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ABSTRACT 

Seeds of Lehmann lovegrass (Eragrostis lehmannlana Nees.) were 

treated with pre-sowing seed treatments of moistening, oven drying, or 

mechanical scarification. Seeds were imbibed in water at 24 C (24w), in 

a water saturated atmosphere at 24 C (24v), or with water at 10 C (lOw). 

Oven drying (OD) at 70 C for 24 hr was an individual treatment 

or followed one of the 24v or lOw treatments. Seeds were scarified in a 

modified Forsberg seed cleaner. Control seeds were air dry with no 

treatment. 

Treated seeds were imbibed for 24 and 48 hr in the 24w environ

ment, and germination percentages were determined. The 24v and lOw 

treatments of varying durations, applied alone or in combination with 

OD, OD and scarification increased germination percentage. The 24v or 

lOw treatments were as effective when applied for 24 hr and combined with 

OD as when applied for 48 or 72 hr with OD. 

Physiological development was measured after 0, 6, 18, 31, 48, 

and 60 hr imbibition in 24w, 24v, or lOw environments. Contents of ATP, 

ADP, alcohol soluble sugars, and starch; rate of respiration; and alpha-

amylase activity were measured. Sixty percent of the 24w seeds germi

nated by 60 hr imbibition. As water content increased in the 24w seeds, 

contents of ATP, ADP, and rate of respiration increased. The content of 

alcohol soluble sugars decreased from 1.88% to 1.20% during the initial 

31 hr, but increased to 3.03% in the following 29 hr. The increase was 

accompanied by a decrease in starch content and an increase in 
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alpha-amylase activity. The 24v and lOw seeds, after 60 hr imbibition, 

attained physiological development comparable to 24w seeds at 0 to 6 hr 

and 6 to 18 hr imbibition, respectively. 

The ATP content and germination percentage, after 9 and 24 hr 

imbibition, respectively, in the 24w environment were compared for seeds 

treated with one of seven treatments. Scarified, OD , 24v + 0D, lOw + 

0D, 24v, and lOw seeds contained more ATP after 9 hr and germinated 

significantly better after 24 hr than control seeds. Content of ATP was 

highest in scarified, 24v + OD, and lOw + OD seeds, and intermediate in 

OD, 24v, and lOw seeds. Germination percentage was greatest for scari

fied, OD, 24v + OD, and lOw + OD seeds and intermediate for 24v and lOw 

seeds. 

Physical changes in the seed coat were investigated by viewing 

seeds with a scanning electron microscope, determining water content of 

treated seeds after 6 and 18 hr imbibition in the 24w environment, and 

determining germination percentage for treated seeds after 37 hr imbibi

tion in atmospheres of 21, 10, or 5% oxygen. Properties of the seed 

coat appeared to be affected by scarification, OD, and moistening plus 

OD. The gelatinous seed coat appeared to be torn during the lOw + OD 

treatment and loosened in the OD and 24v + OD treatments. Scarified, OD, 

24v + OD, and lOw + OD seeds contained the most water after 6 hr imbibi

tion in the 24w environment, but OD and lOw + OD seeds contained the most 

by 18 hr. Germination percentages were significantly higher for scari

fied, OD, 24v + OD, and lOw + OD seeds than for control seeds in atmo

spheres of 21, 10, or 5% oxygen. In 21% oxygen, scarified seeds germi

nated best while in the 10 and 5% oxygen, OD seeds germinated best. 



Germination percentages under all treatments decreased from the 21% oxy

gen to the 5% oxygen atmosphere, but control, OD, and 24v + OD seeds 

germinated better in 10% oxygen than in 21% oxygen. Germination per

centage was about the same in both atmospheres for scarified seeds but 

was decreased in the 10% oxygen for lOw + OD seeds. 



INTRODUCTION 

Vast areas of semi-arid and arid range lands in the southwestern 

United States are deteriorated and brush infested. Seeding with adapted 

species under prescribed conditions is one approach for increasing pro

ductivity, reducing soil loss9 and increasing carrying capacity of the 

range for cattle and wildlife. However, environmental conditions fre

quently limit the success of range seedings with some species on some 

range sites. Typically the regions have high temperatures, limited rainr 

fall with erratic distribution, and periodic droughts. The major lim

iting factor for seed germination and seedling establishment is moisture. 

Surface layers of bare soils in these regions can be desiccated within 

a few hours after a rain. Therefore, an "ideal" environment for germi

nation may be present from only a few hours up to a few days at most. 

Thus, range seedlings in these regions might fail and have a high risk 

in terms of time and money. 

Certain practices utilized to minimize the chance of failure are 

as follows: selection of a species that is sufficiently adapted to the 

natural environment after it is once established by minimal environ

mental modification for seeding; removal of competing vegetation; prep

aration of a seedbed compatible with the selected species; and imple

mentation of pitting and brush spreading over the seedbed. These prac

tices can be used to lengthen the period of "ideal" environment for seed 

germination and seedling growth and, the treatments employed in seedbed 

preparation can aid by loosening the soil resulting in increased 
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infiltration and decreased water loss by runoff and evaporation. Other 

practices may be necessary under the widely varied environmental condi

tions encountered, specifically the application of pre-sowing seed 

treatments such as moistening and drying, heating, or scarification. 

Commercial or standard Lehmann lovegrass was introduced into the 

United States from South Africa in 1932 (Gould, 1951). It has been 

found to be adapted to a variety of Southwestern environments and has 

been used extensively for range reseeding in the semi-arid southwestern 

United States (Cable, 1971; Herbel et al., 1973; Jordan and Maynard, 

1970). 

Proper seedbed preparation has been important for establishment 

of Lehmann lovegrass. When Lehmann lovegrass seeds were planted in 

range seeding trials in southeastern Arizona, the investigators observed 

that seeds broadcast in March xjould sometimes emerge better than seeds 

planted in June of the same year (Jordan and Maynard, 1970). The dif

ference was observed only when March seedbeds contained some residual 

moisture from winter rains, and the following summer was marginal with 

respect to precipitation. Neither March nor June seedbeds contained 

moisture adequate for germination until they were wetted by summer pre

cipitation, therefore seeds were probably subjected to various combina

tions of moistening, drying, heating, and attack by microorganisms prior 

to the arrival of summer rains. The apparent requirement that some soil 

moisture be present during the March seeding provided the stimulus for 

further research. The observations suggested some combinations of fac

tors acting on seeds during the incubation period might be used as 
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pre-sowing treatments to enhance germination and seedling emergence, by 

decreasing the limitations of dormancy. 

Results from laboratory studies substantiated the possibility 

for enhancement of germination with pre-sowing seed treatments. Dor

mancy and light sensitivity of Lehmann lovegrass seeds were reduced by 

chemical and mechanical scarification which influenced properties of the 

seed coats (Brauen, 1967). The rate of germination and total germina

tion were increased by allowing seeds to imbibe in the dark for single 

periods of 36 hr at 10 C and 12 hr at 24 C, or for three combined peri

ods of 6 hr at 24 C followed by air drying at 24 C (Wilhelm, 1969). Air 

drying once testas were split reduced germination. The rate of germina

tion for Lehmann lovegrass seeds was also increased by imbibition for 

24 hr in a water saturated atmosphere at 24 C, followed by oven drying 

for 24 hr at 70 C (Jordan and Rawles, 1970). Older seed lots appeared 

to be more responsive to treatment than new lots. 

An understanding of how pre-sowing seed treatments relate to 

physical as well as metabolic requirements during the germination process 

is basic for optimum comprehension and application of potential treat

ments in the future. The objective of this study was to investigate the 

relative contribution of moistening, drying, and heating to physical 

changes and physiological development during germination for Lehmann 

lovegrass seeds. 



LITERATURE REVIEW 

Origin and Description 

Commercial or standard Lehmann lovegrass had its origin from an 

original plant Introduction which was officially designated as Arizona 

Accession 68 (A-68) by the Tucson Plant Materials Center (TPMC). Char

acteristics of the seeds of A-68 are as follows; a seed weight of ap

proximately 0.07 mg per seed; a gelatinous coat which becomes tacky when 

wet; requirement of an after ripening period of 100 to 150 weeks to re

move dormancy; requirement for dark during the initial 24 hr of imbibi

tion followed a period of light for optimum germination; and presence of 

compounds shown to be Inhibitory to the germination of some seeds 

(Brauen, 1967). It has good seedling drought tolerance and the ability 

to establish itself under range conditions (Brauen, 1967). Tapia and 

Schmutz (1972) suggested Lehmann lovegrass seeds germinate rapidly. 

Germination and Biological Energy 

Germination of seeds is a process consisting of a sequential 

number of steps during which a quiescent seed after imbibition of water 

shows a rise in its general metabolic activity and initiates the forma

tion of a seedling (Mayer and Poljakoff-Mayber, 1963). Separation of 

germination and growth can be difficult. Some suggest that germination 

terminates with the splitting of the testa and radicle emergence, but 

testas sometimes split with imbibition without subsequent seedling growth. 

In field plantings emergence is the only evidence of germination. See 
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Heydecker (1973, p. 554) for more information on the problem. Generally 

when the testa of a Lehmann love grass seed splits under laboratory con

ditions, a seedling develops. 

Several excellent reviews were written on seed germination 

(Ching, 1972; Mayer and Poljakoff-Mayber, 1963; Mayer and Shain, 1974). 

Ching (19 72) reported a quiescent seed contained macromolecules such as 

enzymes, tRNA, mRNA, and organelles such as mitochondria, ribosomes, nu

clei, and membranes s which were formed during seed maturation and subse

quently stored or inactivated during dehydration. 

There are some physiological as well as environmental constraints 

on a seed entering germination. A seed, if not dormant, will proceed in 

the steps of germination when it has an adequate supply of water and 

gases, at a suitable temperature and level of illumination, and in the 

absence of toxic or inhibitory substances (Hillel, 1972). These ideal 

conditions may be of short duration in arid and semi—arid regions. 

Germination has been divided into three distinct phases (Ching, 

1972). She described the first phase as an imbibition period during 

which the major activity is reactivation of macromolecules and organelles. 

During the second phase a steady state of water uptake and respiration 

occurs with all preexisting systems working at full capacity. Phase 

three is one of nonsynchronized cell division and growth s when fresh 

weight and respiration increase continuously. 

Water is imbibed from the periphery toward the interior of the 

seed, being absorbed first by metabolic functional organelles, the cyto-

sol, and membranes of storage organelles (Ching, 1972). Imbibition is 

not an active process, and it occurs equally well in live or dead seeds 
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(Mayer and Poljakoff-Mayber, 1963). Rate and quantity of water imbibed 

by seeds can vary with seed coat composition, chemical composition of 

the seed, size of the seed, and imbibition temperature when water is not 

limiting (Ching, 1972). 

McKee (1935) reported that Hungarian foxtail millet (Chaetochloa 

italica) and orchard grass (Dactylis glomerata) seeds imbibed 28 and 113 

percent moisture, respectively, on a dry weight basis, but the seeds 

required only 75 percent of that total capacity for germination. There

fore, the seeds were metabolically active before fully hydrated. Thus, 

Lehmann lovegrass seeds sown under field conditions possibly become 

metabolically active prior to arrival of optimum conditions for germina

tion, with imbibition under low soil moisture levels. 

The increase in water content is followed by an increase, in 

metabolic activity. There are both anabolic and catabolic events occur

ring in a germinating seed. Anabolic reactions are usually located in 

the embryo or embryo axis and result in the production of machinery re

quired for protein synthesis and biogenesis of macromolecules and organ

elles and in the synthesis of new cells and tissues. Catabolic reactions 

generally occur in the storage organs and involve degradation of reserve 

material for substrates needed in energy production through respiration 

and as raw materials in synthesis (Ching, 1972). 

Metabolic activity has been found to increase rapidly with imbi

bition and reactivation of macromolecules and organelles. Abdul-Baki 

(1969) found protein synthesis occurred within the first hour of imbibi

tion in barley (Hordeum vulgare L.) seed, and respiration increased 

slowly for the next 11 hr of imbibition. Marcus, Freeley, and Volcani 
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(1966) found wheat (Triticum vulgare L.) embryos synthesized proteins 

during the first 30 min of imbibition, and their rate of respiration in

creased slowly for 6 hr. Chen, Sarid, and Katchalski (1968a) found a 

conserved mRNA in dried wheat embryos, and they demonstrated that a new 

mKNA was synthesized during the initial 24 to 48 hr of imbibition. Rej-

man and Buchowicz (1971) reported RNA, protein, and DNA synthesis be

gan 15 min, 3 hr, and 4 hr, respectively, after wheat (Triticum aestivum 

L.) grains were exposed to optimal germination conditions at 22C. Prior 

to this exposure the seeds were maintained in an imbibed condition at 2 

C. We cannot assume the seeds were metabolically inactive at 2 C, even 

though the investigators found no evidence of protein, RNA, or DNA syn

thesis. Wilson (1973) suggested some hastening of germination occurred 

for seeds of crested wheatgrass (Agropyron desertorum [Fisch. ex. Link] 

Schult.) when they were imbibed slowly at 0 C. 

Protein synthesis has been shown to require hydration, activa

tion of ribosomes and polysome formation. Marcus and Freeley (1966) 

found adenosine triphosphate (ATP) was required for in vitro ribosome 

activation and polysome formation in extracts from wheat embryos. 

Obendorf and Marcus (1974) demonstrated a fivefold increase in ATP 

during the first 30 min of imbibition for wheat embryos and a tenfold 

increase in 1 hr. The increase was consistent with the energy require

ment for polyribosome formation and protein synthesis during the first 

hours of germination. 

Seed germination requires tremendous amounts of biological 

energy in the form of ATP (Ching, 1972). Energy is required for acti

vation of organelles, biogenesis of new cellular constituents, and for 
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formation of protein-synthesizing machinery. The supply of ATP is gen

erally not limiting during germination at an optimum temperature with 

adequate moisture and oxygen (C^). 

The ATP content in plant tissues has been found to be very sen

sitive to environmental and developmental changes (Ching, 1973). ATP 

levels were reduced in cotton (Gossypium hirsutum L.) seedlings upon 

chilling (Stewart and Guinn, 1969); in imbibed lettuce (Lactuca sativa 

L.) seeds under anaerobic conditions (Pradet, Narayanan, and Vermeersch, 

1968); in crested wheat grass seeds exposed to severe drought (Wilson, 

Nelson, and Goebel, 1970); and in imbibed annual ryegrass (Lolium 

multiflorum L.) seeds killed at high temperature (Ching, 1973). During 

brief periods of precipitation ATP was synthesized, and the content re

mained stable under moderate drought conditions in crested wheatgrass 

seeds (Wilson et al., 1970); was increased in concert with the synthesis 

of organelles and enzymes in non-dividing tissue; and levels increased 

in pace with cell numbers and size of growing organs (Ching and Ching, 

1972; Ching and Kronstad, 1972; Pradet et al., 1968). Brown (1965) found 

a large increase in ATP in pea (Pisum sativum L.) seeds after 4 hr of 

imbibition. The increase declined after 16 hr of imbibition, the period 

required for maximum hydration of the seeds. 

In view of the wide variety of biological reactions reported to 

occur within minutes or a few hours of imbibition for several species, 

it was expected that Lehmann lovegrass should exhibit a similar burst of 

physiological activity after imbibing briefly. 

The adenine nucleotides adenosine diphosphate (ADP) and adenosine 

monophosphate (AMP) contents of germinating seeds have also been 
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investigated. Atkinson (1969) reviewed the regulation of enzyme func

tion and reported some enzymes have been found to respond to concentra

tions of ATP, ADP, or AMP and others respond to the (ATP/AMP) or the 

(ATP/ADP) ratio. Atkinson (1969) defined energy charge as half the num

ber of anhydride bound phosphate groups per adenine moity, or 

[ATP] + 1/2[ADP] 
Energy Charge j-ATpj + + 

He reported that some enzymes from animal tissue active in glycolysis 

and some active in the citrate cycle respond to the energy charge. The 

ATP-regenerating enzymes were predominately active when the energy 

charge was less than 0.5, and ATP utilizing systems became active as 

energy charge was greater than 0.5. The ATP utilizing systems were dom

inant as the energy charge neared one. The energy charge hypothesis was 

confirmed for lettuce seed by Pradet et al. (1968) from Ching (1972) 

and Pradet and Bomsel (1969). 

Small amounts of ATP are endogenous to dry seeds of blue panic-

grass (Panicum antidotale Retz.) (Abernethy, 1973), crested wheatgrass 

(Wilson and Harris, 1966), and barley (Ching and Kronstad, 1972). Syn

thesis of ATP begins when the normal respiratory mechanism has become 

fully functional (Mayer and Shain, 1974). This occurs quite rapidly in 

seeds of some species. 

Neither endogenous levels of ATP in air dry Lehmann lovegrass 

seeds nor the change in levels during the initial hours of imbibition 

have been reported. However, the content of ATP of a March planted seed 

might be quite responsive to the changes in environment prior to arrival 

of optimal germination conditions in July. 



10 

Respiration is the oxidative breakdown of certain organic seed 

constituents. It provides biological energy in the form of ATP and car

bon skeletons required for compounds to be synthesized. The main con

stituents broken down in seeds of the Gramineae family are sugars, 

starch, and some fatty acids and triglycerides (Ching, 1972). 

Carbohydrate reserves are present in seeds of cereal grains in 

two forms (MacLeod, 1969; Murata, Akazawa, and Fukuchi, 1968). The two 

forms include those present in the embryo which are immediately avail

able for use, and those stored in an insoluble form in the endosperm and 

require hydrolysis and translocation prior to use. The embryo of barley 

seed contains sucrose, raffinose, and fructosans readily available for 

use in the germination process (MacLeod, 1969). Sucrose is the main 

soluble sugar in rice (Oryza sativa L.) and it is consumed in respira

tion during the early stages of germination (Murata et al., 1968). Prior 

to the exhaustion of soluble sugars in barley seeds, which usually occurs 

within the first 24 hr of imbibition (James, 1940), sugars are trans

located to the scutellum and embryo axis. The sugars are products of 

hydrolysis of endosperm reserves. Endosperm reserves include hemicellu-

lose of cell walls which requires hydrolysis by endo beta-glucanase and 

xylanase, and starch which requires hydrolysis by amylase and to a 

lesser extent by phosphatase. 

Beta-amylase has been found in the endosperm of seeds (Engel, 

1947). The pattern of enzyme activity has been shown to vary with plant 

species. Wilson (1971) found it abundant in dry crested wheatgrass 

seeds, but detected no increase in its activity during the initial 5 

days of imbibition. Palmiano and Julaino (1972) found beta-amylase 
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activity increased significantly in rice seeds imbibed in light or dark 

conditions. 

Paleg (1960) demonstrated that alpha-amylase could be induced in 

the endosperm halves of barley (Hordeum distichum) seeds in response to 

gibberellic acid. He hinted that the actual site of synthesis was the 

aleurone layer, and this was later confirmed by Varner (1964). Varner 

and Chandra (1964) demonstrated the gibberellic acid dependent alpha-

amylase was in fact, _de novo synthesized, and they confirmed that gib

berellic acid dependent alpha-amylase was identical to that synthesized 

by normal germinating seeds. In their study, the induced synthesis of 

alpha-amylase by gibberellic acid was supressed by Actinomycin-D, an in

hibitor of DNA dependent RNA synthesis. These data suggested the effect 

of gibberellic acid on alpha-amylase synthesis was through the expression 

of genetic information. Pollard and Singh (1968) disagreed with the 

idea that gibberellic acid acted at the level of gene transcription as 

a primary action. However, Chandra and Varner (1965) found that gibber

ellic acid stimulated a 50 to 60 percent increase in incorporation of 

radioactive precursors into salt soluble RNA. Chandra and Duynstee 

(1967) found this gibberellic-acid-induced RNA appeared as a shoulder on 

the heavy ribosomal peak obtained on MAK column separation. Zwar and 

Jacobsen (1972) reported that a specific RNA induced by gibberellic 

acid, rather than changes in total RNA content, was required for alpha-

amylase synthesis. This particular RNA appeared to make up less than 1 

percent of the total tissue RNA. Although most of the studies reported 

were conducted using additions of exogenous gibberellic acid, the pres

ence of gibberellic acid in barley seeds was reported by Radley (1959). 
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She reported gibberellic acid increased in amount during germination, 

and presented evidence of gibberellic synthesis in the scutellum (Rad-

ley, 1967). MacLeod and Palmer (1967), however, suggested that gibber

ellic acid comes from the embryo axis and probably the region of the 

scutellar node. MacLeod (1969) reported alpha-amylase in barley seeds 

was probably produced in response to gibberellic acid moving from the 

embryo to the aleurone layer approximately 12 to 20 hr after the grain 

has begun imbibition. 

Induction of the synthesis of alpha-amylase is not the same in 

seeds of all species. The time of synthesis and the mode of induction 

may differ. Alpha-amylase is considered to be synthesized late in the 

germination process. Synthesis is at the expense of amino acids from 

hydrolyzed proteins and energy as ATP. 

Wilson (1971) reported synthesis of alpha-amylase began during 

the initial 24 hr of imbibition and increased rapidly between the second 

and fifth day of imbibition in seeds of crested wheatgrass. Nomura, 

Kono, and Akazawa (1969) found an increase in activity of alpha-amylase 

in rice seeds was accompanied by an increase in maltase activity after 

4 days of imbibition in the dark. Abernethy (1973) indicated alpha-

amylase activity in seeds of blue panic grass increased after 36 hr of 

imbibition in the dark. His observation was based on the increase of 

free sugar content. No reference to alpha-amylase activity in Lehmann 

lovegrass seeds was found in the literature. The possibility that it 

might be a controlling factor in rate of germination needs to be 

investigated. 
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Seed Dormancy 

A dormant seed is one which remains in an arrested state and 

cannot enter into germination or resume development immediately when 

supplied with water and 0^ at an optimum temperature. Dormancy can be 

of survival value to a species where the dormant period spans unfavor

able periods in the natural environment (Roller, 1969). A species may 

appear to have an advantage over others when the seed germinates promptly 

with the arrival of rains but this is not always the case. Rapid ger

mination should allow the germinating seeds to make the best possible 

use of the available water, but seeds do not sample a very large portion 

of the environment. A seed being many times smaller than the parent 

plant obtains its environmental stimulus from a relatively smaller area 

than the one sampled by the root system of the parent plant. Thus, dor

mancy mechanisms provide seeds of many species a means of remaining in 

an arrested state until the environmental conditions approach an opti

mum for germination and seedling growth. Rapid, simultaneous germina

tion in high percentages under usual environmental conditions with ade

quate moisture is the exception rather than the rule. Most exceptions 

occur in species long under cultivation (Roller, 1972). They have been 

continually selected for high, rapid, simultaneous germination. However, 

a certain degree of seed dormancy is required in cultivated plants to 

prevent vivipary and germination of seeds during wet harvest seasons 

(Roberts, 1969). 

Dormancy in seeds can help or hinder in a range seeding opera

tion. If one could overcome dormancy mechanisms in at least a portion 

of the seeds sown, then one portion of the population could respond 
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rapidly to some favorable environmental conditions, while another por

tion would not germinate unless later favorable conditions occurred. 

Different species often appear to have evolved different mecha

nisms for maintaining seed dormancy. Crocker (1916) classified dormant 

types into seven types. Villiers (1972, p. 225) reported them as fol

lows: (1) immaturity of the embryo; (2) impermeability of the seed coats 

to water; (3) mechanical resistance of the seed coats to embryo growth; 

(4) low permeability of the seed coats to gases; (5) a metabolic block 

within the embryo itself such as a requirement for light or chilling; 

(6) a combination of the preceding; or (7) secondary dormancy. Within 

the last decade reviews have been written on numerous aspects of seed 

dormancy including the ecological value of seed dormancy (Roller, 1969, 

1972; Wright, 1971); factors responsible for dormancy imposition (Barton, 

1965a, 1965b; Lang, 1965; Villiers, 1972; Wareing, 1965); factors asso

ciated with the breaking of dormancy (Black, 1969; Evenari, 1965; Lang, 

1965; Marcus, 1969; Stokes, 1965); and models to explain dormancy phe

nomena (Amen, 1968; Black, 1970; Evenari, 1965; Kelley, 1969; Khan, 1972; 

Roberts, 1969, 1973; Vegis, 1964; Wareing and Saunders, 1971). 

Seed dormancy appears to be induced during the development of 

the seed as the environment interacts with the genetic component. Dor

mancy can be coat imposed or embryo imposed (Wareing, Van Staden, and 

Webb, 1973). Some intact seeds will not germinate without a stimulus 

such as light, chilling, or high 0^ tension, but the isolated embryo 

will germinate. Embryos from seeds of other species are dormant and 

will not germinate even when isolated. 
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Coat imposed dormancy includes types 2, 3, 4, and 7 of Crocker's 

classification. Seed coats active as barriers to water uptake are 

found in hard seeds of several plant families including Legminosae, 

Malvaceae, Chenopodiaceae, Liliaceae, and Solanaceae (Villiers, 1972). 

Due to inherent variation some seeds can imbibe water more quickly after 

maturation than others. Usually the uptake of water is prevented by the 

testa until it is ruptured (Villiers, 1972). Increased imbibition by 

seeds can be obtained with seed coat scarification (Brown, 1943), but 

germination percentage may not be increased if solutes are removed by . 

leaching and the embryo stressed. Leaching of solutes does occur in 

seeds of some species (Simon, 1972). Bacteria and/or fungal action can 

be active in surface deterioration (Villiers, 1972). 

Seed coats have been shown to be barriers to gas exchange as 

evidenced by the work of Edwards (1968) with seeds of Charlock (Sinapis 

arvensis L.). Edwards (1973) reported that the supply of to seeds is 

a function of several factors. These included the external gas concen

tration, solubility of C>2 in water, length and resistance of the diffu

sion path, and the affinity of the enzymes in the seeds for molecular C^. 

Interference with uptake has maintained embryos in a state of dor

mancy. Villiers (1972) reported removal or damage to parts of the seed 

coats or increasing the 0^ tension of surrounding air, can increase the 

rate of embryo respiration in seeds of many species as well as allowing 

germination, particularly for species of the Gramineae family. Germina

tion of seeds of many species has been enhanced by seed coat damage from 

scarifying, cutting, acid treatment, removal of the coats, as well as 

exposure to high 0^ tensions. Dasberg, Enoch, and Hillel (1966) compared 
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germination of Oryzopsis holiciformis, Phalaris tuberosa, Agropyron 

desertorum (Nordan and Fairway), and Agropyron elongatum to wheat in 

environments containing different partial pressures of 0^ and carbon 

dioxide (CC^). These grasses showed sensitivity to 0^ tension over the 

range studied (0 - 21 percent). Final germination percentage and rate 

of germination were both decreased as percentages were reduced below 

15 percent. They reported indications of higher respiration activity 

with higher 0^ tensions. Major (1972) found that incubation of dormant 

and nondormant selections of sideoats gramagrass (Bouteloua curtipendula 

(Michx) Torr.) seed in a 100 percent 0^ atmosphere for 7 days resulted 

in a significant increase in germination over that in standard atmos

pheric conditions. He suggested increases were related to a mechanical 

barrier or to impermeability of the seed coat. In some species such as 

Blepharis persica (Burr) Kuntze, mucilage arising from multicellular 

hairs bom on the integuments has been found to act as a physical bar

rier to C>2 and thereby prevent germination (Witztum, Guttermans and 

Evenari, 1969). 

At least two views have been expressed on the requirement of 0^ 

in the breaking of dormancy. Some evidence suggested 0^ is required to 

meet the energy requirements of germination and growth. Oxygen has also 

been shown to be needed for oxidation of endogenous inhibitory substances 

surrounding the embryo which due to impermeable seed coats were not 

leached out. This was demonstrated in seeds of Xanthium by Wareing and 

Foda (1957) and for seeds of Betula by Black and Wareing (1959). Roberts 

(1969) reviewed literature on seed dormancy and oxidation processes. He 

presented evidence supporting (a) maintenance of dormancy by restriction 
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of the pentose phosphate pathway, (b) operation of the pentose phosphate 

pathway in early stages of germination and a low level of glycolysis, 

Krebs cycle, and cytochrome oxidase system activity, and (c) that the 

tendency becomes reversed in the later seedling stage. Therefore, high 

(>2 tensions would have broken dormancy by favoring the pentose phosphate 

pathway and blocking the Krebs cycle. 

Nikolaeva (1969) suggested the restricting effect of the seed 

coats on gas exchange is usually accompanied by one or more factors im

posing dormancy on the seed. The observation was supported by the wide 

range of dormancy releasing stimuli which are effective in these cases. 

The stimuli included exposure to light and certain photoperiodic regimes, 

chilling temperatures, and the application of gibberellic acid and 

dormancy-breaking chemicals such as thiorea, nitrites, and nitrates. 

Mechanical resistance of the coats to embryo growth can be con

siderable, but instances of this type are of rare occurrence and gener

ally occur in combination with another dormancy type (Villiers, 1972), 

although Ballard (1964) reports some cases in the Gramineae family. 

Embryo imposed dormancy may be due to immaturity which requires 

differentiation or continued growth, or an internal metabolic block 

which might require light treatment or chilling of imbibed seeds 

(Villiers, 1972). 

In most cases examined, ligiht responses in seeds have been 

shown to be due to the phytochrome pigment system. In a very simpli

fied view, red light has been considered to convert Pr, the probably in

active form of phytochrome to Pfr, the active form of phytochrome which 

then by some unknown mechanism initiates various physiological phenomena 



including seed germination (Smith, H., 1973). Borthwick et al., (1952) 

provided the first clues to an energy receptor system while working on 

the effects of light on the germination of lettuce seeds. With almost 

no exceptions, light sensitive seeds have followed the pattern in which 

germination is promoted by red light and inhibited by far red light 

irrespective of whether it is inhibited or promoted by white light 

(Evenari, 1965). H. Smith (1973) made the generalization based on re

search findings, that dark germinating seeds contain non-limiting amounts 

of Pfr, while light requiring seeds contain limiting quantities of Pfr. 

Villiers (1972) reported that light sensitive seeds were responsive when 

imbibed and the response was affected by the presence of seed coats and 

the prevailing temperature. Fujii and Yokohama (1965) found that dehy

dration or puncturing of the seed coats could replace the light require

ment for seeds of Eragrostis ferruginea.- Roberts (1973) reported that 

although several theories have been suggested, the biochemical mechan

isms involved in the phytochrome response are not known. He suggested 

an oxidation reaction was involved based on the lack of response found 

in the absence of oxygen. Control of lipid metabolism, respiration, 

enzyme synthesis, hormone synthesis, and membrane permeability were 

summarized by Black (1969) as possible effects of light on germination. 

The requirement of chilling to remove dormancy has usually been 

associated with the presence of germination-inhibiting substances in the 

embryos (Villiers, 1972). Wareing (1965) provided a comprehensive re

view of endogenous inhibitors and their possible effects in seed dor

mancy. Some of the more common substances include coumarin and its 

derivatives, abscisic acid, and phenolic compounds. Villiers (1972) 
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indicated much of the available evidence suggested inhibitors may impose 

and maintain dormancy, but it was possible that their effect could be 

overcome by the action of some growth factor produced during chilling. 

Black and Wareing (1959) suggested the possible stimulator affect of 

light on Betula was the formation of some type of germination promoting 

substance. The most common substances referred to as germination pro-

motors include gibberellins, cytokinins and in some instances ethylene. 

Amen (1968) reported that within the functional components of a 

seed system,, chemical feedback was potentially operative. During the 

ontogeny of a dormant seed system, endogenous inhibitors were produced at 

a level sufficient to counteract the growth hormones which then resulted 

in cessation of growth of the embryonic axis. He indicated a trigger 

mechanism was developed during seed maturation which rendered the seed 

system sensitive to a specific environmental clue. When stimulated the 

trigger mechanism allowed a series of biochemical reactions that lead to 

the resumption of growth by the embryonic axis. He presumed most germi

nation inhibitors inhibited specific mRNA synthesis. Examples were the 

mRNA-amylase system with absicic acid the inhibitor and gibberellic acid 

the promotor, or the mRNA-protease system with absicic acid the inhibitor 

and cytokinin the promotor. Several inhibitor-promotor complexes could 

regulate the germination response by timing the sequence of a specific 

metabolic event in the ontogeny of a seed. 

Khan (1972) reviewed the effects of gibberellins and cytokinins 

in seed dormancy. He proposed that gibberellins play a major role and 

are essential, whereas the function of cytokinins was mainly to overcome 
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endogenous growth inhibitors which may or may not be present in a given 

system. 

Roberts (1973) proposed the pentose phosphate pathway dormancy 

breaking mechanism may be active in seeds of many species which respond 

to the following physical and chemical dormancy breaking agents: hydro

gen acceptors such as the nitrate ion; respiratory inhibitors such as 

cyanide; and end products of fermentation such as carbon dioxide and 

ethanol; sulphydral compounds such as thiourea; hormones including 

gibberellinss cytokinins, auxins, and ethylene plus inhibitors including 

abscisic acid; temperature effects on dry and imbibed seeds, with high 

temperature best on dry seeds and low temperature best on imbibed seeds; 

fluctuating temperatures; and light. 

Brauen (1967) reported seed of A-68 Lehmann lovegrass to be dor

mant immediately following harvest. Duration of dormancy was variable 

among lots tested. He suggested variability was probably due to varia

tion in environmental conditions during development and to the continual 

flowering habit of the species, since genetically, the seed population 

was very uniform because of the asexual method of reproduction. A non-

dormant condition could be obtained in 100 to 150 weeks following har

vest by storage at room temperature and low relative humidity. He 

suggested seed coat impermeability to water and gases as a causal agent 

of seed dormancy. 

Brauen (1967) also reported some seeds were light sensitive, and 

that dormancy was removed by a 2 week prechill on moist substrate in the 

dark 25 weeks after harvest. Both characteristics have been related to 

inhibitors in other species. Brauen suggested if inhibitors were 
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involved in control of dormancy in seed of A-68 they were not water 

soluble or seed coats acted as barriers to their removal. Dormancy was 

not removed by extended periods of leaching or soaking. 

Freshly harvested seeds did not respond to treatments with the 

following agents: (1) gibberellic acid, (2) thiourea, (3) kinetin, (4) 

indole acetic acid, (5) potassium nitrate, (6) extended prechill, (7) 

gamma radiation, or (8) radio frequency electrical fields. 

Gelatinous coatings on the seed surface were not correlated with 

dormancy. Germination was not related to the quantity of the material, 

and its removal did not increase germination. Since chemical composi

tion of the gelatinous material was not thoroughly investigated, the 

chemical constituents could not be ruled out as a cause of dormancy. 

Brauen (1967) presented evidence of certain acidic compounds 

found in seed extracts, some of which have been reported as inhibitors. 

They included salicylic, tannic, and p-coumaric acid plus some phenolic 

compounds. No correlation was found between the presence or absence of 

these compounds and dormancy in seeds from accessions of Lehmann love-

grass. However, inhibitors cannot be ruled out as mechanisms of dor

mancy. They were present and with compartmentation within a seed they 

could be a controlling agent. This would require more thorough study 

for verification. 

Brauen (1967) suggested several dormancy mechanisms might be 

active in Lehmann lovegrass seeds. Since scarification overcame dor

mancy, one wonders if the moistening and drying treatments imposed on 

Lehmann lovegrass seeds might in fact scarify the seeds or was the sole 

effect an advancement of physiological development. Moistening and 



22 

drying as well as many other treatments have been applied to affect the 

germination for seeds of many species. 

Pre-sowing Seed Treatments 

Pre-sowing seed treatments, as applied to seeds of cultivated 

species, may be a potential tool to use in range seedings in arid and 

semi-arid regions. Pre-treated seeds of selected species may have the 

potential to germinate and begin growth more promptly than they might in 

their native ecosystems. 

Treatments have been applied in order to gain improvement in 

germination percentage, seedling establishment and growth particularly 

in sub-optimal conditions, yield, and uniformity in time of and quality 

of crop maturity (Austin et al., 1973). Treatments applied to seeds 

prior to sowing have included those which remove impermeability of seed 

coats to water and gas such as scarification, heating, and drying. 

Scarification has removed portions of seed coats containing inhibitors 

or acting as barriers to leaching of inhibitors. Treatments such as 

stratification, chilling, leaching, heating, soaking, and treating with 

growth regulators have been used to modify the balance between germina

tion promotors and inhibitors to favor germination. Moistening and 

drying seeds has been used to hasten the germination process and harden 

the seeds. Other treatments used include seed sorting and planting only 

the heavier seeds, and incasing seeds in clay material. For range 

application we need to consider treatments which can hasten germination, 

improve drought resistance in seedlings, and allow ease of handling 

seeds during planting operations. 
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Much of the emphasis in pre-sowing seed treatments has been on 

seeds of cultivated species. Austin, Longden, and Hutchinson (1969) 

worked with carrots (Daucus carota L.); Hegarty (1970) worked with sweet 

com (Zea mays L.) ; and Nanda, Chinoy, and Gupta (1959) worked with 

wheat. Griswold (1936) investigated the effects of wetting and drying 

on germination of seeds of several range species and observed variable 

results. Germination was increased for some species and was not affected 

in others. The effect of pre-sowing seed treatments on seeds of the 

crested wheatgrass complex has received considerable attention. Maynard 

and Gates (1963) found various wetting and drying treatments increased 

the rate of germination for crested wheatgrass seeds. Keller and Bleak 

(1968) reported emergence was hastened for seeds of crested wheatgrass 

when they were pre-wetted at various temperatures. Their results were 

more favorable when the seeds were planted while still moist following 

treatment. Keller, Bleak, and Hansen (1970) reported pre-treated seeds 

of Nordan crested wheatgrass can be dried and stored several months be

fore planting. They found modest, but significant advantages, from pre-

treating the seed in both rate of emergence and early yield. Bleak and 

Keller (1974) pre-treated seeds of six cool season species adapted to 

semi-arid ranges. Seeds were moistened at 17 C until 5 percent had pro

duced visible radicles and then air dried. Rate of emergence was in

creased in field plantings for all but one species investigated. Their 

data indicated accelerated emergence was not necessarily accompanied by 

increased plant establishment or higher yield. Bleak and Keller (1974, 

p. 227) stated, "Treated seeds will have an advantage under conditions 

where a good emergence from natural seed is not possible but where the 
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added boost of pre-treatment is adequate to improve emergence. Such 

conditions may be impossible to predict in advance." Bleak and Keller 

(1972) measured the response of selected range species to pre-planting 

seed treatments. They investigated nine cool-season grasses, six 

summer-growing grasses, and three browse species. Included in the 

species studied was Lehmann lovegrass. Seeds of this species that were 

pre-moistened for 36 hr at 16 C and 18 hr at 28 C followed by surface 

drying for 2 min had 21 to 31 percent seedlings emergence in moist Provo 

sand, while only 6 percent of nontreated seeds emerged in 5 days. The 

effects of various pre-treatments on seeds of Lehmann lovegrass were 

previously discussed. 

Wilhelm (1969) reported drying of moistened seeds once the testa 

had split was detrimental to subsequent seedling growth. Air drying as 

well as oven drying before the testa split has provided a stimulatory 

effect. Roller (1972) reported germination was improved for many species 

of Gramineae by dessication of the seeds. Capon and Van Asdall (1967) 

presented data indicating heat treatments as a means for increasing 

germination of seeds of some desert annual plants. Storage for periods 

of up to 5 weeks at 50 C increased germination for all but one species. 

Todd (1972) suggested the ability of seeds to withstand more drying than 

vegetative portions of a plant was possibly related to sensitivity of 

enzymes to drying and mechanisms protecting the enzymes. Others have 

reported the detrimental effect of drying seeds once testas have split. 

Roberts and Osborne (1973) discussed work with wheat and rye (Secale 

cereale L.). They Indicated a first and second phase to the germination 

process. Imbibition accompanied by protein synthesis occured during the 



first phase. Enzymes synthesized during the first phase such as DNA 

polymerase were required for the second phase, when DNA was replicated. 

They found embryos could be dehydrated during the first phase without 

damage, but drying during the second phase after DNA replication had 

begun was detrimental. Their work substantiated evidence presented by 

Chen, Sarids and Katchalski (1968b) on dehydration of wheat embroys fol

lowing 24, 48, or 72 hr of imbibition. 

Although considerable research has been conducted on pre-sowing 

seed treatments, practical applications are still in their infancy 

(Austin et al. s 19 73). Evidence reviewed to this point has suggested 

variation in response to treatment occurred between species as well as 

between seed lots of a given species; such was the case with different 

aged seed lots of Lehmann lovegrass seeds and their response to pre-

treatment (Jordan and Rawles, 1970). 

Various views have been expressed on the actual effect of pre-

sowing seed treatments. Henckel (1964) suggested repeated imbibition of 

seeds, short of radicle emergence, followed by redrying caused activa

tion of latent physiological mechanisms which enabled the resulting 

plants to withstand certain adverse environmental conditions such as 

drought and extremes of temperature. Austin et al. (1969) reported 

carrot seeds hardened by three cycles of wetting and drying at 20 C 

showed the following advantages over nontreated seeds. Treated seeds 

germinated at a faster rate; imbibed water at a faster rate for the 

initial 3 hr; had longer embryos due to cell division; and had greater 

seedling weight and larger root yields. Their results suggested the 

superiority of treated over nontreated seeds was due to an initial early 



26 

start of 3 to 4 days rather than cytoplasmic changes leading to in

creased drought resistance for plants throughout growth. Major (1972) 

reported wetting and drying treatments significantly increased germina

tion in both dormant and non-dormant selections of sideoats gramagrass. 

He suggested there may have been a scarifying action from the wetting 

and drying which improved permeability or wetting and drying may have 

increased the susceptibility of inhibitors to oxidation. Nanda et al. 

(1959) pre-treated seeds of wheat by allowing seeds to imbibe up to 35 

percent of their weight in water. Seeds were kept in this condition for 

6 hr at 25 C, then air dried back to their original weight. They claimed 

an acceleration in growth of seedlings from treated seeds and suggested 

the increase was due to an acceleration in amylase and catalase activity. 

Can several days hastening in emergence, obtained from a pre-

treatment, be obtained equally as well by sowing untreated seed several 

days earlier? The answer to this question hinges on the aridity of the 

seed environment. The micro-climatic situation around a seed will vary 

and, therefore, have varying affects on hastening of germination. 

Hunter and Erickson (1952) investigated the relationship between 

soil moisture tension and germination for seeds of several species. 

They reported seeds of different species have different minimum soil 

moisture contents at which they will germinate. 

In range seedings of arid and semi-arid lands, seeds are usually 

sown when soil moisture conditions are suboptimal for germination. 

Seeds of cool season plants are planted in spring or fall operations, 

and those of warm season species are seeded in spring or summer. There

fore, with intermittent rains, seeds could be moistened and dried 
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several times prior to the arrival of precipitation adequate for comple

tion of germination. 

Wilson (1972) reported germination at 5 C was hastened by up to 

5 days by prior incubation in moist soil. In fact, Wilson (1973, p. 45) 

stated, "hastening of germination at low temperatures appears to be one 

of the physiological traits that enables crested wheatgrass seeds to 

germinate on difficult sites." In field plantings of crested wheatgrass 

seeds, he found hastening occurred when soil moisture was increased 

briefly during the interval between sowing and prior to the existence 

of conditions optimal for germination. The seeds did not appear to be 

damaged during the intervening drought, in fact seeds retained much of 

the advantage previously gained. During the periods of precipitation 

suboptimal for germination, crested wheatgrass seeds synthesized ATP 

(Wilson, 1970) and alpha-amylase (Wilson, 1971) and beta-amylase was 

activated. The ATP was affected by periods of drought as described 

earlier,, and although the amylases were degraded during subsequent dry

ing, synthesis was resumed upon remoistening. He did indicate synthesis 

of alpha-amylase occured when little hastening occurred, indicating some 

other biochemical reaction was less tolerant to drought. 

Observations by Jordan and Maynard (1970) of Lehmann lovegrass 

seedings on the San Simon watershed resembled the results from field 

plantings of crested wheatgrass seeds. The seedlings which emerged 

quicker and with more vigor may have been from seeds in which germina

tion had been hastened by moistening and drying, through advancement of 

physiological development and scarification of the seed coat. This study 

was designed to investigate these possibilities in more detail. 



MATERIALS AND METHODS 

Seed Source 

In 1970, preliminary studies were begun using one-year old seed 

purchased from E-Mac Seed Company, Willcox, Arizona. Brauen (1967) 

suggested Lehmann lovegrass seeds were dormant immediately following 

harvest and required a period of afterripening. Unfortunately, the 

seed from the initial source germinated only 5% after 48 hr of imbibi

tion (Table 1) and responded only slightly to pre-treatment. Conse

quently a new lot of seed was obtained in 1972 from the Plant Materials 

Center, Tucson, Arizona. The seed type was Arizona Accession 68, lot 

4856 which consisted of a mixture of three collections made at the 

Plant Materials Center in November 1963, July 1964 and October 1964. 

Variation in seed size was reduced by sorting seed in an air type seed 

separator. All investigations presented in this dissertation were con

ducted with uniformly-sized seed. 

Seed Treatments 

A total of six different seed treatments were applied during the 

course of the study. The procedures used in applying the treatments and 

the procedure used in seed sterilization are described in the following 

sections. 

Control 

Seeds were air dried and stored in paper sacks in the laboratory. 

28 
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Table 1. Germination percentages for two lots of Lehmann lovegrass 
seeds after 48 hr of imbibition at 21 C. 

One hundred seeds per replication were germinated in a 9 cm 
disposable petri dish containing one piece of Eaton Dikeman 
No. 617 filter paper and 3 ml of distilled water. Germina
tion was conducted in a modified Stults germinator, described 
by McCleery (1974) with no control of light. Germination 
was considered splitting of the testa. 

Seed Lots 

Replication Approx. Approx. 
One-year old Ten-year old 

- - - percent ------

1 3 12 

2 4 18 

3 5 22 

4 6 26 

5 4 20 

6 9 19 

Mean 5.2 19.5 
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Oven Dried (OD) 

Seeds were oven dried for 24 hr at 70 C in a mechanical convec

tion oven immediately prior to testing. 

Scarified 

Seeds were mechanically scarified in a Modified Forsberg seed 

cleaner (Brauen, 1967). An 8 ml sample of air dried seeds was placed on 

the abrasive inner surface of the inner cylinder, and the cylinder was 

held in a horizontal position. The scarification treatment was 8 sec in 

duration. The volume and time was suggested as optimal by Brauen (1967). 

Abrasive surface used was Minnesota Mining Safety-Walk, Medium ACP-4 

Type A, non-slip surface. 

Warm Water Imbibed (24w) 

Each sample of seeds was allowed to imbibe moisture at 24 C 

while immersed in 10 ml sterile distilled water (SDW) contained in 

separate 125 ml Erlenmeyer flasks. Flasks were randomly distributed 

atop a metabolic shaker (Fig. 1), which was designed to allow the flasks 

to tilt 30 degrees from the horizontal twelve times each minute for 

aeration purposes. The shaker was placed in a Sherer Controlled Envi

ronment Lab, Model CEL 37-14 growth chamber. 

To reduce microorganism contamination, each flask containing 10 

ml of distilled water was autoclaved while closed with a cotton plug to 

reduce evaporative loss. Before samples were placed in flasks, the 

cotton plugs were replaced with rubber stoppers that had been surface 

sterilized with 95% (v/v) ethanol (ET0H). Each stopper contained holes 

filled with autoclaved glass wool to allow gas exchange. 
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T 

Fig. 1. Metabolic shaker and set of flasks used in the 24w treatment 
as described in the text. 
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This method was adopted over one using filter paper discs in 

petri dishes because complete removal of radicles of germinated seeds 

from filter papers was very difficult. Results from germination trials 

indicated germination percentages were just as high in flasks as on 

moistened filter paper discs in petri dishes (Table 2). In addition, 

studies indicated that excess water without agitation could be inhibi

tory to germination (Table 3). 

In short duration studies samples were maintained in the dark. 

In cases where samples were imbibed for longer than 24 hr, the seeds 

were illuminated once with 1,200 ft candles for 3 hr between 24 and 27 

hr of imbibition. Seeds were illuminated since Brauen (1967) suggested 

some seeds of A-68 were light sensitive and preliminary studies (Table 

4) indicated this lot of seeds also responded to light treatment. The 

3 hr of illumination was used because it provided approximately 60% 

germination after 60 hr of imbibition, but allowed no apparent chloro

phyll synthesis. 

Seed samples were removed from flasks by washing onto a 9 cm 

Whatman No. 1 filter paper disc placed in a Buchner funnel, and excess 

moisture was removed by suction. 

Warm Vapor Imbibed (24v) 

Seeds were allowed to imbibe water from a saturated atmosphere, 

(approximate relative humidity 95%) in the dark, at 24 C. Seeds were 

placed in small nylon sacks, and these placed into a larger cloth sack 

which was suspended from the lid of an opaque moist air chamber 
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Table 2. Germination percentages for Lehmann lovegrass seeds imbibed 
in different types of containers. 

One hundred seeds per replication were surface sterilized 
for 15 min in 1% sodium hypochlorite solution. Samples were 
rinsed eight times with distilled water, and placed in the 
proper container. Germination was conducted in the Sherer 
Controlled Environment Lab at 21 C for 70 hr. Samples were 
maintained in the dark for the initial 23 hr, then illu
minated once with 1,200 ft candles for 6 hr between 24 and 
30 hr of imbibition. Petri dishes were placed in a covered 
plastic box with a water reservoir in the bottom and flasks 
were placed on the metabolic shaker (Fig. 1). 

Containers 

Replication Petri dish 125 ml flask 
(1 filter paper and (3 ml water) 

3 ml water) 

1 64 59 

2 64 55 

3 59 64 

4 49 67 

Mean 56 61 
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Table 3. Germination percentages for Lehmann lovegrass seeds imbibed 
in a petri dish with one layer of filter paper and varying 
amounts of water. 

One hundred seeds per replication were placed in a 9 cm petri 
dish containing one piece of E-D No. 617 filter paper with 
the appropriate amount of distilled water. Eight petri 
dishes were placed in a plastic box with a water reservoir 
in the bottom. The box was placed in a dark chamber for 48 
hr at 21 C. 

„ . . Amounts 
Replication 

3 ml 8 ml 

1 5 2 

2 7 3 

3 8 4 

4 11 8 

Mean 8 4 
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Table 4. Germination percentages for Lehmann lovegrass seeds under 
three different periods of illumination. 

One hundred seeds per replication were placed in a 9 cm petri 
dish containing one piece of E-D No. 617 filter paper and 3 ml 
of distilled water. Dishes were placed in a plastic box with 
a water reservoir in the bottom. The box was maintained in a 
dark chamber for 48 hr at 21 C or the box was placed in the 
lab for an illumination of 24 or 2 hr. 

Periods 

Replication 48 hr dark 24 hr dark 24 hr dark 
24 hr light 2 hr light 

24 hr dark 

1 12 20 17 

2 9 19 14 

3 3 23 14 

4 12 16 15 

Mean 9.0 19.5 15.0 
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constructed from a large jar painted black (Fig. 2). The chamber was 

contained in the Sherer Controlled Environment Lab growth chamber. 

The chamber, tubing, and water reservoir were surface-sterilized 

with 2.5% sodium hypochlorite and rinsed with SDW prior to each run. 

Approximately 100 ml of SDW were placed in the bottom of the chamber. 

Air was pumped by a small diaphragm pump into the chamber after passing 

through a cotton filter and bubbling through SDW contained in a 250 ml 

vacuum flask. The chamber contained a vent, plugged with glass wool. 

All cloth sacks were autoclaved prior to use. Contamination from micro

organisms was prevented as much as possible without actually surface 

sterilizing the seeds with sodium hyochlorite solution. If moistened, 

seeds would have imbibed more water prior to treatment than they would 

have in the saturated atmosphere. 

Cold Water Imbibed (lOw) 

Seeds were allowed to imbibe in adequate moisture in the dark at 

10 C. Disposable plastic petri dishes were used as treatment containers 

with two circles of autoclaved E-D No. 617 filter paper. Filter paper 

was wetted with 6 ml of SDW. For treatment, the dishes were randomly 

distributed on four trays situated in the center of a Model 500 TL Cle-

land International, Inc. growth chamber. Empty trays were placed above 

and below the trays containing the samples to reduce the variation in 

temperature between the trays with samples. Excess moisture was removed 

from each sample at collection time by placing the filter paper disc in 

a Buchner funnel attached to a vacuum system. 



Fig. 2. A small nylon sack containing seed, a large cloth sack, and 
the moist air system used in the 24v treatment. 
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24v or lOw Plus Oven Drying 

Seeds were treated with 24v and lOw treatments alone or they 

were further treated with oven drying for 24 hr immediately following 

removal from the moisture chambers. These treatments are reported as 

24v + OD and lOw + OD. 

Surface Sterilization and Seed Transfer 

Contamination by microorganisms made surface sterilization im

perative for seeds of treatments 24w and lOw for some studies, particu

larly those of longer than 24 hr duration. Seeds were placed in small 

nylon sacks and surfaced sterilized for 15 min in a 1% sodium hypo

chlorite solution. Sacks were then rinsed 8 times with SDW. All 

transfers of seeds into sterile containers were made with a sterile 

spatula which was flamed after each transfer. The area where transfers 

were made was sprayed with sodium hypochlorite solution prior to use 

and my hands were washed with S.T. 37 antiseptic solution. Transfers 

of autoclaved filter paper and water into sterile petri dishes were made 

under the same conditions. When surface sterilization was employed, 

time zero for imbibition was considered the time when the sterilization 

process began. 

Measurements 

Several variables were measured during the study. Descriptions 

of the procedures used to measure each variable are described. 



Germination Percentage 

Germination percentage was based on samples of 200 seeds except 

in preliminary studies where 100-seed samples were used. Criteria for 

germination was the splitting of the testa. I found when a testa was 

split under the treatments investigated, a seedling developed. New sam

ples were removed at each sampling period and stored at -14 C until 

counted. Samples were discarded after counting. Illumination during 

the initial procedure might have biased the results from subsequent 

counts on the same sample. Germination was counted with the aid of a 

Luxo Magnifying lamp or a 10 power binocular dissecting microscope. 

Water Content 

Water content was determined on seed samples (500 mg original 

sample weight) allowed to imbibe in designated treatment environments. 

Seed samples were removed from treatment containers, vacuumed dry, then 

surface dried by gentle rubbing between two pieces of Whatman No. 50 

filter paper. Seeds were considered surface dry when no clumping of 

seeds occurred. A sample of surface dried seeds free of residues of 

paper was then weighed, placed in a vial, and oven dried for 24 hr at 

100 C. An oven dried sample was cooled to room temperature in a desic

cator and then weighed. Water content was recorded as percent of dry 

weight. 

Adenosine Phosphates 

Content of adenosine phosphates was determined on samples of 200 

seeds (approximately 14 mg of original sample) allowed to imbibe in a 

designated treatment environment. Each sample was removed from the 
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treatment container, transferred to a 1.5 x 10 cm Corex tube, and crushed 

in liquid nitrogen with a large glass rod. All crushed samples were 

maintained at -14 C prior to adenine nucleotide extraction. Each tube 

was placed into a boiling water bath, and boiling deionized water (4 ml) 

was immediately injected into the tube. Following 5 min boiling, sam

ples were placed on ice until analyzed. Extraction with cold 5% tri

chloroacetic acid provided higher ATP values, but the data obtained with 

the boiling water extraction were more reproducible with less variation. 

The luciferin-luciferase reaction was used to determine concen

trations of ATP. Luciferin and luciferase were extracted from desic

cated firefly lanterns^" (Sigma Chemical Co.) by the method described by 

Abernethy (1973) and Strehler and Trotter (1954). One hundred mg of 

desiccated firefly lanterns were ground 5 min in a chilled mortar and 

pestle with 10 ml 0.1 M sodium arsenate buffer pH 7.5. The suspension 

was transferred to a 15 ml Corex tube, then mortar and pestle were 

washed with an additional 3 ml buffer. The suspension was centrifuged 

at 12,000 x g (max) for 5 min using a Sorvall SS-34 rotor in a RC-2 

centrifuge. The supernatant was transferred to a clean tube containing 

90 mg MgSO^ • 7 1^0 and stored at 4 C for at least 48 hr prior to use 

to allow depletion of endogenous ATP. 

Adenosine phosphate concentrations in seed extracts were deter

mined following dilution. An aliquot from each sample was diluted with 

reaction buffer (40 mM Tris, 5mM magnesium acetate , pH 7.5) to provide 

between 0.5 and 5 pmoles ATP per reaction vial. Determinations of ATP 

1. Abdomens. 



were made on each diluted sample. Determinations of ATP + ADP were made 

on solutions of 0.1 ml extract and 0.4 ml reaction buffer with 0.6 umole 

phosphoenol pyruvate (Calbiochem Chemical Co.) and 50 yg pyruvate kinase 

(EC 2.5.1.40) (Sigma Chemical Co.). The mixture was incubated at 37 C 

for 5 min, held at 70 C for 2 min, and then placed on ice until assayed 

for ATP. Values for ADP were determined by difference. Assays for total 

adenosine phosphates required adenylate kinase. However, problems were 

encountered with the adenylate kinase (EC 2.7.4.3.) (Sigma Chemical Co.), 

and consistent values could not be obtained for AMP. Therefore, no 

values were reported for AMP, total adenosine phosphates, or adenylate 

energy charge. 

ATP determinations were made with a Packard 3320 liquid scintil

lation spectrometer. Reaction buffer (0.4 ml) and firefly extract (0.1 

ml) were added to a scintillation vial which was placed in the refriger

ated sample chamber of the spectrometer for temperature equilibration. 

Spectrometer gain was set at 100% with coincidence correction off (Stan

ley and Williams, 1969), and window from 50 to 1,000. Following equili

bration the vial was lowered into the counting chamber for 1 sec back

ground count to determine endogenous firefly extract ATP levels and 

photomultiplier tube noise (Abemethy, 1973). A 0.1 ml sample was in

jected into the vial with an SMI micropettor and a 1 sec count was made. 

Background counts were subtracted from sample counts. 

Standard ATP solutions of 0.5, 1, 2, 3, 4, and 5 pmoles per 

reaction vial, prepared dialy with reaction buffer, were used to quan

tify sample ATP concentrations. Data were reported as pmoles ATP and 

pmoles ADP per mg original sample weight. 



Rate of Respiration 

Rate of respiration was measured by monitoring CC>2 evolved by 

seed samples (1 g of original sample) allowed to imbibe in designated 

treatment environments. The CC>2 was measured in a closed system using 

a Beckman 215-A Infrared Gas Analyzer. A Randolph Model 500 tubing pump 

was used to circulate air through the system at a rate of 3.25 liters 

per minute. Air was pumped out of a glass sample chamber (volume, 450 

ml) through two drying columns (volume, 40 ml each) containing silica 

gel, into a 250 ml Erlenmeyer flask used for pressure stabilization and 

then into the analyzer. The glass sample chamber was large enough to 

easily accomodate the lid from a 9 cm disposable petri dish. Inlet (1) 

and exhaust ports (2) were fitted with 7 mm glass tubing. Closure was 

obtained by a ground glass fitted lid, sealed with silicone grease and 

held with clamps. Air passed from the analyzer back into the chamber. 

Increases in CO^ concentration per unit time were recorded on a Beckman 

Model No. 1005 variable speed recorder. All determinations were con

ducted beginning with air containing 380 ppm (X^. For all measurements, 

samples were placed into open petri dishes on filter paper discs and 

maintained in the dark prior to and during measurements. The lOw sam

ples were maintained at 10 C and the 24w and 24v samples at 23 C, prior 

to and during measurements. A blank was run for each treatment. Read

ings of samples were corrected by subtracting the proper blank reading 

for treatment lOw, 24v, or 24w. Data were reported as ppm (X^ evolved 

per minute per gram of original sample. 
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Carbohydrates 

Alcohol soluble sugars and starch contents were determined on 

seed samples (500 mg of original sample) which were allowed to imbibe 

in designated treatment environments. Alcohol soluble sugars were con

sidered as that carbohydrate fraction soluble in boiling 80% (v/v) ETOH. 

Starch was defined as the carbohydrate fraction not soluble in boiling 

80% ETOH but hydrolyzible by the enzyme Takadiastase. 

Immediately following removal from treatment containers, seed 

samples were placed in vials, boiling 95% (v/v) ETOH was added, and seeds 

were maintained submerged in the boiling ETOH for 20 min in a hot water 

bath. Smith, D. (1973) suggested boiling alcohol as an effective killing 

method. Following boiling, vials containing a total of approximately 

5 ml ETOH were capped and stored at 8 C until samples were ground for 

extraction. 

In preparation for grinding, the 95% ETOH was poured into a 250 

ml Erlenmeyer flask, and the seeds transferred into a chilled mortar and 

pestle, then 80% ETOH (1.5 ml) was added and samples ground for 3 min. 

Ground samples were transferred, with washing, to a tissue homogenizer 

and following homogenization, samples were quantitatively transferred 

into the 250 ml Erlenmeyer flasks. The resulting suspension in the flask 

was brought up to 150 ml with 80% ETOH and stored on ice prior to 

extraction. 

Alcohol soluble sugars were extracted by allowing suspensions to 

come to a boil in a hot water bath, then allowed to cool to room temper

ature (approximately 45 min) while being agitated with a mechanical 

shaker. Cooled suspensions were filtered with vacuum through an 18.5 cm 



Whatman No. 50 filter paper in a fluted glass funnel, and the residues 

were allowed to air dry for 24 hr prior to starch extraction. Filtrates 

were transferred to 400 ml beakers, and the ETOH was allowed to evaporate 

to 25 ml under an air stream as solutions were heated in a water bath. 

The 25 ml samples were allowed to cool to room temperature, then cleared 

of interfering substances with 10% (W/W) zinc sulphate solution and 

saturated barium hydroxide solution as described by Bryant (1972). The 

resulting precipitate and filtrate were separated by vacuum filtration 

through an 18.5 cm Whatman No. 50 filter paper. Care was taken at 

this step to thoroughly wash the precipitate with distilled water. Fil

trates were brought up to a 250 ml volume with distilled water. 

Following 24 hr of air drying, residues were scraped from filter 

papers and transferred to 125 ml Erlenmeyer flasks. Distilled water (15 

ml) was injected into each flask, and samples were allowed to soak for 

30 min. Samples were then gelatinized by boiling for 2 min over a hot 

plate and allowed to cool to room temperature. Incubation buffer (10 

ml, 12 mM acetic acid and 8 mM sodium acetate in distilled water, pH 

4.45) and Takadiastase solution (10 ml, 50 mg per ml commercial Taka-

diastase [Parke-Davis Co.] in distilled water) were added to each flask. 

The flasks were tightly stoppered, gently swirled, and placed in a dark 

oven to incubate at 38 C for 44 hr. Following incubation, suspensions 

were filtered with vacuum through Whatman No. 50 filter paper, and the 

filtrates were transferred to beakers and cleared as described for 

soluble sugars. The precipitate was removed by vacuum filtration, and 

filtrates were brought up to a 250 ml volume with distilled water. In

cubation buffer and Takadiastase solutions were prepared as described by 



Bryant (1972) except for modifications in the concentration of the 

Takadiastase solution. 

Aliquots from alcohol soluble sugar and starch solutions were 

diluted with distilled water to obtain concentrations between 30 and 60 

ug glucose equivalents per ml. Three ml of the dilution were transferred 

to a 25 ml volumetric flask and 10 ml of 87.5% (w/w) anthrone reagent 

(850 ml sulfuric acid, 150 ml distilled water, 1 g anthrone} and 1 g 

thiourea) were added. The flasks were stoppered, solutions were thor

oughly mixed by swirling, and then flasks were placed in a boiling 

water bath for 15 min. Anthrone was dispensed with an automatic pipet, 

and 8 to 10 samples were run at one time. Following boiling, samples 

were cooled to room temperature in a water bath. Absorbance at 620 nm 

was determined on samples at room temperature with a Bausch and Lomb 

Spectronic 20. Standard glucose equivalent solutions of 10, 20, 40, 60, 

and 80 yg per ml in distilled water were used to quantify sugar and 

starch concentrations. Alcohol soluble sugars and starch concentra

tions were reported as percent glucose equivalents of original sample. 

Alcohol Soluble Sugar Separation and Identification 

Alcohol soluble sugars were separated and identified with des

cending paper chromatography. Once the alcohol soluble sugar determina

tions were completed, a 200 ml sample was removed from the final 250 ml 

of solution. The 200 ml sample was transferred to a 400 ml beaker and 

allowed to evaporate under an air stream while heated in a water bath 

until approximately 1 or 2 ml of solution remained. The remaining solu

tion was transferred to a 5 ml volumetric flask, and the beaker rinsed 



46 

twice with 1 ml aliquots of 50% (V/V) ETOH. The solution was brought up 

to a 5 ml volume with 50% ETOH. Interferring organic ions were removed 

from the solutions by additions of Dowex 50w and 21K ion exchange resins 

(Maynard, 1970). 

Aliquots of each sample (1800 yg soluble sugars) were spotted on 

Whatman No. 1 filter paper for chromatography. Two samples plus a solu

tion containing known sugars, glucose, fructose, sucrose, maltose, and 

maltotriose, were spotted 6 cm from the top and 5 cm apart on each sheet 

(53 x 23 cm). Spots were allowed to air dry, then the sheets were placed 

into glass tanks and allowed to equilibrate for at least 12 hr in a sol

vent saturated atmosphere. The solvent, ethyl acetate, pyridine and 

water (10:4:3 V/V/V) was then added to the trays, and the chromatograms 

were allowed to develop for 24 hr at room temperature (21 C). 

Chromatograms were removed, allowed to air dry in a fume hood, 

and then dipped in an analine hydrogen phthalate reagent. Chromatograms 

were again air dried and then heated for 10 min at 100 C in a mechanical 

convection oven to develop sugar spots. The analine hydrogen phthalate 

reagent was prepared by dissolving 33.2 g of phthalic acid crystals in 

1 liter of water saturated n-butanol. Fifty ml of this solution were 

then mixed with 50 ml di-ethyl ether and 2 ml analine just priot to use. 

Alpha-amylase Activity 

Alpha-amylase (alpha-1, 4-glucan 4-glucanohydrolase EC 3.2.1.1.) 

activity was determined in seed samples (1 g of original sample) allowed 

to imbibe in designated treatment environments. Extracts from samples 

were assayed for alpha-amylase activity by the iodine method (Chrispeels 
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and Varner, 1967; Shuster and Gifford, 1962). Samples of seed were re

moved from treatment containers, placed in nylon sacks, and stored on 

dry ice until prepared for extraction and analysis. Samples were ex

tracted and analyzed by a method suggested by Wilson (1974) with slight 

modifications. 

Upon removal from storage, samples were ground for 5 min in 3 ml 

of buffer (50 mM potassium acetate, pH 5.5) with a chilled mortar and 

pestle. After grinding, samples were quantitatively transferred to 50 ml 

centrifuge tubes with two rinses of 12 and 15 ml buffer. Suspensions 

were stored at 8 C overnight. Wilson (1974) found overnight storage 

allowed for a higher alpha-amylase activity in extracts. Samples were 

removed from storage and centrifuged for 10 min at 12,000 x g and 0-4 C. 

A 15 ml aliquot of the supernatent was transferred to a clean 

centrifuge tube and used as the enzyme preparation. One ml of calcium 

chloride solution (0.32M) was added to the 15 ml extract. The mixture 

was stirred and then maintained -~t 70 C with constant shaking for 5 min 

in a water bath. The difference in heat tolerance between alpha and 

beta-amylase (alpha-1, 4-glucan maltohydrolase EC 3.2.1.2) in the pres

ence of calcium was used to clear the extract of beta-amylase activity 

(Swain and Dekker, 1966a, 1966b). After heating, extracts were placed 

on ice and then stored at 8 C until assayed. 

The assay for alpha-amylase was conducted as follows: 

1. A 1 ml sample of heated extract or a dilution thereof, was 

transferred to a clean test tube and placed on ice. Four tubes were 

prepared for each extract. 
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2. To begin the reaction, 1 ml of 1% soluble starch solution, 

prepared with buffer (50 mM potassium acetate, pH 5.5) was added to each 

tube, then each was transferred to a water bath at 23 + 1 C for incuba

tion. By prior determination, extracts were diluted to a concentration 

which allowed the hydrolysis of starch to proceed at a maximum rate be

tween 1 and 1.5 hr incubation. Starch will limit the rate of reaction 

when the starch-iodine color gives an absorbance of 0.5 or lower. 

3. Two of the four tubes were removed after 1 hr incubation and 

two after 1.5 hr incubation. Reaction was stopped by the addition of 

8 ml iodine solution (2.5 g iodine, and 25 g potassium iodide in 1 liter 

of 0.05 M HC1). Samples were then stored in the dark at 8 C. 

4. Samples were diluted to 100 ml with 0.05 M HC1, and absor

bance was determined at 600 nm with a Gilford Spectrometer against 0.05 

M HC1. 

5. Absorbance readings were made on a standard solution (1 ml 

extract + 8 ml iodine solution + 1 ml 1% soluble starch added in that 

order) and a blank (1 ml extract + 8 ml iodine solution). 

6. Alpha-amylase activity was reported as yg starch hydrolyzed 

per hour per mg of original sample 

AA hr ̂  = (ab. of std. -ab. of extract) t  (time of incubation in hr) 

wt. of starch_^ _ (wt. of starch in std.) average AA hr""*" 
hydrolyzed hr (ab. of std. -ab. of blank of sample 

Investigations 

This study included several investigations. Following an inves

tigation to determine the effects of pre-sowing seed treatments on ger

mination percentage, additional studies were initiated to determine if 



the observed effects were due to changes in seed metabolism or seed coat 

permeability. 

Pre-sowing Seed Treatments 

The effects of fifteen different pre-sowing seed treatments on 

germination percentage for seeds imbibed in the 24w environment were in

vestigated. Treatments of 24v and lOw were applied individually for 

periods of 24, 48, and 72 hr and were also applied in combination with 

OD. Control,, OD, and scarification were likewise applied as individual 

treatments. Seeds were treated, collected, placed in flasks and then 

allowed to imbibe for 24 or 48 hr in the 24w environment to determine 

germination percentage. Two replications were run for each treatment in 

a series of 3 runs. All 24v treatments in this preliminary study were 

conducted in a modified Stults germinator described by McCleery (1974). 

Obvious microorganism contamination made development of the chamber 

described previously and adaptation of sterile procedures imperative. 

Determination of Desired Sampling Intervals 

Selection of optimum sampling intervals for monitoring physio

logical development were based on results of preliminary studies. Air 

dry seeds were imbibed in the 24w environment for 72 hr. Germination 

percentage and water content were determined at 12 hr intervals. Quali

tative and quantitative determinations of alcohol soluble sugars and 

their relationship to starch content were investigated at 24 hr inter

vals. Germination percentages and water contents were replicated six 

times and contents of alcohol soluble sugars and starch twice. 
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Physiological Development in 24w, 24v, and lOw Seeds 

Physiological development was monitored in the 24w, 24v, and lOw 

seeds during the initial 60 hrs of imbibition. A series of runs were 

conducted over time, during which samples (2 replications per treatment 

for each variable) were collected after 6, 18, 31s 48, and 60 hr of imbi

bition in the designated treatment. Determinations were made for germi

nation percentage, water content, rate of respiration, ATP and ADP con

tent, and alcohol soluble sugar and starch content. 

Exceptions to the sampling scheme included the following: ger

mination percentage was measured on 24w seeds at 18, 31, 48, and 60 hr 

and on 10w seeds at 60 hr of imbibition, and water content was not 

determined on 24w seeds at 60 hr of imbibition. Investigations were run 

three times for determinations of ADP content, rate of respiration, 

alcohol soluble sugars and starch content; four times for ATP content 

and germination percentage; and twice for water content. A determina

tion of germination percentage was run with most studies to check uni

formity between runs. Determinations of water content, ATP and ADP, 

plus alcohol soluble sugars, and starch were made on air dry seeds. Two 

samples per each run were collected and analyzed for each variable. 

Alpha-amylase activity was determined in air dry seeds; 24w 

seeds imbibed for 18, 31, 48 and 60 hr; and 24v and lOw seeds imbibed 

for 60 hr. One run was conducted and at the proper sampling time two 

samples were removed from the 24w treatment for determination of germina

tion percentage, and four samples were removed from the designated 

treatments for determination of alpha-amylase activity. 
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Changes in Germination Percentage and Content of ATP 
with Pre-treatments 

A relationship between ATP content and germination percentage 

was investigated in seeds of selected treatments. Samples were air dry 

or treated with scarification, oven drying (OD), 24v, 24v + OD, lOw, or 

lOw + OD. Immediately following treatment, seeds were transferred to 

the 24w treatment. Three runs were conducted during which one group of 

samples (2 replications per treatment) were collected after 9 hr of im

bibition and the ATP content was determined, and one group of samples (2 

replications per treatment) were collected after 24 hr of imbibition and 

the germination percentage was determined. 

Physical Changes in the Seed Coats with Pre-treatments 

Three investigations were conducted to determine if pre-sowing 

seed treatments had affected the permeability of the seed coats to 

water and gas. 

Microscope investigation. Samples of 200 seeds were air dry or 

treated with scarification, OD, 24v + OD or lOw + OD. Samples of seeds 

for each treatment were glued to studs, gold plated, and viewed with a 

Cambridge Stereoscan 600 scanning electron microscope. 

Rate of water imbibition. Samples of 500 mg were air dry or 

treated with scarification, OD, 24v + 0D or lOw + OD. Immediately fol

lowing treatment, one set of samples (4 replications per treatment) was 

analyzed for water content. Another set of samples (4 replications per 

treatment) was placed in the 24w treatment and allowed to imbibe for 6 

or 18 hr, then water content was determined on each sample. 
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Germination Percentage in Various 0^ Concentrations. The effect 

of selected treatments on seed coat permeability to gases was investi

gated by allowing treated seeds to germinate in atmospheres containing 

different concentrations of C^. Samples of two hundred seeds were air 

dry or treated with scarification5 OD, 24v + 0DS or lOw + OD. Immedi

ately following treatmentj seeds were then germinated under one of the 

three atmospheres with approximately 21%, 10%9 or 5% for 37 hr at 

24 C. The initial 24 hr of imbibition were in the dark, then 3 hr were 

with illumination of 1,200 ft candles, and the last 10 hr were in dark

ness. Temperature and light were controlled in the Sherer Controlled 

Environment Lab. The 21% 0^ atmosphere was composed of compressed air, 

and the 5 and 10% atmospheres were mixtures with .035% CO2 and the bal

ance nitrogen C^). Seeds were germinated on a disc of E-D No. 617 fil

ter paper supported on a strip of 6 mm thick polyurethane foam in a 9 cm 

petri dish. Twenty-five ml of SDW were added to each dish, and another 

piece of filter paper wrapped around the piece of foam served as a wick 

between the upper filter paper and the water. All germination trials 

were conducted in a 32 liter plexiglass chamber described by Major (1972) 

(Fig. 3). Bottled gas was bubbled into a 4,000 ml Erlenmeyer vacuum 

flask containing SDW and allowed to flow from the side port into the 

chamber at a rate of 500 cc per minute and exhausted through a 6 mm 

port. Uniform gas distribution was obtained by releasing gas through a 

manifold at four levels and depths in the chamber. The study design was 

a randomized block with each of the chambers four trays being a block. 

Five sample dishes, without covers, were randomly placed on each tray 

with two dishes filled only with water. Water-filled dishes were also 
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Fig. 3. The 32 liter plexiglass chamber and system used to germinate 
seeds in atmospheres of varying concentrations of oxygen. 
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placed in the bottom of the chamber to maintain a saturated atmosphere. 

Each trial was run one time. 

Statistical Procedures 

Investigations were conducted, and the data analyzed as a series 

of experiments run over periods of time (Snedecor, 1956, p. 327)(Table 5). 

Analysis of variance was initially run for each period separately. 

If the variances among periods were homogeneous, as determied by Hartley's 

maximum F test, a combined analysis was run. Homogeneity of variances 

among periods occurred in water content, alcohol soluble sugar content, 

starch content, and germination percentage in varying 0^ concentrations. 

Thus, combined analysis of variances were run. The combined analysis 

for water content data included the periods of 6, 18, 31, and 48 hr. 

Only two treatments were represented at 60 hr imbibition, therefore, 

this period was analyzed separately. 

Where significant differences were determined by an F test, the 

treatment means within periods or treatment x period interaction means 

or period means for germination percentage were separated with LSD at 

probability 0.05. Tables with the means and LSD's where differences 

were significant are presented in the appendix when not in the text. 

The use of FLSD for multiple comparisons was based on data from several 

studies (Carmer and Swanson, 1968, 1971). 

Bar graphs presented in the results and discussion section are 

accompanied by confidence intervals constructed from t __ and period or 

combined error term depending upon homogenity of variances. Confidence 

intervals for the 0 hr imbibition samples were constructed from t n_ and • Uj 



55 

Table 5. The number of treatments imposed, the number of runs conducted, 
the number of replications per run, and the number of periods 
sampled during each investigation. 

Investigation and 
Variable Measured 

Treatments Runs Replications Periods 

number 

Pre-sowing seed 
treatments 
Germination % 15 

Physiological 
development 
Germination % 
Water content 
ATP concentration 
ADP concentration 
Rate of respiration 
Sugar concentration 
Starch concentration 
Alpha-amylase 
activity 

3 
3a 

3 
3 
3 
3 
3 

4 
2 
4 
3 
3 
3 
3 

2 
2 
2 
2 
2 
2 
2 

4 
5 
5 
5 
5 
5 
5 

ATP-Germination % 
ATP concentration 
Germination % 

7 
7 

3 
3 

2 
2 

1 
1 

Physical changes 

P^ate of water imbibition 
Water content 

Germination in different 
oxygen concentrations 
Germination % 

a. The number of treatments imposed does not include the air dry 
controls analyzed for water content or ATP, ADP, alcohol soluble sugars, 
or starch concentrations. 

b. The number of runs in this investigation represent the 
number of oxygen concentrations used. 
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the variance for the number of air dried samples investigated. The num

ber of samples was equivalent to the number for any one treatment at 

one sampling period. 

Some missing values were estimated by least squares analysis and 

the data were analyzed accordingly. 

Analyses were performed by the Agricultural Experiment Station 

Statistician in cooperation with the University of Arizona Computer 

Center. 



RESULTS AND DISCUSSION 

Pre-sowing Seed Treatments and Their 
Effects on Germination 

On the basis of both laboratory (Brauen, 1967; Wilhelm, 1969; 

Jordan and Rawles, 1970) and field (Jordan and Maynard, 1970) studies, 

it has been reported both germination and seedling vigor may be improved 

by using various pre-sowing seed treatments. In order to gain an under

standing of the types of pre-sowing seed treatments which could increase 

germination percentage of Lehmann lovegrass, a total of 15 treatments 

were applied and germination percentages were measured at 24 and 48 hr 

of imbibition in the 24w environment. 

The results (Table 6) show scarification, oven drying (OD), ex

posure to vapor at 24 C (24v) and also to cold water at 10 C (lOw) all 

increased germination percentage at 24 and 48 hr; however, the differ

ences were not always significant in pre-treatments of short duration 

exposure to vapor or cold water. The data also show that OD alone for 

24 hr was as effective as any of the pre-sowing seed treatments used, 

but oven drying following long duration pre-treatments with either warm 

vapor or cold water did not yield germination percentages which were 

significantly greater than the same treatments without OD. 

Several distinct mechanisms may be involved in hastening germi

nation of Lehmann lovegrass. Increased permeability of the seed coat may 

be caused by mechanical scarification or oven drying when the seeds are 

either moist or air dry. Heat from oven drying at 70 C for 24 hr may be 

57 
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Table 6. The effect of various pre-sowing seed treatments on germina
tion percentage of seeds imbibed in the 24w environment for 
24 and 48 hr. 

m Period of Imbibition 
Treatment 

24 hr 48 hr 

percent 

Control 4a 36b 

Scarified 42 82 

OD 58 80 

24v for 72 hr 30 68 

24v for 48 hr 14 59 

24v for 24 hr 15 46 

24v for 72 hr + OD 38 89 

24v for 48 hr + OD 33 84 

24v for 24 hr + OD 47 80 

lOw for 72 hr 32 86 

lOw for 48 hr 21 69 

lOw for 24 hr 14 57 

lOw for 72 hr + OD 39 79 

lOw for 48 hr + OD 33 81 

lOw for 24 hr + OD 47 85 

a. LSD p = .05, 15.7 

b. LSD p = .05, 10.7 
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effective in driving water molecules from compounds in the seed and 

effectively cause reorganization of some structural compounds and dena-

turization of others. These changes could be effective by destroying 

some inhibitory compounds, lowering thresholds for certain enzymes, 

allowing water molecules to rapidly reenter certain portions of the seed 

upon rehydration, or allowing faster diffusion of gases. In the case of 

seeds receiving either 24v or lOw, it seems likely that these treatments 

may advance physiological development and this advanced state may be 

retained when seeds are dried. 

In order to test the possibility that the pre-sowing seed treat

ments affect metabolism or permeability, additional studies were 

initiated. 

Physiological Development During 
Imbibition of Seeds at 24 C 

Several preliminary investigations were conducted during the 

development of treatment and analysis techniques. The data (Fig. 4) on 

germination percentage (based on splitting of the testa), water content, 

alcohol soluble sugar and starch contents were collected during prelimi

nary studies and the data were used to determine optimum sampling periods 

to describe physiological development of 24w seeds 

The data suggested that during the initial 12 hr of imbibition, 

the water content increased rapidly and germination was occurring. Dur

ing the following 60 hr of imbibition, the water content increased but 

at a decreasing rate. The germination percentage increased at an in

creasing rate up to 48 hr of imbibition, then stabilized, and growth of 

coleoptiles and radicles were the dominant events. The trends in alcohol 
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Fig. 4. Trends in germination percentage, water content (% of dry weight), content of alcohol soluble 
sugars (glucose equivalents, % of original sample), and content of starch (glucose equiva
lents, % of original sample) for seeds imbibed in the 24w environment for 72 hr. 
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soluble sugars and starch contents suggested the endogenous alcohol 

soluble sugars were utilized at a rate exceeding the rate of synthesis 

or release by hydrolytic breakdown of starch for at least the initial 24 

hr of imbibition. However, by 48 hr of imbibition the content of alco

hol soluble sugars increased, with a corresponding decrease in starch 

content, suggesting an increase in alpha-amylase activity. The increase 

in alpha-amylase was further substantiated by the increase in oligo

saccharides in the alcohol soluble sugar fraction from seeds imbibed for 

72 hr. 

The data suggested several distinct stages or periods in the 

physiological development of 24w seeds. Starting with dry seeds, these 

periods were as follows: a period of rapid imbibition with no visible 

germination (6 hr), a period of high water content and an increasing 

rate of germination (18 hr), a period of rapid germination (31 hr), a 

period where many seeds have germinated but the rate of germination had 

decreased (48 hr), and a period consisting of mainly growth (60 hr). 

Comparison of Physiological Development 
in 24w, 24v, and lOw Seeds 

Based on data from preliminary studies, the periods of 0, 6, 18, 

31, 48, and 60 hr of imbibition were chosen to monitor several variables 

in 24w, 24v, and lOw seeds. Germination percentage, water content, al

cohol soluble sugar and starch contents, ADP and ATP contents, and rate 

of respiration were determined for seeds of each treatment. Although 

germination percentage, water content, alcohol soluble sugars and starch 

contents had been determined for 24w seeds in the preliminary trials, 

new samples were treated and analyzed with samples of 24v and lOw seeds 
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BO a valid comparison could be made between treatments. In addition, 

germination percentage of 24w seeds was sensitive to changes in environ

ment and provided a check on the 24w environment. 

A Comparison of Germination Percentages 
for 24w, 24v, and lOw Seeds 

Germination percentages after 60 hr of imbibition were approxi

mately 60% for 24w seeds (Fig. 5), 0.5% for lOw seed and 0% for 24v 

seeds. The trend in germination of 24w seeds was similar to that ob

served in the preliminary study (Fig. 4), but the percent of seeds 

germinated at 60 hr in the present study was significantly larger than 

the percent at 48 hr of imbibition (Table A-l). Splitting of the testa 

was counted as germination, and germination had advanced to this stage 

after 18 hr in the 24w seeds. By 31 hr some embryonic axis began to 

emerge from the seeds, and new testas were split. From 31 to 60 hr of 

imbibition, new testas were split, more embryonic axis emerged, and the 

growth of coleoptiles and radicles increased. 

A Comparison of Water Content 
in 24w, 24v, and lOw Seeds 

A seed requires adequate water, light, O2, and an optimum tem

perature for germination. Temperature and water were the two require

ments being varied and this affected germination percentage as well as 

water content. Air dry seeds contained 7.1% water (Fig. 6), and seeds 

of the 24w treatment contained 24.0, 33.2, 39.1, and 45.6% at 6, 18, 31, 

and 48 hr of imbibition, respectively. The trend of water uptake in the 

24w seeds was very similar to the trend observed in the preliminary 

study. Except in the case of the lOw seeds at 6 hr, these values were 



60 

2 40-
O 
wm 

I! 

20-

0 6 31 48 60 1 8 

TIME (hr) 

Fig. 5. Germination percentage of the 24w seeds measured at six periods during the initial 60 hr 
of imbibition. 

Confidence intervals were computed using p=.05. 
ON 



30-

40 

30-

2 0 -

1 0 -

24w 

24v 

lOw 

1 

! 
18 

I 
I .  r 

3 1  

TIME (hr) 

r 
4 8  

I 

I 

I 
1 

60 

6. Percent of water contained in 24w, 24v, and lOw seeds measured at six periods during the 
initial 60 hr of imbibition. 

Confidence intervals were computed using p=.05. 



significantly greater than the corresponding values for 24v and lOw 

seeds (Table A-2). The lack of difference in water content between 24w 

and lOw seeds at 6 hr may have been due to the 2 hr sample preparation 

period during which the 24w and lOw seeds were surface sterilized and 

prepared for treatment at room temperature (21 C). Although the water 

contents were less in the 24v and lOw seeds, those samples did imbibe 

water, and after 60 hr of imbibition the 24v seeds contained 21.6% and 

the lOw seeds contained 36.5%. The amount in the 24v and lOw seeds 

were comparable to the content of 24w seeds between 0 and 6 hr and 18 

and 31 hr of imbibition, respectively. 

Seeds of all treatments rapidly imbibed water for the initial 

6 hr with a slower rate occurring thereafter. The patterns were similar 

to those described by Hillel (1972) as the imbibition stage and pause 

period which occurred prior to the growth stage. The patterns of water 

content for 24w and lOw seeds suggested that with adequate water the 

seeds held at the higher temperature would usually contain the most 

water. Allerup (1958) found similar trends for wheat seeds imbibed at 

5, 15, 25, and 35 C. Keller and Bleak (1970) reported absorption of 

water in seeds of the crested wheatgrass complex appeared to be directly 

proportional to temperatures in the range of 4.5 to 27.8 C. The trend 

in water content of 24w seeds versus the content of 24v seed suggested 

a definite effect due to the source of moisture. Seeds imbibing from a 

saturated atmosphere (24v) contained less moisture at all sampling 

periods. Harrington (1973) reported that the moisture content of a seed 

generally comes to equilibrium with the ambient relative humidity. Each 

species was reported to have a characteristic moisture content for a 
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specific ambient relative humidity, and the content is controlled by 

seed constituents and their specificity for water. 

That the rate of germination and total amount of seeds germinated 

decrease with decreasing soil water potential has been well documented 

(Doneen and McGillivray, 1943). Hunter and Ericlcson (1952) found seeds 

of a given species require a characteristic minimum amount of water to 

germinate. The minimum amount for Lehmann lovegrass seeds imbibed in 

adequate water at 24 C appeared to be between the 24.0% at 6 hr and the 

33.2% at 18 hr. During other investigations I have noted germination 

occurring at 12 hr imbibition, and the germination percentage data for 

this study showed 13% seeds germinated at 18 hr. The maximum 21.6% con

tained in 24v seeds undoubtedly was not above the critical minimum re

quired for these seeds to germinate at 24 C, since no visible germina

tion occurred, although the 36.5% appeared to be adequate for the lOw 

seeds at 10 C because approximately 0.5% had germinated by 60 hr of 

imbibition. 

Physiological development and metabolic activity have been 

reported at temperatures and moisture contents suboptimal for germina

tion. Much of the metabolic activity requires energy, and Ching (1972) 

has proposed one of the initial developments of germination is in the 

respiration mechanism. Therefore, the following discussion will be 

related to ATP and ADP content, rate of respiration, substrates for 

respiration (alcohol soluble sugars) and the hydrolysis of starch. 
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A Comparison of Adenosine Phosphates 
in 24w, 24v, and lOw Seeds 

ATP. Physiological development in Lehmann lovegrass seeds 

appeared to advance rapidly with water uptake in the 24w and lOw treat

ments but slox^ly in the 24v treatment. The content of ATP in air dry 

seeds was 2.7 pmoles per mg of original sample weight. The ATP content 

increased to 277.5, 52.2, and 135.8 pmoles in 24w, 24v, and lOw seeds, 

respectively, in 60 hr of imbibition (Fig. 7). The contents of ATP in 

24w seeds of 86.3, 148.1, 154.5, 185.1, and 277.5 pmoles for 6, 18, 31, 

48, and 60 hr of imbibition, respectively, were significantly greater 

than the levels at the same periods in 24v and lOw seeds (Table A-3). 

The 24v seeds after 60 hr of imbibition contained approximately the same 

amount of ATP as the 24w seeds contained between 0 and 6 hr imbibition, 

while the maximum content in lOw seeds was comparable to that in 24w 

seeds between 6 and 18 hr of imbibition. 

In the analyses of variance for periods of 31, 48, and 60 hr, 

a significant treatment x run interaction occurred. The content of ATP 

for one run of 24 w seeds was lower than the values in the other three 

runs, and this was the probable cause of the significant interaction. 

Although heterogeneity of variances existed among periods, the trends in 

content of ATP in 24w, 24v, and lOw seeds should be discussed. The con

tents in 24w and lOw seeds increased up to 18 hr of imbibition, a stabi

lization then occurred, and a subsequent increase in ATP content occurred 

between 31 and 48 hr and was continued to 60 hr. Stabilization in con

tent of ATP during imbibition was also reported in imbibing seeds of blue 

panicgrass (Abernethy, 1973) and of wheat (Ching and Kronstad, 1972). 
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Content of ATP in blue panicgrass seed remained stable between 36 and 60 

hr of imbibition. This period coincided with the emergence of radicles 

and coleoptiles. Ching and Kronstad (1972) observed the ATP content in 

wheat seeds stabilized twice during the imbibition period studied. The 

first period followed root emergence and the second shoot emergence. 

They suggested the requirement for cellular energy for the two events 

resulted in a greater utilization than synthesis of ATP. 

The stabilization in concentration of ATP in 24w seeds coincided 

with the initial appearance of emerging embryonic axes and rapid germina

tion, but there was no visible change in the lOw seeds at 18 and 31 hr 

of imbibition that would relate to the stabilized content of ATP. Meta

bolic processes were undoubtedly active at this period in both 24w and 

lOw seeds. The content of ATP in 24v seeds increased over the 60 hr 

period and while no definite pattern was observed, there was a notice

able decrease in the ATP level after 48 hr of imbibition in each run, 

with a subsequent increase at 60 hr. 

ADP. The content of ADP in air dry seeds was 15.2 pmoles. The 

content in 24w seeds was 23.2, 44.6, 111.1, 115.3, and 195.0 at 6, 18, 

31, 48, and 60 hr of imbibition, respectively (Fig. 8). The 24w seeds 

contained significantly more ADP at 31, 48, and 60 hr of imbibition than 

24v or lOw seeds, although there were no significant differences between 

treatments at 6 or 18 hr of imbibition (Table A-4). However, the ADP 

content in 24v and lOw seeds did increase to a level above that con

tained in air dry seeds. The maximum ADP content of 59.4 and 70.6 pmoles 

in 24v and lOw seeds, respectively, occurred at 31 hr of imbibition and 

were comparable to the content of 24w seeds between 18 and 31 hr of 
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imbibition. A significant run x treatment interaction occurred at 31 

hr. The significant interaction was caused by high readings of ADP 

levels in 24w seeds in one run. 

The content of ADP in 24w seeds increased during the 0 to 31 hr 

of imbibition period, stabilized from 31 to 48 hr, and then increased 

during the 48 to 60 hr period. The pattern was similar to the trends in 

ATP content, but the stabilization in ADP levels occurred later. The 

content of ADP in 24v and lOw seeds increased for 31 hr and then de

creased. The patterns suggest the content increased with physiological 

development. Ching and Kronstad (19 72) found similar trends in germi

nating wheat seeds, during the initial 48 hr of imbibition. 

ATP/ADP Ratio. Content of ATP increased more rapidly than con

tent of ADP in germinating wheat seeds (Ching and Kronstad, 1972), 

Therefore, as the length of the imbibition period increased and germi

nation occurred, the ATP/ADP ratio increased. Latzko and Kotze (1965) 

found the ATP/ADP ratio of barley seeds increased to 0.8, 1.8, and 3.9 

after 1, 3, and 5 days of imbibition, respectively. In contrast the 

ATP/ADP ratio of 24w seeds increased from .19 to 3.92 in 6 hr and then 

decreased thereafter to a low 1.51 at 60 hr (Fig. 9) . The ratio in 

24w seeds was significantly larger than the ratio in 24v seeds at 6, 

31, and 48 hr of imbibition, but the ratio in 24w seeds was not signif

icantly different from the ratio in lOw seeds at any period (Table A-5) . 

There were apparently some problems with the pyruvate kinase 

reaction in some runs because some ADP values were quite small in rela

tion to the corresponding ATP values. Values were removed and not 

analyzed if they were at least five times larger than the remaining 
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values. The data was then analyzed accordingly with least squares anal

ysis of variance. The wide confidence intervals reflect the loss of 

degrees of freedom as well as natural variation. Further interpretation 

of the data will not be attempted, but the results do not indicate the 

ATP/ADP ratio would be a good indicator of physiological development in 

Lehmann lovegrass seeds. 

When seeds are germinated in the dark or with illumination in

adequate for photosynthesis, the metabolic activity is dependent on 

endogenous levels of ATP and the ATP produced by respiration. Seeds 

containing more ATP at the onset and during the initial hours of imbibi

tion might derive an advantage in rapid germination and seedling vigor 

from the elevated energy content. The maintenance of the high energy 

level requires respiration which in turn requires substrates drawn 

from the endogenous soluble sugars and those released during the 

hydrolysis of starch. Therefore, the rate of respiration, and contents 

of alcohol soluble sugar and starch were investigated for 24w, 24v, and 

lOw seeds. 

A Comparison of Rates of Respiration 
in 24w, 24v, and lOw Seeds 

The rate of respiration of 24w seeds increased rapidly from zero 

in dry seeds to 6.05 ppm carbon dioxide evolved per min per gram of 

original sample (Fig. 10). There was no initial rapid increase in res

piration with imbibition like Abernethy (1973) reported in blue panic-

grass seeds. The rate of respiration in 24w seeds was significantly 

greater than the rate of respiration in 24v and lOw seeds at 18, 21, 48, 

and 60 hr of imbibition (Table A-6). The 24v and lOw seeds actually 
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appeared to utilize rather than evolve carbon dioxide as water content 

and metabolic activity increased. The utilization may have been due to 

an active carboxylase at that stage of physiological development, or 

the apparent utilization may be an artifact caused by the silica gel 

used as a desiccant in the closed system utilized for respiration 

determinations. Further research would be required to confirm or dis

prove the presence of active carboxylases. A significant run x treat

ment interactions was found at 18 and 60 hr of imbibition. This was 

caused by variations between runs of 24w and 24v at 18 hr and to one 

odd run for 24v at 60 hr. 

A Comparison of Alcohol Soluble Sugar 
Contents in 24w, 24v, and lOw Seeds 

The trends in content of alcohol soluble sugars in 24w, 24v, and 

lOw seeds showed a definite treatment effect (Fig. 11) (Table A-7). The 

endogenous soluble sugars„ 1.88% in air dry seeds, were reduced to 1.20% 

at 31 hr in 24w seedss to 1.71% at 60 hr in 24v seeds, and to 1.33% at 

60 hr in lOw seeds. The data suggested that during these periods alcohol 

soluble sugars were being utilized at a faster rate than they were being 

synthesized or released by hydrolysis of starch. However, the alcohol 

soluble sugars in 24w seeds increased to 1.84% at 48 hr and 3.03% at 

60 hr. The content of soluble sugars in 24v and lOw seeds after 60 hr 

of imbibition decreased to a content comparable to that contained in 24w 

seeds between 0 and 6 hr and 18 hr of imbibition, respectively. The run 

x treatment interaction was significant at 18 and 60 hr of imbibition 

and was due to variations between runs. 
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A Comparison of Starch Contents in 
24w, 24v, and lOw Seeds 

The increase in content of soluble sugars in 24w seeds between 

31 and 48 hr of imbibition suggested hydrolysis of starch had begun. 

The concentration of starch in the 24w seeds had begun to decrease after 

31 hr of imbibition (Fig. 12), and the 43.7% and 40.3% at 48 and 60 hr, 

respectively, were significantly lower than the content of 24v and lOw 

seeds at 48 and 60 hr of imbibition (Table A-8). The levels of starch 

in seeds of all three treatments decreased substantially from 50.0% in 

air dry seeds during the initial 6 hr. The decrease may have been due 

to early hydrolytic activity by beta-amylase. 

Physiological development proceeded quite rapidly in 24w seeds 

with an increase in water content. As the ATP and ADP contents rapidly 

increased with the increase in rate of respiration, an accompanying de

crease in alcohol soluble sugars occurred. The decrease continued until 

31 hr of imbibition, but by 48 hr the alcohol soluble sugar content had 

increased at the expense of starch content. In contrast, the 24v and 

lOw seeds imbibed water and the ATP and ADP contents increased, but the 

rate of respiration was slow. However, the alcohol soluble sugar con

tent declined continuously during the 60 hr of imbibition, and although 

starch content in 24v and lOw seeds declined during the initial 6 hr, 

the later decline at 48 hrs of imbibition did not occur. The data sug

gested alpha-amylase was active in the 24w seeds but not in the 24v or 

lOw seeds. Therefore, a study was designed to investigate if alpha-

amylase activity did increase in 24w, 24v, or lOw seeds. 
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A Comparison of Alpha-amylase Activity 
in 24w, 24v, and lOw Seeds 

The alpha-amylase activity was investigated in air dry seeds, 

24w seeds after 18, 31, 48, and 60 hr of imbibition and both 24v and 

lOw seeds after 60 hr of imbibition. Alpha-amylase activities of 135.9 

and 424.4 (ug starch hydrolyzed per hr per mg of original sample) were 

detected in 24w seeds after 48 and 60 hr of imbibition, respectively 

(Fig. 13). But, the alpha-amylase activity in 24w seeds after 18 and 

31 hr and in 24v and lOw seeds after 60 hr of imbibition was not sig

nificantly different from the alpha-amylase activity of air dry seeds of 

23.3 (Table A-9). Nanda et al. (1959) reported an acceleration of wheat 

seedling growth was due to an acceleration of alpha-amylase activity 

derived from moistening and drying treatments at 25 C. Wilson (1971) 

reported crested wheat grass seeds synthesized alpha-amylase at water 

potentials (-40 atm) below those required for germination. Lehmann 

lovegrass seeds did not appear to synthesize alpha-amylase during the 

initial hours of germination, but only after approximately 50% of the 

seeds had germinated and growth had begun. 

Changes in Germination Percentage and 
Content of ATP with Pre-treatments 

The content of ATP had increased quite rapidly with imbibition 

in 24w seeds (Fig. 7) between 0 and 18 hr of imbibition. In addition, 

ATP content has been suggested as a measure of seedling vigor. There

fore, a study was designed to determine the effect of pre-treatments on 

ATP content after 9 hr of imbibition and the germination percentage after 

24 hr of imbibition in the 24w environment. Air dry seeds or those 
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Fig. 13. Alpha-amylase activity in air dry seeds, 24w seeds after 18, 31, 48, and 60 hr imbibition 
and 24v and lOw seeds after 60 hr imbibition. 
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treated with scarification, OD, 24v + OD, lOw + OD, 24v or lOw were 

transferred to the 24w treatment immediately following pre-treatment and 

samples were collected for ATP content and germination percentage deter

minations. Pre-treatments of scarification, OD, 24v + OD, lOw + OD, 24v 

and lOw significantly increased the ATP content and germination percent

age over that from air drying alone (Table 7). While the germination 

percentages of scarified, OD, and lOw + OD seeds were highest, the per

centage for 24v + OD seeds were intermediate followed by 24v and lOw 

seeds. Data from prior investigations in this study suggested the maxi

mum germination percentage would be from seeds which contained the 

highest ATP content. This occurred for all but the OD seeds (Table 7). 

Seeds of scarified, 24v + OD and lOw + OD treatments contained the 

maximum levels of ATP, with seeds of the OD, 24v, and lOw treatments 

intermediate. 

No obvious explanation was available for the results of the in

vestigation. I can only speculate on explanations for the low content 

of ATP in OD seeds at 9 hr imbibition. I previously discussed possible 

effects oven drying might have on seeds, both chemical and physical. If 

through oven drying some enzyme was denatured, the threshold for some 

enzyme was lowered, or some inhibitors volatilized, germination might 

proceed with a lower energy requirement. Probably an increase in seed 

coat permeability to water or gases was not the only effect of oven 

drying since the seeds of the scarification treatment which did indeed 

increase permeability contained a high ATP content. Another possibility 

was that the content of ATP of 133.4 pmoles may have been adequate for 

germination of 62% at 24 hr, and the total amount present in the 
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Table 7. Germination percentages for seeds allowed to imbibe for 24 hr 
and content of ATP (pmoles per mg of original sample) for 
seeds allowed to imbibe for 9 hr in the 24w environment fol
lowing treatment with one of seven pre-sowing seed treatments. 

Treatment 
Germination 

Variables 

Content of ATP 

Control 5.8a 79.7 

Scarified 60.5 165.3 

0D 62.5 133.4 

24v + OD 49.8 168.6 

lOw + OD 57.0 156.2 

24v 17.9 125.0 

lOw 16.3 139.4 

a. 

b. 

LSD p = .05, 

LSD p = .05, 

4.84 

15.39 
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scarified, 24v + OD, and lOw + OD seeds may not have been necessary but 

simply a surplus. Ching (1972) reported ATP supply is not usually lim

iting during germination in a suitable temperature range with normal 

oxygen supply. The possibility exists that the level of ATP at 9 hr 

imbibition was not the best variable for predicting germination poten

tial at 24 hr imbibition for Lehmann lovegrass seeds. 

Physical Changes of Seed Coats 
with Pre-treatments 

Seed coat permeability was suggested as a possible causal agent 

of dormancy in Lehmann lovegrass seeds (Brauen, 1967). He reported 

dormancy as well as sensitivity to light could be removed by pricking 

seeds with needles or mechanical scarification. The OD, 24v + OD, and 

lOw + OD treatments may have also been effective in increasing seed coat 

permeability to water as well as gases. This possibility was investi

gated with a scanning electron microscope, a study of rate of imbibition 

of water by pre-treated seeds, and determinations of the germinating 

ability of pre-treated seeds in various concentrations of oxygen. 

Microscope Investigation of Seed Coats 

The microscope investigation of seed coats on air dry, scarified, 

OD, 24v + OD and lOw + OD seeds revealed that Lehmann lovegrass seed 

coats were affected by pre-treatments. Seed coats of air dry seeds had 

a definite cellular pattern (Fig. 14 and Fig. 15). Some of the air dry 

seeds appeared to be covered with extraneous material (Fig. 16 and Fig. 

17). No attempt was made to identify the material. It might have been 

heterogeneous particulate debris. As seeds were allowed to imbibe as in 
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Fig. 14. Typical seed coat of an air dry Lehmann lovegrass seed. 



Fig. 15. Close view of a typical seed coat of an air dry Lehmann 
lovegrass seed. 
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Fig. 16. Seed coat of air dry Lehmann lovegrass seed covered with 
heterogeneous particulate debris. 



Close view of seed coat of air dry Lehmann lovegrass seed 
covered with heterogeneous particulate debris. 



the lOw treatment, the definite cellular pattern of the seed coat was 

smoothed (Fig. 18 and Fig. 19). The gelatinous coating also appeared to 

be loosened and torn, probably from moistening and drying (Fig. 18). 

Seeds of the 24v + OD treatment did not appear as smooth as the lOw + OD 

seeds (Fig. 20), probably because they did not imbibe as much moisture 

prior to oven drying. There did appear to be some loosening of the ge

latinous coating from the 24v + OD treatments and OD treated seeds were 

similar in appearance to 24v + OD seeds. No visible damage due to 

scarification was detected except those seeds possibly had more extra

neous material covering the seed. Seeds were viewed for a limited 

period of time, and possibly with more time or a different method the 

actual effect of mechanical scarification could be described. 

Rate of Water Imbibition in Pre-treated Seeds 

Immediately following treatment, air dry seeds and seeds treated 

with scarification, OD, 24v + OD, and lOw + OD were placed in the 24w 

treatment. Samples were allowed to imbibe for 6 or 18 hr and then water 

content was determined. The water contents following treatment and fol

lowing imbibition in the 24w treatment were definitely affected by pre-

treatments. Air dry seeds contained 10.2% water and scarified seeds 

contained 9.6% water. Following treatment OD, 24v + OD, and lOw + Od 

seeds contained 2.1, 2.2, and 2.2%, respectively (Fig. 21). After 6 hr 

of imbibition, the scarified, OD, 24v + OD, and lOw + OD seeds contained 

significantly more water than air dried seeds (Table A-10). After 18 hr 

of imbibition, OD, 24v + OD, and lOw + OD seeds contained significantly 

more water than air dry seeds while scarified seeds were intermediate 
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Fig. 18. Seed coat of a lOw + OD seed showing an apparent swelling 
and smoothing of seed coat plus some peeling of the 

gelatinous coating. 
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Fig. 19. Close view of seed coat of a lOw + OD seed showing an apparent 
swelling and smoothing of seed coat plus some peeling of the 
gelatinous coating. 
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Fig. 20. Seed coat of a 24v + OD seed showing apparent loosening of the 
gelatinous coating but without the smoothness exhibited by 
lOw + OD seeds. 
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Fig. 21. Percent of water contained in seeds allowed to imbibe in the 24w environment for 6 or 18 hr 
following treatment with one of five pre-sowing seed treatments. 

Confidence intervals were computed using p=.05. 
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(Table A-10). These data suggested that shortly after imbibition began, 

the pre-treated seeds contained more moisture than air dry seeds and the 

critical minimum amount required for germination should have been reached 

more quickly in treated seeds. There did not appear to be any signifi

cant gain from scarification over OD in water uptake. Scarified seeds 

initially contained more water, but the amount contained in scarified at 

6 hr was not significantly different from that contained in OD seeds. 

Thus, scarified seeds would have contained slightly more water during 

most of the initial 6 hr of imbibition. This may have been one explana

tion for the difference in ATP content between scarified and OD seeds at 

9 hr of imbibition. Fujii and Yokohama (1965) reported water uptake in 

Eragrostis ferruginea Beauv. seed was increased by puncturing, after-

ripening, dessication over silica gel, and dipping seeds in methanol. 

Germination Percentage in Various 0^ 
Concentrations for Pre-treated Seeds 

Air dry seeds and seeds treated with scarification, OD, 24v + OD, 

and lOw + OD were germinated in one of three concentrations of 0£ of 21, 

10, or 5%. Immediately following treatment, the samples were imbibed 

for 37 hr in the selected atmosphere. 

Germination percentages for pre-treated seeds were significantly 

higher than percentages for air dry seeds in all three 0^ concentrations 

(Table 8). Pre-treated seeds did not respond equally well in all three 

concentrations. Performance of scarified, OD, 24v + OD, and lOw + OD 

seeds were approximately equal in the 21% oxygen atmosphere. However, 

when the seeds were allowed to germinate in an atmosphere of 10% oxygen, 

.035% carbon dioxide, and the balance nitrogen, the germination 



Table 8. Germination percentages for Lehmann lovegrass seeds imbibed 
for 37 hr with adequate water at 24 C in an atmosphere con
taining either 21, 10, or 5% oxygen, following treatment 
with one of five pre-sowing seed treatments. 

_ Oxygen Concentrations 
Treatments 

21% 10% 5% 

Control 17a 24 10 

Scarified 76 75 46 

0D 69 82 54 

24v + OD 70 78 48 

lOw + OD 69 62 47 

a. LSD .05 = 6.4 from combined analysis. 



percentage of the scarified, OD, and 24v + OD seeds were highest, with 

the lOw + OD seeds intermediate. In addition, the germination percent

ages for air dry, OD, and 24v + OD seeds were significantly increased 

over the germination percentage in imbient conditions, while that of 

lOw + OD seeds was decreased. All germination percentages were signif

icantly decreased when seeds were allowed to germinate under 5% oxygen 

atmosphere. All treated seeds had significantly higher germination per

centages than air dry seeds, but the percentages were approximately equal 

among treatments. Germination required energy in the form of ATP which 

was derived from endogenous sources or respiration. Apparently as the 

oxygen concentration was reduced to 5%, the oxygen level was not adequate 

for respiration to support germination at the level attained in ambient 

conditions. The lOw + OD seeds appeared to be the only samples stressed 

in the 10% oxygen atmosphere. The OD treatment proved superior to scar

ification in both the 10 and 5% oxygen atmospheres, which might suggest 

that scarification does occur with moistening and oven drying as well as 

with oven drying alone. 

The data suggested that a possible relationship might exist be

tween the water content and physiological development at the time of 

oven drying, and the subsequent germination under the 10% oxygen atmos

phere. The lOw seeds should have contained approximately 28% water, 24v 

seeds approximately 18%, and air dry seeds approximately 10% at the time 

of oven drying. Possibly some mechanism within the seed was disturbed 

when the seeds were oven dried with 28% moisture, and this did not allow 

the lOw + OD seeds to respond to the 10% oxygen atmosphere. 



96 

Other investigators have observed germination in seeds under low 

oxygen concentrations such as Eragrostis ferruginea Beauv. (Fugii, 1963), 

wild oats Avena fatua (Hart and Berrie, 1966), and sideoats gramagrass 

(Major, 1972). Hart and Berrie (1966) reported that wild oat seeds 

which were husked had a higher germination percentage than non-husked 

seeds in 20 or 10% oxygen atmospheres. Fujil (1963) described a very 

complex system for germination of Eragrostis ferruginea Beauv. seeds. 

Seeds were germinated in a 36 hr dark induction period followed by 12 

hr light period, and this followed by 4 days in the dark. The response 

to anaerobiosis was quite different depending on the time of applica

tion. Seed germination was promoted by anaerobiosis in the dark induc

tion period but was inhibited by anaerobiosis in the light period. 

Pre-sowing seed treatments of scarification, oven drying, 24v + 

0D, and lOw + OD, all appeared to increase seed coat permeability as 

evidenced by the imbibition of water and the ability to germinate in 

atmospheres with low oxygen concentrations. Apparently oven drying had 

additional effects on seeds which cannot be fully described at the 

present time. 

Summary and Conclusions 

A field observation by Jordan and Maynard (1970) suggested that 

Lehmann lovegrass seeds might respond to cool, moist incubation in soil 

with rapid germination upon arrival of conditions adequate for germina

tion. Brauen (1967) reported Lehmann lovegrass seeds had a post-harvest 

dormancy which could be removed by afterripening or some form of scari

fication. He also reported the seeds contained certain compounds shown 
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inhibitory to some species. Wilhelm (1969) reported Lehinann lovegrass 

seeds pre-treated by moistening and drying germinated more rapidly than 

air dry seedss and Jordan and Rawles (1970) reported an increased rate 

of germination of Lehmann lovegrass seeds by allowing seeds to imbibe 

in a water saturated atmosphere and then oven drying. 

Pre-sowing seed treatments hastened germination of Lehmann love

grass seeds in this study. In addition, physiological development 

occurred in seeds allowed to imbibe in a cool moist environment and a 

water saturated atmosphere. The seeds imbibed water in both environ

ments. Although the respiration measurements were inconclusive, the 

increase in ATP and ADP contents and the decrease in content of soluble 

sugars suggested respiration was occurring. The seeds imbibed in the 

cool moist environment advanced physiologically, so 0.5% of the seeds 

had germinated after 60 hr, but no seeds germinated in the water satu

rated atmosphere. 

Oven drying and combinations of moistening plus oven drying 

appeared to affect seeds similar to mechanical scarification, but there 

seemed to be an additional effect on oven drying that was not identified. 

Since the study was conducted in the laboratory, one should not 

conclude the results are directly applicable to field situations. Re

search has shown that seeds do not always respond the same in the soil 

as they do in a petri dish or other laboratory germination procedures. 

The data do suggest what occurs when some pre-sowing seed treatments are 

applied to Lehmann lovegrass seeds, and they provide basic knowledge on 

the physiological development in imbibing Lehmann lovegrass seeds. 
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Table A-l. Percent of 24w seeds germinated at 0, 6, 18, 31, 48, and 60 
hr imbibition. 

Time (hr) 

0 6 18 31 48 60 

0 0 12.5a 

- percent - - -

30.4 49.4 61.0 

a. LSD p = .05, 4.59 for periods 18, 31, 48, and 60 hr. 

Table A-2. Water content (% of oven dry weight) of 24 w, 24v, and lOw 
seeds after 6, 18, 31, 48, and 60 hr imbibition. 

Time (hr) 
Treatment 1 

6 18 31 48 60 

24w 24.0a 33.2 39.1 45.6 — 

24v 11.9 16.2 19.8 19.8 21.6b 

lOw 22.2 27.4 32.4 35.6 36.5 

a. LSD p = .05, 1.855 for combined analysis for periods 6 
through 48 hr. 

b. LSD p = .05, 2.195 for 60 hr period. 
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Table A-3. Content of ATP (pmole per rag of original sample) in 24w, 
24v, and lOw seeds after 6, 18, 31, 48, and 60 hr 
imbibition. 

Time (hr) 
Treatment 

6 18 31 48 60 

24w 86.3a 148.lb 154.5C 185.ld 277.5e 

24v 3.7 27.6 30.3 16.1 52.2 

lOw 40.5 67.8 72.6 108.1 135.8 

a. LSD P = .05, 11.4 
b. LSD P = .05, 16.4 
c. LSD P = .05, 7.8 
d. LSD P = .05, 26.8 
e. LSD P = .05, 45.9 

Table A-4. ADP concentration (pmole per mg of original sample) for 24w, 
24v, and lOw seeds after 6, 18, 31, 48, and 60 hr imbibition. 

Treatment 
Time (hr) 

6 18 31 48 60 

24w 23.2a 44.6b 111.1C 115.3d 195.0e 

24v 15.4 37.1 59.4 37.0 37.2 

lOw 23.1 35.0 70.6 45.6 50.1 

a. LSD P = .05, not significant (NS) 
b. LSD P = .05, NS 
c • LSD P = .05, 20. 90 
d. LSD P = .05, 41. 41 
e. LSD P = .05, 61. 25 
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Table A-5. ATP/ADP ratio 
48, and 60 hr 

for 24w, 24v, and lOw 
imbibition. 

seeds after 6, 18, 31, 

Treatment 
Time (hr) 

Treatment 
6 18 31 48 60 

24w 3.92a 3.09b 1.66c 1. 82d 1.516 

24v 0.28 1.12 0.51 0.52 1.86 

lOw 2.30 2.32 1.17 2.22 2.77 

a. LSD P E3 .05, 1.608 
b. LSD P 

= 
.05, NS 

c„ LSD P 
= .05, 0.498 

d. LSD P 
= .05, 0.737 

e. LSD P 
= 
.05, NS 

Table A-6. Rate of respiration (ppra carbon dioxide evolved per min per 
g of original sample) for 24w, 24v, and lOw seeds after 6, 
18, 31, 48, and 60 hr imbibition. 

Treatment 
18 

Time (hr) 

31 48 60 

24w 0.21a 0.69 1.13 2.26 6.05 

24v 0.12 -0.07 -0.24 -0.39 0.04 

lOw 0.20 -0.11 0.43 0.07 -0.04 

a. LSD p » .05, 0.352 
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Table A-7. Content of alcohol soluble sugars (% glucose equivalents of 
original sample) in 24w, 24v, and lOw seeds after 6, 18, 
31, 48, and 60 hr imbibition. 

Time (hr) 
Treatment 

6 18 31 48 60 

24w 1.51a 1.32 1.20 1.84 3.03 

24v 1.83 1.83 1.74 1.67 1.71 

lOw 1.52 1.48 1.42 1.35 1.33 

a. LSD p = .05, 0.088 

Table A-8. Content of starch (% glucose equivalents of original sample) 
in 24w, 24v, and lOw seeds after 6, 18, 31, 48, and 60 hr 
imbibition. 

Treatment 
Time (hr) 

Treatment 
6 18 31 48 60 

24w 47. la 47.8 47.0 43.7 40.3 

24v 47.2 48.2 47.2 45.7 47.2 

lOw 46.1 46.6 46.4 45.6 46.3 

a. LSD p = .05, 1.34 from combined analysis 
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Table A-9. Alpha-amylase activity (yg starch hydrolyzed per hr per yg 
original sample) for control seeds; 24w seeds after 18, 31, 
48, and 60 hr imbibition; and for 24v and lOw seeds after 
60 hr imbibition. 

Treatment Alpha-amylase activity 

Control 23.3' 

24w, 18 hr 27.0 

24v, 31 hr 33.6 

24w, 48 hr 135.9 

24w, 60 hr 424.4 

24v, 60 hr 31.9 

lOw, 60 hr 26.7 

a. LSD p = .05, 19.94 
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Table A-10. Water content (% of oven dry weight) for seeds pre-treated 
with control, scarified, OD, 24v + OD, and lOw + OD 
treatments measured immediately following treatment and 
after seeds had imbibed for 6 and 18 hr in the 24w 
environment. 

Time (hr) 
Treatment ... . ...... 

0 6 18 

Control 10.2a 25.7b 34.2 

Scarified 9.6 32.7 35.8 

OD 2.1 31.2 40.4 

24v + OD 2.2 30.6 38.3 

lOw + OD 2.2 31.5 39.9 

a. LSD P = .05, .09 

b. LSD P = .05, 3.10 

c. LSD p >= .05, 3.82 
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