance during spring &
autumn were sgnificantly different among provenances and among families within provenances.
Provenances of White spruce (P.glauca (Moench) Voss) and Lutz spruce were more susceptible to
damage from spring frogts than those of Sitkaspruce. The converse was however true for autumn
frost damage, where damage was greatest in Sitka spruce. Correlations between frost tolerance and
latitude, longitude and evation a orgin, as well as seedling height wereinsignificant. Therewas
however astrong and significant relationship between damages observed among provenances and
families in the nursery one year earlier, attributed to autumn frosts, and damages observed after
controlled freezing conditionsin the falowing autumn. These results suggests the opportunity for
using freeze-testing for early sdlection for frost hardinessin the nursery and in the fidd.

Factorsinvolved in ice nucleation and propagation in
plants. An overview based on new insights gained from
the use of infrared thermography

Michael Wisniewskit, Mick Fuller?, Jiwan Palta®, John Carter®, Larry Gusta®, Marilyn
Griffith®,and Jack Duman’.

LUSDA-ARS, Kearneysville, WV, USA
2Sedle-Hayne University, Newton Abbot, UK
3University of Wisconisn, Madison, Wl , USA
4University of Minnesota, St. Paul, MN, USA

®Crop Development Center, University of Saskatchewan, CANADA
®Univesrity of Waterloo, CANADA
"University of Notre Dame, IN, USA

The mgority of data reported on how plants freeze has been obtained through the use of
thermocouples. Although the use of this technology has provided great indght into the freezing
process, humerous questions gill exist about the role of intringc and extringc nucleeting agentsin
the freezing process. Thisis partidly due to the limitsin the information that can be gained usng
thermocouple technology. Severd years ago, the ability to use high-resolution infrared
thermography to directly observe the freezing process in plants was demonstrated and since then
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has been used to characterize ice nucleation and propagation in several herbaceous and woody plant
species. The present report will provide an overview of these various studies and detail the factors
that gpparently play a sgnificant role in determining when a plant will freeze and how ice will
propagate through a plant.

Role of Moisture and Extrinisic | ce Nucleating Agents. - One of the criticd factorsin
determining when a plant will freeze is the presence or absence of surface moisture. Dry plants will
aways supercoal to alower temperature than wet plants. Secondly, if ice nuclesting agents, such
as INA bacteria, are present, they will induce plantsto freeze at awarmer temperature than just the
moisture lone. The presence of nuclestors on the surface without moisture is not effective because
nuclestors are only active in aqueous solutions.

Role of the Cuticle and Stomatesin External Induction of Freezing. In order for the
presence of externd ice (frozen moisture on aleaf surface) to induce ice formation in a plant, the
ice must physicaly grow through a breek in the surface of the cuticle (eg. crack or broken hair
cdls) or through a stomata opening. A thick cuticle, such as found on evergreen leaves (eg.
azaea, cranberry) serves as an effective barrier to externd nucleation. Water can freeze on the
upper surface of these plants and the plant will continue to supercool. When externd ice does
induce the plant to freeze it is through the growth of ice through a somata opening on the abaxid
surface. In herbaceous plants, the cuticle is not an effective barrier, or there are sufficient avenues
of ingress that alow ice to readily propagate from ether the upper or lower surface. Providing a
barrier of slicone grease sufficiently prevents externa ice from inducing herbaceous plants to
freeze. To test the hypothesis that a hydrophobic barrier can prevent plants from freezing, an
emulsion of hydrophobic kaolin (Englehard, Inc.) was gpplied to the surface of 4-6 week old
tomato plants prior to application of an extrinsic nucleating agent (Cit7 strain of Ina” Pseudomonas
syringae). Resultsindicated that dry, young tomato plants can supercool to aslow as-600C
whereas plants having asingle droplet of Cit7 would freeze a -1.5t0-2.5 OC. Application of the
hydrophobic barrier blocked the effect of Cit7 and alowed the plants to supercool to -6[1C, despite
the presence of frozen droplets on leaf surfaces.

The Initial Freezing Process and Subsequent | ce Propagation. |ce nuclegtion, when it
occurs a warm temperatures in herbaceous plants, is atwo step process. In thefirst step, only
water that is present along the surface of cdllsisinduced to freeze. This can be seen asasmadl
exothermic response after which the plant tissue quickly cools back down to ambient temperatures.
In the second stage, which can often be distinctly separated from the first step, the extracdlular ice
induces amuch more substantid freezing event where bulk water in the xylem conducting eements
freezes, water is drawn out of cells and freezes extracdlulary. Thisis seen as a substantia
exothermic event that persgts for an extended period of time. This second freezing event is easlly
propagated throughout the rest of the plant. |ce does not, however, move down through a stem into
a below-ground portion of a plant and then back up into another above-ground portion of a plant.
For example, ice does not propagate down a potato stem into atuber and then back up another
gem. If ice formation occurs a awarm temperature, appendages attached to the organ that initialy
froze may escape freezing for a period of time, indicating that some barriers to ice propagation do
exis. Thetwo steps of the freezing process become superimposed on each other if freezing is
initiated after a Sgnificant amount of supercooling has occurred.

Freezing of Woody Stemsand Barriersto | ce Propagation. - As previoudy documented,
the presence of effective, intrinsic nucleators, gppears to be common in woody plants. These
nuclestors gppear to be as effective as external ice nucleators, such INA bacteria, and induce the
semsto freeze at warm, subzero temperatures. Barriers appear to exist, however, that prevent ice
propagetion into lateral appendages such as buds, or newly extended primary tissues (flowers,
inflorescences, etc.). These barriers are mogt effective if the initid freezing event occurs at a
relatively warm temperature. These barriers have been observed in the propagation of iceinto the
srigs of Ribes and grapevines, the pedicd of cranberry fruits, and flowers of peach indicating that



the ability of buds, flowers, and inflorescences to supercoal in the presence of frozen gem materid
may be an active mechanism of freeze avoidance.

Influence of Cold Acclimation and Antifreeze Proteinson |ce Nucleation. - When plants
are cold acclimated, they develop agreater ability to supercool. This has been demonstrated in
canolaand barley, and rye plants. When cdlular extracts of canola were placed on filter discs,
gmilar responses to those of intact plants were made, indicating that sugars and proteins present in
acclimated plants may play arole in enhancing supercooling. Transgenic Arabidopss plants
expressing an insect antifreeze protein dso exhibited an enhanced ability to supercool.

Interestingly, when acclimated canola plants were dlowed to supercool to low temperatures (-12 to
-15 C) and then frozen, they exhibited no injury despite the rapid rate of ice formation and
propagation. This indicates that the acclimated plants have the ability to rapidly lose water in order
to prevent intracdlular ice formation. Digtinct differences between acclimated and non-acclimated
rye plants have also been observed.

Summary - The use of infrared thermography has reveded new details about the freezing
process in every plant speciesin which it has been used. Thusfar, it hasindicated severa new
possibilities for enhancing frost protection. Development of thicker cuticles, or providing
hydrophobic barriers, may provide a method of blocking extringc ice propagation. Seecting for the
presence of barriers to ice propagation in woody plants that alow flowers and inflorescences to
supercool despite the presence of ice in woody stems may aso provide a method for enhacing cold
hardiness during spring frogts. Findly, evidence has been obtained supporting the role of antifreeze
proteins in enhancing supercooling in plants.

Glycine betaineincreases chilling tolerance and reduces
chilling-induced lipid peroxidation in herbaceous
plants.

Paul H. Li and Wen-Ping Chen

Laboratory of Plant Hardiness, Department of Horticultural Science,
University of Minnesota, St. Paul, MN 55108, USA

Low temperature stress to crop plants has long plagued agronomists, horticulturists and biological
scientigts. It lowers crop qudity, reduces yidd, ddlays harvest, or causes crop fallure. There are
two major types of crop speciesin terms of low temperature senstivity. They are chilling senstive
species such as Zea mays, and chilling insengtive ones such as Triticum aertivum. Chilling
sendtive species define as those that can be injured or even killed by exposure to temperatures
ranging from 15 to 0°C. The impact of chilling on crop production may be as great as freezing, but
the event of damage may not be as dramatic as the freeze damage. We report herein some
information of the effectiveness of glycine betaine (GB) in improving maize (Zea mays L.) chilling
tolerance.

When the suspension-cultured cells and the seedlings of cv "Black Mexican Sweet’ maize
were grown in GB-contained media, their chilling tolerance increased. Both triphenyl tetrazolium
chloride (TTC) reduction test and cell re-growth assay indicated that cdlls treated with 1 mM GB a
26°C for 1 day had asurvivd rate twice as high asthat of the untreated control.  Accumulation of
GB in the cells was proportionate to the GB concentration in the medium and saturated a a
concentration of 240 nmol (g DW)™. The degree of increased tolerance was positively correlated
with the level of GB accumulated in the cells. The increased tolerance was time-dependent, i. e., 1%
observed 3 h after trestment and reaching a plateau after 14 h. Feeding seedlingswith 2.5 mM GB
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through roots aso improved the tolerance as evidenced by the prevention of chloross after 3d
chilling a& 4°/2°C (D/N). Lipid peroxidation, as expressed by the find product of maondiadehyde,
was sgnificantly reduced in the GB-treated cells compared with the control during chilling. The
increased tolerance may be due, in part, to the reduction of membrane lipid peroxidation in the
presence of GB. When maize was chilled, active oxygen species (AOS) accumulate in the cdlls.
AOS accumulation may lead to lipid peroxidation of the plasmalemma and organdlles, resulting in
chilling injury.

It has been reported that GB increases freezing tolerance in plants. Our finding seemsto be
the first dedling with the effectiveness of GB agpplication in improving chilling tolerance of plants
such as maize. We found that "Black Mexican Sweet' was unable to accumulate detectable amounts
of GB. In some plant species, GB is synthesized by a 2-step oxidation choline, catayzed by choline
monooxigenase (CMO) firgt and then by betaine ddehyde dehydrogenase (BAD). These two
enzymes and their corresponding genes have been well characterized. Stresses such as dinity,
drought, and low temperature can induce the expression of BAD and/or CMO genes. An attempt to
obtain transgenic maize, which expresses the choline oxidase gene from bacteria, isin progress.

Winter hardiness of white clover (Trifolium repens)
Sigridur Dalmannsdéttirt, Aslaug Helgadéttirtand Bjarni E. Gudleifsson?

*Agricultural Research Ingtitute, Keldnahalt, 112 Reykjavik, ICELAND
2Agricultural Research Ingtitute, Médruvelir Experimental Station, 603 Akureyri, ICELAND

In northern Scandinaviaand lceland the use of white clover islimited by the lack of varieties that
combine winter hardiness and high biomass production. Physiologica charactersin relation to
winter surviva were studied on plants grown in pots and hardened naturaly outside (lat.66°N).
Samples were collected in September, January and April. For our research we used the population
HoKv9238 that is used in breeding programsin northern Norway, and the cultivar AberHerald
from Waes, both as an origind population (AberHerdd origina) and a sdection surviving one
winter in southern lceland (AberHerad selected). Those three populations were tested for fr ost
tolerance and ice encasement tolerance in the laboratory usng meristematic stolon cuttings. After
the treatment the regrowth was estimated visudly and the result presented as LTsp or LDso. The
Norwegian population HoKv9238 was much more winter-hardy than the others. In September
AberHerad sdlected was significantly more frost hardy than the origind, but a the same time there
was not asignificant difference in ice encasement tolerance. Samples were dso taken for fatty acid
and car bohydr ate measurements. Higher amount of unsaturated fatty acids corrdlated with
increased frogt tolerance. HOKv9238 had higher amount of fatty acids per dry matter than
AberHerdd, epecidly thel8:2 fatty acid. AberHerald sdlected had significantly higher amount of
18:2 fatty acid than AberHerad origind. In September the starch content was significantly higher

in golons of HoKv9238 (55 mg/g dm) than in AberHerald sdlected (35 mg/g dm) and AberHerad
origind (25 mg/g dm). In January the starch content of HoKv9238 was drastically decreased and
the amount of sucrose and glucose was much higher in HoKv9238 than in AberHerdd populations.

Relationship between carbohydrate concentrations and
winter hardinessin red raspberry (RubusidaeusL.)

Pauliina Palonen
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Department of Plant Production, P.O.Box 27, FIN-00014 University of Helsinki,
FINLAND

Frequent winter injury to raspberry (Rubus idaeus L.) causes economic losses and isa primary limiting
factor for expanding raspberry production in Finland. The objectives of this study were to analyse the
relationships between carbohydrates and cold hardiness in raspberry cultivars and to search for specific
biochemica markers for cold hardiness. Raspberry cultivars with different levels of cold hardiness
were grown either in the field, in containersin agreenhouse, or in vitro and cold acclimated under
elther natural or controlled conditions. Cold hardiness (LTsp) and carbohydrate concentrations were
determined. Furthermore, the effect of exogenoudy applied sucrose on cold hardiness was studied.

A decrease in starch and an increase in soluble carbohydrates, especidly sucrose, but aso
accumulation of glucose, fructose, raffinose and stachyose, coincided with cold acclimation. A
positive correation between LTso and starch, and negative correl ations between L Tso and the amounts
of soluble carbohydrates were established. Changesin carbohydrate concentrations due to cold
acclimation were aso expressed in vitro, except for decrease in starch. However, both container-grown
and in vitro plants acclimated under artificia light and temperature regimes failed to reflect exactly the
reaction of the ragpberry plants acclimating under field conditions. High concentrations of tota soluble
carbohydrates and a high ratio of sucrose to glucose plus fructose were characteristic of ahardy
cultivar under field conditions and in vitro, and low concentrations of starch in container-grown plants.

Exogenoudy applied sucrose was taken up by plants and amplified the effect of cold
acclimation on raspberry plantsin vitro, 5 % sucrose in the culture medium being optimd for
maximum cold hardening. Shoot moisture content was not Smply correlated with cold hardinessin
vitro. Rather, low moisture content alowed a plant to become hardier under appropriate conditions.
After cold acclimation, osmoldity predicted hardiness better than shoot moisture content. The results
demongtrated that sugars have more than a purely osmotic effect in protecting acclimated raspberry
plants from cold.

This study provided further evidence of the importance of carbohydrate reserves, especidly
sucrose, on winter surviva of raspberry. Cultura practices that enhance accumulation of
carbohydrates in raspberry plants should be developed and tested.

Re-analyzing historical records of winter injury in
Finish apple orchards

LeenaLindén

Department of Plant Production, P.O. Box 27, FIN - 00014 Universty of Helsinki,
FINLAND

In Finland, apple trees are grown on the fringe of their northern growing limits. Commercid
production is restricted to the south-west of the country. Even there, however, noticeable winter
injury occurs every 10 years, on an average. - The degree and nature of winter injury in Finnish
apple orchards has been thoroughly surveyed after nine severe winters since 1928/29. The most
common type of damage found in gpple treesiskilling of annua shoots and a generd dieback of
branches. Damaged trees are often completdly killed during the following season.

It isgenerdly assumed that the main causes of gpple winter injury in Finland are
exceptionaly low temperatures between December and March as well as unfavourable westher
conditions during the preceding summer and autumn. In addition, mild spells during early winter
have been suggested as a mgor factor affecting the occurrence and severity of winter injury
induced by subsequent low temperatures.
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In the current study, the long-term climatic data of 1927 to 1998 were explored in the
context of past winter-injury occurences in south-western Finland. The objective wasto identify the
wesether conditions leading to gpple winter-injury by applying satigtica multivariate techniques.
Verification of the most critical wegther patterns would provide a sound basis for breeding and
sdection of cultivars hardy in northern conditions.

The analyses reveded low mid-winter temperatures as the dominant factor controlling
winter injury of gpple trees under the growing conditions of south-western Finland. However, even
unfavourable westher conditions during growing season or during the fal hardening-off process
often coincided recorded occurences of winter-injury. The results are compared with those obtained
in New Brunswick, Canada

The effect of climate on freezing injury in strawberries
Rolf Nestby
The Norwegian Crop Research Indtitute, Kvithamar Research Centre, N-7500 Stjoerdal, NORWAY

The study was conducted in four experiments, one examining the effects of dternating freezing and
thawing at —12/+6 °C, the second the effects of permanent long term freezing at —12 °C both under
controlled conditions after a growth period at a coastd or at a continental location; and the third
and fourth in two continental and two coastal experiments on field grown strawberries on high
beds. The freezing injury increased the higher the stress, indicated by reduced growth, fruit yield
and frut sze. It was shown that ‘Korond was the most hardy cv a one day of permanent freezing,
while * Senga Sengand was the most freezing tolerant cv at long term permanent freezing.
However, ‘Senga Sengana was least adapted to aternated freezing and thawing. In generd the
results indicate that the plants induce freezing tolerance according to some factor of origin, Snce
plants grown in the continental climate better survived long term permanent freezing than plants
grown in acoagtd cimate and vice versa. The field experiments showed that use of winter cover
reduced freezing injury in plants without snow cover during winter. Cover positively affected
development of flower stalks. Also, it reduced injury in flower primordia and thus the number of
misshapen fruits, and made the plants produce larger fruits. As a sum these effects increased the
yields up to 9% in the continental and 45 % in the coadtd fields. The yield differences of the

coadtd vsthe continental experiments were due to more freezing and thawing at the coastd than at
the continental fields, and asnow roof that was used to keep the snow off the plants in the
continental experiments. Generdly, covering with artificia winter covers gave a better result than
straw. When straw was used it was essentid to remove it in early spring. Using artifica winter
covers there was no difference in yield by remova of the cover first week of April or May for the
cvs ‘Bounty’ and * Senga Sengand, but cv. ‘Korona reacted generdly positively of prolonging the
covering period. Covering from 1 September to 1 November only, had a negative effect on yied
compared with no cover, while covering in April yielded equa to no covering.

Physiological and biochemical responses of
overwintering forage cropsto anoxia

Bertrand, A., Castonguay, Y., Nadeau, P., Rochette, P., Bélanger, G., Michaud, R., Laberge,
S, & Couture, L.

16



Agriculture and Agri-Food Canada Research Centre, Sainte-Foy, Québec, G1V 233 CANADA
(Emall: bertranda@em.agr.ca).

The formation of an impermeable ice sheet over perennial plants during winter induces
modifications of the atmosphere around the plants. The resulting anaerobic conditions can affect
the winter survival of economically important forage crops. The differential sensitivity of alfalfa,
timothy, orchardgrass and red clover exposed to a progressively developing anoxic stress was
assessed in the field and under simulated winter conditions. The study took place in eastern
Canada, near Quebec city (46°34'N, 71°13' W).

In the field experiments, an impermeable ice cover was simulated by covering plots (3m2)
of alfalfa, red clover, orchardgrass and timothy with gas-tight plastic sheets at the end of
November, just before the onset of a permanent snow cover. The control plots were left
uncovered. Gas sampling systems and thermocouples were installed in each plot. The
concentrations of O2 and COz2 at the soil-atmosphere interface were measured on six occasions
during the winter while soil and air temperatures were monitored hourly. Throughout winter,
the O2 concentration decreased progressively from ~21 to 2-5 % whereas CO2 increased from
~0.03 to 4-8 % under impermeable covers. For all species, forage yield measured twice during
the following summer was unaffected by the hypoxic conditions reached at the end of winter.
There are indications that changes in the atmospheric composition under gas-tight covers may
vary with the soil organic matter content. For that reason, a field experiment was undertaken in
which the soil C content of alfalfa plots was raised by applying an organic amendment (54t/ha,
pig slurry and chopped alfalfa) one week prior to installing the impermeable covers. The
amendment increased the rate of CO2 accumulation as compared to the control alfalfa plots
without C amendment.

In a separate experiment, the four species were exposed to a progressively developing
anoxic stress by enclosing potted plants in gas-tight plastic bags in late fall and exposing them to
simulated winter conditions in an unheated greenhouse. Furthermore, four pots filled only with
soil were used to assess the contribution of the microflora to atmospheric changes. Gas
composition in bags, regrowth potential and biochemical components related to cold acclimation
and anoxic metabolism were measured at different intervals after the initiation of treatments.
Anoxic conditions (0% O2) were reached after 60 d of enclosure for orchardgrass, alfalfa and red
clover, 80 d for timothy and 106 d for bare soil. A large proportion of the O> consumption was
attributable to the soil microflora activity. Based on plant regrowth, the sensitivity to anoxic
conditions of the species was: red clover and orchardgrass > alfalfa > timothy. Concentrations
of cryoprotective sugars were modified by anoxia with responses differing among species.
Sucrose concentration declined in anoxia-stressed orchardgrass, alfalfa and red clover but
increased in timothy. Ethanol, an end product of anaerobic metabolism, increased under anoxia
and reached the highest level in the very anoxia-sensitive red clover whereas its accumulation
was the lowest in timothy. Expression of the alcohol dehydrogenase gene was also markedly
lower in timothy than in the other three species.

We conclude that the presence of a lasting impermeable cover in winter may affect winter
survival and yield of major forage crops if extreme concentrations of 0% for Oz and 15% for CO>
are reached. The development of anoxic conditions under impermeable covers such as ice
depends on many factors including soil C content, microflora activity as well as plant
metabolism.

Towardsan understanding of the natur e of snow mould
resistance.

D. A. Gaudet & A. Laroche.
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Agriculture and Agri-Food Canada Research Centre, Box 3000, Lethbridge, AB. T1J4B1,
CANADA

Winter whest infrequently survives winter stresses in the degp snow regions of the centra and
northern Canadian prairies due to the extensve damage caused by activity of severd different
species snow mould damage. During the autumn and early winter, the gradual decrease in average
ambient temperatures induces a hardening processin plants, which is essentia for the development
of snow mould resstance. Resstance to snow mouldsis dso clearly linked to developmenta stage
in winter cereds, legumes, and grasses, early seeded plants are more resistant to snow moulds than
later seeded plants. Hardening temperatures induce the accumulation of soluble carbohydratesin
plant tissues during the autumn and early winter which is an important mechanism by which plants
develop snow mould resstance and freezing tolerance. A positive association between the total
amount of carbohydrates, especidly fructans, remaining in whest crownsin the early spring and the
level of snow mould resistance among cultivars has been demongtrated. However, the nature of
snow mould resstance is il unknown, asis the role of smple and complex carbohydrates in the
expression of snow mould resstance. Resistant winter wheat cultivars possess higher levels, and
more highly polymerized fructans than susceptible cultivars. Furthermore, early seeding promotes
the development of high levels of fructan accumulation. We have adso demondrated thet the
Pathogenesis Related (PR) -protein transcripts for chitinase, [1-1,3-glucanase, peroxidase, gamma-
thionin, and alipid transfer protein increase in winter wheet plants during the autumn in the field,
and in response to low temperature hardening conditions under controlled environment conditions;
thus, PR-proteins may be involved in a generdized resistance response to snow moulds in winter
whegt. Snow mould infection has been reported to increase the expression of PR-proteinsin winter
wheset. Snow mould fungi aso appear to be less cgpable of utilizing highly polymerized
carbohydrates for growth compared with smple sugars. Our results, and those published in the
literature, suggest that snow mould resstance that accumulates in plants during the autumn and
early winter may be attributed to a number of factors: 1) the form and quantity of carbohydrates
may directly affect fungd development within the plant; and, 2) low temperature hardening
conditions and snow mould infection induce the expression of PR-proteins; and, 3) anincreasein
osmoatic potentia during hardening.

Studies of Sclerotiniatrifoliorum Erikss. and red clover
cultivar interactionsin Sweden.

Helena Ohberg

SLU, Dept. of Agricultural Research for Northern Sweden, P.O. Box 4097, S-904 03 Umej,
SWEDEN

Sclerotinia crown and stem rot (SCSR) caused by the fungus Sclerotinia trifoliorum Erikss. is
known to attack red clover (Trifolium pratense L.) during winter dormancy. The symptoms are
often mistaken for physical winter damages. Therefore, therole of S. trifoliorum in over-winter
plant degth is not completely known and its actud prevalence is uncertain. Despite long time of
selection for resistance in red clover, mgor outbresks of SCSR il occur.

Over 60 years ago Bjorling (1939) showed that local cultivars of red clover had adapted to
locd isolates of S. trifoliorum leading to less severe damages than did isolates from other areas. We
wanted to test the cultivar — isolate interactions of today in a greenhouse experiment asa
complement to ongoing studies of practica field resstance against SCSR. Twenty different
cultivars of red clover, adapted to different regions of Sweden and diploid as well astetraploid,
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were inoculated with two isolates of S. trifoliorum originating from clover fiddsin SW and NE
Sweden, respectively. When grown on agar the two isolates look somewhat different and they show
mycdlid incompetibility.

Seedlings of red clover were grown for two months in commercid potting mixture in 40 x
60 x 10 or 28 x 50 x 10cm boxes, 128 or 98 plants in each. After ahardening period, the plants
were inoculated with dry ground sclerotiaof S trifoliorum and incubated for two monthsin the
dark at low temperatures to imitate winter conditions. After one month of recovering in the
greenhouse the number of surviving plants was recorded. There were five equaly handled control
boxes with arandom set of nor+inoculated cultivars. The experiment was donein Six replicates
over time, each containing 40 boxesi. e. one box of each red clover cultivar inoculated with one
isolate of S. trifoliorum per replicate.

In this study, cultivars bred for northern Sweden were generdly better to resst and survive
from amycdid infection of S. trifoliorum, 23 to33% mean surviving plants, compared with
southern cvs, 0 — 19% surviving plants. Controls had 100% surviving plants, demongtrating that the
pathogen was the cause of plant deeth. There was no significant cv. x isolate interaction and hence
only small differencesin the ranking order of red clover cvs between the two isolates. Of these, the
one originating from NE Sweden. caused more plant death than the other used in this study. The
results show that breeding region rather than diploid or tetraploid state was important for surviving
rate.

In future greenhouse experiments two red clover cultivars will be tested againgt twenty
isolates of S. trifoliorum to further sudy the cultivar — isolate interactions.

This Ph. D. study was supported by the Swedish Council for Forestiry and Agricultural Research.
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Screening winter wheat for resistance to speckled snow
mold under controlled environment conditions.

J.L.Henriquezand T. D. Murray,
Dept. of Plant Pathology, Washington State University, Pullman, WA, USA.

Speckled snow mold (Gray snow mold), caused by Typhula spp., is the most important snow mold
disease on winter whest in north centrd Washington State. Early seeding of resstant cultivarsis the
primary control method for speckled snow mold in this region. Snow mold development in the field
is affected by westher conditions and, on average, severe disease occurs in about haf of the
growing seasons. As a consequence, progress in screening for snow mold resstancein field plotsis
dow. A more effective and reliable method to screen for snow mold resstanceis desirable to
hasten development of resistant cultivars. This sudy was conducted to develop a consistent method
of screening winter wheat for resistance to speckled snow mold under controlled environment
conditions.

The specific objectives were to determine the effects of duration of pre-hardening growth, cold-
hardening temperature and duration, inoculum density, inoculation time, and il type on the
expression of resstance to speckled snow mold under smulated snow cover. 'Daws (susceptible)
and 'Sprague’ (resistant) winter whesats were grown at 20°C day/15°C night for 2, 4 or 6 weeks,
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cold-hardened at 2° or 4°C for 1, 2 or 4 weeks, inoculated with 0.2, 0.4, 0.6 or 0.8 ml of sclerotia of
Typhula ishikariensis 4, 2 or 0 weeks before smulated snow cover was applied, and then incubated
at 0°C in the dark for up to 105 days.

Mycelium colonized dl above ground tissues and abundant sclerotia were formed. The number
of tillers per plant was amore useful indicator of recovery after snow mold than number of
recovered plants, percentage of plants, or dry weight of recovered plants. Duration of pre-hardening
growth, cold-hardening temperature, and duration of cold-hardening dl had sgnificant effectson
recovery of wheet following snow mold. The greatest differences in recovery between the resistant
and susceptible cultivars occurred when plants were pre-hardened for 2 weeks, cold-hardened at
2°C for 2'to 4 weeks, inoculated 2 weeks before gpplying the artificid snow cover, and then
incubated at 0°C in the dark for 75 days or more. No differencesin recovery were found among the
inoculum dengties tested.

Verification of these conditionsusing alarger set of cultivars and breeding linesis till needed.
However, development of a controlled environment method of screening winter whest for
res stance to speckled snow mold will accelerate the devel opment of new, snow mold-resistant
cultivars and alow genetic studies to be conducted under uniform environmenta conditions.

Field resistance of winter wheat to Typhulaishikariensis
and Microdochium nivale

Norio Irikil, A. Kawakami!, T. Nakajima?, K. Takata® and T. Kuwabara®

'Hokkaido Nationa Agricultural Experiment Station, Sapporo, 062-8555, JAPAN
2Agriculture, Forestry and Fishery Research Council Secretariat, Kasumigaseki, 100-8950, JAPAN
3Upland Agricultural Research Center, Memuro, 082-0071, JAPAN

During 1997/1998, 6 whest varieties varying resistance to snow molds were inoculated with 6
isolatesof T. ishikariensis biotype A or B by sprinkling scleratiain autumn. In ANOVA for disease
severity caused by T. ishikariensis, variance due to isolate, variety, interaction between isolate and
variety, and interaction between biotype and variety were sgnificant. However, interactions
between isolate and variety within each biotype were not significant. The significant interaction
between isolate and variety was consdered to be due to higher pathogenicity of bictype B. During
1998/1999, 7 winter whest varieties were inoculated with 10 isolates of T. ishikariensis biotype A
or B by sorinkling dried inoculum infested with mycedlium. Theincrease of disease severity of each
wheet variety with the increase of pathogenicity of inoculum was varied among snow mold

resstant varieties. The increase was high in Niederndorferberg and Haunsberg, followed by P
173438, and the increase was low in Mingertaer. This may suggest that snow mold resstancein
MUngertaer is higher than that in other snow mold resstant varieties.

During 1996/1997, 1997/1998, and 1998/1999, seeds of 4 winter whesat varieties were
inoculated with conidiaof M. nivale and grown at Sapporo and Memuro. At Sapporo, in ANOVA
for disease severity, variance due to variety was sgnificant, and interaction between inoculation
and variety was not significant in each ear. In 1998/1999 trial, disease severity caused by T.
ishikariensis and M. nivale was compared anong 31 varieties. The disease severitieswas postively
correlated (r=0.90, P<0.001). At Memuro, where is located in colder region with minimum snow
fdl in Hokkaido, variance due to variety was sgnificant, and interaction between inoculation and
variety was dso ggnificant. In 1996/1997 and 1998/1999, whest plants inoculated with M. nivale
suffered from pink snow mold and aso scleratinia snow mold, whereas whegts without inocul ation



suffered only sclerotinia snow mold. In 1997/1998, the coldest year during three years, dl plots
auffered from severe sclerotinia snow mold damage even in plots inoculated with M. nivale.

Climate change and survival of perennial herbaceous
cropsin Eastern Canada
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& Annick Bertrand?,
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Meteorologica models predict an increase in average winter temperature of 2 to 6°C by 2050 in
Eastern Canada. Thiswarming islikely to affect the fall and winter factors responsible for winter
surviva of perennid crops. We identified causes of winter damage to perennid herbaceous crops
in Eagtern Canada during fal and winter. We then assessed the impact of climate change on the
risk of winter injury by caculating specific agro-climatic indices related to each cause of damage.
Fdl indices describe the temperature and precipitation conditions leading to the acquisition of cold
hardiness. Winter indices integrate the impact of cold intensity and duration with the protective
action of a snow cover, assess the loss of cold hardiness due to warm temperatures, and estimate
potential damages to the root system by soil heaving and ice encasement.

Twenty climate stations were selected within agricultura regions of Eastern Canada
(latitude: 45°8' N to 49°24'N, and longitude: 65°41'W to 82°26'W). Predicted temperatures and
precipitations for the periods 2010-2039 and 2040-2069 were obtained for each station by using
climate change data from the First Generation Coupled Genera Circulation Modd to adjust daily
weather data from the 1961-1990 period. Estimated mean indices of the two future periods were
compared to vaues under the current climate conditions.

Prdiminary results indicate that the length of the cold period, thet is the period of exposure
to extreme sub-freezing temperatures equa or below -15°C, will decrease from the current length
of 96-148 to 70-143 days. The number of dayswith snow cover, that isalayer of snow of at least
0.1 m on the ground surface, will decrease from 81-148 to 35-123 days. The current annua
minimum temperature, ranging from-43 to -27°C, will increase in the future to temperatures of -37
to -22°C. Eventhough winterswill be warmer in the future, the risk of winter injury to perennid
cropsislikely toincrease. Thisincreased risk will result from sub-optima cold acclimatation
conditions during fall, but mostly from a predicted lack of a sufficient protective snow cover during
the cold period. This study will dlow usto identify and recommend agricultura practices which
would minimize the negative impact of dimate change on agricultura production in Eastern
Canada

Frost resistance of sclerotia of Typhulaishikariensis

Tamotsu Hoshino*, Oleg Tkachenko** Naoyuki Matsumoto*** & Anne Marte Tronsmo****

*Hokkaido Nationa Industrial Research Ingtitute, JAPAN
**Main Botanica Garden, Russian Academy of Sciences, RUSSIA
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Snow mold fungi are psychrophilic fungd pathogens that infect winter cereals grown countriesin
the Northern hemisphere. Among theses snow molds, Typhula ishikariensis has evolved severd
infraspecific taxa adapted to different winter climates. We reported that mycdlid frost resstance of

T. ishikariensis in Norway was one of the important factors for geologica distribution patternl) :
Recently, we found T. ishikariensis from centra Siberia (Novosibirsk region) and Svalbard (high
Arctic in Norway: 790N, 12[1E). Theisolates from Siberiaand Svabard isolates showed smilar

genetic background as group 111 isol aes?) (Finnmark in Northern Norway), according to amating
experiment with tester monocaryons.

Effects of culture temperature on frost resistance of mycelia and sclerotia were determined
in Norwegian and Russian isolates. The group 111 isolates and Svalbard isolate showed irregular
growth, caused by inhibition of hyphal extensons at 1001C. However, the Siberian isolates had the
same optimum growth temperature (1001C) as group | and Moscow isolates.

When mycdlia of were frozen rapidly, the regrowth of group | strains were delayed at their
optima growth temperature (10C]C) and the isolates from Moscow were destroyed in this freezing
dress. The regrowth of group |11 and Siberian isolates were not affected when grown their optimal
temperature (5 or 100JC). Rapid freezing stress destroyed sclerotia of the isolates from group | and
Maoscow. However, sclerotia of isolates from group 111 and Siberia survived this freezing stress.

These results suggested that group 111 and Siberian isolates are more resistant to rapid
freezing than the isolates from group | and Moscow. Group 111 and Siberian isolates are well
adapted to climatic conditions in the northernmost area of Norway and central Siberia. These result
indicate that the ecologica location of group I11 under the naturd climate may be explained by
freezing resistance and environmenta adaptation.
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In the course of studies on mass pathogenic fungi in the Arctic Zone, heterothallic Pythium sp. was
isolated. In the present study we describe morphology and growth temperature of the Pythium sp.

Roots of dying moss (Sanionia uncinata) were collected from Barentsourg, Svalbard
(78041'N, 14014°E), in dun. 18 and Aug. 3, 1999. The roots were immediately placed on VPs
medium (Ali- Shtayeh et al. 1986) and incubated at temperature between 6 and 18[1C. Mycdia
growing on the medium were transferred to water agar and single hyphd isolates were maintained
on corn medl agar plates at 1501C. The isolates were transferred to the grass leaf culture (Martin,
1992) and identified according to the keys of van der Plaats-Niterink (1981).



Two fungd isolates (OPU 445 and 446) showing rapid growth on VP; medium were
obtained from the dying moss. Oogonia were rardly developed in single cultures but formed
abundantly in dua cultures of the two isolates on potato-carrot agar (PCA). This speciestherefore
behaved as a heterothdlic species. Morphology and growth temperature of the isolates resemble
those of Pythium macrosporum Vaartga & Van der Plaats-Niterink. Compatibility of the present
isolates to the type strains of P. macrosporum was not determined because the latter lost their
compatibility during over 20 years preservation. Molecular tools such as the sequence of the rDNA
ITS regions should be used for species identification of the isolates.

Pythium spp. has previoudy been isolated from the Arctic Zone (Gaertner, 1954; Hohnk,
1960; Kobayashi et al., 1967; Booth and Barrett, 1976; Hoshino et al., 1999) but the occurrence of
the heterothdlic species has not been reported. From the literature consulted, thisis the first report
of isolation of heterothdlic Pythium speciesin the Arctic Zone.
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Sufficient winter resistance of winter wheet for the conditions of a particular country is necessary
for its successful overwintering there. These conditions, of course, vary in different locations of
Europe and the whole world. Since the seventies we have tested winter resistance of 1200 wheat
varieties from different countries by a provocation method in our inditute (Pré&S1 and Rogalewicz
1989). The varieties were sown and grown in wooden boxes placed both on the surface and 50 cm
above the ground, which enables better differentiation of their winter resistance under varying
winter conditions. Frost isthe main factor, which influences winter surviva of plantsin this
method. Obtained winter surviva datawere processed after inverse logistic transformation by
weighted two-way anaysis of variance for unbalanced series of trids (here caled dassfication
method, Palovsky et d. 1992). Winter surviva index, representing a variety's surviva under
average conditions, was caculated as a percentage for each variety, regardless of the year when it
was tested. The varieties were sorted according to the WS vaues into nine degrees of the winter
resstance scale (1 = the most sengtive to 9 = the most resstant).

We obtained the distributions of winter resistance degrees and the mean winter resistance
degree of the varieties of a respective country. For example, the mean winter resistance of wheat
was 2.6 for the varieties from France, 3.2 from the United Kingdom, 4.8 from the Netherlands, 5.0
from Germany, 5.7 from the Czech Republic, 5.9 from Sweden, 6.8 from Russa and Ukraine.
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Further, we investigated how the winter resistance changed in 147 Czech and Slovak wheat
vaidies regigered in different years of this century. We found out that the winter resstance
digtribution and the mean winter resstance were quite Smilar in these varieties, regardiess of the
decades of their registration from 1920 to 1999. From those results we infer that the obtained mean
winter resstance degree of the varieties of a respective country can represent the optimum winter
(frost) resistance degree for that country.
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Alfdfa(Medicago sp.) as aforage crop was introduced in Estonia more than 200 years ago.
Biologica nitrogen fixation, excdlent quality, good yidding ability and longevity made it one of
the most popular forage legumes among loca farmers. Today the growing of dfdfais mainly
restricted to cacareous well-drained soil type in North- and Central- Estonia. Since the last decades
it has dowly been spreading to the areas with light acid Podzoluvisol soils (pHkc = 5.8-6.5) in
South-Estonia. Besides acid soils, unstable weather conditions during wintering, epecidly in the
second haf of winter are typica to this region. These additiond physicd dressfactors are
connecting the growing of afdfa srongly with harvesting schedule and using variety
characterigtics. Therefore two field experiments, supported by Estonian Science Foundation (grant
No. 3688), were carried out during 1979 —1999 in Experimental Station of Department of
Grasdand Science and Botany, EAU:
Experiment 1 was conducted for the examination of dinitrogen fixation ability of the loca
Jogeva 118 dfdfaby the difference method based on the crude protein yield. For
inoculation of seeds Rhizobium meliloti stam No. 302 worked out by Laboratory of
Microbiology of Estonian Research Indtitute of Agriculture has been used.
Experiment 2 was established to clarify persstence and yielding ability of dfafadepending
on cutting intengity (2-4 cuts per season), the date of last cut (28 August - 02 October) and
variety characteristics (very winter hardy local Karlu and winter hardy Swedish Pondus
were compared).
As a reallt of the invedtigation we found that even in such difficult soil conditions by using 3-cut
harvesting schedule Jogeva 118 dfafa could fix dinitrogen up to 350-400 kg hal yrl. The factors
unfavorable for plant growth and development like aging of stand, lack of warmth in summer time,
winter damages, etc. reduce N, fixaion consderably and usudly the numbers have stayed between
100-200 kg hat yrt,
The highest yidding ability (in the second productive year 9.84-11.85 Mg ha'* DM) and
persistence of dfafagrowing on light acid Podzoluvisol soil were obtained in using 2-cut
harvesting schedule. However, in aspect of forage qudity 3-cut regime would be preferable. In that
case the totd DM yield decreased on an average 16% and the date of the last cut, and variety
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characterigtics became more important. The “ critica autumn period” was clearly observed which
limited with the end of August and the firgt ten days period of September (growing period prior the
last cut 25-40 days). Different varieties reacted for the date of the last cut differently. Less sendtive
for the factor was very winter hardy local-bred cultivar Karlu with the absolute yield depression
1.30 Mg ha't. Compared with Pondus afafa Karlu stopped intensive growth and started to prepare
for winter earlier (aready from the middle of August). The sgnificant difference (P<0.05) was aso
observed in the fal growing ability of tillers (6.7 cm Karlu compared with 9.6 cm Pondus dfafa;
LSDos = 1.1) if the last cut was made during the “ critical period”. Although Swedish variety seems
more sendtive for mistakes in determining the cutting schedule, its advantage was good recovery
ability after harvest and high annua productivity. Cutting dfdfamore intensvely (4 cuts per

season) a sharp deterioration in dfafa persstence and DM yield took place.

Problems of winter wheat cold tolerancein Lithuania
and their solution in breeding programmes

Vytautas Ruzgas
Lithuanian Indtitute of Agriculture, 5051 Akademija, Kedainia, LITHUANIA

Lithuania is Situated in the Southeastern part of the Baltic, between 54° and 56° North. The annud
mean temperaiure of the country is 6,2° C. January is the coldest month and July the warmest.
Mean temperatures are -5,1 and +16,7 respectively.

The weether conditions during the winter- spring season are very changesble. The air
temperature in January and February over the period 1990- 1999 fluctuated between +8,7 and -
26,8° C. The most severe problem for over winter surviva of winter wheat is snow layer in winter
time. Quite often short periods of warm westher are changed by cold and the temperature -15...16°
C without snow is dangerous for winter whest plants.

Winter wheat breeding in Lithuania was initiated in 1922. The firg varieties 'Akuctuctigi ',
" Dotnuva 458 ' were developed on the basis of landraces. Later the initid materia for wheat
breeding in Lithuania were varigties from Russa and the Ukraine. Those varieties have in generd a
good winter hardiness. The problems of those varieties were insufficient disseses  resistance and
love grain yiedd. For the solution of these problems in winter wheat breeding programmes we
included germplasm from West Europe and other regions. Winterhardiness test became very
important.

More than 3000 winter wheat varieties from West and South Europe, CIMMYT's Winter
wheat Improvement Programme u.a were investigated in the naturd and artificid conditions & the
Lithuanian Indtitute of Agriculturein period 1990- 1999.

The results shoved that 20- 30 % of West European and 50- 60% of varieties and lines from
CIMMYT's programmes demondrated the same resstance to  Lithuanian winter conditions as
locd vaidties The mogs suitable varieties for hybridization were 'Yund, 'Dakhd, 'Yuogtind,
‘Nadia, 'Ukrainka odesskgja, 'Flair ', 'Zentos','Kosack'.

The influence of Fusarium infection and low
temperatures on the activity of soybean esterase and
PR-proteins

Koretsky L.S.
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The mechanism of soybean resistance to Fusarium oxysporum and low temperatures (L T) and the
cause of varieta differences in resstance are not known.

Since enzymes are principa regulatory components of the cdll, the changes in the enzymic
system induced by stress factors seem to play an important part in the adaptation processes
occurring in plants under stress conditions.

PR-2 proteins (1,3-b-glucanase) have been shown to catalyse the hydrolysis of 1,3- b-
glycan polymers. Thisindicates the possibility that PR-2 proteins play arole in plant defence,
targeted againgt fungal pathogens with 1,3-b-glycan containing cdll walls

We investigated the expression of sevral resistance related genesin resstant (R) and
sengtive (S) cultivars of soybean during infections with Fusarium oxysporum (F.o.) at optimal
(24°C) and LT (8°C). Rootletsinfected with F.o. culture medium and untreated rootlets (check)
were studied for each cultivar. Eterase and PR-2 proteins were extracted from rootlets.
Polyacrilamide gd dectrophoresis for analys's, esterase spectrum was performed in verticd plates
on two layers.

We detected that F.o. induced or enhanced the expression of esterase and PR-2 proteinsin
both R and S plants when incubated at LT, but the response was stronger and morerapidin R
plants. A specific reaction of the esterase at the leve of the cultivar resstance, to the
thermostresogene factor and biotic stress was revealed.

Thereaction of the isoenzymes with Rf=0.35-0.40, 0.50-0.60, 0.80-0.90 was more specific
for the action of F.o. under LT conditions. Hence, these isoforms might serve as amolecular-
biochemica marker in reveding the soybean typesresistant to F.o. and LT.

Quantitative anaysis of the activity of 1,3-b-glucanase (G) showed the major expression of
the G under the effects of F.o. and LT destinquishing the R cultivars are most pronounced. The fact
that the R cultivars have more evident G expression than the S ones showsthat these genesplay a
very important rolein developing of the resstant trait to F.o. in cultivars. Contributions of LT to
the mogt evident G expression explains the complex mechanism of soybean plants resstanceto
F.0. and LT wich was established by us on the resistance testing backround.

Consequently LT induce resstance of cultivars to F.o. which has the ability of maxima
plant infection under LT (8°C). It is quite possible that a certain linkage exist between genes that
requlate resstance of cultivarsto F.o. and L T.

Snow mold of herbaceous dicots and non-gramineous
monocots caused by Sclerotinia nivalisin Russia.

O. B. Tkachenko*, |. Saito** and O. A. Novozhilova*

* Man Botanicd Garden, the Russian Academy of Sciences, Bot. St 4,127276 Moscow, RUSSIA
** Agroscience Research Laboratory, Hokka Sankyo Co. Ltd. 27-4, Kitanosato, Kitahiroshima,
Hokkaido, 061-1111 JAPAN

In the spring of 1998 and 1999, Sclerotinia snow mold was collected from weeds and cultivated
plants which had decayed under the snow in St Petersburg, Moscow and Novosibirsk. The plants
conssted of 5 species of Compositag, 3 of Cruciferae, one each of Campanulaceae, Legminosae,
Caryophyllacese, Iridacese (German iris), Liliaceae (tulip), and severd unidentified species of
Crassulacese. The nineteen Sclerotinia isolates obtained from the sclerotia on different hosts
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equaly produced intermediate-Szed sclerotia, smaler than those of S. sclerotiorum and larger than
S minor, in PDA a 20 °C. Intheseisolates, S1 from Arabisalpina L.(Moscow), S7 from Iris
germanica L. (Moscow), and N2 from Chrysanthemum cinerariaefolium Bocc. (Novos birsk)
produced apothecia (teleomorph) on the sclerotia which were obtained from artificid cultures on
autoclaved carrot root. The measurements of the asci and ascospores are approximately in the
range of those of Sclerotinia nivalis|. Saito; i. e. 114-144 " 6.7-9.2 umfor asci and 9.2-11.7 "~ 3.8-
5.0 um for ascospores in the type specimen. Based on this data, and in addition to the number of
nuclel in the ascospore (two) and sclerotid size, we identified isolates S1, S7 and N2 as S, nivalis.
Furthermore, data from SDS—polyacrylamide gdl eectrophoress (SDS-PAGE) of totd proteinsin
scleratia confirmed our identification; i.e. three mgor protein bands which are characterigticaly

seen in sclerotid extracts of S, nivalis were also detected for S1, S7 and N2. Based on these
species-pecific patterns of protein bands, we identified another 16 isolates (sclerotia anamorph) as
S nivalis. Inaddition, in SDS-PAGE of afraction of sclerotid proteins that were obtained by a
50-70% saturation of (NH4)2S04, adifferent band pattern for each isolate could be detected and
the isolates could then be separated into two groups.

When different isolates of S. nivalis were co-inoculated in a PDA plate, compatible or
incompatible responses were observed. The incompatible response appeared as light to dark brown
zones in the contacting front of mycdia or as dear zones without Sgnificant mycdid growth
separating one colony from the other. Thisis noteworthy since such intensve incompatibility often
occurs between different taxain Sclerotinia. Sgnificant “ intraspecific” variations are likely to be
involvedin S nivalis. The host range of this fungus is very wide, while non-gramineous monocots
hosts have never been found in Japan. Of these hodts, cultivated tulips are of particular interest, asa
Sclerotinia rot of tulipsin winter was once attributed to the infection of S. sativa Drayton et Groves
(Drayton & Groves, 1943) in North Americaor to S. bulborum (Wakk.) Rehm in Russia (Procenko,
1968). S. sativawas later synonymized with S, minor by Kohn (1979), though this raisesthe
question whether S, minor could be pathogenic during winter. Detalled systemétic sudieson S,
bulborum have never been published since Wakker’ s description in Holand in 1889. The evidence
of infection on tulip bulbsby S nivalis suggeststhat it would be S, bulborum, considering the
season of disease incidence and the symptoms. However, the only taxonomic features described for
S. bulborum are measurements of asci and ascospores which are not sufficient for accurate, up to
date identification. Further investigation is needed to reveal whether S. nivalis rangesnot only in
Europe but dso in North America where Sclerotinia rot of spring-flowering bulbs, induding tulips,
used to be prevalent.

L ow temperature- and winter environment-induced
antifungal compoundsin wheat: 1. Hydroxycinnamic
acid amides
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In northern regions, low temperature and snow mold infection during winter can severdy limit
yields and quality of biennid or perennid crops. Therefore, ducidation of the mechanisms
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underlying plant resistance to biotic and abiotic stresses occurring at low temperatures would
contribute Sgnificantly to the stabilizing the rdationship between supply and demand of food in
northern regions. Wintering crops such as wheat, barley and forage grasses acquire their freezing
tolerance and snow mold resistance during cold acclimation. It has been reported that pathogenesis-
related proteins are induced in freezing-tolerart crops by alow temperature. These indicate that
wintering plants possess a cross-adaptation ability for a winter environment. The objective of this
study was to isolate cold- and winter environment - induced secondary metabolites and to examine
their relation to snow mold resstance,

A low temperature-induced compound was isolated from the crowns of winter whest
(Triticum aestivum L. cv Chihokukomugi) grown under artificia conditions. Its structure was
identified as feruloylagmatine [ 1- (trans-4' - hydroxy- 3’ - methoxycinnamoylamino)-4-
guanidinobutane] by NMR, MS and UV spectrd analyses. It was aso reveded that p-
coumaroylagmetine [1- (trans-4’ - hydroxycnnamoylamino)-4-guanidinobutane], which has a
amilar chemica gructureto that of feruloylagmetine, accumulated in winter whest at the end of a
long-lasting snow cover. Both feruloylagmetine and p- coumaroylagmatine showed antifungd
activity againgt snow mold, Microdochium nivale.

Lignification of Scots pine
from the Arctic Circle up to northern timberline

Barbara Hinterstoisser*, Risto Jalkanen**, Manuela Nowotny * and M anfred
Schwanninger*

* Univergty of Agricultural Sciences, Ingtitute of Chemistry, Wood Chemistry Research Group,
Muthgasse 18, A-1190 Wien, AUSTRIA
(e-mail: bhinter@edv2.boku.ac.at)
** Metla, Rovaniemi Research Station, Etdléranta 55, Box 16, FIN-96301 Rovaniemi, FINLAND

Lignification is a physological process influenced by genetic and environmenta factors. The
vaiations in the lignin content are therefore a proper parameter indicating changes or differences in

the living conditions of trees caused by externd factors.

Scots pine trees of a five-gand transect from the Arctic Circle to northern timberline in
northern Finland were invedtigated tree-ring by tree-ring for lignin content. Diffuse reflectance
infrared Fourier transform-spectroscopy (DRIFT) was used. For the cdculation of the lignin
content the ratio of the aromatic skeletal vibration around 1510 cm* and the band around 896 cm?,
which derives from the C1-H vibration in cdlulose and hemicdlulose, was used &fter basdine

correction.
The measurements brought up three mgor tendences:
1. The lignin variation pattern through the stem cross section follow the same pattern
in dl trees, indicating "specid” years or events influencing the lignification process
2. The variations are much more sgnificant in the northern trees than in the southern
ones. Thisindicates that the more northern the tree' s location, the moreintense is
the stress response and the more lignin is produced.

3. The average lignin content of the trees is higher in the northermogt trees than in

the ones growing a the Arctic Circle.
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