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FOREWORD.

This was the Fifteenth Regional Conference of workers in: the hard -
red winter wheat region wince the organization in 1929 .of the-co- -
operative state-federal regional program of hard winter wheat in—
vestigations. The ‘conferience, which usually is held at B=yeat
interwals, is sponsored by the Hard Red Winter Wheat Improvemehit
Committee. Wheat workers from 20 states, & provineces of Candda,
and 7 commercial seed companies participated.

The program .of the Flfteenth ‘Regional Conference was a departure
from -p‘rlor ceﬂfe@en e p ograms. il cused dn dits xentl-i?ety ‘on ithe

-niques, pes‘t intefactions breedlng and genet:.cs, imd crop’ manage-
mert ‘in relationh ‘to w1nuer survival were examlneﬂ )

A special note of recdg"nt1on ‘and thanks goes to «gifr Canadian .col-
leagues who ‘made 'a major contribution to ‘the progrdm. A specidl '
word of thanks also poes to John Erickson and ‘mémbers of his coit=
mittee who organiged the highly suceessful program. The excellent
conference ‘arrangements ‘made by the ‘tocal organizing committee
likewise are recognized and commended.

A highlight of the conference ‘was ‘the spec1al recognitlon of Dr.
Ernie Sears ‘for his ‘many significatit contributfois to winter wheat
improvement. -All ‘were ‘delighted that ‘Ernie and Lotfi could 'be

with us on ‘this occasioir.

This proceedlngs .contains abstracts of most presentations ‘made in
the -several sessions. Tt does not -adequately reflect the full .
scope of ‘the presentatlons and dlalogue -during -the conference.

‘= V. A. Jolinhson
‘Secretary., HRWW Improvement Commlttee
and. v :
TechnlcEI'Advisor,“HRWW-Region

i1
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A TRIBUTE TO ERNIE SEARS

. presented at
the Conference Banquet

Contribution from Rosalind Morris, Univereity of Nebraska

It is a high privilege to be entrusted with this program of tribute .
to Dr. E. R. Sears, and at the same!time a challenge to present the
many facets of a brilliant career. In this challenge I am pleased
to have the participation of two eminent colleagues, Dr. Gordon
Kimber, University of Missouri, and. Dr. Shivcharan S. Maan, North
Dakota State University. We have dissected Ernie's contributions

to science into three parts. I shall begin with his deeds in map-
ping chromosomes. Shivcharan will discuss Ernie's ideas and achieve-
ments in broadening wheat's genetic base with alien genes. Gordon
will develop Ernie's concepts on the evolution of wheat and the re-
lationships among its basic sets of chromosomes.

In the beginning there was Chinese Spring. This variety has most
of the characteristics that plant breeders shy away from but it
does have a propensity to cross with rye. However, when Ernie
used it for this purpose in the 1930's, it refused to cross with
rye but produced two puny hap101ds.; I expect most of us would
have discarded the haploids, but Ernle must have sensed a new di-
rection in his research when a few seeds resulted from crossing
one of the haploids to normal Chinese Spring. From these seeds
came his first monosomics. The course was set. Ever after, there.
was great togetherness between Ernie and his Chinese Spring mono-
somics as well as their products.

In the decade of the 1940's, with insight and persistence, Ernie
obtained and identified the 21 monosomics of hexaploid wheat -and,
through self pollination of the monosomics, the 21 nullisomics,
even though they occurred with a very low frequency. 1In 1954, he
published a cytogenetic classic, "The aneuploids of common wheat."
About one-third of the bulletin involves descriptive comparisons
between the nullisomics and the disomics in Chinese Spring. With
his meticulous powers of observation, Ernie was able to accumulate
over 100 gene—-chromosome associatiohs by attributing differences
between the nullisomics and the d1som1cs to genes on the missing .
pairs of chromosomes.
| v

From the misbehavior of the- monosom1cs, Ern1e obtained one—armed
chromosomes, the telochromosomes. By comparing the phenotypes of
a nullisomic plant and a plant W1th\one arm of . the nissing chromo-
some added, he could define the relatlonshlp between genes .and
chromosomes in terms:of chromosome arms- rather than whole chrome—
somes. In the early 1960's, Ernie Suggested the use of telo--
chromosomes to locate 'a gene on the physlcal‘chromosome -arm in .
relation to the centromere. Prior to his suggestion, it had been




very difficult to tie a gene to a segment 6f the physical chromo-
some in wheat. Now, a number of wheat génes have been fapped not
only to chromosome arms but within arms. At this point I would
like to pay tribute to Dr. Lotti Sears, who has madeé sotie valuzble
studies on the behavior of telochromosemes. - She'and Ernieée have
worked as an effective team. They have a significant paper ih the
Proceedings of the Fifth International Wheat Genetics Symposduin,
in which they describe the 42 identified telochromésome stocks in
Chinese Spring. -

In 1953, Ernie published a short paper, "Ndllisamlc analysis in-
‘COMMOn wheat", in the American Naturalist.  Ia ft, He outlined
four methods for locating genes on wheat chromosoiies . This PEPET
has remained a standard for referemce down to the present. H&
showed how nullisomics or, more often, mohnosofics tould be used
in crosses to associate gemes for specific charaeters with their
respective chromosemes in tle- second or third generation. He used
his mathematical and cytological abilities to rédtice progeny size
to a reliable low mumber. Ome of the methods he outlined was the
substitution of chromosomes between varieties. Thi& procedure has
been especially valuable in locatlng genes for characters with a
complex type of inheritance.

A hallmark of Ernie's career has beén his consistent gemerosity in
sharing his aneuploid materials with scientists throughout the world.
He is truly am international ambassador of goodwill ambdrig scientists.

Wheat Gene-Chromosome Associatiotis

Number % with

Character of Chiriese Spring

' Studies " Aneuploids
Avn ' 127 76
Culm, Height, Tiller 536 77
Disease, Insect - 3100 - 80
Enzyme- 291 98-
" Fertility- - 133 ' . 66
Kernel 566 79
Leaf 164- 85
Maturity 115 90
Spike 354 76
Vernalization, Cold 9% . 98
Yield . ‘ 40 87
Miscellaneous o279 84

Total 30100 BT




Papers
Years involving
Aneuploids
up to 1965 56
1966 - 1970 ' 92
1971 - 1975 209
1976 -~ 1980 292
Total 649

' 83% used Chinese Spring
Aneuploids

Contribution from Shivcharan S. Maan; North Dakota State University

It gives me great pride in being a part of this program honorlng Dr.
- Ernie Sears. ‘

One important phase of Dr. Sears' llfe—long research has been the study
.of interspecific and 1ntergener1c hybrlds 1nvolv1ng tetraplold or hexa-
ploid wheats and related species. Slnce polyploidy was already known

to be a significant evolutionary process in the origin of plant species,

the artificial synthesis of hexaplold wheat raised the hopes that some

of the artificially produced amph1p101ds might prove to be useful as new
crop species. A large number of amphiploids were produced in the U. S. A.,
Europe and the USSR with high hopes of obtaining a new crop plant species.
However, none of the amphiploids. proved to be directly useful, but Dr,

Sears and others have used them as sources ‘of alien chromosomes with de-
sirable genes that could be transferred to wheat, Wheats with alien chromo-
some(s) also were not directly useful as wheat cultivars; the addition lines
were incompletely fertile and were cytologically unstable and substitution
lines were relatively more stable‘and fertile but neither could compete with
control wheat cultivars in productivity and quality of grain. Still, the
interest in possible use of wild relatives of wheat plants remained undi-
minished, because wild species of cultivated plants have always been con-
sidered to be the reservoirs of certain useful genes for resistance to

cold, drought, and certain disease organlsms.’ Therefore, it was considered
that the transfer of a small alien chromosome segment with the desirable
gene to a wheat chromosome would result: in the improvement of wheat cul-
tlvars lacking these desirable traits. .

This milestone was reached in 1956, when Dr. Sears demonstrated that x-
rays can be used to transfer an alien chromosome segment to a wheat chromo-~
some. At the Brookhaven Symposium in 1956, Dr. Sears presented in detail
the procedures and results of séveral. experlments in.which -he used x-rays .
to induce the transfer of a small segment of an. Ae. umbellulata chromo-
some having a gene fotr leaf rust resistance to.a " wheat chromosome. He

had establlshed beforehand that this alien chromosome d1d not pair w1th




any of the wheat chromosomes and the male gametes with the complete alien .
chromosome had functional disadvantage .In these experiments,. wheat plants
with the Ae. umbellulata chromosome were given various x-ray treatments ta
. induce chromosomal breaks and were allowed to have chance reunion between :
the broken ends of the alien and a wheat chromosome. -The male gametes. with
the reconstituted wheat chromosome(s). having .the .gene for- 1eaf rust resis-
tance were selected by using pollen from the x~rayed plants. The expecta-
tion was that male gametes with a small aldien segment would be transmitted
normally; and others with a larger and less,de51rable_segment,would‘have
functional disadvantage and would be transmitted at reduced rate. From
‘these éxperiments, Dr. Sears recovered the desirable plants in which an
Ae. umbellulata chromosame :segment with the gene fior leaf rust .resistance
was transferred to :a wheat -chromosome. ‘Later, Dr.:Sears conducted similar
‘experiments in which ia Tye c¢hromosome segment with . -gene for haary peduncle
was transferred to a wheat ¢hromosome - by u31ng x—ray ‘treatments.

The use of x=rays to ‘induce :the allen transfer didnaot_allow.fpll control
on the size of dlien chromosome.segment -that was ansferred to a wheat
‘chromosome. Ideally, -the ‘transfer of only a very .small alien segment with
the desirable ‘gene(s) ‘and mo other geme(s) to a homoeologous wheat chromo-
some should be the most desirable objective, since-a larger alien segment
may have undesirable’ gene(s) -and - the-. transfer of an . allen segment to the
chromosomes other than the homoeologous wheat chromosomes may have unde~
sirable effects on wheat plants. The. accomplishment of this objective
became: possible when another highly significant discovery was.made in

Dr. Sears' laboratory at: Columbia, Missouri in: 1957. Dr. Okamoto found
that the absence of chromosome V:(5B) affected; .mefotic, pairing in wheat
h.plants. A year lidter, Sears and: Okamoto in the ¥SA.and Riley in. UK re-
‘ported that- the .absence of 5B induced: pairing. among .-the homoeologous
chromosomes of the ABD igenomes. ' These findings epened. the way to experi-
ments in which an alien- chromosome could be induced to pair with- the homeo-
logous -wheat chromosomes, either by eliminating the Ph gene on 5B or by
suppressing the activity of the Ph.gene in hybrids 1nvolv1ng Ae. speltoﬂdes.
Dr. Sears and others have. successfully used: these methods to induce the
transfer of desirable genes from Ae.,spe1t01des .and : Agropyron chromosomes
to the wheat chromosomes.

In conclusion, I must confess that I have given a very brlef account of-
some of Dr. Sears' accomplishments in the area of alien transfers for
wheat improvement. Dr., Sears' accomplishments are truly monumental. I.
hope and wish that wheat. cytogenetics:will centinue to be fun to Ernie
Sears as he often says it has been,. and  his colleagues will continue to
have the benefit of his guidance in’ formulating new .research projects in
making use of the aneuploid: stocks:and chromosome engineering techniques
he has perfected. ~ :

Contribution from Gordon Kimber, University of Missouri

The contributions of E. R. Sears to wheat cytogenetlcs have been, and con-
tinue to be, both profound and. prolific. - : .

Perhaps the two most conspicuous conceptual efforts have . been the recogni-
tion of the parental species that dlStlngUlSh bread wheats from the macaroni




_7‘_

wheats and the establishment of the}homoeologous classification of wheat
chromosomes. ‘

The recognition of the phylogenetic history of any species as profound

as wheat is of paramount importance .in understanding the processes that -
will allow the introduction of desirable alien variation into the culti=- -
vated forms. The investigation of the evolutionary pathway is character-
- istically undertaken by making spec%es hybrids. and recording the chromo-
some pairing in the Fj. The precise identification of the D genome donor
was made difficult by the barriers severely inhibiting the successful hy-
brid combination. Dr, Sears circumvented those difficulties by crossing
the proposed species to tetraploid wheat, doubling the chromosome number .
of the Fy and crossing the fertile, spelta-like amphiploid onto cultivated
bread wheat. The observed chromosome pairing in this hybrid left no doubt
whatsoever that the donor of the D genome was T. tauschii (Ae. squarosa).
Subsequent work by several authors has, -as may be anticipated, confirmed
this early conclusion. - Addltlonally, not only was this a prec1se proof

of the phylogenetic pathway but it represented the vanguard of the use

of colchicine in doubling the chrom&some number of a hybrid to demonstrate
species relationships.

Perhaps, initially, of a more theoretical nature but ultimately of con-
siderable practical consequence was the fundamental conceptual contribu-
tion of the homoeologous groups and:the difficult, painstaking and elegant
proof by nullisomic-tetrasomic compensation. This study alone would rank.
Dr. Sears at the forefront of sc1entif1c endeavor.

Dr. Sears recognized early that the‘diploid divergence and polyploid con-
vergence of wheat and its relatives must imply a unique genetical and
cytological structure. Later it was assumed that this structure exists
in other polyploid species also. The proof of this structure involved

" the detailed recognition of a complete range of types with varying, v
aneuploid constitutions. This alone could easily represent one worker's
life work. After this collection and identification came the crossing
and analysis of many combinations. }Eventually the pattern, previously
visualized, emerged of seven groups of three chromosomes, one member

of each group having been derived" f#om one of three diploid progenitors
of bread wheat, .

This conceptual framework and its elegant probf'is.unparalleled in eny .
of the myriad of organisms studied by thousands of workers in this cen-

tury. Such is the measure of the 1deas, diligence and contribution of
E. R. Sears. :

ot s e
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THE, NATIONAL PLANT GERMPLASM SYSTEM -

’ Wilsop H. Foote
National Plant Germplasm Committee

The NPGS is a coordlnated network of 1nst1tutions, agenc1es, research units
' and 1nd1v1duals in. the United States which work cogperatively to 1ntroduce,
.maintain, evaluate, classify and. dlstribute plant &lrmplasm. Primary finan—
c1a1 and administrative support for the Syst -comes from the USDA-SEA and
the SAES, Commercial breedipg and seed trade interests also contribute
and support the System.

- The structure of the NFGS 18 bgst recognized by the key elements,

Natig aerlant Genetics Resour £s Boar@

National cl ,al R@pOSitor‘es '
State, Federal, and Private Plant Germplasm Curators

The function of the System. is to. develop and maint in 4 coordinated system .
ay: tions. are, evaluated

S cs. is readily ayall-

able, to store samples. iable state, and to

distribute the plant germplasm to tho,euwho use 1t in.their programs.

All of these functions will lead to a more productlve American agriculture.

and. cataloged

The Strengths of the System

federal and private sources.

Recognitlon of the, importance of germplasm to a productive
and permanent United States agriculture.

Permanency and continuity of. 'th,e System.
International recognition ag a leading System in the world.

Involvement of many dedicated scientists as curators and members
of adv1sory committees.

Information system which provides information more accessible
to the users and identify problems and opportunlties to strengthen:
the System




The Weaknesses of the System

Too much emphasis has been placed on maintenance of germplasm
and not enough on evaluation and use.

Leadership of the System has: been diffuse and no strong central
administrative representation.

, | :
Inadequate funding relative to the true needs of the System.

Wide gap between the introduction of germplasm and its ultimate
use in developmental breeding.




SELECTION FOR WINTERHAKDINESS IN WHEAT -—-
RELATIONSHIP OF DESICCATION AND SEEDLING CHARACTERISTICS

G. Allan Taylor

Twelve diverse. wintér wheat (Tritlcum aestivum L.} ‘eultivars and one
winter rye (Secale‘cerea1‘~1 cultlvar of known winfer survival were
utilized to: (1) identify adverse envirédmental fagtors and cultivar
seedling characteristics associated with winter-f rvival of wheat, and,
(2) develop a technique for selectlng winter-hardy and non-winter-hardy
wheats., .

Freezing tempé ‘1nimﬂm —200) d“d not differentlally kill the
winter cereal ivars im controlled environments. The addition of

a desiccant te the controlled enviromment, however, dehydrated the plants,
resulting in killing of top growth and in subsequent differential regrowth
which correlated with field percentage of winter survival (.92*%*% including
the one rye and .90** wheats only).

g plant color were

Fall and spring .grewth hablt, spring vigo: ‘
and may be used for

associated with field perc titage of winter survival
screening in breeding prcgrams
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SOME FACTORS CONTRIBUTING TO WINTERKILL OF. WHEAT )
IN THE INLAND PACI‘IC NORTHWEST

Donald W George
|

1

Wheat grown in the Inland Pacific Northwest ‘encounters unusual prob—
lems of winter survival. Elevation in the producing area ranges from
<100 to> 1200 meters above sea level' ‘the length of a growing season
(>-2° C) may range from <120 to> 250 days; and mean annual precipita-
tion from <250 to> 500 mm, with the greatest amounts received in Jan-
uary. North-facing slopes represent a very different environment °
from south-facing ones and the occurrence and nature of winter injury
often depends on the presence or aﬁsence of a snow cover.

Yielding ability appears to be highest in cultivars that are only
marginally hardy, but these are the ones chosen by the growers, who
depend upon an adequate snow cover (to protect the crop. Winterkill
may result from low temperature injury to the plant crowns, but other
forms of injury are often noted. These include leaf. tissue destruc-
tion, desiccation, frost heaving, and the separate or combined effects
of several disease organisms. Accelerated soil erosion contributes to
winterkill by exposing plant crowns and root systems, Some of the

' greatest soil losses have been from hill tops and ridges where the
effects of wind and cold are most severe and the wheat in these areas
is most frequently injured. o




THE ROLE OF ICE. ENCLSEMENT IN WINTER SURVIVAL OF WHEAT
IN THE NORTH EAST

Gw J. AndreWs

- In' eastern Ontarid typical winter weathet results in conmtinuous:
sriow cover from NoVember to March with soi ‘temperatures of about

ménit. have shown: ¥
wheat plant§ cafr be

change: persisits:
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THE FREEZING PROCESSJIN WINTER WHEATS
L. V. Gu%ta

|
Unfortunately, the mechanism of freezing damage to winter cereals is
poorly understood. During the winter!périod‘plants are exposed to sev-
eral different forms of freezing streéses which greatly affects the kill-
_ing temperature of the winter cereals. For example, it has been shown
that injury increases with the 1engthiof exposure to cold as the lethal
temperature is approached. Hardened hardy cultivars can tolerate -23°C
for 1 hour, whereas they can only tolerate -18°C for 24 hours and -15°C
for 144 hours. Also, repeated freezing and thawing have an amplifying
effect on injury, e. g. fully acclimated hardy winter wheat withstood a
slow freeze to -19°C, but was killed at -12°C after two thawing and re-
freezing cycles. Increasing the water content of the crowns by flooding
results in several degrees loss in freezing tolerance.

Under conditions of slow freezing, in hardened plants, ice first forms
and grows in the extracellular air spaces of the tissue. The protoplast
remains unfrozen as long as the plasma membrane partitions the ice away
from the protoplast. Therefore during the freezing process water must
cross the plasma membrane to reach ice in the extracellular spaces.
Water freezes as '"ideal solution" with not all of the water frozen at
once. The amount of water that is re@oved from the cell is a function
of the temperature. Thus the cells become progressively dehydrated be-
cause of water removal for ice growth. In winter cereals most of the
freezing takes place between 0 and -1D°C. Very little additional freez-
ing occurs below -10°C. } '

|
When freezing injury occurs it is ass%ciated with a general lysis of the
tissue cells. The killing temperaturLs are sharply defined, with more
than 80% of the cellular e1ectrolytes§being lost over a narrow tempera-
ture range. At the killing temperatu@e for hardy tissue, there is no
significant change in the amount of water frozen or the consequent cel-
lular dehydration as demonstrated by nuclear magnetic resonance and dif-
ferential thermal analysis method. Therefore, the freezing of cellular
water per se seems an unlikely cause of damage. ’

Freezing and thawing rates for winter cereals generally show a substantial
increase 1f the tissue is freeze killed. This suggests that the plasma
membrane is the rate limiting barrier for water movement during freezing
and thawing under some conditions and this barrier is reduced when the
differential permeability is lost. The results are consistent with either
a temperature dependent and irreversible increase in water permeability of
the plasma membrane, which occurs at the killing temperature, or with ice
penetration of the protoplast at the killing temperature.




ROOT-INFECTING PATHOGENS THAI PREDISPOSE WINTER WHEAT
TO WINTER INJORY ~ -

»William W. Bo@kus

Autumn infections of wheat soil-borne mosaic virus and common root and
crown rot have been shown to predispose winter wheat to winter imjury.
Although soil-borne mosaic reduces tiller number by an average of 11.8%

in Kansas, plants are usually fot killed by the virus. However, in 1978
there were many weedy areds in fields infested with soil-borne mosaic ap-
parently due to decreases in the wheat stand during the winter. The winter-
" k111 and root and erown tot complex was eéspectally severe in Kansas and Ne-
braska in 1979. Kansas reperted a 7,704,000 bushel yleld loss and Nebraska
reported 5-10% of the wheat in the eastcentral and southeastern regions .
plowed under because of this problem. Reeent evideénce indicates that the
tole of other fungi in the winterkill complex may be underestimated.

Other root-infécting pathogens such as the Take-all fungus and the Pythium
root rot fungi can also weaken wheat plants and render them more promne to
winter injury. In fields ‘under continuous wheat cultivation the Take-all
fungus. can be isolated from a high percentage of wheat root systems col-
lected during thie winter. Although Pythium root rot has declimed in re-
cent years with the use of fertilizers, USDA research indicates that the
disease is important under the direct-drilling cropping system. Low
temperatures can predispose plants ‘to attack by pathogens and vice versa,
so the interplay of autumn and winter emvironmental conditions with patho-
gen activity is very important to survival of wheat during the winter.
Thus, in many cases it is difficult to etermine just what caused the
injury to plants which are described as "winter-killed." '
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SNOW MOLDS OF WINTER CEREALS IN CANADA

J. Drew Sdith
|

Cold and desiccation injury are often abiotic causes of injury
and death of winter wheat and fall rye in Canada. Low-tempera-
ture-tolerant fungi, singly and in complexes also cause damage
in snowy regions and seasons. They may be associated with abiotic
factors. The fungi are those which also invade perennial grasses,
Fusarium nivale, Sclerotinia borealis, Typhula ishikariensis var.
canadensis, T. incarnata and the nonsclerotial low-temperature ba-
sidiomycete, LTB. The importance lof Plenodomus meliloti, the
sclerotial basidiomycete, SLTB, Pjthium;sp., and Acremonium boreale
found on dead or damaged winter cereals is uncertain. Intraspecific
and interspecific antagonism occurs between isolates of some of these
fungi. This antagonism, as well as inherent differences in activity
of the fungi and of host resistance, nutrient value of host tissue,
prehibernal and subniveal environmental conditions are important
factors determining snow mold presence, activity, and dominance.




EFFECTS OF INFECTTON WITH BARLEY YELLOW DWARF - -
" AND WHEAT SPINDLE STREAK MOSATC VIRUSES ~ .. -
ON COLD HARDINESS OF WINTER CEREALS

Y. C. ?eiiwai and €. Jl Andrews

Barley yellow dwatf virus (BYDVY 1nfection greatly reduced the
cold hardiness and: survival after ice encasement_of Dover win-
ter barley and Coast Black winter oat but the BYDV effect wasg
less severe in: Fredtlckfand Kharkov winter wheats and was- ab-
sent in Puma winter rye. Both wheat" and rye cultivars devel-
oped relatively high: virus concentrations and: ir fresh and
dry plant Weights were’ usually redﬁced by BY The magnitude
‘of BYDV efféct varied mainly with. the ceredl: s ies and the
period of virus: development to-wh ch' the plan ere. sthected.
Fredrick wheat subjected. tor 17 da : ‘ _
lowed by 33:days of cold hardening’had no loss of low tempera=~
ture tolerance but showed an increased survival after ice en-
casement. Infection with wheat spindle streak.mosaic virus
lowered the: cold hardiness and survival after ice encasement
of Fredrick and Kharkov but the effect was severé in Fredrick.




Discussion

Myron Brakke - Reported an instance in the mid-60's of wheat
being predisposed to winterkill by an additive
effect of leaf ruét and SMB. Winterkill only
occurred in the areas in which both diseases
were present. ‘

Allan Taylor - Were different fuﬁgi isolated from the healthy
~and dead areas ofithe fields you tested?

Bill Bockus - No. {

Harry Young and Bill Roberts - Iﬁdicated that recovery notes
were extremely important in rating damage from
soil-borne wheat mosaic virus.




BREEDING AND. GENETICS

John W. Schmidt

The literature regarding the genetics of winter survival is not.
very: definitive. Tt suggests that it is complex. ‘Probability. of
obtainlng hardy segregates is" highest from hardy X hardy crosses,
and decreases in hardy X tender, and tender X tender crosses. Large
populatlons are necessary. 1f recovery of the. hardy parent level is
the goal in winter X spring crosses. Recoveny is facilitated by

a ‘winter X spring . ab “OnMen: : ill
tate identiﬁication of hardiness le,,l is cr,mical to the breeding
of w1nterhardy wheats..

The following traits influgnce the‘survival of winter wheat under
various sets of env&roﬂ ental condidi“;,

1. ¥erna1izatiqn"requirement=

Five genes for vernalization requirement (Vrn 1-Vrn 5) have been

identified (with possibillty of alleles at e'ch 1ocus) A win-

ter- tender wheat may have a lomnger vernaliza ion period require-
‘ > ysual.

ment thaq a winterh rdy. one

. vernalization reguirement).

3. Light response:
g. Photoperiodic response:

. Three genmes for photoperiodic response (gng 1-p _R_ 3) are known.
Wheats with a short verna, tion period ‘féquirement may need
to be strongly. aylength sensitlve in order to prevent spike
initiation durlng perlods oi abnormally high temperature dur-—
ing the fall or winter.

b. Light quality (thresholds for semsitivity to red light, etc.).
4, Morphology:

a. Prostrate versug, upright grewth

b. Leaf width (res1stance to desiccation).
¢. Foliage color intensity.

d. Crown placement (perhags different in cold dry versus cold wet) .
e. Root.

f. Ability t0‘retiller and reroot after damage.~,y'




\
C19-
|

5. Interaction with diseases and insects:

a. Winter survival decreased by presence of viruses (SBMV, WSMV,
Toot pathogens, etc.). . :

b. Winter survival decreased Hy fall infestation with Hessian
fly, etc. |
The literature suggests that the bJeeding of wheats with greater win-
terhardiness than necessary for a locatlon may be counterproductive.’
Thus, a compromise is accommodated by breeding for yield at or near
the minimum level of hardiness required. However, by regions, with
proper testing conditions, productive lines with improved hardiness
are being identified. At the University of Nebraska we believe that
we can and must improve the winterhardiness level and not sacrifice
yield. v o

i
I
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BREEDING AND. GENETICS, OF WINTER SURVIVAL IN WHEAT

M. N. Grant

Ge Rlasm

. During the. past 30: years of - winter wheat . breeding at; Lethbrldge,
large number of lines and varieties have be subjected to field: tests
and. laboratory tests for. cold hardiness. Only a. feW’lines have shown
real promise as. parentai material. ’

transferre&» T RL: _ sue Orstar,
rider. Winalta dppears more cold 7 in artif ! tests than it
: hi : SUTPY ] iness was shown

was of poorer quality;

Breeding Program

At Lethbridge L have relled on a bulk‘hybrid type'of program, mainly

and sometlmvs,'a ; > ,
conditions. Selected. 1ines are grown in winte ar iness field tests
at Lethbridge, Edmonton, Swift Current, Saskatoon, and Winnipeg, and
usually a d1£ferent1al kill occurs. at one or more stations.

An effort to use Gaines and other.

jgh—yleld, short-strawed- parents
has not been successful. due to a :

level of w1nterhard1ness.

I am now moving rapidly to the use. of Norstar, Sundance, Roughrider,
Ulianovka, Alabaskaya, and Kharkov 22 MC -as cold hardy. parents and
have quite a few crosses from F2 to Fg, most of which appeared quite
hardy in 1978-79. .
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EXOTIC SOURCES OF WINTERHARDINESS

D. G. Wells

Encouraged by a report of John Grafius that he produced a bread wheat
line (subsequently lost) approaching the hardiness of perennial wheat-
grass, we tested the world collection of A. intermedium and A. tri-
chophorum for survival. The survi?ing collections that also were
crossable with wheat were PI212230| (Afghanistan), PI223240 (Washing-
ton), and PI229917 (Iran). Fj see& was easily obtained on wheat but
we have failed in our attempts to double the chromosome number and
thereby we believe ensure fertility of the hybrid. I am repeating
the crosses. Translocation lines bf Centurk genotype but having im-
munity from streak mosaic are proving to be no hardier or much less
hardy than Centurk in early tests.

|

The world coliection of the diploié progenitors of wheat was seeded'
in the fall at Brookings. Survivi?g the winter were some boeoticums

and monococcums., Efforts to cross| them to durum wheat have produced
a few seeds but no seedlings. Efforts are continuing.

The exchange of cytoplasms may teach us something about hardiness
.and increase the hardiness of valugble commercial cultivars., Ex-
changes through 7 doses involving Pawnee and YTO-117 have shown
modifications of height, heading, grass appearance, reaction to leaf
rust on occasion, and hardiness at|some locations. Enc¢ouraged by
those results, I have begun making| alloplasmic lines in these com-
binations: Centurk-Winoka, TX line-Roughrider, TX line-Winoka,
Centurk-Bounty 309, Roughrider-BouTty 309, and Winoka-Bounty 309.
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UTILIZATIGN OF RELATED SPECIES FOR IMPROVEMENT
OF COLD HARBINESS IN WINTER WHEAT

Allen Limin

The apparent lack of genetic variability for cold hardiness in the
winter wheat gene pool appears to be the limiting factor facing plant
breeders who are working outside of the traditional winter wheat grow-
ing areas. This has lead to.an investigatfon of the cold hardiness
potentials of some of the wheat relatives. These’ species include:

T. tirgidum group - turgidum, dicoccen; durum and var. dicoceoides;
T monococcum; T. gpeltoides; T. lonilssimum, ai . The.
most hardy of the species tested was rye. (Secdle cereale). This

was follewed inm hardiness by hexaploid wheat itself (Tritdcum gesti-
vum) . All -other species accessions tested were Tess hardy than the
most hardy hexap101d wheat.

To determine if the superior cold tolerance genes of rye could be
exploited for the improvement of wheat, several .octaploid and hexa-
ploid trltlcales were produced "It was found that in all cases the
triticales were not 51gn1ficant1y different in hardlness from their
wheat parent, indicating that there is 1ittle hope of improving the
_hard1ness of wheat by incorporating genes from rye. '

A number of autotetraploid rye populatlons were aliso produced to
investigate the effects of plo1dy Tevel on cok irdiness. In all
cases the autotetraploid was found‘to be less rdy than the diploid
from which it was derived. This reduced hardiness of the tetraploid
rye may have been due to increased cell volume and water content and/
or possibly due to a genétic imbalance brought about by the tetra-
ploid state.

AY¥though nonevdf_the*wd&ﬁ-Triticnmidiploidsaar:ﬁétraploidvspeqies
exceeded the most hardy hexaploid winter wheats, it is possible
that they may have evolwved Within ‘their genetic comstitutions, genes
conferring cold hardiness which are d1fferent ‘from those present in
the corresponding genome of the present day hardy hexaploid wheats.
To investigate the genetic interactlons between different combina-
tions of hardy and nonhardy. related genomes, -the following crosses
have been made and amplitploids are being produced: T. tauschii (D
genome) x several different groups of tetraploid wheat (AB or AG);
T. monococcum (A); S. cereale (R). -Amphiploids have also been made
of reciprocal wheat-rye- crosses to check the effect of cytoplasm on
cold hardiness. Tt is hoped that some of the amph1p101ds produced -
from these interspecific crosses will provide useful new genetic
variability for the winter wheat gene pool.
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WINTER DURUM WINTER SURVIVAL

J. W. Schmidt

Most of the available winter durum cultivars have been grown at

Lincoln, Nebraska, the past few years. Those with best survival
have originated in the USSR. Data: from Lincoln in 1979 and Clay
Center in earlier years are shown below:

"~ % Winter Survival
Lincoln Clay Center Clay Center

Cultivar : 1979 | 1976 1975
Wheat check 100 ‘ 100 100
(Scout 66 or Lindon)
Afghan ' © 80 : 90 92
DF 7/72 | 45 0 95
Kharkovskaya 1 65 3» » - - 90'.
Kharkovskaya 909 - s0 --_‘ | 75
Michurinka | 05 85 97
Novomichurinka _ 85 91 97
Odesskaya Yubileynaja 67 ] - | -—

Rube‘zh"‘-"‘- 83 '_”____”._‘_’L‘_‘

Crossing and recrossing different introductions from various loca-

_ tions has not improved hardiness but has resulted in much better

agronomic types and the same hardihess level.
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'INHERFTANCE ‘OF ‘WENTERHARDINESS

. John R.«Eriqkson

delkﬁpgpulations

Several parents, ‘encompassing a wide range:of winterhardiness, -and
‘their Fy and F3 bulk populations were :grown at Williston, North:Da-
kota in 1977-78. ‘Each plot contained: ‘both iparerits .and ‘the bulk .gen-
erations. seeded 'at 30 ‘IbafA. :Each-entry.was.seeded in.a single 10—
foot row.with itwo replieations. A duplicate ‘t¥ial.at Casselton," “North
‘Dakota was: winterkille&*cumpIeteiy Winter survival was -reeco¥ted -in
late April.and thevtwolraplicates d. No statistical A=
dlysis -was ‘done, but . similar -trials ha
enee: ‘to -be.significant. Quite consistent results were obtained . and
the ‘parents .survived as - expected '

‘The first set of crosses involved two Russian dntroductions. crossed
‘to several northern plains wheats. 'The crosses:wiith. CI11879 :were
very -similar to one another. Winoka was less: winterhardy ‘than: the
other parents, but its bulk hybrids equalled or:exceeded the ex-
pected mid-parent value. The same group of parents were crossed
“to -each other and then-to.Centurk. ‘The three-way hybr1d populatlons
 all ‘equalled or :exceeded itheir mld-parent values.

‘The next group-: :of .crosses. were. between the same morthern plains wheats
~and two ‘Nebraska cultivars. ‘There was a large -difference in survival
‘between :the two .sets of parents. The bulk hybrid :populations -again
equalled or exceeded <their mid-parent values.

Two spring wheats were :crossed to ‘Froid and Minter -and then 'back-
crossed to ‘the winter .parent. The bulk hybrid populations on ‘the
average -were .similar to the mid-parent calculated on the basis of
two doses of the winter -parent. Previous experience with winter/
spring single crosses -had been a large loss of population due to
.spring growth habit and poor w1nterhardiness.'

The last group of crosses involved»several medium to low.winterhardy
types. In almost all cases the bulk: hybrid populations equalled or-
-slightly exceeded their: mld—parent wvalues. Over all combinations
‘the ‘more w1nterhardy parent averaged 74% surviwal, the less winter-
hardy parent 43%, the iid-parent vdlue 50%, the. Fyp bulk 67%, and the-
bulk 61% average survival. The consistent improvement of F3 over
mid-parent is an indication of partial dominance for winterhardiness.

F] Hybrids

A set of restorer lines, varying greatly for winterhardiness, was.
crossed to two common male-sterile lines. The hybrids and parents -
were grown in 4-row plots 8 ft. long in four replications.at five
locations in Montana and Nebraska in 1978. . Differential survival -
was recorded on a scale of 1-5 with 1 indicating full survival and

5 very poor survival,
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\
Winter survival of parents and bu*k‘hybrids.

I3 .
Py Froid Hume | 1 “Minter Winoka =~ %
P; 90 Py 8& P;-85 85
CI11879 P) 85 Py 8 Py 85 85
mp 88 mp 8} mp 85 85
Fy 90 Fy 75 Fo 90 85
F3 90  F3 80  F3 80 83
| | Py 74 P; 70 Py 40 62
Gorkowtschanka Py 80 P, 80 Py, 75 78
mp‘7§ mp 75 . mp 58 . 70
Fy 85 Fy 75 - Fy 65 75
F3 Sq- F3 80 - F3 65 75
. |
P; = Centurk//
Py Froid Hume Minter Winoka X
: Py 65 P; 55 Py 55 58
CI11879 P, 85 Py 85 P, 85 85 -
: mp 75 mp 70 -mp 70 .72
Fy 8G Fo 70 Foy 75 75
F3 75 . F3 75 F3 .70 73
Py 40 Py 35 P 55 43
Gorkowtschanka Py 70, Py 75 Py 85 77
mp 55 mp 55 ‘ap 70 60
F, 65 Fy 70 Fy 65 67
F3 65 Fq 43 F4 60 .56
. _ P1 '
Py Froid Hume: Minter .  Winoka X
_ Py 75 Py 75 Py 80 P; 50 - 70
Agate Py 31 Py 20 Py 35 Py 25 28
mp 53 mp 48 ~mp 58 mp 38 49
Fy 75 Fy -60. Fy 75 Fo 45 64
Fq 50 F3 60 F3 65 Fq.35 53
P} 90 = P} 65| .. Py 50 Py 70 . 69
Centurk 78 Py 60 Py 20 Py 3 Py 55 35
I mp 75 mp 43 ‘mp 27 - mp 63 52
Fy 80 Fy 65 Fy 40 Fy 75 . 65
Fg 75 F3 55|  F3 40 F365 59
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Winter survival of "p,arent-s"and' bulk h brids

“ &
Py 2

ND522 (HRS)
Mironovskaya
Lancota

MT7115

P, 8 . .78
P2 50 45
_mp. .68 62
Ty 80 68
F3 75 60

¥

Gent -
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Both gemeral and specific éoﬁbiningrability“values were calculated.-
The g.c.a. values for the female pdren;s‘weré‘quite small because

of the similarity of the parents tﬂemselves and. the fact that they
were averaged over a larger number of male parents. The g.c.a.
values for male parents were greater due to the diversity of the
male parents themselves and the fact that they were averaged over
only two female parents. In general the g.c.a. values were re-
lated to parental values.

The analysis of variance showed the male parents were highly sig-
nificantly different, while the female parents and the male x fe-
male interaction were not different. The mean squares for males
and females are a measurement of g.c.a. and the male x female in-
teraction is a measurement of s.c.a. In this group of lines, g.c.a.
was 20.7 times more important than s.c.a. or 95.4%Z of the variation
was due to g.c.a. The relative importance of g.c.a. is indicative
of additive gene action. This means that parental performance per
se was a good indicator of hybrid Performance.

Comparison of hybrid values with tﬂeir mid-parent values indicates
that most hybrids were more winterﬁardy than their mid-parent values
and a few were equivalent to their‘better parent. Averaged over

all combinations, the hybrids were| 104 greater than their mid-
parent values, indicating partial dominance for winterhardisdess.




Combining ability analysis for winter suryival
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76.2705

Source D.F. S.S. M.S.

Replicates (Location) 4 2%7.8152 6.9538**

Treatment (gene) 17 34.9201 2.0541%%
Males 8 33.2389 %.1549%* H
Females 1 | 0.0562 20.7 {;.ossz"-s- .954.
MxF 8 | 1.625 0.2031" S

Error 68 13.5352 0.1990

" Total 89
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POTENTTAL FOR THE IMPROVEMENT OF
COLD HARDINESS IN WINTER WHEAT

Bridn Fowler

A large number of winter wheat introductions have been screened in field

survival trials in Saskatchewan during the per1od 1972 to. 1979. Many of

these introductions were selécted because they had shown promise in cold .
hardiness screens conducted out of Fargo, North Dakota and Lethbr1dge, ‘
Alberta. ,

. . y £
1mprovement in cold hardiness, potential'of adapted ' ivars. It was al-
so apparent from this study that recent. im rovements in ¢old hard1ness
have been small and in most‘of the tradiﬂ,onal winter heat producing
areas, if anything, neW'variety releases have reduced cold hardlness.

While there should be a general opt1m1sm that much could be done to im-
prove the cold hard1ness potent1al of cultivars for the traditional winter
wheat produc1ng areas, there is little evidence that super-hardy winter
‘wheats can be produced. The Crimean varieties inttroduced from the USSR
in the late 1880'"s. provided the basic g iplasm for su cessful production
of hard red winter wheat in the Great Plains of North nerica. Although
most of the early introductions and selections are no 1onger of commer-
cial importance, Quisenberry and Reitz have noted that prior to 1969
nearly all the new strains of hard red winter wheat grown in the Great
Plains were developed from hybr1ds involving selected Crimean cultivars.
Clark Martin and Parker reported on an extensive evaluat1on of winter
wheat cultivars in the Great Plains region during the perlod 1920 to
1925. They found that Minkia¥di and a MacDonald College selection from
Kharkov were among the hardiest cultivars available at that time. The
ancestry of both cultivars can be traced to the early USSR introductions.
It is noteworthy that the same material still ranks w1th the hardiest
cultivars available today. It is, therefore, apparent that without new

sources of genetic variability the opportunlty for large improvements in
cold hardiness through plant breedlng has been limited. 1In this regard
the more recent USSR introductlons, AlabaskaJa and’ Ulianovkia, have sig-
nificantly greater cold hardiness than Kharkov 22MC and Minhardi. With
release of the cultivar Norstar, which was selected at Lethbr1dge, Al-
berta, from a cross between Winalta and ‘Alabaskaja, they have become
proven sources of additional genet1c varlability for winterhardiness in
the American Great Plains. However, thie information on these two intro-
ductions suggests that they have been available in the USSR for many _ . ,
years and while they. represent exploitable genetic variabil1ty, it is ,




doubtful that the additiomnal improvemeﬂt would provide the necessary win-

terhardiness to greatly expand the preéent winter wheat'production‘area.

Two other factors that have hindered tJe plant breeders' efforts to im-
prove the cold hardiness of winter wheit are the lack of effective se-
lection methods and limited informatioﬂ on its genetic control. The
limitations imposed by selection methods have been discussed earlier.

- It suffices here to emphasize that no ‘imple, reliable method has yet
been developed to evaluate the cold hardiness potential of winter cereals
on a single plant basis. This problem!is complicated because the genetic
system is inducible and hardiness is nﬁt always expressed to the same
level in comparable plant parts, e.g., 'tillers. In spite of these limi-
tations, several genmetic studies have been attempted. These studies have
indicated that winterhardiness is a heritable but complex quantitative
character. Genetic control was mainly |additive, but nonadditive, reces-
sive and dominant genes have also been |implicated. Results from recipro-
cal crosses have demonstrated that the |influence of cytoplasm on the ex-
pression of cold hardiness is minimal.
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' CURRENT USSR GULTIVARS

J. W. Schmidt

- Wheat breeders in the USSR believe that the currently-grown
winter wheat cultlvars are 1mproved for winterha diness in
comparison- to Bezostaya 1 but’ none.appear to be superior to
Mironovskaya 808- Thus, across the forest,type area of Euro-

. ‘In'the Krasno- .
| nodarskaya 46

Zernograd Qreedlng Stafion were belﬁg fieldﬁteAm“wj;f

T
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THE HARDENING PROCESS IN WINTER CEREALS
L. V. Custa

Winter cereals exposed to temperatures below 10°C and above 0°C are cap-

able of acclimating to freezing. This ability to cold acclimate is under

the control of a genetic system induced by low temperatures. It is, how-
ever, a metabolic process which requires energy. Energy is supplied
through photosynthesis and in the case of seedlings, from energy reserves
in the seed. Because the development of frost tolerance is dependent on
energy and cold temperatures, its expression can be modified by factors
such as nutrition, temperature, date 4nd method of seeding, physiologi-
cal development, humidity, rate of growth, and moisture content of tis-

sue and soil.

Under artificial conditions winter WhJats can acclimate up to 10°C in
one week, depending upon the hardlness -potential of the cultivar. Under
natural conditions the process can be‘drawn out, but the first period

of acclimation is the most active. quer both natural and artificial
environments a minimum of approximately 4 to 6 weeks is required for
full development of the hardiness potential, and in both instances a
period of continuous frost (-2 to -3°C) is required at the end of this
stage.

When fully-acclimated, cultivars of rye can tolerate the lowest tempera-
tures (ca. -30°C) of the winter cerea!s. Cultivars of winter wheat are
next in line (ca. -21°C) followed by barley (ca. -14°C) and then oats
" (ca. -10°C). Within the fully acclimjted plant the roots have a higher
moisture content and are generally considered to be the least hardy tis-
sue, with the crown next and the herbage the hardiest.
\

Fully acclimated hardy winter wheat cdltivars such as Kharkov, Sundance,
and Winalta can be maintained several months at -3 to -5°C, with little
or no loss of hardiness. Less winterhardy cultivars such as Richmond
and Rideau may tolerate very low temperatures (-~19 to -20°C) in the

late fa11, but readily deharden after a few months when stored at -3°

to -5°C. In both cases fully hardened winter wheat plants maintained
for eight or more weeks at temperatures just above freezing rapidly

lose their hardiness and eventually senesce.

Winter cereals collected in the fall ‘rior to freeze-up and exposed to
temperatures above 10°C rapidly dehar%en but at this stage, when re-
turned to near-freezing temperatures,‘they still have the ability to
‘quickly reharden. However, crowns that have dehardened the most re-
quire a longer period to reharden. l

Even fully acclimated winter cereals do not necessarily maintain one
cold hardiness level for the entire winter. In natural environmments
the cumulated effect of the factors that influence cold hardiness at
this stage often results in a large reduction 1n the hardiness of the
overw1ntered cereals. | '

Exposure to warm spring temperatures will eventually result in a com-
plete dehardening of winter cereals. |Studies conducted in artificial




-environments have ‘demonstraited - that -once spring. deharden‘ ‘has been
initiated in winter -whea't ‘and e, réturnlng .plants “to. condltlons for

cold acclimation will ‘not reverse the dehardening .process. and .1oss of ..

cold hardiness will result ‘even durlng storage at. temperatures below
freezing. :
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THE FREEZING PROCESS IN WINTER WHEATS

L. V. Gus%a

Unfortunately, the mechanism of freezing damage to winter cereals is
poorly understood. During the winter period plants are exposed to
several different forms of freezing stresses which greatly affects

the killing temperature of the winter cereals. For example, it has
been shown that injury increases with the length of exposure to cold

as the lethal temperature is approached. Hardened hardy cultivars

can tolerate -23°C for one hour, whereas they can only tolerate -18°C
for 24 hours and -15°C for 144 hours. |Also, repeated freezing and thaw-
ing have an amplifying effect on injUry, e.g., fully acclimated hardy
winter wheat withstood a slow freeze to -19°C, but was killed at -12°C
after two thawing and refreezing cycleé. Increasing the water content
of the crowns by flooding results in several degrees loss in freezing
tolerance. ' ' :

Under conditions of slow freezing, in %ardened plants, ice first forms
and grows in the extracellular air spaces of the tissue. The proto-
plast remains unfrozen as long as the plasma membrane partitions the
ice away from the protoplast. Therefore, during the freezing process
water must cross the plasma membrane t‘ reach ice in the extracellular
spaces. Water freezes as 'ideal solution" with not all of the water
frozen at once. The amount of water that is removed. from the cell is

a function of the temperature. Thus the cells become progressively de-
hydrated because of water removal for ice growth. In winter cereals
most of the freezing takes place between 0 and -10°C. Very little
additional freezing occurs below -10°C.

When freezing injury occurs it is associated with a general lysis of
the tissue cells. The killing temperatures are sharply defined, with
more than 807 of the cellular electrolytes being lost over a narrow
temperature range. At the killing temperature for hardy tissue, there
is no significant change in the amount of water frozen or the consequent
cellular dehydration as demonstrated by nuclear magnetic resonance and
differential thermal analysis method. . Therefore, the freezing of cellu-
lar water per se seems an unlikely caTse of damage.

Freezing and thawing rates for winter cereals generally show a substan-
tial increase if the tissue is freeze-killed. This suggests that the
plasma membrane is the rate limiting barrier for water movement during
freezing and thawing under some conditions and this barrier is reduced
when the differential permeability is |[lost. The results are consistent
with either a temperature. dependent and irreversible increase in water
permeability of the plasma membrane, which occurs at the killing tempera-
ture, or with ice penetration of the protoplast at the killing temperature.




ENVIRONMENTAL EFFECTS ON COLD HARDINESS AND
WINTER SURVIVAL IN THE EASTERN WINTER WHEAT AREA

G. J. Andrews"

Growth of winter wheat plants at low temperature increases
both their resistance to freezing stress and their tolerance
to ice enecasement. The ) ' '
relation be:

. wheats, but 1ndependent'se1ection for ice tolerance could

be valuable, particularly among eastern wheats. {ce encase-
ment is acecompanied by ascumulations of ethanol and €Oy which
reduce plamt survival and are toxic to cellular membranes. :

Low temperaxmre floodnng to soil level durlng han@ening of
wheat has little effect on hardiness ‘levels. GCold hardiness

of fully hardened plants is appreciably reduced by total flood-
ing for six weeks, and these levels are closely correlated with
the increased moisture content of" the plant crowns. Plants
flooded for two and four ‘weeks are more resistant to subsequent
ice encasement than non—flooded plants. The response has been

shown to exist in 8 wheat cultivars.

'Evalua.tioh of winter 's:urvival potential proceeds on 3 lines:

1) LDg, determinations in a 1° per hour temperature decrease;

2) ierance of totagl ice encasement at -1° for one week;

3) tolerance of field ice encasement, prepared in January
each year. ,
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CHARACTERIZATION OF SYSTEMS THA% HAVE EVOLVED IN PLANTS
TO PROTECT THEM FROM‘FREEZE INJURY

|
C. R. Olien.

Stress analysis was reviewed as a basis for defining systems that have.
evolved in plants to protect them from cold-induced injury. These sys-
tems can be assayed as component traits in breeding hardy cultivars.

Freezing and melting are processes catalyzed by ice-liquid interface.
Both phases can exist below 0°C. The’ alance shifts toward ice as the’
temperature decreases, This shift is bartly determined by the colliga-
tive effect of solute concentration, but it also is determined by con-
stitutive properties of hydrophilic substances that cause them to compete
with ice by retention of water. The pattern of liquid transition to ice
as a function of temperature is more abrupt in root tissues than in
leaves. Liquid water of plants is located in many different sites and
associations, and the shift in distribution as freezing progresses is
not simply proportional. Liquid of the outer free space can be studied
by several techniques that measure the‘mobility of indicators. The
proportion of the total water frozen can be assayed by NMR., Total
liquid water is a sigmoid function of liquid remaining in the outer
free space. Freezing i1s considered to be an equilibrium process when
no significant displacement from the equilibrium redistribution pattern
occurs. Heritable traits that affect the origin and shape of this pat-
tern greatly affect freezing stress.
|

Nonequilibrium freezing has two stages. If there is no catalytic inter-
face, liquid water supercools. This is a protective mechanism in some
woody plants. The free energy of ice Formation is a function of the
displacement of temperature from equilibrium. In the first stage of
freezing a supercooled system, the temperature rapidly rises. Cells

of tender tissue can survive freezing from a few degrees of supercool-

~ing. Hardening increases the supercooling required to cause ice crys-— -
tals to grow across the plasmalemma into the protoplast, which is
lethal. In the second stage of nonequilibrium freezing the tempera-
ture returns to that of the enviromment. Less displacement from
equilibrium but more water is involved, so high energies of freezing
can develop and cause histological disFuption. The second stage of
nonequilibrium freezing typically injures the fibrous tissues of lower
crown and roots where the transition'ﬂattern is abrupt, especially when
"the tissue moisture content is high. Inhibitors of freezing kinetics
reduce the rate of crystal growth by a "skin" of polymer which forms

on the surface of the crystal as it grows. The polymers are certain
xylan mucigels produced by hardy genotypes that give these plants con-
trol over freezing. : J

We distinguish freezing from desiccation by whether ice actively con-
tributes to injurious stress or only passively accumulates water,
These effects can be evaluated by vector analysis. . The.vapor pres-
sure in frozen tissue is determined by ice. Normal cold tests follow
the resultant of a temperature (kinetic energy) vector and a vapor
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_pressure (density) Vector. These vedtors can be manfpulated indepen~.
dentlm and we find that FreeZing stréss 1nJures at 4 #Higher temperature
than desiocation. , .

Edquilibrium free21ng is more subtle than. nonequilibrium freezing and -
required analysis of freezing dynamlcé .Gibbs chemical potential is
zero for ice and 1iqu1d at equilibrium, but recrysta111zat10n continu-
ally causes ice crystals to change shape 1ndicat1ng that there must be
a chemical potentlal for freezing that is balanced by another for #elt-
ing. By partitioning ‘the nét chemical potentiil on a basis of frequency
distrlbution of exchangeable;kinetlc energy over ‘@ tivation limits, we

’ 5f Free ng and %elting. This also regtired
on limits, ¥his
latent heat shifts as freezing progresses and was'meaéured by coodi-

nating trans1tion and ‘thermal analysis. Equilib3‘umhfree21ﬂg, where

ﬁrogresses. Thfs is dlstiﬁttly diffe"
cation in whlch equillbrium is %minta d by shift's in water density
through concentratlon of sblutes. and decrease in vapor . pressure re-
spectively. The shift in -activation ehergy in equilﬁbrlum freezing
 causes an energy of adhes1on to develop between hydroﬁhillc polymers
and ice. Adhesive interaction between the plasmaletma and ice results
in stress that ‘becomes 1ncrea51ng1y seVere with decreaS1ng temperature.
Hardened cereal plants are killed in the range between effects of mon-

' L r ‘Btage 2) and of desic-
‘Hardy ‘plants produce
adh sion inhiblt s, solﬁ 1e substanc s which maintain a diquid barrier
that prevents direct ‘interaction ‘betweeén ice and ‘the : ‘plasmalemma. This
1liguid capsule surroundiﬁg each protoplast causes ostiotic desiccation
‘as- freezing W1thdraws 1iquid water coﬁcentratlng ‘the ‘solute. The
temperature at which 1anry ‘occurs cdh Hpproach ‘the viapor desiccation
11mit if ‘the ‘soliltes ‘have no toxic effect. .

Each type of plant ‘tissue has a uniqU"’et of protectlve systems, Dif-
ferences betweeh similar ‘tigsues: of difTerent genotypes are ‘heritable
traits -- components of hardlness.
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MORPHO~-DEVELOPMENTAL FACTORS RELATE

D TO WINTER .SURVIVAL OF WHEAT --

ASSOCIATION OF CHARACTERISTICS OF GROWTH CHAMBER AND

FIELD GROWN SEEDINGS WITH WINTER SURVIVAL

G. Allan T

avlor

We studied the relationship between morpho-developmental characteristics

and winter wheat (Triticum aestivum L

.) survival of six diverse culti-

vars planted at five depths in a growth chamber and one depth in the

field.

Cultivars and planting depths differed significantly for crown node
depth, emergence rate index (ERI), seed11ng height, adventitious root

length and number, tiller number, and

iseedling foliar dry weight.

The

cultivar X depth interactions were significant for all characteristics

except ERI and seedling height,

in that order.

'Froid' and 'Yogo' developed the shal-
lowest crown nodes followed by 'Cheyenne » MT 6928,

"Itana' and 'Crest'

Froid and Yogo had the longest adventitious roots and
the most adventitious roots and tillers.

Shallow planting depths re-

sulted in high ERIs, tall seedlings, éhallow crowns, long adventitious

roots, more adventitious roots and til

All characteristics were significantly
was negatively associated with adventi
tiller number, and foliar dry weight.
positively associated with number of ¢
dry weight. Growth chamber and field
tious dry lengths. were 31gn1ficant1y C
spectively). '

Shallow crowns were associated with increased winter survival.

negative correlation of adventitious r
(r = -.58%%) and the positive correlat

survival (r

lers, and high foliar dry weights.

correlated. Crown node depth
tious root length and number,
Adventitious root length was.
oots and tillers, ERI, and foliar
crown node depths and adventi-
orrelated (.90* and .90%*, re-

The
oot length with crown node depth
ion of root length with winter

.99%%) further emphasize the importance of the winter.

wheat crown reglon relative to winterﬂardiness.

J
|

The identification of genotypes with shallow crown nodes, high adventi-
tious root lengths and ERI should enhance selection for winter survival
in winter wheat breeding programs functioning in environments similar

to Montana.
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WINTERHARDINESS IN. NOR ;ERN AND: SOUTHERN
REGTONAL, PERIORMAN”_ NURSERIES
1959-1970:

G. Allan Taylor

Winter injury has been an important Great Plains winter wheat produc-
 tion problem for more: than the 100 years that, hard red winter wheats
have been grown from Texas to, Canada. High 1evels of winterhardiness
are necessary in the more- northern areas of the Great Plains. Severe
winterkill during several recent years from. Nehraskaanorthward ipto
Alberta has resulted:in que ns being raised as to. the level of win-
terhardiness in wheats which: are being: tested in th, prthern. Regional
Performance Nursery: (NRPN) and: the Southern Regional Performance Nursery.
(SRPN) and subseguently released as. varieties.

The winterhardiness: levels of NRPN. and, SRPN. entrieg andgthe winterhardi-
ness level of entries according: to. state of ‘origin were examined for the
1959~1978. time. period The. NRPN- (47 1ocations) and: the SRPN' (40 loca-
tions) . as we now know them, or1g1nated in 1957. It is from these nurs-—
eries which new Great Plains HRWW varieties originate._

The winter survival of NRPN and: SRPN entries were examlned as a percent
of the long-time check variety. 'Kharkof' by:4-year periods from 1959~
1978 with the. check varie excluded, Only those locations where
"reasonable" differential w1nterk111 occurred were used

The winterhardiness level in: the NRPN measured as: a percent winter sur-
vival and expressed as a. percentage of the w1nterh’ y: check cultivar
Kharkof decreased from 116% to 954, 894 94%, and 86% from the 4-year
periods of 1959-1962, 9 =19 ‘ s and 1975-1978,
respectively. Likewise,, 1e- SRP es, calculated

in the same manper, decreasg : ! to 854, 82%, 75%, and 67% of
Kharkof, respectively, for the same time periods.

Since individual states contribute lines to both the NRPN and SRPN, the
question arises.as to how the states. fare with respect to the average
level of winterhardiness for their entries during the same 1959-1978
time period. As with the previous data, the winterhardiness level of
the experimental lines was examined as. a percent of the long-time win-
terhardy check Kharkof.

In the NRPN, Alberta, Montana, South Dakota, and Nebraska consistently
have entries in this nursery. The Montana breeding program has main-
tained a relatively high, stable level of hardiness in its lines, rang-
ing from 103% to 114% of Kharkpf The same is true of Alberta, with
107% to 128% of the check. Although the hardiness of the Nebraska
entries remained fairly stable from 1959-1978, its entries were lowest
in hardiness with a range of 76% to 957 of the winterhardy Kharkof
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check. The average hardiness of South Dakota lines decreased drasti-
cally from 146% of Kharkof in 1959—19@2 to 101% in 1967-1970, and 867
in 1975-1978.. - - . i | - :

In the SRPN, Nebraska, Kansas, Colora‘o,loklahoma, and Texas regularly . -
had entries during 1959-1978. The Kansas entries, starting high with

an average of 105% of Kharkof in 1959-1962, declined to 50% in 1975-
1978. Colorado entries averaged only 65% of Kharkof in 1959-1962, peaked
at 100% in 1967-1970, and decreased to 617 of Kharkof in 1975-1978. The
average winterhardiness of the Nebraska lines was stable, ranging from
81% to 987% of the check. Although the entries from Oklahoma averaged

a few percentage points higher than Texas, both states had similar de-
creases from 1959-1962 (Oklahoma 86%, [Texas 78) to 1975~1978 (Oklahoma
and Texas 67%). _ ;

Several interesting conclusions are aJparent in this examination of NRPN
and SRPN cultivars with respect to wiiterhardiness levels. TFirst, win-
terhardiness levels have declined since 1959 in both regional hard red
winter wheat nurseries. Second, state programs certainly vary with re-
spect to the level of hardiness they'ﬁe willing to accept. 1In the NRPN,
the South Dakota entries have drastically declined when their winter-
hardiness is compared to the long-time hardy Kharkof check from 1959

to 1978. During this same time period in the SRPN, both Kansas and
Colorado entries have also declined when winterhardiness levels were
examined. o '

Although it is generally thought that [yield and winterhardiness are
negatively related, this relationship |should be examined, utilizing
both winterhardiness an¢ yield data from the NRPN and SRPN.

Current mobility of varieties developed in one state and grown in an-
other state or area emphasizes the importance of maintaining adequate
levels of winterhardiness. The severe winterkill experienced in Mon-
tana during the winter of 1978-1979 is, to some extent, a result of a
variety with low levels of winterhardiness being introduced and widely
grown in the state. It is suggested that cultivars should be evaluated
for winterhardiness in areas with more severe winters than those areas
cultivars are expected to be used as varieties, if released.
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 DURATION OF - HARDENING -AND COLD HARDINESS
$IN- WINTER WHEAT

?D.VW.,A.IRoberts

At the Lethbridge: ‘Research Statlon, work .on the relatlonshlp -of
environmental factors.affecting. cold hardimess in.wheat .to win-
ter survivdl in:the field is in progress. .One.of -the environ-
mental factors.under:- snudy :is.duratien.of -exposure . to harden;pg
-conditions.

In. growth cabinets the cold hardiness of winter wheats changes
in-a. chana@ﬁeristic»manner with! progressivelyul@mger hardeding
treatments.at. 3+52C. Dry ‘seéds. aze very cold—resgstant. As  the
-seeds - takeup -moisturestheir. coldvhardiness. dpgps(for. -approxi-
mately 2-to:3.weeks). #About 3.weeks after moistening, the-cold
“hardiness -of theﬁgerminating seed :starts to_rise to a- plateau
which lasts- from-approximately the -seventh to eleventh week after
-seeding. Starting about 11 to 13 weeks after seeding,. cold. hardi—
‘ness enterssar sloW’decline. . '

‘Data from plants: removed ‘from: the field at: dlffezent times.during
.the winterwand«transferred to.hardening conditions- for -different
*tengths of 1mezindieate(thateWheatgplanthg ough- ‘the .Same
iseries of- ch,nges :in-cold -hardiness . in the field .as they -do under
artlficial hardening .conditions in:a growth cabinet., Consequently,
“1f plants-are exposed to. long enough periods of.warm températures
(above freezing) in:the late winter-or early:spring. they.will lose
hardiness and -will-not-regain it if temperatures-fall. This partly
-wexplains-why‘wmnterwwheat .is-more;.severely .dam ged by . low:tempera-
“tures invthes spring than in‘ the: autumn. Another:probable:reason
-is that the:.plant's food reserves, especially. soluble sugars, are
lower in the sPring ‘than . in the autumn
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|
- TECHNIQUES FOR EVALUATING
WINTER SURVIVAL POTENTIAL IN WHEAT
|

Brian Fow?er

There are two primary methods for evaluating the winter hardiness po-
tential of wheat. These are survival under field conditioms and labora-

tory prediction tests.

Field survival is con51dered to be the| ultimate test of a cultivar's
winterhardiness. The main limitation to this method is: the lack of con-
trol that the researcher has over the level of stress which test sites
experilence.

Researchers have reported that test winters which produce differential
winterkill occur as infrequently as once every 10 years. However, the
frequency of differential w1nterk1111ng of cultivars of a partlcular
winterhardiness class can be increased greatly by selecting sites which
have a history of providing the desired levels of stress. This can
usually be accomplished by growing trials at or outside the margin of
the winter wheat producing area for whlch the plant breeder is selecting.
\
Variation in stress levels within f1e1d trials makes it difficult to
identify small but important differences among cultivars even when dif-
ferential winterkill does result. To Elnlmlze errors resulting from
this variation, comparisons should be testrlcted to plots that are in
close proximity to one another. Use of a moving average in estimating
stress levels may assist in overcoming part of these limitations. The
periodic inclusion of control plots of |known winter survival ability
should also assist in initial estimates of stress levels experienced
within and between field trials. '

Because of the limitations inherent in|field trials there has been a
continuing search for rapid and. efficient laboratory methods for test-
ing cold resistance of cultivars. However, the development and main-
tenance of cold tolerance in winter cereals and the consequences of
interactions with environment makes for a very complex situation which
the researcher must attempt to duplicate and evaluate under artificial
coniditions.

Just about every biochemical and physiological process changes in the
plant during cold acclimation and based on these changes, a large num-
ber of prediction tests have evolved. We have considered 41 variables,
which have been implicated in winter surv1va1 of plants, to determine
their usefulness in prediction tests. In these evaluations we have
asked the following questions: a : ,
1. Do fully accllmated plants from genotypes with .a range of cold.
hardiness potential show’ significaTt differences for these
variables? - :

2. Are measurements of these variableé wufficiently repeatable?
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- 3. Are the differenees detected hetitéblé”

4. What is the relatlonshrp of these dlfferences to . ﬁifferences in field
: surv1val7 .

All experiments are not complete but to date.we have found:

1. That significant differencés among'fdllycacclimétéd cultivars do
occur for most of theSe variables.

2, The experlmental efror for measurements of many of these variables
was high, i.e., repeatabilltles were low.

3. Highest heritabilities were found for LTsq (. 82), .crown and leaf
water content, plant height -and plant €érectness.

4. LTsq gave the highest correlation Wlth field sutVIval (r= -.94).
Measures of plant erectness provided additiomal information on
field survival. Tissue moisture -coatent and LTgp (r=.86) explained
similar variability in field surv1val

Our conclusion from these Studiés is that where diffetences in winter—
hardiness potential are latge, there are a number of prediction tests
which can be utilized as a supplement to field survival trials. How-
“ever, at best, these tests provide very coarse screens and, where dif-
ferences are small, there #&tre limitations to their usefulness in esti-
‘mating field suivival potential. For ekample, to be-of any practical
use to the plant breedér, prediction tests should be able to detect
diffetences of 1&8s than 15 percent in field survival. Studies have
shown that for LT5p, the best prediction test, 1°¢ difference in a
cultivar's survival tempetrature is equal. to approx1mate1y 30 percent
difference in field survival. The unit of meéasutement in most arti-
fitial freeze tests is 2°C-and, for this reason, #bility to detect
small, but iipotrtant ‘differences amotig cultivars is limited. In addi-
tion, for différetices this ‘small, the lImitatlons imposed by -experimen-—
tal error mean that a large number of replicates is required.
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DIFFERENTIAL SURVIVAL AMONG WI

M. N. Gra

As a positive introductory statement T
make advances in the development of ha

through the use of field tests. I am

tests or laboratory tests, and I encou
to continue their research one hundred
winter wheat I have used the germinati
Andrews, and the crown freezing method
However, for various reasons, in my br

NTER WHEATS IN THE FIELD

nt

would say that we can still
rdier varieties of winter wheat
not casting doubt on artificial
rage the proponents of such tests
percent.. In my own work with
ng seed techniques of Dr. J. E.
developed by Dr. H. G. Marshall.
eeding and testing program I '

have gone back to differential survival in field tests.

In order to have reliable field tests
certain variables. We believe that fo

you have to seed shallowly into a firm
sure uniform packing among the rows, a
seen the differential effect on surviv

tractor wheels.

At Lethbridge we have done considerab

seeder which gives uniform packing for

we have a high level of confidence. in
our field tests.

One thing that you can't control is th
a better range of weather conditions b
tests at several locations. When I fi
I tried to grow yield tests at several
Over several years I found that I was
tests at Lethbridge; I would occasiona
and Lacombe; and I was wasting my time
the Swift Current location. The test
kill.

The reason for this difference in surv

you have to reduce or eliminate
r good survival of winter wheat
seedbed. Also, you have to in-
nd I am sure many of you have

al from the packing effect of

e work on the development of a
every row, and for this reason
the differences that show up in

e weather. However, you can get
v growing your winterhardiness
rst started testing winter wheats
locations in western Canada.
almost always getting good yield
11y get good tests at Edmonton
and that of my cooperator at
there was always lost to winter-

ival became apparent when we

.looked at the soilvtemperature data f

rom the different locations.

For example, during 1977-1978, the te‘perature at 5 cm below the soil

surface at Lethbridge dropped down to
ter months. It never did go down to

-5°C for 19 days during the win-
10°C. However, at Swift Current

the soil temperature_was at -5°C for 86 days; it was at -10°C for 37

days; and it was at -15°C for 2 days.
ter.
has been down to -20°C for several da

We can look at these soil temperatureJ
the mean temperature for January in 19
perature for January at 5 cm below the
at Swift Current the mean for the mont

On the basis of my experience attempti
into account the soil temperature data

“And this was not a severe win-

We have seen winters at Swift Current where the soil temperature‘

S..

in a different way by observing
78. At Lethbridge the mean tem-

SOll surface was -4 5° C, while
h.was -11. 6°C ' »

ng to grow y1e1d tests, and taklng
available to us, I now make use
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of four locations for winterhardiness tests. Lethbridge is the mildest
location and usually gives alfiost complete survival Swift Current is.
the most severe and often thé whole test is lost.iﬂE& ‘ton. and Wlnnlpeg
have more snow cover and give an. intermediate reaction. Saskatoon is .
being added this year as a fifth test . 31te., The important p01nt about
these locationms is that there is always at 1east one where I get a. good
differential winterkill —- and that is what I -am looklng for.

Up to now the use of field- tests to identify superior levels of winter-
hardiness has been successful, as exempllfied by the release of varieties
1like Sundance and Norstar. Maybe ‘we have gone “3s far as we can in iden-
tifying superior varieties, using ‘this method, and in the future we will
have to rely more on reSearéh in physiolog',and pafhoiogy, ‘accompanied
by more precise techniques for measuring fine diffeﬁé,ces in cold ‘hardi- .
ness. For myself, the field tests have served me:: and in the ‘long
run, no matter how many laboratory tests we apply 1n dcreening out more
cold hardy types, the ultimate test is still golng o be survival in

the field.

In summary I would say ‘that it is pos le to distifiguish varieties and
lines of superior winterhardiness by growing them in field trials at
several locatiofis. I have come to certain conciu51dns as to the rela-
tive levels of winterhardiness among many varletles, ‘and perhaps this
information can be brought out in more detail in Sessioén V, ‘when Dr.
Schmidt will be askins us: about sources-of breedlng material.
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WINTERHARDINESS --
FIELD EVALUATION TECHNIQUES AND PROCEDURES

John R. Erickson

Test Locations

Because of variability in climatic conditions from year to year, it is
difficult to predict when and where d1fferent1al survival will occur.
Previous experience and weather records may indicate suitable testing
sites. If an area has infrequent winter damage it may be necessary to
make a cooperative arrangement with soTeone in another region. The
Uniform Winterhardiness Nurseries handled by Dr. Johnson are an -ex-
ample of this type of cooperation. '

Testing should be done in an area whicn slightly exceeds the normal re-
quirements for your area. This will permit expression of real differ-
ences that exist. Ideally, 50% average survival of tested material
would allow maximum expression of real winterhardiness differences.

Testing for several years may be necessary to have the right condltlons
occur for maximum differential.

Land Preparation

A firm, smooth seedbed with soil m01stLre within seeding depth is es-
" sential for uniform stand establishment. Uneven emergence within a.
plot gives an effect similar to different seeding dates. Using a rod
weeded for the final two tillage operations usually will result in a
firm seedbed with moisture near the surface. :

Another option to obtain differential survival is to seed between bar-
riers for additional protection if prevailing conditions result in ex-
cessive winterkill. If moisture is adequate, plots can be established
on stubble with duplicate plots on fallow to provide different levels
of protection., Soybean stubble provides some protection with little
crop residue. A thin seeding of flax planted one month before plot
establishment is another means to provide additional protection.

Seeding Equipment

Any plot equipment that will give uniform stand establishment can be
used for seeding winterhardiness tests., Some modifications may be
necessary to improve precision. Wheel| track effects can be signifi-
cant in adjacent rows so rows should not be seeded in previous wheel
tracks nor be driven on after seeding. Wheels should be set out at
least 3-4 1nches from the row to m1nim%ze effects.

Various-types of openers can be used dependlng on soil type, . moisture
content and amount of ridging desired. ...Disc or very .narrow shovel .
openers will leave: the surface relatlvely smooth -and work best in fﬂ ’,,
heavy soil and wet conditions. Three to 5—1nch wide shovels will make
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higher ridges and permit- deeper planting without covering the seed too
deeply and provide more protection. An esSentlal feature £fot all plant-
ing systems is an effective set .of press wheels to- firm %he soil around
the seed. This promotes good stand establishment and helps prevent
soil movement during the winter and spring

Seeding Rate

Rate of seeding is a variable that can be adJUSted ‘to compensate for
lack of winterhardiness. Heavy seeding rates may mask real survival
differences, while low rates -of seeding may result in .excessive win—
terkill.

Minimum seeding rates -to achieve optimm- yields in an area probably are

‘best for wintethardiness testing. Uniform stands: wiﬁh 60%~70% sﬁrviVal

will achieve yields comparable ‘to complete survival

Seeding rates may be lowered to put additiondl stress on a test or
raised to prevernt excessivewirnter damsige. Duplisaﬁe gets of entries
seeded at different rates may achieve éptimum differential survival,

Seeding Date

Seeding date can have a major effect on winter survival. Very early
seeding may result in infections with wheat streak #iosaic and/or foot
rot organisms which can confound survival differentes. Delayed seeding
results in small plants with insufficiemt reserves for over-wintering.

Genotype by seeding date interactlons -are signiflcant with more winter-

‘hardy cultivars maintaining better surV1val for lateér dates than less

winterhardy cultivars.

Two or more seeding dates will provide greater possibility of encounter-
ing differential surv1val A single seeding date, somewhat latér than
optimum for yield, may impose enough additional gtregs to differentiate
among some genotypes. .

Plot Size

Winter survival data may be obtained from various plot sizes, depending
on uniformity of winter damage. Plots should be large enough to obtain
an accurate estimate of survival, but small enough to sample the vari-

ability encountered in field survival. Long, narrow plots offer a bet-
ter chance to-avoid probletis caused by minor: varlations in topography.

Minimum plot size for a relatively accurate assessment,of surv1val is
about 10 sq. ft. A single-row plot 10 ft. long is acceptable, but a
single rod row may give more reliable readings. If seeder wheel track
variability is a problem, 2-row plots 8 ft. long may be used. Head
rows generally are too short for accurate assessment, but may be use- .

ful for 'screening purposes. If suitable checks’ are planted every tenth ,.l

row, relative comparlsons can be made.
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Number of Replications

Increased replication improves precisidn of -a test and reduces error
variance. The number of treatments affects the degrees of freedom
associated with the error variance, a mlnlmum of 30 d.f. is desirable.
Practical considerations such as amount of seed avallable, number of
entries tested, etc., often restrict the amount of replication. Win-
ter survival is often highly wvariable so as many replications as feasi-
ble are desirable.

| ~ X .
A minimum of two replications is necessary to obtain an estimate of
error variance. It also is a practlcal minimum to sample some of the
gross variation encountered in a f1eld‘test. ‘'Three or four replica-

tions will improve accuracy. Addltional locations are another form of
replication and it probably is more desirable to have two or more lo~

cations rather than increased repllcat;on at a single location. Test-

ing for two or more years is another fcrm of replication and is normally
encountered as more advanced testing occurs.

Check Entries ‘

The choice of suitable check entries iﬁ essential for relating winter-
hardiness levels. A minimum of three checks to encompass the range of
acceptable winterhardiness should be used. Additional checks with

higher and/or lower winterhardiness than desired may be used to detect
the full expression of winter damage.

Check entries seeded every tenth row, alternating among high, medium

and low winterhardiness types, permit ‘alid comparisons. Each row is

within five feet of a check and can be|related to both adjacent checks.

Rating Systems

Any system of rating that adequately differentiates among entries and
can be applied consistently and accurately is satisfactory. Actual -
stand counts are very laborious and probably unnecessary for most pur-
poses. Visual ratings are much more ripld and sufficiently accurate
(+ 5%-10%) for most purposes.

An essent1a1 step in evaluating winterhardiness is taklng fall stand
notes. This should be done relatively late in the fall growth cycle.
Spring observations should be delayed until the plants have resumed
active growth as winter damage differences often are magnified. Spring
vigor differences often may be related to winter injury.

Scores may be based on the percentage.:f surviving plants or the degree
of winter damage. Scores to the nearest 10th percentile probably are
about as accurate as visual observatlons can be realistically made.
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‘INDIVIDUAL PLANT SELECTION
WITH A CONTROLLED FREEZING TEST

H. G. Marshall_

‘Freezing resistance is a principal. component of winterhardiness in
cereal crops and is, therefare, the -basis of controlled freezing tests.
Although many scientists have reported good correlations between win-
terhardiness and freezing resistance, freezing . tests -have not provided
the needed panacea.for .the -prediction of winterhardiness and ‘the .se-
lection of superior gemotypes. Among several reasons. for ‘this are the
following: 1) precision ‘has: -not been goad enough tto seéfficlently .sepa-
‘rate lines within a'narrow-genetic range, 2) technigues have not :facili-
.tated individual plant-selection, and 3) :poor contron;OVer several :dis-
‘tinct forms of freezing stress. : ‘

"In general, the:differentiationsOf lines for resistance to freezing stress
has been dependent upon the use of many :replications. ‘The use of tech- '
niques like LDgg (determination of the'temperature at which 50% of the
plants are killed) has been-necessary because of -uncontrolled variability,
either genetic or environmental or both, in the.expression and measure-
ment of freezing resistance. Theoretically, all plants in a homogeneous
population (pure-line) should respond-.alike to absolutely uniform con=
"ditions during the plant growth,fhardening, freezing, and recovery stages
of a freezing test. Under :absolutely uniform experimental conditionms,
differences in plant respomse should be caused by'genetic variation and
not .environmental variation. The ultimate freezing test should facili-
tate -essentially error-free dindividual plant selection or, at least,
progeny selection based on:a few plants. While absolute env1ronmenta1
control probably is impossible :and impractical, effective plant selection
programs should be structured around this. goal

"Recovery of winter cereals:in the. spring depends on survival of crown
-meristems from. which all parts of the:plant can' be. regenerated For
several years, I have used crown freezing tests in.my winter oat program
to. classify lines for resistance to ‘freezing stress. -Differentiation

“has been based on experiments involving several plants and replications.
Recently, we have been-extracting. individual plants in recurrent mass. se-
lection programs and in experiments to transfer genes- from wild to domestic
oat backgrounds. ' S :

Individual plants are grown in a sem1~nutr1culture system. De-hulled, pre-
sprouted -seeds (sorted for uniformity) are planted '3 cm deep in plastic
tubes (2.5 x 11.5 cm) filled with a finely ground and thoroughly mixed -
medium of 1/2 sand:1/2 peat moss. Small holes in the bottoms of the

tubes allow nutrient solution to enter. The. tubes are placed in racks
with a spacing of 4.5 cm between tube centers and suspended in plastic
pans. Nutrient solution (1/2 strength Bell's or. Hoagland's) 'is -added

to the pans and maintained so as to- 1mmerse the lower half of the tubes. ...
The solutlons are completely renewed every: 7 to.10 days.v Durlng three.
weeks of pre-hardening growth, the plants recelve .a daily treatment of

12 hours light (20,000 lux) at 20°C and 12 hOurs darkness at 10 °C. .This"
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is followed by one week of hardening thh daily treatments of 11 hours
light at 13°C and 13 hours darkness at |1°C. This hardening treatment
develops a level of freeze resistance similar to that of naturally

hardened piants. "Grawth habit, tiller number, and crown s1ze of the ‘
plants will be similar to these traits-in f1e1d—grown and hardened plants.

For the freezing treatment, the general procedure is to cut off the leaves
and roots and to place the crowns in capped, clear plastic vials. - The
vials of crowns are placed around the. gerlmeter of a circular turntable
in a freezing chamber. Beginning at 29C, the temperature is lowered at
1.5°C per hour to the final temperaturé (1n the 22° to 26°C range for
oats) and held for 8 hours. The temperature is then raised at the same
rate to 2°C for an 8-hour thaw treatmeﬁt. After thawing, the crowns

are slowly warmed to 20°C over a 24-hour period. After warming, a small
amount of water is added to each vial, and they are transferred to a
lighted bench at about 20°C. After a 72-hour recovery period, crowns .
that have not made top growth similar to that of check crowns that were
not frozen are discarded. The remaining crowns are held in the capped
vials for 6 to 10 days and then those with new roots are transplanted

to pots and grown to maturity. The crﬁwns can be transplanted after the
initial 72-hour recovery period, but this has not given any significant
Increase in the percentage of crowns t?at initiate roots.

Based on progeny tests, about 757 of the winter oat lines we have ex-
tracted from heterogeneous populations: by crown freezing have been equal
to the hardy parent for freezing resistance. Using a bulk population
constituted from four varieties with winterhardiness ranging from moder-
ate to high, a single cycle of mass selectiom for freeze survival (84%-
elimination) brought the population to| 95% of the most hardy component
variety. '

The individual crown freezing technique is belng used to search for
plants with transgressive levels of resistance to freezing stress and
to select individuals for sib-crossing in programs to improve winter-
hardiness in oats. ‘ ‘
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INDICATORS OF WINTER SURVIVAL ABILITY OF- WHEAT .
" GROWN IN THE PACIFIC NORTHWEST ' '

Donald W. George

The infrequency of "test w1nters ‘at any given nursery site

in the PNW and ‘the relatively poor hardiness of” many parental
_lines in the breedlng programs make it necessary to seed al-
ternative ‘téchniques to field testing for’ the"’ luation of
winterhardiness. A modification ‘0f ‘the Marshall crown freez-
ing technique has provided the most reliable indications of -
coldhardiness but its use depends on field conditions. Other
indications of" superlor Survival ability have’ be 3 recognized

_ These 1nc1ude prostrate vs. upright ‘growth habit Fdeeply placed
¢rowns, res stance to foliage in 'y by freezing, and dark green
narrow leavés. These characteristics "have all en ‘shown ' to cor—
relate w1th ‘wintetr ‘survival but the winterhardin gs nursery is
still regarded as the definitive test of field performance.
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THE CARGILL WHEAT RESEARCH EVALUATION PROGRAM
FOR WINTERHARDINESS

B. J. Roberts, D. R. Johnston, and B. C. Curtis

|

 Cargill winter wheats are evaluated for winterhardiness at Seward, Ne-
braska and Brookings, South Dakota. Data from these nurseries are used
to identify the more winter-hardy se1e¢tions and populations planted in
the breeding nurseries at Spearman, Texas and Winfield, Kansas. The
following describes the current procedﬁres used:

Fy Observation Nursery: Single repllcatlon grown at 4 locations; a
check variety planted every 25th plot; a 15 gm/plot seeding rate.

|
|

4-row plot 5' x 13" seeded. Breeding

. ‘nursery.

Winfield, Kansas -— 4-row plot 5' x 13' seeded. Breeding
nursery for resistance to SBMV.

2-row plot 2.5' x 13'. Winterhardiness.
2—row plot 2.5" x 13'. Winterhardiness.

Locations:

Spearman, Texas -

Brookings, South Dakota -
Seward, Nebraska -

Fo Regular Nursery: Best populations ﬁrom the F, Observation Nursery from
the previous year are grown at Ft. Collins from reserve Fy grain. Approxi-
mately 700 to 1,400 seeds are space-planted with a Milton planter. In-
dividual plants are selected for a plant to plot evaluation in the F3
generation. Generally, a single Fy plant produces a sufficient quantity
of seed to plant the progeny at four. locations. (Two- or 4-row observa-
tion plots of the Fy regulars are again planted at the four locations

to confirm previous observations -- if| there is sufficient seed.)

F3's from'Fy Regulars: Gronn at 4 locations; single reéplication; 10
to 15 gms/plot; 2-row plot 2.5' x 13' seeded.

Locations:

Spearman, Winfield, Seward, and Brookings.

Only F3's from SBMV-resistant Fy's are grown at Winfield.
F;'s from Fq Regulars: A modified bulk system is used in harvesting se-
lected F3 plots. Approximately 50 heads are taken and bulk threshed to
provide enough seed to plant the two w1nter—hardy observation nurseries
and continue the F, plot at the breedlng nursery.

Advanced Lines: Two replications of all B-lines and hybrids. entered in
the yileld trials are grown at Seward and Brookings during all test years. |
Restorers are grown in a single repllcation.v_ _ : '

Starting with the F3 generation, a check variety is planted in all plots.
with a pumber ending in 01, 02, 03, 04, 05, .20, 40, 60, and 80., They gen-
erally include Trapper, Centurk Scout 66, Trlumph 64, Vona, TAM 101,
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Payne, Newtpn and other new lines. A scale of 1 to 9 is used to rate
each plot for w1nterhard1ness (1l is best, -and 9 segregating) The rating

is usually a combination of percent of ‘survival, severity of . damage and/ -

or vigor depending upon the severity of damage to the nursery. . The re— ‘
sponse of varieties Vona, Triumph 64, and TAM 101 is generally used to
establish the minimal level of acceptable w1nterhard1ness. :

The winterhardiness nurseries at Seward and Brooklngs are "plow down
_nurseries. A contract is made with a wheat producer for land and prepa-

.ration of seed bed. The contract extends from September 15, approximate

date of seeding, to April 15 or until land preparatiorn begins for a:
spring crop. These nurseries are used only for evaluating winterhardi-
ness; not for seed production. ~All materials ‘planted in these nurseries
are grown in breeding or yield nurseries at other locations. e "plow
down" feature greatly reduces the cost of our test progranm. In 1977

a total of 12,108 plots (5, 778 at Brookings and 6,330 at Seward) were
evaluated for winterhardiness at an approximate cost of $0.167 per plot.
Fifty percent of this cost is for land rental and the other fifty per-~
cent is for ' associated expenses
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WINTERHARDINESS EVALUATION IN FLATS

- D. G. Wells and|C. L. Lay

In the early part of my program oﬁ winter wheat in the 1960's,
we made tests of hardiness in woohen flats or plastic trays
using suggestions in published papers. ‘A useful differential .
in survival occurred among varieties seeded in flats, har-
dened outside until December, then frozen at 5°F for one or
two days. Results resembled those occurring in field plots.
Since field testing was then so reliable, indoor tests were
not continued. The recent occurrence of excessive winter
injury in succeeding years and the possibility of refined
techniques able to distinguish between varieties at the up-
per levels of hardiness encourage the use of new artificial
procedures. 1 .
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TILLAGE MANAGEMENT FOR HARD RED WINTER WHEAT PRODUCTION

B. W. Greb

Climate largely determines: the cropping system of winter wheat in the
Central and Southern Great Plains of the United States into three cate-
gories:?

Rainfed summer fallow rotatlons in semiarid areas of 12 to 22
inches. (305 to 560 mm) annual precipitation and the 22 to 25
inch (560 to 635 ) fringe of subhumid climate.

Continuously cropped winter wheat in rainfed subhumid areas of
25 to 32 inches (635 to 810 mm). »

Irrigated wheat.'

Regardless of cropping system, the obJective is to satisfy the water
requirement needed for economic production. It takes about 8.3 to 9.0
inches (21 to 23 cm) water-use by winter wheat to produce the first
unit of grain. Production proceeds thereafter at 4 to 7 bushels/acre~
inch water supply as shown in Figure 1.

At crop harvest, the soil is generally dry to several feet depth. The
business of harvest to planting tillage gystems is to enhance soil water
storage, espec1ally of rainfed systems, and also provide a firm moist
seedbed for rapid wheat seed germination. Choice of tillage is dictated
by the type of cropping system, volume of crop residue, weed infestation,
and to a lesser extent, the soil texture ranging from loose sand to tight
clay loam.

The ramifications of tillage are much ‘too complex to be given here. Only
an outline of basic principles and a fiew tillage options are presented
for the three categories.of winter wheat productlon.

Summer FallOW'Rotatlons

With alternate fallow-wheat, the fallew season is 13% to 15 months. In
fallow-wheat-sorghum (corn or millet), ‘the fallow season is 10% to 11
months. Both these rotations include. an important overwinter period.

The objectives of good fallow include: (1) maximize 3011 water storage;
(2) maintain available N supply; (3) minimize soil erosion; and (4) mini-
mize production costs.

Research and experience shows that the above objectives are best achieved
with the following five point program: (1) weed-free stubble by tillage
and/or herbicide control during the entire fallow period; (2) keep. stub-

ble upright over winter to catch snow, suppress evaporation,_and moderate .

raindrop impact of heavy rain; (3) maintain a straw mulch the last 2%
months prior to plantlng, (4) maintain hard soil clods %- to 3-inch (1.3 .
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to 7. 6 cm) diameter for erosion control; and (5) moist soil near soil
surface for seedbed. The three most uged tillage systems for fallow
Vinclude those shown bélows: S . .

"Fallow Systems

Time  Conventidial ~ Stubble Mulch Minimum Tillage
Fall - - . Sweep. . Herbicides
Mid-Spring Disk (deep) Disk (sh#allow) . ' -
Late Spring Disk (&hallow) Sweep | © Sweep
Summer _ﬁnckfoot chisel Rod-weed Rod?wééd
Rod—weed _ d-weed : Rod=-weed?
Rod-weed . :

A history of faIlow efficiency and re
and other systems at Akron, Colorado is given in Flgure 1. Yields from
North Platte, Nebraska and Colby, Kansas would be somewhat higher than
at Akron becausé of higher annual precipitation. .

Fuel costs and technology suggest that minimum tillage fallow will be

of greater importance in the near future. - No-till fallow is on the draw-
ing boards pendlng herb1c1de experimentation and development of new plant-
ing equipment needed for heavy stubble conditions.

ContinuOus'Wheat

The time lag from harvest to planting for continuous ‘winter wheat ranges
from 3 to 4% months. It is imperative ‘that 7 to 9 inches (180 to 230 mm)
rainfall be recelved during this periéd to assure some stored soil water
and seedbed m01sture. Fall rains aftér seeding are also needed to pro-
moté root exténsibn deepér into the soil.

Tillage options for continudus wheat include at least four systems as
follows:

| Operations A B ' - C ' D
1 Plow Disk ‘);_\ Sweep | » Herbicide
(grassy weed (heavy étibble) (1ight stubble)
control)
2 Disk Rod-weed Rod-weed Sweep or
(weed and ' Disk (stub-
soil packing) - . ble factor)
3 - . Rod-weed? . Rod-weed? ~ Rod-weed?

There is a trend toward greater use of herbicides. No-till is also a possi-
bility for continuous winter wheat. In both fallow and continuous wheat,
the rod-weeder with tongs attached is the standard seedbed tillage opera—

tion.




- 59

|
Irrigated Wheat

There should be little difference in tillage and/or herbicide use be-
tween irrigated and continuous rainfed wheat. . Fresh thick stubble lends
itself well to post~harvest weed control if succeeded by full irrigated
corn or partial irrigated sorghum or millet. The water requirement for
irrigated wheat is little different from fallowed wheat. Assuming a
water saturated soil profile to six foot depth containing 8 to 11 inches
(20 to 28 cm) available water at seeding time, irrigation can be limited -
to only about 4 to 6 (10 to 15 cm) inches at the late~flowering stage to
achieve high yield. Abundant early spring irrigation tends to elongate
stems and leaves at the expense of grain yields later.
Summary
The modern concept for all winter whea? culture during the period from
the harvest of a.crop (wheat or otherwise) to wheat planting is a weed-
free upright stubble maintained as long as possible. This is best achieved
with herbicide combinations. '
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CONTROL OF WINTER ANNUAL, PERENNIAL, AND
-ANNUAL WEEDS IN WINTER WHEAT

R.- L. Zimdahl

Because the title assigned for this paper was so broad, certain assump-
tions were made. These included that those present knew the usual broad-
leaf and grass weed problems encountered in winter wheat and could dis~
tinguish between them. 1T further assumed that people understood local
weed control recommendations and consulted them when appropriate.

Colorado's recommendations for weed control in winter wheat include only
four herbicides (2,4-D, MCPA, Dicamba, and Bromoxynil). The character-
istics and uses of 2,4-D and MCPA are familiar to wheat workers. Bro-
moxynil is- a contact herbicide which is superior to phenoxy acids for
control of some winter annual weeds such as tansy or blue mustard. It
does have good selectivity in wheat and can be used im the fall or early
spring without the crop imjury often agseciated with: phenoxy acids. Di-
camba will control several difficult annual broadleaved species such as
kochia and wild buckwheat which are often resistant to 2,4~D. It does

‘not control perénnial weeds at rates recommended for selective use in

small grains although it will give some suppre551on in combination with
2,4-D.

Among the important unsolved problems in winter wheat are jointed goat-
grass, an annual; downy bromegrass, normally a winter annual although it
often behaves as a spring amnual; cultivated rye, an annual; field bind-
weed, a perennial; and Canada thistle, a perennial. The problem with
these weeds is not that they cannot be controlled, it's that they cannot
be controlled selectively with presently available technology.

Downy bromegrass is a good example of a problem we have helped to create
by solving other problems. The way in which we culture wheat and our
ability to control broadleaf species have created an enviromment in which
downy bromegrass does well. We know that delaying planting until mid-
October will help control this weed. Cultivation associated with plant-
ing and soil preparation eliminates early germinating plants and the
weed is not as able to germinate later in the fall. The method, of
course, will not work if downy bromegrass behaves as a spring annual.
Cultivation during fallow will also help but if it is improperly done,
it can spread and increase the problem, Plowing will control downy
bromegrass because the seeds only germinate in the upper few inches

of the soil and do not survive burial. Each of these practices has
obvious disadvantages which may preclude use in a given farming opera-
tion but they should not be dismissed as trivial control measures.

The same cultural techniques work for 301nted goatgrass which is becom-
ing an increasingly serious problem in ‘Colorado. We are creating the
conditions for its perpetuation and are often not willing to change -or
find it economically difficult to change present cultural patterns to
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effect cultural control. The additional problem with jointed goatgrass
is that, to date, there are no acceptable herbicides for it.

There are a few developing chemical controls for downy bromegrass, al-.
though they have not received widespread commercial acceptance as yet.
They include metribuzin, trifluralin, ‘nd diclofop. Metribuzin has
given good control of downy bromegrass! and other annual grass weeds

but usually has reduced crop vigor. The rate which has given good con-
trol has often been very close to the rate which begins to injure the
crop. Incorporation is essential for weed control with trifluralin.
Incorporation to one inch has given control with good crop -tolerance.
Deeper incorporation has resulted in crop injury although any level of
incorporation gave weed control. Diclofop has exhibited excellent crop
tolerance and control of downy bromegr%ss. It offers great promise for
control of downy bromegrass and several other annual grassy weeds in-
cluding wild oats in small grains.

Field bindweed is a vigorous perennial‘broadleaved species which is a
problem in wheat and on fallow land. Glyphosate at a minimum of 2 1bs.

of active ingredient per acre has giveh good results in most trials.

Fall application or application after bloom have given best results.
Combination of glyphosate with 2,4~D or dicamba has not been advantageous.

Canada thistle can be controlled with 2,4~D but control requires repeated
applications in one year and applications over successive years. Combi-
nation of 2,4~D with dicamb provides petter suppression of Canada thistle.
Picloram works well for control of Ca#zda'thistle and field bindweed but
environmental side effects and crop sensitivity have precluded its use

in most situations. Glyphosate has given variable results., Fall appli-
cation is almost always better and application at the budding stage or
later has given better results than application during the spring or

in the rosette stage of growth.




- 6‘2 -

'NITROGEN AND:PHOSPHORUS -RELATIONSHIPS
“EN COLORADO DRYLAND “WINTER WHEAT

A. E. Ludwick

A series of field experiments are conducted annually ‘in Colorado to
evaluate fertilizer relationships in dryland winter wheat production.
This program began in 1977. Nitrogen nutrition.and management have
been emphasized each year of this program. Phosphorus was introduced
as a nutrient variable in '1979. : 4

.xitrogen

Thirty-nine percent of the -field sites (11 of 28) -we¥e 'shown to benitro-
gen deficient. Yield responses ranged up ‘to 20 bu/A. In gerneral, the
magnitude of yield response was inversely related to ‘s6il nitrate con-
‘tent. Grain protein consistently increased with nitrogen fertilization;
the increase ayveraged approximately 17 :protein per 35 i1bs N/A and was
independent of .soil nitrate content. Pxesent information indicates

‘that .a reliable fertilizer .recommendation for nitrogen can be made,

based on the yield goal of -the crop and a soil nitrate test to at least
two feet deep.

Three wheat varieties (Scout 66, Centurk and Vona) were evaluated in re- -
lation to their response to nitrogen fertilization. Each responded in a

similar fashion inddcating :that there is mno need to develop separate ni-

trogen recommendations based on crop variety.

Sources of nitrogen evaluated includedranhydrous‘ammonia, ammonium ni-
trate, urea, nitrogen solution (287 N), and ammonium sulfate. In general,
these materials performed equally well over the three-year study period.
In two cases the nitrogen solution produced greater grain protein than
the other materials at an equal rate of nitrogen. This appears to be

the exception rather than the rule. Time of nitrogen application was

not a significant factor affecting yields comparing preplant incorpora-
tion and fall versus spring itopdressing of ammonium nitrate.

Phosphorus

In the first season of evaluating phosphorus as a potential limiting nu-
trient for wheat production in eastern Colorado, three yield responses
were observed out of sewven locations. The maximum-yiéeld response was
4.0 bu/A.

Additional research will be conducted on a range of soils during the
next few seasons to determine the extent (frequency and severity) of
phosphorus deficiency. Additipnally, dual nitrogen~phosphorus applica-
tion methods will be evaluated for potential positive interactions as
have been observed in research by Kansas State Unlversity personnel on
dryland winter wheat.




AGRONOMIC PRACTICES FOR WINTER SURVIVAL OF WINTER WHEAT

!
J. K. Aake

The winter of 1978-79 proved to be a severe test for winter wheat survival
in the Great Plains of Canada and the northern United States. "Time tested"
cultural practices failed and thousands of acres of winter wheat did not
survive —-- although some cultivars survived better than others.

Survival of winter wheat is influenced by environmental and genetic fac-
tors. Some environmental factors causing winterkill include: freezing,
desiccation, suffocation, ice crust formation, and soil heaving.

The environmental conditions to which %inter wheat is exposed directly af-
fect the rate of hardening and the cold hardiness levels that are attained.
Prerequisites for a high level of coldLhardiness are well established
Plants and proper hardening temperatures. If the proper conditions are
met, hardy cultivars can withstand soil temperatures at the crown node

(ca. 3-cm depth) of -20 to -22°C; less| hardy cultivars, -15 to -16°C.

To aid in achieving maximum cold hardiness levels, close attention must
be given to management practices. Since winter wheat can regenerate from
the undamaged crown node, the temperature to which the crown node is ex-
posed is critical for winter survival.| Should the temperature fall below
the minimum survival temperature at any time during winter, death of the
crown node will result. Therefore, to protect the crown, it is important
that proper seeding techniques be employed. Deep furrow drills form fur-
rows about 5 cm deep, providing some p‘otection, and also create uniform
roughness for trapping snow. Snow cover is very important -- a uniform
snow cover of about 7 cm is probably s%fficient to protect the crown
when air temperatures occasionally drop to -40°C. Seeding at the proper
depth (about 4 cm) into a firm, moist seedbed is important as is time of
seeding. A well-developed plant is needed for proper hardening. Early
seeding causes too much growth, usually resulting in plants susceptible
to disease and injury. Late seeding does not provide enough time for the
plant to develop and accumulate enough reserves.

Probably an optimum management practice would be to seed with a zero till-
age drill or deep furrow drill directly into standing stubble. Conditions
would be that weeds are controlled, soil water is adequate, and proper at-
tention paid to fertilizer needs. The.stubble greatly aids in trapping
and holding snow and also in itself has an ameliorating effect on soil
temperatures and desiccating winds. : ' ’ '

Proper attention must be given to P and K fertilizer levels to insure
adequacy. Large kernels seem to be advantageous, and uniform seed size
will aid in even germination and emergence which in turn will insure bet-
ter probability of a uniform, well-developed and hardy field of winter
wheat before freeze-up. : e " '
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EFFECT oF CULTURAL PRACTICES -ON COLD HARDINESS AND
’ SURVIVAL .OF WINTER WHEAT

S. Freyman

Low_temperatures dnring the winter. of 1978*79“along-with little snow cover,
followed by warm weather in early spring and then a cold snap, provided a
severe test for winter wheat survival in southern Alberta.

.Winterkill was extensive and occurred in patches, with the most severe dam-
age on knolls wind-swept clear of snow. In some cases, winterkill occurred
despite the use of recommended varieties and good agrenomic practices. How-
ever, in many cases, where vecommended practices wefeé followed, thé wheat
survived even though there was little Or Nno Snow ‘COVer.

For an example, .one fleld had an excellent stand in tle corners where the
field was 'seeded-out', while plants in the rest of the field were dead
or weak. After digging the plants up, it became evident. that the most
severe damage occurred where the crop was seeded too deep (7 em or 3
inches) into a loose seedbed and that healthy plants resulted from shal-
low seeding (*3 cm or 1 inch) into a firm seedbed. A similar situation
was observed in another field where a discer-seeder was used. The best
stands were found in the wheel tracks, where compac¢tion prevented the
seed from being placed too deep into loose soil. The importance of
shallow seeding into a firm seedbed for winter survival has been recog-
nized by Andrews et al. (1959b) and Freyman (1978) and has been a rec-
ommended practice for a number of 'years (Andrews et al. 1959a; Grant

et al. 1968, 1974). :

Another contributing factor to the widespread winterkill was that most
fields were seeded in the third week of September or even later. This
was due to unusually heavy precipitation in the late summer of 1978.
Studies on the effect of date of seeding winter wheat at Lethbridge
showed that the optimum seeding time for maximum winter survival is

from September 1 to September 15 (Pittman and Andrews 1960). It was
found that there is a rapid reduction in winter survival of wheat seeded
earlier or 1ater than thlS period.

The wheat that survived the winter most consistently had a protective
snow cover. Such .covers were found in low spots; along roadside embank-
ments, and on fields with stubble. A striking example of the benefit of
seeding directly into stubble was found near Medicine Hat, where a farmer
seeded his fallow and then, because of excellent soil moisture conditions,
decided to continue seeding into stubble of a crop harvested only 3 weeks
earlier. The stubble acted as a snow trap, offering complete protection
to the over-wintering winter wheat, while plants on fallow with limited
or no snow cover were badly damaged and had to be eultivated out.

The climate of southern Alberta is such that in some years .it.is not-pos-
sible to seed imto stubble. Consequently, I have been studylng the use.
of tall wheatgrass as a means of prov1d1ng a protectlve blanket of snow
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to winter wheat seeded into land that ﬂad been fallowed and has little

or no stubble. The use of grass barriers to trap snow has been studied .
extensively in Montana (Aase and SlddoWay 1976) but malnly as a means of
recharging 3011 water. .

The winter of 1978~79. provided an excellent test for the barriers._ Three
varieties [Thatcher (spring wheat), Capelle, and Norstar] were grown in
consecutive 1,4-m widths between the grass strips. Half of each of the
four grass strips was cut (check) while the remainder was left standing
to trap snow to the east of each grass|barrier.

Soil temperatures were taken at the 2.§-cm depth on mornings following
the 6 coldest nights of the winter. Thermocouples were located 1 m,

8 m, and 15 m to the east of the tall wheatgrass strips. Soil tempera-
tures averaged for the six readlngs and four replicates are shown in
Table 1.

Table 1. Soil Temperature, 2.5-cm depth

cot.
. Distance )
from Wheatgrass
strip (m) Cut : Uncut
1 -11.0 - 5.3
8 -10.8 -10.8
.0 -11.5

15 -11

+Average of 4 repS'on‘6 coldest days.

The lowest temperature recorded was -15°C on December 29, 1978. Trapped
snow was deepest close to the strips and tapered off to a light skiff 5m
away. This light snow cover had no effect on soil temperatures and con-
sequently offered little or no protection to the wheat. Check plots were
essentially free of snow. About 10% of Capelle and 5% of Thatcher sur-
vived within 2 m of standing wheatgrass but these varieties were com-
pPletely killed elsewhere. Norstar survived regardless of the presence

of a snow cover. Furthermore, distance from, or presence or absence of
wheatgrass strips, had no effect on the yield of Norstar., These plots
are being continued; however, judging from the experience of the past
winter, tall wheatgrass barriers hold little promise as a means of of-
fering protection against winterkill.

Another method of trapping snow in fal‘owed land is to use furrow-forming
drills such as the Noble. My experience so far has been that the snow in

the furrows does not persist and conse uently offers little protection to
the winter wheat.

In controelled environment experlments,,I have found that fertllizer and
herbicides affect cold hardiness. :

The effeet of fert111zers on cold hardlness has been known for many years
and the reported work has been reviewed (Dexter 1956; Alden and Hermann
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1971; Single 1971). It has generally'Been found- that applied N reduces
cold hardimess while K increases it, but the effect of P has been vari-
able. We tonducted controlled: .environment experlments ‘on. the ‘effect of -
fertiiizers on. cold hardiness (Freyman and Kaldy ‘1979) because no. studies .

" had been done on a ‘calcareous Dark Brown: Chernozem., This soil is typical . o

of those on which a large portion of the winter wheat on the Canadian
prairies is grown and is normally low in N and P and High in K. The ef-
fact of applied fertilizers on cold hardiness of winter wheat is presented
in Table 2.

Tableé 2. Cold hardiness of two wiiter WHeats.

, NPK . , ‘

fertilizer: . LT 50 (°C)
(kg/ha) ‘ Kharkov 22 MC $u'

©0-0-0 - -16.0. a - ~15.7 ab
90-0-0. . =13.94d 14,1 cd
186-0-0 - -13.9:d -14.2 cd
0-40-0 -15.5 ab -15.3 ab
0-80-0 ‘ -15.4 ab =15.3 ab
90-40-0 © -15.7 ab -14.9 be

180-80-0. ~15.9 a -15.9 a

Applied N decreased cold hardlness in the absence of P, while P .applied
in the absence 6f N had little effect. When applied together P counter-
acted the effect of N, resulting in a s1gn1ficant Nx P interaction. The
soil was rich in K, and application of additional amounts (in another
experiment) had no effect on cold hardiness., These results suggest that,
in soils deficient in P, K alone does not counteract the effect of N and
that P and, presumably, K are needed to attain a high degree of hardiness
when winter wheat is growm on a soil rieh in N.

Phenoxy herbicides are occasionally used in the fall to control winter
annual weeds such as stinkweéed and tansy mustard. We studied the effect
of this practice on cold hardiness in a controlled environment experi-
ment (Freyman and Hamman 1979) and found that all the herbicides tested,
except diclofop methyl at the lower rate, signlficantly reduced the

cold hardiness (Table 3). Reduction in cold hardiness was greater at
the higher rates of application than at the lower rates. The greatest
reduction in cold hardiness was caused by MCPA. No reduction in.cold
hardiness was detected in a field test with the same herbicides in

1978-79.
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Table 3. Cold hardiness of Norstar winter wheat.
- _ . ‘ LT 50 (°C) ‘
- Herbicide Low rateT " High rateT
Check ' -16.6 g -
Diclofop methyl -15.9 g -15.1 £
MCPA amine -13.1 cd -11.4 a
2,4-D ester -14.3 e -12.6 be
2,4~DB —14.% e =12.1b
2,4-D amine ~13. -12.5 b

t+Low rate = 0.5 kg/ha; high rate = 1.0 kg/ha for all
herbicides except 2,4-DB, where low and high rates =
1.0 and 2.0 kg/ha, respectively.

In summary, on the basis of observations and research at Lethbridge,
the following cultural practices should be followed to minimize the
risk of winterkill: .

— Seed recommended winter-hardy. varieties.

-~ Seed between September 1 and September 15.

-— Seed into stubble. Stubble is the most effective way of trap-
ping snow that will protect the wheat regardless of the severity
of the winter.

—- Use plump kernels and seed shallow into a firm seedbed.

-— If N fertilizer is applied in the fall, the soil P content
should also be high.

-- Spray phenoxy herbicides in thT spring instead of in the fall.
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THE EFFECT OF MANAGEMENT PRACTICES ON .
WINTER SURVIVAL OF WHEAT

Brian Fowler

The ability of wheat cultivars to survive the extremes of winter can be
greatly influenced by management practices. The closer the minimum cold
hardiness requirement for a production‘area is to the cold hardiness po-
tential of a cultivar, the more critical management becomes. Therefore,

in our efforts to overwinter wheat und%r the extreme conditions experienced
in Saskatchewan, we have given special‘emphasis to the role of management.

|

Seedbed preparation ‘

Seedbed preparation is one of the most important factors affecting winter
wheat survival. Hot, dry weather, which often occurs in the late summer,
quickly dries out loose, open soils. The result is usually uneven germi-
nation and weak seedlings which are extremely prone to winterkilling. Under
Saskatchewan conditions this will essentially guarantee a winter wheat fail-
ure.

Stubble seeding can result in successful winter wheat stands where the pre-
vious crop has been harvested at an early date and where moisture condi-
tions are adequate to permit good plant establishment before freeze-up.

The standing stubble assists in trappipg snow_and a very firm seedbed

is provided. No seedbed preparation is necessary; however, good drill
penetration is required. The hoe pres‘ drill or zero tillage drills will
provide the best stands under these conitions.

On both summerfallow and stubble, the pptimum'seeding depth is less than
4 cm, into firm, moist soll. Deeper seeding often results in delayed
emergence and weak plants which are susceptible to winterkilling.

Date of seeding 1 :

Winter wheat should be seeded early enough to allow for the establishment
of a healthy, vigorous plant before fr‘eze-up. However, seeding too early
will result in excessive growth in the| fall and plants which are usually
less resistant to injury and disease. | Generally recommended seeding dates
in Saskatchewan are around August 25 for the north and September 7 for the
extreme south of the agriculture area..

Snow trapping |

Given the extremes of Saskatchewan winters, snow cover becomes a critical
factor in winter cereal production. Snow usually arrives earlier and
stays later in the Black and Gray soil| zones (Parkland) than in the Brown.
For this reason, outside of the Chinook area in the extreme southwest of
Saskatchewan, the greatest potential fbr-winter wheat production lies in
the northern part of the agricultural épea;_.HQwever, even in the Parkland,
it is extremely difficult to maintain adequate snow cover for acceptable.
winter wheat survival on summer fallow| fields. This means .that some form.
of snow trapping is necessary in most ?f Saskatchewan to ensure the suc-
cessful overwintering of wheat. Lo o : .

Several means of snow trapping have beLn considered. These include:
\
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(a) Thin stamds of rape, flax or other summer .annual grown as a com-
panion crop w1th the winter wheat. To be effective, ‘this . method of snow
trapping usually requ1res the companlon crop be seeded ear11er than the
winter wheat.

(b) Trap strips of summer annual crops'or perennial grasses sown at in-
tervals across the wheat field perpendicular to the prevailing winter
winds. This method also requires two seeding operations. In addition,
where perennial grasses are utillzed ‘the strips 1nterfere ‘with normal
tillage operations. :

(c) Tree shelterbelts. Shelterbelts have ‘been utilized effectiwely to
reduce soil erosion by wind. 3imilarly, they can be effective im ‘trap-
ping and reducing ‘the drifting of snow. However, where there are only

a few shelterbelts, most of the snow will collect in-or adjacent to the -
trees leaving: the area between the shelterbelts free :¢f snow. A further
problem arises in that snow banklng of ‘this nature often produces an
ideal environment for snow moulds.

(d) Direct seeding into standlng«stubbleror “"zero till"™ cropping. Where
"zero till" summerfallow is practiced, there may be some difficulty in
maintaining standing stubble until the spring of the winter wheat crop
year, ‘i.e. for two winters. Where stubble land is seeded to winter wheat
on the same year that it was cropped, there must be sufficient moisture
for germination, the recommended seeding date must be-adhered to, weeds
‘must be controlled and adequate fertilizer must be provided. Where these
requirements have been met, ‘this method of snow- trapplng has shown the

" most promise in Saskatchewan.
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VALUE OF STUBBLE TO ENHANCE SURVIVAL

D. G. Wells

Stubble of small grain and flax, even in small amounts, protects winter
wheat surprisingly well apparently by retarding rates of cooling and
warming of the crowns. Tests of varieties, kinds of stubble, methods

of preparation of stubble land for seeding, methods of seeding, kinds

and rates of fertilizer and placement of fertilizer have been made for
many years by Quentin Kingsley at the Watertown and Garden City stations
“in northeast South Dakota. Lancer and Minter in 1967, surviving 48% and
80% respectively, yielded 46 and 45 qushels per acre at Watertown., Sur-
vival on fall plowing was 0 and 5% respectively. Winoka and Hume in the
same test ylelded 47 and 45 bushels. | Handled the same way at Garden City,
the four varieties yielded from 45 to 52 bushels. The fields in both cases
were bladed first to loosen the soil‘and diminish growth of weeds. At
Watertown in 1968, 30—15—O>fertilizeq applied with the seed of Lancer in
a press drill or a deep furrow drill produced the highest yields of all
treatments, 23 bushels per acre. Waldron spring wheat yielded 38 bushels
the same year. :

At Garden City, Lancer seed mixed'wiqh 50-15-0 fertilizer and seeded with
a press drill on bladed stubble yielded 54 bushels. Yields were severely
depressed from using a deep furrow drill, Duckfooting plus discing of
stubble and chisel plowing of stubble were effective procedures in 1972.
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_ ZERO TILLAGE WINTER WHEAT PRODUCTION IN MANITOBA

E. H. Stobbe

Early reports have suggested that winter wheat survival .was. 1mproved
under zero tillage.

How does zero tillage affect winter wheat production?

1.

Better smow. retention means warmer soil temperatures. North Dakota
studies have shown that snow cover is usually as deep as the height
of the stubble. Our results in Manitoba have shown that soil tem—
peratures. can be up to 10°C warmer under: zero tillage, never.allow-
ing the soil temperature at the crowh zone to. reach —16°C, congidered
to be critical temperatures for the killing of winter wheat. Winter
wheat survival appears to be assured under zero tillage. Although
the previous crop stubble may have an effect on the amount of snow
retained under zero tillage, rapeseed stubble at Homewood resulted

in sufficient snow retemtion to allow for the temperature differences
reported above.

Better snow retention results in more moisture for the crop in spring.
Results from North Dakota have shown that tall stubble can dramatical-
ly increase the moisture available to the plants. Tall stubble would
be particularly important in the drier areas of the province.

Snow mold. To. date we have not noted any snow mold in our winter
wheat plots or on farmers' fields. However, due to the more snow
cover, snow mold may be a more serious problem under zero tillage.
Also, under zero tillage, trash on the soll surface provides an
excellent medium on which snow mold can grow, thus 1ncreas1ng the
problem compared to conventional tillage.

If the winter 1s severe, even though the winter wheat plants are
not killed, under conventional tillage, crop growth and development
can be slowed down. In comparison trials on farmers' fields in
Dauphin and St. Rose in 1978-79, winter wheat on conventional till-
age was 7-10 days behind the wheat grown under zero tillage.

Growing Winter Wheat under Zero Tillage

Seeding Date:

In 1977-78 our tr1als at Minnedosa suggested that winter wheat could
be harvested with respectable yields when the crop was seeded as late
as October 26. However, in 1978-79, winter wheat seeded after October
1 was not worth harvesting. Our recommendations would, therefore,
agree with those of Alberta where seedlng is recommended before
September 15.

Seeding Rate:

Our trials comparing seeding rates of 50 100 kg/ha in 1977-78 sug-
gested that w1nter wheat yields' were hlgher with the hlgher seeding’




rates. However, in 1978-79, with seeding dates in mid-August to
early September, seeding rate (50-100 kg/A) had little effect on
final wheat yield. Our results would suggest that when winter
wheat is seeded in mid-September, 'the seeding rate should be
hlgher than when seeded before September 1.

Seeding Depth:
Under zero tillage deep seedlng is difficult since the soil is

firm in the fall. Ideally, the seed should be placed into moist
soil. |

Seeding Equipment:
In our own trials we have seeded our crop with a Melroe triple-disc
drill with satisfactory results. |In Alberta, trials with a narrow

shoe drill have also given good results.
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SEEDING OPERATIONS

D. E. Smika

Successful winter wheat seeding occurs when the seed is placed firmly
into moist soil with a covering of firm, preferably moist, soil about
1 to 1% inches thick to keep the seed from drying out before it has
time to germinate and establish roots for self-sustained growth. This
is not difficult in humid areas where the soil is rewet by frequent
rains. However, in the gemiarid Great Plains where the surface 3 to

5 Inches of soil is frequently dry and will remain in that condition
for much of the time, successful seeding may be difficult to achieve.

Another problem frequently associated with seeding in the semiarid
Great Plains is the presence of large quantities of residue from the
previous crop. This is especially true where minimum or no-till fal-
low methods were used and residué quantity frequently exceeds 2,000
1b/ac at the end of fallow. Seeding in such conditions is extremely
difficult with existing commercially available drills. The residue

may be loose and fluffy and may contain large déad weeds, both of which
are difficult to get to pass through drills. Best results to date have
been obtained with hoe-type drills modified to have a rolling coulter
placed in front of each hoe opener. TFor the coulter to operate properly,
they must penetrate the soil so that all trash and residue is cut, not
just pushed into the soil. To get proper penetration, each coulter re-
quires about 300 pounds. TFor sufficient cleararice for the trash, the
hoe openers should have a minimum working clearance of at least'24
inches in all directions. Hoe openers pass trash best when they are
narrow, smooth, and straight.

Minimum and no-till fallow usually provide adequate soil water within
the surface 3 inches of soil. But the surface soil is often cloddy
and care has to be taken to avoid excessive air pockets in the seed
zone, therefore a positive action seed firming wheel or press wheel

is a necessity. A second necessity is: that the seed dispersing device
be such that the seed is dropped no more than one-half inch from the
bottom of the slot made by the hoe and as close to the back of the
opener as possible. This is necessary to insure that the seed is
dropped on moist soil and is pressed into moist soil regardless of
whether dry soil falls on top of the seed when being pressed into the
moist soil. If the distance from the: seed dispensing device and the
bottom of the slot exceeds one-half inch and there is any distance be-
tween the seed dispensing device and’ the back of the hoe opener, dry
soil will flow into. .the furrow before the seed can be dropped on the
moist soil and poor. germination results.

Disk-type drills, single, double, and triple disk, have not been suc-
cessful because of their lack of ability to penetrate soil to depths
necessary to reach the moist soil line. . A second disadvantage to -
disk driils is the fact that they cut and destroy clods which are
necessary for wind eros1on control. }




REGIONAL BUSINESS MEETING

February 14, 1980

'Hard Red Winter Wheat prrovement Committee
4
Ft. Collins, Colorado

\
Minute%

The meeting was called to order. by ChLirman Welsh at 8:15 a.m. Committee
members in attendance were:

M. K. Brakke, Nebraska (USDA) ~ P. J. Mattern, Nebraska

L. E. Browder, Kansas (USDA) 0. G. Merkle, Oklahoma (USDA)
L. I. Croy, Oklahoma _ M. R. Morris, Nebraska

B. C. Curtis, Cargill (Colorado) , K. B. Porter, Texas

A. L. Diehl, Northrup-King (Nebraska) J. W. Schmidt, Nebraska

J. R. Erickson, DeKalb (Kansas) E. L. Smith, Oklahoma

R. E. Finkner, New Mexico V. R. Stewart, Montana

J. H. Gardenhire, Texas G. A. Taylor, Montana

E. C. Gilmore, Texas D. G. Wells, South Dakota
V. A. Johnson, Nebraska (USDA) J. R. Welsh, Colorado

B. J. Kolp, Wyoming H. C. Young, Jr., Oklahoma

T. J. Martin read the following trlbute to Dr. Ron Livers prepared by him
and K. B. Porter:, ‘ ' '

Recognition of
Dr. Ronald W. Livers

Ron Livers was born and raised in Waterville, Kansas. He re-

ceived his B.S. degree in agriculture and his M.S. in plant

breeding from Kansas State University. He was granted his
e Ph.D. from the University of Minnesota in 1957. Ron then--

spent 10 years as a plant breeder at the Clovis Branch of

New Mexico's Agricultural Experiment Station. -

In 1962 Ron accepted the wheat breeder's position at the

Fort Hays Branch Experiment Statiion, where he resided until

his death in November of 1979. r

|

Ron was not only a dedicated Whekt Breeder but also dedicated

himself to serving his family and his community. Ron helped

raise 4 children, and was still an extremely active Lions Club
- member for many years. Ron held many offices in local Lions

Clubs plus several district and ‘tate offices.

In preparing this tribute, Ken PLrter and myself talked to a

number of people who knew Ron during various stages of hlS :

career. The follawing are but a| few of the. typlcal responses,

we-obtained about Ron: ‘ :
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--—-—— Ron was studious and an 1nd1v1dual thinker.
----- Ron was a totally respons1ble researcher and wasn' 't.a
M,fly—by—nlghter.

‘=————"Ron-had a great deal of curiosity .and certainly was.
determined to know: the details of a sc1ent1f1c process
and was unw1lllng to accept a professor s lecture as -
the gospel truth. ‘

The true méasure of Ron's success can best be seen by the grower o
acceptance of the wheat varieties he released;” From 1972 to
1979, over 24 million Kansas acres were planted with his va-
rieties. An additional 5 million acres were planted in the
fall of 1979. With the improved bread making qualities of
Eagle and the yield advantages of Sage and Larned, it is not
difficult to substantiate Ron s influence on wheat production
in Kansas.

I feel that the editor -of the Hays Daily News probably summed
it up best in an ed1tor1al in tribute to Ron: . ,

"Too often there is a temptat1on to focus on the ephemeral.
hang on their words, track their arguments - as lf, somehow,
it was all holy writ. \ :

The loss of someone like Ron Livers, however, shows where the
true substance of our culture actually is.

These things are difficult for most of usoto~measure, yet there
is little question that his accomplishments were extraordinary
in scale.

Wheat quality and yields oncefthought to be uncommon now are
common. ' . '

To say this has affected agriculture is an understatement.
It may fit better to say Livers had more of an impact than
a mere effect./

Today we pay tribute to Ron Livers and his accomplishments, I
believe that Ron would have found it extremely satisfying if
this group merely said, 'a job well done'.

Joe Martin
Ken Porter

Members voted to dispense with the reading of the minutes of the last meet-

ing held at Lincoln, Nebraska on February 10, 1977. The minutes are printed

in the Proceedings of the Fourteenth Hard Red Winter Wheat Workers Confer- ‘ ‘
ence, February 8-10, Llncoln, Nebraska. -

K. B. Porter reported on the fundlng status of the. Wheat Newsletter as
follows ) ‘ . . /
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Balance in Fund May 15, 1979 - -- $1871.52
Expenditures Volume XXV o j ' -
Printing - : - s -~ 1440.00
‘Postage -- ‘ = — 207.50
Bank charges : ~5.78
Receipts since May 15, 1979 - 1643.75
Balance in Fund February 9, 1980 — 1861.99
V. A. Johnson reported briefly on the recent merger of the Wheat Improve-

ment Association with the Hard Winter Wheat Quality Advisory Council, The
merger occurred on January 17, 1980 at the annual meeting of the Advisory
Council in Manhattan, Kansas. The new organization will operate under the
name Wheat Quality Council, Inc. Tom!C. Roberts was named Executive Vice-
President. Members of a 9-person Board of Trustees were named. State Ex-
periment Stations in the region and USDA/SEA-AR are not represented on the
Board. Collaborative large-scale testing of new experimental hard winter
wheat varieties will continue to be aj central activity of the new organiza-
tion. T. C. Roberts and a secretary Lill be full-time paid employees of
the new organization. Activities of the organization are intended to be -
region-wide. R. E. Heiner, named a member to the Board of Trustees, re-
ported that the Board had met and that a Technical Committee to oversee
collaborative testing had been named. '

"E. C. Gilmore reported for E. G. Heyne on the deliberations of a sub-
committee on regional nursery distribution and data handling appointed

in 1977. Sub-committee members are E. G. Heyne (chairman), E. C. Gilmore,
L. E. Briggle, J. R. Erickson, and C. Hayward. The sub-committee report
which appears below was adopted.

REPORT OF THE AD HOC COMMITTEE ON GUIDELINES
FOR REGIONAL NURSERIES OF THE HARD RED WINTER
WHEAT IMPROVEMENT COMMITTEE

‘Committee Members: Lee Briggle, Jth Erickson, Charles Hayward,
Earl Gilmore, and E. G. Heyne.

The Hard Red Winter Wheat Improvement Committee (HRWWIC) was estab-
lished by the state experiment stations to foster cooperative re~
search on wheat improvement among the experiment stations in the

Great Plains. Over the years, sevEral_regional nurseries which are

coordinated by the USDA have developed out of this cooperative effort.

Regional nurseries are based on the concept that there are substantial
benefits to be derived from cooperative attacks on problems of wheat
improvement. The cooperative prog@am in the hard red winter wheat re-
gion dates to 1931 and has includeh testing of new experimental va-
rieties for yield, adaptation, reaction to diseases, insects, and ad-
verse weather, and milling and baking characteristics. Currently,
there are six regional nurseries, three of ‘which are replicated per-
formance nurseries- (SRPN, NRPN, Hybrids), two concerned with winter-
hardiness evaluation (southern, northern), and one for assessment of
resistance to wheat soil-borne mosaic. The SRPN_and‘NRPN have effec-
tively aided in the early identification of cultivars with broad
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adaptation-and relatively stable and superior performance in a wide
array of production situations. The valldlty of regional nursery
performance as a basis for predicted commerclal performance and grower
acceptance is attested by such varletles as Pawnee, Scout and Tam 105 -
to name only three., Equally important is the contrlbutlon of reg10na1
testing to determination of limits of acceptable adaptation of culti-
vars based on disease reaction, winterhardiness, etc. . These regional
cooperative studies have been profitable to wheat production and should
be continued on a broad cooperative base.

The advent of hybrid wheat and the passage of the Plant Variety Pro-
tection Acts - in recent years have increased the .involvement of com-
mercial companies in wheat varilety development, which formerly was
almost exclusively the domadn of public institutioms. The HRWWIC
first invited research workers of the commercial companies to attend
\conferences of the committee to foster better communication among all
segments of the wheat improvement industry. Later, the commercial
representatives were invited to participate in deliberations’ of the
committee and to submit entries for the various regional nurseries,
which were distributed to the state experiment stations for testing.

The participation of commercial companies in actiwities of the HRWWIC
led to questions of policy regarding distribution and use of the re-
gional nurseries, and the Regional Coordinator asked the HRWWIC in
1977 for guidelines to, follow in administering these nurseries. A
committee was appointed to develop these guidelines, and this is a
report of that committee.

The guldelines submitted in this report were developed with the ob-
jective of offering the commercial: companies the maximum participa-
tion possible within the constraints dictated by the policies of the
various state experiment stations and the USDA. The HRWWIC has neither
the authority nor the intention to interfere with or contradict poli-
cies of the various state experiment stations, USDA and commercial
companies.

Guidelines

1. Source of entries
Any organization that operates a permanent wheat breedlng pro-
gram, research, and testing facility located in the HWW area
may submit entries. The entries submitted would be respected
according to the National Wheat Improvement Committee's state-
ment of 27 October 1976 on "Wheat Workers Code of Ethics"
(attached).

2. Selection of entries
Each participant should list proposed entries in order of prior-
ity, and the coordinator should select the highest priority en-
tries when necessary to reduce the number of submitted entries
to the number established in these guidelines.__
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Size of nurseries

The SRPN, NRPN, and similar nurserles should not- exceed 40 en-
tries in any one year, '

The Southern EKardiness Nursery:should be approximately 300 en-
tries and the Northern Hardlness Nursery approximately 200 en-
tries.

The WSBM nursery should not exkeed 200 entries.
\
\

All entries should have had adequate local screening and testing

before they are submitted as ptssible entries.

Test sites

Public Agencies —-- Performance nurseries will be distributed by

the Regional Coordinator to state experiment stations for testing
in Texas, New Mexico, Oklahoma, Kansas, Colorado, Missouri, I11i-
nois, Iowa, Nebraska, Wyoming,LSouth Dakota, North Dakota, Minne-
sota, Montana, Washington, Idaho, and Canada. The hardiness nur-
series will be distributed by the Regional Coordinator to at least
four sites in the northern regﬁon of South Dakota, North Dakota,
Minnesota, Montana, Canada, and Nebraska.

The wheat soil-borne mosaic virus nursery will be distributed by
the Regional Coordinator to at least one site in Kansas and one
site in Illinois.
|

Commercial Companies —- The Re@ional Coordinator will publish a

list of entries in each nursefy and distribute these lists to

all commercial companies which‘ request them. Any company which
desires to grow the nursery will contact each state experiment
station or commercial company ‘and request seed for the nursery.
The experiment stations and companies submitting entries to the
nurseries then may respond according to the policies of their
respective organizations regarding distribution of seed.

Distribution of data

The Regional Coordinator will collect all data from each nursery,
make appropriate summaries and distribute them.

Use of the data

Public institutions may refer to data from the nurseries in pro-
viding information to the public regarding performance of any
entry in a nursery. Reference to overall means of entries in

a nursery may be used by public 1nstitut10ns without permission
from the various participants |in the nursery, but permission must
be requested from a participant to utilize data w1th specific
reference to a 1ocat10n or stdte.
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Commercial companies may utilize overall means from the nursery
for advertising as long as reference is not made specifically
to the name of the nursery, the USDA or an experiment station.
‘Each state experiment station mdy, if it so chooses, give per-
mission to-a- company to utilize the experiment station name in '
advertlsing but may not give permission ‘to use ‘the name of the
nursery. To use data from specific locations in advertlsing,

a company must secure permission from the participant originat-
ing the data.

WHEAT WORKERS CODE~0'F ETHICS

"This seed is being distributed in accordance with the 'Wheat
Workers Code of Ethics for Distribution of Germplasm' developed
by The National Wheat Improvement Committee 10/27/76. Acceptance
of this seed constitutes Agreement.”

The originating breeder, station, .or company has certain rights to
the unreleased material. These rlghts are not waived with the dis-
tribution of seeds or plant materials but remain Wlth the originator
for disposal at his initiative.

The recipient of unreleased seeds or plant material shall make no
secondary distributions of the germplasm without the permission of
the owner/breeder.

The owner/breeder in distributing unreleased seeds or other propa-
gating material, grants permission for use (1) in tests under the
recipient's control, (2) as ‘a parent for making crosses from which
selections will be made, and (3) ‘for induction of mutations. All
other uses, such as testing in regional nurseries, increase and re-
lease as a cultivar, selection from the stock, use as parents in
commercial F; hybrids or synthetic or multiline cultivars, require
the written approval of the owner/breeder.

Plant materials :of this nature entered in crop cultivar trials shall
not be used for seed increase. Reasonable precautions to insure re-
tention or recovery of plant materials at harvest shall be taken.

The distrlbutor of wheat germplasm stocks may impose addltlonal re-
strictions on use or may waive any of the above.
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It was agreed that the regional coordinator at the time he calls for candi-
date varieties and lines for the SRPNJand NRPN will request cooperators to
indicate their w1111ngness to have candidate varietles tested by private
seed companies. This information w1ll be made a part of nursery lists

and will guide private seed companies: in making requests for seed from

the originating states. Seed of SRPN and NRPN entries will not be dis-
tributed to seed companies by the regional office.

It was moved that the Hard Red Winter| Wheat Improvement Committee go on
record as favoring revision and update of the ASA Wheat Monograph. It
was agreed that some sections will neFd major revision; others only
minimal changes. Motion passed.

\ ,
B. C. Curtis, Lee Briggle, and J. R. Welsh reported on the activities of
the National Wheat Improvement Committee. A major activity of the commit-
tee in the last two years has been preparation and support of a small
grains germplasm proposal calling for expanded facilities and improved
support to enable better management and characterization of small grains
“germplasm. The proposal was cut from the FY1980 and FY1981 SEA budgets.
It will be re-submitted for FY1982. Egere now is strong support for the
germplasm proposal from the National Wheat Growers Association, Crop
Quality Council, and several other sdall grains commodity organizations.

The editor of the "Wheat Grower", s a'national magazine published monthly
by the NWGA, has requested short articles from wheat researchers for in-
clusion in the magazine as space permits. The 60,000 circulation of the
magazine, mostly to wheat growers, provides an effective vehicle for com—
municating wheat findings and activities to growers. The Regional Wheat
Improvement Committee Chairman and Sécretary will assist in getting arti-
cles from cooperators for submission‘to L. E. Briggle, Secretary of the
National Wheat Committee, ‘

|
E. L, Smith reported on activities of his sub-committee for organization
of a Symposium on Yield of Wheat. Following recommendation of the NWIC
that consideration be given to making the symposium an activity at an
ASA meeting, Dr. Smith proposed that a l-day symposium be organized at
the 1981 ASA meetings in Atlanta, Georgia. He has contacted ASA about
this and suggested that the Symposium might be sponsored jointly by
Divisions C-1 and C-3. ‘
B. C. Curtis discussed .a possible woékshop on the "Tan Spot" disease of
wheat. A number of workers have indicated their interest in such a. meet-
ing. Some have suggested that other similar diseases might also be in-
cluded in the workshop. There was géneral agreement that the workshop
be organized in the next 12 months. A site for the workshop was not
recommended although Fargo, North Dakota was mentioned as a possibility.

| , ,
V. A. Johnson led a discussion of ha#d winter wheat regional nurseries.
It was agreed that, beginning in 1980 untreated seed would be. required
from cooperators for regional nurseries. This is to avoid problems’
caused by seed treatments in varlouswspec1al disease evaluations of
entries in the nurseries. '

The hard winter varieties Centurk, Parker and Sage exhibit tolerance to
barley yellow dwarf. Many current experimental lines have these varieties
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in their pedigrees. Dr. Henry Jedlinski, SEA/AR at Urbana, Illinois has
indicated the de51rability of evaluating a limited number of hard winter
wheats for reaction to BYD at Urbana. This possibility w1ll be. pursued
in 1980 with Dr. Jedlinski .

No changes were made in the organization of existing regional nurseries.:
Conferees expressed their desire for continuation of the breeders field

. day which, in 1980, is scheduled for Brookings, South Dakota with Lincoln,
Nebraska as a back-up site. ' '

Invitations to host the next regional conference were received from
Kansas, Montapa, and New Mexico. Las Cruces, New Mexico was selected
in a close vote. Regional committee members also favored a February
date for the 1983 conference. It was suggested that we check with the
Canadian cooperators prior to fixing a date to av01d conflicts with
several meetings scheduled in February in Canada.

The kind of program for the next econference was discussed. It was moved
by E. L. Smith that the next conferenge program should include a minimum
of three topical areas. The motion was seconded and passed - Other sug-
gestions .included imposing a one-day llmit for each topic; use of dis-
cussion panels; and consideration of alternating general conferences
with specific topic conferences in the future. Action was not taken

on these suggestions. '

The following resolutions prepared by E. C. Gilmore and R. E. Heiner
were adopted unanimously:

1. Whereas, the Small Grains Germplasm Collections maintained by SEA
at Beltsv1lle, Maryland contain invaluable germplasm which has been
collected over many years at considerable expense and effort; and

Whereas, these collections cannot now be replaced because of un-
availability of the germplasm or inaccessibility to areas of
collections and

Whereas, the maintenance of an adequate supply of these collec-
tions in a viable condition is extremely important for future . .
development of small grain varieties; therefore,

Be it resolved that public and private scientists of the Hard.
Red Winter Wheat Improvement Committee meeting at Ft. Collins,
Colorado recommend to Dr. A. R. .Bertrand, Director, SEA and to
Dr. T. E. Edminister, Administrator, SEA-AR, that immediate
steps be taken to improve the physical facilities. “housing the
small grain collections to assure their maintenance in a
viable and accessible condition; and

Be it further resolved, that adequate funds be made available
to systematlcally describe entries in these collections for-
use in future breeding programs.
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Whereas, Dr. E. R. Sears has diséinguished himself through scientific
achievements in the field of wheit cytogenetics over the past 45 yearS'
and : _ 1 y

Whereas, these achlevements have%contributed substantially to an un-
derstanding of the genetic relatlonshlps ©of wheat and its relatives;
and :

Whereas, knowledge and technique§ of genetic analysis developed by
Dr. Sears has led to improvement of wheat varieties and formed the
basis for future scientific programs of wheat 1mprovement and

\

Whereas, Dr. Sears has generous1§ shared his knowledge and tech-
niques with plant breeders; therefore,

Be it resolved, that the Hard Red Winter Wheat Workers express to
Dr. Ernie Sears their admiration for the excellence of his scien-
tific achievements in wheat cytoqenetics and their deepest appre-
ciation for his cooperative attitude in assisting wheat scientists
in utilization of his. technlquesjand genetic stocks in the develop-
ment of improved wheat varieties.

Whereas, the highlight of this conference was the tribute to Ernie
Sears; and

. Whereas, all wheat workers appreclated the opportunity to recognize

Dr. Sears, and
Whereas, Northrup-King Seed CompaLy, Cargill Seed Company, DeKalb
AgResearch, North American Plant\Breeders, and Seed Research As-

sociates provided funds to bring Ernie and Lotti to this conference
to receive our tribute; therefore,

Be it resolved, that the Hard Red Winter Wheat Workers express their
gratitude for the generosity of these companies in supporting this
conference.

Whereas, the Fifteenth Hard Red Jinter Wheat Workers Conference has
been an informative and enjoyable conference and has been conducted
in an efficient manner; therefore,

Be it resolved, that the Hard Red Winter Wheat Workers express their
appreciation to Dr. Don Johnson, Dean, College of Agricultural Sci-
ences, Colorado State University and Dr. W. F. Keim, Head of the De-
partment of Agronomy, Colorado S‘ate University for use of their
facilities and for serving as hosts of this conference; to Dr. Byrd
Curtis, Ron Norman, and Gerald Ellis for making local arrangements;
to Dr. John Erickson and the program committee for developing an
interesting and informative program; and to the discussion leader

for effectively carrying out the theme of this conference.



_84 —

Be it further resolved, that the Hard Red Winter Wheat Workers .
commend Dr. Jim Welsh and express their,apprec1ation to him for.
his effective leadership during the past three years.: C

[

Submitted by Robert Heiner
Earl Gilmore

Dr. E. G. Heyne was elected Chairman of the Hard Red Winter Wheat Improve-
ment Committee for the next three years. V. A. Johnson will continue as
Secretary.

E. L. Smith and J. R. Welsh were elected as members-at-large to the National
Wheat Committee from the hard red winter wheat regioni. They, together with
the Regional Committee Chairman and Secretary, will represent the hard red
winter wheat region on the hational committee in addition to B. C. Curtis,
who currently serves as chairman of the national committee.

V. A. Johnson
Seéretary
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PARTICIPANTS

Kristian J. Aase
P. 0. Box 1109
Sidney, MT 59270

Chris Andrews
CBRI Agriculture Canada
Ontario, Canada

Dan Avey

Department of Cereal Seed
Breeding

221 North Main

Box 398

Tipton, IN 46072

Eainest E. Barnes
5912 North Meridian.
Wichita, KS 67204

Jack Bauman
Fort Collins, CO 80523

W. W. Bockus

Department of Plant Pathology
Kansas State University
Manhattan, KS 66506

Myron Brakke

406 Plant Science Building
University of Nebraska
Lincoln, NE 68583

L. W. Briggle

USDA, SEA, AR

331-B, Bldg. 005
BARC-W _ .
Beltsville, MD 20705

Lewis E. Browder

USDA, SEA, AR

Department of Plant Pathology
Kansas State University
Manhattan, KS 66506

George W. Bruehl .
Department of Plant Pathology
Washington State University
Pullman, WA 99164

Rob Bruns
North American Plant Breeders
Berthoud, CO 80513

Fred A. Cholick

Crop Science Department
Oregon State University
Corvallis, OR 97331

Lolita M. Corpuz
Department of Agronomy
Kansas State University
Manhattan, KS 66502

Lavoy I. Croy

Department of Agronomy
Oklahoma State University
Stillwater, OK 74078

Byrd C. Curtis
2540 Drake Road
Ft. Collins, CO 80525

‘R, H. Delaney

Division of Plant Science
Crops Section

University of Wyoming
Laramie, WY 82071

Allen Diehl

Northrup, King and Company
Box 418

York, NE 68467

Edwin Donaldson

Dry Land Research Unit
Washington State University
Lind, WA 99341

August Dreier
Department of Agronomy
University of Nebraska
Lincoln, NE 68583

Gerald H. Ellis

Department of Agronoﬁy o
Colorado State University
Ft. Collins, CO 80523
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John Erickspn
1831 Woodrow
Wichita, X8 67203

Merle G. Eversmeyer

USDA, SEA, AR

- Department of Plant Pathology
Kansas State University

Manhattan, KS 66506

Ralph E. Finkner
Plains Branch Station
Clovis, NM 88101

Brian Fowler

Crop Development Center
University of Saskatchewan
Saskatoon, Saskatchewan
Canada S7N OWO

S. Freyman

Research Station
Lethbridge, Alberta
Canada T1J 4Bl

J. A. Gardenhire

Research & Extension Center
TAMU

17360 Coit Road

Dallas, TX 75252

Donald W. George

USDA, SEA, AR

209 Johnson Hall
Washington State University
Pullman, WA 99164

Bikram S. Gill

Department of Plant Pathology
Kansas State University
Manhattan, KS 66506

Earl C. Gilmore .

TAMU Agr. Research & Extension Center
P. 0. Box 1658

Vernon, TX 76384

M. N. Grant . _
Plant Science Section:
Research Station
Lethbridge, Alberta-
Canada T1J 4Bl

Bently W. Greb

802 Fremont
Akron, CO 80720

Gary Greer.
5912 Meridian
Wichita, KS 67204

L. V. Gusta

524 Copland

Saskatoon, Saskatchewan
Canada S7N OWO

Mark Guttendorf
Department of Agronomy
Colorado State University
Ft. Collins, CO 80523

Robert E. Heiner
P, 0. Box 30
Berthoud, CO 80513

Charles Higgins
Department of Agronomy
Colorado State University
Ft., Collins, CO 80523

Joe Hill

Department of Botany and
Plant Pathology

Colorado State University

Ft. Collins, CO 80523

Bob Iwig

Pioneer Hi-Bred International, Inc.
Box 398

221 North Main .

Tipton, IN 46072

Virgil A. Johnson

324 Keim Hall, East Campus
University of Nebraska
Lincoln, NE 68583

Dave Johnston
2540 East Drake Road
Ft. Collins, CO 80525

Don L. Keim
Department of Plant Science
‘South Dakota State University

Brookings, SD 57007
A




D. G. Kemefick

Department of Plant Science
South Dakota State University
Brookings, SD 57007 -

Roidar B. Khan

Waters Hall _
Department of Agronomy
Kansas State University
Manhattan, KS 66506

Gordon Kimber

220 Curtis Hall
University of Missouri
Columbia, MO 65201

Bernard Kolp

Division of Plant Science
Crops Section

University of Wyoming
Laramie, WY 82071

Nancy Koomanoff
Department of Agronomy
Colorado State University
Ft. Collins, CO 80523

Jack Larsen
2540 East Drake Road
Ft. Collins, CO 80525

John Lawless

Colby Branch Experiment Station
Box 488

Colby, KS 67701

Jack Lawson
P. 0. Box 2696
Wichita, KS 67201

Joe Lenneman
3821 First Avenue
Billings, MT 59101

Allen Limin

Crop Science Department
University of Saskatchewan
Saskatoon, Saskatchewan
Canada S7N OWO

Harold G. Marshall

Department of Agronomy
Pennsylvania State University
University Park, PA 16802

T. J. Martin
Fort Hays Branch Station

Kansas State University

Hays, KS. 67601 - -

Paul J, Mattern

154 Keim Hall, East Campus
University of Nebraska
Lincoln, NE 68583

Andre J. McCrate
1206 Vattier #3
Manhattan, XS 66502

"Richard K. Mellon

5912 North Meridian
Wichita, KS 67204

Owen Merkle
615 Cherokee
Stillwater, OK 74074

Emmanuel Morris

Waters Hall

Kansas State University
Manhattan, KS 66502

Rosalind Morris

306 Keim Hall, East Campus
University of Nebraska
Lincoln, NE 68583

S. S. Maan

Department of Agronomy

North Dakota State University
Fargo, ND 58102

Ron Normann _
Department of Agronomy :
Colorado State University -
Ft. Collins, CO 80523

Robert Olien

USDA

Department of Crop and Soil Sciences
Michigan State University

East Lansing, MI 48823

ngeéh Paliwal
Department of Agriculture

- Ottawa, Ontario -

Canada..
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Gary M. Paulsen
Department of Agronomy
Kansas State University
Manhattan, KS 66506

Kenneth B. Porter

Texas Agricultural Experiment
Station

Bushland, TX 79012

Ross Richardson
Route 1, Box 567A
Laramie, WY 82070

Bruce Riddell
5820 South Shields
Ft. Collins, CO 80526

Bill J. Roberts
Cargill, Inc.

2540 East Drake Road
Ft. Collins, CO 80525

D. W. A. Roberts
Research Station
Lethbridge, Alberta
Canada T1J 4Bl

Larry Robertson

Box 488

Colby Branch Experlment Statlon
Colby, KS 67701

Sue Ross

NAPB

P. 0. Box 30
Berthoud, CO 80513

A, M, Schlehuber
2007 West Arrowhead Drive
Stillwater, OK 74074

Nancy Schmachten-Berger
NAPB

P. 0. Box 30

Berthoud, CO 80513

Herb Scimidt
5912 North Meridian
Wichita, KS 67204

John W. Schmidt

322 Kéim Hall, East Campus
"University of Nebraska
”Lincoln, NE. 68583

Ernest Sears
2009 Mob Hill
Columbia, MO 65201

Rollin G. Sears

Department of Agronomy

North Dakota State University
Fargo, ND 58105

Paul G.»Sgbeéta
Department of Agronomy

. Oklahoma State University

Stillwater, OK 74074

John Shanahan v
Department of Agronomy
Colorado State University
Ft. Collins, CO 80523

Darryl E, Smika

Central Great Plains Research Center
P, 0. Box K

Akron, co 80720

Danny Smith

Department of Agronomy
Colorado State University
Ft. Collins, CO 80523

Drew Smith

Agriculture Canada
Saskatoon, Saskatchewan
Canada

Edward Smith

Department of Agronomy
Oklahoma State University
Stillwater, OK 74074

Vern Stewart
1570 Montana 35
Kalispell, MT 59901

Elner Stobbe

- Department of Plant Science
“University of Manitoba

Winnipeg, Manitoba
Canada



Clair Stymiest
Extension Agronomist
Crops and Soils
Rapid City, SD 57701

Donald W. Sunderman
Box AA
Aberdeen, ID 83210

Tak Tsuchiya

Department of Agronomy
Colorado State University
Ft. Collins, CO 80523

G. A. Taylor

Department of Plant and
Soil Sciences

Montana State University

Bozeman, MT 59717

Max Urich
Fargo, ND

Ted L. Walter
Department of Agronomy
Kansas State University
Manhattan, KS 66506

John E. Watkins

448 Plant Science Building
University of Nebraska
Lincoln, NE 68583
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Chuck Walters

, Minneapolis, MN

‘Rick Ward

Kansas

D. G. Wells

Department of Plant Science
South Dakota State University
Brookings, SD 57006

Kenneth D. Wilhelmi
8034 Talbot Trail
Lincoln, NE 68506

James A. Wilson
1831 Woodrow

* Wichita, KS 67203

Jerry Wilson
5912 North Meridian

. Wichita, KS 67204

J. R. Welsh

Department of Agronomy
Colorado State University
Ft. Collins, CO 80523

H. C. Young, Jr.

Department of Plant Pathology
Oklahoma State University
Stillwater, OK 74078

Note: Names and addresses are printe& according to the information

from the registration record for the conference. Some ad-

dresses are incomplete.

are not included in the listing.

Individuals who did not register







