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Abstract:

The major environmental factors affecting floral induction are photoperiod and temperature. Three
experiments were conducted to investigate photoperiod affects on vegetative and heading phenology in
barley; One experiment consisted of growing 68 accessions of barley under two different photoperiod
regimes, one a 14 hour 80°F day-8 hour 60°F night and the other identical to the first, but with the
night period interrupted at its midpoint with one hour of low intensity fluorescent light. Days to
four-leaf stage and heading were recorded. The second experiment was set up like the first (with only
ten varieties), but was concerned with correlating leaf number with growing point morphology. The
third experiment was conducted to evaluate heading dates for 112 varieties and lines grown in two
different geographic locations (at the same latitude) seeded prior to and after the summer solstice.

Significant differences in days to heading under the two different photoperiods were detected in only
five varieties. The accuracy of predicting heading phenology in a population of barleys based on their
ranking of days to four-leaf stage is limited. Investigations of juvenile vegetative and floral phenology
in ten barley accessions of varying maturity habits shows a consistent and significant correlation
between leaf number and apical organogenesis in spring varieties. A significant similarity in heading
date rankings between two geographic locations (for spring and post-summer-solstice) seedings was
detected. Relative heading date rankings were significantly related between the growth chamber and
field studies, but the correlation is low enough to advise caution in predicting field heading from
growth chamber trials.
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ABSTRACT

The major .environmental factors affecting floral induction are
photoperiod and temperature. Three experiments were conducted to
investigate photoperied affects on vegetative and heading phenology
in barley: One experiment consisted of growing 68 accessions of
barley under two different photoperiod regimes, one a 14 houy 80°F
day-8 hour 60°F night and the other identical to the first, but with
the night period interrupted at its midpoint with one hour of low
intensity: fluorescent light. Days to four-leaf stage and heading were
recorded. The second experiment was set up like the first (with
only ten varieties), but was concerned with correlating leaf number
with growing point morphology. The third experiment was cenducted
to evaluate heading dates for 112 varieties and lines grown in two
different geographic locations (at the same latitude) seeded prior to
and after the summer solstice.

Significant differences in days te heading under the two dif-
ferent photoperiods were detected in only five varieties. The
accuracy of predicting heading phenology in a population of barleys
based on their rahking of days to four-leaf stage is limited, In-
vestigations of juvenile vegetative and floral phenology in ten barley
accessions of varying maturity habits shows a consistent and signifi-
cant correlation between leaf number and apical organogenesis in
spring varieties. A significant similarity in heading date rankings’
between two geographic locatiens (for spring and post-summer- .
solstice) seedings was detected. Relative heading date rankings
were significantly related between' the growth chamber and field
studies, but the correlation is low enough to advise caution in pre-
dicting field heading from growth chamber trials.




INTRODUCTION
LITERATURE REVIEW

An Introduction ‘to Photoperiodism

Photoperiod' regulates .diverse physiolegical and morphological
attributes .of plants and animals (12,61). Photoperiodism was first
defined as.the.elicitation of a specific response by the length of the-
day-and night perieds by Garner and Allard in 1920 (28). They
studied the flowering of tobacco and soybeans with controlled photo-
periods. Photoperiodism is -controlled by physical factors; directly-
by the length of the dark period and sdme-tiﬁes indirectly by tem--
p.erature. Physielogical, behavioral and merphological qualities which
are subject to photoperiodism are said to be p;hotoperiodically sensi-
tive while these qualities' and species -which are not so controelled are -
said to be phoetoperiodically insensitive (12,61, 38,71,35).. The ob-
servable responses of photoperiodically controlled processes are.
photomorphogenic events (61).

Photoperiodic- contrel of animals may trigger, at various stages:
in their life histories, reproductive behavier, migration and altera-
tion of -seaso‘n_all'appearan‘ce. .Somev examples of these bhotoperibaic.
responsés are: induction of estrﬁs in goats; sheep and raccoonfsl(Z);
stimulation of ‘migration in water fowl, fish and mammals (61); and
initiation of seasgnal color changes. in the plumage of,yellluow ptarmigan

(2) and the pelage of snowshoe hare, ermine, raccoon and red fox (2).
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Physiological and morphological responses to daylength are
characteristic of many angiosperms (12,61). Floral initiation in such
plants as big bluestem (1), barley: (57,4,45), oats (62), wheat (17,
72,42), soybean (36), sugar beet (1), ra,dis,ﬂ (1,68), \stréwberry
(1,68), ceneflower and cucumber (1,68) is governed by phbtoperiod;
Winter hardening in alfalfa (68), bulb formation in onion (:68), tuber
development in potatoes and yams (68) and stolon- grewth in straw-
berry (68) are also photoperiodically controlled. Still other plant
functionS'so regulated include CO2 fixation in Kalanchoe:(67),
cambium activity (77), bud swelling (12,76) and seed germiﬁation (1).

Seasonal changes in the length of diurnal radjation périods are
a more reliable cue than tempefature in prorﬁptiﬁg organisms to
appropriate seasonal transformations.(12). On a given calendar day
the length of the light and dark i)eriOds are.essentia.ﬂ]y idleri‘tical'from
year to year. In environments like the ocean which are strongly
bufferea by mass against fépidftemperature changes,’ femperature
can be a reliable seasonal cue. In terrestrial environments, however,
temperatures may.vary greatly from year to year for a given calendar
da;f. Plants -which rely on temperature to initiate physiological
changes would be at a selective disadvantage to plants which react -
t6 changes in the length of day and night to consistently key their

seasonal functions (12).




Plant Distribution and Latitude:

Bunning (12) credits Henfrey in 1852 as the researcher to firs‘t‘
mention daylength as a factor affecting the .distribution of plants.
Photoperiodism is an enviroﬁment,al parameter affecting niche exploi-
tation and adaptation to changing niches . (65) and has thus exerted
selection pressure and contributed to plént evolutien and .spec'iatio'n
(46,42,11), The latitudes mest subject to température extfemes:and
which may experience  wide deviatioﬁs from one year to the -n-ext are-
the r'nid‘dle temp.erate' latitudes (35-45°), Many photoperiodically
sensitive plants originated in these middle temperate latitudes (12,65,
13,55,54). Even within a single species, geographic races may.
vary in their photeperiod sensitivity along a latitude gradient (55).

Photoperiodism is not‘ a hit or miss environmental cue; it is a
very accurate biplagical means of time measurement. Bunning (12)
reports=that, light and dark petiods are measured accurately to within
juét a few: minutes. This trait enables photopeﬁodism to operate-
eveﬁ in near equaterial environments -where only slight variations in

the length of day and night occur throughout the year (53).

Critical Daylength Concept

Thé triggering of responses by certain daylengths led to the
concept of critical daylength‘. Garner and Allard (28) were the first

to use -the terminology long day, short day and day;neutral in
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describing plant photoperiod responses. Plants which floewer: when
exposed: to a photeperijod lenger than a critical minimum are long day
plan1;s -whﬂe those fiowering only -when the light period is-shorter
than a critical maximum number of hours:are.short day plants.(28).
Day neutral plants.are .independent of photoperiod initiation of mor-
phological or physiological changes, depending instead on achieving
an appropriate level of physiolegical maturity controlled by-other
genetic and environmental parameters (61), Examples of long day
plants are smooth bromegrass, oats -and red glover (61). Short day-
plants .include chrysanthemum, cocklebur and june bearing straw-
berry (61). Buckwheat, annual bluegrass and tomato are considered
to be day-neufral (61,20),

The critical daylength concept is somewhat misleading because.
the triggering af:feot of photoperiod is ‘usually a matter -of degree-
(quantitative) an(gl not-simply "on" or "off" (qua,litative) '(12,61,,38,
71,35,20). The rate of development of photomorphogemc chara,cters
1s proportienal 1:0 the extent by Wthh the photoperl,od surpasses the -
threshold level (41,45,17,16,62,70). Wareing ('_?6) reported- that the
buds of beech trees remain dormant so long as ‘daylength is less than
twelve hours, but the more the light perjod exceeds twelve hours the .
more rapidly dormancy is broken. This is'a quantitative rather than
a quaiitative responsge:to daylength. Other plents:are extremely

specific in their photoperiod requirements: According to Bunning
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(12), Cestrum nocturnum flowers only when' exposed to photoperiods
between eleven-and~a-half and twelve hours. Some.varieties of sugar

cane-also .-have very specific photeperiod requirements (61).

Temperature and Photope,l.'iodisn-l

Plant processes.immediately involved in perception of u_the']i'ght
environment and signaling the pathways responsible for -initié.ting the
 photomorphogenic -event (inductior;, 38) are ess;entially-temperature‘
independent (3;2), having a Q10 of 1.02 (60). The ultimate mani-
festation“ of the induptior% (floral initiation, bud swelling, etcetera),
however, ﬁ,lay have'“a, Qﬁ, ranging from 1.5 to 2.5, iﬁdicative of more
typical biochemical pathways ‘(61.). This may lead to -.thé ‘masking of
the light perce;;tion—response- iﬁduction system: by the plant response -
to temperature (12), Photomorphogenic events then appear to be-
temperature dependent when in' fact only - the ‘post.inductive compo-

nents of the response are influenced by temperature.

Irradiance Level and Phofopgriodism

. The photoinductive reactions are essentially independent of
ihcreases.in irradiance llevelsz above the -threshold level (12,38,57).
Obtratsov (54) reported less pronounced response to natural day-
length reduétion than to artificial daylength reduction. This may be
partially explained by Paris and Jenner (59) who show that the

threshold irradiance level for photoperiodic responses occurs when
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the sun is several degrees below-the horizen (at dawn and‘ dusk).
There are -organisms which exhibit photoperiod sensitivity down to
.1 lux (21), but moonlight (up to .5 lux) dees net generally.elicit'é.
photoperiodic response. :

Irradiance levels can affect phc;toperiodic response "through-'
photosynthesis controlled photosynthate availability. Jordan and
Huffaker. (41) studied the effect of light and dark periods on nitrate
reductase activity and carbon dioxide fixation, finding that continu-
ous light or flashing light increased the metabolic activity of seed-
lings, but that dark pretreatment decreased metabolic activity.
Significant levels of plant metabolism are appérently deépendent on the
energy-rdotéd- in the carben chain lproducts of photesynthesis.
Sjoseth (64) has reported that differing photoperiod'ef-fects can
resemble- vayriations in light intensity (irr-adiancé levels) -and that
increased hardiness in meadow and pasture plants:is probably
associated with photosynthesis-photoperiod interactions as regulated
by-assimilate availability. Irradiance levels strongly influence photo-
synthetic rate and ultimately assimilate supply (61). Paleg and
Aspinall (57) report that apic;;l organoegenesis ‘in barley seedlings is
not closely related to rate of assimilate supply. It therefore appears
that the more closely associalted the metabolic response is te the.
photoinductive reactions the smailer the photesynthetic -i,'nf’lﬁuence.\

The light perception-induction system is intensity independent, but

5
{
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light intensity can affect, via photosynthesis, the rate of the plant

response -to photoperiod.

Plant Maturity and Photoﬁeriodism

Another factor éffectiﬁg photoperiod sensitivity and-response ‘s
plant r'naturit'y. .Sali,sbury and Ross (61) report that not all plants -
respond te photopei‘iod treatments equally well. They cite.the early
German photoperiodism researcher Georg Krebs as the first ihvestiga-
tor to use - -the term "ripeness to flower" to describe the condition a
plant must attain before it will flower in response to environmental
stimulus (61). The Japanese morning. glory (Pharbitis nil) attains.
this ripeness at an.early a,ge; flowering in the Cotyledonary‘stage and-

red goosefoot (Chehopodi,um rubrum)' can flower -even as-a minute

seedling when exposed to sufficiently short days (61). McKee and:
co-workers (50) have determined that flowering in crownvefch

(Coronilla varia L.) is controlled by an interaction of plant maturity,

photoinductionv and thermoinduction. .S\Zoufnger plants .of crownvetch
reqﬁire"longer thermoinductive periods (less than,' or equal to 10°C)
than older plants.to flower when exposed to a g¢ritical fifteen hour
photoperiod.

Related to the plant maturity .requirement is the number of
lig'ht—d;rk cycles- necessary for photoinduction. Snyder (66) reports.

that plantain (Plantago lanceolata) will achieve 100 per cent
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inflorescence -formatien after being exposed to twenty-five photoinduc-
- tive cycles. The plant will not flower if first exposed-to less than
the twenty-five cycles.and then returned to a non-inductive condi-
tion. Flowering will occur, though, when a total of twenty-five
cycles . has been conipieted“ vafter‘réturn' to an inductive environment.
Hillman (38) refers to this capability as fractional induction which is .a
fairly common trait among long day plants. Schwabe (63) determined

that Glycine max (soybean), Chenopqdium amaranticolor and Perilla

ocymoides, all short day planfs, will not flower if a “'norif-i»n_é.luctive
phetoperiod is.interposed between two inductive photoperiods. The
non-inductive (long day) cycle apparently rendering the short days
following it ineffe’;c.tu.al\ (38). Carr (15) determined that at least some
sho;'t day plants .can be -partially induced, the‘;reby contradicting the
reports -of Snyder (66). His work suggests that the predispositien
toward partial induction is species dependent and not confined to
particular flowering types. The short-day plant cecklebur (Xanthium

pennsylvanjcum) and the long-day-plant darnel (Lolium temulentum)

(like some:others of their flowering types) require only a single
photoinductive cycle to initiate flowering (61).

Associated with the photoinductive cycle ﬁumerical requirement
is the discrimination between increasing and decreasing photoperiods.
The capacity to distingui-sh between lengthening and shortening days

is a prerequisite in cueing the plant to the-:seasons, since each
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individual light-dark combination ocecurs twice a year (12). Various"
combinations of short-long and long-short sequences can initiate
flowering c:lepending on the species (74). Vernalization requirements .
frequently work in conjunction with daylength sequences to control
reproductive physiology t43, 61).

Obviously photoperiodism is .not a simple phenomenon. There
are many factors acting in combination with the light and dark
- periods to control plant responses. The preceding review of photo-
ﬁeriodism observations and meaéurements provides a basis.for investi-

gating the details of the mechahisms of light perception and response:

induction.

H'istory of Photdperiodism Research

Inq.[uiries into the specific mechanisms of photpperiodism have
become-graduélly-mofe specific since the turn ‘o‘f the century. |
Hillman. (38) and Murneek and Whyte (51) cite the accomplishments of
several early.workers in photoperiodism researc‘h,-‘ but point out that
Garner and, Aliard (28) were the fi.rst to tie the previously isolated
observations together. The 'd'isco'Veries of this research team came-
about inadvertently when investigat‘ing flowering in "Maryland
Mammoth! tobacco (27). The mutant had arisen as a large leafed
type in a field of tobacco plants. All o'ther plants flowered as -the

season progressed; the mutant did not. Fearing the loss.of this
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mutant if unapble to obtain seed, Garner and Allard transferred the
plant to the greenhouse -whe"i{é it continued in a vegetative condition
until mid-December. Fl(;wering and seed. set were then successfully
completed and the seed was planted in the field the next growing
season. The development pattern repeated itself and they set out to
in,ve.stigate the factgrs leading to this late flowering behavior. After
testing many environmental parameters they- eventually - concluded
that exposure to short days would cause flowering. Continued in-
vestigations determined that natural.and artificial daylength re_ciuct;ion
were both effective (28), Hamnér anci Bonner‘(,35), Working with
cocklebur (Xgnthium) , established that the length of the dark period
rather than the length of the light period was the critical factor in
photoperiodism.

Not until the mid-fifties were the mechanisms of ph'otoperiodic.:
behavior elucidated. Then, Borthwick, Hendricks.and Parker (8)
estabiishec_l that a éystem of two at least partially reversible pigment
sta;ces.enabled plants to perceive the length of light and dark
periods.” They labeled this plant pigment ”phytochrpme.”' The action
spectrum had two peaks, one pigment state having a maximum ab-
sorbance at 650 nm (P650) aﬁd the other at 740 nm (P740)’ Red
light (650 nm) converted the P

form to the-P 40 form while far-

650 7

red light (740 nm) converted P 0 to P650 in a thermally controlled

74

dark reaction. Since white light is richer in red than far-red, the
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P7 40 phytochrome state was predominant at the end:of white light
periods. In turn, it was found: that the P7 40 form inhibited the -
initiation of flowering in short-day plants, but enhanced ;iriitiation in
long-day plants, They concluded that shert-day- plants .require a
dark period of sufficient length to allow conversion.of 'P7 te P650"

Bidwell (6) credits K. M. Hartmann with a modified theory-of
the phytochreme action system. The system is -essentiall“y like that
described by Borthwick, Hendricks and Parker (8), but differs in
that an inactive photomorphogenic-inducing precursor muét combine
with P7 40 to elicif the appropriate photoperiod response: Hartmann
further concludes that the synthesis of the active derivative of P7 40
is probably dependent on the absolute quantity of P7 40 coenverted
from P650'rather than the relative propertion of the two. The fact
that some.plants exhibit a requirement for a specific number of
photoinductive cycles (38,66) perhaps supports this contentien that
an absolute quantity-of the activated P7 40° 2 level that could he in-
crementally . increased by successive cycling, is necessary. to trigger

the photoperiod response.

Physiology of Induction

The mechanism linking photoperlodlc 1nduct10n Wlth response -
initiation is. st111 the subject of speculation (12,61,6, 38), but several

aspects of its eperation have been characterized.
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Phytochrome enables a plant to perceive -the photoenvironment
(8) -and the form;ati,on of the bielogically active pigment state- (6)
reac;‘lies the plant for the physiological or morphogenic event, The
dark reactions comprising the activation and readying prqceé,s -have
‘been best evaluated.in regards to ﬂowering, A flowering hormone-
(ﬂorigeﬁ) has long been suspected as an. importént facter, -but has
never ‘-been identified. Evidence for its existence, however, is strong
(61).

Leaves, having been shown to be~1:,hé receptor site.for photo-
periodjc induction (47), readily translocate-a hormone te other plant
parts (52). Exposure of a leaf to.an inductive photeperiod causes-
floral initiation even if the bud is in a non-inductive environment
(21,48). Non-—indg,ced plants will fiower-when induced i)iant parts.
are graftéd to them (52,36). These findings correlate well with the
established. guidelines for hormone action (61,20) which staten that a
hormone is an organic.substance synthesized in one part of an
orgé.nism and translocated to Aano‘ther part where it controls ‘or regu-
lates .a-physiological i‘esponse (61,20). It is evident that phofo-

periodism invelves many aspects of plant metabolism.

General Review of Photoperiodism in Crop Plants
The economic -traits of many agriculturally important plants.

(some.of which have been previously mentioned) are photoperiodically.
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regulated (61,45,42,20). - Beets, normally biennjal in' their endemic

range produced goodroots.the first year without flewering, but when
taken from their native latitudes they became-annual (19). They"
flowered and set seed, but preduced poor roots, thus representin}'g

a long day biennjal for which shorter days (at lower latitudes) re-
placed vernalization and promoted flowering instead of channeling the
plant's. metabolism .into z_lssimilate storage in the roots. Selection and
breeding programs were necessary-to widen the latifude‘adaptatiole of
beets. In 3 reversed Situa.tioh, Garneru and Allard found- that a short-
day tobacce mutant would not flower in the 1atituc¥e‘s of the southern
U.S. tobacco region, but would flower in the daylengths of sub-
tropical. latitudes (29). The economic potential persisted, but the:
reproducti\!re potential was missing. Again, breeding was neeé\lejd to
widen the latitude adaptation for seed production.

" Crop plants .suited for global distribution would be poorly-
adapted in many areas-if photoperiod sensitivity affected the develop-
mént of their economically desirable traits. Homozygous, homdgeno_us-
crop cultivars developed to efficiently utilize readily-manipulatéble.
environmental f;ctors ‘(fertilityf irrigation, et cetera) often are poorly
suited to non-manipulatable pal;ameters' (73). Plants which 'co_mplete
their life cycles independent of the influence of the length of day
and night possess the:best genetic background for varieties intended

for international distribution (24). This is one reason that
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evaluation of the photoperiod sensitivity of varieties in international
breeding progfams is irhpqrtant,

Another potential use of photoperiod sensitivity in crop plants
is to develop varieties intended for very specific crepping situations.
Francis (24) has speculated that when sufficient detailed varietal in-
formation is -available to determine critical light intensities and
critical or optimum daylengths it may be possible to use-daylength as
a cropping mal_'lageme_nt tool. | Planting and. harvesting could be
managed to achieve maximum eéonom‘ig 'yiel‘d.pe‘:i' déy. Breeding pro-
gram goals may then be oriented to wide- scale a.daptation or toward
very narrow application.

Sjoseth (64), as previously mentioned, ‘eva,lulate'd tl(_le. influem':e
of photoperiodism on pefennial mead,ow a‘ﬁd pasturev plants, finding
that it did influence winter hardineéé. Carlson (14) hypothesized
‘that since axillary bud forr;lation is photoperiodically centrolled, ad-
ventious stem' initiation was likewise affected. He found, by studying

alfalfa (Medicago sativa), crownvetch (Coronilla) and sheep sorrel

(Rﬁme.x‘ acetosella), that plants exhibiting léng—day response-.produced
more nodes, ldnger intei'nodes and greater top weight, but fewer
adventitious stems. Apparently apical domin-ance suppresses adventi-
tious.stem initiation through a balance of shoot produced auxin and
root produced kinetin. McKee (50) determined thaf young crownvetch

plants required lgnger cold exposure than older plants before
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flowering in long days.” Evidently, photoperiodism influences-
perennials at various stages of their life cycles,
Perhaps more work has been done to investigate photoperiodic

phenomena in annuals where simpler life histories enhance evaluation.

Photoperiodism in. Cereal Crops

Because cereals have been important primarily in' the mid-
latitudes (to 60°), it is especially important to thoroughly evaluate
physiological factors affecting wide scale adaptation, including photo-
period response, when developing varieties intended for distribution
in more tropical environs (45). Kirby .(45) cites ‘the conciusions of
Doroshenko and Rasumov who determined from plantings of 'wheat,
barley and oats-at 5-1Q0°N (Ethiopia) and §2-65°N (USSB)‘ that the
higher the latitude of origin the greater the response.to daylength.
Carder (13) grew several varieties of spring wheat, oats barley,
field peas and millet at two locations; Madison, Wisconsin (43°N) and
Beaverlodge, Alberta (55°N). Despite lower effective heat ﬁnits at
the northern location the crops headed at the northern and southern
locations at appr;)ximately. the same time. Post heading development
was slower at the mofe northerly location. The wor'k of Guitard (31)
doés not. subf)ért the éoncept of greatéi" phqteperﬂi’odicf reSponé-e:for |
more northerly. varieties. He has shown that varieties originating in

Scandinavia, but adapted to Canada were less responsive ‘to
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photoperiod than more southerly varieties. It is generally accepted,
however, that northerly strains or varieties are more subject to photo-
periodic influence (55,62).

| Chiney (17) determined that tiller production in wheat is sig-
nificantly reduced under long day cenditions, but is also reduced
under extremely short days due toe lack of assimijlate. Tillering in
oats; however, has not been shown to be similarly affected by photo-
period (45). Stevenson and Goodman (69) found that lower tempera-
tures had a more profoﬁnd-inﬂuence on tiller increase than did
shorter days.

Increases in main stem leaf number in corn are regulated more
by photoperiod than temperature (69) and leaf emengence rate
appears.to also be controlled by daylength in .wheat, barley and oats-
(45,16). Since'leaves, like floral primordia (11), originate in the
apex, the organegenesis -of which has been shown to be affected by
photoperiod (57), it logically follows that leaf development would alse
be affected.

According to Chinoy ‘(16)', alterations in developmental rate of
change resulting from vernalization and photoperiod treatment change
the whole pattern of pla:qJ; growth., The change varies in the phases -
and components of growth. which it affects (e.g., leaf dry weight;

stem, leaf and tiller number; et cetera) in the different varieties (16).
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The vegetative phase of wheat is -most prolonged in the late flower- -
ing varieties (16).

Flowering in wheat responds quantitatively te photoperied
length (16,17), short days tending to retard heading (42). Variation
among wheat cultivars to differing photoperiods is substantial and
similar for both pre- and post-initiation stages, acgording to Halse-
(34). Oats respond similarly, heading earlier with longer photo-
periods (62). Rice, unlike the other cereals, is a short day plant
(61) and Suge (70) maintained rice in the vegetative phase wif,h con-
tinuous -illumination. When eight or more long nights were given to
sixty day old plants, flowei‘ing oc;curred' in ajmother thirty days.

Verﬁalization can have strong influences in cereal floral
development . (45). Wheat varieties- with strong vernalization requjre-
ments exhibited less éronounce,d respense ‘to short—'cold-dé.ys and
photoperiod effects -are more validly estimated on vernalized plants -
(34). Syme (72) determined that seventy-seven to ninety-four
per cent of cultivar variation in time from sowing to ear emergence
and to anthesis can be éccounted for by the combination of vernaliza-
tion and photoperiod.

The importance of photoperipodism to cereal crop breeding pro-
grams has led some researchers to investigate the -genetics and in-
h_eritanée of photoperiodic responses. Daylength insensitivity in wheat

was found to not always be dominant over sensitivity (46). Crossing




.18

studies -did indicate that earliness (ﬁhotoperiod insensitivity) tended
toward dominance over the recessive lateness (photoperiod sensitivity).
They concludec'l that the heading patterns could be explained by two
major loci with three alleles at each locus. Chinoy (16) has suggested
that the complex of genes controlling development in wheat alse
.governs the extent and pattern of growth and that there may not be
separate geneé for the maj;)r growth processes. Keim (42) has con-
curred that a few major genes coentrol photoperiodic response :in

wheat and indicated that minor genes governing earliness may mask
the major gene vernalization and photoperiodism char_ac't‘erist-ics. In-
bred and hybrid corn varieties 'wer,e studied by Francis and co-
workers (25) in growth chambers with 16 hour and 10 hour photo-
periods. Genotypes differing more than six days in time from
vegetative shoot apex to tassel development were considered to be
sensitive; four to six days, -intermediate sensitivity; and less than
four days, insensitive.

Photoperiodic responses in barley (Hordeum vulgare -and

Hordeum disticchum) have also been investigated.

Photoperiodism in Barley

The genus Hordeum (5,26), having originated in the eastern
Mediterranean~central Asian region, had become -established in Eurasia

and North and',South America by the Tertiary geologic peried with
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distinct speciation already evident (10). This migration inte more
hostile environments -of the mid-latitudes undolibtedly enhanced
developtrtent_ of the adaptive strategies of photoperiodism and vernal-
ization (46). Ormrod (56) has reported that barley photoperiod
sensitivity is not as.great as that of wheat. Aspinall (3) cites
evidence -of .several researcher -describing barley photoperiod" sensi-
tivity as varying from insensitive top quantitativeiy sensitive to
obligately sensitive. Varietal diffefences in barley photoperiod
sensitivity do contribute to variation in heading date (56). Johnson
and Gaul (40) state "The phenotypic expression.of a quantitative
character such as .earliness may be ‘considered as a result of two
interacting factors, the gepotype and the environment."- Indeed,
Chinoy's -(16,17) work with wheat, showing that even very shoi*t days -
(six hours) would-eventually bring a long day plant to flowering,
suggests -a strong quantitative .res_pons_e-tb I;hotoperiod. Aspinall's-
(3) evaluation of several barley varieties also‘determin:ed that no
critical daylength Was evident, but that a stroxtg quaﬁtitative |
resppnse.existed. Photaperiod exerted a stronger influence on head-
ing date than ldegree of spring habit or earliness in Ha and Yasuda's
(33) investigation of 127 Korean land races. Ormrod (56), however,
studying ‘the varieties "Olli" and "Montcalm," found that differences
in varietal develo]a_ment rates were due 'solely to varietal variation and

not to photoperiod sensitivity.
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Both vegetative and floral development have been related to
barley's photoperiod response-(23,4,22).

Faris, Krahn and Guitard (23) determined that short days and
high temperatures stimulated vegetative development more than apical
development and that floral initiation was more delayed by short days
in "Vantage! than in "OIli," PreHinductiéfe high temperatures ex-
tended the vegetative period, but post-inductive high temperatures
decreased the interval from double ridge (apex) formation to arrival
of the first node at ground level. Increases in temperature as day-
lengths decreased resulted in the éfrival of the first 'node at ground
level at progressively earlier stages of apical or-gano‘genesis. Aspinall
and Paleg (4) found that redﬁctions in pﬁetoperiod and in light
intensity delayed first tiller emergence, Long photoperieds and
vernalization have been demonstrateci by Mar‘lsuri (49) to reduce stem
height and leaf numbers by altering the growth patterns -of the sheot
apex, Ormrod (56) determined that the rate of culm elongation in
several barley varieties was apparently unaffected by photoperiod.

It is evident that photeperiod and photope.riod—temperature inter—
actions ‘influence barley vegetative development.

‘ In correlating .Vegetative with ap‘icalldevelopment Faris and
co-workers (23) concluded that when a nede arrives at .ground level

floral initiation has occurred. Arrival of the node at ground-level -
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is not, however, predictive of an exact level of floral organogenesis

under all conditions.

Guitard (30) evaluated the barlejr'varieties "OIi" and "Vantage":

for the -influence of photoperiod on three specific growth stages;
seeding to internede elongation, internede elongation to heading and
'héa_ding to maturity. His results indicated that the number of days
from seeding to internede elongation might provide an indication of
earliness for certain varieties. Tiller number and duration of tillering
also appeared to.ioe indicative of earliness. Williams (78) has
developed a ‘maturity medel for barley based on a biophotethermal
equation which is.adequately predictive for most of the barley grow-
ing areas of Canada, He also concluded that maturity is more
difficult to predict in barley than in wheat.

Floral -dev‘elopme,nt of the~barley apex is more strongly affected
by phetoperiod than temperature (39). In a given photoperijod
temperature does héve a marked influence og primordial morpho-
genesis, especially in the earlier varieties. Vernalization is-essential
for floral development of winter barleys ‘as‘ w’ell as several spring-
barleys (43). Paleg and Aspinall (57) provided further evidence
that light quality éléo influences apical primordia developmént. In-
creasing fluorescent light intensity did not affect primorda production,
but the addition of incandescent light promoted increased production.

The increased rate of response-being more curved than linear has
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suggested that the influence of incandescent light is a photomorpho—
genic response -rather than a response:due to increased assimilate
supply.

Faris and Guitard .(22_) investigated the influence of photoperiod
on primary culm yield components and concluded that seeds per head
was most closely associated with yield. Short days applied to barley
from seeding to internoede eloengation resulted in increases:in fertile-
heads per plant, seeds per head and seed size. However, when the
treatment was applied during the period between internode elongation
and heading, decreases occurred in fertile primary. heads :per plant,
seeds per head and seed size. Only seed size was:decreased when
short days were app11ed after head1ng. The 1nsens1t1ve Vani;ety MOLi"
outy1elded the sens1t1ve var1ety "Vantage "

' For plant breeders to take full advantage of opportun1t1es to
screen barley var1et1es for photoper1od sens1t1v1ty 1t is helpful to
utilize both controlled env1ronments ( growth chambers and green-
houses) and field plant1ngs The results are not always-comparable'
in the different situations (39,22). Tingle (75), evalu-atingj the in-
fluence of light and temperature in controllled environments -on floret
number and flertilit:y, determined that maximum seed production in
' barley occurred at 18°C and sixteen hours of the highest possgible
1rrad1ance levels. Far1s and Guitard (22) have shown that yield in-

creases in controlled env1ronments~can be achieved by raising light
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intensity (irradiance) and temperature. They have cautioned tlha}t
more experimentation is necéssary t‘o reconcile the results of field and
growth chamber trials. Aspinall (3) has demonstrated that controlled
environment studies are adequately ‘reproducible. A coxhplicating
aspect of controlled environment and field trial (58) relationships is
the built in rate of photoperiod change in the field which is -'generally
nc;t programmed into controllgd environment experiments (13). ;I‘here
are limi,ta;tions in both type's of -trials. Growth chambcrers' can iny
approximate and never éxact_ly equal field cqnditioné, but field trials
are c;mpromise(.i by not being able -t;a thoroughly distinguish bet'ween
the ‘simultaneously- varying factors of photoperiod and temperature
(39). Changing photoperiods is a factor all plants must deal with in
nature and greater tgsting is necessary to recc;ncile the resultsof

controlled environment é.nd field trials (22).
STATEMENT OF THE RESEARCH PROBLEM

The vegetative and rella,roduci':ive development of cereal grains:
is governed by compléx interactions of genetic -and environmental |
characteristics. The major environmental factors affecting floral
induction are photopejiod and temperature.

The experiments reporf;_ed herein were designed to investigate -
_ sq@é 01_? . t_lllese interactions _fo;' a popuiation of barley ‘varieties. and

lines, some.of which are isogenic for earliness using plants grown in

1
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growth dhambqr and fg'leld "environments. ' Addi}:ionally, we tgied to .
éredict th-e'rankiﬁg' of spike ém.ellgenc.e in a' ﬁopulatj;:on of ‘barley geno-
types based on obsex:vation during more juvenile plant growth stages.

Thé.speci.fic questions to be anéweréd by this research were: |
(1) Do the varieties ,_se]ected for testing differ in. the relationship
between their rates:of juvenile vegetative growth and their rates of
- spike emergence under moderate daylengths versus long daylengtiqs ;
(2) Does the four leaf s‘tage correspond to thLe" attainment of the
double ridge stage (upper ridge enlarging) which is reported in the-
literature to represent .a non-reversible floral condition in the barlgy_ V
growing point; (3) How do the rankings of barley' varieties headiné
dates - differ between the growth chamber treatments-and the field
treatments; and (4) How do the barley varieties respond at two fieic?.
locations possessing the same photeenvironment, but different
temperature environments?

The conclusions réached'i;h these investigations-should enhance
understandi;ng of the complex interactions between plant genotype and
photo and-thermal environment or at least emphasize theiresearch

directions which must be taken to elucidate these relationships.




MATERIALS AND METHODS

Three experiments were conducted in an effort to answer the
questions posed in the statement of the résearch problem; that is to
investigate some of the phenological and developmental responses” of
barley to photoperiod manipulation.

Experiment One. Experiment one consisted of growing sixty-

eight accessions (Table 1) of barley under two different photoperiod
regimes, one a 14 hour 80°F day-10 hour 60°F night and the other
identical to the first, but with the night period interrupted at its
midpoint with one héur of'l‘o‘w intensity fluorescent lighf. Observa-
tions were made of germination, days te four-leaf stage and days
to spike emergence (heading).

This experiment was conducted with two replications in time
and fi;re seeds of each species were planted in individual 4" X 4"
pots: This experiment was designed to differentiate among those
accessions which show a distinct daylength response ‘in heading and
those which exhibitﬂ a lesser daylength responsé. Analyses were made
of the time intervals from seeding to attainment of each phenological -
stage observed to ascertain the relative' sensitivity of heading 1;0
photoperiod manipulation among the varieties and lines and .to deter-
mine whether the attainment of the four leaf stage adequately pre-
dicted the ranking of heading among a population of' .barley

accessions,
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TABLE I

LINES ISOGENIC FOR EARLINESS AND OTHER VARIETIES
USED IN THE PHOTOPERIOD STUDY

Betzes
Compana
Horsford
Arimont
Atlas 68
Athenais
Steptoe
Galt
Unitan
Eskishier
Eskishier
Attilis
Hector
Dekap
Glacier
Gateway
Erbet
Prior
Briggs
Marie
Floya
Radskorn
Morroco

B70Inc20

74AID16
74AID19
74AID27
74A1ID22
74AID21
74A1ID23
74AID29
74AID28
7T4AID25
74AID10
74AID9
g 10
74Inc47
74Inc45
74Inc44
74Inc43
74Inc42
74Inc40
74Inc4l
74Inc39

.13
Edda
Olli

Beecher

Mars

Titan
Titan
Titan
Titan
Titan

6625

74Inc38
74Inc37
74Inc36
74Inc32

early
late

very late

early (Gateway)

Vantage
Munsing
Hannchen
Hannchen early

Gigas
Early
Freja
Early
Early
Early

Freja

Betzes (Compana Dwarf)
Betzes (Hannchen Dwarf)
Betzes (Orange Lemma)

Late Compana (ert d)
Late Compana (1lb)
Late Compana (1b3)

Late Compana (erta)
Spartan C.I.5027/684/B-53
Bonus C.I. 8093/6032/Mon-56
Utah B-5708 5513 B-56
Tammi C.I. 8345 55-6141
Trisomic J-18-17

Early Carlsberg II
Bonneville

Ingrid

Primus II

Tokak

Dicktoo

Frontier

Cal. Mariout 1953 53-700
Kearney

Tschermak

Carlsberg II 1956

Erbet

Atsel

Ubamer

Late Compana

Kinai 5
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Experiment Two. Experiment two was carried out to determine

whether or not the four leaf stage corresponded to the -initiation of a
floral condition in the barley growing point -as had been re,portea by-
Bonnett (7). Ten barley warieties or lines representing a range of
earliness to heading, as determined in the first experiment, were
chosen-from the original sixty-eight -accessions. The varieties and-
lines selected Were: - Floya, Olli, Early Betzes (Compana dwarf),
Titan, Prior, Steptoe, Marie, Dicktoo, Late Compana and Eskishier
29. Ten seeds of each' accessien were planted in 4" x 4" pots and
thinned- to five plants per pot (one for each sampling date). Each
accession-pot was replicated six times in each photoperiod treatment.
The experi_inehtal treat;nents were in a corripletely randomized

block design within ,ea;ch photoperiod treatment (growth chamber).
Botil photoperiods consisted of 14 i’lour, 80°F days and 10 hou,r,‘-
60°F nights, but ene treatment included the interruption of: the dark
period at its midpoint with one. hour -of low intensity fluorescent
light. Though night period interruption is usué,lly-a,chie'vedwith in-
candescent lights, we determined that fluorescent light was lower in
eﬁergy; thereby reducing any potential photosynthetic ‘influence, but
almost twice as high in the ratio between red and far-red radiation,
thereby enhancing the long day phetoperiod effect.

‘ The development of each accession was evaluated at 8, 12, 16;

20 and 24 days after planting. The samples were dug from the soil,
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rinsed in water and placed in separate vials filled with 95 per cent
ethanol to arrest growth and deformation and preserve the plant
material. This prevented shrinka,ge of plant materials. The samia]es
were ‘removed from their vials to count thg number of yisible leaves.
Then each sample was dissected to assess the condition of the apical
g.rowing peint. Develepmental morphology of the growing point was
e_valu-ated‘ using a scale similar té that ‘o‘f Aspinall Nanc‘:'l Paleg (3,4) an'c;jl
consisted of (Fig. 1): .
1. Presence-of a single lateral Mridge' on tiae sidé:of the
apex (nén—ﬂoi‘al). |
2. Condition aé in #1, But with the apex elongating (non-
floral). |
3. Appearance of a double ridge on the side of the apex-
(reversibly floral), . -
4., Upper ridge (of double ridge) enlarging (floral).
5. Spikelet primordia visible as simple mounds on the -side
of 'the 'aI.)ex (floral),
6. Spikelet primordia beginning to differentiate into
c_omponenf floral structures (floral).
7. Spikelets well differentiated inte compdnent floral
structures (floral). .
These stages .are photographically recorded in Figure 1 from selected:

samples which most clearly portrayed the morphological attributesof
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FIGURE 1

BARLEY GROWING POINT PHENOLOGY
(DEVELOPMENTAL MORPHOLOGY)
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the growing‘poi“nt.- Correlating leaf number with growing peint
condition enabled corr;parison of photoperiod effects on individual
accessions and the popﬁla—tion of accessions. It also gllowe,d deter—
mination of what leaf number stage correrqu)nded"to an iri‘eversibly
floral growing point.

Experiment Three. The sixty-eight accessions evaluated in

E‘x.pe_riment One, along with several sets .of lines isogenic for earli-
ness-were combined to form a field trial Qf 112 accessions (Table 2) .
Each accession was planted in a ten foot row replicated twice: Two
locations of the Montana Agricultural Experiment Station, Bozeman and
Huntley, were used as different geographic environments. At each
location the trial was pianted at two different dates, once-at an.early
spring pla;ﬁting date (April 28) and once‘a;t a date after the summér
soltice (June 27) to determine the influence of long increasing versus
longer decreasing daylength on the heading rankings of the popula-
tions -of barley. D,ays‘ to hea”d}mgﬁfor 50 p.erl cent of. tl;le population

were recorded in each replication of each accession.




" . TABLE 2

BARLEY VARIETIES AND LINES SEEDED

AT BOZEMAN AND* H‘UNTLEY

OO =IO W =

Compana
Horsford
Arimont
Atlas 68
Atherais
Steptoe

“Galt

Unijtan
Eskishier 1
Eskishier 2
Attilis

" Hector

Dekap

- Glacier

Gateway
Erbet
Prior
Briggs
Floya
Radskorn

Morocco

C.I. 6625

Edda

Olli

Beecher

Mars

Vantage

Carlsburg II

Carlsburg II - VVII
Carlsburg II - VVII
Carlsburg IT - VVII
Carlsburg II - VVII
Carlsburg II - VVIL
Carlsburg II - VVII, late
Carlsburg II - VVII, late
Carlsburg II - VVII
Freja '

Vantage x 7 Freja

39

40.

41
42
43
44
45
46
47
48
49
50

51

52
53
54
55
56
57
58
59
60

61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

Vantage x 7 Freja
Vantage ix 7 Freja
Vantage x 7 Freja
Vantage x 7 Freja
Vantage x 7 Freja
Vantage x 7 Freja
Munsing

Gigas

Early Betzes

Early Betzes

Late Compana (ert D)
Late Compana (lb)
Late Compana (1B3)
Late Compana (erta)

Spartan C.I, 5027

Utah B-5708
Tammi C.I. 8345
Trisomic-J-18-17
Early . Carlsburg II
Bonneville
Ingrid

Primuys II

Tokak

Coast

Frontier

Cal. Mariout
CM67
Washonupana
Carlsburg II
Atsel

Ubamer

Piroline

Kinai 5

Klages

Summit

Titan

Titan early
Titan early
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"TABLE 2 (continued)

™

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

98 -

.99

100
101
102
103
104
105
106
107
108
109
110
111
112

Titan derived
Titan derived
Titan derived
Titan med. late
Titan late
Titan very late.
Albino lemma
Horsford
Albino lemma
Early Betzes
Marie

Bonus

Erbet

Betzes .
Early  Betzes"
Early Betzes
Vantage
Hannchen
Titan

Titan

Titan
Hirsford
Titan

Titan

Titan

Titan

Betzes, early
Betzes late
RM Dwarf

F7 x F7 x 4 Betzes, early

Compana dwarf
Compana dwarf Betzes
Prior

Early Betzes

Shabet

Ershabet

—_—




RESULTS AND DISCUSSION

Experiment One. Only forty-one of the sixty-eight accessions

planted in Experiment One germinated, survived and headed under
both photoperiods with adequate replication to be included in the
statistical analyses (Tables -_3 and 4).

Days to heading were significantly lower under long day condi-
tions for the varieties Athenois, Morroco, Edda, Hannchen early and
Kinai ‘5 (Table 5). Other wvarieties did not show signiﬁcanf changes
1n elapsed days to heading due to interruption of the dark period.
The period from planting to the appearance of the fourth leaf was
essentially identical for the population means under both moderate
and long day conditions (Table 3). Even with similar means and
low deviations from the population means (Table 3) the cornrelation
coefficient, r = .455, indicates a variability (p = .05) in ranking for
appearance of the fourth leaf between the two photoperiod treatments.
Bec;,ause the range of days to fourth leaf appearance is .narrow, slight
variations in ranking among the accessions would preclude the -use-of
this phenological trait to accurately predict the ranking of later
phenological events, |

‘The correllati;)n of days to appearance qf the fourth leaf with
days to spike emergence (heading) was not significant (p = .05).

The two phenological evénts, -app>earance of the fourth leaf and

emergence of the spike (heading), are not well correlated under the

2
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TABLE 3

DAYS ELAPSED FROM SEEDING

TO APPEARANCE OF

THE FOURTH LEAF UNDER MODERATE DAYLENGTH

CONDITION (14 HOURS OF

LIGHT) AND LONG

DAY CONDITION (14 HOURS LIGHT PLUS
DARK PERIOD INTERRUPTION)

Mean Days to 4-Leaf

Variety Long Day Intermediate Day

Compana 19.9 16.2
Atlas 68 23.9 20.3
Athenais 17.8 193
Steptoe 2178 19.8
Unitan 20.8 1955
Eskishier 29 2345 2159
Attilis 178 1956
Gateway 1853 20.1
Erbet 1 18.3
Prior 18.1 17.4
Marie 195:7 16.5
Floya 14.8 17.8
Radskorn 14.5 16.2
Morroco 20.3 19.4
C.I. 6625 18.6 182
Edda 18.1 1655
Olli 1637 15.8
Beecher 18.9 20.7
Titan early 16.6 16.7
Titan 18,3 19.0
Titan early (Gateway) 16.7 16.9
Munsing 17.8 1E.2
Hannchen early 18.3 o5
Early Freja - 16.3
Freja 20.6 149
Early Betzes (Compana dwarf) 1753 18.4
Early Betzes (Hannchen dwarf) 17.6 1951
Early Betzes (Orange lemma) 16.5 17.8
Late Compana 215 v e
Spartan C.I. 5027 16.0 18.4
Utah B-570-8 17.8 18,9
Trisomic J-18-17 18.5 18.0
Early Carlsberg II 17.4 16.3
Bonneville 20.6 20.5
Primus II 18.3 16.5
Tokak 19.4 18.1
Cal. Mariout 1953 2145 2105
Erbet 19.8 )7
Atsel 21.0 18.5
Ubamer 14.0 20.5
Kinai 5 18.9 1L i

Mean 18.5 18.4

Standard deviation of the means 1.62 PASCAS

Coefficient of linear correlation of the two populations: r
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TABLE 4

DAYS ELAPSED FROM SEEDING TO HEADING UNDEk MODERATE

DAYLENGTH CONDITIONS (14 HOURS OF LIGHT) AND LONG

DAY CONDITIONS (14 HOURS OF LIGHT PLUS
NIGHT INTERRUPTION)

Mean Days to Keading

Variety Long Day Intermediate Day

Compana 44.8 40.6
Atlas 68 5% 8 48.3
Athenais 51.8 44.1
Steptoe 58.7 49.9
Unitan 55.0 47.0
Eskishier 29 54.0 48.7
Attilis 51.0 54.0
Gateway 52,7 46.6
Erbet 40.1 38.7
Prior 37.6 35.6
Marie 44,0 43.4
Floya 40.7 42.0
Radskorn 49.8 44.8
Morroco 50.6 37.8
C.I. 6625 38.5 36.0
Edda 67.0 47.0
Olli 50.0 44.8
Beecher 8173 47.1
Titan early 47.8 49.7
Titan 42,2 45,0
Titan early (Gateway) 46.0 39.0
Munsing 45.0 43,9
Hannchen early 48.0 40.1
Early Freja 40.1 39.3
Freja 61.5 50.3
Early Betzes (Compana dwarf) 39.9 38.1
Early Betzes (Hannchen dwarf) §3.0 47.5
Early Betzes (Orange lemma) 40.7 3745
Late Compana lb 54,5 43,0
Spartan C.I. 5027 47.5 46.9
Utah B-570-8 46.2 49.2
Trisomic J-18-7 42.0 34.0
Early Carlsberg II 44,2 41,7
Bonneville 51:8 43.9
Primus II 8055 46.9
Tokak 52.0 48.4
Cal. Mariout 1953 45,3 43.0
Erbet 40.3 38.4
Atsel 41.8 34.8
Ubamer 56.3 47.5
Kinai 5 50,9 43,2

Mean 48.4 43.6

Standard deviation of the means 4.86 6.73

Coefficient of linear correlation of the two populations: r
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TABLE 5

T-TEST OF DIFFERENCES IN DAYS TO HEADING
BETWEEN THE TWO PHOTOPERIODS

Variety t
Compana 1.30
Atlas 68 2.5¢
Athenais 2.54%
Steptoe 2.04
Unitan 1399
Eskishier 29 1559
Attilis =03
Gateway 1.42
Erbet >33
Prior .68
Marie .18
Floya TR
Radskorn 1,39
Morroco ' 3.50%
C.1. 6625 .66
Edda 4,54%
Olli 1.14
Beecher 15720
Titan early =, a1
Titan -.74
Titan early (Gateway) 2,27
Munsing .36
Hannchen early 2.69*
Early Freja +26
Freja 197
Early Betzes (Compana dwarf) .61
Early Betzes (Hannchen dwarf) 1.92
Early Betzes (Orange lemma) 07
Late campana lb 2.02
Spartan C.I. 5027 «12
Utah B-570-8 *379
Trisomic J-18-17 1.68
Early Carlsberg II .69
Bonneville : 2.16
Primus II «92
Tokak 1.17
Cal. Mariout 1953 .50
Erbet 59
Atsel 159
Ubamer 1.54
Kinai 5 2.60%

*
Significant at p = .05
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long day conditions (r = ;274) or the moderate daylengths (r = .263)
for these forty-orie barley variefies, and lines. Evidentlir, juvenile |
phenological-stages cannot be directiy related to earliness of heading.

The ranki.ng among accessions for daj'rsﬂto heading shows a ‘
highly significant correlatic;n between the moderate daylength't'reat—
ment and the long day treatment (r = .713). _Sensitivit}.r to photo-
period, therefore, does not strongly influence the heading date of

most varieties and lines. A t-test of the individual accessions shows -

’ " onlyfive of - the forty-one va.r1et1es or llnes dlsplaying head.mg dates K

s1gn1f1cant1y earher under long day condltmns than under moderate
daylength cond1j;1ons (.Table 5).

Experiment Two. The vegetative and floral phenology of the

ten wvarieties investigated in the second study' characterize their early
development rates (Figs. 2, 3 and 4). Table 6 shows the linear and

quadratic coefficients of correlation of all ten accessions under

.. moderate and long day conditions,

All varieties except "Dicktoo" exhibit goeoed correlations between
vegetative development (leaf number) and réproductive development
(condition of the growing peint) under bofh photoperiods. "Dicktoo"
is -a winter variety requiring vernalization and pro.vides a check
against.the other varieties (spring type bairle‘ys) which db not

require vernalization. The shorter daylength condition which would
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occur simultaneously with. naturai Vernalizatioh, ‘results in a signifi-
cantly higher correlation and positive rate of development for the
variety "Dicktoo."

Apparently contradicting the expected increase in rate -of floral -
development under long day conditions, several of the spring
varieties develop more rapidly under moderate daylength conditions
(as evidenced by-a t-test of their slepes, Table 7). Figure 3
portrays the l-inear relationships of all accessions under both photo-
periods.and clearly depicts the more rapid rate of floral development
undér shorter daylength conditions.

'fhe use ‘of .quadratic curves to express the relatienship be-
tween growing point floral condition and leaf number r'esﬁlts in a.
better fit (higher correlation coefficient) than with a straight line
(Table 6). Thevquadratic curves in Figure 4 therefore express the
relationship between leaf number and' growing point better than the
straight lines in Figure 3. The rates of development depicted are
more rapid at higher leaf numbers under long day conditions than
moderate daylength conditions for most of the spring varieties, in-
cluding "Floya," "Early Betzes" (Compana dwarf), "Titan,":"Prior," -
"Steptoe, " ‘"Mél‘i" and "Eskishier." It is.also evident that with the |
except&on, of the winter type "Dicktoo" and the late isoline "Late
Compana," the growing point attains-an irreversibly floral cendition

prior to or during the fourth leaf stage. Dicktoo, being a winter
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TABLE 6

LINEAR AND QUADRATIC CORRELATION COEFFICIENTS AND
LINEAR SLOPE FOR EARLY FLORAL AND VEGETATIVE
PHENOLOGY OF TEN BARLEY ACCESSIONS

—T

Long Daylength . - Moderate Daylength
Linear T Slope Quadratic r Linear r Slope Quadratic r

Floya - .900%* 1,343 . 904 .875%% 1,452 L 875H*

Ol L794%* 1,121 0 ,826%F - - 870%% 1.272 . 872k
Early Betzes =~ .933%% 1.166 L042%% . 906%* 1.534 . 946%*
Titan . .897H* 1.449 . 926%% - . 904%* 1,395 - .9Q4%*
Prior ’ . 903%* 1.375 . 920%* . 952%%* 1.551 . 954 %
Steptoe L 849%% 1,304 ,907%* . 873%% 1.119 . 935%%
Marie L746% 0,874 . 788%* . 953%% 1.379 . 958%*
Dicktoo .065NS .013 .187NS . .640% .207 L T71k*
Late Compana . .751% ©.620 - L794%% - .698% .811 L 778%*
Eskishier L T98%* - 1.071 =, 975%* ‘ . BH2KF 1.037 . 8B **

i Mean . . 763 .+ .903 .817 .- .853 1.176 . 887
Overall L C
(Individual .823 © 1,211 .847 . . 793 1.207 . 795
Yvariates) { ' ' '

.05

*
Significant at p
*

1

*
-Significant at p = .01
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TABLE 7

DIFFERENCES IN RATES OF DEVELOPMENT FOR THE
TEN VARIETIES UNDER THE TWO PHOTOPERIODS

T

Difference"

Variety in Slepe ‘ t-
Floya . T - , 009 -.117
Olli ‘ : .151 -1.958
Early . Betzes .- .368 -4, 773%% -
Titan . 054 . 700
Prior ' 2176 -2,283%
Steptoe ' . 185 2.399%
Marie - . ,b@5 -6,550%%
Dicktoo ©.194 ~2,5616%
Late Cempana . . .191 ~2.477%
Eskishier .034

<441

. .
t significant at p

** . e °
t significant at p

H
(=
=1

.01

B
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Legend: Left axis = growing point rating (floral):intermediate
day o----o0; long day o 0.
Right axis = number of leaves (vegetative):intermediate
day A----A; long day A A's
Bottom axis = days after seeding.
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FIGURE 2

EARLY VEGETATIVE AND FLORAL PHENOLOGY
OF TEN BARLEY ACCESSIONS




Legend: Left axis = growing point rating (floral):intermediate
day o----o0; long day o

42

O.

Right axis = number of leaves (vegetative):intermediate

day A----A; long day A AN
Bottom axis = days after seeding.
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FIGURE 2 (continued)
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Legend: Left axis = growing point rating (floral):intermediate

day o----o; long day o o.
Right axis = number of leaves (vegetative):intermediate

day A----A; long day A A.
Bottom axis = days after seeding.
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FIGURE 2 (continued)
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FIGURE 3

LINEAR RELATIONSHIP BETWEEN VEGETATIVE CONDITION
(LEAF NUMBER), X-AXIS, AND FLORAL CONDITION
(GROWING POINT RATING), Y-AXIS
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type, exhibits a much higher correlation under the-moderate dayj
length treatment even without vernalization than under the long ciay
treatment. |

Experiment Three. The field evaluation of heading dates cen-

ducted in Experiment Three at the Bozeman and Huntley Experiment
Stations adds parameters not encountered in the contrelled environ-
ments of the gfowth cilamber, varying temperatures and pho;coperiods. :
The heading dates for both seeding dates are f)resented in Table- 8
for Bozeman and Table 9 for Huntley.

The comparison of heading dates between the spring (early) -
and the post—summer—so,lt,ice (late) seedings is shown in Table 10.
Though the mean of all accessions is considerably lower for the late
seeding at Bozeman, the high significant correlation (r = .815) inai-
cates ; similarity in the ranking of days te heading among the-
accessions between’ the. two seeding dates: The pppulatioh meéans -at
Huntley are very similaxr for the 'e,ariy and late seedings. The
correlation coefficient of r =-.711, though significant, is lower than
that for the Bozeman seedings and possibly indicates .more variation
in the -ranking éf days to heading among accessions er the two
seedings at' Huntle;ir.

Photoperiod (seeding date) apparently does net :.change -the-

rankings ‘of the heading dates of the varieties and-lines.
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TABLE 8

MEAN DAYS TO HEADING: BOZEMAN

Late Seeding

Variety Early Seeding

Compana 62.0 36.0
Horsfaord 61,5 45.5
Arimont 67.5 40.5
Atlas 68 57.0 36.5
Athenais 54,0 40.5
Steptoe 62.0 37.0
Galt 64.0 38.5
Unitan 62,5 36.0
Eskishier 1 63.5 38.0
Eskishier 2 71.0 no heading
Attilis 54,5 37.0
Hector 66,0 39.5
Dekap 62.5 39.0
Glacier - 58.0 37.5
Gateway - 56.5- 32.5
Erbet 57,5 33.0
Prior 55.0 30.0
Briggs - 57.0 38.0
Floya 56.0 32.0
Radskorn 55,0 30.5°
Morocco 55.0 38.0
C.I. 6625 55.5 30.0
Edda . 57.0 33.0
Olli 58,0 33,0
Beecher 55.0 36.5°
Mars 61.0 37.0
Vantage 64.5 41.0
Carlsburg II 69.5 43.5
Carlshurg II - VVII 60.5 35.5
Carlsburg II - VVII 63.5 35.0
Carlsburg II - VVII 63,5 34,0
Carlsburg II - VVII 64.0 36,5
Carlsburg II -~ VVII 68.0 42,5
Carlsburg II - VVII, late- 60.5 35.0
Carlsburg II ~ VVII, Jate 68.0 43,5
Carlsburg II - VVII 68.0 44.5
Freja 64.5 40.0
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TABLE 8 (continued)

..59.5-

Variety Early Seeding Late Seeding’
Vantage x 7 Freja 60.0 32.0
Vantagé x 7 Freja 59.0 33.5
Vantage x 7 Freja 59.5 34.0
Vantage x 7 Freja R7.5 32.5
Vantage x 7 Freja 65.5 40,0 -
Vantage x 7 Freja 65.0 39.0
Vantage x 7 Freja 65.0 40.0
Munsing ' 60.0 35,5
Gigas - 69.5 no heading
Early Betzes 57.5 32.0
Early Betzes- 59.0 33.0
Late Compana (ert D) 69.5 43,0
Late Compana (lb) 68.0 40,0 -
Late Compana (1B3) 68.5 41.5
Late Compana (erta) 69,0 39.5
Spartan C.I. 5027 60,5 35,b
Utah B-5708 60,0 41.0 -
Tammi C.I. 8345 58.5 34.0
Trisomic J-18-17 58.0 32.5°
Early Carlsburg II 61.0 35.5
Bonneville . 68.0 42.0
Ingrid 68.5 42.5
Primus ‘II 57.5 33.0
Tokak- - 61.0 36.5
Coast - 63.5 41.0
Frontier 67.0 44,0
Cal. Mariout 5h.5 35.0
CM 67 55.5 35.0
Washonupana 63.56° 39.5°
Carlsburg II 64.5 42.5
© Atsel 54,5 30.5
Ubamer 61.0 36.0
Piroline 65.0 42.0
Kinai 5 61.5 36.0
Klages - 67.0 42,0
Summit 67.5 42.0
Titan 64.0 37.5°
Titan early. 59.0 34.5°
Titan early 34,0
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'i‘ABLE 8 (continued)'

Variety

Late Seeding

Titan derived
" Titan derived
Titan derived
Titan med. late
Titan late

- Titan very late
Albino lemma
Horsford .
Albine lemma
Early Betzes
Marie

Bonus

Erbet

Betzes -

Early . Betzes
Early Betzes -
Vantage
Hannchen
Titan

Titan

Titan

Horsford

Titan

Titan

Titan

Titan

Betzes; early
Betzes, late
RM Dwarf

F7 x F7 x 4 Betzes; early
Compana dwarf
Compana dwarf Betzes
Prior ‘
Early Betzes-
Shabet:
Ershabet .

Early Seeding

61,5
63:5
63.0
66.5
_67.5
69,0
61.0
61.5
69.0
59,0
58,0
69.0
59.0
65.5
58.5
58.0
64,5 -
63.0
59.5
59.0
60.5
61,5
66.5
64.0
67.5
660
58.5
64,5
" 60,0
59.0
58.0
64.0
56.0
61.5
67.5
59.0

36.5
36,0
38.0
42.0
43.0
45.0
36.5"

no heading

38.5
33.0
34.0
43.0
33.0
40.5
33.0
33,5
39.0
37.5
34.0
34.5
36.0
no heading
42.0
41.5-
42.0
41.5 -
35.0
40.5
35.5
32.5
32.0
40.0
29.0
37.0
41.5
32.0

T
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TABLE 9

MEAN DAYS TQO HEADING:. HUNTLEY.

T

Variety Early  Seeding - Late Seeding
Compana 49.5 48.5 -
Horsford ‘ 51.5 -
Arimont : 59.5° 61.5
Atlas 68 i 46.0 51.0
Athenais 42.0 - 47.0
Steptoe 50.0 50.0
Galt 52.5 54.5
Unitan 50.5 49.5-
Eskishier 1 -61.5 _ 51.5
Eskishier 2 . 63.0 T -
Attilis o 42.0 - ’ 47.5
Hector 60.5 65,5
Dekap 53.0 | 53.0
Glacier . 48,0 57.0
Gateway ' 49.0 -~ 45,0 -
Erbet 46.0 - 45,0
Prior . ' 42.0 44,0
Briggs - : : 46.0 . ' 48,0
Floya : 49.5 49.0 -
Radskorn 46,5 46,5 -
Morocco 47.5 48,0 -
C.I. 6625 42,0 43,0
Edda 48,0 48.5
Oli 49,0 50.5
Beecher . 43,0 49.0
Mars 51.0 51,5
Vantage 59.0 56.0
Carlsburg II 63.5 67.5
Carlsburg II - VVII 49.5 48.5
Carlsburg II - VVII - 49.0 51.0
Carlsburg II - VVII 49.0 46.0
Carlsburg IT - VVII 50.5 48.5
Carlsburg II - VVII 63.5 65.0
Carlsburg II - VVII, late 50.5 50.0
Carlsburg II - VVII, late 63.0 . 66.5-
Carlsburg II - VVII , 61.5 : 68.5

Freja - - 61.0 49,0
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TABLE 9 (continued)

Early Seeding

Variety Late Seeding
Vantage x 7 Freja 46.0 44,5
Vantage x 7 Freja 47,0 44.5 -
Vantage x .7 Freja 47,0 44,5 -
Vantage x 7 Freja 45,5 - 45,0
Vantage x 7 Freja 59.0 51.0
Vantage :x 7 Freja 53.0 51,5
Vantage x 7 Freja- 56.0 53.0
Munsing - 49,0- 46,0
Gigas . - 64.0 -
Early. Betzes® 46.0 45,0
Early  Betzes - 47.0 45,0-
Late Cempana (ert D) 64,0 58,0
Late Compana (Ib) 61.5 56.0 -
Late Compana (1B3) 61,0 54.5
Late Compana (erta)’ 64.0 - 65,5
Spartan C.I, 5027 50.0 47.0:
Utah B-5708 51,0 54.0
Tammi C.I. 8345 49,5 50.5
Trisomic -J~18~17 . 46.5 44,0 -
Early Carlsburg II 49,5 48,0 -
Bonneville . 61,5 53,5
Ingrid 58,0 57,0
Primus I 49,0 - 45.0 -
Tokak: 49.5 45,5 -
Coast - 51:5 64.0
Frontier . 58,0 64.5.

 Cal. Mariout 43,0 44.5 -
CM- 67 43,0 48,0
Washonupana 52.5 53.0
Carlsburg II. 59.5 65,0 -
Atsel 42,0 43,0 -
Ubamber 51,0 51.5
Piroline 57.5 560
Kinai 5 49,0 - 44.5 -
Klages - 60.0 65.5 -
Summit - 60.5 62.5
Titan 51.0 55. 0
Titan early 46.0 44,5 -
Titan early 47.0 - 45.0
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TABLE 9 (continued)

Variety Early Seeding Late Seeding
Titan derived 51.5 49.0
Titan derived 51,0 © 50.5-
Titan derived 51.5 52.5
Titan med. late 57.0 58.0
Titan late 57.0 58.5
Titan very late .61.5 62.5
Albino lemma. 50.0. 46,0
Horsford 51.5 -
Albino lemma 60.5 67.0
Early Betzes 48.0 45.0
Marie : 47.0 45,0
Bonus - 61.5 67.0
Erbet . 49.0 45.0
Betzes" 580 56.5
Early Betzes 47.0 45,5-
Early Betzes 47.0 - 45,0
Vantage: 55.0 50,0
Hannchen 50,5 50.5
Titan 48.0 44,0
Titan 47.0 45,0
Titan 50.5 50.0
Horsford 51.5 -=
Titan . . 59.0 58.5
Titan 59.0 58,5
Titan 59.0 . 62.5
Titan 57.0 -56.5
Betzes, early 47.0 45,5
Betzes, late 59.5 57,0
RM Dwarf 49,5 44,5
F7 x F7 x 4 Betzes, early 47,0 45,0
Compana dwarf : ' 46.0 44,5
Compana dwarf Betzes 57.0 49,5
Priox 43,5 45,0
Early Betzes 50.0 48,5
Shabet 60.5 55,0
46,5 52.0

Ershabet
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TABLE 10

RELATIONSHIP BETWEEN HEADING DATE RANKINGS
FOR EARLY AND LATE SEEDINGS:
BOZEMAN AND HUNTLEY

Bozeman
Days to Heading
Early: Seeding Late Seeding
Mean Co - 0l1.8 ;- L 37.2
Standard - deviation o ‘ 4.3‘ ' o 3.9
. r = ,815
Huntley
- Diys to Heading : ,
Early Seeding - Late Seeding
Mean ‘ 52.0 51.7
Standard deviation - 6.2 , ' 7.0

=

r = 711
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Since the ‘photoperic‘)ds for Bozeman and .Huntley are nearly
identical, differences in heading dates for a particular seeding must
be ascribed to temperature.or other environmental factorsi The popu-
lation mean at Huntley is lower than at Bozeman, 52.0 and 61.8 d:alys
respectively, for the early seeding, but the correlation, r = .932
(Table 11), indicates a high degree of similarity in heading date
ranking among the accessions between the two locations. The late
seeding resulted in a population mean heading date of 51,7 days at
Huntley and 37.2 days at Bozeman (Tables 8 and 9). Again the high
correlation, r = .830, indicates a similarity between the heading date
rankings at Bozeman and Huntley. Temperatufe is apparently affect-
ing all varieties and lines similarly.

In breeding programs and physiology research problems it is
frequently useful to study as many plant generations as possible. To
do so it.is important to understand how- the plants behave in dif-
ferent environments, including field, greenhouse and growth chamber,
so that studies conducted in different environments -may be related
to one -another.

Thirty-three of the varieties and lines -studied in the first ex-
periment were common to the Bozeman and Huntle‘.y'fieid trials and
successfully combleted heaaing in both environments (Table 12). The
relationship between the heading dates of the early Bozeman seeding

and the moderate daylength growth chamber study exhibits a
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TABLE 11

RELATIONSHIP BETWEEN HEADING DA'I'E RANKINGS
AT BOZEMAN AND HUNTLEY:
EARLY AND LATE SEEDINGS

Early. Seeding .
Days to Heading

Huntley Bozeman
Mean . 52.0 - 61.8
Standard deviatien g 6.2 4.3

r = .932

. Late Séédir;g

‘Days to Heading

Huntley . ‘ - Bozeman
Mean B 0 - Y
Standard deviation 7.0 ‘ 3.9

r = .830
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TABLE 12

HEADING DATES FOR VARIETIES PAIRED IN GROWTH
CHAMBER AND FIELD TRIALS

Moderate Day

Long Day
Variety G.C.* Boz. E. Hun. E. G.C. Boz. L. Hun. L.

Compana 44,0 62.0 49,5 38.5 36.0 48.5
Atlas 68 60.5 57.0 46.0 40.5 36.5 51.0
Athenais 47.5 . 54.0 42,0 40.5 40,5 47.0
Steptoe 58.5 | 62.0 50.0 47.5 37.0 50.0
Unitan 52.0 62.5 50.5 42,5 36.0 49,5
Eskishier 29 46.5 63.5 61.5 44.0 38.0 51.5
Attilis 49.5 54.5 42,0 51.5 37.0 47.5
Gateway 51.5 56.5 49.0 44,5 32.5 45.0
Erbet 37.0 57.5 46.0 37.0 33.0 45.0
Prior 35.0 55.0 42.0 34,5 30.0 44.0
Marie 45.0 58.0 47.0 40,5 34.0 45,0
Floya 40.5 56.0 45,5 39.0 32.0 49.0
Radskorn 42,5 55.0 46.5 42,5 30.5 46.5
Morocco 44,0 55.0 47.5 37.0 38.0 48.0
C.I. 6625 37.0 55.5 42,0 35.0 30.0 43,0
Edda 62.0 57.0 48,0 44,5 33.0 48.5
Beecher 44.0 55.0 43,0 40.5 36.5 49.0
Titan early

(gateway) 47.5 59.0 46,0 37.0 34.5 44,5
Munsing 42.5 60.0 49.0 42.5 35.5 46,0
Hannchen early 42.0 - 59.0 47.0 35.0 34.5 45,0
Early Freja 40.5 59.0 47.0 33.5 33,5 44,5
Early Betzes ' :

(Compana dwarf) 37.0 57.5 46.0 37.0 32.0 45,0
Early Betzes ’

(Hannchen dwarf) 50.5 59.0 47.0 44,5 33.0 45,0
Early Betzes

(Orange lemma) 39.0 58.5 47.0 41.0 33,0 45,5
Late Compana lb 59.5 68.0 61.5 42.5 40.0 56.0
Utah B-570-8 52.5 60.0 51.0 48.0 41.0 54,0
Early Carlsburg II 42.5 61.0 49.5 38.5 35.5 48.0
Bonneville 51.0 68.0 61.5 42.5 42.0 53.5
Tokak 49.5 61.0 49,5 46.0 36.5 45,5
Cal. Mariout 1953 44,0 - 55.5 43,0  40.5 35.0 44,5
Erbet 37.0 59.0 49,0 35,5 33.0 45,0
Atsel 42,5 54.5 42,0 ° 32,5 30.5 43,0

44,5 61.5 49,0 40.5 36.0 44.5

Kinai 5

Headlng dates in growth chamber study are for the first plant in a pot,

not for the mean of the pot as presented in Experiment One.
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correlation coefficient of only .367 (Table 13) . Thus, the grewth
chamber does not seem to predict very accurately the ré_mking of
heading dates in the early spring Bozeﬁan seeding. The order of
heading é.mong accessions in the late Bozeman plaﬁting is mere accur
rately portrayed by the long day growth chamber treatment (r =
+489) but the predictive power is still fairly low (Table 13).

The relationship between the early Huntley seeding and the
growth chamber moderate daylength treatment is eéual (r = .387)

'

to the previously discussed Boezeman relationship. ;I'he Huntley late
seeding exhibits a slightly closer félatioﬁship with the long day" "',"
growt_h chamber treatment (r = .500) (Table 13). |

Thoﬁgh none of thése correlations is especially strong all are
significant at the‘ P = .05 level or better. Though cautien should be
takén .in'interf;reting the closeness of the relationship Nt‘De‘cween the

order of heading in the field and the appropriate growth chamber

treatment, the felationships are statistically significant.
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TABLE 13

RELATIONSHIP BETWEEN GROWTH CHAMBER AND

FIELD TRIAL HEADING DATES

Growth. Chamb er

Bozeman

Coefficient of

Long Day Late Seeding Linear Correlation (r)
Mean o 40.5 _ 35.0 ' L 489%+F
Standard deviation 4,44 3.14 .
Growth Chamber Bozeman
Intermediate Day Early Seeding
Mean . 46.0 58.7 367+
Standard deviation " 7.13 3.57 )
' Growth Chamber Huntley
Long Day - Late Seeding
Mean o 40»..5' 47.2 500k
Standard deviation o 4.44 3.25
Growth Chamber Huntley
Intermediate Day  Early Seeding
Mean - 46.0 48,1 . 387
Standard deviation. 7.13 5.10 :
* .
Significant at p = .05
*k s
- Significant at p = .01




SUMMARY

The evaluation of sixty-eight accessions of barley, including
varietieg and lines representing a wide range of earliness to heading,
in growth chamber photoperiods of fourteen hours (mederate day-
length) and fourteen hours with a breken dark period (long day-
length) detected significant reactions to phetoperiod for 'days to
heading in only five accessions. More variability was evident in juve-
nile vegetative phenology than in heading phenelogy and the accuracy
of predicting the ranking ef heading in a population of barley acces-
sions is thereby limited.

The investigation of vegetative and floral phenology in ten
barley accessions of varying maturity habits shows a consistent gnd
significant correlation between leaf number and apical floral organo-
genesis in all of the spring varieties: The winter variety studied
was not vernalized and did not, therefore, attain a floral condition.
Differences-in rate of development were more accurately' depicted by a
quadrgtic than a linear function. Except for the winter barley and a
late spring iséline all variéties attained an irreversible floral condi-
tion prior to or during the fourth leaf stage.

The field evaluatien of 112 barley varieties and isolines showed
a significant similarity in heading date rankings between two geo-
graphic locations and for spring and post-summer-soltice seedjngs.

The reaction of the population at two different geographic locations




L),

60

to differing photeenvironments indicates that the accessions behave
similarly - (in respect to fhe-popu‘lation means) to beth dayleﬁgth and
temperature. Paired plot comparisons between fieid trials and growth
chamber treatments resulted in low, but significant correlations in
days to heading for beth environments. Relative heading date rank-
ings were significantly related between the field and grewth chamber
studies, but the statistical rélati,onsﬁips indicated that caution should
be exercised in interpretafion of the heading date rankings in making
predictions from one environment to anether.

More ’detaﬂgd specific varietal analyses would prebably be useful
in clarifying the exact predictive relationships for heading date-

rankings in different environments.
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