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Abstract:

A series of four waxy-normal endosperm isogenic pairs developed in three barley (Hordeum vulgare)
lines were used to evaluate the effect of the waxy endosperm gene on certain germination and
agronomic traits during and after kernel maturation as well as on malting quality and speed of
imbibition. Plots in two locations were sampled three times per week from shortly after anthesis to
harvest maturity to evaluate seed size, alpha-amylase activity, and germination characteristics during
kernel maturation. A second set of plots was used to evaluate the effect of the waxy endosperm gene on
yield, malt quality, and other agronomic traits at harvest maturity. Speed of imbibition in four
Compana isotypes grown in three environments was determined in a 48 hour, 20° C, unaerated steep.
Isogenic analysis showed that waxy endosperm isotypes exhibited significantly less dormancy, smaller
seeds, and greater alpha-amylase activity during kernel maturation than did normal endosperm
isotypes. Waxy and normal endosperm isotypes did not vary significantly in germination behavior,
yield, heading date, or in most malting quality characteristics at harvest maturity. Waxy endosperm
isotypes were significantly lower in diastatic power, had significantly lower seed weights, and in
certain genetic backgrounds were shorter than normal isotypes.

Waxy and normal endosperm isotypes did not differ significantly in speed of imbibition although
preliminary information showed that waxy isotypes could reach a 45% moisture level from 9.1 to 14.0
hours sooner than normal Compana isotypes. Naked Compana isotypes imbibed water significantly
faster, yielded 17% less, had a 16% smaller seed weight and exhibited significantly less dormancy and
a greater germination speed during kernel maturation and at harvest maturity than did covered
Compana isotypes.
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ABSTRACT

A series of four waxy-normal endosperm isogenic pairs developed
in three barley (Hordeum vulgare) lines were used to evaluate the
effect of the waxy endosperm gene on certain germination and agronomic
traits during and after kernel maturation as well as on malting
quality and speed of imbibition. Plots in two locations were sampled
three times per week from shortly after anthesis to harvest maturity"
to evaluate seed size, alpha-amylase-activity, and germination-
characteristics dur1ng kernel maturation. A second set of plots
was used to evaluate the effect of the waxy endosperm gene on
yield, malt quality, and other agronomic traits at harvest maturity.
Speed of imbibition in four Compana isotypes grown in three environ-=
ments was determined in a 48 hour, 20° C, unaerated steep. Isogenic
analysis showed that waxy endosperm isotypes exhibited significantly
less dormancy, smaller seeds, and greater alpha-amylase activity
during kernel maturation than did normal endosperm isotypes. Waxy
and normal endosperm isotypes did not vary significantly in germination
behavior, yield, heading date, or in most malting quality characteris-
tics at harvest maturity. Waxy endosperm isotypes were significantly
lower in diastatic power, had significantly lower seed weights, and
. in certain genetic backgrounds were shorter than normal isotypes.

Waxy and normal endosperm isotypes did not differ significantly in .
speed of imbibition although preliminary information showed that waxy
isotypes could reach a 45% moisture level from 9.1 to 14.0 hours
sooner than normal Compana isotypes. Naked Compana isotypes imbibed
water significantly faster, yielded 17% less, had a 16% smaller

seed weight and exhibited significantly less dormancy and a greater
germination speed during kernel maturation and at harvest maturity
than did covered Compana isotypes.




INTRODUCTION

Waxy barley starch is more readi]y modified by eéither chemfca]s
or énzymes than is normal barley starch. This and othér unique proper-
ties of waxy barley starch indicate that Waxy barley may'become_
increasingly important in certain industrial processes: Lift]e in-
formation has been developed on fhe éffeét of the waxy endosperm
gene on agronomic, gerM1nation, and malt quality charactefistics-
before and after,hafvest maturity.' |

The objectives of the following studies were to determine the
effect df'the waxy endosperm gene on germination, dormancy, seed sizé,
and a]phafamy1ase attivity during kernel maturation and on imbibition

and ma1t1hg quality in the mature grain.




LITERATURE REVIEW

Germination Character1st1cs of Deve10p1ng Barley Grain

Isolated bar]ey embryos can germ1nate at a very ear]y stage of
~ development, evgn_as early as five days after anthesis {Bishop, 1944;
Gordoﬁ, 1969). The ability of the embryo to gefmihate at phis‘eariy
stage depends on a critical embryo size (Cameron-Mills and Duffus,
1980). Intact seeds, however, cannot germinate in the early deve]dp-
mental stageé. Gordon (1969) reported that only a few intact barley
seeds germinated in the:first 42 days after anthesis. Wellington (1964)
reported no germination in barley séeds until 3-4 weeks after anthesis,
while Bilderback (1971) showed no germinétion up to 20 days after
anthesis when the seeds were immediate]y_p]éced on moist sand.
-Simi]ér results are reported for wheat (Wellington, 1956a, 1956b;
Mitchell et al., 1980). o

The seed can, howevér, germinate at a very early stage if the
embryo is exposed to the air by rupturing.the bericarp and testa.
Gordon (1969) reported-a germination,raté in barley of 75% ten days
after anthesis under these conditions. Wheat can germihate as early as.
3-4 'weeks after anthesis when the embryo is exposed mechan1ca11y
: (We111ngton 1956b) Dry1ng of the immature grain has a similar
effect. 'Air dried grain germ1natesat anear11er'stage of maturity (10

days after anthesis) and at a faster rate than undried grain
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(Mftche]] ét ali 1980) Wellington reported germination of des1ccated
immature wheat three weeks after anthes1s .compared to f1ve weeks after
"~ anthesis in undried grain (Wellington, 1956b). .

The germination éapacjty of 1mmaturé grain deve]ops‘éar1y after
fertilization, probab]y.within the first 10-15 days following énthesis
(Gordon, 1969; LaCrox et al., 1976; Gordon et al., 1979; Mitchell
et al., 1980; Takahasﬁi, 1980). The germination capacity'rises; then
decreases rapidly with decreasing moisture content and the inductioh of
dormancy (Takahashi, 1980). High temperatures during seed formafion
(10-20 days past anthesis) représs ddrmancy induction while-Tow temper-
atures enhance the'inductiqn of dormancy. (Takaha§hi,_1980). LaCroix
et al. (1976) reborted a decrease in germination percentage in spr%ng
wheat 34-40 days after anthesis. Wellington (1964) reported a 14%
and 22% reduction in germinatfon of Dohén,and Hertalsar1eys respect-
ively, as secondary dormancy was imposed.  Th1s durmancy breaks dbwn B
with.{ncreasing‘maturity and storage.

The pericarp is implicated as having some éontro] over germina-
tion in developing barley (We11ington, 1964; Gordon, 1969; Brfggs,
1978; Mitchell et al., 1980). Water loss through the pericarp occurs
while the embryo.and reméinder of the grain i§ still achumu1ating water.
The capacity to germinate first occurs when 50% of the water héﬁ been
lost from the outer pericarp (Mitchell et al., 1980). |

The capacity to germinate at harvest time and durihg barley
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development is a vatieta1‘éharacter.that is subject to environmental
variation..'A study of 4 malting and 3 nonmaltiﬁg bar]ey_yarieties
showed initial germinqtiqn capacity occurring 25-44 days after anthesis
and 50% germinatfon”capacity occurring bétween 30 and 60 days aftér
_anthesis (LaBerge et-al., 1971). Gordon et al. (1979) showed that a
50% germination potential in wheat occurred 32-38 days after anthesis.
Speed.of germination increases with inckeasing maturity in barley

(Bilderback, 1971) and wheat (LaCroix et al., 1976).

Alpha-amylase Development in Developing Bar]ey Grain

- In barley and wheat at least two tyées of alpha-amylase gxist
(Daussant aﬁd Mayer, 1980; Kruger, 1980; Gordon, 1980; Sargeant, 1989).
Green alpha-amylase, alpha-amylase I, is found in‘developing seeds.
Malt ‘alpha-amylase, a]pha;amylase IT, is found -predominantly in germin-
. ating seeds (Daussant and Mayer, 1980; Gordon, 1530). Recent evidence
indicates both types of alpha-amylase are present in germinating'
barley seed, although most of the alpha-amylase activity is due to
alpha-amylase II (Daussant and Mayer, 1980).

Green a1bha-amy1ase, Tocated in the pericérp of deye]oping seeds,
"_'15 independent of the embryo or exogenous gibbekg]]ic.écid for
_ synthesié (MacGregor et al., 1972; Allison et.al,,'1974; Daussant and
Mayer, 1980; Gordon, ]980; Sargeant,.1980). The aleurone 1ayet and

the scutellum synthesize malt a1pha-amy1asé de novo in response. to
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- gibberellins from the embryo.or exogenous GA (Daussant and Mayer, 1980).‘
. The two types.of alpha-amylase have‘differéﬁt e]ectrophoretié proper-
. ties, pH optimums, pH and heat stabilities and starch digesting
properties (Daussant and Mayer, 1980). |
A1bha-amy1ases in-immature barleys increase rapidly after anthesis,‘
then dec1ine fo a Tow, stabie Tevel (Duffus, 1969; Laéerge et a1.,n
1971; MacGregor et al., 1971; MacGregor et al., 1972; Allison et al,
.1974; Riggs and Gothard, 1976; Gordon, 1980).  Considerable vériafion
in alpha-amylase developmental patterns exists due to environmental and
ch]tivar characteristics (MacGregor et al., 1974; LaCroix et al., 1976; -
Riggs and Gothard, 1976). LaBerge et al. (1971) in a study of seven
barley cultivars, including four malting bqr]eys, showed that-afpha-
amylase levels increased immediately after anthesis, peﬁked in the
first ten days fo]]qwiné anthesis, then declined to a low level by
10-15 days after anthesis. Allison et al. (1974y demonstrated that -
pericarp anthesis in Goldfield barley peaked about fifteen days after
anthesis. Riggs and Gothard (i976) reported peak é1pha—amy1ase |
activity 10-16 days after anthesis in six barley cultivars althodgh a
hulless bar]ey cultivar, Nackta, showed no definite peak. Maximum -
alpha-amylase activity differed markedly between cultivars although.
thgre were no cultivar differences in alpha-amylase activity from 31
days after anthesis to maturity. Conquést barley showed a beak.alphaJ

amylase activity 11 days after ear emergence (two days after anthesis)
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.when grown in the field while maximum activity of Conquest and Fergus
barley grown in a growth chamber occﬁrred 9-10 days.and four days'éfter
anthesis, respeCtiveiy (MacGregor et al., 1971; MacGrégof et al., 1972).
The a]pha-amy]aée activity in Conquest declined té 1/10 its maximum’
after 28 days and remained éqnstant until maturity. Duffus (1969)
reportéd peak a]pha-am&]ase Tevels in barléy grown'in,Britain occurred
20-30 days after anthesis’ and thatlchiOrochoiine chloride applied . |
shortly after anthesis inhibited alpha-amylase synthesis. Similar
eﬁzyme development patterns and cultivar var{ations are reported in
wheat (LaCroix et al., 1976; Gordon et al., 1979; King andvGa1e;-1980). :

A set of a1pha—amy1ase isozymes which have similar jsoelectric |

" points to germinafion aipha-amy]ase have been repdrted 1n_deVe1oping.
immature wheat in addition to the green a1pha—amy1ase normé]]y '_
present (Kruger, 1980) The presence of these isoenzymes indicates

that some Teakage may occur in the germination contro] mechanisms and-
that control over germination may‘not be 100% effect1ve. Ma1t1ng

"barleys, wfth characteristic strong enzyme systems and,short~dqrmancy

‘ ﬁeriods,showed fncréased alpha-amylase activity during late ripening‘

in response to rain (LaBeréé et al., 1971). Riggs and Gothard (1976)

reported a strong,cprrelation betweeﬁ peak a]phé-amy]ase aptivity dur-

ing bar1ey development and germinétion enérgy-thfee weeks after hanQést.
The purpose of a]pha amy1ase in the per1carp during grain deve1op-

ment and the reasons for its disappearance during matur1ty are




unknown (MacGregor et al., 1972; Allison et al., 1974; Riggs and

Gothard, 1976; Daussant and‘Mayer, 1980). MacGregor et al. (1972) and

Allison et al. (1974) specu1ated that green alpha-amylase in the peri-

_ carp may hydrolyze per1carp starch early in development to prov1de

energy for grow1ng kerne]s or produce short chain primers to be used
in éndosperm starch synthesis. Sargeant (1980) showed that in wheat,
green alpha-amylase in the pericarp is not .involved in staréh synthe-

sis. Disappearance of green a]phéeamy1ase during maturation may.be

" due to inhibition, inactivation, inso]ubilizdtion, or degradation of

enzymatic protein (MécGnegor et al., 1972; Riggs and Gothard, 1976;

‘Daussant and Mayer, 1980).

. Thera1eurone synthesizes a1pha-amy1ése in response to gibberellic
acid (Gordon, 1980). The ability to respond in this way arises early
in development. Gordon (1980) stated that the ability of aleurone

layers to réspond to GA arises 25-30 days after anthesis, é]though

~cultivars vary considerably in this property. The stage. of development

at which the embryo can synthesize gibbere]]ins remainé unclear
(Gordoh, 1980). Cool r1pen1ng env1ronments that slow grain dehydrat1on
also s]ow embryo maturat1on as well as the aleurone ce]ls ab111ty to
produce germ1nat1ve alpha-amylase. Marchylo et al. (1980) harvé;ted
wheat 25, 32, and 39 days after flowering and foﬁnd that fhe ghbryoi

scutellum could synfhésize'a]pha-amy]ase in fhe absence or presence

of GA3 25 days after f1oWering; The ihmaturé endosperm—a1eurone
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produced alpha-amylase in response to GA3 32 daysvafter f1owér{ng. At
- successive developmental stages the tissues synthesized highér Tevels
of alpha-amylase. Bilderback (1971) showed that g]eurone layers in
Himalaya barley stf]] could not reépond_td exogenous GA3 25 days after
anthesis. However, dried immature seeds-at'leést 20 days old wheﬁ
incubated in exogenous gibberellic acid, produ;ed_]argé amounts of
alpha-amylase. King and Gale (1980) reported no alpha-amylase produc-
tion in half seeds of wheat after GA3 incubation until 35-40 dgys
after anthésis. .ArtificiaT]y dried detached half seeds responded fo
GA3 as early és 22 days after anthesis. The.rate and duration of
drying influenced the ability of the immature grain to réspond to.

GA3 and produce alpha-amylase (King and Gaie, 1980).

Barley Starch in the Mature Barley Kernel

Starch, é g]ucan, forms the food reserve po?yséccharide in
piants'(éreenwood, 1964). ~Starch, the‘most significant chemical
coﬁponent of the cereal grain constitutes two-thirds of the dry weight
of barley (Harris, 1962). Starch comprises 63-65% of the'dry wéight
of plump, .two foWed barley (Harr%s, 1962; Briggs, 1978). The endo-
sperm stores the majority qf the starch in barley, making up 85;89%
of .this tissue (Bribgs, 1978).

‘Stdrch is exclusive to plants, being a mjxture‘of two types df

Q]ucose.po1ymefs, one linear and the other ‘branched (Harris, 1962;

/
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Bew1éy and Black, 1978;‘Briggs, ]978;“Boﬁ]inski, f979). Amylose is a
Stra{ght chain polymer containing D-glucopyranose units 11nkéd by '
-alpha(1-4) g]uéosidié bonds which may?be as ]ong'as 2000 glucose resi-
dues. Amylopectin is a much larger md]ecu]e with a highly branched
structure in which the alpha(1-4) 1inked g]ucopyranose chains are
Branched with alpha(1-6) linkages every 24-26 glucose reﬁidues.

| The relative proportion oftahylose and émy]opectin can be
,éstimated by the‘iqdipe binding capacity or iodine affinity test,
capitalizing on the fact that amylose binds iodine at constant free
jodine concentrations up to a 1imitin§ value while am&]opectin bfnds
_11ft1e jodine. Starch, being a mixture of the two polymers, has an
intermediate binding caﬁacity. The proportion of amy]ose'is estimated
by extrapo]ation of the linear portion of the amylose and starch
binding curves to zero free iodine and using the following re]afiqn-
shib (Greenqud, 1964):

Iodine Affinity of starch % 100
Iodine Affinity pf amylose _

% Amylose =

Enzymes degrade starch (Greénwood, 1964; Bew]ey and Black, 1978;
Briggs, 1978; Bohinski, 1979). The two princip]e-hydro1yzing enzymeé
are a]pha-‘and beta-amy]ase. Both attéck'anha(1-4) bonds but in differ-
enf patterns. Alpha-amylase cleaves alpha(1-4) bonds at random.boiﬁts
while beta-amy]ase action removes successive maltose units beginning |
at the non-reducing terminus of the g]uéopyrahose chain.  Neither

alpha- nor beta-amylase can remove branch points, with cleavage stopping
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two tolfhree g1ucose»units_from the alpha(1-6) bond. Thus amylose can .
theoretically be converted entirely to glucose plus maltose and‘a1pha
“and beta déxtriﬁs'by the combined action of alpha- and beta-amylase.
The same two enzymes will only partially degrade amy]opectin.' Even
though the theoretical yield of maltose from amylose digested by pure
beta-amylase is 100%‘(Harris, 1962) the actual yie1d.is near 73%. This-
incomplete conversion of amy]ose”by beta-amylase is probably due to
some modification in amylose structure (Greenwood, 1964), possib]e
~ anomalous alpha(1-6) Tinkages (Briggs, 1978). Beta-amylase converts
only 58% of ahylopgctin to ma]tosé (erenwood; 1964) . ‘

.Starch grains are laid down as insoluble particles. The starch
content of the grain during grain development rises iﬁ a logarithmic
(Harris, 1962) dr sigmoidal fashion (Briggs, 1978). Ninety-five
pércent of the starch is deposited in the initial 11—28 days after .
spike emergence (MacGregor et al., 1971;\Br%ggs, 1978). Genotype. and
environmental characteristics cdntro1 the amoﬁnt and properties of
stafch (Harris, 1962). Amylose and amylopectin ;fe not synthesized
simu1£aneous1y (Harris, 1962; MacGregor et al., ]97i; Brfggs,_1978);
The.amyIOSe conteﬁt of the starch increaéed.frbm a value of 13.8% after
14 days to 22.5% and kemained constant to maturity,‘indicating.that
during the ear]y-stages of growth, the'amylopectin fraction was synthe-
sized at a re1ative1y:faster rate than amylose (MacGregor et al., 1971).

The proportion of small starch granules increases dramatically with '

\
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maturity (MacGregor et al., 1971; Br1ggs, 1978)

Bar]ey starch granules are genera]]y round and fo110w a b1moda1
size distribution pattern The small and large s1ze granu]es being
1.7-2.5 um and 22.5-47.5 .um in d1ameter respect1ve1y (Br1ggs, 1978).
Two d1st1nct starch granu1es1ze5\~ere found in wheat, the larger
granu]es being 25 um 1n diameter and the small granules 5 um in d1a-

meter. The sma11 starch granules accounted for 90% of the total number

of granules but compr1sed only 10% of the total starch weight (Bew]ey and .

Black, 1978). Small stairch granu]es.have a higher ge1afinizétioh”
- temperature and amylose content (41.3%) than large granules (26{9%y N
(Briggs, 1978). | |
Normal bér]ey starch contains approximateiy 25% amy]qse and 75%

" amylopectin (Bewley and Black, 1978; Es]ick,‘]979). Vériods reports

on amylose show its range to be from 11-26% of the starch (Harris, 1962;

. Greenwood, 1964;-Briggs, 1978). Genetic mutations in barley and in

other cereals have résu]ted in starches cgntaining almgost 100%

amylopectin (Banks et al., 1970; Bewley and Black, 1978). 'In theory,”
true waxy bar]eys contain 100% amy]opeétih (EsTick, '1979) a]thdugh waxy

endosperm bar1eys do conta1n some amy]ose (0-3%) (Banks et al., 1970;
Goer1ng et al., 1973; Briggs, 1978). High amylose mutations havé '
also been reported (Greenwood, 1964; Briggs, 1978).

Nonwaxy and waxy bar]ey kernels and. po]]en gra1ns can be distin--

guished by iodine staining (Eriksson, 1969). -A single recessive gene .
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on chrohoéomé one fhat expresses xeni? controls the waxj endosberm
character (Eslick, 1979). Erftksson”(1969) reported the spdntaneous
mutation rate to the waxy phenotype in bar]ey‘fo range from-5;1-X'10f6
to 15 x 1076, o
| Many properties of waxy endosperm bér]eys have been studied andv
documénfed. A study of two Japanesé waxy endosperm barley cu]ti?ars :
showed both to have less than 0.5% amylose, a_béta-amy101ysis Timit |
of 54%'convef§ion into majtose, and an average chain length of 23
glucose unifs (Banks, et al,, 1970). . The. average md]ecdlar wefght of

this starch was 300 x 10°

and showed a bimodal distributioh of large
- and small starch granules wfth a range of 22 and 3 um in diameter,
' respectiVé]y. Waxy barley starch ge]atinizés a- few degrees 1ower.than
waxy corn starch. | |

Waxy ehdosperm barley starches are more susceptible to.enzymatic.
action p&ssib]y because the puré amylopectin staich granuies are less

resistant to enzymolysis than the amylase/amylopectin hybrid granu]e

found in nonwaxy barley (Goering et a],,.1973;'Fox and Eslick, 1979).

Goer%ng'et‘a1. (1973) has shown that waxy baf]ey starch has a 20°C lower

paétfng temperature thén normal barley (75°C vs. 95°C). In corn and .
sorghum the amylose content of the staféh does not inf1uen§e.ge1atini-
~ zation temperature. Goering ét‘a1.‘(1973) q]so'showed waxy Compan&z_
' Bar}ey starch had a simi]ar'Brabénder cooking curvélto that of waxy

sorghum starch but had only half the swélTing'power and one-third the
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so1ub111ty of waxy sorghum starch, 1nd1cat1ng that the amy]opect1n ,
- in waxy Compana was a unique starch. Waxy barley starch ma1ts more
rapidTyzthan.hormal barley starch when measured by’ ma]tose production
(Fox and EsTick, 1§79). Waxy tar1ey flour is higher than normal |
_bar1ey flour 1n beta- g1ucans The starch‘from waxy shortzawn nude
Compana grown at one 1ocat1on reta1ned suff1c1ent alpha- amy]ase-11ke
act1v1ty to 11qu1fy 1tse1f and four times. 1ts we1ght of waxy or normal.'
corn starch (Goer1ng and Es11ck 1976) . A new process for product1on
~of ultra h1gh ma]tose syrup from waxy endosperm bar]eys is based on-
some of these un1que properties of waxy bar1eys (Goer1ng et a1 1980)
It was further suggested that the ease of 11qu1f1cat1on of waxy barley
starch as well as other,character1st1cs make waxy bar]eys»potent1a11y
useful in the brew1ng 1ndustry (Goer1ng et al. 1973;‘Goering'and ‘
EsTick,. 1976) _ o

Sullins and.Rooney (1974) denonstrated that'waxy'sorghum was -
' more‘rapidly so1ubiﬁizeq by, a1oha-amy1ase enzymes'and‘by huffereo l
rumen fluid than nonwaxy sorghum and that the waxy sorghum.kernei_had
less - per1phera1 endosperm Furthermore waxy sorghum had a perii' |
. phera] endosperm 1ess -dense than nonwaxy sorghum, hav1ng large
starch granu]es w1th a less dense prote1n matr1x more: suscept1b1e to
enzyme attack (Su111ns-and Rooney, 1975). They concluded that the - pro—'
'pert1es of the per1phera1 endosperm were respons1b1e for waxy sorghum .

starch be1ng more suscept1b1e to enzyme attack
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‘.‘ Yield trials conducted over 43 environments with waxy and normal

' igogenic pairs have ;hown nd'significant yield feduction in the waxy"
endosperm genotype (E§1ick, 1979). Yield'combarisons of-éovered and
hulless isbgenic pairs gfown in replicated yield trials over 149 |
environments“iﬁdicafé'an average yfe]d reduction of -12% for the‘hulléss
character (Eslick, 1979). Isogenic.comparisons between short awn

and long awn isogénic pairs in reb]icated yie]d trials over 95 environ-

~ ments have shown no significant differences in yield (Es]iék, 1979).

Endospe}m.Modichation épd Enzyme Development

The mob11fzation of cereal en&ospgrm reserves during germination
is required to replenish eﬁbryo cafbdhydrate reserves depleted dufing
" the first 24-48 hours following 1mbibition (Bewley and Black, 1978).
The embryo controls the mobiTlization of endosperm reserves. The
embryo synthesizes and releases gibberellin to the aleurone layer
where production and release of hydro]ytic enzymes occurs (Bewley and
Black, 1978; Briggs, 1978); MobiTlization commences near the scutellum
- andspreads along the endosbermfas the aleurone 1ayer begins'enZyme
" release (Bewley and Black, 1978; Gibbons, 1980).

Hydrolysis of starch grains does not take place 1f'the enclosing
cell walls are intact. Wheat cell walls are composed of 15% protein
and 75% carbohydrétes. .Beta-glucans and arabinoxy]an'make up most of

‘the carbohydrate fraction. Proteinases, arabinoxylanases, and
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' pentosanases are ﬁynthesized in the é]éufone 1ayér and released in
‘response to. gibberellin (Bewley and~B1ack, 1978). Aéid phoSphatase,
ribonub1ease, and endo-beta-g1utanase can be synthesized in the absence
of gibberellin but fheir activities are enhanced and theirlre1ease
controlled by gibberellins (Bewley and Bfack, 1978; Briggs, 1978).
Beta-g]ucanasé; afabinoxy1anases, and proteinases degrade cell
wall constituents and dfsso]ve cell walls. Degradation of the endosberm'
wa]]loccurg initially in the sub-aleurone 1éyers then ﬁrogﬁesses to
the cénfer of the endosperm. ErQsion_of starch granules bégins only
aftef cej] walls have been modified. Dissolution of cell walls reﬁdérs
the enb]osed starch acceséibIetdenzyma#icattack(Bew]ey'and Biack,” .
1978). |
Gibberellins, released by the embryo, induce the aleurone ]ayer
to undergo metabolic changes resulting in the release of many enzymes.
Much_of the work, however, on barley enzyme synthesis has focuﬁed_oh
the syntheQis of alpha-amylase. ‘Levels of a1phé-amy]ase'act5vity '
‘increase during barley germination‘(Kneen, 1944; Br%ggs; 1964; Reyhb]ds
énd MacWilliam, 1966; Briggs, 1968a; Palmer, 1969; Kruger, 1976;:
_Béw]ey and E]aék, 1978; Briggs, 1975; MacGrégor, 1978; MacGregor anq
Daussant, 1979; Daussant and'Mayer,l1980); Barley kérhe1s s&ntheéize :
alpha-amylase de novo primarily in the aléurone 1ayéf in response to a
gfbbere]Iin trigger received from the embfyo. Dé novo alpha-amylase

synthesis is documented and supported by many facts including
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(a) the.production-of a1pha-amyﬂasé in jsolated barley aleurone layers
©in response to endogenous GA, (b) subséquent declines and increases
| in enzyme productfon as thé hormone is Eemoved'and:reapplfed (Briggs
- 1964; Bewley and Black, 1978), aﬁd“(C) 1mmediate.stobpage'of alpha-
'amyiase'synthesfé by protein synthesis inhibitqrs (Bkiggs, 1963, 1964;.'
Bewley and Biack, 1978). -Definitive proof of.de noyo synthesis of |
.a1pha-amy1ase was éhown by labeling émino acids with ]80 (BeW]ey and
Black, 1978) or radioactivity (Briggs, 1964) and subsequent1y detect1ng
the labeled amino acids in synthesized alpha-amylase.

" Several studies have shown synthesized gibberellin is involved
in enzyme synthesis. 'Expériments have shown that exciged barley
1:embryos can re]ease g1bbere111n up to 60 hours in vitro (Briggs, 1978),-
that the endosperm of degermed grain can be mod1f1ed in the presence of
exogenous GA while 11tt1e modification occurs without the GA (Briggs,
1968a, 19789? and .that the embryo can be rémoyed iwo to:three days
after:germinatfdn begins, with 1ittle effect on enzyme level (Briggs,
1978). Up to sevéﬁ,isozymes of alpha-amylase including the two major
groups of the enzyme appear in GA treéted iso1a£ed aleurone 1ayers‘and'
during gerﬁination (éew]ey and-BTack,,1973;.MacGregor,-1978;-MacGregor
and Daussént,'1979;.Daussanf and Mayer,,1980). |

During the lag phase between'gibbere11iﬁ arrival at ‘the aleurone
- Tayer and rapid alpha-amylase synthegis the hormone redjrects protein

syntheéis in the aleurone cells, possibly by enhancing synthesis of RNA
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including mRNA for alpha-amylase. Gibberellin may also enhénce activa-
tion or protection of mRNA in the aleurone cells. There is Tittle firm

evidence that GA acts at the translational level of control (Bewley and

" Black, 1978).

‘The a]eurohe layer produces about 85% of the alpha-amylase and the
scuteTlum 15%. Malted barley shows about 7% of the a]pha-amy153e is |
located in the embryo with the remaining 93% in the éndosperm indica-
ting that about ha}f the alpha-amylase produced in the embryo is
released to the endosperm (Briggs, 1964, 1978.)7' A1pha-amy]a§e accuﬁ-

ulates in the aleurone layer before its release (Briggs, 1978).  Synthe--

'sis of alpha-amylase is probably limited nbt_by the inability of thé

aleurone Iayer to respond to gibberellin but by the supply of
gibberé]]in to the aleurone layer (Atanda and Miflin, 1970; Briggs,
1978). The deficiency in gibberellin supply to the aleurone layer is-
probably due to deficiencies in the transport of gibberelTin to the
aleurone rather than lack of synthesis at tﬁeAembryo since endosperm
areas distal to the embryo produce disprdportionate]y Small‘amqunts'of
alpha-amylase (Atanda and Miflin, 1970). .

Higﬁ embryo sugar levels may depréss levels of alphajamylase

production (Briggs, 1964) or prevent Qibberel]in.production or release

~ from the embryo (Briggs, 1978). Enzyme synthesis may be controlled

through a feedback Toop in which gibberellin production is controlled

| by the sugar levels in the embryo while sugar levels are controlled py
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enzyme synthesié and ultimately gibberellin broducfion (Briggs, 1978).
- Proteolysis, removal of .starch and calcium ions, and a falling pH
-contribute to declining enzyme activity (Briggs, 1968a). Externa]ly'
applied gibberellins can replace or augmeni embryo produced gibbére1lin
to- initiate or increase alpha-amylase formation (Brigés, 1963, 1964;

Reynolds énd MacWilliam, 1966; Briggs, 1968a; ba]mer, 1969; Afanda and
Miflin, 1970; Bewley and Black, 1978; Briggs, 1978;. MacGregor, 1978;
Smith and Briggs, 1978). The amount and rate of alpha-amylase produc-
tion is also influenced by barley genotype (Atanda ahd'Mif11n, 1970;
Gothard, 1974; Bewley and Black, 1978; MacGregor,,1978), témperature‘
and water conditions during germination (Kneen, 1944; Briggs, 1968a;
MacGregor and Daussant, 1979), oxygen availability (Smith and Briggs,
1978) and mechanical damage (Briggs, 1968b).

Proteinases synthesized de novo in the aleurone layer in response
to_gibBere11in, activate beta-amylase, present in a bound inso]ub}e form
in ungerminated barley, by reducing the number of disulfide bridges.
between the enzyme molecule and insoluble proteins (Bewley and. Black,
1978; Briggs, 1978). Beta-amylase is not-synthesized.de'novo. Beta-
and alpha-amylases work together in starch breakdown and can completely _
hydrolyze amylose although amy]opectin-digestjon halts with the produc-
tion of Timit dextrins (Bewley and Black, 1978).

Two debranching erizymes are reported in cereals. R enzyme, found

in barley ma]t? debranches amylopectin and beta-limit dextrins, while

Y
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. Hmit dextrinase, reported in Proctor barley and ungerminated:oats;
'._attacks a1pha- and beta-1imit dextr1ns but does not debranch amy]opect1n‘
.(Bewley and Black, 1978). "The aleurone’ 1ayer synthes1zes 11m1t ‘
4 dextr1nase de novo at the t1me .of starch breakdown, its act1v1ty ‘being -
‘enfianced 10-15 fo]d between the f1rst and fourth days fol]ow1ng 1mb1b1-;
; tion (Bewley and B]ack 1978). ‘ | o
| Starch amo]ys1s produces two maJor products, alpha- and beta—
| ma]tose. Alpha- g1ucos1dase an enzyme present in the qu1escent barley
embryo and_a]eurone layers, hydro]yzes these products (Bewley’ and
Black, 1978; Briggs, 1978). ‘The enzyme activity increases at both,
sites during the first five days following imbibition. Bar]ey-haif
gra1ns re1ease a de novo- synthes1zed a]pha amylase from the aleurone -
. Tayer within 12 hours of the addition of GA (Bew1ey and B1ack 1978)
G1ucose the resu1t1ng product of a]pha glucosidase act1v1ty, is
absorbed by the scute11um, converted to sucrose, and transported to*

' ‘the grow1ng embryo (Bewley and B1ack, 1978).

‘Germination

The germination process results in growth of the -grain embryo man-
. 1fested by the growth of the root and an increase 1n the Tength of the
shoot with concurrent mod1f1cat1on of the contents of the endosperm
(Schuster, 1962) Germ1nat1on beg1ns as the surface 1ayers p1ck up |

,water wh1ch penetrates through the m1cropy1e 1nto the kerne1 (Br1ggs, -
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: 19787.“The gfain swef]snduring fhevfjrst é4 hours and the embryo

' becomés'tUrgid and increases in size. Germination begins with the -
émergence of the coleorhiza, primary, aﬁd secondary seminal roots from
the‘embryo,(Po]lock,.1962; Briggs, 19785. At almost the same.timg the
coleoptile breaks th?ough the testa and begins elongation. Thé coleop-
- tile grows up thé dorsal side of the kernel, pressing a groove in the
endosperm and emerging from the apex of the kernel 6r through the lemma
along one side (Schuster, 1962; Briggs, 1978). The outside grain
cover{ngs probably restrict physically the elongation of the plumule
sincé the e}ongation of the plumule in dehusked grain dqring germination
‘is éonsiderably greater than in intact barley kernels (Schuster, 1962).-
Endogenous nesenves support initial growth of the embryo while subse- .
quent growth makes use of products from the endosperm dissolution

~ (Briggs, 1978).

| Endosberm Breakddwn begins immediately below the scutellum in a
-layer of compressed éé]]s and moves toward fhe gfain apex (Schpstér,
1962; Briggs, 1978).'_After a short perﬁod, alteration proceeds fastér-
immediately below the aleurone layer (Briggs,.1978). The asymmetry.
‘of endospérm.breakdOWn results from the angle of,the.scutei]ar face .
against tﬁé endosperm, the sequence and 1oéation in-which degradatfve

' enzymes afe fdrmed, and the property of resistance to énzymatic degrad-
ation by residuaT walls in the nu6e11ar sheaf cells (Briggs,'1978).

Endosperm alteration begins with the hydrolytic decomposition of high:
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molecular weight materials by enzymes present in‘the:bar1ey'
' (Schuster; 1962). .The synthesis-of certain enzymes follow soon after
the beginning'of germination (Schuster, }1962). One)of these enéymesS:
.a1pha-amyfase, deve1ops rapidly‘fn germfnating grain, and with beta< '
amy1ase'and.certa1n'other enzymes attacks'starch.granules, causing
granule pitting and/or granule erdsion'andfultimate1§fstarch'grann1e
' breakdown (Schoster, 1962- Briggs, 1978) The degradat1on products of‘
the enzymes rapidly d1ffuse through ‘the scute11um and are used for _
| resp1rat1on and the energy processes of growth (Schuster, 1962)
o Germination begins w1th water absorption and rehydrat1on of the |
kerne] (Brown,1975; Bew1ey and Black, 1978) The-kerne1 requ1res a
minimum of 357 water for act1ve germ1nat1on (Essery et al., 1954,
K1rsop et a1., 1967; Brown, 1975; Wa1nwr1ght -and Buckee, 1977).' Ade-
quate kerne1 modificatfon for ma]ting barley requires a further
“increase 1in water percentage to 42-45% (K1rsop et al., 1967) or‘43-46% "
‘(Brookes et a1 1976) Var1ous researchers have concluded that good
ma1t1ng performance is pos1t1ve1y corre]ated with the ab111ty of bar1ey
‘to take- up water rap1d1y (Brookes, et al. 1976 U1onska and Baumer,,
1976; Wa1nwr1ght and'Buckee,'1977). |
| Varibds.factors'affect water imbibition'by.the barley- seed. Large
: kerne]s have been reported to initially 1mb1be water faster than sma11
kerne1$ although small kerne]s ‘reach the appropr1ate level for

germ1nat1on more rap1d1y, and after pro]onged steep1ng have a h1gher
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moisture percentage than 1arge kernels (Pollock, 1962;~Brookes'et.a].;
.‘v1976 Dav1dson et al., 1976). Br1ggs (1978) reported sma11er kernefsr
. take up mo1sture faster and to a higher- f1na1 1eve1 than large kerne]sL
A pos1t1ve ‘correlation between starch content and t1me requ1red to
-reach a predeterm1ned mo1sture Tevel has been reported- (Po]lock 1962;
. Brookes et a] 1976) as we11 as a correspond1ng inverse relat1onsh1p .
between.nitrogen content and,1mb1b1t1on rate (Brookes et al., 1976).
Contradictory“reports as  to the influence of inftja]“barley.ﬁoisture
‘content on water uptake exist but it is probable that barley; 1%&@3'
other seeds, has a ve10c1ty of water uptake 1nverse1y proportional to
“the amount of water prev1ous]y absorbed (Brookes et a1 1976). 01d;
" -dry barley seed” absorbs water at'a much slower rate than does freshl
moist seed, however. Increas1ng temperature increases the rate of
1mb1b1t1on (Pollock, 1962 ‘MaclLeod, 1967; Brookes et a1 » 1976;
Briggs, 1978). ATl bar]eys probab]y have a s1m11ar temperature co-
efficient of imb1b1t1on - A Tinear inverse. re]ationship exists between '
temperature and the 1og of the time requ1red by grain to reach a L
particular mo1sture 1eve1 (Br1ggs, 1978) . water sens1t1v1ty
| (Brookes et al. 1976), embryo and/or m1cropy1e size (Davidson et al.
1?76) and var1ety (U]onska and Baumer, 1976).may.also influence water '
uptake. : ' | |
Upon 1mmers1on of bar]ey 1n water an 1mmed1ate mo1sture 1ayer “

(2-3% fresh we1ght) forms around the kerne] (K1rsop et a] 1967;




Brookes et-al., 1976; ngfdson et al., 1976; Briggs, 1978). This

film of water must.be'removed for accufate water uptake'studies.
(Briggs, 1978). Drying by blotting fails to remove all water on the
external surface and may inflate estimates of watér uptake by 1%:or '
more (Davidson et al., 1976). Surface 1ayers hydrate rapidly, within
the first two hogrs in hulled barley and the first 30 seconds in -
hulless grains (Briggs, 1978). In'nakedfgrain the pericarp conducts
: Water so well that the grain interior hydkateé at the same rafe”
whether the apex, the base, or the whole grain is immersed in water.
During imbipition-the moiéture contenf increases rabid]y, then at a
progressively declining rate until, if germination does not occur, it -
approximates a 1imif1ng value (Briggé,-1978). |

Numerbus researchers have reported a triphasic pattern of ﬁatér

uptake in germinating_seeds (Brookes et al., 1976; Bew]ey'and Black,
1978; Takahéshi, 1980). Phése 1 (imbibition)- is purely a physical
process, occurringlduring the first six to ten hou;s after immersion,
characterized by rapid water uptake accounting for 60% of total Water_
uptake. Séed colloids imbibe water'previous1y lost during ripening
regardless of dormancy or viability pfoblems. Permeability of the
seed integument controls this phase. Phase II (10-20 hours) is the.iag
or acpfvation phase during which water uptake siows or ceases. Major .
metabolic processes begin and Qater upfake resumes with increasﬁng

~ osmotic pressure. ‘Dormant seed does not undergo this phase as control
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is exerted by embryo dormancy. Phase III (20+ hours) constitutes -a
steady jinear increase in water uptake that can be correlated to plant
'métabolism: This phase, an acthe'process, occurs only in viable seed
~$nd‘inc1udes the visible onset of germination.

: The‘sﬁrface 1ayers ofithe barley kernel are the principle barriers

_to water entry. The. testais semi-permeab]e and may’réstrict watgr
entry for the<first few hours. The pe?icérp, however, is the princip]e‘
barrier to water entry-(Brookeé et al., 1976). Gaps'exiét in the péfi-
carp and testa, espééia11y near the .embryo, which may allow water
entry. The embryo preferentially takes up water (Kirsop‘ét al., ]967;:
MacLeod, 1967; Brookes et al., 19?6). Embryb moisfdré content may .
reach 65-70% while the endosperm_moisture-content is 41%. Most water
uptake by'the'kernél Tikely 6ccurs_1n the micfopy1ar région (Po116ck,
1962; MaclLeod, 1967; Brookes et al., 1976; Briggs, 1978).

* A barley imbibition étudy conducted at 13° C 1ndicatéd that the
axis of the embryo and the scutellum absorb water considerably faster
than all other kernel parts except the husk (Reynolds and‘Macw111iam;
1966). Rapid absorption of water by the embryo for éix hours
followed by .a declining rate of absorption resu]fed in ébout 58%
moisture after 24 hours in the imbibed embryo. 'TheA$cute11um Tagged
behind the embryo in water uptake until about six hours thgn para]ie]ed
the embryo moisture content up to 58% moisture at 24 hours. The |

"endosperm ébsorbed-water more slowly, reaching 35% mofsture at 24
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hours. Water content of the whole grain was 38.4% after 24 hours.
Another study conductéd”at 25° C showed water content in whole grain

increasing from 17.4% to 23.8%, 26. 2? and 30.5% after 2, 4, 6, and

.8 hours, respectively (Dav1dson et al., 1976).

Many factors affect the germination of seed, oné'of.the most
jmportant being seed dormancy. Seed dormancy can be ﬁéfined to
include all instances of inhibitfon of germination, whgther they are
connected withtthé-properties of the seeds themselves or whether tﬁey
are determined by envifonmenta] conditions. In the broadest sense
dormancy is the absence of germination or as a greater'or‘]ésser
reduction of the germinative'capacity of séeds, or'fina1]y as ‘the .
mainfenance of the capécity fd gefminate only within a small range of
conditions (Nikolaeva, 1969). Barley seeds soﬁetimes fail to germin-
ate due to primary (intfinsic) dormancy or secondary dormancy, the
1attgr of which is imposed by external factors (Rriggs, 1978).

Dormancy varies among samples according to cultivar (Deming and '
Robertson, 1933; Chang, 1943- Bishop, i944 1945, 1946-.Esseky et.al.,
1954; Finlay, 1960a; Bell and Lupton, 1962, Carson ‘and Horne, f962;
Pollock, 1962; We111ngton, 1964, MaclLeod, 1967; Be1derok 1968; Gordon,

~ 1969; Lallukka, 1976; Briggs, 1978; Strand, 1980), weather conditions

during growth and harvest (Bishop, 1945, 1946; Wellington, 1964;
MacLeod, 1967; Belderok, 1968; Lallukka, 1976; Reiner and Loch, 1976;
Briggs, .1978; Derera;'1980; Gordon, 1980; Strand, -1980; Takahashi,.




26
| 1980), storage and hand11ng procedures (B1shop, 1944 1945, 1946'
MacLeod 1967, Gordon, 1969; Brookes et'al., 1976; Br1ggs, 1978), and
the methods used to test germtnation (Bishop, 1945, 1946 Essery.et al.,
1954; Essery et-a](,_1§55; Pollock et al., 1955a, 1955b P011ock 1962;
We111ngton 1964;. Gordon, 1969, 1970; Br1ggs 19783 Strand 1980). .
Dormancy expressed as a s1ng1e number is usually unsat1sfactory,

_S1nce the qerm1nat1on rate, as well as final percentage may change
during storage, e.g. a barley ot with 100% germination reached SOA
germ1nat1on w1th1n 31 hours 1mmed1ate1y after harvest but required on]y |
.15.5 hours after three weeks of storage (Gordon 1969). Thus a d1s-'
cuss1on of dormancy should 1nc1ude the rate as. we]] as the final
germ1nat1on percentage under a defined set of cond1t1ons (Br1ggs, 1978)
‘Numerous attempts have been made to assign single deschpt1ve numbers;
to germination tests (Finlay, 1960a, 1960b; Gordon, 1969;'Goodch11d'
and Walker, 1971 Bewiey and Biack 1978). The best type of. presenta-
‘tion appears to be a graph of cumu1at1ve germ1nat1on aga1nst t1me for .
each set of germ1nat1on cond1t1ons (Br1ggs, 1978) '

' A m1xture of factors occurr1ng w1th1n the grain and 1ts surface
1ayers‘1nteract1ng with enVJronmenta1 factors probab]y cause bar]ey
dOrnancy. Embryo dormancy'in‘bar1ey is rare (Bishop, 1944; Po]]ock;I‘

19623 Gordon, 1970; Briggs, 1978) although embryo' dormancy has been .-

- reported in- Hordeum spontaneum (Bererok, 1968). Briggs (1978) re- .

- ‘ported a study‘in which jntact”bar1ey germinated76% with germination
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increasing to 12%, 46%, and 48% as 25%, 50%, and 75% of.the endosperm
was'removed, respéctively. ‘Dehu§ked grain gérminatéd at 12%, 58%;
65%, and 817% under the same.conditions. Germination of isolated

: embryos'was 100%, indicating no embryo dormancy and a certain germina-
tion inhibiting effect associated With”the seed coverings.

The most promising theory on'barleyAdormancy invo]ves_the interna]l o
Tevel 6f fﬁee oxygen in the embryo (Pollock, 1962; Be]derdk,.1968;
Briggs, 1978). Dormant and nondormant grains respire at about the same
rate (Pb]]ock; 1962; Briggs, 1978). The‘embryoé of dormant'grains, as
shown by experiments with isolated embryos, have a higher free oxygen
requirement or require a higher oxygen tenﬁion than nondormant embryos.
This oxygen requiremént of the embryo progressively declines during
after-ripening (Pollock, 1962; Briggs, 1978) or the seed coats beqomé
more permeab]e to oxygen. Eventually gnough oxygen reaches the embryo
for both germination and growth (Bé]derok, 1968). Respiratory processes
in the embryo cdmbete for oxygen with the growth processes (Pollock,
1962; Be]defok{ 1@68).-ARespiratioh,in dormant‘Seed may fequire SO mucH
oxygeh that 11tt1é may be left for germination (Be1derok,.1968). ‘The
surface structuré of the seed, sﬁrface moisture,.and.microbia1 popula-
tfons on the seed 1imif’the oxygen shpp]y to the-embryb (Briggs, 1978).
The seed surface layers restrict oxygen flow, so dormancy may be broken
or reduced‘by dahéging the pericarp mechqniCally. The surface water

film reduces oxygen uptake because of the time taken for oxygen'td
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disép]ve into water, the time to diffuse into the grafn, and the Iower
oxygen content in water as combared to air. Microbial pbpu]ation§ on
the seed influence seed dormancy by their high consumption of oxygen |
(Briggs, 1978). ‘The'pkoduction of gibbere]]ins in plant tissues
‘require aerobic conditions. The embryo requires oxygen in order ‘to
form gibberellins or.to convért bound gﬁbbere111ns~fp ffee gibberellins
(Belderok, 1968). _: | N

Prdnouncéd'dormancy may be separated intq three phases in bariey
(Belderok, 1968). The first is an immediate post-harvest phase in -
whiéh practically no grains germinate in the germination test. The .
second is, a fransitiona] phaée f61lowing the after-ripened state in
which dormancy terminates in gradually iﬁcreasing numbers of grains.
In the third phase grains fully germinafe at oﬁtimum moisture, but
cannot do 50<jf'excéss water is present. This latter behavfor demon-
strates water sensitivity. Essery et.a1. (1954) Tirst détected'wateru
sensitivity ﬁhen.they found certain barleys would not germinate
- .under normal steeping conditions. These barleys shoWed norma] germina-
tive énérgy under conditions of the accepted tést,lbuf if the amount of
water was increased from 4ml to 8m1‘germination_déc1ined (Po116ck'
et al., 19555). Water sensitive barleys fai],to germinate becéuse'thé
embryos fail to respond to the low iﬁternal oxygen tension resulting
' frbm the presence of an ‘unduly thick water'fi1m-(MacLeod,‘i967). Loﬁ

germinatiVe energy may also reflect a defiéiency of oxygen in the
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Qicinity of the embryo (Gordoh,f1969). Finlay (1960a); however, found
no water sensitivity fn his study Qf'the genetic and environmental
variations in germination behavior in 800‘cu1tiyars.‘ In fact, 8nl of
water accelerated the gérmination rate over the use of 4ml of water in
the test. Rate of water aBsorption (Belderok, 1968; Briggs, 1978) and
nitrogen content (Bishop, 1946; Be]derok,»1968) do not inf]uenﬁe' |
dormancy. '

The.fo11owing treatments reported1y-Qreak dormancy: drying wfth
heat (Bishop, 1944; Pollock, 1962; Befderok, 1968; Briggs; 1978),
gibbere]lin treatment (MaclLeod, 1967; :Belderok, 1968; Brookes et al.,
1976; Briggs, 1978), removal of seed édaf or mechanical damage -(Bishop,
1944, 1945; Pollock et al., 1955a,A1955b§ Wellington, 1964; Belderok,
1968 Gofdon, 1970; Bishop, 1978), freezing, stratification or cq]d ,
temperatures (Bishop, 1944, Briggs, 1978), germination ih.oxygen
(Bishop, ‘1944, 1945; Pollock, et al., 1955b; Brigés, 1978) and Various
chemical tréatments (Bishop, 1944, 1945; Pollock et al., 1955b;
Pollock, 1962; Brookes et al., 1976; Briggs, 1978). One or two reces-
sive gehetic'factors.keported1y contrd] dormancy in barley (Belderok,
1968).

The water conditions during.aAgerminatfon‘tegt a]éd affect the
final germinétion of the barley Tot. In addition to conditions fqur-
ing water sensitivity and water imbibition.as previously discussed,

the position of the embryo relative to the water level, water
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'temperature, and dissolved jons may affect germination. Gordon (1969)'
reported significant differences in éermjnatioﬁ in a factorial experi-
ment comparing tap and distilled wéter. |
Teﬁperature also influences germination. Knéen (1944) feported_'

the relative growth rate of wheat and sorghum, as measured by aVekage
coleoptile Tlength fncreaSed as germination tempérgture was increased
-from 14° C to 30° C.. Gordon (1969) reported that the dermination temp-
erature influenced the expfession of total germination under extessivg _
méisture cdnditjohs'bUt that it had 1ittfe effect on the final
gérmination péréentage under optimum moisture conditions. The rate of
- water absorption in barley depends on temperature (Pollock, 1962).
Specific températUres.have been noted such as 5°C’as minimal, 29° C as
optimal, and 38° C as maximal for barley germination (Briggs, 1978);
Such figures are.misléading since samples of grain vary w%dely.in res-
ponse to different gefmination conditions. Within limits mature grain
germinates more rap1d1y at higher temperatures-(ﬁriggs, 1978). One
study showed rootlet appearance in six days at 5° C, three days at
10.5° C, two days at 15.5° C, and one and three-fourth days at 17.8° C.
Dormant grain, hbwever; Qerminates bgtteﬁ at lower temperatures. |
Most dormant.bak1éy will germinate‘at 2-7° €. As the grain matures,
the temperature range over which germination occurs widens (Briggs,
1978). - Fixed tiﬁe or tempefatyre tests may be misleading. Germination

of one grain sample showed that germination in five days was'beét at
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12° C (677) The ‘same seed samp]e germinated better (95%) in an
e]even -day test at 5° b. In the 1onger ‘test germination at 12° C was
only 86%. . | _' -
Mechanicai heat and pregermination damage reduce germination
capacity of bariey (Po]iock ]962) Microorganisms 1nf1uence germina-

tion by 1ncrea51ng dormancy or by cau51ng seed or seediing death

(Briggs, 1978) Aging of seed leads to-a disappearance of dormancy and.

a s]QW'degeneratiqn of the' embryo 1eading_to eventual death (Poiiock,
B 1962). Cpitivar'characteristics and‘stdrage conditions affect '
| bariey_germinative capacity‘and life 2P0110ck, 1962; Briggs, 1978).
Assessment of germination characteristics of grain;generaliy faiis
into three groups of testS"'germination capacity tests, germination
energy tests and special germination tests such as the water sensiti-
vity test (Pollock, .1962). Germination energy tests assess the
, perCenttgermination of -a given seed Tot at a particular time under
standard conditions (Bishop, 1944; Belderok, 1968; Briggs, 1978;
.rBrookes; 1980). Germination capacity tests determine the viabiiity.of
:the seed 1ot as the percentage of seed both dormant and nondormant
B (Bishop, 1944, Be]derok 1968; Briggs, 1978; Brookes, 1980). |

 difference between-germinative energy and germinative capacity deter-

~* mines the amount of dormancy in the sample (Briggs, 1978). The differ-

-ence-between germination with -4 ml of water and gérmination with

8 ml of water has been defined‘as water sensitivity (EsSery et al.,

e
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1955; Wainwright and Buckee, 1977; Briggs, 1978).

Many standardized germination methods exist although many have
serious Timitations (Bishop, 1944, 1945, 1946; Essery et al., 1954,‘
1955; Pollock et al., 1955a, 1955b; Pollock, 1962; Macleod, 1967;
Be]derbk, 1968; Gordon, 1969; Wainwright and Buckee; 19775 Briggs, 1978;
Gordon et 51,, 1979). Tests and criteria for germination differ de-
pending on intended use of the seed (Briggs, 19785. Maltsters require
rapid germination such as 50% in one to two days and 95-100% in three
days and score grainsAas gérminated as soon as the coleorhiza appears.
For seed testing purposes the seed must produce a whole, normal,
vigorous seedling with an adequate root system, a‘co1eopti1e, and at
Teast one seedling leaf: (Briggs, 1978). Mafting germination tests |
generally require only three to four dayé while seed testing germina-
tion require 7-14 days (Briggs, 1978). Reliable germination results.
require replicated subsamples under rigidly standardized conditions
of temperature, amount of water, and test duration (Briggs, 1978). ..
Inadequately controlled conditions may lead to serfous discrepancies
between various germination tests (Essery et al., 1954; Briggs, 1978).
Micro-organism infections can cause mold growth and rotting during
testing (Briggs, 1978). Most microbial infections can be controlled by
seed treatment.

Germinative energy tests are uéua]]y cdnducted at 15-20° C and are

about 72 hours in duration although some may take longer (Essery et al.,
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1954). Some of the common germinative energy tesfs include the
Schﬁnfé1d test, the Aubry method, the Cﬁidewe or Schonjahn méfhbd, and
‘the Buchingor te§t (Bishop,,1944; Essery et ai., 1954; Briggs, 1978).
' More.satisfactory tésts can be done in flat dfshes, on filter pépers,
in graded saﬁd or soil that is as uniform as possible to which exactly
measured proportions of water are added (Briggs, 1978). No difficul-
ties arise when determining germinative energy in fully mature barley
although the precise énvironment during the test determines germination
1f some degree of dormancy exists in the barley sample (Pollock, 1962).

Germination capac1ty tests determine viability 'directly by forcing
dormant seeds to germinate or_indirect]y by determining viability in
some other way (Pollock, 1962; Briggs, 1978). Direct germfnafion,capa-
city tests involve pretreatment to“eliminate dormancy. Common |
methods include steeping in dilute hydrogen peroxide (Thunaeusltest)
(PoTllock, 1962; Wainwright and Buckee, 1977; Briggs, 1978§, cuttiﬁg
the grains in ha]f'transverse1y followed by germination (Eckhardt
test) (Bishop,‘1944; Bfiggs, 1978), treatment with gibberellic acid
(Pollock, 1962),'rehova1 of the hﬁsk and pericarp with sulfuric acid-:
(Pollock et al., 1955a; Pollock, 1962 Br1ggs, 1978), mechanical
peeling (Bishop, 1944, 1945, 1946; Pollock, 1962;-Br1ggs 1978), and
germination in a so]ution‘of botas§1um nitrate (0.2%) (Briggs, 1978;
Gbrdon et al., 1979). Indfrect measurements of viability use chemicai

substrates to determine the ‘viable proportion of. seed. Dgad seeds
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take up barium ch]oride and resazurin.or indigo carmine stains end'
these have been‘used te determine germinqtive capacity (Briggs;_1978).
More successful indirect methods detect 1iving tissues by the abi]ity
of their enddgenous'enzymes and substrates to reduce materials such as
' dinitrobenzene'(Bishop, 1944; Briggs, 1978), salts of selenium
(Bishop, 1944, 1945, 1946; Pollock, 19625 Briggs, 1978), tellurium
(Briggs, 1978), or tetrazolium sa}ts (Qishoe, 1946; Pollock, '1962;

" MacLeod, 1967; Wainwright and.Buckee, 1977; Briggs, 1978) to colored,

insoTub1e substances which stain viable tissues. Tetrazolium tests

are the most common,. the chemical being reduced to h1gh]y 1nso1ub1e,

bright red forazans in viable t1ssue (Br1ggs, 1978). ' '
Measurement of seed dormancy may involve detérmining the length. of

the dormant—period, determining dormancy intensity (% dormant seed) or

both.(Strand, 1980), The length of dormancy is the'number of days -

Between the harvest-stage and the time when a given‘percentage of

grain (e.g., 50%, 85%, 98%) is capable of germinating under'se]ected
test conditions (Belderok, 1968).‘ Strand (1980) defined the‘iength

;of‘the dormant.period as the number of storage days at 20° C required
‘to reduce dormancy to an acceptable Tevel. Dormancy length tests
generally involve ear-germ1nat1on tests which begin at harvest r1peness
‘and are conducted at regu]ar intervals unt11 dormancy 1is’ gone or germ1n-
at1on reaches a predeterm1ned level (Be]derok 19685 01sson and

Mattsson, 1976). Olsson and Mattsson (1976) conducted a study on the
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length of the dormancy period in wheat by germinating seeds at 18° C
twice per week frdm full ripening until 50% germination. They found
large cultivar differences iﬁ the  Tength of the dormancy period.
Dormanéy intensity .can be defined as the percentage of dofmant seeds in
a sample. Dormancy intensity determinatioﬁ may involve germination at
various temperatures with the sensitivity of the test depending on
gekmination temperafure (Strand, 1980). Other dofmancy intensity
tests include hanging grain bundles in 5 c1oséd rbOm, keeping them
moist and evé]uating the extent of germination at 7, 16, or 14 days

by use of a predetermined scale or alternately by terminating germina-
tion after 3-5 déys and estimating the amount of germination by an
alpha-amylase test (Belderok, 1968). Aécurate dormancy determination.
requires te;ting at the same maturity stage (Belderok, 1968; Strand,
1980), careful threshing to avoid kefne1 damage (Strand,‘1980),

Tow moisture levels to eliminate water sensitivity (Strand, 1980),
careful atfention to germination temperatures (Strand, 1980) and stan-
dardized storage of 1ots to be tested (Olsson and Mattsson, 1976;
Strand, 1980). Leﬁgth of wheat dormancy periods increased from 12 to
15 to 50 days as storage temperature decreased from 22° C to 18° C to
2° C, respectively (Olsson and Mattsson, 1976). Noll and Czarnecki
(1980) reported accurate dormancy testing coﬁid be delayed for up to
4-5 ﬁonths in wheat by storage at -15° C or by increaéing the germina-

tion temperature to 30° C. The same varietal ranking for dormancy was
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achieved ‘under these conditions as was found immediately aftér
harvest. Results from spike and gfqin ﬁermination fests show that
dormancy depends primariiy on grain properties whiie spfké type (erect
or nodding), density of the head, and the presence of glumes have a
minor effect on germination behaviof (Bé]derok, 1968){

Breedihg bOpulatiohs can be screened for dormancy in the F2 or
later generations by planting seeds in moist sand in a bench and a110w;
'ing the seeds to germinate. Ubbn termination of the Qermination the
seeds are sifted from the sand (Strand, 1980). The germinated seeds
are discarded and the dormant seed,savéd and dried for subsequent
p1antfng. Selection ﬁreSsure is regu]ated by the.dormanéy level in the
pobu1ation at the time of the test and the'percentage of the pbpu1atidn
expected to survive the test. The Tevel df dormancy of the popﬁ]ation
: is a function of climatic conditions during ripening,_fhe génetic level
of dormancy, storage témperature, and the time from maturity to testing.-
The test is.from 5-10 days in duration at temperatures from 10520° C. .
The higher temﬁerétures.manifest more dormancy and are applied to iow
dormancy material or for a low se]ectioh,préssure tbward_nondormanqy
(Strand, 1980).

Germination percentage obtained ﬁnder.speciffed cbnditiohsﬂis the
most common]y.used measure of germination. It reveals nothing, howe&er,
about the rate or uniformity of‘ggrminafion (Béw]ey and Black, 1978).

Another commonly used germination measure is the germination rate which
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.can be éxpresSed foF.a siﬁgTe seed, for a popu]atibn, or a proportion
of the popu]ation; The mean gérmination rate of a population may be-
exprésséd by.Kbtowski!s coeffipient'of velocity (CV)_(Bew1ey and
B]ack,i1978). Various attempts have been made to combine both the
-germination rate and final germination value into a sing]e'numérical
value. Czabator's gefminatioh value (C). and Timson's germination index
have been criticized because simi]ér values may be obtained from
different cumulative germination curves_(ﬁew]gy and Black, 1978).
Finlay's germination behavior vajue‘(G) (Finlay, 1960a) and Gordon's
germination resistance (G.R.) and dniforﬁity factor (U.F.) (Gordon,
1969) providé single numerical values expressing germiﬁation behavior.
Goodchild and Walker (1971) combined mean germination rate, total
germination, and variations in raée 1ﬁto a polygonial regression
method or curve fitting while Janssen advocated a method using the
average germination time, the standard deviation, and the total accum-
ulated sum of the normal curve (Bewley énd Black, 1978).

Barley germination behavior is quite variable and falls into
'thfee broad cTassification§ based on a Qermination behavior value (G)
(Finlay, i960a). The first group (G=460)-Hés fast-and even germination
and is composed almost entire]y'of naked barley types é]though avfew
exceptional hulled varieties approximated this rate of germination. The

majority of bqr]ey varieties fall into a medium category (G=300) of
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germination. A few barley varieties gémiriai;e slowly and unevéniy'f _

(61 45).




'MATERIALS AND METHODS

.General‘EXperimenta1 Procedures

In these.expenihents seeds were -germinated between'moisf b]otten_
papers in plastic germinationlboxes. The boxes were placed‘in’p1ex— }
iglass gernination chambers with.femperatdre:maintained between.ZO?
and 25°C and the relative humidity near 100% | Each bdx was watered
as needed to keep the b]otter papers mo1st Tr1p11cate samp]es of
oné hundred seeds were germ1nated from each seed lot. A11‘germ1nat1on-
tests 1asted seven days. ~Seeds were cons1dered germinated at the
- first sign of embryo'gnonth. Counts were made after seven.days‘or
after specific days of germination as indicafed in specific experi - |
,ments | | | o

Base 1eve1s of alpha- amy]ase, def1ned in this’ experiment - as

' that alpha;amylase present 1n the kernel prior tp any 'gérmination, were
o estimated‘Using a gel diffusion-starch digestfon techndque deseribed
by Fox and Eslick (1980). Areas of starch digestion rings were A

converted‘to ng dye.release/minute/mg sanp1e.ny calculating a' |
rednessfon'dine for each p]ate from three check samples of known‘
-a]pha amylase act1v1ty and subsequently determ1n1ng enzyme act1v1ty
‘.for each-samp]e Where app11cab1e a]pha amy]ase act1v1ty was. con-“

verted to ng dye release/m1nute/kerne1
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Stat1st1ca1 Methods -

The stat1st1ca1 ana]yses ut111zed var1ed with the experiment.
An F test and/or Duncan s New Mu1t1p1e Range Test were used to
compare mean responses among groups (Stee] and Torr1e 1960; . -
Snedecor and Cochran 1967). Regress1on and corre1at1on methods.

' were aTSo used where applicable (Snedecor and Cochran, 1967 Soka1
“and Roh]f 1969) “Paired compar1sons were made using a pa1red t test |
(Snedecor and Cochran, 1967) .

Some of the data violated the analysis of veriance assumptions
of.normelity and homogeneity of vaniance. Such date were transforneo_
and ana1yzed parametriea11y-or ane1yzed'using nonparametric'stattsé
tics (Sokal and Ron1f; 1969). Paired-nonpanametrtc comparisons were: -

E made usinQ the stgn'test or Wt1coxson's Signed-Rank Test (Stee1
,and Torrie, ]960§‘Snedecor and Cothran} 1967; Sokal and Roh1f, 1969).
Unless different results were obtafnedfby'ana1yzing transformed data ,
or.osing nonpanametrie~tecnniques on1y'the panametric analysis of

original data is reported.

Ekpefiment 1

The oojectiye'of this e%periment was to charecten?ze-the
dormancy fntensity and genmination behevior of barley. Fifty_bértey
-cultivars inc1ud1ng 25 two-row and 25 six-row cultivars nepresenting

~- commercial ma]ting and feed barleys were p1anted 18 Apni1 1978 at-
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1

‘Bozeman,'Montana The barley was damaged by ha11 on 16 July, during

the heading period. Heads from 16 cu1t1vars, presumab1y represent1ng

‘a w1de range ‘of germ1nat1on behav1or were harvested 30 August

short1y after harvest r1peness (14/ mo1sture)

' The heads were’ air dr1ed one week at 20°C, then threshed and

B germ1nated Germ1nat1on counts were made after days f1ve and seven,v
Speed of germ1nat1on was def1ned as the ratio of percent

'gerh1nat1on on day five to the‘f1na1 germ1nat1on percent on the

~ seventh day Residual sseed from these cu1t1vars was stored at 20°C

- for f1ve months, then tested for germ1nat1on a second time. ,-The

'-d1fference between final germ1nat1on percentage February 1979

,(Germ1nat1ve Capacity), and f1na1 germ1nat1on percentage September;"'
" 1978 (Germ1nat1ve'Intens1ty), was defined as’ the percentage of dor;' B
ihancythat had broken down during fiue honths of storage , Base.anha—
amy]ase act1v1ty 1eve1s were determined for all cu1t1vars |
Eight ma1t1ng and eight feed bar1ey cu1t1vars (MBIA, 1981) were -

eoua11y d1v1ded between two- and s1x row types (Tab1e 1). An F test
was used to compare mean responses among ‘groups. The error nean
square was used to test var1at1on w1th1n c]ass1f1cat1ons and variation
among cu1t1vars.' The within c1ass1f1cat1on mean square was used to'-
' 'Atest variatton among'c1assificattons, between malt and feed_bar1eys, |
between-two- and six-row barleys, and the interaction_among

classifications. The.data was also ana1yzed using a 1ogar1thmjc
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- Table 1. Experiment 1. Classification of barley cultivars by
. -use and row type (MBIA, 1981).

"~ Cultivar | Principle Use 2 or 6-Row -
Betzes . Malt 2
Erbet , C . Malt 2
Klages ' Malt 2
Piroline -~ . Malt 2
Dickson o ‘Malt 6
Larker .. . Malt 6
Traill = Malt 6
Trophy Malt 6
Compana Feed 2
Dekap Feed 2
Hector _ _ Feed 2
Ingrid _Feed 2
Galt : o " Feed 6

. Steptoe ' Feed 6

- Trebi - , Feed 6
Vantage ' Feed 6
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. transformation although no difference in results was obtained.

Experiment 2

This experimént was éonducted to evaluate the effect of the waxy
endosperm genelon dormancy,~germination, and alpha-amylase activity
1eve1§ during kernel maturation. Four waxy-normal endosperm near
isogenic pairs, deVe]oped in the Titan, Betzes, -and Compana_cu1tivaré,
were grown at queman‘ahd Huntley, Montana in‘piots 1.2 meters wide |
and 35.0Imeters Tong. A1l isogenics invofved in this experiment were
developed by-backcrossing tﬁe waky endospérm gene seven generations. -
into each cultivar. . ' |

Fifty to seventy-five random spikes were taken fromfeach plot E
évefy two to three days from shortiy_after heading,qnti] harVest'
maturity (less than 14% mqisture). Twenty-three samples were taken
durihg the period from 27 July to 23 September at Bozeman.  Fourteen
samples were co]lected'at Hunt1ey (24 July. to 22 August). Spikes
were weighed, air;dfied for one week at 20°C in paper bags, re-
weighed, thfeshed, and Qerminated.' Spike moisture was estimated
on a fresh weight basis using the.fo110win§ equation:

( Fresh weight - Dry weight
Fresh weight .

) x 100 = % spike moisture

Spike moisture was determined only at Bozeman. Physiological

maturity was defined:as"the point in time at whigh moisture had
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decreased to 40%. Germination counts were made after days three and

seven. - Germination speed was defined by the following equation:

( % germinafion day 3
% germination day 7

) x 100 = Germination Speed Index

Seed weight for each sample (mg/Kernel), was calculated by
counting and weighing two lots of one hundred air driéd seeds. lGef—
minaﬁién'capacity was determined after five ﬁonths of storage; Seeds
which did not germinate in the seven day conQentiona] germination
test weré cut in half lengthwise -and placed in fetrazolium ch]oride
(TZ) solution for 30 minutes. Seeds wifh brightly stained embryos
were considefed viable. Germination capacity was defined as the
sum of percéﬁt gerhination in the conventional germination tegt p1us_A
viable seed as detevmined by the TZ test. Dormancy of the deve]opQ
ing seed was estimated by subtracting:the percent gérminative
1ntehsity,:determined one week after sémp]ing, from the percent
‘ gerﬁinative'capacity. Base level alpha-amylase activity, in the
ungerminated seéd, was determined for each cultivar-date combination.

Data‘from the 13.September sample grown af Bozeman was omitted'
from statistical analyses because of considerable sproufing damége.
Approximately two inches of rainfa11.fe11 shoftTyhbefore”sampling. |
The heads were harvested wet and improperly dried resulting ih
dramatically increased alpha-amylase 1eve1§ and depreSSéd germinative

-energy and capacity.
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Isogenic analyses between waxy and normal endosperm barleys
were made by paired comparisons of waxy-nonwaxy lines at. each date
using a paired t test. Similar comparison§ were also made between
short awn-nude Compana isotypes and normal (long awn-covered) Compana
isotypes and between Washonﬁpana (waxy short awn-nude) and COmpéna |
(normal endosperm 1dﬁg awn-covered). Paired f tests were made for
each_characteriétiq at'éach'1dcation within each genetiC'backgfoqnd
then across environmgﬁtg, and across genetic béckgroundé, The waxy-
normal endosperm comﬁarisons across genetic backgrounds.ﬁere'made by
averaging waxy and normal endosperm va1ués at-eéch date and éubse-
quently comparing the means (paired by date). Paired t tests across:
environments were made éimp]y by increasing the number of pairs in
the test to include both environments. Isogenic‘ana1yées'weré also
performed using the sign and Wilcoxson's Ranked Sign tests.

Gfaphica] presentations of the time courses of various experimen-
tal observations Were.made using a three—sémp]e moving average to
.smooth and gimplify data curves. Bozeman data is presented:using the
percentage of spike moisture as-a maturity index._ ﬁunt]ey data is -
presented chronologically. The sign of the t statistié presented.in
tables 4-9 indicates the relative position of isotypes. Normal isotype
values were always subtracted from mutant isotype values in the paired
t fest. Thus & positive t statistic indicates the mutanf'isotype

~ value is greater than the normal isotype value and vice versa.




46 .

Experiment 3

The purpose of this experiment‘was to Qetermine‘the effect of
 the waxy endosperm gene on dormancy, germination, and malt qua]ity
characteristics at harvest maturity (less than 14% moisture) — Four
waxy-normal endosperm isogenic pairs plus three check cultivars, ;
Piroline, Shabet, and Klages were planted on recropped soil at
Bozeman, Montana in an éffort~to maintain prbtein éontent within
acceptable malting 1limits. The experiment was planted as a randomized_
complete block with four replications. Plots were four rows wide with
30 cm between rows. The rows were three méters Tong and were planted
at the rate of 3;25 grams per meter. Headfng date for each plot was
recorded as the days after 1 January when the ffrst floréet of.the main
tiller reached the flag leaf blade on 50% of the p]ants; P1ant
height (cm) was mea;uréd,froﬁ the crown to fhe top f]oret at fhe
hard dough stage. |

'At harvest ripeness 1.48 square meters from the Centér two rows of
each plot were harvested for y1e1d germ1nat1on, and malt quality
evaluations. Yield, grain weight per unit area, was converted to
quintals per hectare. Test wejghts were determined using the
'"Ohaus Test Weight Scale' and converted to Kg/heétoliter. Kernel
weights (grams/1000 kernels) were determined by-weighihg and counting .
30 gfams of barley seéd and then ca1§u1ating the weightof 1000 kerne]s..

Malt evaluations were made on 350 gram samp]eé, bulked in equal
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proportioﬁs from.éach fep]ication, at the USDA-ARS North Céntra]
Region Barley and Ma1t.Laboratory at Madison, Wisconsin. ‘Germination
. behavidr-was evaluated on 1 October and 3 DeCembef of the same harvest
year. Daijly germiﬁation caunts were made in the tests. Gérminafion
speed was quantified Using Finlay's germination behavior index (G)
(Finlay, 1960a). , o

Statistical ana1y$es involved an F test to compare germinatjon
and agronomic traits of mutant isotypes, a paired t tegt to_compare
malt quality charactéfistics of waxy and normal endosperm isotypes,
and Duncan's Mu]tiﬁ]e Range Test to compare differences among

cultivar means.

Experiment 4

This experimenf was conducted to determine the effect of the -
waxy endosperm gene on the rate of water imbibition. Seed from four
Compana isotypes - Washonupana, Shonupana, Wapana, and Compana,
grown in three environments was used in the study. Initial moisture
content of the seed was 7.24-9.05%. Seed Tots from each environment-
cultivar combination were immersed in 20°C, unaerated water in three
replications aﬁd sampled after 0.25, 0.50, 0.75, 1.00, 2.00, 4.00,
8.00, 36.00 and 48.00 hours of steep time. .At each sampling fﬁme,
approximately 1000 seeds were removed from the.water,.immediately

blotted to remove surface water, weighed, and then dried in a forced
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air oven at 8Q°C. Final oven dry weights were obteined when no’
further moisture loss (measured by decreasing weight) occurred.
Moisture percentage wes calculated on a fresh weight basis. Equations
describing water uptake for each fsotype and for each environment
were deve]oped using regression techniques. These equations are l
similar to those derived by Shull (1920) for Xanthium seeds. 'The‘
equation takes‘the_form Y=m1og]0(X¢1)+b in which Y=the total percen-
tage of meisture in the seed, and X=the hours of steep time, m and b
being constants, representing the slope and Y-intercept, respective]y.'
| Seeds from the same isotypes were also tested for germination
speed. Seed from all three environments had been stored for a minimum
of two years at 20 C, thus reducing dormancy to a minimel Tevel. |
Germination counts were made daily for seven eays. Germinatfon speed
was ca]cu1ated,as the germination promptness index (GPi) in which
the percentage germination on days one’through seven, reSpectiveiy,

are weighed by a factor of seven on day one to one on day seven, and

“summed.

Data were statistically analyzed using an F test to-conpene mean
responses between waxy and normal Compana isotypes and-between short
awn-nude and long awn-covered Compana isotypes. Isotype and steep
time were fixed effects, and environment was considered a random
effect.. Mean responses among isotypes were tested nsing the environ-

ment by isotype interaction mean square. Steep time responses were
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tested using the ehvirdnmént,by‘stééﬁ time'interactiqn ﬁeén.quaﬁe.:
The steep time by isoiype‘interaction was tésted ﬁsing fhe meaﬁ
square of the second ordef:interactioh.‘:A11'othéf.F tésts’invbTVed“

the residual mean square.




RESULTS AND DISCUSSION

Experiment 1. Characteristics of Ma]ting and Nonma]tinngultivaréi

Percentage germinatiye éapaéity (Tables 2-aﬁd 3) varied signifi-
cantiy amoné cu]tivafs'but nonsignificantly between malt and feed-
types or between two- and six-row bgrieys. No significant-ihter—
actioh.between-the malt-feed énd two-six row.ciagsifications Qas
detected. Significant.variation within the six-row classification
but not within the twq-row.ciassification was observed.

Percentage dormancy (Tables 2 and 3) varied.Significantiy
among cultivars, a fact well documented (Deming and Robertson, 1933;
Belderok, 1968). Malt barleys had sigﬁificantiy 1es§ dormancy than
feéd barleys. A short dormancy'period (LaBergé et al., 1971) and/or
a low dormancy.inténsity (Méiting Barley Improvement Association,
1981) are characteristic of malt barleys. Two- and six;row barleys
did. not vary significantly for dorhancy. ‘The interaction Between
malt-feed and two-six row ciassifications Wa; also nonsignificant.
Significant_variation in dormancy. existed within all classifications .
except the malt two-row ciéssificatidn. Significant variation within
~ the feed ciassificatidns would be expected. Byldefiﬁition, malt
barleys must meet rigid standards fbr.gérmination th]e feéd‘barieys
include all barleys: not meeting malt standards. |

Germination speed (Tables 2 and 3) varied significantiy ambng
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1. Mean germination behavior and alpha-amylase
activity values for sixteen barley cultivars
.classjfied by use and row type.

. Overall means

§ T r a i: t
Germinative- Germination A]phé-amy1ase '
Capacity - 'Dormancy Speed ~_Activity
. ‘ g - Ring.
o - T .;—%gi—éx 100 diameter
Classification % % : y oo (mm) .
Malt 9.8 7.8 . 9.0 7.9
"Feed - 88.4 25.5 , 73.1. - 7.6
Difference 8.4 -17.7 . 22.9 0.3
‘(Ma1t-Feed) ' .
Two~-Row ' 98.5 17.9 . 81.6 7.6
Six-Row 86.7 15.4 87.5 7.9
- "Difference . 11.8 2.5 -5.9 -0.3.
(2-vow = 6-row) = :
Malt 2-row 99.1 - 5.4 97.4 7.6
Malt 6-row 94.5 10.2 94.5 - 8.1
Feed 2-row '98.0 30.4 65.7 7.5
- Feed 6-row ' 78.8 20.5 e0.4 7.8.
92.6 167 845 7.75
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fied by use and row type.

Ana1ysis of variance for certain germination -
traits for sixteen barley cultivars. classi-

Germinative .  Germination
- ' Capacit Dormancy Speed -
Source of Variation df M.S. 3 : - M.S.
Cultivars s ©630.7+%  BO7.9%* 10847+
Among classifications 3 ' 1057.0 1492.8 "2543.4%
"~ Malt vs Feed - 1 841.7 3763.0% 6291.0*
2 vs 6-row ' 1 - 1692.0 77.5 - 419.5 . .
MvsFx2vsb6-row . 1 © 638.0 638.0 916.6-
Within classifications - 12 524.1%* 636.7*%* 720;8**'
‘Malt 2-row 3 1.0 67.0 - 18.6
. Malt 6-row 3 - 153.2%%  590,5** - 38.1.
Feed 2-row 3 © . 18.3 1258, 3%* 1320.8%*
Feed 6-row 3 1923.7** 631.3%* . 1505.7**

Error

2 9.5 29.6°

38.3 .

*, k% Significant'at
respectively.

the P=0.05 and P=0.0% probability Tevels,
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f-cﬁTtivars and between malt and feed types. This agrees with prior
research (Finiay, 1960a§ Ulonska and Bauher, 1976) reporting wide
variation in germination speed. Two- and six-rpw'barleys did not
Qary ﬁignificant]y for germination speed. Feed<bar1eys had signifi-
cant variation within classifications, but not the malt barleys. |
- Leve}s of base é]pha-ahy]ase'activity did'not Vary ﬁuch among -
classificafions (Table 2)'and among cultivars. ’Statistica1'ana1yses
were nét conducted for a1pha-amy1as¢ activity due'to inadequate
replication. Available information supports the finding of Riggs and
-Gothard_(1976). They reported that alpha-amylase levels reached a
peak shortﬁy after anthesis, declined to a negligible level by
31 days post anthesis, and then remained stable unti1'matur1ty. No
significant differences were reported among seven barley Eu]tivars
for alpha-amylase activity in the period f?om 31 days after anthesis
“to maturity. ‘.
o AThis_exberiment Eonfjrms that germination behavior varies
widely among.barléy cultivars and between mélt and feéd bqr1eys.'-'
" These results also indicate thatlscréening for malt bar]eyé could
' 1nvo]ve testing for dormancy, germinatién épeed; or both. Row fypé

itself gives no indication of germination behavior.
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.. Experiment 2: Kernel Weight, Germination Characteristics, and R
S ' Alpha-amylase Development During Maturation

Maturat1on as measured by mo1sture percentage

Percentage spike mo1sture of all bar]ey Tines samp]ed throughout
”kerne1 maturation at Bozeman (F1gures 1-4) para11e1s patterns of
' gra1n mo1sture content dur1ng kerne1 deve]opment reported for bar1ey :
(We111ngton, 1964, MacGregor et al., 1971) and wheat (Gordon et al.,
1979). Isogenic»ana1ysis (Tab1e 4) showedlspike moisture to be '
s1gn1f1cant1y higher for the waxy endosperm 11nes than for the norma]
endosperm Tines. Waxy endosperm Tlines averaged one to two percent
‘higher:spike mo1sture than d1d.norma)»endosperm 11neslat‘each samp]yng‘
Cdate (Figure 1). Durihg kernelrmaturation Washonupana:and watan had
' s1gn1f1cant1y h1gher sp1ke moistune than Shonupana and T1tan, respec;
t1ve1y (Table 4). Washonupana had a 2-16% h1gher sp1ke mo1sture per-
lcentage than Shonupana (F1gure 2) while Watan was O- 11% h1gher in
sp1ke m01sture percentage than T1tan dur1ng kerne] maturat1on (F1gure
h 3). No s1gn1f1cant d1fferences in sp1ke mo1sture existed. between
Wapana and Compana and between_Wabet,and Betzes during this per1od.
Paired comparisons among-the‘four_Compana iso]ines'éhowed that'
_ the short awn-naked. isolines were, in'both.cases, signtfﬁcaht]y
.htgher in spike moiSture during kerne] waturation than the 1ong'awn-
covered isolines (Table 4). The short awn naked 1so11nes Washonu-

pana and Shonupana averaged 2-14% h1gher in. sp1ke moisture than
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Experiment 2. Average spike moisture of four waxy and
four normal endosperm barley isotypes sampled 23 times
(27 July - 23 September 1978) during kernel maturation
at Bozeman, Montana.
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Figure 2. Experiment 2. Spike moisture of four Compana isotypes

sampled 23 times (27 July - 23 September 1978) during
kernel maturation at Bozeman, Montana.
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Figure 3. Experiment 2. Spike moisture of two Titan isotypes
sampled 23 times (27 July - 23 September 1978) during
kernel maturation at Bozeman, Montana.
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Experiment 2.
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Average spike moisture of two short awn-

naked and two long awn-covered Compana isotypes sampled
23 times (27 July - 23 September 1978) during kernel
maturation at Bozeman, Montana.




Table 4. Experiment 2. Statistical analysis using a paired t test
- C ' -of percentage spike moisture_during kerne1‘j:

. maturation for eight barley lines isogenic

‘for waxy and normal endosperm at Bozeman, -

‘Montana 1978. :

L '-_: L ' " Bozemanh -
.Compqr1spn o g R ’ 22.df._
Mutant .‘, B ~ Nornmiatl - S o
isotype '3;. - isotype ' - Signof t_ . ‘S.L. :
Washonupana =~ - ‘Shonupana ' v | *k
- Wapana S Compana - NS .
- Watan | : - Titan + el
Wabet © " Betzes + NS -
‘Waxy (mean) - . Normal (hean)i + *k
Washonupana . Wapana L+ L
Shonupana’ : Compana’ ' SRR S
‘Short awn- Long awn- o _
naked (mean) - covered (mean) N **
Washonupaha ' ‘ 'Cdmpdna | ‘ + - e

+ Sign.of t statistic in pa1red t test where nermal 1sotype values were
subtracted from mutant isotype values.. .

++ S.L. S1gn1f1cance 1eve1 (one tail) NS *, ** denote nons1gn1f1c§nce
: and significance at the P 0.05 and P 0 01 probab111ty levels,
' respect1ve1y
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Wapana and Compana ddfing kernel maturation (Figures 2 and 4).. Ava%]-
able compafi;ons did not permit the determination of whether the |
higher spike moistures in the shorfhawn-néked iso1inés were due to
the naked gene or the'short awn ‘gene, or bbth. Washonupana, carrying
the waxy, short awn, and naked genes, maintained'signifiéantly higher
spike moisture than Compana (Figdre 2 and Table 4). o

The fact that waxy endosperm and short awn-naked barley isotypes
maintained higher Tevels of spike moisture during kernel maturation |
than did normal endosperm and Tong awn-cer?ed isbtypes, respectively,
. indicates that barleys carrying the waxy gené and/or the short awn
| and naked‘genes'may Tag in maturity when compared to barleys not
carrying these genes. Défining‘harvest maturity as the poinf in
time at_which moisture in the.grain fa11s below 14%, a one to two
. day lag in matufity‘cou1d be expected in waxy endosperm or short awn-
naked barleys. Another experiment showed all four Compéna isotypes
to have statistically identical heading dafes (Experiment 3, Tabje 11).
Consequently, it can be assumed that the period from anthesis to |
harvest‘maturfty is longer in the Waxy ehdosperm and short awn-naked
isotypes. Th{s lag in maturity could be due to differences in dry-
‘down rates a1th6ugh-sp1ke moisture différences were apparent during
thé grain Fi111ng'period (greater than 40% moisture) (Figure§.1 and

4).
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‘tKerneI weights -during maturation -

Kernel weights of normal isotypes grown at Boieman 1ncreased' ,

rap1d1y unt11 phys1o]og1ca1 matur1ty (40/ mo1sture) and then stab11—

- 1zed (Figure 5) Kerne] weights of short awn and/or waxy endosperm , o

"Jsotypes grown at Bozeman cont1nued to 1ncrease as mo1sture content

decreased to 30% or less (F1gures 5,-7, 10);‘ Growth patternsr

- similar to_those of the normal iSotypes‘grown at Bozeman\are neported

~in wheat and barley (MacGregor et al., 1971; Riggs and Gothard, 1976;

" Gordon et al.. 1979) 'MacGregor et.a1 (1971) showed that the o

o1sture content of bar]ey samp]es was about 40/ 32 days after
anthesis. They further showed that mg dry matter/kernel mg prote1n/
‘ kernel, fat, ash, f1ber and mg starch/kerne] all 1ncreased to

some po1nt near 32 days after anthes1s and then 1eve1ed or decreased
;‘.as the gra1n approached matur1ty Kerne] weights of bar]ey grown |
at Huntley rema1ned relatively stab]e-throughout the per1od of -:‘
‘sanp1ing'(FigUreS‘6 8, 9, l11) The 1ack of increasing kerne]
. weights dur1ng the ear]y sampling dates at Huntley 1nd1cate that
“sampling d1d not begin nnt11 after.physno1og1ca1 matur1ty (40%
moisture).' This should be considered when interpretingfdata from

Huntley.

Pa1red stat1st1ca1 compar1sons of waxy and normal endosperm iso-

types revea]ed that with the except1on of Wabet and’ Betzes in both :

env1ronments, and- Watan and T1tan at Hunt]ey, waxy endosperm
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Figure 5. Experiment 2. Kernel weights of four Compana isotypes

sampled 23 times (27 July - 23 September 1978) during
kernel maturation at Bozeman, Montana.
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Figure 6. Experiment 2. Kernel weights of four Compana isotypes
sampled 14 times (24 July - 22 August 1978) during kernel
maturation at Huntley, Montana.
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Figure 7. Experiment 2. Average kernel weights of four waxy and
four normal endosperm barley isotypes sampled 23 times
(27 July - 23 September 1978) during kernel maturation
at Bozeman, Montana.




65

60
55
50
o Joay, ',
1= “‘0 (rN L e, "" %
1 'lnns*' "4.““‘ sennsanuintte,, %,
..-, AL T T I
W = 1
o e
= — ——
=
EE 45
< w—= Mean of four waxy endosperm
o isotypes.
woann Mean of four normal endosperm
isotypes.
40
-+ + %
7/24 8/7 8/22

Sampling Date

Figure 8. Experiment 2. Average kernel weights of four waxy and
four normal endosperm barley isotypes sampled 14 times
(24 July - 22 August 1978) during kernel maturation at
Huntley, Montana.
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Experiment 2. Kernel weights of two Betzes isotypes
sampled 14 times (24 July - 22 August 1978) during
kernel maturation at Huntley, Montana.






























































































































































































