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Abstract:

Thickspike wheatgrass is a native cool season rhizomatous grass adapted to large areas of the Northern
Great Plains. High seed costs and stand establishment problems may preclude its use to reclaim dryland
range. High quality, vigorous seeds will increase ease of establishment. Seed conditioners can make
seed separations based on size or density, which may impact seedling vigor and year of establishment
forage yields. Three seed lots were separated into thirteen seed size-density separations for evaluation
of 100 seed weight, total germination and speed of germination. A greenhouse study of the size-density
separations was evaluated to determine total seedling emergence, speed of emergence, seedling
mortality, 45 day dry seedling forage weight, 45 day dry seedling root weight, 45 day total dry seedling
weight and 30 day dry seedling forage regrowth. A field study was evaluated for total seedling
emergence, speed of emergence, forage production and seed head production during the year of
establishment. Rate of imbibition and respiration rates were determined for whole seeds, naked
caryopsis, endosperm and embryos of large heavy and small light seed separations. Seed vigor was
increased with maximum gain for minimal expenditure by density separation. Light seed and bulk
clean seed showed no difference in vigor for most traits measured. Large seed separations increased
seed vigor although not to the degree found in heavy density separations. Combinations of heavy large
or large heavy seed separations were superior in most traits measured although it is doubtful the extra
expenditure of dual separation would be justified by minimal gains over density separation alone.
Density separations may increase stand establishment success especially during period of
environmental stress. Light seed can be planted under favorable environmental conditions and results
will be similar to planting nonseparated seed.
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ABSTRACT

Thickspike wheatgrass is a native cool season
rhizomatous grass adapted to large areas of the Northern
Great Plains. High seed costs and stand establishment
problems may preclude its use to reclaim dryland range.
High quality, vigorous seeds will increase ease of
establishment. Seed conditioners can make seed separations
based on size or density, which may impact seedling vigor
and year of establishment forage yields. Three seed lots
were separated into thirteen seed size-density separations
for evaluation of 100 seed weight, total germination and
speed of germination. A dgreenhouse study of the size-
density separations was  evaluated to determine total
seedling emergence, speed of emergence, seedling mortality,
45 day dry seedling forage weight, 45 day dry seedling root
weight, 45 day total dry seedling weight and 30 day dry
seedling forage regrowth. A field study was evaluated for

total seedling emergence, speed of emergence, forage
production and seed head production during the year of
establishment. Rate of imbibition and respiration rates

were determined for whole seeds, naked caryopsis, endosperm
and embryos of 1large heavy and small light seed
separations. Seed vigor was increased with maximum gain
for minimal expenditure by density separation. Light seed
and bulk clean seed showed no difference in vigor for most

traits measured. Large seed separations increased seed
vigor although not to the degree found in heavy "density
separations. Combinations of heavy large or large heavy

seed separations were superior in most traits measured
although it is doubtful the extra expenditure of dual
separation would be justified by minimal gains over density
separation alone. Density separations may increase stand
establishment success especially during period of
environmental stress. ‘Light seed can be planted under
favorable environmental conditions and results ‘will be
similar to planting nonseparated seed.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

Introduction

Thickspike wheatgrass, Elymus lanceolatus (Scribn. and

Smith) Gould (Dewey, 1983) or more commonly Adropyron

dasystachyum (Hook.) Scribn., is a cool ,séason, drought

tolerant, perennial graés native to the northern great

plains. - ©Physical appearance is similar to western

wheatgrass, Agropyron smithii (Rybd.) Love, although the

leaves are finer, light green in color and it has smaller
glumes. It is a rﬁizomatous sod former. o l
Thickspike ﬁheatgrass is ‘widély» distributéd and is
adapted to a range of soils from sand to clay. If-grows
well in a 15-50 cm precipitation zéne and at:altitudeé up
to 3500 meters. It is ﬁofe drought tolerant than Westerﬁ
;wheatgréss. Dryland forage yields range from 250.kg . ha"'.1
to 1600 kg - ha~l in pure stands. Seed'yieids at Bridger,
Montana havelaveraged 300 to 350 kg - ha;liunder irrigation
(Anonymous, 1977). B | |
'Thickspike‘wheatgrass is commonly used to reveéetéte
‘roadsidesp mechanicaily disturbed sités,'gas or oil drill

. sites and mine spoils. The variety 'Critana' was developed
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by the Soil Conservation Service Plant Materials Center at
Bridger, Montana from collections made in the Havre,

Montana area.

The recommended seeding rate is 4.5 kg °* ha™l for

forage production or 80 to 100 pure live seeds (PLS) per
meter of row with a 60 cm row spacing for dryland seed
production. Seedlings are small and compete well with
weeds. Stand establishment can: be adversely affected by
poor seedbed éreparation or drought.

Failure to obtain a field stand can be a vefy
expensive investment at éurrgnt wholesale seed priceé of
$7.70 to $13.20 per kilogram. |

In order to increase. the 1likelihood of obtaining a

stand this study was developed to determine: 1). if seed

separations result in increased stand and seedling vigor;

2). whether seed sizing, seed density separation or a

combination of techniques was more effective in increasing
seed germination, seedling establishment and seedling
vigor; and 3). the mechanism or reason for increased seed

vigor due. to seed separations.-.

Seed Size and its Contribution to Seed Vigor

Grass stand establishment under dryland conaitions can
be risky due to variable moisfure supply. Hassanyar, et
al. (1979) found that rapid emergence and establishment is
dependent on rapid root érowtﬁ to best utilize avéilable

soil moisture. Rapid root growth can be attributed to seed

“}
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or seedling vigor, which McDaniel (1973) defines as
"superior performance of a genotype after planting,
compared to the same genotype or other genotype, under
defined experimental‘conditiohs". | l

Plant scientists.‘in the mid 1800's attempted to
increase seed vigor by selecting for large seed. Hicks and
Dabney (1896) espoused the use of large and heavy seed to
increase: leéf numbers, planf.height, early maturity,vcrqp

yield, seed weight, and seedliﬁg vigor. Heavier test

weights and greater yield in oats, Avena sativa L., barley,

Hordeum vulgare L., and spring wheat, Triticum aestivum L.,

was obtained by selecting for large seed (zavitz, 1908).

Zavitz (1908) increased yield of rape, Brassica napus L.,

potatoes, Solanum tuberosum L.,-and-a variety of rootcropé'

by selecting for large seed. Cummings, in 1914, found that

peas, Pisum sativum L., lettuce, Lactuca sativa L.,

spinach, Spinacia oleracea L., .parsley, Petroselinum

crispum (Mill.) Nyman ex A. W. Hill, pumpkin, Cucurbita

maxima Duchesne, radish, Raphanus sativa L., and bean,

Phaseolus vulgaris L., yields wefe_improved by selecting
for large seeds. Findley "(1919) found that large seed
generally produced more Vigorous, higher yielding plants.

Larger. seed of crimson clover, Trifolium incarnatum L.,

exhibited increased seedling vigor (Modre, 1943X. Rogler
(1954) published a landmark paper on the relationship of

seed size to increased seedling vigor in native and
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introduced grasses. Scientists are still trying to define
the méchanism of apparent' increased seedling vigor
(Wichman, 1983; Carlson, 1982).'

Seed size separations were first‘hade by hand sorﬁing
and visual classification, jgiesselbacﬁ, 1924). Sieving
(Beveridge and Wilsie, 1959) and using slottedl screens
(Carver, 1977) afférded more precisé and repeatable
dimensional grading of seed classes. Knipe (1970) removed
the 1lemma and palea prior to scfeéning tq reduce
variability due to external seed coveriné;

Several.groups have maae size or weight separations
based upon varietal differences (Findley, 1919; Hunt, 1954;
Christians et al., 1979). Variation from 4413 seeds per

gram to 1847 seeds per gram were observed among Kentucky

bluegrass, Poa pratensis L., cultivars (Christians et al.,
1979). Hunt (1954) based differences in seed size among
cultivars of ryegrass, Lolium spp. L., timothy, Phleum

pratense L., tall fescue, Festuca arundinacea Schreb.,

meadow fescue, Festuca pratensis Huds., and orchardgrass,

Dactylis glomerata L., on 1000 seed weight basis. Padilla

et al. (1978) found that cultivars of western wheatgrass,
. varied in 100 seed weight from 377 to 951-mg. (
Early work with density separations was conducted by

Clark (1904) using salt solution'density'gradients for seed

separation in several crops: quplant, Solanum Melongana

L.; peppers, Piper nigrum L.; grapes, Vitus spp. L.;
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timothy:; clover, Trifolium spp. L.; peas, Pisum sativum L.;

cauliflower, Brassica oleracea Botrys group - L.; and
cabbage, Brassica 'oieracea Capitata group L. “An rea-

phosphate Slurry diluted with water was used by Maranvilie;

and Clegg (1977) for density separation in grain sorghum,

Sorghum bicolor (L.) Moench. Weight separation was made by

pouring safflower, Carthamus tinctorius L., seed in front'

of a fan and splitting the 1lot on the basis of distance

blown (Wichman, 1983). Kittock and Patterson (1962)
utilized a screening operation followed by aspiration to
obtain differenceé in size and weight. Commercial
separation into density classes can be obtained by
aspiratioﬁ or by using a gravity table.

Size is an ambiguous term which does not adequately
define the physical size and weight of the seed. The ferm
may indicate‘differences in length or width which may not
necessarily result in.differences in mass. One méy use
soiutions varying in density, aspiratién or gravity?ﬁables

to obtain differences in mass per seed. Seed weight within

a lot caﬁ bary considefébly; Differences may occur between

éultivars (Christians et al., 1979), among plants within
the same cultivar over years (iawrence, 1963), or within a
single‘spike (Hatéher, 1940; McAllister, 1943). . ”
Dimensional siziqg using slotted screens results in é
homogenéoﬁs appearance; The mass per seéd within a

' .screened lot of peas or beans is consistent, but that is
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not true  for grasses since the lemma and palea are loosely
adhering (Kneebone and Cremer, 1955). This factor makes if
difficult to obtain'repeatable homogeneous lot separétioné
of grasses. -. | o |

The ratio 6f embryo 1length to width may vary
considerably during seed development. The resultant seed
may reflect resultant size due. to differences in seed
development; The embryo rapidly differentiates to a
critical mass. As the caryopéis. continues to £ill, thé
embryo exﬁahds concurrently with the gndosperm‘(Bewley and
Black, 1978). ”Since the embryo stores theA enzymes
necessary for germinatioh, its size may be very criticél.
The problem is how to select seed with the largest émbrybs.
Larger embryo's store more of the hydrolytic enzymes thaf
mediate germination than smaller embryos. Size separatiéns
in'grasses are based on similar léngth lemmas and paleas
which.may conceal a small caryopsis. 'Density separations ’
may merely segregafe dense endosperm. A

Embryo size‘may be modifiéd by mode of pollinétion,
gnvironmentai factors, intefblant competitioh,. floret
position on the flowering shoot and genetic makeup
(Hatcher, 1940; Wood et.al., 1977). Brown _(1976)A founa

that embrYo' size increased with seed weight in

'Westerwolds' ryegrass, Lolium multiflorum ssp.. éaudipii

Lam. Hatcher (1940) found a high correlation between seed

size and embryo size in tomatoes, Lycoperisicon lycopersium
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(L.) Karst. ex Farw., but 1little advantage for large
embryos. Bremer et al. (1963) stated that if :the éame
amount of reserve material was  available to what were
originally large and small embryos, there wouid be no
difference in their'growth rates or in the size of plants
produced. Thus, the dominant factor in the séed size
(plant size™1) relationship in wheat is the extent ofAthe

energy source available to the developing seed. This was

substantiated by Paluska et al. (1979). finding that twice '

as much endosperm was exhausted in large barley seeds.

Cultivars characterized by different seed sizes have
been compared against each other in a number of species
(Davies, 1960; Murphy and Arny, 1939). Ahring and Todd
(1978) found that seed size was inherent to a particulaf
cultivar and among cultiﬁars in Bermudagrass, Cynodon
-dactqun (L.) Pers. A lack of intéractioh between siée>énd
cultivars was fougd in bariey (Baniaameur and Caddel, 1976)
and spring wheat (Lafond.and'Baker, 1986) . Carlson (1982)
however found an interaction be£ween seed size .and th
versus six row barley. Findley (1919) cautioned aéainst
comparisons of cultivars baséd on seed size as a small
seeded culti?ar may exhibit more' inherent vigor than 'a
large seeded cultivar.

Brown (1977) estimated that seed weight heritability

was approximately 10 % in ryegrasé. Righter (1945)

suggests that the portion of size variation in pine seeds, ’
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Blggg,L.,’due to heredity leads to inherently greater seed
vigor whereas that poftion of size variation not due to
heredity is of questionable value. Size variation not due
to heredity, however may lead to valuable incites info-
‘causes of seed size variation due to environﬁental ‘and
cultural practices. Kittock and Patterson (1962) concluded
that the closer the 'genetic background, the higher -the
correlation between seed weight and seedling vigbr in a
number of wheatgrasses and bromegrass. ' |

Ashby (1930) found that greater initial embryo size in
corn led to aﬁ advantage in the,plant-which was maintained
throughout the growing season. The dquestion arises
whether vigor differences are due to increased number of
cells, greater cell éize, greater.food reserves of.to more

enzymatic protein. Burris et al. (1971) attributed

increased respiration rates in soybeans, lecing max (L.)
Merr. to increased -number of cells per seed. McDaniel
(1969) attributed ihcreasgd respiration fates to increased
quantitieé of mitochondrial protein invlarge barley seed.
.Large seeds have higher protein.content-in spring wheat
(Evans and Bhatt, 1977) and barley (Pinthus and Osher,
1966). At cénétant'seed size, 86 % of the variation in
seed weighf in wheét was due to seed protein content (Lowe
et al., 1972). Seed protein levels in wheat and barley cén
be increased by nitrogen.fertiliéation, although much‘of

the increased protein is stored in the endosperm (Lopez and
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Grabe, 1971). Greater 'protein content may explain why
Arnott (1974) found a greéter portion of the endosperm was
depleted'in large ryegrass seed. Bremner et al. (1963)
however found that small wﬁéat embryo's mobilized storage
materials faster. They'hypéthesi;ed thét the scutellum is
larger in relation to embryo size in sma;l seed. |

Size or density separations méy lead 'tq highef
germination of large or heavy seed than small or light seed
of the same seed lot (Clark, 1904). Many inﬁestigators

have concluded that small seeds within a seedlot may be

immature (Kidd and West, 1919; McAllister, 1943; Ahmed .and .

Zuberi, 1973; Lam and Ridout, 1984). Under-'sfress
conditions the embryo may not be fully developed in small
or light seed. While germination is positivély corrélated
with‘seed size apd seed weight (McDaniel, 1973), speed of
gerhination is commonly negatively correlated with seed
size or weight in barley (Carlson, 1982). Water imbibifion
is slower in large chn_seed due fo the greater volume to
be wetted (Muchena and Gfogan,'1§77) or. lower surfacg area

to volume ratio (Bewley and Black, 1985). The total water

volume iﬁbibed by large soybeah"seed was greater (Burris et

al., 1971).
Burris et al. (1571) found that lérge seed exhibited

less. respiration per :gram of dry ‘Weight due to lesser

. percentage loss of cofyledon wéight; They found large

soybean seed had greater overall respiration on an embrjo
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basis. They concluded fhat differences in embryo
physiology must be responéible for differential growth of
sized seed. <Carlson (1982) aléo confirmed thét respiration
of - large barley seed was greater on a per embryo basis bﬁtl
not on a per gram seed Weight,basié. McDaniéll(1§675'found
that increased mitoéhondrial protgin was linked to greéter
respiration rate and .a higher adenosinetriphosphate (ATP)
level in barley. He developed a techhique tovmeasure the
adenosinediphosphate - oxygen™1 (ADP/0) consumption ratio
which indicates mitochondrial respiration efficiency
(McDaniel, 1973). |

Heavier or larger seed produce larger seedlings thén

light or small seed in: crested wheatgrass, Agropyron

desertorun (Fisch ex Link) Schult. and A. cristatum (L.)
Beauv., species and cultivars (Rogler, 1954); subterranean
clover, Trifolium subterreneum L., (Black, 1956); wheat

(Evans and Bhatt, 1977); and carrot, Daucus carrota L.,

seed (Auston and Longden, 1967).“ Boyd et él. (i§7i) foﬁnd
that barley seed ‘size and gdermination fesistance, as
indicated by speed of emergencé.indek, accounted'for 95.%‘
of wvariability in §eedling weight. Seed size 'was

positively related to coleoptile iength in intermediate

wheatgrass, Elytrigia ihtermedia (Host.) Nevski, (Hunt and

Miiler, 1963). Soybean -seed‘ weight, however, was
negatively related to _hypécotyl length (Payne:-and

Koszykowski, 1979). Bremner et al. (1963) indicated that
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relative growtﬁ of the wheat seedling was due to the extent
‘of the energy sourcelavailable to the developing séealing.
This may be the reasdn.several researchers have observed
that large seedétiemerge from greater depths than small
seeds. | o

Stand density may not be affected by seed size in

alfalfa, Medicago sativa L., (Beveridge and Wilsie, 1959)
and in grain sorghum (Maranville and Clegg, 1977).
However, sand bluestem, Andropogon hallii Hack., stand
establishment was positively correlated with seed weight
(kneebone, 1956). Kneebone and Cremer (1955) found thaf
grass seedlings from large seed emerged faster and
exhibited greater seedling vigor. Spring wheaflseédlings_
from large seed emerged faster-than those from smail éeed‘
(LaFond ‘and Baker, 1986).

Faster seedling emergénce with larger seeds may be
dependent on depth of plaﬁting. Rogler (1954) observed
that percentage emergence of crested' wheatgrass seedlings
was reduced by increased planting depth of both large apd
small seeds. Significant size by depth of planting
interactions were found,for seedling emer@énce of clovers

(Multamaki, 1962). Kalton et al. (1959). reported that

smooth bromegrass, Bromus inermis Leyss., depth of planting
was negatively éorrelated with speéd of emergence. Speed of
emergence at greater depths of plaﬁting was positively.

associated with 'seed size. " Russian wildrye,-
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Psathyrostachus juncea (Fisch.) Neverski, seedling
emergence from greater than 3.7 cm was positlvely related
to seed weight (Lawrence, 1963). | o

Arnott (1969) observed that ryegrass seedlings from
heavy seeds developed faster w1th greater mean number of
leaves and tillers. The proportlon of shoot emergence
declined with depth of seeding as seed size diminished.
Harkness (1965) found that larger  seeds within a cdltivar
of Italian ryegrass, Lolium‘multiflprum Lam., preduced‘more
tillers by 30 days'after emergence. Perennlal ryegrass,

Lolium perenne L., tlller numbers at 47 and 62 days after

planting were - p051t1vely correlated w1th seed weight
(Thomas, 1966) . Increased tiller numbers from seeds wlth
greater seed Weight were apparent throughout the
establishment year in Westerwolds ryegrass (Brown, 1977).
Naylor (1980) found that ryegrass seed size did not
correlate with subsequent tillering and production. He
found that speed of emergence was -a good predictor of speed
of tillering and tiller number until the onset of maturity.

Grass emergence and establishment under dryland

conditions is dependent on rapid root growth (Hassanyar and

Wilson, 1979). Kittock and Patterson (1962) obserted
greater seven week root penetration with heavy grass seed.
Evans (1973) observed‘faster root drowth of:large-wheat
seed. Total root tissue has been found to be positively

correlated with seed size (Paluska, et " al., 1979);
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Hérkness (1965) found that use of 1large seeds within a
variety resulted in-heavier'root weight%. Seed weight is
highly correlated ‘with plant pérformance‘ in sainfoin
(Fransen, 1975). Use of heavy seed resulted in greater
plaﬁt height and 1leaf lenéth' in grassés (Kittock and
Patterson, 1959). Winter barley coleoptile length was
positively associated with seed wéight (Ceccarelii"and
Pegiati, .1980). ,Nafive grass: seedlings (kneébone ‘and
Cremer, 1959)' and ryegfaés seedlings (Arnoft,- 1969;
‘Harkness, 1965) from heavy seeds developed faéter with
greater mean number of ;eaves and tillers. Brown (1977)
also foundA that ryegrass tiller numbers were positively

assﬁciated with seed weight. 7 |
Total plant weight has often béen associated with seed
weight and size. This iﬁcrease in végetative yield might
be‘attributed to increased plant spread. Padilia.et al.
(1978) did not find a correlation between seed weight and
rhizome numbers in western-wheatgrass.- Increased seed ;ize
in birdsfoot trefoil, Lgtgg cornicalatus L.r‘resulted in
inéreased regrowth,.although the secénd cutting showéd less.
pronounced differerices than tﬁé'firéf cutting (ﬁenson énd
Tayman, 1961). Harkness (1965) attributes ﬁhe positi?e
attributes of various veéetativé,characteristics‘to control
by genetic factors rather than seed size. Seed separations
based on size or weight can-be-used as é screening test to

increase various vegetative components (Tbssel, 1960) .
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Planting large seeds increased seed yield in Russian
wildrye. (Lawrence, 1963), barley (Demirlicakmak et al.,
1963) and wheat (Hampton, 19§l). These increases in seed
yield have been attributed te increased culm numbers, nore
heads per plant (Demirlicakmak et al., 1963; .Kiesselbach,
1924; Kaufmann and McFaddon, 1960) or to increased number
of kernels per head (Pinthus and Osher, l966). Use of
large seeds increased spikes * plant™l by 10 % and kernels
. sp'ike"1 by 11 % resulting .in yield increases in wheat and
barley .(Pinthus and Osner, 1966).: Kaufmann and'McFaddon
(1960) found that .large< seeded barley outyielded small
seeded barley 1:.54 under close spacing. Maranville and
Clegg (1977) found no difference in seed yield attributable
td'seed-size in grain sorghun. - Wood et al. (1977)'state
that - seed 51ze may be 1mportant for. 1ncrea51ng seed yields
of crops espec1a11y 1f the 1n1t1al yield is great growing
season is short or with low plant density.

A good stand can be reduced in vigor and seedling
survival.by interplant competitien. | The optimal seeding
rate is based .on .seed size, plant density, fertilizer
applied and cutting or harvesting technique ‘(Rogets,. 19665
Planting large seeded alfalfa at the same planting den51ty
as small seeded alfalfa resulted in more plants per square
meter‘of soil (Erlesen,~1946).A Black (1957) observed that
under optimal spacing.subterranean.clover plants maintained

differences among plant weight proportional to initial 'seed
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weights throughout the season. ‘In mixed swords (stands)
pPlants from large seed progréssively subpréssed the éther
plants, and ‘eventually contributed 90 % of the dry weight
and leaf afea in the sward (Black, 1958). Eliminating of
the effects of seed size undef normal seeding‘rétes was
found to be improbable (Demirlicakmak et al., 1963). Wide

‘row spacing and limited competition resulted in highest

yield from large snapbean seed, Phaseolus vulgaris L.,
(Clark and Peck, 1968). When snapbeans were planted on an
equal seed number Dbasis 'lafge seed‘ was superior.
Approximately 30 % more small seeds per meter were plaﬁted
to' result in equal yiéld.f Orchardgrass has shéwn a
definite forage yield response to both seed‘ weight "and’
sowing tate (Carpenter, 1960). In light stands seed weight
negativély éffected plant density while positive;y
affecting forage yield. Under heévy. sowing rates seed
weight negatively.affected plaht density aha forage yield.
Many models havé been proposed that elucidate the
relationships which lead to seed size and . those
relationships which are affectéd by subsequent seed size.
Kidd and West- (1§19) proposed a 'géﬁeral model for many
crops in which seed size was dependén£ on: éliﬁate and
edaphic features; seed positioning on the parent pianf;
genetics; maturity andlstorage. An alternative ﬁodel féund
that seed  weight was a. product 'of:. number of fertile

tillers per plant; number of grains per ear and the mean
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weight per grain (Harper, 1977). Blackman's (1919)
eompound interest law defined seedling vigor as the rate ef
change in seedling weight which was proportional to the
quantity itself. (initial seed‘ weight). | Ultimately dry
weight is dependent on: weight of seed; rate at which
material present is employed to produce new material and
the time during which the plant is iﬁcreasing in weight.
Mathematically this can be expressed as: '
Wl = WO * eft
~ where W1 = final weight, WO = initial weight, r = rate of
interest (rate of growth and endosperm depletion), t = time
and e.= base of'the natﬁral log. (Blackman, 1919). If the
rate of enzymatic protein synthesis is constant. per unit
mass the most important variable is the initial seed
ﬁeight. The iweight of the mature bafley seed can be
expressed as: |
Wg = Wg(i) + (Rg * Dg)

where Wg = mean weight grain-1 at harvest, Wg(i) = mean
weight grain-1 at initial time of the linear phase ef
growth, Rg = mean growth rate grain-1 during the liheer
phase and Dg = duration of lineai_phase of grain growth
(Gallagher ef al., 1976). This'model>reflects back to the
variables leading: to. seed weight proposed by Kidd and West

(1919).
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Table 1. A correlation and path-coefflclent analy51s of
components of crested wheatgrass production. Dewey and Lu,

1959.
rl5 >(1)- 1 = seed size
|r12
r25-—(2) ri3 2 = spikelet
(5 [r23 rl4 spike~1
r35~»(3x(//r24 3 = fertility
|r34 '
ri5 (4) 4 = plant size
rX5—X ' : 5 = seed yield
X = residual
seed spklts. fert. seed wt. plant seed
size spike-1 spike=-1 size yield
seed size =--  .260% = -.640%* =.280% .495%*  .007ns
spikelet - : :
spike-1 - -e279% .208ns . 443%%  ,432%%
fertility " - .823%% - 568*%% ,257%
seed wt-spike~1 - =,273% - _579%%
plant size - .504%%
seed yield ' -=

Dewey and Lu (1959) used. path coeff1c1ent analysis to
predict crested wheatgrass productlon (Table 1.). . Genetic
-characteristics are an 1mportant component of seed weight
in blue grama. (Wilson et al., ;981).

Table 2. Relationships among components of seed yield in
blue grama (Wilson.et al., 1981).

X5 Spikes culm-1 ‘ '
~.24%% §  1g%# T 344
X4 Spikelets spike-l<—, 355?;;;;222%

-.0 -.20%*

\\;‘_;ifj;;&§3 FertllltYL_—————‘—_—_ 94 %%
: .15%% .32%%
— xg Caryopsis WeIth*’///

>
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They found that the contribution of caryopsis weight
to resulting seed yield ‘was significant yet fertility was
the most significant component of yield (Table é).

Many seed or seediing attributes ére related fo seéd
weight. Seed &eight of barley was positively (r = 0.18)
correlated with germination (McDaniel, 1973). '.Seedling
weight correlations to seed weight ranged from f = 0.58 to
r = 0.80 in alfalfa and trefoil (Carleton and Cooper, 1972)
éo r = -0.97 to r = 0.99 in barley (McbDaniel, 1973).
Ehergence was positively correlated to seed weight (r =
0.98) in grasses (Kittock and Patterson, 1962) WHile speed
of emergence was negatively correléted to seed weight (r =
—0783)'in ryegrass (Brown, 1977) and a variety of‘forages,
(r = =0.49),. (Kaulton et al., 1959).

Initial stands had high correlations to seed weight of

r = 0.88 and r = 0.99 in bluegrass (Kneebone, 1956) and a

variety of grasses (Kittock and Pafterson, 1962)
respectively. Carleton and Cooper (1972) found a negative
r = -0.10 correlation between seed weight and seed‘ .
raceme™1l in three legumes. Yield'was positively correlated
with seed weight (r = 0.40) in bluegrass (Kneebone, 1956).
Mitochondrial protein corrélation to seed weight rangéd
from r'= 0.86 to r = 0.98 in wheat (Evans and Bhétt, 1977)
and bariey (McDaniel, 1973). The cbrrelatipn ofremergence
from depth to seed weight ranged from r = 0.58 to r ; 6.92

in crested wheatgrass (Rogier, 1954): Barley root and
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shoot weights were also positively correlated with seed
weight at correlation coefficients of r = 0.95 and ¥ =

0.91 to r = 0.97 (McDaniel, 1973).
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CHAPTER 2

LABORATORY GERMINATION AND VIGOR TESTING

Materials and Methods

1984 study

A preliminéry study was conducted to determine if
Critana thickspike wheatgrass responded to seed separation.

A 1982 seed lot of known purity and germination from the

Bridger SCS Plant Materials Center was selected and was

used as a control. The remainder of the seed lot was hand
screened. The portlon remaining over a 0.13 X 1.27 cm
screen was termed large seed. That portion Wthh passed

through the 0.13 x 1.27 cm screen was classified as small
seed. Both large and small seed 16ts were divided equally
for density using a South Dakota blower! set at a guide
number of 42 for 1 minute. The 100 seed weight of each
seed treatment combination was determined. Total
germination and tetrazolium viability were obtained using

the methods outlined in the AOSA Rules For Testing Seeds

1 Mention of a trademark, proprietary product, or vendor is
included for the benefit of the reader, and does not imply
endorsement by Montana State University or the Montana
Agricultural Experiment Station to the exclusion of other
suitable products.
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(1983). Speed of germination index was calculated using

Maguire's (1962) formula with counts made weekly:

SGI = # seeds germinated + add. germ. +... add.germ.
count # (1) count # (2) count # (n)

Speed of germination indices.were calculated from four
100 seed samples. These data were evaluated utilizing the
MsuUStatl analysis of variance,-multifactor program. Mean
comparisons were made using Newman-Kéuls multipie

_comparison at the P = 0.05 level.

1985 study

In -the second year, three Critana '~ thickspike
wheatgrass lots were utilized. Seed lots were selected from
environments with an average 25 cm * year~l precipitation
zone over a period of three consecutive years; 1982, 1983
and 1984, each from a different field. A representative
control sample was taken from each seed-lot. The remaining
seed was then evenly split, half to be sized first and half
to be density separated first. |

Seed 1lots were sized using precision hand screens.
Seed remaining above a 0.13 x 1.27 cm screen was classified
as large and that which passed through a 0.12 x 0.79 cm
screen was classified as small. Half of each size
classification was then volumetrically split into heavy and

light seed separations using an Oregon continuous blowerl.




YN ST — N | LL)

Al

~

22
The portion of the initial lot which was to be density
separated was évenly split by an Oregon blower into heavy
and light density separations. Half of each of the density
separations was then sized using hand screens as previously
described (Table 3). .
Table 3. Composition of seed size and density treatments

used in the three seed lots to determine vigor of Critana
thickspike wheatgrass.

Size Separation Density Separation
_Treatment None Small Targe None Light Heavy
Control X X
Large ' X, X
Small b4 X
Large Heavy ‘ bl X
Large Light X X
Small Heavy - X : X
Small Light X X
Heavy b4 X
Light X X
Heavy Large X, X
Heavy Small X X
Light Large X I ¢
Light Small X X

Four replications of 100 seeds were weighed and

germinated according to AOSA standards. Speed of

germination indices were calculated wusing McGuire's

formula.
Results and Discussion
)
1984 Study

Small light, large light, small heavy and large heavy
size classes were 86%, 89%, 130% and 136% respectively as

heavy as the control seed treatment (Table 4). Density
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treatments did result in seed separations while size
separations reflected a trend toward expected seed Weight.
The control was comprised of 45% small seed and 55% large
seed. u - |
Table 4. 1984 Critana thickspike mean 100 seed weight,

germination, and speed of germlnatlon index (SGI) for seed
treatments.

Seed Separation .Seed weight Germlnatlon . SGI
: mg %

Control .274bt# 43a 26a

Small light 235a 45a 27a

Large light - 245a - 59b 40b

Small heavy 355c 47a 25a

Large heavy 373d 59b 41b

* Means in the same column followed by a common letter are
not significantly different (P=.05).

Mean germination of the treatment combinations when
compared to the control were: small light 105%, large

light 137%, small heavy 109% and large heavy 137%. Low

germinatioh of the control was influenced by multiple

florets which were screened out in the other seed treatment
combinations. Multiple florets failed to germinate or were
often abnormal due to mold contamination on sterile florets

if they did germinate. Ilarge seed treatments resulted in

greater percent germination and faster germination. Greater

total germination and increased SGI of large seed

separations reflect the need to properly condition seed to

insure highest quality seed possible for planting. .
These results indicated that seed size separation

affect seed weight, gerﬁination, and speed of germlnatlon.

Large seeds 51gn1flcant1y outperformed the control or small
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seed. Planting of sepérated seeds on a Weight basis may
result in either too thick or too thin a stand. If seed
separations are used seeding rates need to be adjusted to a

pure live seed basis for optimallseeding efficiency.

1985 Study

In 1985, the exberiment was expanded to further
define the observed increése in. seed weight, percéntage
germinatiqn and speed of germination indices due to seed
separations. One hundred seed weight was significantly
effected‘ by seed 1lots, tréatmént combination and the

interaction between seed source and treatment combination

| TRNSY S L F A

(Appendix Table 15 and Table 5.). Controls were withdraWn_

from the data set to examine the main effects; method of
"separation, density séparations and size separations.
Examination of the 100 seed weight interaction between
seed source and treatment combination indicated that.the
1982 small and 1982 light seed treatmgnts- were
exceptionally light (Figure 1). This was probably due to
environmental conditions. There were no significant
differences within the combinétion pairs: 1light~small,
small-light; 1i§ht- large, large-light and small-heavy,

heavy-small (Table 5.). The heavy large seed treatment was

lighter than the 1large heavy .seed treatment. This

indicates that whether seed was sized first or density

separatéd first, the resulting treatment combination
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Table 5. Critana thickspike wheatgrass means for 100 seed
weight, percent germination and speed of germination for

seed separated by size and density, 1985. .

Main effects 'Treatments 100 seed Germ. SGI
: : weight
mg %
Seed lots - -
1982 312a# 96b 53¢
1983 352b 94a 39b
1984 . 393c 96b 24a
Treatment ’
combinations Control 349de - 95bed 67ab
e Light no size e . 95bcd 62ab
Light small 288a 94abc 64ab
Light large 356e 94abc 57a
Heavy no size 391g 97de - 62ab.
Heavy small 339c¢c 97de 66ab
Heavy large 417h 98e 65ab
Small no den. @ 94abc 62ab
Small light 290a 93ab 6lab
Small heavy 347cd 98de 68b
Large no den. 382f ‘ 95bcd 6lab
Large light 351e " . 92a 60ab
: Large heavy 4291 96cde 58a
Method of :
separation Density 1lst 350a 97a 40a
Size 1st 354b 96a 38a
Density . :
"separations Light 321a 93a 37a
Heavy 383b 98b 41b
Size . T
separations Small - 316a 96a 43b
Lardge ~383b 95a 35a

# Means in the same column followed by a - common letter are
not significantly different (P=.05).

Means withdrawn because of significant interaction
effect. ' ‘
behaved ‘similarly except for the 'exception noted above.
Sizing seed first may result in a slightly heavier seed
weight.

Interactions for: year by method,'method by density,
year byﬂmethodfby density,-yéar by size and density by size
were significant (Appendix Table-15.). These interactions

are of relatively small magnitude dnd appear to be the

S b
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result of immaturity of small or Qlight seed iIn the 1982

Using size or density separation results in

seed lot.
heavy seed, especially during years of environmental
stress. The main effect of large seed and heavy seed

separations was to increase 100 seed weight.

Figure 1. Critana thickspike wheatgrass mean seed weight
of thirteen treatments for each of three seed
lots as separated by size and density (ng).
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Significant differences in percent germination were
obtained among the treatment combinations and seed sources
(Tanle 5 and Appendix Table .15). f The . 1983 seed lot
exhibited lower germination than tne 1982 or 1984  seed
lots. Individual treatments containing the 1light
separation had a significantly lower germination than
treatments containing heavy separations. A small method by
aize interaction was found (Appendix Table A15). The
interaction 'may be due to high germination of the 1983
small heavy seed treatment. There were no significant
differences in germination between éizes;

Significant differenées were found among seed source
and seed treatment combinations for speed of germination
indices (SGI)(Table '5). The 1982 seed source was the
fastest germinating and the equally viable 1984 seed lot
was the slowest germinating (Table 55. The light large and
large heavy seed treatment combinations were significantly
slower germinating than the‘émall neavy seed. This would
agree with the slow .rate of 'imbibition by large seea
observed by Muchena and Grogan'(1§77).

The interaction, method by density by size, was
significant. This is attributed to the slow SGI of the
1982 heavy large treatment combination‘in comparison to the
1982 iarge heavy treatment combination. The year by
Aensity interaction was also significant and the previous

explanation applies here also. Small seeds were
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significantly faster germinating than large seed which is
in agreement with.Carlsﬁn's (1982) dgta, however heavy and
light seed SGI were not Qignificantly different.

Germination percentage wag affected by seed source as

was expected from review of the literature (Lawrence and
Baker, 1986). Density séparation' increased tofal
germination within. a seed tfeatmenf which agfees with
previous reports (Clark, 1904; McDaniel,- 1973).
Investigatoré reporting increased germination due to sizing

(Maranville énd Clegq, 1977)-ﬁay'ﬁave actualiy reported'the

effects of density separatidns on germination. Proper

‘conditioninq of Critané thicksbike whéatgrasé - should
include use of density‘separatioﬂ to insure the highest

germination possiﬁle. Speed of germinatioh was negatively

related to seed size.

Li_ il
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CHAPTER 3

GREENHOUSE STUDY AND SEEDLING VIGOR

Materials and Methods

Each of three seed sources of Critana thickspike

wheatgrassrwith thirteen treatment combinations per seed
soﬁrce (Table 3.) were planted 1.2 cm. deep in 2.5 x 15 cﬁ
"Conetainers"! (Ray Leach Co., Camby, Or.). Each conetainer
was filled with - "Sunshine Mixﬁl. Seed sources ‘ana
treatment combinations were the same as  in Chapter 2. Two
seeds weré placed in each of the conetainers to ensuré
emergence of at least one seedling. Fivé ;eplications with
seven plants each were planted for sampling in a RCB design
with a sixth replication held back for replacement.
Seedlings were thinned to one per conetainer upon emergence
of a second seedling. Emergence counts started one week
after planting and seedling counts were made daily for five
daYs and every other déy for the next - week. Final

.emergence was counted 40 days after initial emergence.

I Mention of a trademark, proprietary product, or vendor is
included for the benefit of the reader, and does not imply
endorsement by Montana State University or the Montana
Agricultural Experiment Station to the exclusion of other
suitable products. -
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Total eﬁergence, speed of emergence index and seedling
mortality were determi.ned. Speed of emergence index was
calculated by the following formula;
SET = (Emergence at count 1/1) + (Emergence at éount 2/2)'+
. « « + (Emergence at countfp/days from initial.emergenée)f

Four plants were randomly -selected per treatment

combination and cut at the sbii surface 45 days after

planting. Fresh top weight and root weight were @etérmined
and the samples dried and reweighed after 48 hour in.an
105C oven. - |

The remaining.plants were cut at the soil surface énd
replacement plants were added from - the - reblacement
réplication. These plants were then. e&aluétéd for
régrowth. Two seedlings from'eacﬁ treatment combinafion
were cut at 'the soil surface - thirty daYs after initial
harvest and dried in a 105C oveh-td determine weight éf

regfowth.

The study was initially analyzed :as a two factor RCB

with three seed sources And“ thirteen treatment
combinations. Means were comparéd using Newmén-Kéuls mean
separation test ét tﬁe P=0.05 level. - These data weré
reanalyzed as a completely randomized design (CRD) with
unequal cell counts to determine individual effects of

density and size separations.
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Results and Discussion

Total seedling emergence of the 1984. seed lot was
significantly superior to the 1983 seed lot (Table 6.).
There were no‘ observed differences among treatment
combinations.' Density sepérgpions-were significant when
the data were reahalyzed as a three factor CRD. Seedlings
from'the heavy density separations emerged better than the
control. This may be a’reflectidn of the lower germination
of the control treatments as discussed in Chapter 2 or the
effects of seed;ing vigor. Differehces in total emergence
occurred even when external factors were controlled. No
differences in total emergence were found émoné the size
sepérations or the treatment combinations. Field emergeﬁce
may also be bositively affected by-density'separation.

Total_seedling emergence of hgavj seededlééedlings was
superior to control and ;ight seeded seedlings while the
light seeded seedlings emerged as fast:as the control. ﬁse
of seed separated on the pasis. of - density resulted ‘in
seedling emergence as good as or better than qént:bl
seedling emergeﬁce.‘ Therefore, no sged would bé wasted by
seed separation.

Seedling emergence was faster for the 1982 seed lot
than the 1983 and 1984 seed lots (Table 6.). - No
 statistical differences'wére 6bserved among the treatment
combinations.. Seedlings from the-conérol and heavy  seed

density separations emerged faster than the light dénsity
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separation. There were no differences in speed of
emergence among the size separations.. Under conditions of
no water stress seedlings from heavigr seed emerged faster
Table 6. Critana fhickspike wheatgrass comparisons of 1985

treatments for greenhouse percent emergence, speed of
emergence (SEI) and seedling loss.

Main Effect Emergence SETI Seedling Loss
% ' : , %
Seed Source . .
1982 g9ab# 4.15a 28b
1983 84a 3.76b 19a
1084 : 90b 3.53b° 17a
Density Separations -
Light 86ab - 3.75a 19a
Control . 8ba 3.90b 26a
Heavy 91b . 3.85b . 2la
Size Separations :
Small 87a ' 3.74a 20a
Control 89a 3.94a 25a
Large 88a 3.82a 21la
Treatment Combinations
Small Light 84a 3.27a 18a
Light Small 91a 4.07a 20a
Small No Den. 83a 3.80a 18a
Light No Size 87a 3.84a 18a
Large Light 85a 3.79a l4a
Light Large 82a 3.68a 25a
Control 87a - 4.15a 35a
Small Heavy 85a 3.60a 26a
Heavy Small 92a .3.87a 20a
Large No Den. 86a 3.75a 26a
Heavy No Size 92a 3.83a 23a
Large Heavy 93a 4.03a 18a-
Heavy Large 92a 3.93a léa

Ll

#f Means in the same column followed by a common 1etter are

not significantly different (P=.05 N.K. test).

than iight seed in the greenhouse. Density separation may
‘ be a management technique to influence the - speed of
emergence of Critana thickspiﬁe wheatgrass.

The 1982 seed lot exhibited significantly greater
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seedling mortality (28%),lthan the 1983 (19%) and the 1984
(17%) seed 1lots (Table 6.). . Under moisturé stress
conditions maturity may have been hastened (Battle and
Whittington, 1969} Auston, 1963), loweriné the seedling
vigor of the 1982 seed 1§t. Seedling'mortality doés not
appear to be affected by size or density separations as no
significant differences Qere found among main effects.
Variability due to small sample size appears to .mask
differences in mortality of fhe various treatments and
treatment combinations as a wide‘range of seedling loss was
'Vobserved.. » | ‘ ‘ |

Fdrage dry weight for the‘ 1983 énd 1984 seed lot
averaéed 2 mg seedllii'lg'1 more than for the 1982 seéd lot
(Table 7). Newman-Keuls mnean separafion did not separate
treatment §ombinations, however a éignificant F test for
treatment combinations suggests that the:sighificant main

effect of density separation impacted the treatment

U0 1 O R S [

combinations (Appendix Table 16). Seédlings from density

separations, whether light or heavy, produced 6-8 mg ﬁore
‘forage - seedling’l.than thefcontro;..'Large'seedlings.may
have competed for suﬁlighf against‘small seedlings in the
rows among the.qontrél; This emphasizes the Validity of
using seed separation to reduce the interrowléompefition
- when planting .6n -an equal seed basis. Several studies
(Black, 1957; . Demirlicakmék et al;, 1963; .and Clark and

Peck, 1968) have indiqated'interrow pompetition resulted in
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decreased vegetative growth and increased mortality when
large or heavy seeds competed against small or light seeds.
Table 7. Critana thickspike wheatgrass seedling weight

comparisons of 1985 treatments for greenhouse 45 day dry
forage weight, 45 day root dry weight, 45 day total dry

plant weight and 30 day dry seedling forage regrowth.

Main Effect ‘Forage Root . Plant Regrowth
mg ng mg mg
Seed Source . : : :
1982 43at 55a - 98a 20a
1983 . 45b 50a 94a 19a
1984 45b 58a 102a 20a
Density Separation _
Light 47b - 47a 94a 19ab
Control . 42a - b2a 94a 16a
‘Heavy 49b 58a 107b 22b
Size Separations - ‘ '
Small 43a 53a 96a 19a
Control 45a 49%a 94a 19a
Heavy 47a 52a . 100a 20a
Treatment Combinations _
Small Light 44a 47a 91a 2la
Light Small 47a 49a . 96a 18a
.Small No Den. 41a 54a 95a 16a
Light No Size ~ 44a 38a 83a 18a
Large Light 53a . 56a 109a 21a
Light Large 47a 57a 104a 20a
Control 43a . 46a 89a 17a
Small Heavy 42a 58a 99a 25a
Heavy Small 44a 57a 102a 18a
Large No Den. 3%a 44a 83a 15a
Heavy No Size . 48a- 62a . 1ll0a 19a
Large Heavy 55a 6la " 1lleéa 23a
Heavy large " 51a 50a 101la 24a

# Means in the same column followed by a common letter are
not 51gn1flcantly different (P=. 05 N. K. test).

‘Root dry weight '.seedllng’} was not effected by eeed
let,j density, size or treatment combinations (Table 7).
This 1ndlcates that root growth was 51m11ar regardless of
treatment or seed lot. Under condltlons of optimal

watering and unlimited space for root growth, during the
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. period of the study, no differences in root growth would be

expected. 1Inter-root competition could become significant

.over time in field or greenhouse plantings where roots were

not restricted to the same rooting volume. There were
no significant differences dﬁe.to seed source or treatment
combinations for total seedling weight (Table 7). . Seed
denéity was a significant factor affecting total seedling
weight. Seedlings from heavy seed separation yielded more
total plant mass than the control Br light seed separation;

After a 30 day regrowth period, no differences . in
seedling weight were observed amoﬁg seed lots or freatmeﬁt
combinations (Table 7). " This agrees with results of
regrowth studies in grasses byZLawreﬁce (1963) .. Seedlings
from heavy seed séparétidns recovered éignificantly faster
than control seedlings while seed sizé‘had no effect on
recovery. bensity sebarations may be an effective means of
minimizing hthe ‘effects of eﬁVironmental stress 'éfter
emergeﬂce.

Implications of the greenhouse study are threefald:
1) see@ lot quality can véry'-dué to enyironmental
conditions during seed set énd/or seed storage. ‘Total
emergence, speed ofl emergence, and seedling; foragé
production varied aﬁong seed 1ots.‘ 2) heavy density
separations‘improvéd seedliﬁg emergénce, forage production,
total plant weight and regrowth. =~ 3) 'treétment

combinations did not affe¢t seedling vigor. Seed sizing can
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be important commercially té remove weed seeds but does
little to improve  thickspike wheatgrass' seedliné vigor.
Density separation, whether 1light’ or heavy, réduced

interrow competition for sunlight in the conetainers.

LI\
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CHAPTER 4

FIELD TESTS

Materials anq‘Methods

1984 Study

Critana thickspike wheatgrass was planted May 23, 1984
at the Post farm, MSU, Bozeman, Mt., 2.5 cm deep using a
cone seeder with depth bands. Treatments were ‘as described

in Chapter 2. The seed treatments.planted were; light

small, light large, controi,.heavy small, and heavy large.-

The seeding rate was 50 seeds °* meter row™ 1. Plots were
four rows wide k30 cm centers) and 6 meters long borderéd

by two rows of tall wheatgrass, Elytrigia pontica (Podp.)

Holub. Four reﬁlications were plgnted in a RCB design.
First emergeﬁce cbunts weré made on June 5. Emergence
counts were made in 0.5 m of the two center rows of each
plot. Counts were made at four day intervals for the first
three counts and at weekly intervals for the firsf month of

emergence.

Plant height was measured on the longest tiller of six

randomly selected plants in each 'plot in August. A forage
harvest was hand clipped at the soil surface of a 0.5 m2

area in the center of the plot.. The forage was dried for

I I ¢ Y A
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" 48 hours at 105¢C in a 1large. oven drier‘ and forage
production was recorded on a dry weight basis. |

Considerabie féll growth occurred by "the end of
September and sample number‘was‘increased to two 0.5 m?
samples to reduce sampling error.. These plots were hand
clipped at the soil Surface, The forage was oven dried for
48 hours at 105C and forage production was recorded on a
dry weight basis. All seed hea@s in the two céntral rows
of each plot were counted. |

In 1985, the central two réws of the 1984 planting
were harvested for forage at a 2;5 cm height in September
"using a flail harvester. Harvest area was'0.6.m.by 6 m.
Field weights wefe recorded and plant samplés weré oven
dried'for 48 ﬁqurs at 105C to determine field moisture.
Dry forage weighf was recorded. Seed yield was determined
by hand clipping a 0.5 M by 1 M area. Seed yield was
defermined after seed conditioning using a cone thresher

and then screening to remove ineﬁt matter.

1985 Study

Three seed lots with 13 size -~ density combinations
per seed lot (Table 3.) were planted at the Post farm - in
1985 in a RCB design with 4 replications. Two seed-lots
were from the Bridgéf,-Mt. Soil Conservation Service Plant
Materialé‘Center kSCS PMC). One 1o£.Was from a field taken
out of pfoduction'after harvest in 198é and the‘other from

a “field planted in 1981 and harvested in 1983. The third
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'seed lot was from Manhattan, Mt. grde in 1984. The
methods of obtaining the ireatment combinations were
described in Chapter 2. Seeding rate.was 50 PLS - metef'i
row. Plots were four rows (30 cm center) and 6 m long.
The plots were bordered by two rows of tall wheatgrass.
Seeding depth was 2.5 cm. Planting date was May 15 and
initial emergence occurred May 23. Emergence counts were
made 2, 5, 12, and 16 days after emergence. ﬁail occurred
.on May 28 and it was cold and rainy thfoughlJuly 1.

| Forage was harvested in tﬁe plots Oct. 24. Harvested
area was 60 cm by 6 m with the central two rows harvested
at 5 cm height with a flail- harvestér. Samples wére
weighed in grams after being oven dried for 48 hourséaf

105C. Dry forage weight was determined. Seed heads wére

counted and recorded from the two remaining rows (area =

2%¥30 cm X 6m).

Results and Discussion

.1984 Study

Peréentage,emergence of the heavy large seed in the
1984 sfudy was éignificantly greater than the control or
light large seed (Table 8). Speed of emergence index (SEI)
fof the heavy large seed was significantly greater than for
all other treatments.

Significant differences were not found for plant

height. Visual evaluation of the field 'indicated that
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differences might be expected. Low sample nuﬁbers and

sampling variability may have lead to the results ebserved.

Table 8. Critana thickspike wheatgrass field performanee
traits for the 1984 planting taken in 1984 and 1985. " (Post
Farm, MSU, Bozeman, Mt.).

. Seed Treatment <
Treatment Light =~ Light Control Heavy  Heavy

Small Large Small © Large
1984 o
% Emergence 62ab# 46a 45a "74ab 96b
SEI 45a 36a 32a 52a  77b
Plant Height 17.2a 21.2a 19.8a 20;8a 22.7a
(cm) ' ' ‘

Aug. Forage 204.5a 184.2a 137.0a 291.8a 567.2b
Yield (Kg Ha~1)

Sept. Forage _1173a 1093a 940.9a 1261a 1897b
Yield (Kg Ha™1l) T .o .
1985 . ' . ) .
1985 Forage 4370a 4653a 3827a 4213a 4842a
Yield (Kg Ha~1l) : '

Seed Yield 301.3a 279.6a 291.7a - 258.6a 327.6a

# Means in the same row followed by a common letter are not
significantly different (P=.05 N. K. test)
* Speed of Emergence Index

There was a two to three fold August, 1984 forage
yield increase of the heavy large seed treatment over all

other treatments (Table 8.). - Thedlow Aﬁgust yield was due

| L T - §

to a dry summer followed by a moist fall. This resulted in

large forage yield increases due to 'fall green up. By

September the 51gn1f1cant dlfference 1n yield was reduced

to a two fold forage increase of,the heavy large seed over

all other treatments.

(A
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In 1985, the 1984. field planting had overcome the

effects of initial seedling vigor and there were' no
i ]

significant differences among treatments for forage or sFe@
yield (Table 8.). Although effects of seed separations
were not apparent in the second year, this does not imply
. that seed separation is not a vaiid tool to increase plaLt
establishment. The critical period of stand esfablishment
is during the first vyear. Thereafter Lawrence (1963) hés
.shown that there is a tendency for the surViving plants to
compensate for differences during the year of éstablishment
as long as an adequate.stand has been established. The
high forage yields were a reflection of irrigation and high

soil fertility..

1985 Trial

Tofal emergence (plants - meter~1 ; row“; } of the
1985 planting was not effected by treatments or treatment
cbmbinations. (Table 9.). ' The 1982 and 11983 seed lots

exhibited a significantly faster SEI than the 1984 seed

lot. No Jdifferences were found among treatmeht
combinations. Heavy density separations emerged faster
than other density Separations. " No differences -in SEI

were observed among size separations.

If ‘vigorous seedlings aré more aggressive and are
befter able to complete théir life cycle, increasing number
of seed heads * rc_aw'1 may reflect increased vigo?. The

1983 and 1984 seed lots produced significantly more seed
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heads * row~l than the 1982 seed lot (Table 9.). While the
1984 seed lot showed a low SEI, fhe seed lot produced a
high number of seed heads. No différences were obéeryed
Table 9. Critana thickspike wheatgrass 1985 field
performance of thirteen treatment combinations with three

seed lots for field emergence, speed of emergence and seed
heads = two rows=l (Post Farm, MSU, Bozeman, Mt.).

Main Effect Emergence ~___SET Seed Heads
Plant-M~1 . _ Heads*2 Rows 1
Seed Source . ‘ )
1982 - 36at 14.22b 1.2a
1983 36a 12.45b 3.5b
1984 33a 8.07a 2.7b
Density Separation -
Light 34a 11.17a 1.8a
Control 32a . 10.50a . 2.8b
Heavy 36a 13.07b 3.0b
Size Separation .
Small . 36a "11.97a 1.8a
Control 36a 12.06a - 2.9b
Large 33a S 13.71a . 3.0b
Treatment Combinations !
Small Light 36a 10.33a . 0.9a
Light Small 36a 11.70a . 1l.7a
Small No Den. 32a 11.55a 2.3a
Light No Size 37a ' 13.39a 2.7a
Large Light’ 29a 9.68a 1.8a
Light Large 32a 10.75a 2.7a
* Control 36a 10.90a 3.8a
Small Heavy 40a 14.26a 2.2a
Heavy Small 34a . 12.02a 2.2a
Large No Den. 29a 9.05a 1.9a
Heavy No Size 35a 11.88a 2.7a
Large Heavy 34a 14.03a 4.4a
Heavy Lardge 38a 13.15a 3.0a

# Means in the same column followed by a common letter are
not 51gn1flcantly different (P=0.05 N.K. test)

among treatment combinations although'a wide range in the
number of seed heads existed. .The heavy seed separation

and control had more seed heads ' row’% than the light seed
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separation. The small seed separation had significantly
fewer seed heads than-other éize'separatiohs. The small
seed lot might be expééted té haVé a lower seed .yield if

this trend was to continue in thé future.

Table 10. Critana thickspike wheatgrass field performance

of the 1985 field planting of thirteen treatment
combinations with three seed lots for forage yield (Post
Farm, MSU, Bozeman, Mt.). ;

Treatment : Forage Yield
Kg = Ha—=

Seed Source

1982 . 1017a#
1983 : 1159b
1984 1077ab
Density Separation .
Light 1043a
Control 1027a
Heavy ©1183b
Size Separation
Small 1006a
Control 1136a-
Large : 1110a’
Treatment Combinations .
Small Light 825a
Light Small . 919ab
Small No Den. 1003sb
Light No Size 1140ab .
Large Light . 1140ab
Light Large 1092ab
Control . 1033ab:
Small Heavy - 1089ab
Heavy Small - 1196b |
Large No Den. 1044ab
Heavy No Size 1235b
Large Heavy 1178b
Heavy Large 1165ab

# Means in the same column followed by a common letter are
not 51gn1f1cantly dlfferent (P— 05 N.K.. test)

Seeding year forage yield (kg-‘ ha'l) for the 1985

planting (Table 10.) was similar_tb seeding year September

A
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forage yiélds from the 1984 planting when averaged ovef
density treatments (Tablé 8). Significantly mbré forgge
was produced by the 1983 seed lot thén the 1932 seed lot.
The heavy small, héavy no size and large heavy tfeatmen£s
significantly outyielded the small light treatment. Fofage
yield.of heavy seed séparations was 140 kg - ha~1 greater
than for other tfeatmenté; No diffefehqes in forage yield
existed among size sepérations. | |

Density separation for heavy seed appears to- be a-
means of increasing most field performance traits during'
the year of establishment (Tablg 9). While stand emergence'
was not signifiéanfly-improved by seed density separatioﬁ,
an increase of oﬁe to tﬁo seed ﬁeads - .row™1 was' observed
in the field. A combination of seed size and density
separations did not improve most field performance fraits
exdept for the large heavy seed fqréée'yield.

If a seed lot is weed fréé the minimal expénse‘of‘
density separation is likely to:resﬁlt in- improved field
performance in thickspike wheatérassf The 1minor yield
increase may_not:pay for the qoét of seed separatioh but
this procedure may insure‘ a stand'iundef adverse "field
conditions. Whilé light-seeds d6 nét‘perform as well as
heavy.éeeds, they do.perfofm ag weii‘as unseparafed.seed.
The light. seed left over afterﬂagnsity:seﬁargtion could be
utilized -under more optimal 'gieid cqnditions and no

expensive seed would be discardéd,
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CHAPTER 5

PHYSICAL AND PHYSIOLOGICAL EXAMINATION OF THE CARYOPSIS

Materials and Method

Lemma and palea were removed from seeds to determine
pﬁysical differences in seed length and width amoﬁg four
seed treatment combinations. The treatment combinations
were the extremes of size and density and consisted qf four
replications of 100 seeds - treatmenffl . replication'1 of
the following; small-light, light—émali, large~heavy,
heavy-large. The method of obtaining the ' treatment
combinations was discussed in Chapter 2. Tﬁe number of
infertile florets ° 100 seeds™! was réqorded.

" Physical attributes measured wére the caryopsis length
and width and the eﬁbryo length and width. Measurements
were determined using an Americép;Optical Corp.? dissecting
scope fitted with a 10X Baush and meﬁl ocular. The
magnification scale was five grias = 1.76:mm with the basal

objective lens at a height of 17.3 cm above the platform.

T Mention of a trademark,. proprietary product, or vendor is
included for the benefit of the reader, and does not imply
endorsement by Montana State University or the Montana
Agricultural Experiment Station to the exclusion of other
suitable products. i ‘ ' :

o
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The weight of each subsample of 100 seeds was recorded in-
ug and mean weight of the treatment combination repbrted in
Table 11.

Imbibition curves were established for each treatment
to determine baseline ‘imbibition for fespiration rate
determination. .Three replications of 100 :seeds .
treatment™l for each of the foiléwing treatments were qsed;
whole seed, naked caryopsis, endosperm and embryo. Naked
caryopsis had the lemma and palea removed. Tﬁe endosperm
treatment consisted of embryo removal from the naked seéd.
Naked caryopsis were conditioned on moistened blotter paper
and the embryo was excised with a scalpel .using .a
diésecting scope. Seed of the tfeatments were placed on
12.5 by 15.5 cm blotter papef, Anchor_Papef Co., St. Paul,
Mnl which had been moistened with water for imbibition

studies. The seed parts were gently blotted and weighed

. every 6 hours for 54 hours. Visual sign of germination,

5we11ing and protrudence of the radicle, was observed and
the time of germination recorded. Upon completion of
imbibition, the treatments were placed in a 105C forced air

oven for 24 hours to determine. dry weight. Fresh weight

"moisture percentage and percentage moisture uptake was

calculated for each of the weighing periods.

Fifty seeds from each of the four seed separétions and

three treatments; (whole seed, naked-caryopsis and excised

O,

embryo's) were premoistened on blotter paper to 30%

i
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moisture. Fresh weight and imbibed weight were measured
until 30% water uptake had occurred. The treatments were
then placed in a 15 ml reaction vessel with 2 ml wéter and
200 ul of 10% Potassium hydroxide (KOH) in the center well
along with a paper wick. Reaction vessels ﬁere attached to
a precalibrated 14 sfation volumoneter Giison Differential
Single Valve Style Respirémeter (Gilson Medical
Electronics, Inc., Middleton, ﬁiéc;)l equipped with a 25C
continuous flowing water bath. Oxygen uptake was recorded
‘at 30 minute intervals for a 2 hour period with qoncurfent
barometric pressure readings recorded éftern a 1 hour
equilibration period. The study was replicated fi&e tiﬁes.

The standard volume of Oxygen uptake was determined by

the following formula:

X = -Vg . PT! where: X = volume in microliters at STP

P'T P = barometric pressure .(mm Hg)*
P' = standard pressure (760 mm Hg)
T = temperature at the:
micrometer (OK)
T' = standard temperature (273K)

observed change-in volume (ul)

Analysis' of variance was conductea to determine if
differences in physical dimensions of the caryopsis and in
respifation. rate occurred among: size-density separations
and seed treatments. Newman—Keuls mean separatidn ét the
P=0.05 _ievel was utili;éd to comﬁa;e treatment means.
Multiple . regression analysis was utilized to determiné

appropriate models to describe caryopéis dimensions.
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Results and Discussion

Smalltlight and large heavy treatmente represent the-
extreme differences in separations. In species with
adhering lemma aﬁd- palea, _sizing or density. eeparation
treatments may not represeﬁt tﬁe physical dimensions of the
seed (Knipe,1970). Differences in physical dimensiens of
the caryopsis due to seed fillrmay occuf, yet embryo size
and width may not Vary;} ‘ | ‘

The large heavy earyopsis was 0.65mm-1onger aﬁd 0.2 mm
wider than small light‘caryopsis (Table 11.). The large
heavy embryos were 1.5 times as long and 0.06 mm wider than
the small light embryos. These physical differences resulf
in a 0.9 mg weight increase in tﬁe large heeﬁy naked 

caryopsis. Size-density separatiohs did reflect physical.

differences in the naked caryopsis.

Table 11. Critana thickspike 100 seed mean weight,length
and width of the caryopsis and embryo for treatment
combinations small light and large heavy.

Caryopsis Embryo Seed
Treatment Length Width Length . width Weight

- mm mm .oFmm’ mm “ug
Small Light 4.132a% 1.131a 0.988a  0.517a 1669a °
Large Heavy 4.781b 1.308b 1.441b 0.579b 2571b

# Means in the same column followéd,by a common letter are
not significantly different (P=.05 N.K. test).

Regression analysis indicated that the naked ‘caryopsis
and embryo dimensions can be deegribed by naked caryopsis

weight (Table 12.).
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Table 12. Critana thickspike wheatgrass regression
equation to describe mean length and width of naked
carvopsis and by seed weight.

Attribute Intercept Bfseed weilaht) P-value
mm mg

Caryopsis length = 2.921 + 0.7243E-3*B -9665 -0000

Caryopsis width = 0.810 + 0.1933E-3*B -9635 -0000

Embryo length = 0.610 + 0.2068E73*B  .8777 -0007

Embrvo width 0.401 + O0.6930E-4"B .6554 .0017

mMDCHW-0S

IMBIBITION
30
- SMALL WHOLE =t“ SMALL NAKED
SMALL ENDOSPERM SMALL EMBRYO

Figure 2. Critana thickspike wheatgrass rate of water
uptake of small whole seed, small naked
caryopsis, small endosperm and small embryos
measured over a 54 hour period.

Rate of i1mbibition curves were drawn to determine the

phases of imbibition @Bewley and Black, 1985): Phase 1.)
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rapid water uptake, Phase 2.) lag phase and Phase 3.)
germination phase. Imbibition curves appeared to be
similar regardless to the seed separation utilized for that
component. Since the purpose of the study was to pinpoint
the rapid i1mbibition phase (Figures 2 and 3.) no

statistical analysis was made of the data.

IMBIBITION
24
HOURS
- LARGE WHOLE —F LARGE NAKED
LARGE ENDOSPERM LARGE EMBRYO

Figure 3. Critana thickspike wheatgrass rate of water
uptake of large whole seed, large naked
caryopsis, large endosperm and large embryo
measured over a 54 hour period.
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Naked caryopsis were premoistened prior to embryo
excision to facilitate removal of undamaged embrios. The
embryos air dried tb 15.6 and 18.4% moisture, fof large
heavy and small 1ight treatments, respectively (Table 13).
Endosperms air dried to 12.9 and 16.4% moisture,
respectively. Proteins adsorb water readily and stéfch
granules adsorb water'slowly until enzyme activation. This
may indicate that' large heavy caryopsis contain
proportionally a higher percentage of carbohydrates on a
weight basis‘in.the endosperm and embryo..

Embryos rapidly adsorb watef for about 6 hours during
phase 1 (Figures .2 and 3). .The lag phase' (ﬁhase 2),
continues in the embryo until approximately 42 hours of
imbibition. Phaée 3 begins wheﬁ the - embryo ti$$ues
visually began to swell and as germinatipn is initiated.
Table 13. Critana thidkspike.whéatgrass moisture content
(%) over a 54 hour period for small light and large heavy

treatments of whole seed, naked caryopsis, endosperm and
embryos.

Hours: 0 6 12 18 24 30 . 36 42 48 54
Large 8.6 29.7 30.9 36.0 39.4 40.2 41.6 43.3 47.1 48.0
Whole '

Large. 9.3 25.3 32.3 36.2 39.3 39.7 42.4 43.8 46.0 47.0
Naked o

Large 12.9 30.8 34.5 39.9 40.3 41.5 42.6 43.2 45.2 46.1
Endospermns B C

Large 15.6 49.4 49.4 49.3 50.0 53.0 57.2 57.0 59.5 63.3

Embryos R

Small 9.2 27.1 29.2 34.7 37.4 38.3 42.2 42.8 45.1 46.4
Whole : B

Small. 8.5 30.4 35.0 38.0 41.1 41.9 44.1 45.3 48.2 47.1
Naked : . , <
Small .16.4 36.3 40.3 43.2 43.7 44.9 46.3 47.2 47.9 46.6
Endosperns ' )

Small -18.4 50.0 48.2 55.6 52.4 55.7 55.4 58.4 67.7 63.1
Embrvos . :
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The endosperm rapidly imbibes water for approximately
18 hours. The moisture uptake during Phase 1 'is- due to
_fiiling of inter-cellular space. A gradual increasewin
moisture absorbtion occurred after 18 hours due to‘water

“uptake into the starch granules and the granules expanded.

Ll

The naked caryopsis mirrors the 1mb1b1t10n pattern of'

the endosperm during Phase 1. The slow water  uptake was
apparently due to restricted water uptake of the unbroken

seed coat. .Phase 2 continues in the naked caryopsis until

approximately 42 hours of 1mb1b1t10n. Phase 3 or

germlnatlon was initiated at th1s tlme when swelllng of the
radicle was noted. <
Whole seeds closely follqwed the imbibition pattern of
the naked caryopsis. Moisture ceﬁﬁent:of the embryo during
Phase 1 was 48% while the moisture'content-of the caryopsis
was 36 to 38% of the whole seed or naked caryepsis Qeight
(Table 13.). Germination started:when moisture content was
approximately 57-59% of the embryos weiéht or about 43% of
the whole seed or naked caryopsis weight. ‘Radiqle swelling
was visible‘after 46% water uptake by the whoie.seed or
'naked caryops1s or at 63% water uptake by the embryo.
Resplratlon rates were measured during Phase 1. A
moisture content of 306 was. chosenz as the point during

Phase 1 that all treatments could be measured and that the

treatments would remain in Phase 1 during respiration
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testing. Significant differeaces in ul oxygen consumption
- seed™l - hour~?l aﬁqng treatment combinations were found
on a whole seed basis (Table 14.,.' Large heavy embryos
consumed 30% morekoxygen than small light embryos. OXYgen
consumption for the naked large heavy caryopsis was 55%
greater than small light caryopsis and 30% greater in large
heavy whole seed. No significant”dirferences were found
when oxygen consumption was placedAbn a gram"basis.

Table 14. Oxygen consumption rate for 50‘ Critana

thickspike wheatgrass embryos, .naked caryopsis and whole
seeds.

Whole Seed Naked Seed . Embryo
Basis: - Seed Gram Seed Gram Seed Gram

Small Light 49.10a¥ 184.3a .36.32a  242.0a 9.27a 1225a
Large Heavy 63.95b 187.8a 45.69b 220.4a 12.08b  1542a

# Means in the same column followed by a common letter are
not s1gn1flcant1y different - (P— 05 N.K. test)

Seed separations based on size and weight can result
in differences in weight,and thsical dimensions of.the
caryopsis ~and embryo. A 1ineari regression equatiqn_
- described caryopsis length and width and embrye length and.
.width in relation to seed weight to a high. Aegree of
accuracy. - .

Embryos rapidly imbibe water during the first 6 hours
of imbibition while carjopsis's reach the end of Phase 1 at
18 "hours.' Germination or Phase. 3 occurred in Critana
thickspike wheatgrass at approx1mately 42 hours. There are
no differences in rates of water uptake between large and'

small seeds or embryos. - Oxygen. consumption is
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significantly gfeater per seed for large heavy seeds and
laré'e heavy embryos than small 1light -seeds or embryos.
Since moisture cbntent_ is similar, these differences rﬁight

be attributed to gfeatér quantities of mitochondrial protein.
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APPENDIX.




Table 15.
main effects (mq).
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Analysis of variance of 100 mean seed weight for

Source DF
Blocks 3
Seed Lots 2
Separations 12

Lot *
Separation 24

Residual 114

*%% significant at the 0.005 level.

Table 16.

Sum Square Mean Square F-Value P-Value
.30658"3 .1022€"3 :
.2025 .1012 1286 0.000%**
.2070 .2252e"1 286.2  0.000%%%
.3160 .1317E-2 16.73 0.000%*%%
.89728=2 .78708=4

Analysis of variance of 100 mean seed weight for

subeffects averaged over seed separations chronologically

reversed (mg).

Source DF . Sum_Square Mean Sguare F—Value‘P-Vaer

Block 3 .6646"% . 2215874 - ,

Seed Lot 2 .1039 . .5194¢"1 49,6 0.000%%*

Method 1 .3619¢73 3619973 4.526 0.034%
Lot * Method 2 .5294©"3 .264783 3.310 0.041%

Density 1 .91816"1 .91818~1 11438 0.000%%%
Lot * Density 2 .3908e73 .1954€"3 2.444. 0.924
Method * o

Density 1 .s8773e83 .87738"3 10.97 , 0.002%%*
Lot * Method ’ : -

% Density 2 .1254€72 .627173 7.84 . 0.012%

Size 1 .1262 L1262 1579 . 0.000%%%
Lot * Size .2 .8993e872 .4497¢€72 56.23  0.000%%%
Method * Size 1 .2340°4 .23408™4 0.29 0.597
Lot * Method . '

* Size 2 .1465°"3 .1048e"3 "1.31  0.275
Density * Size 1 .1465%72 .1465€72 18.32  0.000%%%*
Lot * Method : o

* Size 2 .3062873 .1531873 1.92  0.153
Method * Den51ty : .

* Size 1 .1848©"3 .1848e3 2.311 0.129
Lot * Method * .

Density*Size 2 .1593e73 .7965=4 0.996 0.376

Residual 69 .55189‘2 .79979'4

**% significant at the 0.005 level
*% gignificant at the 0.01 level

* the -0.05 level’

significant at
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