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SUMMARY *Northern—adapted cultivars were more dormant in

: : — . autumn after second forage harvest than mid—temper-
This report (a) summarizes the characteristics of t'moéte—adapted cultivars (Exp. IV).

thy (Phleum pratense.) as a forage species, (b) reviews .o most winterhardy cultivars from North America,
bngfly the history (_)f its use in the U_.S., and the history, Lo well established, not winter—injured, or only mod-
of timothy evaluations and culture in Alaska, (c) COM-grately injured, produced total-season forage yields

pares winterhardiness of alpine imotRy &lpinumL.) o jivalent to Scandinavian cultivars and other extremely

with common timothy, (d) compares physiological andynterhardy, non-timothy grasses including Polar bro-
morphological characteristics of timothy cultivars from megrass (predominantBromus inermis_eyss. XB.

widely divergent latitudinal origins and relates thosepumpellianusScribn.), Garrison creeping foxtail

characteristics to winter survival, (€) compares planti”QAlopecurus arundinacet®oir.), Nugget Kentucky blue-

dates and different seeding—year harvest dates for Seegjjr'ass Poa pratensisL.), and Arctared red fescue
ing—year forage production and effects on SUbseque'@lt:estuca rubraL.) (Expé. ’||| IV).

winter survival and productivity, and (f) evaluates forage " , After sustaining sub—lethal winter injury, marginally

production of established timothy under a broad array Qinterhardy timothy plants displayed a remarkable abil-
harvest schedules and frequencies, and compares the i't:i;'to recover during the growing season and to produce

fects of those harvest treatments on SUDSEQUBHEY SUr- g second—cutting forage yields comparable with har-
vival and first—cut forage yield the following year. dier cultivars (Exps. II, I1l).

All experiments were conducted at the University of *An insulating snow cover that remained in place
Alaska Agricultural and Forestry Experiment Station’s g, ing winter provided valuable protection against the

Matanuska Research Farm (GNP near Palmer in - gy osseq of lethally low air temperatures, thaw/refreeze

southcentral Alaska. temperature oscillations, or harmful dehydration ef-
*Alpine timothy collections (3 from Alaska, 1 rom IC€- o cts of winter winds. Snow cover in the field greatly
land) winterkilled 100% during the first winter; in the SaMegnhanced winter survival of marginally winterhardy

test, 22 cultivars of common timo_thy from _northern Eu-cultivars (Exp. I1I).

rope ranged from 71% to 100% winter survival (Exp. I).  ,eyen the most winterhardy timothy strains can sus-
_*In addition to inferior winter survival, the compara- 15in severe winter injury or even total winterkill during
tively meager production of stems and foliage of alpingey, stressful winters in this area (Exps. II, I1I).
timothy, despite adequate added fertilizer nutrients, «Winterhardy cultivars of rhizomatous grass species

ehr_nmated th"?‘t species from consideration ah- survived the more stressful winters better than timothy.
while, productive cropland forage grass (Exp. 1)~ The more exposed, superficial position of the overwin-

*Strains of North American common timothy, firStin- yejng tissues of timothy crowns, relative to the soil sur-
troduced into Alaska about 1902, generally performeq,, .o “renders even the most winterhardy cultivars more
poorly in most areas of the Territory where it was t”edsusceptible to winter injury than hardy grasses with sub-

In contrast, cultivars from high latitudes in northernmostterranean, better protected overwintering parts (Exps. Il,
Europe, first brought into Alaska in the late 1940’s, arq| V)

markedly better adapted and therefore more winterhardy :The proportion of total-season forage yield produced

and productive. _ __in the first of two cuttings differed with origin of culti-
*In genera_l, winter _survwa_l was correlated with lati-\,o < in the following ranking: Norway = Iceland = Fin-
tude of cultivar origin; cultivars from northernmost land > Sweden > Canada > USA (Exp. IV)

sources exhibited superior winter survival to those from

more southern_ origins (Exps. I, 11, I, IV). _ 7C°N), was more tolerant of freeze stress, stored higher
*Timothy cultivars from Norway, Iceland, Finland, and .o _yinter levels of food reserves, had higher concen-

Sweden were more winterhardy than those from Nortly oo of dry matter in crown tissues, and survived win-

America. Furthermore, cultivars from northern Norway andg, g 4t this jocation markedly better than Climax, of in-
Iceland were more winterhardy than cultivars from SOUthfermediate latitudinal origin (ca. #8), which in turn

ern Norway or from Finland or Swedgxps. I, L lIl, IV). g\ rnassed Clair in these respects, a cultivar of more south-
«Considering the results of experiments in this reporg, origin (38to 39N) (Exps. V, VI).

and other experimental tests at this location, the mOSt-Higher seeding—year forage yields were obtained from

winterhardy timothy cultivars for use in this area areEngmo stands planted in mid-May than 1 June; seeding—

Engmo, Bodin, and Va-BL-60 from northern NOrway, ey vields from both of those planting dates were much

and Korpa and Adda from Iceland (Exps. Il, 11, IV).  higher than from timothy planted in mid—Jugp. VII).

5

*Engmo, a cultivar of extreme northern origin {69



«Seeding-year harvest in late August harmecINTRODUCT|ON

mid—June—planted Engmo less than five later harvest dates. : :
but that late—August forage yield was very low (Exp. Vi), 1he genusPhleum to which common timothyR
«Mid—June—planted Engmo harvested later than earQ,r_atensel_.) belongs, contains about 10 species world-
September in the seeding year was predisposed to cdid® and half of them are annuals. Apparently all are
siderable winter injury (Exp. VII). native to Europe and Asia except alpine timotRy (

*For best seeding-year forage yield, coupled with goofPiNUML., alsoP. commutatunGand.) which ranges
winter survival, preliminary results suggest thatth_roughout the n_orthern hemisphere in cold and moun-
winterhardy timothy should be planted no later than latginous areas (Hitchcock 1950; Hulten 1968).

May with the seeding—year harvest no later than late L
August (Exp. VII). Plant Characteristics

*With established stands, the highest-yielding 3—, 4—, Timothy is a tall, upright-growing, long-lived peren-
and 5—cut treatments were lower yielding than the higtrial bunchgrass valued as a forage species in cool-hu-
est-yielding 2—cut treatments (Exps. VI, IX). mid agricultural areas of the world. It does not grow well

«With Engmo timothy harvested twice per year, stand# hot or dry climates; Smith (1972) compared timothy
were negatively impacted (as measured by first—cut yieldrowth under different temperatures and reported it was
the following year) by progressively later second cutimore productive under a 760°F day/night combina-
tings from 22 July to 21 September, the latest secondion than under warmer (980, 80°/7(°) or colder (6¢
cutting date. This effect was similar with all three differ-50°) conditions. Moreover, storage fafod reserves in
ent dates of first cutting (10 June, 22 June, 30 June). Thigwothy stem bases was greater wigeown with cool
21 September final cutting date also had a slight negé5° day/50 night) than with warm (85day/70 night)
tive effect on plots harvested three or four times per yedemperatures (Smith and Jewiss 1966). Those tempera-

*With harvest in early June, height of the hidden growtures cited as ideal concwell with general growing—
ing points (shoot apices) in relation to cutting height waseason temperatures in Alaska.
critical to rapidity of regrowth. If growing points were  Timothy grows best on soils well supplied with mois-
below cutting height, growth of tillersontinued vigor-  ture; its relatively shallow root system is less extensive
ously. However, if growing points welnégh enough to be  than more drouth—tolerant species (Laméidal 1949).
removed in the harvested herbagyewth of thoseiflers ~ This characteristic of timothy was recognized early, for
ceased and regrowth developed very slowly from neWwiper and Bort (1915) quoted from a letter of 14 July
basal tillers (Exps. VIII, 1X). 1793 from George Washington to overseers of his lands:

sFar—northern—adapted timothy strains, with their aburi-The lowest and wettest part thereof is to be sown with
dance of basal leaves, are relatively unique among taftimothy seed alone. All other parts of it are to be sown
growing forage grasses in being tolerant of more than twaith timothy and clover seeds mixed.”
cuttings per year (unlike mid—temperate—adapted North Timothy is utilized for hay, pasture, and silage
American timothies or smooth bromegrass). In fact, thefMcElroy and Kunelius 1995; Hanson 1972). It long
subsequent winter survival was enhanced by more than tgerved as the principal hay for horses and mules. Timothy
harvests per year. More than two cuttings per year proks most commonlgrown in mixture with red clover, but
ably precludes harmful prolonged shading and deterior@lso in association with other grasses and legumes
tion of the abundance of basal leaves characteristic of tho@dcElroy and Kunelius 1995; Smitt al 1986).
far—northern timothies (Exps. VIII, IX). Timothy is quick to establish (Smidt al. 1986). This

*The modest normal amount of precipitation in this aregharacteristic was noted long ago; Piper and Bort (1915)
(15.56 inches annually at the Matanuska Research Farfjote from a 1763 letter, “As to Timothy—grass, it grows
10.17 inches April through September) is marginal to inadgerodigiously quick.” Despite its very small seeds, timo-
equate for realizing the full forage—production potential othy seedlings develop very rapidly once the first few
timothy. Moreover, very modest precipitation during April, leaves have been produced (Fig. 1).

May, and June (normal = 0.63, 0.74, and 1.59 inches, re-Although far—northern—-adapted timothy cultivars pro-
spectively) sometimes severely curtailed the potentiallguce few elongated culms during the seedling year
heavy growth during June, especially if precipitation wagKlebesadel 1970, 1992a; also Fig. 1), virtuallyeadh-
below normal during the latter portion of the previous growgated culms produce seed heads in the spring growth of
ing season (Exps. II, l1l, IV, VIII, IX). Supplemental sprin- subsequent years. Unlike bromegrass that must be
Kler irrigation can assist in realizing the full forage—pro-planted as early as possible to promote maximum heading
duction potential of timothy in this area. for seed production in the second year, Engmo timothy can
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Figure 1. Individual seedling plants of Engmo timothy showing amount of growth produced from the date of seeding
(indicated under each plant) until photographed on 12 October. Note meager amount of heading during the seedling year
and heavy production of basal leaves. Black lines are eight inches apart.

be planted as late as late June to early July and produceahditions they may exceed five inches in length.
seed yield (in the second year of growth) as large as fromTimothy is sometimes confused with meadow foxtail
earlier—plantedows (Klebesadel 1970). (Alopecurus pratensig.), another cool-season grass

Seed heads of timothy are narrow and spike—like (Figyrown to a limited extent in Alaska. The confusion arises
2). Most seed heads are from two to four inches longsom the general similarity of the shape and appearance
but length can vary considerably, depending on whetheif the seed heads. Close inspection can easily differen-
they are borne on primary or secondary tillers, and thgate the two on the basis of the more tapered ends of the
time of origin of tillers (Langer 1956). Soil fertility and heads of meadow foxtail and by the shape of individual
moisture supply also can influence seed-head lengtspikelets within the seed heads (Fig. 3).

Under poor growing conditions they can be so short as Timothy is somewhat unique among cultivated grasses
to appear almost ball-like, but under very favorablén having the lower one, two, or three internodes of the
stem bases enlarged into small bulb—like structures called
haplocorms or corms (McElroy and Kunelius 1995;
Peters 1958; Sheard 1968; Smathal 1986; Waters
1915). Those corms serve as the ppatistorage site

for food reserves (Knoblauddt al 1955; Reynolds
and Smith 1962; Sheard 1968). The dominant avail-
able carbohydrate stored in stem bases of timothy is
fructosan with very small amounts of sucrose, in con-
trast to Alaska’s other dominant foragess, smooth
bromegrass, which stores primarily sucrose with very
little fructosan (Okajima and Smith 1964).

The nodes adjacent to the corm, primarily at its base,
are the sites of origin of new tillers or shoots (Fig. 4)
that grow to become elongated culms or stems. Although
the individual corms live only as biennials or winter
Figure 2. Engmo timothy seed heads photographed on 4 annuals that disintegrate in their second year, the con-
July showing how length of heads may differ. The two at leftinual regeneration of new tillers from living corms con-

are pre—anthesis; right pair is near full anthesis (flowering  fers perenniality on the total plant (Browhal 1968;
stage) with pollen—producing anthers fully extended.
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summarized numerous published reports on timothy for-
age quality factors and digestibility, as influenced princi-
pally by plant growth stages and nitrogen fertilization.

In general, crude protein concentration, dry—matter
digestibility, and leaf-to—stem ratio decrease, and lig-
nin increases, with advance in plant development and
maturation in the initial growth of the season. Landstrom
(1990) in northern Sweden reported that maximum crude
protein in herbage occurred about 20 days after initia-
tion of spring growth, and maximum digestibility was
Figure 3. Seed-head characteristics that assist in reached about five days "f"ter' The very leafy regrowth
differentiating timothy and meadow foxtail. Seed head of of far—northern—adapted timothy Was_fou_nd t_o su_rp_a_ss
meadow foxtail (on left) is more tapered than timothy at regrowth of several other grass species in digestibility
both ends; an individual spikelet removed from seed head (Klebesadel 1994b).

(magnified in circle) is widest at its midpoint, narrowing
toward tip. Timothy seed head (on right) appears somewhaResponses of Timothy to Fertilizers
more bristly; an individual spikelet is widest near distal end Numerous studies have been conducted elsewhere on
and terminates in two near—parallel, short, scabrous awns. . . .

the effects of fertilizers on timothy forage productivity,

nutritive value, physiological behavior, and stand per-
Evanset al 1939; Langer 1956; Peters 1958; Shearqjsience (Bonin and Tomlin 1968; Browen al 1968;
1968; Waters 1915). Junget al 1974; Knoblauclet al 1955; Kuneliust al

) 1976; Lindberg 1988; Lindgren and Lindberg 1988;

Plant Development and Forage Quality  sheard 1968; Smith and Jewiss 1966; Thorvaldsson and

The good palatability and nutritional value of timo- Andersson 1986). Similarly, timothy in Alaska has been
thy has been known since its
early cultivation; a New En-
gland letter of 1790 com-
ments: Timothy—grass, a
coarse grass, but very agree
able to all sorts of cattle.”
Moreover, herbage of this
species is highly digestible
and compares favorably with
many other grasses (Collins
and Casler 1990; Klebesade
1994b; Kuneliuet al. 1974;
Mitchell 1982, 1986, 1987).

As with other grasses,
however, digestibility of the
initial growth of the season
declines with progressive
stages of plant developmen
and this becomes a factor tc i
consider in first—cut harvest g
timing to obtain forage with
a desired combination of

yield and qualityGrant and  Figure 4. Engmo timothy stem bases with dead sheath coverings peeled away to reveal

Burgess 1982; Kivimae 1966; enlarged bulb—like internodes called corms or haplocorms. Also visible are roots and

Klebesadel 1994b; Kunelies  several new tillers arising mostly from corm bases (one on left growing from node at top

al. 1976; Waldieet al 1983).  of corm). Those new tillers remain in a state of arrested growth over winter, then elongate

Brown et al (1968) 1o become primary herbage growth the following spring. Photograph 14 November of
seedling plants from 13 May planting. Ruler length is 10 centimeters (4 inches).

8



found to respond favorably to, and have critical requireeonflicting opinions by two of America’s eminent early

ments for, certain added nutrients in different areas afgrostologists, George Vasey claiming in 1884 that timo-

the state (Laughlin 1965; Laughéihal 1976, 1977, 1981). thy is “undoubtedly indigenous” in America, and M.L.
Fernald convinced that it was introduced.

Timothy History in North America Early records indicate that timothy was first cultivated

Early American colonists referred to timothy as “Herd'sin America, and seed was taken to England prior to 1746
grass” after John Herd, who reportedly found it growinga”d againin the 176_0’3. Des_plte considerable confus_lon,
wild along the Piscataqua River near Portsmouth, Nef?oSt who have studied the issue tend to agree that timo-
Hampshire about 1711 (Piper and Bort 1915). An earl§’y Was introduced into America fronuébpe (Piper and
promoter of its use, Timothy Hanson, took seed to NeJBOrt 1915). Edwards (1948) theorizes thatspecies prob-
York, Maryland, Virginia, and North Carolina; this led ably_ became established in North A_merlca with seed
to the grass being called “timothy” (Edwards 1948; Pipefarried from Europe by early settlerslitter, hay, ma-
and Bort 1915). nure, or ballast cleaned from ships.

Benjamin Franklin, apparently confused by the two Walton (1983) has set forth a different viewpoint on
names, ordered some “herd—grass seed” from a Jar@t? origin of common timothy, at odds Wlth the conten-
Eliot. Franklin’s letter of 16 July 1747 ot contains;  tion of the above reports that this species came to North
“You made some mistake when you intended to favoftmerica from Europe. He stated that common timothy
me with some of the new valuable grass seddik a0 be synthes_lzed by crossing the dipfibdertolonii
you called it herd—seedyyr what you gave me grown DC (2n=14) with tetraploi®. commutatun®and. (:P. _
up and proves mere timothy” (Piper and Bort 1915). alpln_un)_ (2n=2_8). The progeny of that cross, a triploid

The cultivation of timothy spread throughout NewhyPrid, is sterile but, by chromosome doubling, the
England during the 1700’s. Piper and Bort (1915) quotB&xaploid common timothy (2n=42) can be obtained.
from an 1807 report: “Timothy grass —is more extenChromosomal _relatlonsh|ps of thesgecies have been
sively cultivated than any other grass in the United StatesiéPorted by Wilton and Klebesadel (1973). _

Evans (1937) stated that breeding for improved culti- Wa_llton notes tha®. bertoloniiwas introduced into this
vars of timothy was first undertaken in the U.S. Althougrfontinent by early settlers from Europe; thereafter that
no improved cultivars had been produced at the start §P€cies spread rapidly in America and came into contact
this century, breeding work had begun at several midweWth the native alpine timothy. Walton further states: “It
and northeastern U.S. locations at about that time art®l Pelieved that crossing of the two species and subse-
several named cultivars appeared in the first decades @#€nt chromosome doubling occurred in the New En-
this century (Evans 1937; Hanson 1972). gland states during the seventeenth century,” after Whlch

Piper and Bort observed in 1915: “Timothy is by farfumothy was taken to England and later spread rapidly
the most important hay grass cultivated in America an! EUrope.
for a century at least has occupied this economic posi-. ] )
tion.” As late as the middle of this century, Hitchcock Timothy History in Alaska
(1950) referred to it as “our most important hay grass.” Piper (1905) commented that timothy grown in early
The popularity of timothy and its acreage in the U.Strials at Sitka was “not promising.” He further stated,
have declined, however, during recent decades (McEIrdffimothy is more or less abundantly introduced at vari-
and Kunelius 1995; Smitlt al 1986). Several factors ous places on the (southern Alaska) coast, but does not
that have influenced that decline include the decrease &s a rule thrive very well, being often inferior in size to
numbers of horses and mules, increased availability dfie native mountain timothy.”
improved cultivars of smooth bromegrass and Inareporton agricultural resources on the Kenai Pen-
orchardgrass, comparatively paagrowth of timothy insula, Bennett (1918) stated, “Mountain timothy, a short
under warm, dry conditions, and the increased popularityarleylike grass, forms an important part of the pastur-
and use of alfalfa and corn silage. age of mountain sheep and goats.” In the same report,

Several reports consider common timothy to be ofie wrote, “Timothy has not done well —in the vicinity
European origin (Edwards 1948; Hanson 1972; McElropf Knik,” but noted that he had seen timothy cut for hay
and Kunelius 1995; Smitkt al. 1986). Some early writ- in 1916 near Seward.
ings mention the grass growing naturally in England Irwin (1945) summarized 47 years (1898-1945) of evalu-
where it was called “cat's—tail grass” and “meadow cat's-ation trials with grasses and legumes at seven widely dis-
tail” (Piper and Bort 1915). Piper and Bort (1915) citepersed experiment stations in Alaska. Tinyogrown at
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the Sitka station in maritime, southeastern Alaska frofrom northern Norway for evaluation in Alaska was a
1902 to 1905 was “not well adapted to this section afimothy cultivar named Engmo. In correspondence de-
Alaska.” Grown from 1902 to 1908 at Copper Center irscribing the origin of Engmo, Flovik stated in a 1958
the Copper River Valley, it was “too dry for timothy, not letter to then Alaska agronomist Dr. A.C. Wilton:
dependable.” In volcanic ash on Kodiak Island it grew “Engmo timothy is a local strain from the county of
only 3to 4 inches tall in 1913. At Rampatrt, the northernTroms. In a mountain valley between 69 and 70 degrees
most station that was located on the Yukon River in interorth latitude where the elevation is about 400 metres
rior Alaska, timothy grown from 1906 to 1910 wasabove the sea level, one of the small farms has the name
“— short, spindling, winter—killed.” Grown in vari- Engmo. Some time before 1920 the owner of this farm
ous years from 1909 to 1939 at the Fairbanks statiodmad sown a field with timothy using commercial seed of
in the central Tanana River Valley, timothy perfor-unknown origin. In 1930 there still were a few timothy
mance was described as “— good first year, poor lateplants left in this field. As these plants had to be very
too short for hay.” winter—hardy, seed of some of them was collected and
Planted at the Matanuska Station in 1917, timothgown at the State Agricultural Experiment Station Holt
“— survived winter but growth disappointing.” Other at Tromso. It soon became clear that we through natural
plantings from 1919 to 1942 were summarized: “killsselection had got a very winter—hardy and at the same
during dry winters, second year yields good, respondsme high—yielding strain of timothy. The strain was given
to nitrogen.” Alberts (1933) ranked slender wheatgrasthe name Engmo from the farm mentioned above and
and smooth bromegrass as the best forage grasses téteps were taken for commercial seed production.
at the Matanuska station; he further commented, “Timothy “Engmo timothy is leafy, winter—hardy and high—yield-
overwinters well, but does not make a satisfactory hay cropifig and it starts growth early in the spring even if the
Best results with timothy were reported for the Kenatemperature is low. In the northern counties, Troms and
station where winters are somewhat milder and moig=innmark, it is the most favorable strain so far tried.”
ture more abundant than at interior stations. DescriptionsSeveral studies have been reported on the effects of
of plantings there from 1902 to 1906 included “10 to 60atitude (and thus time of growing—season initiation and
inches tall, reliable, one of best grasses for this districtpphotoperiod effects) on different latitudinal ecotypes of
In a comprehensive summary assessment of agriculmothy (Evans 1931,939; Evans and Allard 193yans
tural development and forage crop performance in Alasket al. 1935). They found that ecotypes from “northern
at mid—century, Aamodt and Savage (1949) stated coiurope” remained vegetative or very slow to produce
cerning timothy: “Trials in most sections of Alaska showelongated stems and inflorescences under normal grow-
that it is not well-adapted to the soil and climatic condiing—season photoperiods in Ohio; however, when pro-
tions, except in the coastal districts and central interiovided with extended daily photoperiods with supplemen-
For 1 or 2 years it makes fairly heavy growth, but aftetal artificial illumination, they readily produced an abun-
the second year crops are light.— Leaf growth of timodance of normal elongated stems producing seed heads
thy is less heavy than that of bromegrass, tall oatgrag&vans and Allard 1934).
or meadow fescue.” Somewhat opposite to the above findings of abnormal
performance of timothy brought from northern to south-

A New Source of Timothy for Alaska: ern latitudes is the failure of mid—temperate—adapted

L atitude Relationships timothy cultivars (and many other grass and legume
strains) to survive winters to their full potential when

taken from more southern latitudes, where they are
‘adapted, to be grown at subarctic latitudes in Alaska
Klebesadel 1970, 1984, 1985a, 1985b, 1992a, 1992b,

tained from,_mld—temperate areas of the U.S. A pivot 993c, 1993d, 1994c: Klebesadel and Dofing 1991;
occurrence in 1948-49, however, changed the outlo

for timothy in Alask q dthe d Klebesadel and Helm 1992).

or timony In Alaska and opened the door on reCogl~ o 4iyre of mid—temperate—adapted forage

tion of the importance of latitudinal ad_aptatlon for_ SUC.'ecotypes, regional strains, and cultivars to survive win-
cessful culture of many other perennial forages in thi

northern territory and state. Dr. H.J. Hodason. an aaron ﬁ_ars at subarctic latitudes also has a considerable basis
y o gson, grongs photoperiodic relationships. Those forages are sub-
?écted to an unaccustomed and insufficient term of short

hotoperiods/long nyctoperiods to cause them to undergo

All of the above plantings, showing predominantly
disappointing results with timothy throughout Alaska
undoubtedly were grown with seed adapted to, and o

Dr. Karl Flovik of Tromsd, Norway, a coastal city north
of the Arctic Circle. Among other crop strains obtained3
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adequate development of freeze tolerance prior to onsghese Experiments

of freezing temperatures. In support of that premise, ar- Despite generally good winterhardiness of far—north
tificial prqvision of short d_aily photc_)period_s for severalEuropean timothy strains and cultivars in some farm
weeks prior to onset of winter at this location, thus propractice and experimental studies in Alaska (Klebesadel
viding pre—winter conditions resembling those that 0C1970, 1992a, 1993c, 1993d; Klebesadel and Dofing
cur in their areas of origin, resulted in markedly enhancegggl)’ those most winterhardy timothy cultivars none-
winter survival of mid—temperate—adapted grassegeless also have sustained severe winter injury or total
(Klebesadel 1971, 1985b). Some other experiments Cofyinterkill in other investigations at this location
ducted at northern latitudes with generally similar rétklebesadel 1992b, 1994b, 1994c; Klebesadel and Helm
sults are cited in those 1971 and 1985b reports. 1992). Therefore, a better understanding was needed of

Mason and Stout (1954) and Wilsie (1962) have sumyctors, both physiologicaind managerial, that influence
marized numerous reports that supply insights into the imginter survival of this valuable forage species in Alaska.
portance of harmony between the evolved genetic/ physi- opjectives of the nine experiments summarized in this
ological status of latitudinal ecotypes of plants and thejfeort were (a) determine the comparative potentials and
accustomed seasonal climatic patterns; these relate direqflitations of two species of timothy (alpine and com-
to results in several of the experiments in this report. mon) for winterhardiness and forage production in

) ] ) southcentral Alaska, (b) evaluate agronomic performance

Native Alpine Timothy of numerous North American and European cultivars and

In North America, alpine timothy occurs at upper el-strains of common timothy for suitability for use in this
evations across the southern portion of Alaska and in tteea, (c) investigate and compare among cultivars from
Rocky and coastal mountains of Canada and in severdiverse latitudinal origins certain physiological and mor-
western states (Hitchcock 1950; Hulten 1968). The cyphological characteristics that may be associated with
lindrical, spike-like seed heads of both timothies arsuccessful versus unsuccessful winter survival in Alaska,
similar in general appearance, but heads of alpine tim@d) compare different planting dates and various dates of
thy tend to be of larger diameter than those of commoseeding—year harvest for seeding—year forage piioduc
timothy. Other major
distinctions between the

two species in generalr 3 I ] RV LY " I
appearance are (a) ¢ | . f ;
more inflated topmost N N .", ' ¥k ,+

leaf sheath in alpine e
timothy than in common ! } _
timothy, and (b) culms i AT AR i s
(stems) of the alpine LA E
species tend to be more
geniculate or spreading
while those of common
timothy are more erect
(Fig. 5).

The general occur-
rence of alpine timothy
in this area of Alaska
with inherent subarctic §
adaptation suggested¥s
that the species merited
evaluation for agro-
nomic potential as a
cropland forage.

i

Figure 5. Two—year—old individual plants of (left) native Alaskan alpine tim&alginum)
and (right) typical plant of Climax common timoti ffratense). Note relative paucity of culms
and total herbage in the alpine timothy plant. Numbers on stake indicate height in feet.
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and for effects on subsequent winter survival, and (ebeen included in this report (a) to provide a more com-
determine forage productivity of established timothyplete understanding of structure, physiology, and adap-
harvested on various schedules and frequencies and dation within the species, and (b) to create a more com-
certain effects of those various harvest-managememtliete and comprehensive exposition of the performance
options on subsequent winter survival. and potential usefulness of timothy in this area. Because
Five of the nine experiments summarized in this bulthis publication will be more available and relevant to
letin (Exps. Il through V1) were reported previously in a Alaska growers, yields reported in metric units in the
technical journal (Klebesadel and Helm 1986); they havéournal report have been converted to English units herein.

Table 1. Percent winter survival in 50-plant lots, grown as individual plants in rows, of timothy cultivars from
Norway, Sweden, Finland, Denmark, and Canada; and in 25-plant lots of alpine timothies from Alaska and
Iceland (Exp. I).

Percent
winter Mean injury rating
Source Cultivar or strain survival of surviving plants
Common timothy . pratensg
NORWAY Vagones 100 4.8
Bodin 98 4.7
Engmé 96 4.4
Gammelsrod 90 6.5
Bjorneby 88 6.2
Grinstad 86 5.6
Asnes 86 7.5
Steen 84 5.4
Sundby 84 5.8
Forus 84 6.6
Mean 90 5.8
SWEDEN: 0841 100 3.2
Bottnia Il 98 5.5
Kampe Il 84 5.8
Bottnia 84 6.5
W:S T-41 24 7.9
Mean 78 5.8
FINLAND: Nivala 96 5.0
Tarmo 96 5.0
Lapp#? 96 5.6
Tammistd 91 5.8
Hankila 78 6.9
Mean 91 5.7
DENMARK: Otofte Il 94 5.0
Otofte 71 7.2
Mean 83 6.1
CANADA: Climax* 49 7.6
Alpine timothy . alpinumn)
ALASKA: Lot 259 (Unalaska Is.) 0 -
Lot 260 (Cold Bay) 0 -
Lot 261 (Umnak Is.) 0 -
ICELAND: Lot 44C° 0 -

Unjury ratings: 1 = no injury, 9 = severely injured.

2Means of three, 50-plant lots.

SMeans of two, 50-plant lots.

“Climax appeared as 5-plant check lots between all other pairs of lots; Climax winter-survival mean based on about 130 plants.
A 50-plant lot.
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These experiments were conducted at the Universitgxperimental designs with four replications were used
of Alaska Agricultural and Forestry Experiment Station’sin all row and broadcast—seeded plot tests except Exp.
Matanuska Research Farm (NP near Palmer in | which was not replicated, and Exp. 2, which uti-

southcentral Alaska. lized three replications. In each field test except Exp.
I, a pre—emergence application of dinoseb (dinitro—

EXPERIMENTAL o—sec—butylphenol) was sprayed in water solution
uniformly onto each seedbed 1 to 4 days after plant-

PROCEDURES ing to control broadleaf weeds.

In each field experiment except Exp. I, commercial With all forage harvests from broadcast-seeded
fertilizer disked into plowed Knik silt loam (Typic PlOts, yields were derived from a swath 30 inches
Cryochrept) seedbeds before planting supplied Nywae mo_wed from the centerline of eac_h plot after a
P,0,, and KO at 32, 128, and 64 Ib/A, respectively. StrP 15 inches wide was mowed and discarded from
All experimental sites were selected for good surfac@©th ends of all plots to remove border effects. Mow-
drainage, and no companion crops were planted exd was done with a sickle—equipped plot mower leav-
cept in Exps. VIII and IX. With all broadcast-seeded!N9 @pproximately a 2 1/2—inch stubble. Small,
plots, planting rates were adjusted on the basis of gepagged samples from each plot were dried to con-
mination trials to plant grasses at the following ratesStant weight at 6€ (140F). All forage yields are
in Ib/A: timothy 8, Polar bromegrass (predominantly reported on the oven—dry basis. Commercial fertil-

Bromus inermisLeyss. XB. pumpellianusScribn.) ~ iZ€r supplying N, BO,, and KO at the rate of 126,
22, Garrison creeping foxtail Alopecurus 96, and 48 Ib/A was topdressed in early spring of each

(Poa pratensisL.) 20, and Arctared red fescue !V Ammonium nitrate supplying N at 84 Ib/A was
(Festuca rubral.) 20. topdressed 1 to 3 days after the first—cutting forage

Individual broadcast—seeded plots measured 5 bfjarvestin all broadcast-seeded plots harvested twice
18 or 5 by 20 feet. Randomized complete blockPE€r year.

Table 2. Seeding-year and subsequent forage yields of timothy cultivars from diverse latitudinal origins, and four
very winterhardy, rhizomatous forage grass cultivars. Planted 25 June 1970 (Exp. II).

Cultivar 1970 1971 1972 1973 1974 1975
Source or selection 22 Sep 8July 70ct 5July 180Oct 11July 12Sep 27 June 10 Sep 26 June 19 Sep Total

Oven-dry tons per acre

Norway Engmo 0.21% 0.10b 1.65bc 1.07c 047c 095cd 049d 220ab 0.19c 0.31d 142bc 9.06b
Iceland Korpa 0.26 c 0.22b 1.80ab 0.85c 0.49c 092d 055cd 217ab 0.08d 1.45bc 0.68c 9.47b
Finland Tammisto 0.93 ab Ir 0.51d Tr Tr Tr Tr @wk)® — — — — l44c
Sweden Bottnia Il 0.96 ab Tr 0.63d Tr 0.02d Tr 0.16 e 0.81c Tr Tr 065c 3.23c
Omnia 0.85 alpwk) — — — — — — — — — — 0.85¢c
W:S 48 0.73 abwk) — — — — — — — — — — 0.73 ¢
W:S 149 0.42 c (wk) — — — — — — — — — — 0.42c
Canada Climax 1.02 avk) — — — — — — — — — — 1.02c
USA Wisconsinr-i0 1.06 awk) — — — — — — — — — — 1.06 c
Checks Polar 0.1lc 0.12b 1.13cd 2.22b 0.62c 294a 0.62cd 296a 0.17cd 2.10ab 1.95b 1494a
bromegrass
Garrison 0.98 ab 0.07b 1.66bc 3.17a 0.75c 2.85ab 0.77c 289a 0.35bc 268a 1.36bc 17.53a
creeping foxtail
Nugget 0.16 ¢ 190a 245a 2.05b 1.73a 191bc 137a 194b 095a 133c 290a 18.69a

Kentucky bluegrass
Arctared red  0.54 bc 185a 158bc 2.04b 1.26b 251ab 1.05b 268ab 056b 1.71bc 1.66b 17.44a
fescue

Within each column, means not followed by a common letter differ significantly (5% level) using Duncan’s Multiple Range Test.
2Trace amount of herbage inadequate for harvestable yield.
8Stand winterkilled completely.
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rows 3 feet apart. An aliquot of liquid fertilizer solu-
tion was dispensed into the soil furrow beneath each
plant at transplanting. The planting consisted of

Experiment |
Winter Survival of Two Species of Timothy as

Individual Plants in Rows Hnreplicated randomly distributed, mostlg-Hlant
This experiment compared 22 cultivars of commoigy "~ 0 o ivars (identified in Table 1), with 5—

timothy from Norway, Sweden, Finland, and Denmark ; i
with one from Canada as a standard or check. Includg&am check lots of Climax timothy from Canada appear-

ing in the row between all other cultivar lots. Each culti-

also were four collections of alpine timothy, three .
from Alaska and one from Iceland. All seed lots werd o appeared as a single 50-plant lot except for Engmo

planted in a soil/sand/peat mixture in plant bands iﬁnd Tammisto, each of which were planted in three, 50—

greenhouse flats in April, 1958. At the small seedlin lant lots, and_Lappl Wh'Ch appeared in twc_), 50-plant
ts; these multiple entries were to compare different seed

stage, they were thinned to one seedling per band. I% X
Junge all glants were transplanted to thge ?‘ield into gources of the latter three cultivars. Each of the three

plowed seedbed using a tractor—-mounted transpIant%lﬁ.'lnetﬂmomlis frorln Allasga app_e?rgd ?23 2|5—pt)lant lot,
that placed plants approximately 24 inches apart jynie the one from lceland consisted o plants.

Table 3. Seeding-year forage yields, percent winter survival, and second-year forage yields of 17 timothy
cultivars and selections from diverse latitudinal origins and two non-timothy check cultivars. Planted 17 June
1974 (Exp. llI).

Winter survivat

Two Two

Cultivar Forage yield snow-covered exposed Forage yields - 1975

Source or selection 3 0ct 1974 replicates replicates 16 June 18 Sep Total

Oven-dry tons/A Percent Oven-dry tons/A

Norway Bodin 0.61 ef 100 a 80 bc 1.94 ab 2.52 ad 4.46 ab
Engmo 0.86 cde 100 a 95 ab 1.93 ab 2.40 a-d 4.33 ab
Va-BL-60 0.52f 100 a 98 a 1.86 ab 2.34 a-d 4.20 ab
Mean 0.66 100 91 191 2.42 4.33

Iceland Korpa 0.13¢g 100 a 100 a 2.03 ab 2.44 a-d 4.47 ab

Finland Tammisto 1.24 ab 88 ab 65 cd 1.34 bc 2.98 ab 4.32 ab

Sweden Bottnia Il 0.97 bcd 100 a 60 d 1.23 bed 3.07a 4.30 ab
Omnia 0.90 cde 65 cd 23e 0.66 cde 2.74 abc 3.40 abc
W:S T-59 0.17¢9 60 cd 5fg 0.48 de 2.20 a-d 2.68 bed
Mean 0.68 75 29 0.79 2.67 3.46

Canada Climax 1.39a 78 bc 10 efg 0.72 cde 2.49 a-d 3.21 abc
Drummond 0.49f 50d 13 efg 0.44 de 2.73 abc 3.17 abc
Milton 0.83 de 63 cd 5fg 0.47 de 2.64 abc 3.11 abc
Mean 0.90 64 9 0.54 2.62 3.16

USA Mor-Tim 1.26 ab 65 cd 23e 0.59 cde 2.86 ab 3.45 abc
Itasca 1.16 abc 65 cd 20 ef 0.55 cde 2.87 ab 3.42 abc
Wisconsin T-10 1.15 abc 63 cd 8 efg 0.53 cde 2.70 abc 3.23 abc
Lilly's Best 0.52f 20e 1g 0.16 e 1.77 bed 1.93 cd
Essex 0.01g 73 bc 8 efg 0.12e 1.28d 1.40d
Clair 0.93 cd 13e 1lg 0.02 e 1.27d 1.29d
Mean 0.84 50 10 0.33 2.13 2.45

Checks Polar bromegrass 0.77 def 100 a 98 a 1.98 ab 2.57 abc 455a
Garrison 0.78 def 100 a 100 a 234 a 1.53 cd 3.87 ab

creeping foxtail

Visual estimates for each plot, 5 June 1975 (% survival of stand present in autumn 1974). All timothy cultivars win@0gdled 1
during winter 1975-1976, while both rhizomatous check cultivars sustained no apparent winter injury.
2Within each column, means not followed by a common letter differ significantly (5% level) using Duncan’s Multiple Range Test.
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Experiment Il

Forage Yields and Winter Survival of Nine

Timothy Strains in Broadcast—Seeded Plots
Timothy cultivars or strains from diverse latitudi-

nal sources in North America and northern Europ

(listed in Table 2) were planted on 25 June 1970; four
check cultivars of other grass species were included.
Seeding-year and subsequent forage yields over the
following five years were harvested on dates shown

é'n Table 2.

Table 4. Seeding-year and subsequent oven-dry forage yields, late-season dormancy, and winter survival of 23
timothy cultivars from northern Europe, Canada, and the USA, and four non-timothy check cultivars. Planted 11

July 1979 (Exp. IV).

1979 1980 1981 1982
Cultivar Winter
Source or selection 12 Oct 24 June 18 Sep  Total 22 June 17 Sep Total Darmasumvival 30 June
Tons/A % Tons/A
Norway Engmo 0.80f% 2.8labc 1.18h 3.99cde 247ab 1.87gh 4.34a-f 1.8 86 1.95b
Iceland Korpa 117a-d 2.74bcd 1.30gh 4.04cde 267a 2.07d-h 4.74ab 13 82 1.71b
Finland Jo-0182 128 abc 253 cf 1.67d-g 4.20bc 247ab 249af 4.96a 1.8 59 1.25 cde
Hja-1277 1.07b-g 2.64b-e 143fgh 4.07b-e 219a-e 212c-h 4.31a-f 15 56 1.16 def
Jo-0166 125abc 253cf 157e-h 4.10b-e 213af 254af 4.67abc 1.8 46 1.03 efg
Jo-1014 0.99c-h 251cf 136fgh 3.87cf 225a-d 2.33b-g 458 a-e 2.0 52 0.92 e-h
Tarmo 1.10 a-f 240d-g 1.44fgh 3.84cf 227abc 2.47af 4.74ab 2.0 51 0.92 e-h
Tiiti 126abc 2.149g- 195a-e 4.09b-e 230abc 245a-g 4.75ab 2.3 37 0.85 e-i
Tammisto 1.1 af 2.36e-h 1.55e-h 3.91 cf 1.95a-h 2.26 b-h 4.21 a-f 2.3 40 0.73 f+j
Mean 1.15 244 1.57 4.01 2.22 2.38 4.60 2.0 49 0.98
Sweden Bottnia Il 0.601i 292ab 1.65d-g 4.57ab 226 a-d 2.39a-g 4.65a-d 2.0 42 0.87 e-i
Astra 142 a 187kl 2.04a-d 391lcf 141fk 257ae 3.98b-g 35 17 0.44 i-l
WW T49 1.15a-e 1.87jkl 194a-e 38lcf 151le-k 273abc 4.24 af 2.0 14 0.37 jkl
Omnia 0.84e-i 150m 194a-e 3.44fg 0.85kl 2.85ab 3.70 efg 2.8 9 0.22 kI
Mean 1.00 2.04 1.89 3.93 1.51 2.64 4.14 2.6 21 0.48
Canada Champ 126 abc 2.089-k 2.06a-d 4.14b-e 166c-j 258a-e 4.24a-f 4.3 31 0.73 f+j
Milton 1.33ab 2.01h-k 2.15abc 4.16bcd 1.50e-k 2.67 a-d 4.17 a-f 3.8 36 0.66 g-k
Basho 142 a 1.81jm 2.17abc 3.98cde 1.32g-l 3.00a 4.32a-f 4.3 17 0.44 i-l
Climax 1.20abc 1.75klm 2.24ab 3.99cde 1.13i1 262a-e 3.75d-g 45 27 0.39 jkI
Drummond l16a-e 1.09n 1.99a-e 3.08gh 0.651 256a-f 3.219g 4.0 6 0.171
Mean 1.27 1.75 2.12 3.87 1.25 2.69 3.94 4.2 23 0.48
USA Itasca 1.32abc 1.97ik 210a-d 4.07b-e 192b-i 2.61lae 453a-e 2.8 36 0.77 f-i
Mor-Tim 1.40 ab 2.06 g-k 2.17abc 4.23bc 1.22h-l 2.82ab 4.04ag 3.3 27 0.47 h-l
Verdant 1.35ab 1.74klm 1.98a-e 3.72c-f 1.20i1 2.60a-e 3.80c-g 3.3 19 0.32 jkl
Lilly's Best 0.68 hi 0550 2.19abc 2.74h 0.611 2.83ab 3.44fg 35 11 0.22 kl
Clair 130abc 1.57Im 229a 3.86cf 0.82kl 2.68a-d3.50fg 4.8 4 0.121
Mean 1.21 1.58 2.15 3.72 1.15 2.71 3.86 35 19 0.38
Checks Polar 0.86 d-i 3.09a 1.81b-f 4.90a 2.15a-e 2.0l1e-h 4.16 a-f 1.3 75 1.63 bc
bromegrass
Garrison 0.86 d-i 258b-f 1.46fgh 4.04cde 2.04a-g 1.96 fgh 4.00 b-g 11 100 258 a
creeping foxtail
Nugget 0.61i 1.93ijk 1.74cg 3.67def 152d-k 2.62a-e 4.14 a-f 1.0 100 1.55 bcd
Kentucky bluegrass
Arctared 0.76 ghi 2.26f-i 1.37fgh 3.63ef 2.28abc 1.69h 3.97 b-g 1.0 90 1.66 bc
red fescue

Visual rating of height of regrowth 8 days after second cutting:
2isual estimates 22 June 1982.

1=0-2cm,2=2-4cm, 3=4-6cm, 4 =6-8 cm, anc&tm= 8-10

3Within each column, means not followed by a common letter differ significantly (5% level) using Duncan’s Multiple Range Test.
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Experiment IlI June 1974. On 30 October 1974, aerial growth was sev-

Forage Yields and Winter Survival of 17 Timothy  ered to preclude any further transpirational loss of wa-

Strains in Broadcast—Seeded Plots ter from plants; immediately thereafter plants were dug
Timothy cultivars from Norway, Sweden, Finland from each row. Cold water was used to wash soil from

Iceland, Canada, and the conterminous U.S., and Pol&P0ts, then plant crowns were broken apart to obtain
bromegrass and Garrison creeping foxtail, included fo}ndividual tillers. All roots were severed from tiller bases
comparison, were seeded on 17 June 1974. Seedin&ﬂd outer leaves were removed to expose corms; tiller

year and subsequent forage harvests were taken on da@Wth beyond 1 inch above the base of each corm was
listed in Table 3. severed and discarded. Corms were rinsed in a cold—water

spray to remove all traces of soil and debris, rinsed three
Experiment IV N ve_gram samples of prepared corms (exact weight
Forage Ylelds and Winter Survival of 23 Timothy achieved by corm selection and tiller trimming) were
Strains in Broadcast-Seeded Plots placed into a 2.5 by 20—cm stoppered test tube and fro-
Timothy cultivars from Norway, Sweden, Finland, zen for 20 hours. Separate samples of each cultivar were
Iceland, Canada, and the conterminous U.S., and Pol@igzen at -19 —2#, and —36C (+10.4, —11.2, and
bromegrass, Garrison creeping foxtail, Nugget Ken-_33 aF)_ After freezing, test tubes were placed in a re-
tucky bluegrass, and Arctared red fescue, included fofrigerator for 4 hours for temperature equilibration be-
comparison, were planted on 11 July 1979. Seedingfore 50 ml of refrigerated, distilled water were added to
year and subsequent forage harvests were taken on dagh. Test tubes were replaced into the refrigerator for

listed in Table 4. 20 hours for diffusion of cell electrolytes from freeze—
) injured plant cells. Decanted water was brought €25
Experiment V (77F) and specific conductivities determined for each

Pre—Winter Dry—Matter Concentration and  sample according to the method described by Dexter
Food—Reserve Storage in Overwintering Tissues al.- (1932). Water samples were returned to their spe-
of Cultivars Adapted at Diverse Latitudes cific test tubes containing corms; all were boiled for 5
Three timothy cultivars of diverse latitudinal adapta- Mnutes in a common water—bath to effect complete de-
tion (Engmo, Climax, and Clair) were seeded in rowsStruction of plant cells in the overwintering tissues.
in June of two consecutive years in two separate ex>aMples were again left to diffuse for 20 hours before
periments (Va and Vb) for the purpose of determining€P€at decanting, equilibration at’e5and a second
changes in percent dry matter and food—reserve levefPECific conductivity measurement on each sample. The
in overwintering storage tissues at progressively latefatio Of specific conductivity following freezing to spe-

dates during the latter portion of the seeding—year grow£fic conductivity following boiling (maximum injury
ing season. Dates of planting; procedures for planting?oss'ble) is presented as percent injury induced by freez-

sampling, and plant preparation; and measurement tecHl9 N corm tissues.

niques were described in Exp. 4 of an earlier report )

(Klebesadel 1985a). Dates of sampling from the fieldEXperiment VII

were 10 August, 30 August, and 10 October in Exp. VaEffects of Planting Dates and Seeding—Year
and 22 August, 18 September, and 10 October in Exp. ViiHarvest Dates on Seeding—Year Forage Yields

Some spaced plants in rows from the same seedingtnd on Subsequent Winter Survival and Spring
were leftin the field to determine actual percent winterFgrage Yield

survival of cultivars and to relate these data to dry—mat- Engmo timothy was broadcast—seeded in three large

ter changes and reserve storage measurements. Avefiacent blocks in 1980 on 16 May, 1 June, and 19 June.
aged over both years, there were 84 plants per row 08y different seeding—year forage harvests were taken

which winter survival data were determined. in each of the four replicates in each block at about 10—
) day intervals on the following dates: 22 August; 2, 11,
Experiment VI and 23 September; and 1 and 9 October. All plots were

Freeze Tolerance During the Cold—Hardening trimmed to a uniformly short (about 2 1/2—inch) stubble
Period of Cultivars Adapted at Diverse Latitudes  height after killing frost to prevent uneven snow reten-

Three timothy cultivars (Engmo, Climax, and Clair) tion on plots. On 20 April 1981, N,®,, and KO were
were seeded in rows 2 feet apart and 18 feet long on ftopdressed uniformly over all plots at the rate of 126,
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96, and 48 Ib/A, respectively. All plots were harvestedn the growing season by about 10—day increments. As
on 18 June to provide a uniform measure of the effectnal cuttings were progressively later, more days gen-
of planting dates and seeding—year harvest dates on vigerally were allowed for regrowth between cuttings. The

and productivity of stands in the second year. latest final harvest date in Exp. IX (trtmts. 6, 11, 16, 24,
32, 40) was intended to be 30 September but was ad-
Experiments VIII and 1X vanced to the 26th because a low dF24as recorded

Effects of a Broad Array of Harvest Schedules N 24 September, and precipitation was predicted for
and Frequencies on Forage Production and on 27-28 September that could have been snow (but wasn't)

Subsequent Winter Survival of Established that could have pre.dUded harvest on 30 S_eptember.
Timothy In the year following the year of differential harvests,

- _ _all plots were harvested on the same date (23 June 1982
Two similar 3—year experiments were conducted Wlthn Exp. VIII, 2 July 1984 in Exp. IX) to evaluate the

Engmo timothy (a) seeded the first year with & companagre s of the various cutting schedules and frequencies,

ion crop of barleykjordeum vulgare..), (b) subjected ;o cted during the previous years, on subsequent win-
in the second year to a broad array of harvest schedulf\esr survival and following—year productivity.

and frequencies, and (c) all treatments harvested on the

same day in late June or early July of the third year, wit

forage yield in that harvest representing an evaluativP ESULTS AND DISCUSSION

measure of the effects of harvest treatments in the prg&xperiment |

vious year on subsequent stand health and productivity\iinter Survival of Two Species of Timothy as
The two experiments were planted 6 June 1980 anﬁlldividual Plants in Rows

17 June 1982. The companion crop of Weal barley was

sown with a small, tractor—-mounted drill that planted 10

drill rows six inches apart, barley sowing rate was abou urvival were recorded on all plants for three consecu-

40 Ib/A, an intentionally lighter rate than for a grain Crop e growing seasons. The first winter was more severe

in order to decrease competitive effects on the timothy .

seedlings. Timothy was seeded at the same time with han the second, and percent winter survival of cultivars
towed—%e.hind cor)r/u ated—roller seeder ghd injury ratings of surviving plants following the first
9 ' winter are presented in Table 1. No appreciable winterkill

In early August of both 1980 and 1982, the barley com%f plants occurred during the milder second winter.

panion crop was clipped to a 10-inch stubble and rake Alpine timothy is a relatively depauperate, unthrifty

off the field. The tall .Stprle was left in place over WIN" hjant in its native habitat, offering little evidence of ag-
ter to hold a protective, insulating snow cover agalnsf

i . onomic potential. However, the same is true of Sibe-
the removal force of winter winds, thus to promote en-

. . ) : - ~''rian wildrye Elymus sibiricud..), slender wheatgrass
hanced winter survival of the timotlsgedlings (see Fig. . : i
6 in Klebesadel 1992a). Thettibble was clipped and re- (Agropyron trachycauluniLink) Malte), arctic wheat

moved from both experimental areas in early spring o rass 4. sericeunHitchc.) and pumpelly bromegrass
P y spring ?Bromus pumpelliangsn native habitats in Alaska, but
the year after establishment.

In Exp. VIII, spring fertilizer topdressings of N, they respond dramatically in increased herbage produc-

; 25 tion when grown on fertilized cropland soils (Klebesadel
and KO at 126, 96, and 48 Ib/A, respectively, were ap-1993cl 1994a, 1994b).

plied 20 April 1981 and 6 May 1982. In Exp. IX, the . — i
same rates were applied 23 May 1983 and 7 May 198EAAII plants in the four lots of alpine timothy (3 Alas

All transplants established well, and notes on phenol-
gy, leafiness, growth habit, winter injury and winter

A mid—season topdressing of N at 84 Ib/A in the year o an, 1 Icelandic) winterkilled during the first winter.

. . . . oreover, a comparison & alpinumandP. pratense
differential harvests was applied 7 July 1981 in Exp : .
Vil and 8 July 1983 in Exp. IX. plants in another test at the end of their second year of

rowth (Fig. 5) provided further evidence of the rela-

The dlffer(?ntlal harvests in both exper_lments, a Ioroa(ﬁvely poor forage potential in alpine timothy with its
array of cutting schedules and frequencies that mclude%w culms per plant, short growth, minimal leafiness

.5’ é 3, 3”? 2 glﬁ[gr?gs;zper IB/;EX' ![nvi)lr\]/ed 31{[ ge?tmfentgnd meager total herbage, even with addition of abun-
N EXp. an INEXp. IA. Actualharvest aates for dant fertilizer nutrients. Inasmuch as all four lots were

the two experiments appear in figures that accompanf¥om north—latitude sources but winterkilled 100%, that

discussion of the results of those experiments. pecies was dropped from further consideration as a po-

Within each §et of harvest frequencies (2, 3.’ 4, or ential cropland forage for Alaska, despite the inherent
cuts per year), final harvest dates were progressively later
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north—latitude adaptation of the four collections evaluateoExperiment I

It should be noted that the collection sites for thq:orage Yields and Winter Survival of Nine
three Alaska alpine timothy lots evaluated were in]'imothy Strains in Broadcast—Seeded Plots

maritime, southwestern areas of the state that EXPerl-goading—year forage yields harvested on 22 Septem-

ence relafuve_ly mild winter stresses compared W't.rber differed significantly among timothy strains (Table
the test site in the Matanuska Valley. The Icelandlcz)' The southernmost—adapted cultivars, Climax and

CO_II_IECt'C.)tn fared no téegter.l ine timoth I Clair, yielded over 1 T/A, while the northernmost—
€ sites occupied by a’pin€ imothy generally are dapted Engmo and Korpa produced less than 1/4 T/A.

on mountain slopes and in high meadows (Aamod . o o B . :
and Savage 1949; Hulten 1968). Although all moun?he intermediate—latitude—adapted timothy strains and

: . . : the four non—timothy grasses produced yields interme-
tainous habitats might be assumed to be universall y9 P y

. ) . ?fiate between those extremes.
stressful winter environments, in fact the range o

habitats occupied by plants at high elevations actu- The winter of 1970-71 was severe in causing plant
allv re resentpa brogc? array of egx osUres o wint mortality in this and other experiments in progress then.
y rep y P e{'imothy strains that winterkilled totally in Exp. Il dur-

st_resses. On expose_d, Windswepj[ slopes, only the molﬁtg that first winter were Omnia, W:S T—48, and W:S T—
winterhardy of species can survive.

) : 49 from Sweden, Climax from Canada, and Wisconsin
However, other mountain habitats such as meadowF_10 (Table 2)
and "snow patch” sites where alpine timothy occurs, re- Bottnia Il frorﬁ Sweden, and Tammisto from Finland

ceive protective, insulating snow cover early and it "®Sustained such severe winter injury that no forage yields

e e St bt eX0se D ferecbtainec nhe st cutng n 1971 and oy o
9 pen, styields (mean =0.57 T/A) in the second cutting. There-

swept farm fields. after, Bottnia Il produced small yields in only four of the

These poor winter—survival results with SUbarCt'C_subsequent eight cuttings. The severely winter—injured

Ston experience it certain oher nate Alaska planf"d {1ined stands of Tammisto produced no recover-
ecotypes that similarly grow in relatively protected VF\)/in- ble ylelo!s before_ all plots of thatltivar succumbed
ter habitats and survive winters poorly when subjecte(tjp tally durlng the wmte_:r of 1973-74. ,

In the spring following the severe winter of 1970-71,

to the much more stressful winter exposure in an OPEf o non-timothy check grasses also showed a wide range

field environment where strong winter winds often blowOf winter injury. The very winterhardy Polar bromegrass

away the protection of an insulating snow cover (Dale . : . : . -
1956: Klebesadel 1974). Examples are native Alaskaand Garrison creeping foxtail sustained winter injury also

; . . Ond produced very low first—cut yields in 1971. In con-
Iarge—lea_ved Iuplnd_(Jplnl_Js polyphylius.indl.) gnd_ a trast, the extremely winterhardy Nugget Kentucky blue-
tall-growing grass, drooping woodreétirfna latifolia

(Trev.) Griseb.): these grow commonly in woodlands ingrass and Arctared red fescue were the least injured of
' 7 ; : all 13 grass strains comparedch producing almost 2 T/
southcentral Alaska where insulating snow cover €2 in the first cutting of 1971,

mains in place. Despite their inherent subarctic adapta- The four grasses that sustained less winter injury than

tion, when those plants have been grown in experlmen{ie timothy strains all have better protected overwinter-

in the more stressful and exposed winter environmer] g tissues. Smooth bromegrass, creeping foxtail, Ken-

OILCLOpIagO: ]Iggd;d_thley have t;’;’.mr:eék'.”?d 10,[9% tucky bluegrass, and red fescue have subterranean rhi-
,(AI ekeia c dF & fo ;npuSt'S ed information., ; mes (underground stems) that afford those plants bet-
aska Agric. and Forestry Exp. Sta.). ter protection from winter stresses than timothy plants

The cultivars of common timothy from Norway, Swe- with their corms more exposed at the soil surface (Jung

den, Finland, and Denmark showed good to excellent , , .
winter survival (Table 1). All except W:S T—41 from "4nd Kocher 1974; Klebesadel 1992b, 1993d; Smith

. . 1964b).
Sweden surpassed the check cultivar Climax, from Both Engmo and Korpa produced harvestable forage

e 1 ilsinal L cting dung he experimen ek g
dence of winter iniury than the less winterhard moreeSt yields were in the first cutting of 1974 vyhen .both

Jury . \ardy, mo surpassed 2 T/A. All grasses produced low yields in the
southerrj—adapted Climax. T hus, cu!tl\_/ars W'th best WNzecond cutting of 1974 due to acutely sub—normal pre-
ter survival tended to exhibit less injury in the plants

: : . cipitation after mid—July of that year (Table 5). In gen-
that survived the winter and vice versa (Table 1). eral, yields of Engmo and Korpa differed little during
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the six years; the greatest difference was in 1975 Wh@xperiment I

Korpa produced considerably more in the first cutting-orage Yields and Winter Survival of 17 Timothy
and Engmo in the second. Strains in Broadcast-Seeded Plots

Engmo and Korpa total yields for the experiment were The year of establishment of this experiment (1974)

abou_t equal, averaging 9.27 TIA. However, those_tlm%as markedly below normal in precipitation (Table 5).
thy yields were significantly lower than the total yields owever, all but six of the 17 timothy strains developed

_?_]; ;herour gon_—'ilmc_)thy grasls;soth?ai z]vetraged olve_r “tall, adequate stands. Visual estimates of percents of full
- beyonadwinter injury in B at SEVerely IN<tands for those six strains in September, 1974, were:

jured Engmo and Korpa stands at the start of the eXPeE<cay 10 to 20% Korpa and Lilly’s Best 30 to 40%

ment, timothy is acknowledged to be relatively shallow—W:S T_59 and Drummond 40 to 50%, and Clair 80%.

rooted and drouth susceptible, compared with many othtla ose thin stands resulted in low seeding—year forage
grasses (Grant and Burgess 1982; Hanson 1972; Lam 81ds (Table 3)

et al 1949; McElroy and Kunelius 1995; Smigh al Seeding rates had been adjusted on the basis of ger-

experiment were below normal in preciitation (Tabl%_ to 9—year—old seed lots of the strains that developed
P precip epoor stands, exacerbated by low precipitation amounts,

22c’)u6tll?i(rj1e(scs) r:g:gtt%npr:qoaiucgt\ég Irsascsuersta'ltlheedmboydgo tributed to the thin stands of the above strains.
y 9 ' he location of this experiment, in the lee of a wooded

yields of even the bes_t t|moth|e_s were not SUpMSING. 10 ¢t from strong winter winds, resulted in marked dif-
A clear pattern of winterhardiness related to latitudi;

nal adantation was apparent. Of the nine culivars. En ferences in snow cover on the two halves of the experi-
P P : . » ENIM0ent. That happenstance contributed valuable informa-
and Korpa adapted at 6tb 70N in Norway and Ice-

i L. . . tion on (a) the beneficial effect of snow cover in insulat-
land, respectively, exhibited best winter survival (@)

Tammisto from Finland and Bottnia from Swedenmg timothy stands from the harmful effects of low air

. .~ temperatures, and (b) the differences in winter survival
(o}
adapted at 55°30 62N, were poor but intermediate in of the various timothy strains under two different levels

survival. The three other Swedish cultivars, Climax fromy exposure to winter stresses. Other reports on the con-

about 45N in Cana_da, gnd Wlsc_onsm T-10 from N€aLiderable differences in winter survival of forages as in-
43N were poorest in winterhardiness.

fluenced by insulating snow cover versus its absence
have appeared previously
d (Klebesadel 1992&lebesadel

Table 5. Monthly departures (inches) from normal of precipitation recofde

at the Matanuska Research Farm during the course of experiments disfuss Hd Dofing 1991). _
in this report Two of the replicates re-
mained covered by snow dur-
Experiments  Year Apr May June July Aug Sep Departure ing much of the winter of
[ 1958 +0.05 -0.02 -0.08 0.04 -1.78 -151 3.38 1974-75, while wind swept
+0. -0. -0. -0. -1. -1. -3.
1959 +1.74 +0.36 -0.45 +2.65 +3.13 -1.22 +6.21 the other two bare of snow
cover; the result was mark-
Iland Il 1970 -0.05 -0.66 +0.06 -0.36 -0.75 -1.55 -3.31 edly different winter survival
1971 +0.59 -0.47 +0.49 -0.14 +2.00 +0.09 +2.56 of most timothy cultivars in
1972 +0.18 +0.49 +0.05 -0.64 -1.85 +2.54 +0.77 .
1973 +0.69 -0.36 +0.32 -2.04 +1.66 -1.50 -1.23 the twc_)rhsllvess of the experi
1974 +0.12 +0.06 -0.94 -1.28 -1.43 -0.09 -3.56 ment (Table 3).
1975 +1.34 -049 +0.71 -0.13 -1.33 +1.02 +1.12 All timothy strains except
Lilly’s Best (20%) and Clair
IV, VI, 1979 +0.48 -0.48 -0.08 +2.96 -1.99 -1.06 -0.17 (13%) from the conterminous
- o )
Vill,and IX 1980 -0.32 +0.26 +0.94 +1.29 +0.10 +1.50 +3.77 U.S. exhibited 50% survival
1981 -0.40 -0.23 +0.29 +2.14 +0.91 -1.29 +1.42 or better where snow cover
1982 0.00 -0.12 -0.68 +0.99 -1.53 +1.09 -0.25 had protected stands. In that
1983 -0.23 -0.62 -0.40 -1.10 +2.27 -0.29 -0.37 half of the experiment,
1984 +0.17 +0.10 +0.19 +0.26 +0.08 -0.50 +0.30 Bodin, Engmo, and Va—BL—
Normal 0.63 074 159 250 238 2.33 60 from Norway, Korpa from
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Iceland, and Bottnia Il from Sweden showed no evigrasses, Polar bromegrass and Garrison creeping fox-
dence of winter injury. All other cultivars were inter-tail, were rated at 100% winter survival.

mediate in winter survival between those extremes, Markedly poorer winter survival occurred with all
ranging from 50% (Drummond from Canada) to 88%imothy cultivars from Finland, Sweden, Canada, and
(Tammisto from Finland). The two non-timothythe U.S. where plots had been swept bare of snow (Table

Figure 6. Comparative winter survival of timothy cultivars in Exp. lll. (Upper photo): Winterhardy plot on left is subarctic—
adapted Korpa from Iceland; extensively winterkilled plot on right is mid—temperate—adapted Climax from Canada. (Lower
photo): Severely winter—injured plot on left is Milton from Canada; uninjured plot on right is Bodin from northern Norway.
Numbers on stake in center of each plot indicate height in feet. Plots planted 17 June 1974; photos taken 5 June 1975.
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3, Fig. 6). All six U.S. cultivars, all three from Canada, During autumn of 1975, an unusual temperature pat-
and two of the three from Sweden were estimated at letg/n, reported in detail elsewhere (Klebesadel 1977), re-
than 25% survival. sulted in total winterkill of all 17 timothy cultivars (Fig.
The three cultivars from Norway, and Korpa from Ice-7). An atypically warm period during the first two—thirds
land, showed the best winter survival, averaging 93%f October undoubtedly slowed the development of
(Fig. 6). Tammisto (65%) from Finland and Bottnia Il freeze tolerance. This was followed in late October/early
(60%) from Sweden were intermediate in survival beNovember by a precipitous temperature drop to near
tween the other entries, similar to their ranking in Exp-10°F, and much-below—normal temperatures until mid—
Il. Polar bromegrass and Garrison creeping foxtailNovember. The following spring, Polar bromegrass and
grasses with predominately subterranean overwinteringarrison creeping foxtail, both with subterranean and
tissues, showed essentially no evidence of winter injurtherefore protected overwintering tissues, showed good
where snow cover was absent. winter survival. However, with all timothy cultivars dead,
First—cutting forage yields in 1975 were strongly in-the experiment was terminated.
fluenced by the above—described winter injury (Table
3). The nine cultivars from Canada and the besl sus- Experiment AV

tained the greatest winter injury and averaged only 0.40orage Yields and Winter Survival of 23 Timothy
T/A. In contrast, the four little—injuredultivars from  gtrains in Broadcast—Seeded Plots

Norway and Iceland averaged 1.94 T/A. All entries in this experiment established well and, al-

Most of the Winter—injur_e_d timothy cultivar_s, however, though it was planted late (11 July), July rainfall was
showed a remarkable ability to recover during the growg, . '« 1t inches above normal (Table 5) and good

ing season. As a result, most produced second—Ccutyielgg, o vields were harvested in the seeding year 12 weeks
in mid-September equivalent to the more winterhardye planting (Table 4). Eighteen of the 23 timothy cul-

cultivars and the two non-timothy grasses. OWiNg Qa5 produced over 1 T/A; in contrast, the four non—
generally good second-cutting yields, only three of thﬁmothy grasses averaged only 0.77 T/A.

less winterhardy timothy cultivars from Canada and the The winters of 1979-80 and 198081 were relatively
U.S. were significantly lower in total two—cut yields thanm”d; however, some winter injury of certain of the more

thed m_oslt V\thﬁrhardy cuI_tIilv:ars from ’I\"?rwaﬁ Iceland.gq, thern—adapted timothy cultivars was apparent each
and Finland; they were Lilly's Best, Clair, and Essex. ¢ping The winter of 1981-82 was somewhat more

Figure 7. Photo showing complete winterkill of all plots of 17 timothy cultivars from northern Europe and North America
after second winter in Exp. Ill. Uninjured plots are Polar bromegrass and Garrison creeping foxtail. Randomly occurring
individual living plants are Kentucky bluegrass. All three of the surviving grass species have less—exposed overwintering
tissues than timothy. All plots planted 17 June 1974; photo taken 20 May 1976.
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stressful than the previous two, causing more winter inMitchell (1989) wherein seven timothy cultivars were
jury to timothies than the earlier two winters. Visual escompared in a 2—year test near Delta Junction in interior
timates of winter survival recorded on 22 June, and firstAlaska. The most winterhardy and top yielders were
cut yields shortly afterward on 30 June 1982 (Table 4fngmo from Norway, Tiiti from Finland, and Korpa and
showed the same association with latitudinal origin aédda from Iceland. Bottnia Il was so injured during the
was apparent in Exps. 1l and lll. Mean first—cut yielddast winter that no first—cutting was obtained; the culti-
for the northernmost—adapted and therefore mostar Kampe from Sweden winterkilled totally during that
winterhardy cultivars from Norway and Iceland werewinter, producing forage only during one year. Climax
always highest in 1980, 1981, and 1982. Progressivefyom Canada winterkilled the first winter.

lower mean first—cut yields in all three years were ob- Engmo and Adda survived winters well in another
tained from strains from other countries in the orderstudy of several grass species and cultivars at this loca-
Finland > Sweden > Canada > United States. tion (Klebesadel and Dofing 1991).

Considerable ranges were noted in comparative Seven timothy cultivars (Engmo, Bodin, Korpa, Adda,
winterhardiness among cultivars from certain countrieg3ottnia Il, Kampe II, and Climax) were included in an-
From Sweden, Bottnia Il was the most winterhardy an@ther test of 29 grass strains within 14 species conducted
productive in first cuttings, while Omnia was least hardyover three years at this location (Exp. IV in Klebesadel
and lowest yielding, a comparison consistent with re1993c). The seven cultivars averaged 2.45 T/A in the
sults in Exps. Il and Ill (Tables 2, 3). From Canadaseeding year, a year of above—-average precipitation.
Champ and Milton were best and Drummond poorestjowever, due to below—normal precipitation during both
and from the U.S., Itasca, a cultivar from Minnesota, agubsequent years, especially during the first half of both
area of stressful continental-type winters was best, afgfowing seasons, first—cut yields of all timothies were
Clair, from the more southern Indiana—Kentucky aredow; thus, of the 29 grass strains, the seven timothy cul-
of relatively mild winter stresses was poorest. tivars ranked from 7th to 18th in total yields for the three

Mean forage yields for the 23 timothy cultivars wereyears. Both winters during the experiment were relatively
slightly higher in 1981 than in 1980; precipitation mild. Because winter injury was very minor, Climax, a rela-
amounts were generally above average in both yealigely nonhardy cultivar here, ranked above the other much
(Table 5). Although the timothies generally surpassethore winterhardy timothy cultivars in 3—year total yield.
the four non—timothy cultivars in seeding—year yields in
1979, the timothies and other species were about equaeasonal Distribution of Yields

in total yields in 1980 and 1981. When forages are harvested twice per year, the date of
the first harvest governs the duration of the periods of
Other Corroboratory Studies growth allotted for both the initial growth prior to the

Another study at this location (Exp. Il in Klebesadeffirst cutting, and for the regrowth that develops between
1993c) that compared 14 species of grasses fdine first and second cuttings. Thus, in the absence of
winterhardiness and forage yields for four years inappreciable winter injury, the date of the first cutting
cluded Norwegian timothy cultivars Engmo, Bodin,imposes a major influence on the amounts of dry—mat-
and Va—BL-60. Those cultivars were among the moger produced in the first versus the secouiting. Abun-
winterhardy and productive of forage, results that ardance or shortage of soil moisture, however, also can mark-
consistent with findings in Exps. Ill and IV of this report. edly promote or limit growth in either half of the growing

Performance of timothy cultivars in Exps. |, Il, lll, season and thus influence yields.
and IV, showing a relationship between winterhardiness Additionally, though, with relatively similar first—cut
and latitude—of-origin, parallel those of Andersen (1960parvest dates in both years of Exp. IV, an interesting com-
and @stgard (1959) in northern Norway who reportegharison can be seen in the distribution of yields in the
that Engmo and Bodin, both originating in northern Norfirst and second harvests as it relates to the latitude—of-
way, excelled in winter survival there. They found pooreprigin of the cultivars. The pattern was generally similar
winter survival in all other timothy cultivars comparedin both years; for the nine most winterhardy cultivars
in several tests, including strains from more southertfrom Norway, Iceland, and Finland), two—year means
sources in Norway, and from Sweden, Finland, Sco®f the proportion of total forage yield in the first cutting
land, Canada, and the U.S. Korpa from Iceland and Vawxas consistently highest at 57%. The percentage was
BL—60 from Norway, cultivars that performed well in progressively lower for less winterhardy groups (Swe-
experiments reported here, were not included intbeis.  den = 44%), and especially for increasingly more south-

The present results agree generally with a report bgrn—adapted groups (Canada = 39%, and U.S. = 36%).
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In Exp. Il, where the winter of 1974-75 inflicted greaterScandinavia, exhibited growth characteristics in the
winter injury, the eight cultivars from Norway, Iceland, regrowth intermediate between thleove extremes.
Finland and Sweden averaged 34% of the total-year

yield in the first cutting of 1975 while the Canadian cul-Autumn Dormancy
tivars averaged 17% and those from the U.S. only 11%. About one week after the second cutting in 1981,

To a considerable extent, the above differences iRarvested on 17 September, the various timothy cul-
yield distribution in first cutting were due to the in- tiyvars exhibited different amounts of new leaf growth.
ability of winter—injured strains to put forth growth aj| plots were rated for height of new regrowth (Table
at full normal capacity as those plants gradually re4, Fig. 8). The ratings were found to parallel gener-
covered prior to the first cutting. Moreover, the wealkg|ly the relative winterhardiness of cultivars, with the
and recovering winter—injured grasses understandablgast winterhardy exhibiting most autumn regrowth,
were unable to fU”y utilize the relatively hlgh rate Ofand the most Winterhardy producing Virtua“y none.
spring—topdressed fertilizer prior to the first cutting. That regrowth, and absence of same, may be indica-
Therefore, a more abundant supply of nutrients (anflve of different extents of dormancy assumed by the
probably soil moisture) would be available during thestrains. Lack of regrowth after the mid—September
regrowth of those cultivars than in the case of the morgarvest suggests onset of a dormant condition assumed
winterhardy, non—injured cultivars which drew morepy northern—adapted cultivars, perhaps an acquired
heavily on fertilizer and soil moisture to produce hlghand appropriate response to accustomed environmen-
first—cut yields. tal changes at that time of year (probably photope-

In addition, however, cultivar differences in growthriod) at subarctic latitudes. The greater amounts of
habit, that are related to Iatitude—of—adaptation anﬁbgrowth by the more Southern_adapted cultivars sug-
winterhardiness, contribute also to the aforementionegest that they were not induced to assume a similar
differences in yleld distribution in the two harveStS.State of dormancy; that failure could indicate poor
Engmo and Korpa, the two northernmost—adapted cukarmony with northern environmental cues that prob-
tivars in Exp. 1V, averaged only 37% of total-yearaply deters their adequate preparation for winter and
yields in the second cutting; that regrowth consiste¢hcreases their susceptibility to winter stresses.
virtually entirely of basal leaves with very few ex- |n Norway, Habjgrg (1979) observed that late—sea-
tended culms. In contrast, all tlmothy cultivars fromson growth was associated with poor winter survival
Canadian and U.S. origins produced heavy crops ¢ mid—temperate—adapted Kentucky bluegrass culti-
head—bearing culms in their regrOWthS, with reSU|tvars when they were grown atRD Cultivars adapted

ant high forage yields in the second cutting (Table 4)at that subarctic latitude ceased vegetative growth
Several cultivars of intermediate Winterhardiness, andar”er in autumn and were marked|y Superior in win-

originating from intermediate latitudinal areas inter survival there.

ENGM

-

Figure 8. Individual timothy plants of two subarctic—adapted cultivars (Engmo and Korpa) and two mid—temperate—adapted
cultivars (Climax and Clair) showing different amounts of regrowth following the second forage harvest on 17 September
1981 in Exp. 1V, photo taken 3 November. The more dormant Engmo and Korpa are vastly more winterhardy than Climax
and Clair that exhibited considerably more late—season growth.
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Experiment V A close relationship was found by others (Metelf
Pre—winter Dry—Matter Concentration and &l 1970) between percent dry matter in the plant crowns

Food—Reserve Storage in Overwintering Tissues of winter wheat Triticum aestivuni_.) and barley and
of Cultivars Adapted at Diverse Latitudes injury from freezing at different temperatures. Greatest

Three timothy cultivars, representing widely se arate& xtent of injury occurred with high crown-moisture con-
y , ep 9 ysep ent (low percent dry matter). Moreover, they reported

latitudes of adaptation (Fig. 9), were selected for COMat a small change in percent dry matter in crowns at a

arisons in Exps. V and VI to compare, when grown in_. : . .
tphis subarctic ?ocation various chilracteristicsg as the Iven freezing temperature resulted in a very large dif-
’ erence in plant survival.

relate to winterhardiness. Engmo, described earlier, de-ln the larger study (Klebesadel 1993d) from which

ggleedcl?jmSgrtzgg{\l(grt]tg\?vghggt:r?c:\/v:gd%llgni?xr(\:;)ﬁ- these timthy results were drawn, a similar pattern was
senting 38to 39N originatéd from zm'aturalized ’strain found Wlth!n severgl other Species of (a) hl.gh percent
in southern Indiane'\ and was increased and released at L dfy matter in ove_‘rwmter_lng “SSU?S of _subarctlc—_adapted
ington, Kentucky (Hanson 1972) %%otypes associated with superior winter survival, ver-
' . ' . ... sus (b) lower percent dry matter in more southern—
Those cultivars therefore represent selection within thgdapted ecotypes that was associated with poorer winter
species for adaptation at three widely separated latitud rvival. Species within which that pattern was found

over a north—south range of over 2,000 miles and 3 ?pluded Kentucky bluegrass, réabcue, slender wheat-

g;fgerr?;scgfsl?r?E;Ti?r?ét-lt-ahofsvt/?rr]eesgggg]r?srexirr?tzerr:tggggg ass, alfalfaNledicago satival..), and biennial white
9 9 : weetcloverelilotus albaDesr.).

and seasonal photoperiodic patterns. The latitude of the
Matanuska Research Farm (6N where these tests

were conducted, is intermediate between the origins
Climax and Engmao, but closer to the latter.

Dry—Matter Concentration in Overwintering
Crown Tissues

The crown of the timothy plant is positioned at the
soil surface and consists of a cluster of culm and tille
bases below which the roots descend (Figs. 4,8). Tt
crowns represent the primary overwintering tissues ¢
the plant and those tissues undergo metabolic chang
during late summer and autumn that permit successf| °
winter survival. One of those changes is an increase
the bound water of the plant’s protoplasm but, coinci
dent with that increase, a decrease in the total water
overwintering tissues (Smith 1964a).

In this experiment, dry—matter concentration increase
rapidly in plant crowns of all three cultivars from the
first sampling on 22 August to the final sampling neal
the time of soil freeze—up on 10 October (Fig. 10). Thu
cultivars were essentially identical in percent dry matte
in tissues on 22 August. Moreover, during the subse
guentincrease, differences between Climax and Clair we
not significant on either of the following sampling dates.

Crowns of Engmo increased more rapidly in percen
dry matter than Climax and Clair, the difference betwee
Engmo and the other two increasing with each samplin
Percent dry matter in Engmo crowns doubled in the 4
days between the initial and final sampling, and was sig
nificantly higher than in Climax and Clair at the second
and third samplings.

TH®

«

Figure 9. Map with Alaska and Scandinavian Peninsula
re—positioned over the conterminous U.S. to show
latitudinal relationship of origins of timothy cultivars
used in Exps. V and V1.
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Figure 10. Changes in percent dry matter during winter—
hardening period in overwintering crown tissues of three
timothy cultivars of diverse latitudinal adaptation (Exp. V).
Values on each date not accompanied by a common letter
differ significantly (5% level).

The row plantings in the field, from which these timo-

living over winter, and for initiating new growth during
the following spring (Smith 1964b).

None of the three cultivars showed evidence of stored
reserves (as measured by etiolated growth from plant
crowns) when removed from the field on 10 August
(Exp. Va). All three cultivars, however, did express stored
reserves after sampling on 22 August (Exp. Vb); Engmo
Climax, and Clair produced respectively 131, 53, and
47 oven—dry milligrams of etiolated growth per gram of
oven—dry crown tissues potted. The much higher value
for Engmo suggests that this far—northern—adapted cul-
tivar is much better attuned to initiating early storage of
food reserves under Alaska conditions (logically a pho-
toperiod/nyctoperiod response) than the more southern—
adapted Climax and Clair. Those cultivars are accus-
tomed to a longer pre—winter growth period of shorter
photoperiods/longer nyctoperiods for adequate food-—
reserve storage in their areas of adaptation. All three
cultivars possessed higher levels at the final sampling

thy crowns were taken, showed great differences in wina
ter survival. Plants of Engmo survived well in both years &
averaging 95%. In contrast, Climax and Clair, whoseE
crowns had significantly lower pre—winter percents dryo
matter, survived the first winter at 48hd 2%, respec- S
tively, and both winterkilled completely during the second°
winter. Those relative percents winter survival of Engmo,_.
Climax, and Clair are consistent with survival dlfferences,:
of the same cultivars in other studies at this Iocatlon_.,
(Klebesadell 970, 1992a).

Storage of Food Reserves in Late—Summer/
Autumn

300- KEY TO HARVEST DATES:
-« 21 NOV
95 ©
§ -« 7 NOV
Z
-4
=
[=]
& 2004
< | ..
(1]
100+
O_

ENGMO CLIMAX CLAIR

The manufacture of carbohydrate food reserves throughigure 11. Two—year means (Exps. Va and Vb) of stored
photosynthesis, and increased storage of those reservigsd reserves as measured by etiolated growth harvested at
in overwintering tissues is another process occurrin@—week intervals from crowns of three timothy cultivars of
during the time of increase in dry—matter concentratiordiverse latitudinal adaptation. Plants removed from field on
(decrease in total water content) in those tissues durintf October both years, 111 days after planting; all weights
late summer and autumn. Those stored reserves provi@ oven—dry basis. Numbers above bars are 2-year means

the energy plants use in developinpterhardiness, in
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of percent winter survival of individual, spaced plants in
rows of each cultivar that remained in the field over winter.



in both experiments on 10 October (Fig. 11). Engmoshort photoperiods before killing frost. It is known that
showed a considerably greater amount than the othehid—temperate—adapted grasses can survive Alaska win-
cultivars following the October sampling as well; Cli- ters better if provided artificially with a longer pre—win-
max was slightly superior to Clair at the final sampling.ter growing period of short photoperiods/long

At the 10 October sampling, three bi-weekly growthnyctoperiods than occurs naturally in Alaska (Klebesadel
periods in darkness were required to totally exhausig71, 1985b).
stored reserves in Engmo, only two growth periods for
Climax, and Clair crowns produced no etiolated 9r°WthExperiment VI
after the first 2—week growth period.
Sti?lfjh r(éggf\?g SS t?fg nt:tatdrél\?glt(s) F;N gh I’:(I)Q\JAII’I I?:alslesl O(jf’eriod of Cultivars Adapted at Diverse Latitudes

winterhardiness. Whether the lower levels of reserves | n€ bulb-like corms at the stem bases of timothy rep-
measured in Climax and Clair were adequate or not tgesent the principal storage organs for food reserves and

permit maximum hardiness development is not known@'® the sites of new tiller growth (Figs. 4, 12) and, as

However, the relative levels of stored reserves measureljScussed earlier, they are also important overwintering
in the three cultivars did parallel their percent wintertissues critical to winter survival and continual growth
survival in the field (Fig. 11) and productivity of plants. Figure 12 shows the progres-

It was apparent that the far—northern—adapted Engmﬁion of corm prepar_ation for the freeze—tolerance test,
responded more vigorously in early storage of food relrom whole plant to trlmmeq corms as do_ng on 30 October.
Engmo corms were significantly less injured by freez-

serves under Alaska’s conditions than the much more
southern—adapted Climax and Clair. Engmo probably idng at all three temperatures than those of the more south-

genetically attuned to initiating rapid storage of foodern—adapted and less winterhardy Climax and Clair (Fig.

reserves under longer photoperiods than Climax and)- Furthermore, Engmo was more injured atS36an

Clair. The latter two probably would have stored higher2t ~24C. indicating that —2:C did not cause as much
levels of food reserves with a longer growing period offreeze injury as the colder temperature. This contrasted
with Climax and Clair,

both of which were essen-
tially as much injured at
—-24C as at -3&, and
differed very little in in-
jury at either of those tem-
peratures. In fact, Climax
and Clair did not differ
significantly in extent of
corm-tissue injury at any
of the three temperatures
although, when frozen at
—122C, the more south-
ern—adapted Clair sus-
tained somewhat greater
injury than Climax. Thus,
the —12C freeze stress
served to cause slight dif-
ferences in freezing injury
between Climax and Clair
that parallel their actual
relative winter survival in
the field (Exps. I, IV, V).
The ranking of Engmo,
limax, and Clair in the

Freeze Tolerance During the Cold—Hardening

Figure 12. (Left) The total crown growth of a timothy plant; (Center) two stem bases

separated from the crown cluster showing new tiller growth arising from the base of the
corms; old sheath growth on stem base at right has been peeled away to better expose c& <
(Right) three corms trimmed of tillers and roots showing overwintering storage tissue utiliZtificial freeze—tolerance
in freeze—tolerance test (Exp. VI). Ruler length is 10 centimeters (4 inches). test, and the relationship
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of those results to winter survival in the field and to |ati-|ater harvest dates resulted in winter injury_ Itis prob-

tude of origin, parallels results reported earlier for brogple that the successively later harvests removed leafy
megrass athis location (Klebesadel 1993a). In thataerial growth from plants at a time it was needed by
StUdy, the ranking of four bromegrasses in an artifip|ants to make Optimum preparation for winter
cial test of tolerance to freeze stress also matched th¢palling 1988).
relative winter survival in field experiments and was The different seeding dates in 1980 influenced first—
associated as well with their latitude of adaptationcut forage y|e|ds in 1981 to some extent (F|g 14), mean
The similar sets of results in the bromegrass StUdyie|dS (over all Seeding_year harvest dates) for p|0ts
and in the present test with timothy indicates that glanted 16 May, 1 June, and 19 June were 2.08, 1.62,
high tolerance to freeze stress is an important facte{nd 1.32 T/A, respectively.
in winter survival in the field. The influence of seeding—year harvest dates tended to
In another test of freeze tolerance of timothy cultihe similar within each planting date; with successively
vars involving a lesser latitudinal range but with gen{ater harvest dates in 1980, first—cut forage yields in 1981
erally similar results, Andersen (1960) in northernended to be progressively lower. That effect was greater
Norway froze outdoor—hardened plants at°*clfr in plots planted 19 June than with earlier planting dates
48 hours in September and early October, then countgelig. 14). With plots planted 19 June, seeding—year har-
surviving plants three weeks later. He found Engm@ests on 22 August, and 2, 11, and 23 September re-
and Bodin from northern Norway to be more tolerankyited in a precipitous drop in 1981 first—cut yields from

of freeze stress than Bottnia Il from a lower latitudi-2 28 to 0.86 T/A; later harvests (1 and 9 Oct.) resulted in
nal origin in Sweden, a ranking that matches the relgow yields also (0.93 and 0.86 T/A).

tive winter injury of those strains in Exp. Il of the
present report (Table 3). Andersen reported that poor-
est survival occurred with Grinstad, a cultivar from
southern Norway; that cultivar also exhibited some- -
what poorer winter survival than Engmo, Bodin, and g:'..'.‘. .......... ob
Bottnia Il in Alaska in Exp. | (Table 1).

704

60+ ! a
Experiment VII J
Effects of Planting Dates and Seeding-Year o
Harvest Dates on Seeding—Year Forage Yields _ 50+ //
and on Subsequent Winter Survival and Spring s ENGMO

INJURY

Forage Yield
Oven—dry seeding—year forage yields of Engmo 4o-
timothy, harvested on six dates at approximately 10=
day intervals from 22 August to 9 October, averageé b
2.30, 1.88,and 0.69 T/A from stands seeded 16 May
1 June, and 19 June, respectively (Fig. 14). Forage *°7  bJ
yields obtained on the different harvest dates from
the 16 May planting were somewhat erratic, followed
no clear pattern, and all were 2.0 T/A (22 Aug. har- 304
vest) or more. Seeding—year yields from the 1 June
planting followed a clearer pattern of increasing from
first—to—last harvest (1.42 to 2.09 T/A) as the stand
aged with successive harvests. Yields from the latest ' be¢ e
(19 June) planting also increased from first—to—last S o _
harvest and, although yields were much lower thaﬁlgure_l& Percent injury in overwm?ermg crown t|s§ues of
from the earlier plantings, the increase from first har_three timothy cultivars of diverse latitudinal adaptation
when frozen for 20 hours at three temperatures (Exp. VI).
vest (O'_24 T/A) 1o last (1.02 T/A) was greater. Test conducted in late October after termination of tbevarg
The different effects of the 1980 seeding-year haréeason and just prior to soil freeze—up on plants that were

vests on plots Se'eded 19 June were very apparentdgeded 9 May. At each temperature, means not accompanied
spring of 1981 (Fig. 15); it was quite obvious that theny a common letter differ significantly (5% level).

CLIMAX

CLAIR

I
=-36°C
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OVEN-DRY TONS PER ACRE IN 1980 OVEN-DRY TONS PER ACRE - 18 JUNE 1981

1980
PLANTING DATE  HARVEST DATE © ! 2 3 0 ! 2
I I | |

[ 22 Aug.
2 Sep.
16 May 23 Sep.
1 Oct.
9 Oct.

22 Aug.
2 Sep.
11 Sep.
1 June 23 Sep.
1 Oct.
9 Oct.

g 22 Aug.
2 Sep.
11 Sep.
19 June 23 Sep.
1 Oct.
9 Oct.

-

Figure 14. (Left) Seeding—year forage yields of Engmo timothy planted on three dates in 1980 with plots within each planting
date harvested on six different dates. (Right) First—cut forage yields on 18 June 1981 as influenced by the different planting
and seeding—year harvest dates in 1980 (Exp. VII).

Other studies at this location have found that otheryear harvest near mid—September (Klebesadel 1993c).
grasses seeded in mid—June also were predisposed toUnlike timothy, however, those grasses fared pro-
winter injury and lowered first—cut yields the follow- gressively better when seeding—year harvests had
ing year when seeding—year harvests were taken on cebeen increasingly earlier or later than the most harm-
tain inappropriate dates. Manchar smooth bromegrasful dates. Although Exp. VIl represents results from
and Polar bromegrass were winter—injured most aftelonly one test, and more similar experiments should
seeding—year harvests were taken on 10 September am@ conducted, all of the three latest harvests (23 Sep.,
31 August, respectively (Klebesadel 1993b). Siberianl and 9 Oct.) were equally harmful with mid—June—
wildrye responded quite similarly to Manchar brome- planted timothy (Fig. 14).
grass; it sustained greatest winter injury after seeding—

Figure 15. Overall view of block of Engmo timothy plots in Exp. VII seeded 19 June 1980 and photographed 13 May 1981.
Differences in winter injury and spring growth are due to different dates of seeding—year forage harvest. Closest plots were
harvested (left to right) 23 Sep., 1 Oct., 22 Aug., 2 Sep., 11 Sep., and 9 Oct.
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Experiments VIl and IX The four different first—cutting dates were roughly
Effects of a Broad Array of Harvest Schedules similar in both experiments: 2, 10, 22, and 30 June in
and Frequencies on Forage Production and on EXp. Vlll, and 8, 13, 20 June and 1 July in Exp. IX.
Subsequent Winter Survival of Established Each later date of first—cut harvest resulted in progres-

Timothy Forage Yields in Year of Differential sively increasing yields. However, mean first—cutting
Harvests yields in the two experiments differed markedly; al-

_ .. though most first—cut dates were slightly later in Exp.
Although Experiments VIIl and IX were generally simi- IX, yields were much lower. Mean oven—dry yields for
lar in design, the latter had six more treatments and th[ﬂe four first—cut harvests in Exp. VIIl were 1.38, 1.98

results of the two experiments were quite different, both i@ 89, and 3.39 T/A (Fig. 16), while in Exp. IX they were
the year of differential harvests and in the uniform evalua(-)my 0.97 0.63. 1.45. and 2.76 T/A (Fig.'17).

tion harvest of the final year.

DATES OF HARVEST - 1981 Trtmt. OVEN-DRY TONS PER ACRE - 1981
s
(6/2 + 6/16 + 6/30 + 7/22
5 cuts 6/2 + 6/19 + 7/9 + 8/5
6/2 + 6/25 + 7/22 + 8/21
(6/2 + 6/30 + 7/31 + 8/25
(6/2 + 6/25 + 7/22 + 8/21
6/2 + 7/6 + 7/31 + 9/10
(6/2 + 7/9 + 8/10 + 9/21
(6/2 + 6/30 + 8/31
6/10 + 7/22 + 8/21
3 cuts 6/10 + 7/22 + 8/31
6/10 + 7/22 + 9/10
X 6/10 + 7/22 + 9/21
(6/10 + 7/22
6/10 + 7/31
6/10 + 8/10
6/10 + 8/21
6/10 + 8/31
6/10 + 9/10
6/10 + 9/21
6/22 + 7/22
6/22 + 7/31
2 cuts 6/22 + 8/10
6/22 + 8/21
6/22 + 8/31
6/22 + 9/10
6/22 + 9/21
6/30 + 7/22
6/30 + 7/31
6/30 + 8/10
6/30 + 8/21
6/30 + 8/31
6/30 + 9/10
L 6/30 + 9/21 | I |
|

Figure 16. Forage yields of Engmo timothy in Exp. VIII as influenced by 34 harvest treatments (different schedules and
frequencies of harvest). Vertical lines within bars indicate yields obtained in successive harvests. Mean yields are shown
where a group of several first or second cuttings were harvested on the same date. Treatment number appears in left end of
each graph bar.
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DATES OF HARVEST - 1983 Trimt. OVEN-DRY TONS PER ACRE - 1983

no.
0 ! 2 3 4
(6/8 + 6/28 + 7/14 + 8/1 + 8/19
6/8 + 6/28 + 7/20 + 8/10 + 8/30
5cuts |6/8 + 7/1 + 7/26 + 8/17 + 9/9
6/8 +7/6 + 7/29 + 8/26 + 9/20
(6/8 + 7/T +8/5 +9/2 + 9/26
(6/8 + 7/1 + 7/25 + 8/19
6/8 +7/6 + 8/3 + 8/30
4 cuts |6/8 + 7/7 + 8/9 + 9/9
6/8 + 7/13 + 8/17 + 9/20
6/8 + 7/14 + 8/26 + 9/26
(6/8 + 7/1 + 8/30
6/13 + 7/18 + 8/19
6/13 + 7/22 + 8/30
3 cuts 6/13 + 7/27 + 9/9
6/13 + 8/2 + 9/20
§ 6/13 + 8/8 + 9/26
6/13 + 7/20
6/13 + 8/1
6/13 + 8/10
6/13 + 8/19
6/13 + 8/30
6/13 + 9/9
6/13 + 9/20
6/13 + 9/26
6/20 + 7/20
6/20 + 8/1
6/20 + 8/10
2 cuts 6/20 + 8/19
6/20 + 8/30
6/20 + 9/9
6/20 + 9/20
6/20 + 9/26
7/1 +1/20
7/1 + 8/1
7/1 + 8/10
7/1 + 8/19
7/1 + 8/30
7/1 +9/9
7/1 +9/20
\ 7/1 + 9/26
| | |

Figure 17. Forage yields of Engmo timothy in Exp. IX as influenced by 40 harvest treatments (different schedules and
frequencies of harvest). Vertical lines within bars indicate yields obtained in successive harvests. Mean yields are shown
where a group of first cuttings were harvested on the same date. The symbol (x) at the end of bar for treatment 5 indicates
intended fifth harvest on 26 September, but regrowth was inadequate for a harvestable yield. Treatment number appears at
left end of each graph bar.
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The considerable difference in yields between the tweontributed to high yields in all second cuttings harvested
experiments apparently was due primarily to differenceguring late June and early July (trtmts. 1 through 11).
in precipitation received both in the year of these har- In contrast, although the earliest first cutting in Exp.
vests but also during the latter portion of the prior growvIil was six days earlier than in Exp. IX, that experi-
ing season (Table 5). Although the relatively shallowment was better supplied with soil moisture for spring
silt mantle (generally 18 to 24 inches at the experimergrowth in 1981 and produced much earlier and more
tal sites) over coarse sand and gravel represents a medbust growth and higher yields (Fig. 16); most of the
est reservoir for storage of soil moisture, it can nonetheyrowing points probably were removed in that first cut-
less be extremely important to spring growth of foragesing on 2 June. The second—cuttings of treatments 1
If the soil is well supplied with precipitation during the through 9, harvested from mid—June to early July, were
latter part of the previous growing season, the carrythus very low because regrowth had to develop from
over supply of soil moisture can compensate considetielayed elongation of secondary tillers on the plant crowns
ably for the very modest rainfall normally received in(Grant 1971; Grant and Burgess 1982; Sheard 1968).
April, May, and June. This is especially important be- Beyond differences in spring moisture supply in the
cause the generally meager precipitation received duiwo experiments, spring temperature differences likely
ing the first months of the growing season (Table 5) cavontributed to different rates of spring growth also.
be inadequate for meeting the growth requirements and
realizing the full potential for herbage dry—matter pro
duction of a moisture—sensitive perennial forage grags
such as timothy.

Although total precipitation for April, May, and June
of 1981, the year of high first—cut yields in Exp. VI
(Fig. 16), was 0.34 inches below normal, total precip|-
tation for August and September of the previous year
(1980) was 1.60 inches above normal, apparently suffi-
cient for building a high soil-moisture content for spring
growth in 1981.

In contrast, the much lower first—cut yields in Exp. IX
in spring of 1983 apparently were attributable largely t
0.44—inch below—normal precipitation in August ang
September of 1982 followed by 1.25 inches below—nof-
mal precipitation in April, May, and June of 1983. Thesg
results agree with earlier reports attesting to poor prp-
ductivity of timothy under low soil-moisture conditions
(Hanson 1972; Lambdat al. 1949; McElroy and
Kunelius 1995; Smitlet al. 1986).

Another marked difference between the two exper
ments was the unequal distribution of yields betwegn Pre boot S heane
first and second Cuttings (FIgS 16, 17) in all treatmen Bigure 18. (Upper) A spring—growing tiller showing the
where a first cutting was taken in early June (2 June iimportance of height of hidden growing points (shoot
Exp. VI, 8 June in Exp. IX). Those differences areapices), in relation to cutting or grazing height, on
believed due to dissimilar stages of grass developmeg@ntinued growth of those tillers. If growing poinbisiow
and therefore height above the soil of the hidden growhe level where early growth is severed (as at A), tiller will

ing points (shoot apices) within the culms on the first-continue to grow into a fully developed stem or culm.
cutting dates (Fig. 18) However, if growing point iabovecutting height (as at B),

rowth of tiller stops (as at C) and new growth must arise

The slow-starting, short, moisture—stressed, and lowg, slowly developing basal tillers (D) that ordinarily

yleldlng_(F|g. 17) spring growth of the grass harves_teqi/owd not begin active growth until after harvest of fully

8 June in Exp. IX probably had most of the growingyeveloped primary growth, usually in late June. (Lower)
points beneath the level of the sickle—cutting height, anfierminology describing sequence of developmental stages
those therefore were not removed with the herbage har relation to elevation of the seed head hidden within the

vested. Thus they were able to continue growth anclim and its emergence to visibility. The term “boot” refers
to the uppermost leaf sheath.
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During May of 1981 (Exp. VIII) and May of 1983 1997). However, the differences probably are due more
(Exp. IX), respective average maximum temperatureto differences in moisture supply in the different years
were 63.4 and 58.7F, average minima were 40.8 than to inherent productivity of the grasses; for an accu-
and 37.3F, and average temperatures for the monthate comparison of maximum growth rates of these prin-
were 52.2and 48F. Thus, lower temperatures as well cipal forage cultivars used in this area, both should be
as more limited soil moisture slowed spring growthgrown together in the same experiment and provided with
in Exp. IX. Landstrom (1990) in northern Swedenabundant supplies of supplemental irrigation and fertil-
studied in detail and reported on the influence of temizer nutrients.
perature on spring growth of timothy.

Additional information on spring growth differ- Yields in Subsequent Harvests
ences in Exps. VIII and IX were development notes Within each harvest frequency, total yields for the year
recorded during the experiments; on 10 June 198generally increased as final harvests were taken on pro-
(Exp. VIII) unharvested grass was “beginning togressively later dates. This pattern was more consistent
head” while, on 13 June 1983 (Exp. IX), the consid-n Exp. VIIl where late—season regrowth was better sup-
erably more retarded grass development was recordetied with soil moisture. In that experiment, July + Au-
as “ranging from pre-boot to late-boot stage, mostlygust precipitation was 3.05 inches above normal while,
early to mid-boot stage” (Fig. 18). in Exp. IX, July + August precipitation was only 1.17

This pattern of very slow regrowth when growing inches above normal. In Exp. IX (Fig. 17) the increase
points are removed by early cuttings in early June if yields of regrowth with later final harvests was appar-
well known and documented for smooth bromegrasgnt with 3—, 4—, and 5—cut frequencies but continued only
(Klebesadel 1992b, 1994a; Smith and Nelson 198%jp to about the 19 August harvest with the 2—cut treat-

Smithet al. 1986). ments. In Exp. VI, the better supply of precipitation
. resulted in increasing yields generally up to the latest
Rates of Primary Growth harvests on 21 September (Fig. 16).

The four progressively later dates of first cuttings Among 2—cut treatments, total-year yields in Exp. VIII
of many plots in both experiments permitted the calgenerally were progressively higher as first—cutting dates
culation of rates of herbage production in previouslywere later (Fig. 16). That pattern did not occur in Exp.
unharvested primary growth of Engmo during the monthX (Fig. 17); in that experiment the total-year yields of
of June; those rates, expressed as pounds of oven—dhe highest—yielding, 2—cut treatments were as high with

herbage produced per acre per day were: the earliest first—cut date (13 June) as with the two later
first—cut dates (20 June and 1 July).

ExpVIlI (1981) Exp. [X (1983) The good herbage production of timothy throughout
Growth Growth rate  Growth Growth rate  Alaska’s relatively cool growing seasons, as shown in
interval (Ib/A/day)  interval (Ib/A/day)  these experiments, contrasts with the acknowledged poor
210 10 June 152 810 13 June 146 productivity of this grass during hotter summers at more
10 to 22 June 151 13 to 20 June 233

southern latitudes (Hanson 1972; McElroy and Kunelius
g/;cr)a:flo June 1‘114215 OZVOe;J;IPe to 1 July 17538 1995; Smithet al 1986). Smith and Jewiss (1966) stated
(6/2 to 6/30) (6/8 to 7/1) concerning timothy in the U.S. Midwest: “Little dry
matter is produced during the warm summer period; most
The table shows rates of growth for three intervaldS Produced during the cool spring and autumn periods.”
among the four first cuttings, as well as an overall rat&Vith good winter survival and soil fertility, the sole de-
between the first and last first cuttings. Rates of growt#errent to high season-long productivity of timothy in
were believed impeded somewnhat by below—normal rairfDis relatively cool-summer area is limited soil moisture.
fall in both experiments (Table 5). Although yields gen- .
erally were higher in Exp. VIII (Fig. 16) than in Exp. Ix Uniform Evaluation Harvests
(Fig. 17), the rate of growth between first and last first The generally good winter survival of Engmo timothy
cuttings was greater in Exp. IX than in Exp. VIII (178 in both Exps. VIl and IX differed markedly from some
vs. 144 Ib/Alday). other experimental studies at this location when more
Those values are considerably below some rates &fressful winters have caused considerable winter injury
growth reported for Polar bromegrass with the same ra@ total winterkill of this cultivar (EXp Il of this report;
of spring fertilizer application at this location (Klebesadel@!so Klebesadel 1992b, 1994b).
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The uniform evaluation harvests of the two expericould have contributed to some of the difference in yields.
ments did, however, differ in two ways, (a) the averagélowever, the dominant contributor to the difference is
amount of herbage produced, and (b) the effects of tredielieved to be the quite different amounts of precipita-
ments on evaluation—harvest yields. The mean evalutien received prior to those harvests (Table 5).
tion harvest yield of all 34 treatments in Exp. VIII (2.02 Precipitation for August and September of 1981 and
T/A) was less than half of the mean yield of the 40 treatApril, May, and June of 1982 was 1.18 inches below
ments in Exp. IX (4.50 T/A). The uniform evaluation normal, resulting in the low overall yields on 23 June
harvest in Exp. IX on 2 July 1984 was nine days later that®82 in Exp. VIII. In contrast, precipitation for the same
the 23 June 1982 harvest in Exp. VIl and thdedéfnce  months in 1983 and 1984 was 2.44 inches above normal,

Trtmt.
AND REgQ(T)El;Ho:E:?g;gSI 1981 n'g_ OVEN-DRY TONS PER ACRE - 23 JUNE 1982
0 3

~
—1N

4 cuts 5 cuts

3 cuts

(6/2 (14)
6/2 (17)
6/2 (23)
| 6/2 (28)

(6/2 (23)
6/2 (28)
6/2 (34)
(6/2 (37)

(6/2 (28)

2 cuts

(6/10

6/16 (14)
6/19 (20)
6/25 (27)
6/30 (31)

6/25 (27)
6/30 (27)
7/6 (25)
7/9 (32)

6/30 (62)
6/10 (42)
6/10 (42)
6/10 (42)
6/10 (42)

(42)
6/10 (51)
6/10 (61)
6/10 (72)
6/10 (82)
6/10 (92)
6/10 (103)

6/30 (22)
7/9 (27)
7/22 (30)
7/31 (25)

7/22 (30)
7/21 (35)
7/31 (41)
8/10 (42)

8/31
7/22
7/22
7/22
7/22

7/22
7/31 (57)
8/10 (47)
8/21 (36)
8/31 (26)
9/10 (16)
9/21 (5)

(30)
(39)

6/22
6/22
6/22 (49)
6/22 (60)
6/22 (70)
6/22 (80)
6/22 (91)

7/22 (30)
8/5 (26)
8/21 (20)
8/25 (27)

8/21 (36)
8/31 (26)
9/10 (16)
9/21 (5)

8/21 (36)
8/31 (26)
9/10 (16)
9/21 (5)

7/22 (66)
7/31 (57)
8/10 (47)
8/21 (36)
8/31 (26)
9/10 (16)
9/21 (5)

6/30 (22)
6/30 (31)
6/30 (41)
6/30 (52)
6/30 (62)
6/30 (72)
6/30 (83)

8/21 (36)
8/31 (26)
9/10 (16)
9/21 (5)

Figure 19. Forage yields of Engmo timothy in Exp. VIII in the uniform evaluation harvest on 23 June 1982 as influenced by
34 different schedules and frequencies of harvest during 1981 as shown in Figure 16. Numbers in parentheses between
cuttings = number of days between cuttings; numbers in parentheses after final cuttings = number of days between final
cutting and killing frost of 26 on 26 September. Treatment number appears at left end of each graph bar.
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thus the much higher yields in Exp. IX on 2 July 1984 receptor for photoperiod/nyctoperiod influences on pre—

The other difference between the two experiments iwinter development of freeze tolerance was at a criti-
uniform evaluation harvests was that no pattern of dikally inopportune time is not known.
ferences in yields as influenced by treatments was ap-This pattern of late harvest effects on timothy stand
parent in Exp. IX while, in Exp. VIII, a clear pattern of health in Exp. VIII parallels the findings of Halling
treatment effects was apparent (Fig. 19). It is believed 988) at 5%9’N in Sweden who compared five dates
that the lack of treatment—induced differences in the unbf second cuttings of timothy from 23—-24 August to 4-5
form evaluation harvest in Exp. IX, in contrast to ExpOctober. Pre—winter sampling of shoots and stem bases
VIIl, is evidence of milder winter stresses during the‘when growth had ceased in autumn” showed a regular
1983-84 winter (Exp. IX) than during the 1981-82 win-and progressive decrease in total nonstructural carbohy-
ter (Exp. VIII). drates (TNC) from first to last date of second cutting.

To a very minimal extent in the 4—cut and 3—cut treatfhe longer pre—winter regrowth periods afforded by ear-
ments in Exp. VIII, but to a very marked extent in the 24ier second cuttings resulted not only in higher TNC lev-
cut treatments, yields were lowest where final harvest hagds in overwintering tissues prior to winter, but signifi-
been on the latest date (21 Sep.) in the prior year (Fig. 18ant correlations were found between high pre-winter

Moreover, within each of the three groups of 2—curNC levels and initial growth rate of the grass the fol-
treatments (3 different first—cut dates), a clear pattefowing spring (Halling 1988).
was apparent of highest yields with the earliest second-Similarly, @stgard (1962), reporting on timothy man-
cutting date followed by lowering yields with progres-agement near 7R in northern Norway, stated that “af-
sively later final cutting dates. This pattern probablytermath cutting or grazing in the autumn tends to weaken
would have been more exaggerated if stresses during tit@othy’s resistance to winter.”
prior winter had been greater. These three instances of harmful effects on timothy

It should be noted, however, that the 2—cut treatmenggrsistence occasioned by inappropriate timing of late—
with early second cuttings (that produced high yields igeason harvests all pertain to experimental results at high
the evaluation harvest in Exp. VIII—Fig. 19) were noflatitudes. Reports from lower latitudes refer instead to
the highest yielding in the year of differential harvest®armful effects on timothy persistence caused by timing
(Fig. 16). This suggests that a compromise time of seof first cuttings. Several investigators in North America
ond cutting (if only 2 cuttings are taken) should be sehave reported poorer persistence of timothy when first
lected (probably 20 to 30 August), late enough to secutgitting was near early head stage than when cut at early
a good yield in the second cutting but early enough towering stage (Browet al 1968; Knievekt al 1971;
ensure against negatively affecting stand health. Knoblauchet al 1955). Some studies found that harvest

First cutting dates of treatments 14 through 34 had reffects were exacerbated with increasing rates of applied
effect on evaluation—harvest yields, for yields within eackertilizer N (Brownet al 1968; Jung and Kocher 1974;
of the three groups of 2—cut treatments were equivalerKuneliuset al 1976).

Further, with the 2—cut treatments, longer regrowth Grant (1971) in New Brunswick reported similar harm-
periods between first and second cuttings in the year fifl effects on timothy haplocorm (corm) formation and
differential harvests did not contribute to better standtand persistence with high N and first harvest at boot
health, winter survival, and therefore higher yields istage; delaying first cutting to early flowering stage and
the uniform evaluation harvest. Thus, timothy responsfertilizing with potassium to maintain tissue N:K ratio
was different from that of smooth bromegrass which wadlose to 1:1 improved vegetative reproduction and pro-
disadvantaged by short regrowth periods between firguctive life of stands. Peters (1958) noted also that a
and second cuttings (Klebesadel 1997). higher rate of applied N magnified the harmful effects

As the final regrowth periods between the final cutof frequent cutting of timothy (4 cuts/year).
ting and killing frost on 26 September 1981 shortened
from 66 days (trtmts. 14, 21, 28) to 5 days (trtmts. 2@iffering Views on Tolerance of Timothy to
27, 34), the yields in June 1982 became progressivelyarvest Frequencies

lower (Fig. 19), indicating that later cuttings resulted in grown et al (1968), discussing timothy performance
an increasingly adverse effect on stand health. Whethgr ihe northeastern U.S. stated: “Timothy is a typical
the inappropriate timing of those late harvests influencqqay_type plant, with relatively few basal leaves below
only the pre-winter storage of food reserves, or wheth&{ormal grazing height.” They also commented, citing
additionally, removal of the foliage that serves aggher reports from mid—temperate areas for confiona
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Figure 20. Individual plants of timothy cultivars (left to right) Engmo, Climax, and Clair. All were seeded 21 May; photo
taken 3 October of same year. Numbers on stake indicate height in feet. Note greater concentration of basal leaves in the
Engmo plant.

“Numerous experiments have shown timothy to be relathe following order, beginning with the one least injured:
tively intolerant of close, and/or frequent defoliation.” Kentucky bluegrass, quack grass, smooth brome grass, with
Peters (1958) reported adverse effects of short, frequetitnothy and orchard grass being about equal.”
cutting on timothy in Wisconsin. Similarly, Hanson Those preceding observations concerning the intolerance
(1972) described timothy as “—not resistant to closepftimothy to frequent, close defoliation, and the latter rank-
continuous grazing.” ing of smooth bromegrass and timothy, are opposite of find-
Jung and Kocher (1974) in Pennsylvania reported morigs in Alaska. In a comparison at this location of several
winter injury of timothy cultivars Climax and Clair after tall-growing grasses that included Engmo timothy and
four cuttings per year than with three. Similarly, SchmidtPolar bromegrass, timothy exhibited better subsequent
and Tenpas (1960) in northern Wisconsin noted thinningvinter survival when harvested frequently (3 to 4 times
and weakening of timothy stands that had been harvestgar year) than when harvested twice; in contrast, smooth
four times per year for three years but not with two harbromegrass survived best after two harvests per year but
vests per year. Peters (1958), also in Wisconsin, harvestags weakened and progressively more winter—injured fol-
timothy 2, 3, and 4 times per year and found harmful eflowing increasing frequency of harvests (3 or 4 times per
fects with most frequent harvests; the number of dead cormnygar) (Klebesadel 1994b, 1997).
in plants increased with increasing harvest frequency.
Smith et al (1986) in the U.S. Midwest also cited as aTwo Growth Types of Timothy
disadvantage of timothy: “Easily weakened by heavy graz- The above comments by investigators in the more
ing or frequent cutting.” Harrison and Hodgson (1939) insouthern conterminous U.S., attesting to the intolerance
Michigan, evaluating five different grass species for tolerof timothy to close or frequent harvest or grazing, are
ance to frequent, close clipping, stated: “—they rated iased on timothy of a distinctly different growth form
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or morphological type than the subarctic—adapted cultinjured by the subsequent winter than plots harvested
vars from northern Scandinavia and Iceland. Those Nortinore frequently.

American cultivars with relatively few basal leaves (Fig. Further evidence of tolerance of Engmo to close and
20) respond more like smooth bromegrass which is reldrequent clipping was seen in the 4—foot wide alleys be-
tively intolerant of frequent cuttings (Harrison andtween blocks of plots in Exps. VIII and IX. Both experi-
Hodgson 1939; Klebesadel 1997), especially less tolements had been broadcast—seeded over the entire study
ant than far—north European timothies such as Engnarea so that the alleys were seeded identical to the plots.
with their abundance of basal leaves that suit them bethroughout the year of differential harvests those alleys
ter to frequent (4 cuts) than to infrequent harvest (2 cutsyere clipped to a short (about 2 1/2—inch) turf about
(Klebesadel 1994b). The most winterhardy of the subaeekly using a rotary—blade, bagger—type lawn mower.
arctic—adapted cultivars (e.g. Engmo, Bodin, Korpaln the following year of evaluation harvests, timothy
Adda) possess an abundance of basal leaves similargmwth in those alleys was as vigorous as in the best
turfgrasses such as Kentucky bluegrass and red fescydots (Fig. 21).

Thus, unlike North American timothies that are more Harrison and Hodgson (1939) in Michigan found Ken-
completely defoliated with close or frequent harvest, theucky bluegrass most tolerant of close, frequent defoliation
far—northern European timothy type retains a considenf five cool-season grasses, and the North—American type
able quantity of leaves below mower or grazing heightof timothy to be one of the least tolerant. Referring to the
That retention of basal leaves permits those cultivars tmore complete defoliation of the taller—growing grasses,
tolerate frequent, close removal of topgrowth above they stated: “After all of the green leaves have been re-
clipping or grazing height without weakening or other-moved from a grass plant, new growth is initiated at the
wise disadvantaging the plants (Figs. 21, 22, 23). In facgéxpense of carbohydrates previously stored in some remain-
guite the opposite is apparent; in Exp. VIl plots ofing part of the plant —Bluegrass withstood close cutting
Engmo harvested only twice per year with a late secoruktter than the other grasses because —it produced the most
cutting (and in Exp. | of Klebesadel 1994b) were morgreen leaves below the (clippingight of 1 inch.”

Figure 21. Plot comparison in Exp. VIl photographed 1 June 1982 showing harmful effect on Engmo timothy of infrequent

harvest during the previous year. Weakened and thinned plot left of center was harvested twice (30 June + 21 Sep. = trtmt.
34) in 1981, vigorous thick stand in plot right of center was harvested three times (10 June + 22 July + 21 Sep. = trtmt. 13)

in 1981. Similarly vigorous growth across entire photo in foreground was an alley (between blocks of plots) that was clipped
short (about 2 1/2—inch height) about weekly throughout the 1981 growing season.
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That relationship of grass morphology and cutting frereductions or restoration of reserves (Reynolds and Smith
guency explains why the far—northern European timothies962). Their report shows sharp declines in carbohydrate
with their abundance of basal leaves resemble in growttgserves after each forage harvest of North American
and tolerate close, frequent clipping, more like Kentuckyimothy (that leaves a virtually leafless stubble) because
bluegrass than like North American timothies (Fig. 22). reserves are drawn upon to put forth new tiller and foliar

Azzaroli and Skjelvag (1981) in Norway studied the(photosynthetic) growth.
effects of two versus four cuttings (3— to 4—cm clipping In contrast, far—northern timothies with a profusion of
height) and three rates of fertilizer application on tolerbasal leaves (Figs. 20, 22), even if harvested frequently,
ance to freezing in four species of potted grasses thahve a continuous supply of photosynthetically active
included the Norwegian timothy cultivar Grinstad. Theyleaves left intact below clipping height. It is likely that
found that the more frequent cutting (28 May + 5 July #uture work on the seasonal levels of carbohydrate re-
3 Aug. + 9 Sep.) did not lower the freeze tolerance oferves in such plants will not show the sharp drops in
that northern—type timothy compared with two cuttinggeserve levels following harvest that Reynolds and Smith
(11 June + 31 July). (1962) found with North American timothy.

Ward and Blaser (1961) and Smith (1974) reported that
Food—Reserve Levels and Tolerance of Harvest the presence of residual leaves can be equally beneficial
Frequencies to, or even more important than, carbohydrate reserves

As noted in Exp. V, high pre—winter levels of carbo-in fostering the rate of grass regrowth. Thus, the residual
hydrate food reserves in overwintering tissues were aBasal leaves present after frequent harvests of far—north-
sociated with best winter survival. Additionally, food €rn timothies can maintain continuous photosynthetic
reserves in timothy fluctuate throughout the growingactivity, assist in promoting active regrowth, and prob-
season as influenced by plant developmental stages adlly circumvent the sharp post-harvest food—reserve
removal of herbage in harvests as those influences cauigclines that occur in North American timothies.

Figure 22. A several-year—old plant of Engmo timothy (ringed by white stakes) in a Kentucky bluegrass lawn, showing that
this timothy from northern Norway, with an abundance of basal leaves, thrives in turf clipped back regularly to about a 2—
inch height.
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Figure 23. Two—acre field of Engmo timothy near Palmer that was planted about 1965 and harvested for hay through 1969.
For the next 28 years (1970 through 1997) it has been mowed continuously as a relatively coarse turf (clipping height about
2 1/2 inches) with no harmful effects on stand. Field location is away from winter wind path, thus protective snow cover
remains in place.

The harmful effects from infrequent harvesting of far-adaptation, and consistently best survival occurred
northern timothies likely is due to heavy shading of th&vith cultivars from the northernmost areas of timo-
basal leaves that causes their bleaching and senesceffteculture in Norway and Iceland.
as noted in plots harvested infrequently. Such plants have=or best winter survival, therefore, Alaska growers
then lost the benefit of continuous photosynthetic activshould utilize far—northern—adapted strains that have
ity and are thus caused to behave like North Americagemonstrated superior winterhardiness in several tests
timothies that must draw more heavily on stored reservé§ported herein; those include the cultivars Engmo,

to put forth new growth. Bodin, and Va-BL-60 from northern Norway, and
Korpa and Adda from Iceland.
Evans (1937) stated: “—a certain variety of timo-
CONCLUSIONS thy may be adapted only to a more or less restricted

Comparisons of many timothy cultivars adapted ingrea.” That contention could be interpreted to mean
various North American and northern European growthat a variety cannot be expected to perform well out-
ing areas, a geographical extent spanning over 30 déide a limited geographical area. Yet Engmo and other
grees of latitude (from about 38 to 70°N), showed  far—northern—adapted timothy strains from northern
a clear relationship between latitude of origin andNorway and Iceland generally are well adapted for
winter survival in Alaska. Poorest survival occurredyse in Alaska, thousands of miles from their origins,
with cultivars from the most southerly origins in Northpyt at near—similar latitudes and where climatic con-
America. Increasingly better winterhardiness waglitions are re|ative|y ana|ogousl Thus, a more accu-
exhibited by strains of progressively more northeripate statement, with greater recognition of plant/en-
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vironment harmony, might be: “Cultivars moved to In contrast to poor herbage production during the
climatic, photoperiodic, and other growing conditionshot portion of growing seasons at more southern lati-
too different from circumstances in their area of adtudes, timothy is well adapted for vigorous, produc-
aptation may not perform to their full potential.” tive growth throughout the relatively cool growing

Reasons for the better performance in Alaska o$easons of this area. However, to realize maximum
northernmost—adapted timothy strains than those gfroductive potential in Alaska, timothy must escape
more southern adaptation were found in comparisonginter injury and be well supplied with soil moisture
of representative cultivars adapted at widely separateahd soil fertility.
latitudes. Best winterhardiness in this area was asso-The one—experiment exploratory study with Engmo
ciated with (a) northernmost adaptation, (b) the abiltimothy on the effects of three planting dates (mid—
ity to store a high pre—winter level of food reservesMay, 1 June, mid—June) and six seeding-year har-
(c) achievement of a high percent dry matter and aest dates (22 Aug. to 9 Oct.) showed that both pro-
high level of freeze tolerance in overwintering crowncedures influenced seeding—year forage yields as well
tissues prior to onset of winter, and (d) assumption dds first—cut yields the following year.

a desirable state of dormancy (cessation of growth) Higher seeding—year forage yields were obtained
well before freeze—up. The cultivar from the mostfrom Engmo stands planted in mid—May than 1 June;
southern latitudinal origin was poorest in all of theseseeding—year yields from both of those planting dates
criteria, while the one adapted at an intermediate lativere much higher than from timothy planted in mid—

tude was intermediate in the same characteristics. June. Seeding—year harvest in late August harmed

Even the most northern—-adapted and mosmid—June—planted Engmo less than five later harvest
winterhardy cultivars of timothy are more susceptibledates, but that late—August forage yield was very low.
to severe injury or total winterkill than the most Mid—June—planted Engmo harvested later than early
winterhardy strains within several other forage—grasSeptember in the seeding year was predisposed to con-
species that are rhizomatous. The more—exposed oveiderable winter injury.
wintering tissues of timothy plant crowns at the soil These preliminary results suggest that, for timothy
surface render them more susceptible to winteplanted without a companion crop, best seeding—year
stresses than the better protected, underground ovéorage yield, coupled with good winter survival,
wintering tissues of rhizomatous species such ashould be realized with planting no later than late May
smooth bromegrass, Kentucky bluegrass, creepingnd with the seeding—year harvest no later than late
foxtail, and red fescue. August.

Insulating snow cover enhanced timothy winter sur- The generally good tolerance of established Engmo
vival markedly, especially marginally winterhardy timothy to more frequent harvests than two per year,
cultivars. Winter—injured timothy plants, if not exces-as shown in these experiments and in an earlier re-
sively damaged, displayed a remarkable ability to report (Klebesadel 1994b), contrasts with many pub-
cover during the growing season and produce godished reports on timothy management at lower lati-
second—cutting forage yields. tudes that show North American cultivars tolerate

With two harvests per year, the regrowth (after thgpoorly more than two cuttings per year. Engmo’s tol-
first cutting) of the northernmost European cultivarseration of several cuttings per year also differs from
produced few headed culms, consisting almost ersmooth bromegrass, the other dominant perennial
tirely of leafy herbage. In contrast, cultivars fromforage grass in this area, which withstands two har-
Canadian and U.S. origins produced higher—yieldingests much better than more cuttings per year
regrowths of taller, head—bearing, extended culmgKlebesadel 1994a, 1994b, 1997).

Cultivars from intermediate latitudinal sources in The profusion of basal leaves in the far-northern
Scandinavia produced regrowth intermediate betweetimothy cultivars derived from Iceland and northern
the above extremes. Norway permit ongoing photosynthetic activity with

As a result of the tendency toward winter injury infrequent cuttings. Thus, they function more like
North American strains and the above differences iturfgrasses than like North American timothies and
type of regrowth after the first cutting, northernmost-other tall grasses that, when harvested, must draw
adapted European cultivars generally produced highdéreavily upon stored reserves to initiate new leaf
yield in the first cutting while those from North growth before photosynthetic activity can resume.
America often were higher yielding in the second Exps. VIII and IX illustrate the forage yields that
cutting. may be expected from established Engmo timothy
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with good winter survival and relatively high rate of of frequent cutting, and its poor herbage production
fertilizer topdressing when harvested on variousvhen under moisture stress, agree well with farm prac-
schedules and frequencies. tice on one of the state’s largest dairy farms, located
In general, lower yields were obtained with moreabout five miles from the site of these experiments.
frequent harvests, but the grass displayed good tolef-hat operator has used Engmo timothy successfully
ance to frequent harvests. Other work at this locatioas a dependable, frequently harvested green—chop for-
has shown Engmo herbage harvested three or foage for over two decades, using supplemental sprin-
times per year was of very high quality (Klebesadekler irrigation to ensure against moisture stress.
1994b). This suggests that Engmo timothy is well When not winter—injured, timothy strains well supplied
suited for green—chop utilization and/or rotationalwith soil moisture produced forage yields equivalent to
pasture. Another report from this location (Klebesadebther high—producing forage grass species.
1992b) has shown Engmo to provide a more uniform Alpine timothy, even though adapted at high lati-
supply of herbage throughout the growing season thatudes, displayed very poor winter survival in the un-
smooth bromegrass, the most—used perennial foragecustomed wind—swept environment of open fields.
grass in this area. It was deficient as a forage grass in other agronomic
Of stands harvested twice in 1981 (Exp. VIII), high-characteristics as well, producing comparatively few
estyielders in 1982 (Fig. 19) were those that had eaculms and a modest amount of herbage, even though
liest second cuttings in 1981. Those were treatmentwell supplied with fetilizer nutrients.
that allowed the longest uninterrupted pre—winter re-
growth periods. Those treatments, however, had rela-

tively low total yields in 1981 due to the low yields ACKNOWLEDGMENTS

of the early second cuttings (Fig. 16). — :
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critical importance of the height above the solil surthank Darel Smith and Arthur Berglund for technical

face of the hidden growing points (shoot apices)assistance, Barbara Leckwold and Bobbi Kunkel for cal-
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Other reports as well have noted that if the bulk of@nks and Debra Gavlak for manuscript typing, and Jan

those growing points are below cutting height, re-fanscom for compositing.

growth after that first harvest will continue actively
(Sheard 1968). However, if the majority of those
growing points are elevated sufficiently within the
culms to be removed in the harvest, further growth
of those culms is prevented and regrowth that must
be initiated from axillary buds within the plant crowns
can be very slow to start.

Because (a) precipitation in this area is marginal
for realizing the full productive potential of timothy,
(b) the April, May, and June period of timothy’s po-
tentially highly productive initial growth of the year
coincides with normally low amounts of precipita-
tion, and (c) drouthy intervals at any time during the
growing season are not uncommon, supplemental
sprinkler irrigation should ensure good herbage pro-
duction of timothy throughout the growing season.

The results found in the experiments reported here,
confirming Engmo timothy’s generally good tolerance
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