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Abstract:

The growing attention in land reclamation has resulted in an increase in native seed sales. As of yet,
germination and viability testing methods have not been established for many native species. For
efficient marketing and subsequent studies on growth and development of native species, the
establishment of optimum testing methods is a prerequisite.

The objective of this paper was to research various treatments and determine which treatment, if any,
were optimum for six native species.

Six species indigenous to the Rocky Mountains and Great Plains regions were evaluated for seed
viability with 2,3,5-triphenyl-2H-tetrazolium chloride (TZ). Specific staining techniques were
developed for each species. Treatments include presoaks, seed coat puncture, seed coat removal,
scarification, and seed bisection. Species tested and their viability values are: 1) Achillea millefolium
L. (Yarrow) 1977 seedlot 94%, 1981 seedlot 65%; 2) Agropyron spicatum (Bluebunch wheatgrass)
1980 seedlot 61%, 1981 seedlot 88%, 1982 seedlot 91%; 3) Calamovilfa longifolia (Prairie sandreed)
1978 seedlot 64%, 1980 seedlot 88%, 1982 seedlot 85%; 4) Elymus cinereus (Basin wildrye) 1980
seedlot 90%, 1981 seedlot 94%, 1982 seedlot 72%; 5) Ratibida columnifera (Prairie cone flower) 1981
seedlot 89%, 1983 seedlot 85% and 6) Sporobolus airoides (Alkali sacaton) 1981JK seedlot 78%,
1981NK seedlot 70%.

Temperature, light environment, prechill, and days of germination were evaluated to determine the
optimum germination method for six species. Results indicate that seven days of germination provided
the best estimation of viability for alkali sacaton, prairie coneflower and prairie sandreed; whereas,
bluebunch wheatgrass, basin wildrye and yarrow required 14 days of germination. The 20C,8L
treatment provided optimum germination for all seedlots of yarrow, prairie coneflower and bluebunch
wheatgrass. All seedlots of prairie sandreed germinated optimally at 25C with either 8 hrs. light or
continuous dark treatment. Basin wildrye seedlots had optimum germination with the 25C,8L and
15-25C,8L treatments; whereas, the 15-25C temperature with either 8 hrs. light or continuous dark
treatment gave optimum germination for alkali sacaton seedlots. Prechilling for 5 or 10 days did not
promote germination with any of the seedlots.
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ABSTRACT

The growing attention in land reclamation has resulted in an increase in
native seed sales. As of yet, germination and viability testing methods have not
been established for many native species. For efficient marketing and
subsequent studies on growth and development of native species, the
establishment of optimum testing methods is a prerequisite.

The objective of this paper was to research various treatments and
determine which treatment, if any, were optimum for six native species.

Six species indigenous to the Rocky Mountains and Great Plains regions
were evaluated for seed viability with 2,3,5-triphenyl-2H~tetrazolium chloride
(TZ). Specific staining techniques were developed for each species.
Treatments include presoaks, seed coat puncture, seed coat removal,
scarification, and seed bisection. Species tested and their viability values are:
1) Achillea millefolium L. (Yarrow) 1977 seedlot 94%, 1981 seedlot 65%; 2)
Agropyron spicatum (Bluebunch wheatgrass) 1980 seedlot 61%, 1981 seedlot
88%, 1982 seedlot 91%; 3) Calamovilfa longifolia (Prairie sandreed) 1978
seedlot 64%, 1980 seedlot 88%, 1982 seedlot 85%; 4) Elymus cinereus (Basin
wildrye) 1980 seedlot 90%, 1981 seedlot 94%, 1982 seedlot 72%; 5) Ratibida
columnifera (Prairie coneflower) 1981 seedlot 89%,; 1983 seedlot 85% and 6)
Sporobolus airoides (Alkali sacaton) 1981JK seedlot 78%, 1981NK seedlot 70%.

Temperature, light environment, prechill, and days of germination were
evaluated to determine the optimum germination method for six species.
Results indicate that seven days of germination provided the best estimation of
viability for alkali sacaton, prairie coneflower and prairie sandreed; whereas,
bluebunch wheatgrass, basin wildrye and yarrow required 14 days . of
germination. The 20C,8L treatment provided optimum germination for all
- seedlots of yarrow, prairie coneflower and bluebunch wheatgrass. All seedlots
of prairie sandreed germinated optimally at 25C with either 8 hrs. light or
continuous dark treatment. Basin wildrye seedlots had optimum germination
with the 25C,8L and 15-25C,8L treatments; whereas, the 15-25C temperature
with either 8 hrs. light or continuous dark treatment gave optimum germination
for alkali sacaton seedlots. Prechilling for 5 or 10 days did not promote
germination with any of the seedlots. :




CHAPTER I
LITERATURE REVIEW
Tgtr:_izolium

Efficient seed production ‘.and.‘ marketing ‘depends upon the pr‘opex;
evaluation of seed quality. Two methods emvployed to evaluate quality are
purity and germination tests. Results for the former can be obtained in a few
hours, whereas the latter may take weeks. The time required for germination
tests can hinder seed processing and marketing. This situation necessitated the
need to develop a more rapid method for evaluating the gei'minative potential

of seeds.

History

First experiments conducted in th_é search for a rapid viability test began
. in the early 19,00's._ Several séientists expl‘o‘red‘ the possi_biliti_‘e's of electrolyte
leaching (Darsie et al., 1914'), heat liberation (Cthing,‘ 1960), and free fatty acid
content (Hibbard a.nd Miller, 1.923),' as a means for indi_catiné rapid viability.
These 'méthods were cited as being ‘relia-ble indicators, but W‘ere‘ dif'ficult‘to
- evaluate. These tests, at their best, were capable of evaluating -viability of a
large quantity of seeds as. low, mediurﬁ, or high rather “than i‘n‘ percentages.

Researchers fécoé‘njzed that techniques to assess seed quality needéd to,
‘be base(_i‘ on individual se‘:eds‘ rather ‘fhan on a quaﬁtity of seeds. The vital
staining fechn'ique“s d'iffe‘:r‘entiailly ‘staiﬁ live and dead tis‘su‘e,:. and were the first

to meet this requirement. Dr. Neljubow, in 1925, developed“the first:'re;liable
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vital staining method (Delouche et al, 1962). The technique Vw'as_ based on the
staining of dead tissue with indigo carmine, an aniline dye. Evaluation was

based on the relative proportion of colored and uncolored tissue.

Later, vital staining techniques were developed. These techniques were

based on the metabolic processes of seeds. More specifically, enzymes were

investigated. Since the activity of enzymes can be easiiy measured,
investigators attempted to correlate their activity. with seed viability.
Peroxidase (McHargue, 1920) and catalase (Davis, 1926; Legatt, 1938)
activity was considered. Methods based upon peroxidase ‘and catalase were
later developed to become :eliable indicators, but they were limited by their
inability to be based on individual seeds. Dr. Turesson, in 1922,‘ was the first to
work with the dehydrogenase enzymes (Delouche et al, 1962). These enzymes
are involved in the oxidation-reduction reactions of organic compounds. Both
the oxidized and reduced forms are distinguishable by their change in color. -

Hasegawa, in 1935, reported on a selenium method for determining seed

viability (Delouche et al, 1962). The selenium salts produced colored

participates on living tissue when reduced. Reduction was believed to result
from the presence of active dehydrogenase enzymes. The s.elenite method ﬁas
further developed by Eidmann in 1938 (Dellouche et al, 1962). Lakon developed
the selenite topographical method that stressed the analysis of individual seeds
and resulted in improved accuracy of the rapid selenite via.bilivty test (Delouche
et al, 1962). This method was considered very reliable, but had one serious
drawback; selenium's toxicity and its potential danger to the user. Upén
hearing of the discovery of tetrazolium salt by two German ‘scientists, Lakon
substituted the sele”nium for the tetrazolium salt. The tetrazolium salt is

reduced from a colo‘r'less,s soluble form, to insoluble, colored formazans in the
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presence of Iivfng tissue. Lakon concluded that this method allowed the
prediction of the germinability of seeds by observation of the st'éined- embryo
p;c).rts. Several scientists (Cottrell, 1947; Porter et al, 1947; Shuel, 1948)
employed this technique and agreed that results from the tetrazolium test did
indeed show close agreement with germination tests.

Today the tetrazolium test is a universally accepted method for rapidly
evaluating seed viability. It has been adapted to accommodate a wide range of
species in evaluating seed quality. Seed industries rely on the tetrazolium test

in conjunction with or in place of the standard germination tests.

Dormancy

The inability of viable seeds to germinate under favorable conditions is
referred to as dormancy (Villiers, 1972; Copeland, 1976). This is a widespread
phenomenon found primarily in the te‘mperate regions and to s.c.>me extent in.
tropical and subtropical regions. Domesticated plants show less dormancy than
wild plants (Copeland, 1976). Dormancy is biologically advantageous for some
species, as it allows the plants growth cycle to adapt tc; the énvironmental
variations (Villiers, 1972). Agronomically siaeaking, dormant seeds are
unfavorable. A high percentage of dormant seeds would resﬁlt in nonuniform
stand and maturation of plants.

Vegis (1964) defined dormancy as a condition in which normal germination
fails to occur regardless of external conditions. This definition séems too
restrictive since it does not include artificial manipulation of the seed, such as
removal of the seéd coat. Others employéd the term dormancy to include bofh_
environmental and internal conditions that prevent normal germination

" processes (Pollock and Toole, 1961; Amen, 1968). Because dbrmancy is an
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elusive phenomenon, a precise definition has yet to be developed and universally
accepted. A Russian scientist, Nikloaeva, (Villiers,‘ 1972) devi'séd a detailed
dormancy classification scheme. He defined four types of dormancy resulting
from; a) properties of the outer covers of the embryo, b) immaturity of the
embryo, c) physiological condition of the embryo, and d) types of combinéd
dormancy.

A more simplified classification of dorﬁ:ancy types was devised by
Crocker (1916) who described dormancy resulting from; a) immatufe‘ embryo, b)
impermeable seed coats to water, c) mechﬁnical résistance of the seed coats to
embryo growth, d) low permeability "of seed coalt‘s‘ to gases, e) dormancy
resulting'from a metabolic block within the embryo itself, f) any combination of
the above, g) secondary dormancy. This classification has provided the basis
for comparisons of experimental investigations between dormancy-inducing

mechanisms and dormancy-breaking mechanisms.
Germination

A seed contains an embryonic p‘la_nt in an inactive condition, and
germination is its nesumptionl of growth. G'erminatio'n‘ is said to have occurred
when tﬁe radicle has burst through its outer structures (Toole et al, 1956). Cell
division and ei'ongation starts at this time; and ma-ny. seed ‘physiblogists take
thése‘events as the termination of germination and the beginning of seedling
development (Bewley and Black, ‘1985; Berrie, 1984). In some seeds
development starts as soon as water is absorbed; however, in other species
germination does not take place until other requirements are fulfilled. Three
distinct phases of germination are easily measurable Wi_thin the seed. They are

imbibition, cell elongation, and an increase in cell number (Toole et al, 1956).
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When dry seeds are exposed to water the initial uptéke is rapid, followed
by a slower uptake referred to as the lag period. Su'_cceeding the lag period is
another burst of rapid water uptake, and then germination proceeds (Berrie,
1984). Measurable increases in ‘respiration, enzyme activity, and protein .
-synthesis begins shortly after the start of imbibition. -It is at this time the seed
changes from being biologically inert to becoming a fully integrated and
actively metabolizing organism. During the lag phase it is thought that the
metabolic pathway begins to allow fhe initiation of the germination procéss

(Berx;ie, 1984).
Suggestions have -been fnade pertaining to membranes as béing- the locus
for the stimulus of germination (Hendricks and Taylo’rson, 1976). The nature of .
the phospholipid bylajrefs is such. that its physical properties can be changed by
manipulating the germinating temperature. The phase change.s‘ é;xre associated
with degree‘ of permeability. At high temperatures permeability is increased
because the bylayers are in a liquid state.v ‘This results in a greater loss of
amino vac'ids‘ which subsequently reduces ger;nination. At low femperafures
‘permeability is low because the bylayers are in a solid stat.e. - In the middle
temperature range the bylayers exist in a liquid-crystal state (Hendricks and
Taylorson, 1976; Murphy and Noland, 1982). Hendricks and Taylorson (1979)
suggested that phytochrome may also be | involved ‘in chaﬁging memiaréne
‘p‘ropert’ies and reactioﬁs. Some_ reports cite that gibbereliic acid“(GA)’ acts on
the ‘membranes of célls and organelles and that its effect on se‘eci ge‘rminatio'n‘is
also at this level (Berrie, 1984). The a..ss‘ociation of these factors- with‘
- membrane properties havé strengthened the view th?.t the membrane may

indeed be the locus for the stimulus of germination.
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Unlike the imbibition phase where the onmly morphological change is an
increase in volume, the other two phases involve a marked ‘cha_r.i-ge in the size of
the embryonic aJ'{is, and the ‘b‘egi'nnings of’dev'elopment.“ I‘n"par‘allel with the
morphological éha_nges 'there‘ are also cellular and sﬁbceliular changes,
especially in storage“ and regulatofy tissues. - Ail the changeé are associated
with conversion, mobilization, translocation and redis..tribt‘_l‘tion of the seeds
storage material (Berrie, 1984)‘. Mobilization of the endospermic reserves
cannot take place Without the embryo and scutellum. The embryo was found. to
control the hydrolytic capacity of .the aleurone and could influence the
functioning of thét tissue (Berrie, 1984).

Emb'ryo-less seeds cannot accompli’sh the'dissolutiqh of starch. Two
eﬁz&mes,_beta;amylase. and alpha;amylaée, are responsvi'bl‘ef for -:‘the digestion of
starchy material and mobilization of these food re‘serv_es‘ t;)_ the extending axis
(Berrie, 1984). Beté.—amyl‘ase is present within the seed and appéars only after“
the radicle has emmerged. Early Works in the ‘nineteent-h‘ century found the
embryo and écutellum to be respdnsible for the releaSe-of ".alpha—émylase' and
lipase during early stages of germination (Brown and Morris,1890). The amount
of alpha—am};lé.se‘ secreted however, was not sufficient to break down the entire
endosperm storage material.

Yomo \(1‘9'6(‘)) and Paleg (1961) found that ‘the‘(em‘brj‘rore_gion of cereal
grains .secr.eted GA to the'. aleurone and that this layer réspoﬁded by developing
‘increased amot'ints of the two digestive enzymes. -Gibl:l)erellic acid prdﬁnotion of
enzyme activity ﬁas been found to be dependent on RNA and pr;ﬁtein synthesis
(Chrispeels and Varnér, 1967; Dure, 1979). In contrast to GA, a more recent
study suggests i:hat the seeds osmotic potential controls the production of the

hydrolytic enzymes (Trewavas, 1982). Where fat is the main storage substance,
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lipase is the predominent digestive enzyme (Berrie, 1984). Its activity increases
during the course of germination, but the control mechanism for this is
unknown. The presence of GA has no effe;t on increasiﬁg the activity of lipase
(Berrie, 1984). |

Many attempts have been made to pinpoint the triggering stimulus for the
onset of germination. As of yet there is no concrete proof that one process
alone is responsible for the induction of germination. Rather, a complex
invo.lvement of several processes and pathways, each probably in one way or
another dependent upon the other, seems to be necessary for germinatién to
occur. It should be noted that external factors‘ such as moisture for
rehy‘dration, light, temperature, and oxygen ‘also play a major role in the

initiation or prevention of germination.

Temperature

The first study on the influence qf teﬁperatﬁre on seed gérmination was
that of Lefebure, which was published in 1801 (Lang, 1965). Lefebure
interpreted his results in physi.ca-l‘ concepts and terms which have since been
abandoned, but his experimental data was represéntative of almost all
subsequent work done in this area. Thorough. investigations on the effects of
constant temperature on _seed germinz;.tion of several cultivated plants was
studied in 1860 by J. Sachs (Koller, 1972). His studies show_ed that the seeds
germinative ability improved as temperature increased from its 1'ov§er li;hit
until a certain temperature was reached above which any further increase in
temperature resulted in reduced performance (Koller, 1972; Bewley and Black,
1985). Based .on these restults, he formulated the céncept of the three cardinal

temperatures; minimum, optimum, and maximum (Lang, 1965).




8

Most seeds germinate over a wide range of ‘temp'eratures. .Their width and
6ptimum is highly influenced by such factors as seed .age, seed coat, prechilling
after-ripening, genetic variability, vigor, duration of incubation period; etc.
(Evans, 1922; Harrington, 1923; Lang, 1965; Koller,n 1972). Such shifts in
temperature have been obsérved in seeds of barley, wheat, as‘p‘aragus, conifers,
and‘others; although, there are some seeds in which the optimum does remain
gonst-ant (Lang, 1965). Some seeds have the capacity to germinate équally well
with a wide range of temperatures while others have a very defjnite
temperature optimum. For instance, larkspur seed germina’ges much better at
15C, which represents its optimum, than at 18C; while many cultivated plants
germinate with equal completeness between 15C and 30C (Harrington, 1923;
Lang, 1965). The time needed for reaching maximum germination varies with
temperature. Inéreasing the teu;perature means that germination starts earlier
and is initially more rapid. In some species, increasing temperature can also
cause a rise in percehtage ger;nination. However, inﬁreasirig the temperature
above the species maximum will result in reduced performance. This decline in
seed germination is the result of thermodormancy and is especially prominent in
seeds that are exposed for a prolonged period of time | to above optimal,

temperatures (Harrington, 1923; Koller, 1972; Bewley and Black, 1985).
| Frequently, faster gez.f.m_inati‘on rates and higher percentages are obtained
with fluctuating temperatures. The'- most stxl'iking effect, however, is an
incréasé in germination capacity (Lang, 1965; Koller, 1972). ‘Liebenl‘)erg was
the first to report the favorable effects of diurnal temperature ﬂuctu‘ations
using annual bluegrass. Since then this effect has been confirmed in many crop,

grass, ornamental, weed, and native plant seeds (Lang, 1965; AOSA, 1984).
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There have been several attempts to account for the rather specific
respdnse of se"e'd‘germination to 'di,urn.a.lly‘ altefnating temperatures. It is
believed that the action“ of fl‘uctuatingutempe__r‘a-tures.is exerted on the embryo
- by increasing i‘ts‘ growth prqcésses to the .ext‘eﬁt that it cal“l‘rt‘ip/‘t-ure through the
. surrounding structures; a"fea,t the erﬁbryb ‘_is'?‘"‘(inc'a;p_ab"lve of ‘dcv)i1‘1_g _uﬁder a regime
of constant temperatures. . Treaffnents' Whi‘cl’i‘;‘ché.nge the physical properties ‘of
the coats or treatments which rerpc.)-vej the ‘seed“c(_)at altogether génerally result
iﬁ the loss of the specific reqﬁirement fc“)r‘ﬂ ditil;na:.I trempera‘lture’ fluctuations.
Seed germination, therefore, can take place ogrer a ’relativel"y wide range of
constant temperatures (Harrington, 1923; Morinéga, 1926).

The effect of temperature fluctuations is ‘one of“tl‘l,c‘)se insta‘ncéslwhere it
is difficult to say whether and to what extent do"-rmancy is being affected. In
common cattail and bermudagrass, the effect of alternating témperature can be
classified as the femoval of a‘dormancy‘ condition (Morinaga, 1926; Lang, 1965).
However, seeds of carrot, timothy, _a-wnle'ss bromegrass, and several kinds of
flower 'seeds a;ttain high ,gefminafion perteﬂ_tagéé w"itiﬁ_ both conétant and diurnal °
téﬁperatﬁre_ fluctuati()ns ‘(Har‘r{iﬁgto'n,‘. 1923) The éffeéf of temp_efature
.é.lteration does r;lot actué.lly remove the ,spe.’:‘éi'fic'blc‘)cks to ‘.g{err‘nination, but
‘ instéad prc‘)vides‘ an increase of the'genéfél. ﬁhysibldéiéal‘ a‘ctivitjr- level of the
seed (Lang, 1965).

Satisfactory germination percentages caﬁ be 6btained with élternating;
regimes of 20-30C or 15-25C. Some suggest th‘.lat both the higher and lower
temperature should act at least for p'eriods-\betwec.an‘ 4.5 and 8 hours per daily
cycle (Morinaga, 1926), while others argue ‘tﬁat favorable .effects can be
produced as Well‘ by temperature changes without a definite or daily alteration

(Harrington, 1923; Koller, 1972). Further research supported both arguments
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and found that length and number of the 'jthermoperiod cycles. are highly
dependent upon the characteristic species. Exzposure of seed to diurnal
temperature fluctuations produces the best ‘-germin'ation results when the
temperature differentials are at least ten &egrees‘ 01; greater between the upper
and lower limits (Harrington, 1923; Lang, 1965; Koller, 1972).

'fhe opﬁmurh upper gerinination te‘mpefature of 'sp_eciés is 30C;_ however,
in ‘c‘elery ‘it seerﬁs to be 32C, é.nd in johnsdngrass 45C Few seeds are capable of

germinating at temperatures below 15C (B'ew“ley‘ and Black, ‘19185)\.
Prechill

Low temperatures have frequently been mentioned‘ as. a method for
overcoming dormancy. Many species, particularly the rose family and‘woddy'
species, are not capable of germinating until éxpos’ed to freezing temperatures.

Generally, prechilling occurs between 1 and 10C with thé fastest results
obt_ainable between 2 and 5C (Bewley and Black, ‘1982); The length of the
chilling period is independent among species and may last a few days to several
months. In order for f't‘he seeds to r'eépond.to t’he'cc‘)o'l‘témp'erahtures, they must
be in the i‘m‘bibed-‘conditioh‘ (Villiers, 1972). | ) ‘ .

Pfechilling is aanntagepuS for a range of.dérmancy types. Changes have
been found to occur in ls‘eed coats that restrict ‘t.‘he‘gez"m‘ihation of the embrYo :
(Steinbaur, 1937; Villiers and Wareing, 1964 and1965, We_bb and Wéreing-, 1972).
This is thought to be due to the embryo acquiring_ -greater vigor during the.
chilling period which enables it to overcome“the_"yresistance impésed by the seed
coat structures (Villiers and Wareing, 1965). The period of low temperatures is

more effective for Fraxinus seeds if it is preceded first by a period of warm
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temperaturef Fraxinus embryos are iminature and must go through this period
of warm temperature to develop. The subsequent addition of low temperatures
is necessary for removal of the restrictions imposed by its seed coat.

The addition of low teinperatures has been found'to, in.crease‘‘n:\arkedlyr the
endogenous concentratlon of GA (V1111ers and Waremg, 1965) Orfginally it ‘was
believed that the inhibitors decreased or disappeared during the ch1111ng period
enabling seeds to germlnate. Subsequent studies (Frankland and Wareing, 1962;
Chen and Varner, 1973) found the. concentration of ger‘mina.tion promoters
increased markedly. Chilled hazel seeds had a 200 time increase in GA
concentration over nonchllled seeds (Ross and Bradbeer, 1968) This increase
occurs primarily at the end of the chilling .period and after the seeds are
transferred to their normal' germinating temperatures. ' |

| Many other changes are reported to occur durlng prechllllng, 1nc1ud1ng
increases in acidity, change in 11p1d organlzatlon, transfer of -food reserves to .
the embryo, changes in enzyme activity, water holding capac1ty, reduction in
sugars and respiratory rate (Villiers, 1972; Chen and Varner, 1973; Bewley and

Black, 1982).

Light

The light requirement' for seeds is a genetic‘. factor (Even‘ar-i, 1965), ‘. At
maturity most seeds have a strong hght requlrement. ‘Som‘e'. f‘s‘pe’cie's ‘mai'n‘tain
this requlrement throughout the1r ent1re 11fe cycle; but for most, the light
requirement can be dim.lni_shed or eliminated with prol‘ongeﬁd dry storage
(Evenari, 1965; Ko’lier, 1972);

Seed development and germination can be restricted by the embryo's

surrounding structures. Irradiation can overcomeé the ‘mechanical restriction
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imposed by the structures. The embryo, being the primary site of action for the

- promotive effect of light, secretes cytol‘yﬁc enzymes when irradiated (E-Ven’ari,

' 1965; Scheibe and Lang, 1965; Koller, 1972; Bewley and Black, 1985). These

enzymes cause a weakening of cell membranes allowing embryo development
and subsequent germination. There have also been suggestions that light-
sensitivity may be linked to gas exchange (ikuma and Thimann, 1963; Evenari,
1965). This has been found to be true in'seeds of—,e.vening prirnrose. "An .‘increase‘

in respiration occurred with irradiated seeds that equalled the rise in

‘respiration when the seed coat was pricked or completely removed (Siegel,

1950). This gave impetus to the notion that irradiation is effective via a
weakening of cell membranes of surrounding structures. This weakening, in

turn, allows an increase' in gas exchange to the embryo; thereby promoting the

‘ ‘germ1nat1on process(es) (Slegel 1950 Ikuma and Th1mann, 1963; Evenan, 19655

Scheibe and Lang, 1965; Bewley and Black, 1985)

The promotive effect of light is controlled by a photoreversible p1gment
called phytochrome (Evenari, 1965; Hendricks and Taylorson, 1967' Koller,
1972; Bewley and Black, 1985). Phytochrome exists in two forms: phytochrome
red (PR) and 'pnyt.ochrqme far-red (PFR). The physiologically aetire for_rn is
PFR which is involved in the breaking of dormancy. ) |

Irradiation with red light results in a conversion of inactive PR to active

PFR. During this conversion a series of events_ are triggered that eventually

lead to the elimination of dormancy and the onset of germination (Copeland,

1976 Bewley and' Black, 1985) Irradiation with far-red light reverses the

reaction. Dormancy is: mamtamed because of far—red lights lower energy status

which cannot part1c1pate in the rea‘ct10ns leadmg - to germmatlon. With
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alternate applications of red and far-red light to seeds, the elimination or
retention of dormancy is determined by the last irradi=ation form given
(Copeland, 1976; Bewley and Black, 1985).: | |

The duration of photoperiod'for obtaining maximum germination ya;ieg"
among species. ‘Fi'ddleneck seeds (Borthwick et ‘a‘1“, ,1(9‘5“4) requires_ a crdtical
photoperiod of ‘12 hours or less; whereas eastern hemlock, european white birch,
and wood fern (Koller, 197‘2;‘B‘aski.n and Baskin, 1976) require a photoperiod of
greater than 12 hours. '.Some species do not require a critical photoperiod.
Instead germination steadily increases. as . the photoperiod -duration- increases
(Evenarl, 1965; Bewley and Black, 1985) Germination of tomato, cucumoer a.nd
~ some amaranthus species are 1nh1b1ted When exposed to’ any form of hght
(Mancinelli et al, 1967; Mancinelli and Tolkowsky, 1968; Taylorson and
Hendricks, 1969). Dark germination, like light germination, is also
phytochrome controlled and the capacity for the embryo to .germin_ate in the
dark is dependent upon the seeds phytochro'me content. Dark g.erminating.seeds
contain more active phytochrome in the1r embryo than hght—requlrlng seeds

(Evenar1, 1965 Koller, 1972; Bewley and Black 1985). .

Temperature Influences on Photoperiod.

Temperature ‘has the greatest impact on a seeds photoreq-u‘i’r‘ement. As
temperature varies so does the relation of germination to. its pho‘toper.icjd.
Generally, a photoperiod which produces ropt.imum germination levels‘ at one .
temperature, produces levels which are excesslve at another (Stearns and Olson,
1958; Elhot and French 1959) The most deta11ed study conducted on the
interaction of temperature and light has been with lettuce seed =ger.mina'tion

(Borthwick et al, 1954; Elliot and Fre'nch,.-1959; Ikuma and Thimann, 1963;
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Scheibe and Lang, 196H5).. " Grand rapid lettuce seeds are capable of maximum
germination in total darkness at low temperatures. Betw'een‘ 20C and 30C
germination is best with irfadiation.‘ At texﬁperatures higher than 30C no
germination ensues. The presence of highn temperdturés generally result.s in
deleterious effects with most seeds. The light response 1s such that it can
overcome some of the"injuiiou;s effec.ts‘and promdte ‘germination (Siegel,.‘:‘19‘5‘0,; _
Koller, 1972). |

Where 'incréases in tem‘pefature‘ causes an increase in the
photorequiré’ment-for lettuce seed germination,' in seeds of tomato and
cucumber temperature increases results in an escape frd_m photocontrol
' (Mancinelli et al, 1967; Mancinelli and Tolkowsky, 1968) . Measui-abl,e increases
in phytochrome during dark germination of gucumbér seeds hAas‘jbeen cited and
that the rate of this inCré"ase' is temperature dependent-. kManci,n_‘ell‘i and
Tolkowsky, 1968). At ‘h,‘i‘g:her ten:;peratures,‘ Iegs PFR seemed ‘1.'.»0 be required for
germination. It is not establishéd, yet, if this ‘is due to fhe acti(ration of a
systém different ‘fro‘m ‘phy’;ochrbme or to an increased rate of i)hytochrome
reaction.

The number of photoperiods required to trigger seed germination changes
dramatically with temperature. Low temperatures can reduce or completely
eliminate most seeds red light requirement by delaying or preventing the
" ‘trangforﬁaation of PFR to PR, ‘fhu_s rﬁaking dark germination Apo’svs"i“r.ﬂe for light-
‘ reqi-xiri‘ng‘seec'l‘s (Siegel, 195_0;, Stearns and leon, 1958; ,Evenarié 1965; Schiebe
“and Lang, 1965). Sev‘ei-ai"e‘xPosures to light necessitate the ih.i'tiation‘c-)f the
‘germina"cion processes when these seeds are preconditioﬁed at higher
temperatui-es. European white birch seeds' aré an exception. They become

more light sensitive the .l'ong-er‘ they are exposed to moist chilling. Several long
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exposures ‘to light int-errulptédv 'by dark periods is necessary for términat‘ing
doi-mancy. At higher teﬁqperatures the seeds light requirement is still present;
but only a sihgle exposure to light, either long or short, is necessary to start the

chain of germination proceéses (Bewley and Black, 1985)
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CHAPTER I

TETRAZOLIUM VIABILITY PROCEDURES FOR
SIX NATIVE RANGE SPECIES

" Introduction

The increasing dis’tﬁrba.nc'e of large“ aéreégés due to surfACe"'.mining hasI
~ increased the commercial ‘sa‘le of native \s_p,ecies‘ seed for reclam'é{fion, Viability
testing of this seed. has Iio.t' been practical due to the lack 'of known testing
procedures.

The neéd for a rapid method to assess vi‘abilify has led to the introduction
‘and acceptance of staining seed with 2,,3‘,5—tfipheny-l-2H—tetraz“c_)li‘um.‘chi‘ofide
(VTZ)‘ (Smith and Throneberry, 1-9,5»1‘; Délouche et ail., 1962; Moore,1969) - Seeds
that are difficult to test .With' conv‘entic-mal. ‘germirixa‘tio“n' .p'i;éé‘édure'vs have

successfully been evaluated for viability using the TZ technique. Our objective

was to develop TZ techniques for six species: Achillea millefolium L. (Yé.rrow) H

Agropyron spicatum (Bluebunch ‘Wheatgrass); Calamovilfa longifolia (Prairie

sandreed); Elymus cinereus (Basin wildrye); Ratibida columnifera (Prairie

. coneflower); Sporobolus airoides (Alkali sacaton). -
~ Correlations between specific staining patterns and actual germination
can only be obtained after considerable testing experience.’ It is not the

objective of this paper to provide this information.
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Materials and Methods

Seed samples Weré contrjbuted by various seed companies varying in
geographical location. Seedlots varied in age from one to seven years.

Two replicates of 100 seeds were ﬁsed for tetrazolium (TZ) viability tests.
Seeds were precondifioned by placing in beakers filled with tap water or
between blotters moistened with tap wéter. Séeds were preconditioned at room
temperature for 4 to 16 hours. Lén‘gth. of water soak prior to TZ staining is not
often critical to successful staining, and can be adju's'.ceyd for laboratory .
convenience. | |

Prepara.tion‘of‘ 'the' ‘seeds inyolved bisecting bluebunch wheatgrass and
basin wildrye lqng:itudina}ll‘y“'and ppairié sand;-eed ‘horizontally u‘sin_:g‘ diss,ect“ing'~
knives. The seed coat o‘-fi yarfow was pi‘er;:ed Wifh a ‘needlé,“vx‘rhereas',‘ the seed
coat .of prairie <‘:o'n‘e‘f1“ov;7er was. cdrﬁn‘p‘le'teiy re:_novéd. Alkali sacaton seeds weré
prepared for stainin’g by mééha.niéal scarification with a Forsberg labora';bi'y, 3
scarifier, for 0, 1, 2, and 3 secdnds before preconditioning between moist .
blotters. A stereoscopic mic'ro‘scope with 10 and 20 ;;ower magnification and
top and bottom illumination \.nas‘ used 1‘“.0 aid in preparatibn and interpr_etation.
The prepafation méth’ods‘used were similar to the guidelines as ou't‘lined in the
Tetrazolium Testing Handbook (Grabe, 1970). .

After preparation, seeds were placed in Syracuse wat>chg1'asses ‘and
covered with TZ solution. Seeds were stained in the dark at 32C. Tetrazolium
solutions were prepared using 2,3,S—triphenyl—ZH-tetr.az,oliurﬁ chloridé (Smith,
1951; Grabe, 1959 and 1970). at concentrations of: O.i% for bisected emBryos
and 1.0% fof intact seeds and embryos. Du'rafiqn of TZ soak ranged from 3

hours to 56 hours, depending on the species. Upon completion of staining, the
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seed coats of yarrow and alkali sacaton were cleared using laetophenol solut1on.
Seeds were allowed to clear for a minimum of one hour at 7C. Tetrazohum was -’
remogred w;th i)lpette ~and. blotting paper before covering‘ seeds with

lactophenol.

Results and Discussion

Tetrazolium Testing Procedures

Y_’arrow.“ Seeds W«ere" 'preeonditiened‘ between moist blotters 'over,ni‘gh't -
(Table 1). Seed coats Wei;e pﬁ.ﬁctured‘ at ;che broad distal eed and :p'l'a'.,ced in 1%
TZ for eight hours. Seed stained for six hours or less was understained. Minor
change in staining intensity resulted from extending the. etaining' time to 12
hours. Seed coats need to be cleared with lactophenol solution for a minimuﬁn
of one hour to aid in interpfetation (Table 2). Stained yarrow seeds were

‘interprete‘d as a dicotyledon.

Bluebunch Wheatgrass, Seeds were preeonditioned by SOaki‘n‘g."in: water or
between moist blotters (Table 1). After preconditioning, seeds were bisected
longitudinally. Optimum staining occurred when one-half ef each eeed was
placed in 0.1% TZ for four -h'ours.‘ Understaining occurred when bluebunch
wheatgrass seeds were stained for less rthan‘ three hours. Seven;ﬁo,urs“_or more
of staining resulted in overstaining. Lactophenol is not ne‘ed‘e_d‘ because a
-biSect‘ecl'. surface of the embr}‘re‘is"“exi)osed for interpretation.‘ (Table 2) Stained :

'

‘bluebunch wheatgrass seeds were ‘interpx':etec_lz as a mono,cofyledoh.

Prairie Sandreed. Seeds were preconditioned by placing between moist

blotters overnight (Table 1). Longitudinal bisecting was impossible due to the
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oblong shape of the seed. Seeds were bisecte‘d hofiZontaily at the periphery of
‘the embry'e after the seed coat was 1"emoved. The'embryonie axis w:'a.s placed in
1% TZ for 10 to 16 hours (overnight). Insignificant change occurred in staining
‘inten.sity between IQ and 24‘hours“.‘ Optimdm ‘TZ'staining rahged from 10 to 24
hours. The staining time used would depend upgd conveni'e'nCe in laboratory.
routine. Laetophenol is not necessary for -interi)retation (Table 2). Stained

prairie sandreed seeds were interpreted as.a monocotyledon.

Basin Wildrye. Seeds were precondi,tioned by soaking in water or between

moist blotters (Table 1). After precenditioning, seeds were bisected
longitudinally and one-half of each‘ seed was placed in 0.1% TZ for four hours.
Less than three hours resulted in underst,aining of embry.os, where‘as,‘ seven
hours or longer resulted in overstammg Lactophenol is not needed because a
bisected surface of the embryo is exposed for 1nterpretat10n (Table 2) Stained

basin wildrye seed were interpreted as a monocetyledon.

Prairie Coneflower. Seeds ‘were precond1t1oned by plac1ng between moist

blotters overn1ght (Table 1) A‘fter precendltlonmg, the seed coat was removed
by applying pressure at the Broad, d‘istalend‘of 'the,.seed-., This ferces the
‘ embryo out of the seed coat. The e‘mbr'yo was then placed in 1% TZ for four
hours. This procedure will damage the tlp of the cotyledon and must be ignored
When interpreting the stammg Seeds were understained when soaked in TZ for
two hours or less. Greater than seven hour‘s of staining overstained the embryo.
No lactophenol solution is necessary for interpretation of stained seed (Table 2).

Stained prairie coneflower seeds were interpreted as a dicotyledon.
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Alkali Sacaton. “This species has a high percentage of hard seed and

should be scarified for ‘tv‘y.o seconds with a mechanical scarifier in order for
seeds to stain with TZ (Table 3). Scarified seed were precondit‘ioned‘ overnight
between moist blotters and placed in 1% TZ for 24 hours. Without
scarification, staining time needs to be increased to 48 hours (Table 4).
: Sweiling of seed coat, generally, did not occur until 20 hours of TZ sta.ir.1ing with
's’car‘i‘fied seed and 40 hours .'\lnzi't'h nonscarified seed. I{-adiéjle ‘Lprotrusi'on(_ was
observed at both staiﬁing timés‘; Alkali sacaton‘- seed céul& not be‘lla‘i.sect.e,d
: bécé.use of the presence of a muéilagenous compound that is ?i)resent on wet
seeds and due to the size and shape of the seed (Table 1). Stained seed was
cleared with lactophenol for apprdximately one hour. Clearing pern':i'tte'd
interpretation of staining véith‘the aid of mag‘nificétion and usiﬁg‘ top and
bottom illumination (Table 2). Sta_ined bu‘; ungerm‘ix_léated. alkali sacaton seéd

~ was interpreted as a dicotyledon. -




Table 1, Tetrazolium viability procedures for six native range«spec-»ies;.

TZ Conc.  TZ Stain*

Species Precondition Preparation (%) (Hours) o "Remarks
Yarrow Between ‘moist Puncture
blotters overnight** seed coat 1 8
Bluebunch Soak ih watér* ¥ *
wheatgrass . or . Bisect
between moist longitudinally 0.1 4
blotters overnight
: 10
Prairie Between moist Bisect 1 or ~ ~ Remove outer
sandreed blotters overnight laterally overnight coverings
Basin Soak in water 7
wildrye - or ’ Bisect
between moist longitudinally 0.1 4
blotters overnight ’
Prairie Between moist Remove
coneflower blotters overnight seed coat 1 4
Alkali Between moist Mech. scarif. : -Muéil_agenous-s,'eed coat
sacaton blotters overnight : 2 seconds 1 ’ 24 '
. or o o Clear 1 hour with
0 seconds 1 48 la¢tophenol
* at 32C *% approximately 16 hours **% approximately. 4 hours

12




Table 2. Percentage viability, effect of lactophenol, effect of seed coat preparatlon on staining,
and tetrazolium staining tlme evaluatlon for six natlve range spec1es. B :

Viability Lactophenol

Stained With Seed

TZ Stain Time (hrs)

1981JK

78%

Species (%) Effect Coat Intact Understain  Optimum Overstain
Yarrow +¥* - 6 "8 NC ¥**
1977 94% ’
1988 . 65%
Bluebunch wheatgrass. . < KX + =3 4 7
1980 - 61%
1981 88%
1982 91%
Prairie sandree'd»"' - - 8 10 ¢ NC -
1978 64% ' o .
1980 88%
1982 85%
Basin wildrye , - + 3 4 7
1980 90%
1981 94%
1982 2%
"Prairie coneflower - - 2 4 8
1981 89%
1983 85%

. Alkali sacaton , ¥ slow 20 . 24-48 NC.
J198INK 70% ' ' '

* Positive (+) ef'fe‘ct

. **Negat’ive (<) effect

- *¥*% NC = No change with inqrélaSedﬂstaining time

(A2
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Table 3. Percentage viability, determined by TZ staining, for four scarification
treatments when averaged over two alkali sacaton seedlots Seeds were TZ
stained for 24 hours.

Scarification Percentage Viability
Treatments 24 Hours TZ Staining
{Seconds) - (%) '

0 48 a
1 59°b
2 72 ¢
3 o - 61 b
LSD . 3.32

Means in column followed by letters in common are not 51gnlf1catly different at
the 5% level of probability.

Table 4. Percentage viability at 0 and 2 seconds of scarification with TZ
staining time. Percentages are the average of two alkali sacaton seedlots.

Percentage Viability

- Scarification Treatments (Seconds)

TZ Staining

(Hours) 0 2
8 ‘ . la. o - 26 a
16 " 15b o 64 b
24 \ 50¢c - . 74 ¢

36 _ ‘ 574d- ‘ \ T T4c
48 ‘ . " T2e ' T T4 c

LSD 4.59 2.69

Means in columns followed bjr letters in common are not significantly different
at the 5% level of probability.
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CHAPTER IOI’

GERMINATION PROCEDURES FOR SIX .
NATIVE RANGE SPECIES

Introduction

Achillea millefolium L. (Ya’rroW) ~and Ratibida columnifera (Prairie

'conefl’owe'r) are perennial forbe dist_ri'bttted. in the Great Plains and‘_‘_adjacen?t
areas. -‘Ya“r,rowv is a cooli ee_ason pla.nt _that has high p‘otential ‘f_orv-alpine and
subalpine ‘re‘\‘zegetation, but its palatib‘ility is low. Yarrow thrives in cool, moist
climates and reproduces by rhizomes and seeds (U.S. Forest Service,. 1937;
Harrington, 1964).

Prairie coneflower is a warm season plant with shallow taproots and
l)ranch roots. Because of its aesthetic qual1t1es, pra1r1e coneflower is used to
vegetate road51des, rest areas, ga_rdens, parks, recreation areas and prairies.
Prairie coneflower is a weakly competitive spec_:ies that cannot tole’ra-t‘e shade
or lnten‘s'e grazing. Palatibility to livestock is high prior to heading (Harrington,
1964).

| Agropyron spicatum (Bluebunch wheatgrass) and Elymus cinereus (Basin

wildrye) are cool-season bunchgrasses common to the western _Uni~ted States.
Bluebunch Wheatgrass is used for seed1ng abandoned cropland depleted range
and disturbed ‘land. Th1s species is: drought tolerant and w1nterhardy It

provides good palatible forage for elk and fair palat1ble forage for deer and
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livestock. This species ‘is superi,c_')r“in forage nutrient value to crested.
Whéatgraéé. Poor seed fi‘l.ly'and’ stand establishment are tilé prijm".a'r.y limitati"ons“ '
of bluebunch wheatgrass ‘(Pvlum-mer et al, 19.55‘)‘.‘ |
Basin‘wildrye is adaptable to ‘draina‘ge ‘basins and high ‘eleva;t.ions. It is a
very strong competitor, well suited for disturbed soils and drainage ditches.

Basin wildrye also provides excellent éover to game birds and forage for big

" game animalsﬂ(Va‘ll‘e‘ntine, 1971; Shaw and Cooper, 1973).

Calamovilfa longifolié (Pfai,rie‘ sandreed) and Sporobolus airoides (Alkali
sacaton) ‘a.i'e‘ war‘m--season, w‘int‘erlv'lard‘y, drought to-_l‘erant’speci,es.» ‘Ngtive staﬁdé
of pré.irie sandreed are used for grazing and hay. Prairie sandreed is _co‘mmonly
used for stabilization of sandy soils because of its coarse fibrous root system
whi;:h is augumented by rhizomes (Shaw and Cooper, 1973).

Alkali sacaton has a dense fibrous root sy;tem that is ideal for use in
erosion céntrol. It provides cover and food for birdé and small mammals.
Alkali sacaton has average paIatiBility for liw}estock w’henv ‘gréen., Aikal-i
sacaton is h1gh1y salt tolerant (Lelthead et al, 1971 Vallentme, 1971) |

Neither the Assoc1at10n of Off1c1a1 Seed Analysts nor the Internatmnal
Seed Testmg Association hav’e estabhshed methods for laboratory seed

germination testing of these species.

Materials and M‘ethqu

Two seedlots each of alkali sacaton, prairie coneflower, and yarrow; and

three éeédlofs each of bluebuncﬁ wheatgrass, basin wildrye, and prailfie sand-

reed were evaluated. Seedlots ranged from one- to seven-years old. Four 100-




26
seed replications of each seedlot were tested for each treatment. The seeds:
were selected at random without ‘regar‘d to size or color, but only ful_l';lr
developed, undamaged seeds were tested.
| Seedlofs of these six species were moist pfechilled for O, 5 and 10 days at
5C. After prechilling, seedlots were germinated at constant ten_iperatures of
20C, 25C,. and 30C, and at an alternating temperature of. 15—25¢. Thé‘

alternating temperature was programimed for a daily cycle of 16 hrs. at the low

temperature and 8 hrs. at the high temperature.’ The light treatments for the " - -

alternating 15-25C and cc;nstanvt 25C temperatures were programmed for 16
hrs. darkness and 8 hrs. light ‘ciuring a 24 hr. per"-iod.c : For the a-‘It‘ernatliI_lg' '
germin'atiOn terﬁpézéatu?e, the light period'c,c)incid'e.dlwith the hlgh fe’rﬁperature “
period. The cOnstahf 20C temperature “ was evaluated | using twd light
treatments. Qhe light ‘treatrﬁent"was programmed for- 16 hrs. dari(ness énd 8
“hrs. lighyt' du‘z"‘ing a 24 hr. pério‘d. The second liéhf treatment was programmed
for 24 hrs. of dark. 'The constant 30C temperature was programmed for 24 hrs.
of light. Standard cooly‘white ﬂoureséent tubes wére used as the iight Source.: ‘
Seeds vjvere placed in plastic germination boxes on top of two standard blue -
germination blotters moistened with distilled'water, Seeds were then placed in
the prechill chamber for various time periods and then transferred to the
germination chamber. Gerlﬁination tésts were organized so the two prechill
treatments a..nd"the. control treatment were placed in the germin'ator at the
same time. When necessary during germination, bo#es were watered with
distilled Wafer. | | |
Germ‘ination' testé were conducted for 38 days. Couﬁts were made wéekly-
during t.he firsvt‘ fmonth.“an,d at five day intervals, ‘the‘;eafter. A seed was

considered germinated when both radicle and plummule had attained a length
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qne-’hal'f‘-t-he size of“the éeed. In the ca'se‘. of dikg‘li éacaton, whére set-ads‘a.r'e'
extremely ‘small, seeds were considered as ‘being germ‘i.natéd .When_ both radicle
and plummule :eachéd‘ 3 mm in iength‘. Germinated seeds weére removed from
the germination boxes at each count. These experiments were designed as a

randomized block design.

Results and Discussion
Yarrow

The viability ofy the 1977 and 1981 - seedlots ‘w‘as 94% ‘and 65%,
respectively, as ‘de-ter‘minec‘l by tetrazolium (TZ) ’Pc;or."iiabiliﬂt}; of the 1981
seedlot was due to poor seed fill and immature el_nbry,c')s. Lov} _viabilit'y mé.y also
be associated with impropef environmental:cond‘itions' dﬁring“éee(i development
and poor storage conditions (Barton, 1961; Harrington, 1‘972; Justice and Bass,
1978).

No additional germination occurred after 14 days of germination for both
seedlots (Table 5). S‘oreﬁsen and Holden (1974) feported yarrow germination
occured in 2 ‘to 8 days. Our data suggest that more time for germination is
necessary.

When specific- germination temperatures and light cqmbinations were
evaluated léhgth of germination'Varied. (Table 6) 'I'he? 20C tréétment with‘o‘u.t
light (20C,0L) and the 20C with 8 hrs. of light treatment (20C,8L) were the only °
| two temperature and light combinations which required 14 days to complete
germin’afion. All other temperature and light combi‘na’.tions required seven days.

However, for the 1977 seedlot, the germination percentages did not reflect the
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- seedlot viability until 14 days of germination had occurred for the 20C,8L

combination (Table 7). This temperature and light combination was the only

treatment which equalled Viabilify of the 1977 seedlot.

- Table 5. Percentage .germinétion‘ of two yarrow seedlots with time ‘when

averaged over five temperature and light combinations.

Percentage Germination

Length of Germination (Days)

Seedlots 7 14 21 38 . LSD
1977 74 a ~17b 77b 77 b 2.39
1981 50a 55 b " 56b . 56 b 2.01

Means in rows followed by letters in common are not singnifi'.c"antly different at
the 5% level of probability. :

The- 15—2‘,5C,8L;‘: 20C;8L, and 25C,8L gave the highest germination

percentages for both seedlots at 14 days of germination; whereas, the 20C,0L

treatment had the lowest percentage germination (Table 7). Only the 2_.0'C,8L

treatment equalled the 1977 seedlot's percentage viability, whereas the 15-

25C,8L, 20C,8L and 25C,,8L‘ “had equalled‘ the 1981 seedlot's percentage
viability. Eddleman (1979\‘) found‘th‘at a fluctuating -1-0'—20C‘ resulted in optimum-
yarrow germination. Other reports state 17-12C (McDonough, 1969) and 20-30C
(Magﬁire and Overiand;1959) ~provide opti;‘nuﬁ germination.. Sorensén and
Holdén (1974) found optimum germinéti‘on 6ci:~1irs Wi-ﬁh continuous expostre to
moistufe at 20C. The '20C,8L treatment v;7as t.he‘oxﬂy te:x_npez;ature and light
combination that resulted in germination - prcentages equivaient | to. both
seedlot's viability; therefdré, it can be concluded that optimum germination uof
yarrow is obtained with 14 days of germination ai: a coné’gant Z,OC‘ temperature

with 8 hrs. of light.
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Table 6. Percentage germination of two yarroW‘seedlbts with time when
‘germinated at various temperature and light combinations.

Percentage Germination

Length of - Temperature'a‘.ndLig‘ht Treatments

Germination ‘ ‘ )

Seedlot (Days) = 15-25C,8L* 20C,0L  20C,8L 25C 8L 30C, 24L

1977 7 - 83a - 33 a "85 a 86 a 80 a

‘ 14 85 a 39b 90 b 87 a 82 a

21 . 85 a 7 39b. 90 b 87 a 82 a

38 85 a 39b 90 b 87a 82a

LSD . 5.18 4.71 3.35 . 2.40 2.93

1981 7 ~ 60a 27a 56a .- 62a 42 a
14 62a . 39b ~ 65b 63 a 46 a

21 . 63 a 39b " 66D 63 a’ 46 a

38 | 63 a 40 b 67 b 63a - 46a

LSD 3.83 ‘ ‘ 4.70 . 1.95 3.46 = 4.05

Means in columns followed by letters in common are not 31gmf1cant1y dlfferent
at the 5% level of probability.

* 8L; hours of light.

Table 7. Comparison of percent viability with f1ve temperature and hght '
combination's percentage germmatlon for two yarrow seedlots ‘

Percentage Germination
14 Days of Germmatlon

Temperature & Light

Treatments 1977 : ‘ 1981
15-25C,8L* 85 be . 63c¢
20C,0L : 39 a : 39 a
20C,8L ' ‘ 90 «cd ' . 65 ¢
25C,8L ‘ 87 bc ’ 63 c
30C,24L ‘ _ 82b : 46 b
Viability 94 d : 65¢c .
LSD 5797 . 4.25

Means in columns followed by letters in common are not 51gn1f1cant1y dlfferent
at the 5% level of probablhty

#8L; hours of light

Germination of yarrow seeds appears to be positively photoblastic since

optimum ger’minatibn was achieved with the ZOC,S‘L treatment and not the
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- 20C,0L treatment. In contrast to these findings Eddleman (1979), S‘ereneen and

Holden (1974) and Maguire and Overland (1959) report favorable germination in

continuous d‘ark. McDoﬁough (1969) reports 8 hrs. light treatment as opfcimunﬁ. '
Prechill did not improve the germinat'ioﬁ rate of ‘Yar'rQW (Table 8).

. Fourteen daye was still the maximum time required for optimum germinatj’on of

yarrow, regardless of the length of the prechill't:eatmeht.

Table 8. Percentage germination of three prechill treatments. Wlth time. -

Percentages are averaged over two yarrow seedlots and five temperature and
light comblnatlons. :

Percentage Germination

Prechill Treatments

Length of _ (Days)

Germination : — — ‘ '
(Days) o o o 5 o 10°

7 63 a . .63 a 59 a

14 - 68Db - ‘ 66D 63 b

21 : ~ 69b . ‘ 67b ~ 63b
38 : 69b h 67b 631

LSD - o 1-99 ‘ : 2.49 49 3.30

Means in columns followed by letters in common are not 31gn1f1cantly dlfferent .

at the 5% level of probability.

Evaluation of individﬁal' seedlots at 14 days of germination showed no
improvement in percent germination with prechill, regardless of the
temperature and light combination (Table 9). | These data indicate that ye:'row

does not respond to prechill. Sorensen and Holden (1974) are in agreement.

T T
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Table 9. Prechill effect on two yarrow seedlot's percentage gérmination.
Seedlots were germinated at five temperature and light combinations for 14
days. ‘ ‘

Percentage Ge'rminétion
14 Days of Germination

Prechill . 7 Temperature & Light Treatments

Treatments * R , ‘
Seedlots (Days) - 15-25C,8L 20C,0L- 20C,8L 25C,8L 30C,24L

1977 0 92 b 42 a 94 a 89 a 81 a

5 90 b 41 a. 87a - 86a 82 a

10 73 a 33 a 89 a 87 a 82 a

LSD ‘ 12.83 11.69 7.93 5.95 7.14

1981 0 69 b 39 ab 67 a 63 a 51 a
5 61 ab 46 b 63 a 64 a 42 a

10 59 a 32 a 64 a 63 a 46 a

LSD 6.12 10.89 5.35 8.52 ° 9.20

Means in columns followed by letters in cominon are not significaﬁtly d';ifrfe‘renrt‘
at the 5% level of probability.

*8L; hours of light.

Bluebunch Wheatgrass.

The viability of the 1980, 1981, and 1982 seedlots v‘vas‘ 61%, 88%, and 91%,
respectively. Mean percentége viability decreased as seedlots increased in age.
The duration for.good viabﬂity is reported to be five years, where 85% to 90%
germination capacity can be expected (Hull and Pearse, 1943). The lo.w
viability, as exhibited in the 1980 seedlot, may be due to envirdnmental
conditions during maturétion,_ harvest damage, unfavorable -storage condi.tions_,
ageing, or a cdmbination of all factors (i—Iﬁl‘l and Pearse, 1943; ‘Barton, 1961;
Harrington, 1972; ;Iusti;:e and Bass, 1978). | | |

Compared to seven days of germination,. 14 days in;freased percentage

germination significantly for each seedlot. The 1982 seedlot had the greatest‘
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" increase in percentage germination (Table 10). Hafenrichter et al (1968) also
report_s complete germination in 14 days.

Table 10. Percentage germmatlon of three bluebunch wheatgrass seedlots ‘with
tlme when averaged over five temperature and light combinations.

Percentage Germination

Length of - ) ‘ ' Seedlots
Germination - - - . - —
(Days) S 1980 ' ' 1981 1982
T : . 52a . . 178a . 64a
14 : 58 b .. ...84b 86 b
21 | ~ 58b ‘ 84 b - 88D
38 590 \ 85b - 88D

LSD ‘ 2.07 1.69 . 3.88

Means in columns followed by letters in common are not significantly different
at the 5% level of probability.
Comparison of epecific temperature and light combinatione shows the
- 20C,0L treatment resulted in the most rapid- germination. This treatmvent .
"completed germmatlon W1th1n 7 days of testing for all seedlots (Table 11) "The
25C,8L treatment completed germ1nat1on in 7 days but only for the 1980 and -
1981 seedlots. Even though these treatments eompleted germination at a fast
~ rate, the highest percentage germination for all seedlots was obtained with a
temperature and light treatment that required 14 days of germination (Table
12). |
The 20C,8L treatment was the only temperature and light combination to
cons1stent1y give ‘the highest germmatlon percentages and "equal percentage‘
.v1ab111ty'_ for all «seedlots.. There were other temperature and hght treatments
that gave equivalent germ1nat1on and v1ah111ty percentages but 'they- were not
consistent among seedlots. A fluctuating temperature of 20-30C or-15-30C was |

found to be optimum for Haferkamp and McSwain (1951). Our germination




33
response with the 15-25C, 8L treatment was equivalent to the constant 20C, 8L
treatment for the 1981 and 1982 seedlots but not for the 1980 seedlot (Table
12). The fluctuation of warm and cold temperatures ceuld have stressed the
- older seed which resulted in a significant reduetion in germination percentages.

_ Table 11. Percentage germinatmn of three bluebunch wheatgrass seedlots with
t1me when germinated at various temperature and hght combmations '

‘ Percenfage Germination

Length of 7 Temperature & Light Treatments

Germination ' ‘ B ' ‘
Seedlots (Days) 15—Z5C 8L* 20C,0L. 20C,8L 25C,8L 30C,24L

1980 7 29 a 52 a 47 a 46 a 37a

14 36 b 54a 59 b 47 a 42 b

21 37b 54 a 59 b 47 a 43 b

38 37 b 54 a 50b  48a 44D

LSD 4.84 4.37 - 4.19 - 3.76 4.18

1981 ‘ 7 Ta 85a 82 a 80 a 67 a

14 88 b - 86a " 91b 82 a 78 b

21 - 88b - 8a ~ 91b 82 a 82 b

38 88 b 88 a 91 b 83a  83b

LSD 4.21 3.17 2.77 3.89 5.95

1982 7 76 a 90 a’ 85a 81 a 48 a

S 14 94 b ‘ 90 a . 92b 87b 72 b
21 94 b ~ 91a - 93b 88 b. 72b .

38" . 9%4b - 91a. 93 b 88D 72b.

LSD 4.27 \ 2.11 2.95 = 3.33 6.12

‘ Means in columns followed by letters in common are not 51gn1f1cant1y dlfferent
© at the 5% level of probability.

% 8L; hours of light

Harrington (‘1923‘) and Koller (1972) cite thermodormancy is the result of
seed being exposed to prolonged periods of above opti,rnum temperature, causing
a decline in perc‘entage germination. There was a trend for the 30C,24L
treatment to be lower than the rest of the temperature and light combinations.

. ‘Whether this was a result of thermodormancy and, or the effect of the
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continuous light treatment, is not clear, A continuous dark study at the 30C
temperature would need to be conducted to determlne the effect of hght on
bluebunch wheatgrass percentage germination.

Table 12. Cotnpa:ison of percent viability with five temperature and light
combination's percentage germination for three bluebunch wheatgrass seedlots.

Percentage Germination
14 Days of Germination

- . " . Seedlots
Temperature & Light S o ‘
Treatments 1980 ‘ ‘ 1981 1982
15-25C,8L* 36 a R 88 cd 94 c
20C,0L. 544 _ 86 ¢ 90 bc
20C,8L : 59 e 91 d .~ 92bc
25C,8L - 47 c 82b 87b
30C,24L 42 b .. . 18a - 67 a ‘
- Viability 61 e - -~ 88cd - C 91bc .

LSD | ‘240 3.67 . 520

Means in columns followed by letters in common are not 51gn1f1cant1y d1fferent
at the 5% level of probablllty

* 8L; hours of light

ihe continuous‘ dark treatment at Z'O‘C‘ resul-ted in significantly lower
percentage g_err_nination | than ‘did the 8hrs of light tr'eatment,- with the
exception of the 1982 seedlot (Table 12): It is ’pos‘sib‘le‘.the ger-rninati'on.jthat‘
occurred during the i’irst week with the continuous dark treatment--'was a result
of piiytochrome far-red (PFR) existing in the seed. By the end of the first week
the PFR content was exhausted, and germination was not possible during ‘the
second week (Table 11); The eight hours of light treatment provided enougn
PFR to allo"w maxil‘num“ germination to continue tnrough the’ second. 'week‘ of
germi'nation Haferkamp and McSwain (1951) have found bluebunch wheatgrass,

germination to be light requiring.  The env1ronment in wh1ch the seed was
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aeve‘lpped and stored can have a signii’:;icant‘ei.:'féct on:."‘the:s,e‘ed's féqu‘iréfnent for
light. This may explain why the 1982 seedidt- pfod‘ucéd optxmum germination
with the continuous.dark treatment. A seed's requirémér_xt for light is a genetic
factor which can be ﬁodified by the en{rironment. A favoféble environment can
eliminate fhe seed's light requirement, while an unfavorable environment can
stror'lgly. ampiify the seed's light requirement (Barton and Garman, 1946;
Evenari, 1965; Koller, 1972; Justice and Bass, 1978). |

The 20C,8L treatment resulteq, in germ.ih;tion per‘centaées that were
equal to viabilifc;lr- of the seediots; making thié ‘t‘e‘mp‘c“a‘r‘at;lre and light treatment
the pptimum’“ 'proéedure for gérminéting ‘bluebux;éh" | w‘hea.t;g‘ré'ss?." . This
témperatur‘.eﬂ and light tréatﬁaent required 14 ‘c-l-.ays‘.‘ “to rfea‘ch maximﬁm
ger.minations Ungerminated seeds i-‘emain‘ing‘ after 14 days became moldy. A
‘common practice in seed testing laboratories is to conduct a tetrazolium test
on ungerminated seeds at the conclusion of the gérmin;ation period to determine
if those seeds,‘ are dormant. For bluebunch wheatgrass, this ‘test should be
' conducted at the end of 14 days of germination because of the mold problem
whi\ch kills dormant seeds.. |

The requirerﬁent for prechi‘lling‘ of ' bluebunch wheatgrass seed is
dependent upon the temperature and light tfea-tmept used. ‘:(Ta]_all‘e 13). At 14
days of- 'ge‘rmi'n,a-.'tlionv the ZOC,‘SL and 1‘5;2‘5’(.'-3,8L.t-z‘.'e‘at‘men"ts did-“ ﬁot' require .
prechill to promote'maxin.num germination. Ten >d'ays v-of' i)reéhill-‘ di’& promote

maximum germination with the other three temperature and light treatments.
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Table 13. Prechill effect on percentage germination for five temperature and
light combinations. Percentage germination was averaged over three bluebunch
wheatgrass seedlots.

Percentage Germination -
14 Days of Germination

Prechill ' Temperature & Light Treatments

Treatment ) i
(Days) . 15-25C,8L*  20C,0L 20C,8L 25C,8L  30C,24L
0 71 a 77b 80 a 65 a 57 a
5 73 a 73 a 80 a 73b - 57a
10 ‘ 73 a 81 ¢ 81 a 77b 72 b
LSD 4,22 3.41 2.54 2.92 7.05

Means in columns followed by letters in common are not si'gnificantlyr different
at the 5% level of probability.

* 8L; hours of light

The greatest mcrease in percentage germmatlon occurred w1th the ten"
day prechill treatment for the 30C continuous.light treatment. It is posmb‘le‘ -
that prechill delayed the onset of thermodormancy. The cold treatment plus
the light treatment ‘may have acted cumul‘attve;ly. to increase the
endogenous gibberillic acid (GA) concentration to promote seed germination
(Villiers and Wareing, 1965; Frankland and Wareing, 19623 Chen Varner, 1973).
The five day prechill treatment, however, was not long enongh to overcome the
inhibitory effect this above optimum temperature may have caused. For the
25C,8L treatment, the .five day prechill_ treatment .increas’ed percentage"
"germination signifiCantly-'over the control ‘ind-icating ‘th_’at‘ éermtnatidn of .
biuebunch.wlreatgrass is not as strongly inhibited by the 25C,8L treatment as
with the 30C,24L treatment. The percentage gerrnination ot' tne non-prechilled
treatment at ZOC,SL was greater than or eq.u,al-t,o the percentage germination
obtained with the 5 or 10 day prechill treatments for the other temperatUr‘e and‘ ‘

light combinations.
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Seedlofs varied in their requirement to prechilling v;%hen ge‘rﬁ]inated at
five temperature and light combinations. Only the Z‘OC';SL and 15-25C,8L
treatments consistently did not require prechilling for all seedlots (Table 14).
There were, other temperature and light treatments that did not r,equi;-e
prechill, but l’,tl"leir' :;espon's,es were not consister'ﬁ." over ‘'seedlots.

Table 14. Prechill effect on fh.ree bluebunch ‘wheatgrass seedlot's'pércentage

germination. . Seedlots were germinated at five temperature and light
combinations.

Percentage Germination
14 Days of Germination

Prechill - Temperature & Light Treatments
- Treatments. - ' T ’
Seedlots (_Days)‘ 15-25C,8L* - . ZOC.,OL 20C,8L 25C,8L: 30C,24L
1980 - 0 y 30a 55D 58 a 38a * 3la
5 38 a 43 a 58 a 47 b 41 a
10 39a 65 ¢ 61 a 56 ¢ 54 b
L.SD 10.29 8.27 7.15 5.55 10.51
1981 .0 88 a 86 a 92 a 76 a 77 ab
‘ 5. 86 a - 87 a 91 a 85 b 72 a
10 89 a 87 a . 92 a 86 b 86 b
LSD . 134 - 5.43 4.61 5.29 11.04
1982 : 0o 93 a "91a 91 a 83a  63a
- 5 : 9% a . - 89a 93a 88ab.. 63a
10 92 a " 91a 93 a 90 b 75a

LSD - 6.50 5.14 4.32 5.68 - 19.81

Means in columns followed by letters in common are not significantly different
at the 5% level of probability.

# 8L; hours of light

Prairie Sandreed
The viability of the 1978, 1980, and 1982 seedlots was 64%, 88%, and 85%,
respectively. Stefferud (1948)  reported an -average of 75% in germinative

capacity for prairie sandreed. Seed viability declines noticeably as the seed is
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| stored beyond five years. Réports indicate that tedu_éed‘ viability is a ’result o\?f,
improper storage methlods, unfavorable cbnditibns' during devel“‘opment and-
harvest, or natural ageing (Ba:tdn, 1961; Floris, 19705 Justice ‘a1"1d Bass; 1978’).
Since the history of these seedlots is ‘unknvo‘w‘n, we cannot speculate ,_fﬁtther on
what caused the viability decline for the 1978 seedlot. |

Varit)us température' and light combinations affect time required for
maximum germination. For all seedlots, germination was complete in 7 days
when germinated at 25C,8L and 30C,24L treatments (Table 15). The largest
germination increase between 7 and 14 days occurred with the 20C, 8L
treatment.

Table 15. Percentage germination of five temperature and light combinations
with time. Percentages were averaged over three prairie sandreed seedlots.

Percentage Germination

Length of Temperature & Light Treatments

Germination - —
(Days) 15-25C,8L* 20C,0L 20C,8L 25C,8L ~ 30C,24L

7 66 a 63 a 52 a 75 a - 67 a
14 - 74b 73 b 74 b 78 a 69 a .

21 76 b 74 b 74 b - 78 a 69 a

38 - 16b 74 b 75 b 78 a - 69 a

LSD 2.51 1.85 2.63 3.23 2.38

Means in columns. fbliowed by letters in common are not significantly different
at the 5% level of probability. ‘ '

. * 8L; hours of light

The 25C,8L treatment was the only temperature and light trea'tm,etlt to
produce a percentage germination during the first week of gérminatioh that was
équal to viability of all seedlots (Table 16). '.‘A‘ft,et 14 ‘days of g‘-e‘r’mination,
several other temperature atld light treatments ‘had‘ge‘rmination percentages

equal to the ZSG;SL treatment‘, but the results were not consi‘stent among
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seedlots. Haferkamp and McSwain (1951) repcr(ted a fluctuating. 20-30C as
optimum. However, this temperature required 21 -days for | ‘co‘mpl_ete
germinatio‘n. These data suggest that optimum procedure for seed germination
of prairie sandreed is the 25C,8L treatznent‘ with 7 days o‘fvgerminationi.‘

Table 16. Compar1son of percent v1ab111ty with f1ve temperature and light
combination's percentage germination for three prairie sandreed seedlots

Percentage Germination

Length of ‘ ‘ ' Seedlots
Germination Temperature & Light :

(Days) . Treatments ‘ 01978 1980 1982

7 - 15-25C,8L%* "~ 53D "79b 66 c -
: 20C,0L " 50b - 79b. 60 b
20C,8L ' 43 a 68a 44 a
25C,8L Co 62 ¢ -.8c . 79d
30C,24L. . 54b. 79b " 70c
Viability - 64 c - 88 c. 85 d
LSD 5.72 . 4.73 - 4.29
14 15-25C,8L 58 a 83 a 83 b
20C,0L . 58 a 85b 75 a
20C,8L 58 a 85b 17 a
25C,8L 63 b 85b 83b

30C,24L 55 a 80 a- 73 a

Viability ‘ o 64 b 88D 85b
LSD o . 421 3"69 4.51

Means in columns followed by. letters in common are not 51gnlf1cant1y dlfferent
at the 5% level of probab1hty. :

* 8L; hours of light

Severe fungal activity was obeerved on the seeds afte'r 14 days of
germination. The fungal contaminatio_n is another reason why 7 .days of
germination is more dptimum than 14 days; | Firngal‘ activity Wou'ld‘ not allow for
"tetrazolium évaluatien_to detect ‘dorma_ncy_ 1n "unger‘mvinat:ed séeds.‘ pre'sent at

the end of the germination testing period (AOSA, 1984).
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The effect ‘of an eight hrs. »light‘tre‘atme“nt versus a .con‘tinudus“darl(“ ’
treatment on germination of pr;irié : 'sér;dreed varies Yd‘epen'di‘ng' on ‘Wh‘ich‘ :
température treatment 1s ﬁse,(_i.l -At the established optimum ger‘mina‘tion‘-
temperature of 25C, the rate and percentage of seed germination are -
equivalent for both light and dark t,reatn’jentsy(T‘able 17) However, at a below
optimum temperature of 20C, a slower germination rate océurr-ed with the light
treatment. By 14 days percentage germination was equivalent between the '
light and dark treatments.
Table 17. Comparison of percentage germination amorig continuous dark and 8

hrs. light treatments when averaged over three prairie sandreed seedlots. Seeds
were germinated at 25C and 20C.

Percentage Germination

Light ‘ 25C .-20C
Treatments " — "
(Hours) T* ‘ 14 ' -7 - 14
0 o ‘ 72.a " 74a - 63 a 77 a
-8 : 73a ' 74a : . 52b 77 a
'LSD - 1.86 "1-.8‘6 o o237 - 1.94

Means in columns followed by letters in common are ‘not SIgmflcantly dlfferent
at the 5% level of probability. .

* Days of germination

The prechill requirement for prairie Sandregd germinationj appears to be
dependent upon the temperature and lighxf treatment. 6n1y’ the 25C,8L land
20C,0L treatments did not have mcréaSed germination with prechill for all
seedlots (Table 18). The other teméerature and light treatments had a varying

response among the seedlots.
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Table 18. Prechill effect on three ‘prairie sandreed seedlots percentage
germination. Seedlots were germinated at f1ve temperature and hght
combinations for 7 days

Percentage Germination
7 Days of Germ’inatibn

Prechill Temperature & nght Treatments
Treatiments
Seedlots (Days) 15-25C,8L" ZOC,OL ZOC 8L 25C 8L 30C,24L
. 1978 0 45 a ~h4a  21a  60a 58 a
: 5 54 ab . 60 a 50 b 70a = 62 ab
10 59 b 63a  62c¢ 65 a 66 b
LSD : - 11.86 28.13 9.92  18.48 7.34
1980 0 ‘ 70 a 62 a 50 a 67a  83a
5 85b 65 a 64 b 70a - 87a
10 82 b 71a - 670 73 a 86 a
‘LSD 8.06  23.48 . 545  20.93 6.73
1982 0 63 a 60 a 63 a 62 a 74 a
-5 60 a 64 a 60 a 73 a 82 b
‘10 77b _ 68a  77b ~69a  8lab -
LSD ‘ 9.93 - 19.73 19.93 " .23.06 . 7.98

Means in columns followed by letters in common are not significantly d1fferent
at the 5% level of probability.

Basin Wildrye

The viabiiity of the 1980, 1981, and 1982 seedlots was 90%, 94%, and 72%,
respectively. Stefferud (1948)‘ reports an average germinattve ‘cap“aci,.t‘y-.of‘ 83%
for basin wildrj"e. The 1982 seedlot has a iovier pereentage' vi‘abi‘lit‘y"t‘_,han'the‘
1980 and 1981 seedlots. This decline xnay be attributed | to | ‘Unfavorable
conditions during development, harvest, or storage that resuited'in faster seed
deterioration (Barten‘and Garman, 1946; Harrington, 1972; Justice and Bass,
1978). | |

The 15—25C 8L 20C,0L, and ZSC 8L treatments requlred 14 days for
maximum germination; .whereas, the ZOC 8L and 30C 241 treatments requlred'

‘21 days (Table 19.). The 30C,24L" treatment gave the lowest percentage
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germinatio'n. Extending the test‘ing‘ périod did not improve gerﬂxﬁmation at this
temperature and light treatment.

Table 19. Percentage germination of five temperature and light combinations
with time. Percentages are averaged over three basin wil_drye seedlots.

Percentage Germination

Length of ‘ Temperature & Light Treatments :
Germination . '
(Days) 15-25C,8L* 3 ZOC OL 20C,8L . 25C, 8L 1 30C,24L
A 64a . 55a . .  62a .65a"";61a
14 ‘ 82 b - 80b 78b . 8b ' 13b
21 .83 b 80 b 84 ¢ '8 b 75bc
38 ‘ 83 b o 81b 85 ¢ 85 b 76 c
LsSD 3.68 2.24 3.29 3.68 2.16

Means in columns followed by letters in common are not significantly different
at the 5% level of probability.

* 8L; hours of light

The 15-25C, 8L and 25C 8L treatments consistently prov1ded the highest
‘germmatlon percentages for a11 seedlots, and these percentages were equal to
‘seed viability (Table 20). Harrington (1923) Koller (1972) and Bewley and Black

(1985) cited that higher temperatures will result in more rapid germination and .
greater percentages.. Liebenburg (Lartg, 1965) was the first to report the
favorable effects of diurnal temperature fluctuation. A signi'ficant increase in
germlnatlon rate and capacity was reported in seeds of most species.
Vallentlne (1971) cites alternating temperatures optimum. for_ basm wildrye
germmatmn. ‘These data sugg_est ‘that 25C,8L and ‘15‘-250,‘81. treatments were
eptimuﬁl for gerr‘ni-nation‘ ef basin wildrye.

| The 15-25C,8L, 20C,0L, and Z'SC,SL treatments showeél ne resp‘o‘n_se to
prechilling and percentage germination was high for all ~tr‘eat"r.nents except

20C,0L (Table 21)., The 20C,8L and 30C,24L treatments. did respond to
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prechilling but required at leaét 14 days of germination. The 30C temi)eratﬁre '
appears to be . above optimum for basin wildryé germination as maximﬁm
germination was not reached even with prechill.

Table 20. Comparison of percent viability with five temperature and light
combination's percentage germination for three basin wildrye seedlots.

Percentage Germination
14 Days of Germination

‘ - Seedlots
Temperature & Light ' ' ' '

Treatments ‘ 1980 : _ ~ 1981 - 1982
15-25C,8L* 88 ¢ . 92. ¢ | 67 ab
20C,0L ‘86 c ‘ 87b 65 a
20C,8L 81b 87H 65 a
25C,8L ' 88 ¢ 92 ¢ 73 b
30C,24L : 75 a 8l a 63 a
Viability 90 c ‘ . 94 c : 72 b

LSD 4.01 3.90 '6.50

Means in columns followed by letters in common are not 51gn1f1cant1y dlfferent '
at the 5% level of probability.

* 8L; hours of light
Table 21. Prechill effect on percentage germination for five temperature and

light combinations. Percentages were averaged over three basin wildrye
seedlots. '

Mean Percentage Germination
14 Days of Germination

Prechill - . Temperature & L1ght Treatments

Treatments .
(Days) 15-25C,8L* ZOC,OL ~ 20C,8L 25C,8L - 30C,24L
0 82 a 7a . 10a 85a  b64a
5 . 82a - 18a 81b 82 a 75 b
10 \ 84a - 82 a 83 b 85a  79b
LSD 6,28 4.08 6.02 4.25 4.10

Means in columns followed by letters in common are not 51gn1f1cant1y d1fferent
‘at the 5% level of probabxhty.

* 8L; hours of light
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' Spec1f1c evaluation of md1v1dua1 seedlots w1th each temperature and light
treatment shows no prech111 effect with the 15—25C 8L and 25C, 8L treatments,
but the prech111 effect varied w1th the other temperature and hght treatments
(Table 22) The appltcatlon of precl'ull to basin wildrye seed when germlnat1ng
at 15-25C,8L or 25C 8L treatments will increase the total testmg time and not
the percentage germination.
Table 22. Prechill effect on three basin wildrye seedlot's percentage

germination. Seedlots were germinated at five temperature and. light
combinations for 14 days.

Percentage Germination
14 Days of Germination

Prechill Temperature & Light Treatments
Treatments - — _ ~
Seedlots (Days) - 15 25C,8L*¥ 20C,0L .= 20C,8L 25C,8L - 3OC Z4L
: 1980 o 0o - 90a - 85a 68a 87a 57 a
5 88 a 86 a 87b 87 a 80 b
10 87 a 88 a 89 b 89 a 86 b
LSD 6.93 - 8.80 7.31 8.14 7.65
1981 ‘ 0 94 a 84 a 82 a 89 a 78 a
5 88 a 85 a 90b -89 a 85 a
10 ' 95 a 93 b 91 b 9% a - 80a
LSD '10.30 ‘ 6.26 6.53 7.02 7.10
1982 0 78a 65a 60a 78 a .58 a
5 70.a 64 a 66 a 72a . 60a
10 - 70 a 67 a 69 a 69a - 70D
LSD 16.65 8 08 17.33 9.06 8.63

Means in columns followed by letters in common are not 51gnlf1cant1y d1fferent
at the 5% level of probability. :

* 8L; hours of light




45

Prairie Coneflower

The viability of the 1‘981‘ "a‘ndﬂ 1‘9'83‘ seedlots was 8_9‘% and * 85%,
respectively. No decline in v1ab111ty percentage was evident w1th seedlot age.’
Sorensen and Holden (1974) and Eddleman (1977) both reported a hlgh viability
percentage of 99%.

Eddleman (1977) reports prairie coneflower requires’ 14 .days of
germination. Based on our studies the duration of germination for prairie
‘coneflower v'seedlots varied with the tetaperature and light 7combinat:iQItS' {Table
23). ‘Three temperature and light“'treatments“ t'equired se'."vez(i‘ days _o‘f‘
germination, x.;vhereas two temperature and light treatments reqﬁi_red ‘_14 days to
reach maximum germination. | |

Table 23. Percentage germination of two prairie coneflower seedlots with time
when germinated at various temperature and light combinations. :

Percentage Germination

Lengthof =~ . Temperature and Light Treatments. -

S Germination . T '
Seedlots  (Days) 15-25C,8L* _ 20C,0L _ 20C,8L 25C;8L 306G, 24L
1981 7 " 88a 90 a 88 a 88 a 49 a
' 14 92 b 9ta = 8%a 89 a 55 b

21 92 b 91 a 89 a 89 a 57 b
38 92b 91 a 89 a 89 a 57b
LSD t 1.65 1.76 5.20 2.33 3.68
1983 7 i 77 a . 59 a 81 a 71 a 11 a
14 . 87b . T2D 89 a 75 a. 15 a
21 90b - 73b - 90a 76 a 17 a -
38 90b 73 b 90 a 16 a 19 a
LSD 3.57 . . 5.3 9.93 5. 19 17,03 -

' Means in columns followed by Tetters in common are not 51gn1f1cant1y dlfferent
at the 5% level of probability. : :

* 8L; hours of light
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The 20C,8L treatment was the enly ’tenﬁperatufe andllig‘ht treatment ‘jthat‘

- was equal to viability of both seedlots at seven days of germinatien (Table 24).

The 15-25C,8L treatment was equal to the viability of the 1981 seedlot at

seven days of germination and was equal to the 1983 seedlot .after'14 days o.f

germination. Although the ZSC 8L treatment completed germmatmn in seven

days, it did not equal the v1ab111ty of the 1983 seedlot. The 30C 24L treatment

was an mfermr treatment for germmatlon of both seedlots. . However, w1th seed :
-age, the seedlot's spec1f1c-requ1rem’ent to light and ‘temperaturg-. d_1sappear so at
| least 50% of the seeds are able to germinate at BOC,Z4L; -

Table 24. Comparison of pei‘cent viability with five temperature and light
combination's percentage germination for two prairie .coneflower seedlots.

Percentage Germination

Seedlots
‘ ‘ 7 Days of Germinatlon o 14 Days of Germmatlon
- Temperature & Light ‘ ' —

Treatments - . . 1981 . 1983 ‘ 198’1" ‘1983
15-25C,8L* 88 b 174 _ - 92b . 87c
20C,0L - 90b . . 59b 91b 72 b
20C,8L 88 b 814 89b° : 89 ¢
25C,8L 88 b 71 ¢ - 89b 75 b
30C,24L 49 a - 11 a 55 a - 15 a
Viability 89b . 85d 89 b 85 ¢
LSD 3.18 - 5.13 3.18 6.37

Means in columns followed by letters in common are not 31gn1f1cantly different
at the 5% level of probablhty.

* 8L; hours of hght

These data suggest that optimum germination of prairie coneflower can

be achieved by germinating for 7 days at 20C,8L. ‘thim‘um' germination may
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also be obtained with the 15-25C,8L treatment, but 14 days is required.
Eddleman (1977) reportéd opﬁmum germination pf prairie coneflower to occur
at20c. |

The 1983 seedlot exhibited a significant reduction in percentage
germination with the ‘da_.rk treatment as compared to the 8 hrs. light treatment
at 20C (Table 24). Incfeasing; the testing duration did not alter this effect. The
i981 seedlot shov‘ve_d no effect due to light or dark treatments. So‘rensenvand‘
Holden (1974) and Eddl‘e‘man‘ (1977) reported optimum germination of prairie
coneflower occurred i'nga'.da’rk enviroﬁm‘ent, . Evenari (1965) and K.oller ‘(1972‘)
report that ﬁith an,i_ncre“é.sve‘ in seed age fnany specie's light 'fetiuirements can be
diminished or completely eliminated. Bewley and“ Black (1985) state dark |
germinaitioﬁ 1s phytochrc;me -(;,ontrolled and their e.m}sryo' coht"ai’ns more active’
phytdch_:diﬁe than'light—r'equiring seeds. Tixe 1983 seedlot's 1&;7 response to the
20C,0L treatment may .bé a result of a germination block within the seed that
can be overcome with the addition of light.

Prechilling for 5 and 10 days did not improve gérminatio‘n of the seedlots
regardless of the temperature and light treatment used. For some. te'mperatﬁre
and light treatments, prechill lowered the percentage germination of seedlots
(Table 25). Based on these dafa, it can be concluded that prechilling of prairie
coneflower will not. increase germination percentages; and if used, could result

in lower than optimum germination percenfages.




48

Table 25. Prechill effect on two prairie coneflower seedlot's percentage
germination. Seedlots were germinated at five temperature and hght
combinations for 7 days.

Percentage Germination
7 Days of Germination‘

Prechill ‘ Temperature and Light Treatments
Treatments —
Seedlots (Days) v 15-25C,8L*‘ Z’OC,OL- 20C, 8L ZSC 8L 30C 24L
1981 0 91 a 91a = 89%a : 90a 63 b
5 " 92a 91 a 88a - 88a 65b
10 7 93 a - 90 a 91a . 89a 39 a
LSD " 3.38 3.35 10.20 "~ 4.63 6.57
1983 0 ' 87b = 70a 8a 80 b 17 a
5 78 a 69 a 84a 66a 11 a
10 89D 63 a 90a 71 ab 17 a
LSD 6.26 8.90 20. 07 - 9.67 12.33

Means in columns followed by letters in common are not s1gn1f1cant1y different
‘at the 5% level of probab1l1ty

* 8L;s hours of light

Alkali Sacaton

Seedlot viability, as determlned by TZ, was 78% for the 1981JK seedlot
and 70% for the 1981NK seedlot. Previous stud1es (Stefferud, 1948;
Hafenrichter et al., 1968) have found that alkali sacaton seed_, four years old or
less, contained approxi‘m‘a'tely 80% viable seed. Knipe ~(~1_9-69-) indt‘eated that
alkali sacaton remains ‘vtable under good storage for over fo.ur. years. Seedlots
used in this study were four years old. V1ab111ty of these seedlots were lower
than that encountered w1th Hafenrlchter et al. (1968) and Stefferud (1948)

Germination of alkah sacaton was rapid, Seeds in four. of the temperature
and light treatments had completed germination w‘ithih seven da)rs (Table 26).

Only the 20C,8L treatment required 14 days and its total germ‘ination
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percentage véras the lowest. Wasser (1§'82) also found complete "germfination to
occur in 5 to 10 days. Toole (1941) had complete germination in a‘minimum of
21 days. Our resul';s showed extreme seed decay due to fungi after 1'4 days.

Table 26. Percentage germmatlon of five temperature and light . combmatlons
with time. Percentages are averaged over two alkali sacaton seedlots.

P_ercent‘age Germlnatlon

Length of Temperature and Light Treatments
Germinatioh = — -

(Days) 15-25C,8L* = 20C,0L 20C,8L 30C,24L  25C,8L

7 - 71 a . 40a - = 4a 58 a 66 a

14 ‘ 74 a 42 a 13 b 6la 66a

21 . T4a 42a . - 14b 6la ~ 66a
28 T4a - 42 a 14 b \ 62a . 66a-

38 : 74.a - 42a 14b .62a . 66a

LSD 3.49 335 . 233 ‘6 23 - 4.02

Means in columns followed by letters in common are not 51gn1f1cantly dlfferent
at the 5% level of probablhty

*8Ls; hours of light

The 15-25C,8L treatment resulted in maximum germination "for both
alkali sat;aten éeed‘lots (Table 27). 'i‘he 25C,8L f:eatmenf also gave ma.x1mum
germination for the 1981NK seedlot. Low percentage ‘germ‘ina“tioh.‘c_)ceul"'red‘
with both light and eontinuOus dal;k treatrﬁ'enté at 2(‘)C,‘ with t.he l_ight’ freatment
being significantly lower in percentage germination than the ‘c_onti‘nuous‘ dark
treatment (Table 27). Wilson (1931) and Knipe (1967) reported significantly
ilighér germination percentages with 20—’3‘0C or 30-40C temperaturethan with
15-25C temperature. These ﬁv‘o temperajt'_ures were not inclrudet‘i" in fhis study
because the: i)erce_n‘ta_ges obtained with t'he”l‘5—’,25C ‘tree‘tm‘enit Were ‘eqi‘l‘al_'t‘o .the_.

viability of both seedlots.
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Table 27. Comparisons of percent viability with five temperature and light
combination's percentage germination for two alkali sacaton seedlots.

Percentage Germination
7 Days of Germination

: , Seédlots. -
Temperature and Light ‘ R
Treatments , 1981NK : - '1981JK
15-25C,8L* ' 67 d ' 75 e
20C,0L ‘ 28 b . 52b
20C,8L 3a 5a
25C,8L 674 66 4 -
30C,24L 56 c . 60 ¢
Viability 70 d 78 e

LSD 7.82 - 5.27

Means in columns followed by letters in common are not s1gn1f1cant1y dlfferent .
at the 5% level of probablhty ‘ :

* 8L; hours of light

Knifne ‘(196l7») showed that ‘perCentage germination v%as ioWer with the 20C -
and 25C temperatures 'than’ with the 30C temperature. Our ‘.t‘iata for the ‘ZOC
temperature, with both light and dark conditions, agrees with Knipe ‘(Table ‘27).
Percentage gex;mination of both light and dark treatments -at Z‘OC ‘was
significantly lower than the percentage germination at 30C. The 25C,8L
treatment, however, showed a significant increase in percentagé germination as
compared to the 30C,24L trveatmen't.‘ The lower germination of the 30C,24L
treatment . could be attributed to the inhi-bitory "a;fion‘ ;iirﬁposed by the
continuous light. | Pel'-.cent“age ‘germinati;)n of ﬁlk‘ali éacd.tdnl was found to
decrease significantly if se‘eds Weré exposed to 'rl_i‘ght for 12 hrs, or lo‘nger'
(Knipe, 1971).

At the below optimum temperature of 20C, the presence of light inhibits
both rate (Table 26) and percent gerfnination (Table 28). The low constant

temperature, plus the presence of light, may be the reason for low percentage
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germination, Apparently, 8 hrs. light treatment is more inhibitory on
germination of alkali sacaton at ZOC than at 15 25C. The 1981JK seedlot .
exhibited a greater germmatmn capacity than did the 1981NK seedlot
Table 28. Comparison of percent'age gerinination among continuous dark and 8

hrs. light treatments for two alkali sacaton seedlots: Seeds were germinated at
15-25C and 20C for 7 days.

Pe‘fcenfage Germination
7 Days of Germination

15-25C ' 20C

Light Treatments ~ 198INK  1981JK 198INK  1981JK
0 hrs 66a . Tla 28 b 52 b
8 hrs 65 a . T4a 3a 5a

LSD 2.83 4.06 7.82 5.27

Means in columns followed by letters in common are not s1gmf1cant1y different
at the 5% level of probablhty

Comparisons were made between seeds germinated in 8 hrs. of light and
continuous dark: for 7 days at 15-25C (Table 28‘)‘. Germination at the optimum
~ temperature of 15-2,5(3 ‘ shoWe(l ‘no si'gniyﬂf‘ican't _ di.fference in‘ percentage
germiination between-the' light and dark c.encl"iptions. 'Seeds that had germinated
in the dark germinated faster because the .length of the epieotyls from the da;k
treatlnent were approxilnately 3.75 cm as .cempa:ed to 1.75 cm length for the
light treatment.

Prechill did not increase alkali sacaton percentage gerrnination except for
the 20C,0L treatment (Table 29). Five days of prechill enhanced the
germination of this treatment for both seedlots, but .ten days of prechill
significantly reduced the germination of the 1‘9811\lK seedlot. Prechill did not

increase germination of the 20C,8L treatment. This may be due to a strong
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inhibitory efféct with 1jght on alkali ‘sac“:atdn: gérmi‘nation.‘ Dormancy in é.lkal-i
sacaton seed is uncommon (Wilson, 1931; Toc;‘le,_1941; Wasser, 1982) and
germination is normally rapid; therefore, prechill \&ould not be expected to
improve germination.
Table 29. Prechill effect Lon two alkali sacaton‘ seedlot's percentage

germination. Seedlots were germinated at five temperature and light
combinations for 7 days.

" Percent Germination .
7 Days of Germination

Prechill - ‘ ‘Temperature and Light Treatments
Treatments — . ' ‘ — ; -
Seedlots  (Days)  15-25C,8L*  20C,0L  20C,8L° 30C,24L  25C,8L
1981NK "0 68a 29D la  57a 63 a
5 - 69a : 41 ¢ 4a 49 a 70 a
10 65a - = l4a 6a °~ 63a 67 a
LSD . 11.45 ‘ 9.70 5.64" 28.24  1.81
1981JK 0 79b 45a 4a  53a  62a
s - 65a 57 b 4a 66 a Tla
10 _80b 52ab- 6ba ~ 62a  65a
LSD 10.06 7 8.15 ° 21.10° ,13:.164

31

Means in columns followed by letters in common are not 51gn1f1cant1y dlfferent'
at the 5% level of probability. ‘ -

* 8L; hours of light

Summary

Rarely do seed testing laboratories know the age and environmental
conditions of a seedlot. When "germinating seeds it is important ‘th‘at the
procedure used does not &iscriminite, among fhe diversity ‘th‘at can occur
between seed of the same species. When choosing the optimum germination
procedure for a sPeéies, these diversi’tiés need to be considered. Maximﬁm
germination needs to be attained in the shortest possible ‘time. No‘ unnecessary

steps should be used which would "incj:re‘ase the time in preparation or
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germination. The mc‘)st"important"consideration is{that the samples viability -
must be expresséd in the peréen‘tage'germi_na‘tion. The ‘{proc'e"t:i‘ures that meet

these criteria for the six native range species are summarized.

Yarrow. ‘O‘pt‘imum germination of ‘yarrow occured when seeds were
germinated for 14 days at 20C with 8 hrs. of light. Viability, as determined by
TZ, and the percentage germination were equal for both seedlots. Neither

seedlot required prechilling to attain maximum germination.

Bluebunch Wheatgrass. Optimum germind’cion Qf- bluebunch wheatgrass

seedloté was obtained by germinating at 20C >_with 8 'hrs. of light. Prechﬂling
was gnnece‘ssary and if ‘app‘lied,would increase the ,c_iu:-fatipﬁ Qf the ‘test period.‘
Bluebunch‘w‘heatgras.s seed should bé gerﬁipated for 1_4 ‘da_‘ys-.. Ungerminated
seéds should ﬁe checked for dormancy with TZ. ‘.‘Exﬁosin'g the seeds to
germination for longer than 14 ‘day‘s. resulted in in(:reaseci fungi activity a.nd
eventual death of viable seeds. Percentage viability of all seedlots was

obtained with this \germinafion procedure.

Prajrie Sandreed. Optimum germination for three prairie sandreed

seedlots was attained by germinating at 25C for 7 days in 8 hrs. light or
continuous dark conditions. Prechillihg, prior to germination, was not
necéssary. “Pefcénfa‘g‘e germination by this procedure was equal to TZ viability .

percéntages:

~ Basin Wildrye. Basin wildrye will ger'rn.inate over a wide range of

temperature and light combinations. Some of these treatments provide faster
germination than others. The most rapid pro(:edure for determining

germination was the 15-25C,8L and the 25C,8L treatments. Seeds need to be
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germinat_eci for 14 days. Prechill did not improve -germination at these
temperatures. Percénfcage, germination of sgedlo‘tvs was eqﬁél to. percentage
viability. A TZ ‘1.:est‘m,‘ay be. é;)nducted to detect péésiblé dorfné.n‘cy if firm

ungerminated seeds remain at the end of the testing ‘i)er,iod. )

Prairie Coneflower. Rapid and. maximum germination occured' when

- prairie coneflower seeds were germinated for seven days at 20C with 8 hrs. of
light. Maximum germination was also attained with the iS—ZSC,SL treatment,
but 14 days of gexfminat‘ion was required. Both of these temperature and light
treatments provide germination percentages eéual'to the percentage v:riabilvit'y
of the seedlots. Prechilling appéared to stress the seeds which resulted in lower

percentage germination.

‘A_lkali Sacaton. ‘Max‘imum gefminafion of alkéli ‘sac>a"ton‘.‘was‘obtai‘ned'
when s‘eetis_were gérm.inated-for‘ seven days at 15-25C with 8 hr‘s.‘o‘f' light or in
continuous dark. P?echillin‘g is not necessary at this.‘ témper.éiture to obtain
optimal germin-ation‘.. This procedure reflects the ma).;imum viability of the

alkali sacaton seedlots.
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