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ABSTRACT 

Studies were conducted to further our understanding of the 

ecological complexities of alkali sacaton (Sporobolus airoides Torr.)t 

the principle species in the Rio Puerco watershed of New Mexico, Since 

the period from germination through the seedling stage is the most; 

critical period in the life of arid-area plants, the studies were con

centrated in the area embracing germination and seedling development. 

Age-of-seed studies showed that maximum germination of alkali 

sacaton did.not occur until the seeds had afterripened for 12 to ?Ji 

months, but the need, for afterripening was overcome by scarification. 

It was found that seeds of the species remained highly viable for over 

4 years. 

Seeds were separated into size classes by sieving. The percen

tage of seeds per class varied among lots but in all lots the largest 

seeds were predominant. The larger seeds germinated faster* had a 

higher maximum germination percentage and emerged from deeper depths 

than the smaller seeds. 

Exposure of alkali sacaton seeds to light for a few seconds 

after imbibition delayed germination 24 hours, exposure for 9 to 13 

hours delayed germination 48 hours, exposure for more than 13 hours 

delayed germination 72 hours, and continuous exposure reduced germination 

40%. 

x 
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In a study designed to determine amount, rate and time required 

for imbibition, it was found that this process gradates through three 

stages: (1) an initial period of rapid uptake lasting about A hours 

during which time the large seeds gained 81% and small seeds gained 100% 

of their air-dry weight, (2) a tapering-off period of .little or no 

uptake, believed due to exudation loss which nullified weight increases 

due to imbibition, lasting about 7 hours in large seeds and 2 hours in 

the small seeds, and (3) a period of gradual increase lasting until 

sprouting became evident (after 28 hours for the large seeds and 32 hours 

for the small seeds). From the start of imbibition to sprouting, the 

large seeds gained 106 and the small seeds gained 128% of their air—dry-

weight. The higher rate and amount of gain by the small seeds appeared 

due to a highly absorbent, mucilaginous seed coat that ±s proportionally 

thicker in the case of the small seeds. 

The moisture-limiting ability of mannitol, Carbowax 200, and 

Carbowax 4000 osmoticums was tested at moisture tensions ranging from 

0.3 through 15.0 atm. Carbowax 4000 was the only osmofcicum that reduced 

seed germination at 3.0 atm. Germination of seeds treated with Carbowax 

200 was less at 8.0, 12.0 and 15.0 atm than seeds treated with mannitol 

and Carbowax 4000. There were no differences in germination of seeds 

treated with the latter two osmoticums at these tensions and there were 

no differences among any of the osmoticums at lower tensions. 
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Air-dry alkali sacaton seeds withstood repeated heating and 

heating for extended periods at 225F without damage (germination was 

above 90%). However, the seeds were damaged by 10 minutes at 250F 

(germination was 8%) and damaged further by 250F for 6 hours (germina™ 

tion was less than 1%). Obviously dry seeds can withstand any 

temperatures that are likely to occur in nature. However, seeds imbibed 

J:or 8 hours were killed by 160F and seeds imbibed 2k hours were killed 

by 150F. High soil temperatures one or two days following rainfall 

sufficient to result in imbibition are likely to result in the death of 

many seeds or developing seedlings. 

These studies showed that the specific germination requirements 

of alkali sacaton for light, temperature, moisture and its characteris

tics of delayed af terripenirig, prolonged viability, rapid imbibition 

and rapid growth of large seeds will retard its germination during un_ 

favorable seasons (fall, winter and spring) and favor its germination 

during the summer rainy season on the better sites. 



CHAPTER I 

INTRODUCTION 

The most pressing problem of watershed management in the semi-

arid Southwest is that of soil stabilization of deteriorated watersheds. 

The problem is particularly common to the Rio Puerco Watershed of New 

Mexico. This drainage yields only about five percent of the runoff 

above Elephant Butte Reservoir, but it contributes almost half of its 

sediment (Dortignac and Hickey, 1963). It has even been suggested that 

soil dislodgment and movement in the Rio Puerco surpasses that of any 

other watershed in the United States (Dortignac, 1956). 

Improvement of the vegetal cover is considered to be the most 

effective and economically desirable means for stabilization of the soils 

of the area, there being a close correlation between the degree of ero

sion and vegetative cover—erosion activity decreasing progressively as 

plant cover increases (Dortignac, 1956). An increase in the vegetative 

cover on the upper reaches of the watershed would reduce the amount of 

sediment reaching the flood plains and channels below, and an increase 

in cover on the flood plains would trap much of the sediment arising on 

the slopes above and reduce the amount reaching the channels below. 

An understanding of the ecological complexities of the plants of 

the area is prerequisite to the solution of its vegetal problems. Because 

of the economic importance of such areas, some ecological information has 

1 



been gathered in attempting to solve practical problems and much can be 

learned from critical qualitative observation alone. There is a need, 

however, for quantitative testing of hypotheses concerning t.lte ecology 

of the principal species of the area. Alkali sacaton (Sporobo7-us 

airoides Torr.), a principal species on the Rio Puerco Watershed, was 

chosen for study (1) because it is the dominant species of many flood 

plain sites of the type where flash floods and tons of sediment originate 

and (2) because these sites receive runoff and are composed of the better 

soils of the region and thus appear more subject to improvement than 

other site types in the area. 

Autecological studies of this species are needed to help explain 

the complexities of the community structure and dynamics and to strengthen 

our knowledge concerning the distribution, adaptation, and environmental 

responses of the principal species. 

The seedling stage is the most critical period in the life of 

plants in arid areas. Under arid conditions soil moisture often evapo

rates rapidly from the surface and the only seedlings which survive are 

ones whose rate of root elongation is sufficient to allow them to remain 

in moist soil. Therefore, criteria are needed for selecting and/or 

treating plant materials so as to assure rapid germination and seedling 

development. 

Characteristics of Alkali Sacaton 

Alkali sacaton is widely distributed in western North America, 

extending from Canada into Mexico and from South Dakota to eastern 

Washington and southern California at elevations ranging from near sea 

level to 8000 feet (Hitchcock, 1950). 
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Alkali sacaton was originally more prevalent in some areas than 

it is today. Humphrey (1958), after a study of historical records, con

cluded that much of the flood plain area of the desert grassland once 

supported alkali sacaton. Conservationists of the early 1900's observed 

that alkali sacaton was the dominant species of many valleys of southern 

Arizona and of the Rio Puerco drainage (Thornber, 1910; Bryan, 1928; 

Cooperrider and Hendricks, 1937). These workers observed that storm 

runoff and the accompanying sediment spread over the valleys and was 

there retarded by the dense stands of alkali sacaton. 

In the Rio Puerco area alkali sacaton is largely restricted to 

the alluvial flood plains. However, an appreciable number of plants of 

the species was originally present on hillsides and mesas; large numbers 

of dead rootcrowns are still present on some of these sites. Hickey and 

Springfield (1966) suggested that "the species probably has been over

grazed ..." and "Under excessive grazing, perhaps the only plants able 

to produce sufficient seed to perpetuate the grass stand were those 

growing under ideal habitat conditions, such as the more moist valley 

floors. On the hillsides and mesa tops, where moisture conditions were 

less favorable, stands may have died out not only because of insufficient 

seed, but also because new plants failed to become established under 

heavy grazing." 

Alkali sacaton is generally considered moderately palatable to 

livestock. It is generally thought that the species is grazed only in 

the spring and early summer when the foliage is young and tender. Accord

ing to Judd (1962) the foliage becomes tough, coarse, and non-palatable 
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as the growing season progresses and does not mature into nutritious 

winter feed. However, in studies on the Rio Puerco watershed, alkali 

sacaton was the preferred species regardless of season of use. Galleta 

(Hilaria iamesii Torr.) and blue grama (Bouteloua gracilis (H.B.K.) 

Lag.), the two principal associated species, were utilized only after 

alkali sacaton became scarce. Cattle grazing on mature stands of 

alkali sacaton during the winter season gained weight and grazed even 

the coarsest leaves to within a few inches of the rootcrown. After 

eight years of 63% winter use the yield of alkali sacaton increased from 

94 to over 150 lb. air-dry forage per acre and with 55% winter use forage 

production increased to over 500 lb. per acre (Aldon and Garcia, 1967; 

Hickey and Garcia, 1964). 

Because of its extensive fibrous root system, rosette type growth 

habit, and high litter yield, alkali sacaton has a high potential from 

the standpoint of soil stability and sediment retardation. The species 

also withstands flooding and soil deposition extremely well. Hubbell and 

Gardner (1950) found that deposits of 9 inches of heavy-textured sediment 

in two years only moderately damaged alkali sacaton and it survived under 

deposits of 23 inches. 

The. effects of temperature on the germination of alkali sacaton 

havfe previously been investigated (Knipe, 1967). It was found that alkali 

sacaton germinates best at a constant temperature of 90F or at alterna

ting temperatures with weighted means ranging from 79 to 90F, e.g. 68-86, 

75-95, 79-101, etc. The effects of limited moisture on germination of 

alkali sacaton have also been investigated (Knipe, 1968). In studies 
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where moisture available for germination was limited by the use of 

aqueous mannitol solutions, germination was reduced by 1 atm tension 

(as compared with 0.3 atm) and was further reduced by each 3 atm 

increase up to a tension of 13 atm. These studies indicate that alkali 

sacaton is rather specific with respect to temperature and moisture 

requirements for germination. In contrast galleta and blue grama, which 

occur in association with alkali sacaton on the Rio Puerco watershed, 

germinate well over a wide range of temperatures. Galleta germinates 

well at temperatures between 60 and 90F, and blue grama germinates well 

at temperatures between 60 and 100F; also, moisture tensions in excess 

of 7 atm are required to reduce the germination of these species (Knipe, 

1967 and 1968). 

General Objectives 

The objectives of these studies were to study factors affecting 

germination of alkali sacaton and determine criteria for selection and/or 

treatment of the seeds in a manner that may promote plant establishment 

under natural conditions. Whenever possible the findings were related 

to the existing autecological knowledge of the species and to the ecologi

cal characteristics of the Rio Puerco watershed area. 

It is hoped that these and subsequent related studies will ulti

mately provide the information necessary for determining the suitability 

of alkali sacaton as a revegetating agent and indicate what procedures and 

precautions must be taken to assure a reasonable degree of revegetation 

success in the Rio Puerco watershed area. 
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Factors studied to determine their effect on the germination 

and establishment of alkali sacaton were seed age, seed size, mechanical 

scarification of seed, exposure of seed to light, rate and amount of 

seed imbibition, effects of moisture stress, and pre-germination 

temperature-stress seed treatments. 



CHAPTER II 

GENERAL PROCEDURES 

Unless otherwise specified, all seeds used in these studies were 

from collections within the Rio Puerco watershed area. Seeds were 

collected from a specific locality each fall from 1964 through 1968. 

The collections were made in late September or early October, depending 

upon the time when the seeds were fully mature. The seed lots are 

referred to as RP64, RP65, RP66, RP67, and RP68. The lot(s) used in 

each study are specified in the description of the procedures for each 

study. 

All germination studies were conducted in a controlled environ

ment growth chamber maintained at 98% (+1%) relative humidity. The seeds 

were germinated in 4-inch petri dishes on a double layer of standard blue 

germination blotter paper moistened with 18 ml of distilled water. 

Unless otherwise specified the seeds were germinated in darkness at a 

constant 90F temperature. The progress of each study was observed daily 

and germinated seeds were counted and removed from the dishes. A seed 

was considered germinated when the radicle and plumule had broken through 

the seed coat. Each study consisted of four replications of 100 seeds 

per replication; the studies analyzed statistically were analyzed as 

randomized complete block experiments. Germination percentages were 

transformed to arcsin of square root of percentages prior to analysis. 
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Differences among means were tested at the 5% level employing either 

the Duncan multiple range or the Tukey procedure (Steel and Torrie, 

1960). 



CHAPTER III 

AGE-OF-SEED STUDIES 

The purpose of this study was to determine the effects of age 

of seed on the germination of alkali sacaton. 

Literature Review 

Longevity, periodic fluctuations in germination percentage and 

afterripening of seeds are of great importance and have been the subject 

of numerous publications. Two more important influencing factors are 

(1) species and (2) storage conditions, particularly humidity and 

moisture. Other factors which may be important are (1) climatic and 

seasonal conditions under which seeds are produced, (2) degree of matu

rity and moisture content at harvest, (3) method of harvesting and 

processing, and (4) gaseous exchange, particularly oxygen (Haferkamp, 

Smith, and Nilan, 1953). This review is limited to papers which deal 

with or are related to relatively short-term germination fluctuations 

within sources, differences in germination among sources within single 

species, and the effect of age of seed on germination of seed harvested 

when mature. It will be restricted primarily to papers dealing with the 

relation of these factors to germination of grasses. More complete 

reviews have been presented by Crocker (1938) and James (1963). For 
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comprehensive reviews on the subject of seed dormancy the reader is 

referred to Evenari (1965a) and Amen (1964). 

Crocker (1945) referred to reports of viable wheat*- seeds in 

the ancient Egyptian tombs and of viable pea seeds from the tomb of 

'jL'ut-ankh-anten, aged over 3,300 years, as "mummy wheat fables." He 

indicated that the life spans of wheat, barley, oats, soybean, and corn 

are "not likely to exceed greatly 25 years for ordinary storage." 

Some species of legume and the ages at which they have been known 

to remain viable are: Mimosa glomerata Forsh, 81 years; Astragalus 

massiliensis Lam., 86 years; Moclea pauciflora Rusby, 93 years; Leucaena 

leucocephala Linn,- 99 years; Cassia bicapsularis Linn, 115 years; and C. 

multijup,a Rich, 158 years (British Museium 1942). Becquerrel (1934) 

reported that seeds of Mimosa glomerata remained viable for 221 years 

while other legume seeds remained viable for periods of 100 to 150 years, 

e.g. Astragalus massiliensis, Dioclea pauciflora, and Cassia bicapsularis. 

Seeds of velvet mesquite (Prosopis juliflora var. velutina) remained 

viable for at least 50 years (Martin and Tschirley, 1962). It should be 

noted that the seeds of all of these species have hard seed coats, which 

provide two of the most often mentioned essentials of successful storage, 

namely, low constant moisture and low oxygen pressure. 

Seeds of Oenothera biennis, Rumex crispus, and Verbascum blattaria 

remained viable for as long as 70 years (Darlington, 1951). Seeds of farm 

and vegetable garden plants are not long-lived. It is rare, except under 

1. Authorities for scientific plant names mentioned in the litera
ture reviews of this paper, which may be needed to indicate the precise 
sense in which the latter are employed, are siven only when original obser
vations are concerned, or where specified by the author(s) of cited works. 
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special storage conditions, that any seeds of these crops will remain 

viable for more than 25 years (Crocker, 1945). 

Generally speaking, cultivated plants lose their viability at an 

earlier age than do weed seeds (Kjaer, 1940, and Toole and Brown, 1946). 

Haferkamp, Smith, and Nilan (1953) reported on the germination of several 

species aged 1 to 33 years (Table 1). They reported that in general, the 

germination decreased with age. These results show that there are 

distinct differences in the life span of seeds of different species, 

sources of the same species, and that the percentage germination of seeds 

of a given source may change within a relatively short time. 

According to Westra and Loomis (1966) the germination of Ceniola 

paniculata is erratic with respect to age of seed. One sample of seeds 

of this species was germinated at frequent intervals from the time of 

collection in October through February; germination declined steadily 

from 16 to 1%. However, germination of seeds from the same lot, put to 

germinate when fresh, increased steadily from 0 after 10 days to 40% 

after 70 days. Germination of seeds from a second lot increased steadily 

from 4% after 10 days to 20% after 70 days. 

Chewings fescue (Festuca rubra var. commutata) and red fescue 

(Festuca rubra) seed lose their viability after .5 to 12 months unless 

dried to below 10% moisture or stored at or below 35F (Kearns and Toole, 

1939). 

Afterripening or special treatment is required for maximum germi

nation of some grass species. Blake (1935) noted that germination of 

Sporobolus asper and Sorgastrum nutans increased steadily from when fresh 



Table 1. Germination of several cropland species at various 
ages of germination (Haverkamp, Smith and Nilan, 
1953). 

Species and variety Age (years) Germination (%) 

Barley 
(Hordeum vulgare) 

Beldi 
Beldi 
Hannchen 

19 
32 
32 

80 
100 
72 

Corn 
(Zea mays) 

Angel of Midnight 
Northwestern Dent 
Oil Dent 
Squaw 

32 
32 
33 
32 

47 
27 
1 
74 

Oats 
(Avena sativa) 

Banner 
Markton 
Markton 
Sweedish Select 
Sweedish Select 

32 
3 

15 
19 
32 

91 
97 
78 
52 
86 

Rye 
(Secale cereale) 

Beardless 32 6 
Rosen 12 42 
Rosen 24 3 
Spring 32 1 

Common Wheat 
(Triticum aestivum) 

Baart 1 89 
Baart 11 93 
Baart 21 83 
Baart 26 0 
Baart 27 9 
Baart 32 60 

Marzuis 11 95 
Marzuis 21 74 
Marzuis 32 99 

Turkey Red 
Turkey Red 

11 
32 

94 
20 



Table 1, Continued. 

Species and variety : Age (years) : Germination (%) 

Alfalfa 
(Medicago sativa) 

Baltic 31 .84 
Common 33 78 
Grimm 10 79 
Grimm 31 84 
Grimm 33 52 
Turkestan 10 75 
Turkestan 31 80 

Grass 
Agropyron elongatum 31-33 0 
Bromus pinnatus 31-33 0 
Dactylis glotnerata 31-33 0 
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to a maximum at 6 years of age at which time their germinability began 

to decrease. Also, germination in Elymus canadensis decreased after the 

fifth year and after the sixth year in Andropogon furcatus, A. scoparius* 

Stipa spartea. and Koelera cristata. The germination of asper 

fluctuates within the first year after collection, there being an increase 

from the time of collection to a maximum in April and a decrease in June 

to the same percentage obtained in March. 

The germination of Russian vildrye decreased gradually during the 

first five years following harvest (Lawrence, 1967). Seed harvested in 

the late-milk to early-dough stage showed a viability decline of about 

50% and seed harvested in the firm-dough stage -showed a viability decline 

of only about 2%. 

Depending upon variety, timothy seeds require from 1 to 9 months 

afterripening for maximum germination, but most lots of the species after-

ripen sufficiently in about 1 month (Toole, 1939). Seeds of wild rice 

(Zizania aquatica) must afterripen approximately 6 months before maximum 

germination will occur (Simpson, 1966). 

Rampton and Ching (1966) found that annual ryegrass (Lolium 

multiflorum Lam.), perennial ryegrass (L. perenne var. glomerata L.), 

tall fescue (Festuca arundinacea Schreb.), Chewings fescue (F. rubra var. 

commutata Gaud.). F. fallax Thuill., Kentucky bluegrass (Poa pratensis 

L.), and Highland colonial bentgrass (Aftrostis tenuis Sibth.) had not 

decreased in viability after 3 years storage. Their results showed that 

Kentucky bluegrass required an afterripening period; the species germi

nated 64% when fresh and 97% after 3 years. 
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McAlister (1943) found that the viability of mature harvested 

seeds of Agropyron cristatum. Bromus marginatus. and B^. polyanthus had 

not decreased appreciably after almost 6 years whereas A. trachycaulum 

decreased 75%, A^_ smlthii decreased 30% and inermis decreased 18%. 

Over the same period there was a near complete loss in viability of 

Elymus glaucus. Stipa viridula required afterripening; seeds of this 

species germinated 24% after 4 months, 85% after 15 months, and 98% 

after 58 months storage. 

Tiedemann and Pond (1967) tested the viability of a number of 

grass seeds ranging in age from 22 to 28 years (Table 2). 

It can be seen from these data that with respect to age of seed 

viability not only varies greatly between species but also within species. 

For example, one lot of silver beardgrass retained its viability 28 years 

whereas the other lot was not viable after 27 years and one lot of curly-

mesquite germinated 25% after 25 years whereas the other lot germinated 

only 6%. 

Rogler (1960) tested the germination of 7 lots of Indian ricegrass 

(Oryzopsis hymenoides (Roem. and Schult) Ricker.) over a 17-year period. 

He used seed from field collections for the initial test and seed harvested 

from plants established from the original seed for subsequent tests. The 

average percentage germination of 1-year-old seed, over the 17-year period, 

was only 2.8%; thereafter germination increased rapidly as the age of seed 

increased. The average peak in germination was 47.4% at 6 years of age. . 

There was a wide variation in germination between strains the year of peak 

germination; some strains did not reach the peak in germination until 10 
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Table 2. Germination of several native grasses after v< 
periods of storage (Tiedemann and Pond , 1967) 

-

: Germination (%) 
Species and collection date : Initial : 1961 

• • 

Vine mesquite 1 
(Panicum obtusum H.B.K.) 1933 ? 22 

Vine mesquite 
(Panicum obtusum H.B.K.) 1934 ? 34 

Vine mesquite 
(Panicum obtusum H.B.K.) 1936 9tf 11 

Vine mesquite 
(Panicum obtusum H.B.K.) 1938 1 9 

Silver beardgrass 
(Andropogon saccharoides ? 17 
Swartz) 1933 

Silver beardgrass 
(Andropogon saccharoides ? 0 
Swartz) 1934 

Curlymesquite 
(Hilaria belangeri (Steud) ? 6 
Nash) 1936 

Arizona cottontop 
(Trichachne californica ? 25 
(Benth.) Chase) 1936 

Green sprangletop 
(Leptochloa dubia (H.B.K.) 26 0 
Nees.) 1939 

Sideoats grama 
(Bouteloua curtipendula 91 0 
Michx.) Torr.) 1933 

Sideoats grama 
(Bouteloua curtipendula ? 0 
Michx.) Torr.) 1939 

Hairy grama 
(B. hirsuta Las.) 1934 ? 0 

Bullgrass 
(Muhlenbergia einersleyi ? 0 
Vasey) 1933 

Bullgrass 
(Muhlenbergia emersleyi ? 0 
Vasey) 1937 

Purple threeawn 
(Aristida purpurea Nutt.) ? 0 
1933 

Fringed brome 
(Bromus ciliatus L.) 1936 ? 0 



Table 2, Continued. 

Species and collection date 

• 
• 

: Germination (%) 
: Initial : 1961 
• • • • 

Plains lovegrass 
. (Eracrostis intermedia ? . 0 
Uitchc.) 1936 

Texas timothy 
(Lycurus phleoides H.B.K.) ? 0 
1936 

1. Percentage of initial germination was not 
'known. 
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years old whereas others peaked in 3 years. Percentage germination began 

to decrease after the peak was reached but the rate of decrease was less 

rapid than the increase to the peak. . At 17 years of age the average 

germination of all lots was only 1.5% and some were not viable after 11 

years of age. Other lots germinated 17% after 16 years and 7% after 17 

years. 

Rogler also found that the age of seed when peak germination was 

reached varied with the year produced. Seed of 4 strains produced in an 

exceptionally dry year reached average maximum germination of 33.3% when 

4 years old and germinated only 3.9% at 11 years. Seed of the same 

strain produced in a wet year reached an average maximum of 62.8% at 7 

years of age and germinated 54.2% when 11 years old. Seed harvested 

from several individual plants of several strains germinated yearly for 

15 years showed a wide variation in germination characteristics within 

as well as between strains. Seed of some plants reached peak germination 

at a younger age than others and the rate of loss of viability after the 

peak.was reached varied. Seed from plants which had high maximum germi

nation retained their viability longer than those with low maximum 

germination. 

Procedures 

The first test under this study was conducted in January 1965 

when the seeds collected in 1964 were 3 months of age. The first tests 

of the 1965, 1966, 1967, and 1968 seeds were started the day after the 

seeds were collected to determine the germination of fresh seed. With 

the exception of the 1964 seeds, the germination of each lot was tested 
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each month for 6 months after collection and at 4 month intervals 

thereafter to determine afterripening and the effect of age on germi

nation. Germination tests of the 1964 seeds were conducted when the 

seeds were 3, 4, 5, and 6 months of age and at 4 month intervals 

thereafter. Seeds were stored in cloth bags at room temperature in the 

laboratory during the study period. 

In a previous study it was found that alkali sacaton germinated 

well at an alternating temperature-light regime of 8 hours at 86F in 

light and 16 hours at 68F in darkness or at a constant temperature of 

90F with 8 hours light and 16 hours darkness (Knipe, 1967). The light 

intensity in the chamber during the light period was 1000 ft candles. 

The first tests of the age of seed study were conducted under 

the alternating temperature-light regime mentioned above because other 

species were being tested in this study which require the alternating 

conditions. This regime was continued to provide uniformity although 

the 1967 study also showed that the seeds germinated faster under constant 

90F conditions and subsequent research showed that alkali sacaton germi

nates best in darkness (see Effects of Light Study, p. 37). The 

duration of each test under this study was 30 days. 

Results 

The relationship of age of seed to germination for the five seed 

lots studied is shown graphically in Figure 1 and in tabular form in 

Table 3. The germination patterns for the five lots are given below. 
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Table 3. Percentage germination of five lots of alkali sacaton 
at various ages after harvest. 

: Seed lot 
Age of seed 
(months) 

• • • • • • 
: RP64 : RP65 : RP66 
• • • • • • 

RP67 RP68 

percent germination 

0 No test 6a 34a 30a 20 

1 No test 8ab 34a 29a 26 

2 No test 16abc 43a 34ab 41a 

3 56a1 17 be 43a 40 be 42a 

4 60a 17 be 43a 43 c 64 

5 61a 14abc 43a 40 be 

6 58a 19 c 61 be 59 

10 61a 63 d 57 b 75 

14 62a 62 d 68 bed 89 

18 61a 57 d 74 cde 

22 60a 53 d 78 de 

26 59a 93 e 87 e 

30 59a 92 e 

34 62a 92 e 

38 92 b 92 e 

42 87 b 

46 95 b 

50 89 b 

1. Any two values within columns followed by the 
same letter are not significantly different (Tukey procedure). 
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Seeds Collected in 1964 

As previously mentioned, the first germination test of this lot 

was not conducted until the seeds were 3 months of age. Germination of 

the lot was 56% at this time. (Presumably fresh seed germination of the 

lot would have been considerably less as fresh seed germination of the 

best of the other four lots studied was only 36%.) There were no signi

ficant changes in germination percentage of this lot during the period 

from 3 through 34 months of age. Germination percentage of the lot 

increased to 92% at 38 months of age and remained near that level 

through 50 months. 

Seeds Collected in 1965 

Seeds of this lot germinated only 6% fresh. Germination 

increased to 17% three months after harvest and remained at about this 

level to the tenth month at which time it increased to 63% (see Table 3 

for minor deviations from this pattern). Germination of the lot did not 

change from the tenth through the twenty-second month but it increased 

to 93% the twenty-sixth month and remained at about that level through 

the thirty-eighth month. 

Seeds Collected in 1966 

Seeds of this lot germinated 34% when fresh (28 percentage points 

higher than the 1965 collection) remained at that level through the fifth 

month and increased to 61% on the sixth month. All changes from the 

sixth through the twenty-sixth month were not significant but generally 
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speaking germination of the lot increased steadily during this period 

and reached a high of 87% on the twenty-sixth month (see Table 3 for 

minor deviations from this pattern). 

Seeds Collected in 1967 

Seeds of this lot germinated 30% when fresh (24 percentage 

points higher than the 1965 collection and 4 percentage points lower 

than the 1966 collection) and increased at a generally steady rate for 

the next few months, reaching 89% on the fourteenth month (see Table 3 

for minor deviations from this pattern). 

Seeds Collected in 1968 

Seeds of this lot germinated only 20% when fresh but germination 

increased to 41% on the second month and to 64% on the fourth month. 

Discussion 

The relationship between age and germination varied somewhat 

among the five seed lots tested. The duration of the various periods 

of increase also varied among lots but the same general relationships 

were evident in all lots. The results clearly show that alkali sacaton 

seeds require afterripening for maximum germination. In general, the 

germination percentage of all lots increased at a relatively rapid rate 

during the first few months after collection; the initial period of 

increase was, in general, followed by a stable period which was in turn 

followed by a second period of increase (Figure 1). In the case of the 

seeds collected in 1965, 1966 and 1967, all but the latter of these 

periods were interspersed by minor ups and downs. The 1964 collection 

showed the longest period of stability following the period of initial 
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increase; germination of this lot held between 56 and 62% from the third 

through the thirty-fourth month after collection. Germination of lots 

RP64 and RP65 increased sharply at the end of the stable period (at ages 

38 and 26 months, respectively) and remained at a high level for the 

duration of the study. The second increase in germination percentage 

(i.e., following the stable period) of lots RP66 and RP67 was not of 

exactly the same nature as it was in lots RP64 and RP65. Both of the 

former two lots showed a sharp increase at the end of the stable period, 

but this was not the peak, i.e., peak germination did not occur immediately 

at the end of the stable period as was the case in lots RP64 and RP65 -

instead, the germination percentage of these two lots generally continued 

to increase for the duration of the study. Germination reached 87% after 

26 months in lot RP66 and 89% after 14 months in lot RP67: presumably 

peak germination of these two lots would have occurred at a. later date. 

Lot RP68 was only four months of age at the end of the study but it 

appears that it would have followed a pattern similar to that of lot 

RP67 if it had been germinated at subsequent ages. 

Conclusions 

It appears that maximum germination of alkali sacaton cannot be 

expected until the seeds have afterripened for at least 14 months and in 

most instances not until after 24 months. 

It appears that alkali sacaton seeds progress through four 

periods with respect to age and germinability: (1) an initial period of 

relatively rapid increase, (2) a stable period during which little or 
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increase in germinability occurs, (3) a second period of increase, 

and (4) a period during which essentially no change occurs. There is 

no apparent relation among seed lots with respect to time of initiation, 

duration and termination of these periods. Presumably the latter 

period will be followed by a period during which germinability decreases. 

The age at which alkali sacaton seeds will begin to decrease in viability 

cannot be stated at this time but the seeds can be expected to remain 

highly viable for at least 50 months. 



CHAPTER IV 

SEED-SIZE STUDIES 

During the course of a previous study concerning the germination 

requirements of alkali sacaton (Knipe, 1967), it was observed that there 

is a great variation among seed sizes within seed lots of the species. 

In addition, it appeared that a greater percentage of the larger seeds 

germinated and that their rate of germination exceeded that of their 

smaller counterparts. The purposes of this study were to (1) delimit 

seed-size classes, (2) determine the relation of seed size to time 

required for germination, (3) determine the relation of seed size to 

total germination, and (4) determine the relation of seed size to emer

gence in alkali sacaton. 

Literature Review 

The larger and/or heavier seeds of grasses have generally been 

found to produce seedlings of greater vigor than seedlings produced by 

the smaller seeds. 

Kittock and Patterson (1962) studied the effects of four seed-

weight classes of 10 grass species and found that the heavier seeds 

emerged best and produced the best stands. Tossell (1960) studied 10 

polycross bromegrass (Bromus inermis Leyss.) progenies and found seed 

weight to be positively correlated with seedling vigor and concluded 

26 
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that (1) seed weight was predictive of seedling vigor, and (2) seed 

weight was important to seedling establishment and vigor during the 

first 4-week period of development. 

Rogler (1954) found a high positive correlation between seed 

weight and seedling emergence from deep depths of planting in strains 

of crested wheatgrass (Agropyron desertorum (Fisch.) Schult.). The 

heavy-seeded strains also developed more rapidly and produced sturdier 

seedlings. However, Lawrence (1957) found that seed weight was not 

related to emergence from different depths in intermediate wheatgrass 

(A. intermedium (Host) Beauv.). Kneebone (1956) reported that seed 

weight was heritable and correlated with seedling vigor in sideoats 

grama (Bouteloua curtipendula (Michx.) Torr.). Hunt ,(1954) in studies 

with perennial ryegrass (Lolium perenne L.) obtained a correlation 

coefficient of 0.798 between seed weight and number of established 

seedlings. 

Kneebone and Cremer (1955) studied the relationship of seed size 

to seedling vigor in buffalograss (Buchloe dactyloides (Nutt.) Engelm.), 

Indiangrass (Sorghastrum nutans (L.) Nash), sand bluestem (Andropogon 

hallii Hack.), sideoats grama (Bouteloua crutipendula (Michx.) Torr.), 

and switchgrass (Panicum virgatum L.). They found that the larger the 

seed within a lot, the more vigorous were the seedlings from it, that 

seedlings from larger seed emerged faster and grew at a faster ate, and 

that seed size affected germination percentage only in switchgrass. 
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Harkness (1965), studying Italian ryegrass (Lolium multiflorum 

Lam.), found that the seedlings from larger seed had more and longer 

leaves, more tillers, and heavier shoot and root weights than the small-

seed seedlings. He stated that "increased vigor in large seeds was 

particularly manifest ... in the early life of the seedling, a time at 

which such a characteristic would give these plants a competitive 

advantage." 

Procedures 

Six seed-size classes were delineated by passing thoroughly 

cleaned seeds (caryopses free of lemma and palea) through screens with 

28 x 28, 30 x 30, 32 x 32, 34 x 34, and 36 x 36 openings per in^. Seeds 

held by (that will not pass through) the 28 x 28 screen were designated 

size 1, those held by the 30 x 30 screen as size 2, etc. Size 6 seeds 

were ones that.passed through the smallest (36 x 36) screen. The percen

tage (weight basis) of seeds of each size class per pound was determined 

for each of six seed lots. 

To determine the effect of seed size on the rate and amount of 

germination of alkali sacaton, a 30-day germination test was run on each 

of the six seed sizes from one seed lot. 

To determine the effect of seed size on emergence from different 

depths of planting, seeds of sizes 1 and 3 were planted in a greenhouse 

In 2-quart pots in sterile sandy loam soil at depths of 0.5-, 1-, and 

1.75-inches and sub-irrigated to saturation. Seed sizes 1 and 3 only 

were used in order to reduce the amount of materials needed. The plan 

was to test for differences between these two sizes and abandon all sizes 
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smaller than size 3 if size 1 proved superior; if size 1 had not proven 

superior, then smaller sizes would have been tested. Additional 

waterings were made at five-day intervals. In this phase of the study, 

6 replications of 15 seeds per pot were employed. The temperature of 

the greenhouse was held between 80 and 90F, and the relative humidity 

was held between 60 and 70%. Percentage emergence was determined on the 

fourteenth day after planting. 

To determine the effect of seed size on root and shoot growth, 

a separate set of pots, identical to those described above but with 8 

replications, was seeded with sizes 1 and 3 at a depth of 0.25-inch. 

The seedlings which emerged in four of these pots were excavated 7 days 

after planting, and those in the other four pots 14 days after planting, 

and the lengths of their roots and shoots determined. 

Results and Discussion 

Separation of seeds of several lots into six size classes revealed 

a considerable variation in the percentage of seeds per size class among 

lots (Table 4). Over half of the seeds were in size class 1, the largest 

seeds. The number of seeds per pound varied accordingly by lot, ranging 

from only slightly,more than one million to more than two million per 

pound. 

Three days after the start of the germination test the smallest 

seeds (size 6) had the lowest percentage germination; each successively 

larger size was significantly better (Table 5). This relationship 

continued with one minor exception for all sizes for the duration of the 



Table 4. Percentage of alkali sacaton seeds (weight basis) per size class and number of 
seeds per pound in six lots of alkali sacaton. 

Seed lot^" 

Size class 

• • • • 
: RP1964 : 
• • • • 

• • 
RP1965 : 

• • 
RP1966 : RP1967 PMNM-184 PMNM-C14 : 

Average 
all lots 

1 47 70 42 88 44 42 56 

2 19 18 22 8 18 35 20 

3 12 7 20 1 22 13 12 

4 10 3 7 1 8 7 6 

5 5 1 5 1 5 2 3 

6 7 1 4 1 3 1 3 

Seeds/lb.^ 2,000,000 1,435,000 1,550,000 1,040,000 . 2,240,000 1,540,000 1,634,000 

1. Seed lots RP were collected by the author in the Rio Puerco watershed about 60 miles northwest of 
Albuquerque, New Mexico during October of the indicated year. The other two lots were obtained from the New Mexico 
Plant Materials Center, Los Lunas, New Mexico. 

2. All values were rounded to the nearest 1000. 

u 
o 
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Table 5. Percentage germination of six sizes of alkali 
saca.ton seed (Lot RP1966) after 2, 3, 7, 14, 
21, and 30 days. 

Seed size 

Germination on various days 
after start of test 

Seed size 2 3 8 14 21 30 

percent 

1 6 80 81 83 83 83 

2 4a1 58 67 68 68 68 

3 2a 47 57b 59b 59b 59b 

4 3a 42 57b 58b 59b 59b 

5 la 32 47 47 48 48 

6 2a 17 25 26 26 26 

1. Any two values in a column not followed by the same 
letter are significantly different (Tukey procedure). 
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30-day period. The germination percentage of size 1 approached maximum 

on the third day, whereas the smaller seeds did not approach maximum 

germination until the seventh day. The larger seeds of alkali sacaton 

were not only more viable but they also germinated faster. 

Seedling emergence in pots with size 1 seed was significantly 

higher than in pots with size 3 seed at all depths of seeding (Table 6). 

Seed size 1 even had a higher emergence from the 1-inch planting depth 

than was obtained with size 3 seeds from the 0.5-inch depth. In seed 

size 1 there was no difference in emergence from the 0.5- and 1-inch 

depths of planting, but both had higher emergence than the 1.75-inch 

depth. In seed size 3 emergence was highest at the 0.5-inch depth of 

planting and decreased significantly at each succeeding depth. 

Table 6. Percentage emergence of size 1 and size 3 seeds 

from three depths of seeding on the fourteenth 

day after seeding. 

Emergence (%) 
Seeding Depth • • 
(inches) : Seed Size 1 : Seed Size 3 

• • 

0.5 89a1 50 

1.0 83a 15b 

1.75 22b 0 

Any two values followed by the same 
letter are not significantly different 
(Tukey procedure). 
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The growth rate of seedlings from large seeds greatly exceeded 

that of the small seeds, especially with respect to root growth 

(Table 7). 

Table 7. Root and shoot length of seedlings from size 

1 and 3 seeds on the seventh and twelfth day 

after planting. 

Root Length (cm) Shoot Length (cm) 

Days after Planting Size 1 : Size 3 Size 1 Size 3 

7 2.31 0.9 " 2.1 1.4 

14 4.5 2.2 2.2 1.8 

^"All values between seed size 1 and 3 at a given age 
are significantly different (Tukey procedure). 

, Conclusions 

The results indicate that the larger seeds, by virtue of more 

rapid germination and development, produce seedlings better adapted to 

establishment in harsh areas. It is possible that establishment of 

plants from the larger seeds contributes greatly to natural regeneration 

of alkali sacaton under natural conditions in arid and semi-arid regions. 

The success of field seedings would probably be enhanced if operations 

were restricted to the use of large seeds. 



CHAPTER V 

SEED-SCARIFICATION STUDIES 

Some lots of alkali sacaton have been found to germinate consid

erably less than others; this is particularly true of fresh seed. The 

purpose of this study was to determine if mechanical scarification 

(scratching the seed coat) will improve germination in alkali sacaton. 

Literature Review 

Guerin (1899) reported that the strongly developed pericarp of 

Sporobolus tenacissimus, S. macrospermus. and ciliatus presents a 

very specialized structure in which almost the entire pericarp is trans

formed into mucilage of such a nature that under the influence of the 

least trace of water the seed is liberated. He stated that in S. 

heterolepis the outer fruit coat is strongly sclerified and that only 

the inner zone is composed of mucilage. 

Jackson (1928) stated that the seed coat o^ Sporobolus prevents 

water absorption, but no data were presented to support the statement. 

She found that shaking the seed with sand for 4 to 9 hours did not 

increase germination. 

Wilson (1931) working with ̂  strictus, S. cryptandrus. S. 

flexuosus, S. wrightii, and S. airoides found that with the exception of 

S. airoides, the seeds did not germinate well without scarification. He 

34 
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stated that the seed coats were almost impervious to water. However, 

he obtained an average germination of only 36% for S. airoides and 

indicated that scarification may be necessary for appreciable germination 

of the species. 

Toole (1941) studying factors affecting the germination of 

various dropseed grasses (Sporobolus) stated that the seed coat in 

Sporobolus is considerably developed. She germinated several seed lots 

of alkali sacaton under various conditions and found that prechilling 

stimulated germination of fresh seed. 

Procedures 

Seeds from three lots, one aged 20 months with an average germi

nation of 83% and two aged 8 months with average germination of 66 and 

92% were selected for study. Small samples of nonsized seeds from each 

lot were scarified by rubbing the seeds gently between two sheets of 

fine-textured emery cloth. After scarification the seeds were examined 

microscopically and those whose coats were scratched were separated out 

and germinated. Nonscarified seeds were germinated simultaneously for 

purposes of comparison. 

Results and Discussion 

The results of this study show that germination of alkali sacaton 

can be increased by mechanical scarification (Table 8). Scarification 

significantly increased germination of seeds of all three seed lots 

tested. 
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Table 8. Germination of scarified and nonscarified seeds of 

three lots of alkali sacaton. 

Germination (%) 

Seed Lot and Age of Seed 
: Non-
: scarified Scarified 

RP-1964 (20 months) 831 94 

RP-1965 ( 8 months) 66 86 

PMNM 184 (8 months) 92 98 

Average 80 92 

^"All differences between scarified and nonscarified 
within lots are significant. 

Further, scarified seeds germinated more rapidly than nonscarified seeds. 

Germination of the scarified seeds was c'omplete after nine days whereas 

germination of nonscarified seeds was not complete until the twenty-

eighth day. Apparently the reduction and delay in germination of 

nonscarified seeds is due to the presence of hard seed coats (as was 

indicated by the above cited authors) which limits, and in some cases, 

prevents imbibition. The process of scarification scratches away 

portions of the seed coat and enhances the passage of water through the 

seed coat. 



CHAPTER VI 

LIGHT-EFFECT STUDIES 

As previously mentioned in the age-of-seed studies of alkali 

sacaton germination, the growth chamber was programmed for 8 hours in 

light and 16 hours in darkness. The tests were started at 8:00 AM at 

the start of the light period. Under this procedure the seeds were 

exposed to light during the first 8 hours of each test. When this pro

cedure was followed there was no appreciable amount of germination until 

about the forty-eighth hour. On one occasion a test was started at 4:00 

PM, the time corresponding to the start of the 16-hour dark period, and 

on this occasion it was noted that a considerable number of seeds had 

germinated by the twenty-fourth hour. This indicated that alkali sacaton 

is negatively photoblastic, at least during the early or pregermination 

stage. This study was made to determine the effect of light on germina

tion of alkali sacaton. 

Literature Review 

Evenari (1965b) reported that prior to the turn of the century, 

photoblastism was thought to be an isolated phenomenon restricted to a 

very few species. It was not until 1903 that the first cases of negative 

photoblastism were described. We now know that both phenomena are wide

spread. A review of the literature reveals that the effect of light on 

37 
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gemination is usually of a positive nature. Research has shown that 

light is required for optimum germination in a large majority of 

species and that it increases the rate of germination in many others. 

This relation is particularly true in the case of grasses. In Rules 

for Testing Seeds (Association of Official Seed Analysts 1960) light 

is specified as a requirement for all of more than 60 grass species 

listed and as optional for one other. This publication does not specify 

darkness as a requirement for any grass species. The germination require

ments for alkali sacaton, or any other species of the genus, were not 

specified. Comprehensive reviews of the experimental work dealing with 

light effects and germination have been made by Evenari (1956), Toole et 

al. (1957), and Hendricks and Borthwick (1963). Unfortunately, most of 

the research has been restricted to a very few species, e.g. there are 

innumerable papers dealing with light requirements of lettuce (Lactuca 

sativa) and Phacelia tanacetifolia. According to Sauer and Struik (1964) 

most kinds of crop seeds are indifferent to light. They conducted 

research designed to determine the relation of soil disturbance, light 

and germination and presented evidence indicating that the germination 

of many weed seeds was promoted by light. The number of species whose 

germination is known to be inhibited by light is limited. 

It appears that very little research has been done regarding the 

effect of light on the germination of grasses. Cumming and Hay (1958) 

found that wild oats (Avena fatua L.) is markedly reduced by exposure to 

light. They found the seed of this species germinated 10% when surface 

planted and 65% when planted at a depth of 1 inch. Koller and Roth 
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(1963) found that Panicum turgidum Forsh. germinated optimally in dark-

ness or when held for 24 hours in darkness and in light thereafter. The 

presence of light at any time during the first 24 to 72 hours of incu

bation did not inhibit germination if the seeds were held in darkness 

thereafter; in fact, this procedure actually hastened the start of 

germination. 

Koller and Negbi (1959) found that the germination of Oryzopsis 

miliacea L. was restricted by either constant light or darkness. In the 

case of this species the dark-imposed restrictions ware broken by a 

single illumination period, applied between 1 and 28 days after the start 

of imbibition. Although not so stated by the authors, it appears that 

0. miliacea requires light at some time during the incubation period for 

optimum germination. 

Wright and Baltensperger (1964) found that germination of black 

grama grass (Bouteloua eriopoda Torr.) was equally as high in light as 

in darkness, but that germination was more rapid in darkness. 

Procedures 

In order to determine if alkali sacaton is negatively photo-

blastic, seeds were placed in black petri dishes on moist blotters and 

allowed to imbibe moisture for 30 minutes at 90F. After imbibition the 

seeds were subje d to light treatment of 1,000 ft. candles intensity 

for periods ranging from flash exposure to constant exposure (i.e. 

exposure for the duration of the study). Flash exposures of 30 seconds 

and 60 seconds duration were effected by removing the petri dish lids 

and replacing them after the desired exposure was attained. Extended 
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exposures were effected by replacing the black petri dish covers with 

clear covers for the specified time, e.g. 5 minutes, 10 minutes, 1 hour, 

5 hours, etc., after which time the black lids were replaced. Germinated 

seeds were counted and removed from the dishes every 24 hours for 72 

hours. Triplicate dishes were prepared for all treatments, except the 

constant exposure so that the seeds received the specified exposure but 

once during the 72-hour period. The entire range of exposure treatments 

is shown in Table 9. 

Results and Discussion 

The results show that germination of alkali sacaton is inhibited 

by light (Table 9). The effect of short exposures was primarily of a 

delaying nature while the effect of the more lengthy exposures not only 

delayed but also resulted in less final germination. 

Twenty-four hours after the start of the study, germination of 

seeds kept in darkness was significantly better than those that received 

light for all periods ranging from flash to continuous exposure with the 

exception of those exposed for 10 minutes. It appeared that the insig

nificant difference between darkness and 10 minutes exposure was due to 

shading of certain petri dishes by other dishes above and around them. 

Similar irregularities existed among other treatments, e.g. seeds exposed 

1 minute did not germinate significantly better than those exposed 7 and 

9 hours whereas seeds exposed for all other periods less than 7 hours did. 

Note that, with the exception of seeds kept in darkness, the seeds exposed 

10 minutes were the only ones whose germination did not increase signifi

cantly from 24 to 48 hours after the start of the study, i.e. this was 
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Table 9. The relation of exposure to light and the germination 
of alkali sacaton seeds exposed to light for the time 
specified after 30 minutes imbibition* 

Germination at various hours 
after start of imbibition 

Duration of 
exposure to light 24 48 72 

—. — percent 

None 89a 93ab 96a 
Flash 80 b 93a 94ab 
30 seconds 81 b 94a 94ab 
1 minute 74 be 93ab 93ab 
5 minutes 80 b 88abc 91abc 
10 minutes 83ab 85 bed 89 bed 

20 minutes 76 b 84 cde 90abcd 
30 minutes 80 b 82 cdef 87abc 
1 hour 79 b 88abc 92abc 
3 hours 76 b 87abc 92abc 
5 hours 82 b 87abc 87 bed 
7 hours- 72 be 88abc 89 bed 
9 hours 64 cd 82 cdef 92abc 
11 hours 58 d 81 cdef 93ab 
13 hours 60 d 77 def 94 ab 
15 hours 23 e 84 cde 85 cde 
17 hours 20 e 81 cdef 82 def 
19 hours 18 e 75 ef 77 ef 
21 hours 19 ef 74 f 74 f 
Continuous 12 f 54 59 

All values in columns not followed by the same letter 
are significantly different. All values in rows not under
scored by the same line are significantly different. 
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the only treatment in which exposure to light did not significantly 

delay germination during the first 24 hours after imbibition. 

The same phenomenon was evident, and to a much greater extent, 

from the forty-eighth to the seventy-second hour after start of imbibition 

germination of seeds in darkness and exposed from flash through 10 

minutes did not increase significantly from 48 to 72 hours. This is 

understandable if it is assumed that these short exposures were not of 

sufficient magnitude to delay germination for more than 48 hours. Based 

on such an assumption, it would also have to be assumed that longer 

exposures would delay germination with the amount of delay being propor

tional to the length of exposure. However, this was not the case, e.g. 

germination of seeds exposed 20 and 30 minutes increased significantly 

from 24 to 48 hours whereas germination of seeds exposed 10 minutes did 

not. See Table 9 for other such irregularities. 

These apparent reversals of light effects may not have been real 

but may have been due to poor experimental design, i.e. the result of 

shading of certain petri dishes by dishes on the shelves above and around 

them. The effects of light on germination of alkali sacaton appear to 

be as follows: " • 

1. Exposure of imbibed seeds for even a slight period 

(a matter of seconds) will delay germination of some 

of the seeds for more than 24 hours but less than 

48 hours. 



2. Exposure for 9 through 13 hours will delay germination 

of some of the seeds for more than 48 hours but less 

than 72 hours. 

3. Exposure for more than 13 hours will delay germination 

of some of the seeds for more than 72 hours. 

4. Continuous exposure not only delays but significantly 

reduces final germination. 

/ 



CHAPTER VII 

IMBIBITION STUDIES 

The purpose of this study was to provide a basis for future 

studies regarding the amount of imbibition necessary for germination, 

the amount of imbibition necessary for photo effects on germination, 

the amount of imbibition that must take place before high temperatures 

affect germination, and the effect of periodic wetting and drying on 

germination. 

Literature Review 

The uptake of water by seeds is the process known as imbibition. 

It is the first process which occurs during germination. The extent of 

imbibition is determined by (1) the composition of the seed, (2) the 

permeability of the seed coat to water, and (3) the availability of 

water. 

All seeds must imbibe moisture before the germination process 

can begin (Anonymous, 1948; Baker, 1950). The ajnount of imbibition 

necessary to initiate germination depends largely upon the species 

(Larson, 1968). Hunter and Erickson (1952) reported a minimum moisture 

requirement for germination of 30, 26, 50, and 31% for corn, rice, 

soybeans, and sugar beets, respectively. Peters (1920) found percentages 

of 32, 60, 58, and 41 necessary for germination of corn, pea, bean, and 

wheat, respectively. 
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Goo (1951 ) and Asakawa (1956) showed that water uptake by 

coniferous tree seeds can be divided into three phases: (1) rapid 

initial uptake, (2) a tapering--of f period of slow uptake, and (3) 

distinctly increased uptake resulting from metabolic activity in germi

nation. Bonner (1968) found that stratified oak acorns imbibed water 

similar to coniferous seeds but lacked the slow uptake stage (No. 2 

above). He concluded that the acorns began to germinate as soon as the 

initial uptake period was complete, thus eliminating the second stage. 

The percentage of water (dry weight basis) imbib 1 by the acorns differed 

considerably by species. For acorns with pericarps intact, the amounts 

were 12, 14, 25, and 40% for Nuttal (Quercus nuttallii Palmer), pin 

(Q. palustris Muenchh.), cherrybark (Q. falcata var. pagodaefolia Ell.), 

and northern red (Q. rubra L.)« respectively. The imbibition rate was 

rapid during the first 10 hours, moderate from 10 through 48 hours and 

slight from the forty-eighth hour through the tenth day. The imbibition 

rates were approximately the same for acorns with the pericarps split 

but the total amount of water imbibed was proportionately higher, being 

16, 19, 31, and 43% for Nuttall, pin, cherrybark, and northern red, 

respectively. 

Heat-killed pea seeds imbibed at a constant rate of about 17% per 

hour during the first 6 hours and at a rate of 1.5% per hour during the 

following 8 hours at which time increase in weight ceased (Mayer and 

Poljakoff-Mayber, 1963). Larson (1968) found that in a 24-hour period 

pea seeds (Pisum sativum L.) submerged in water with seed coats intact 

and with seed coats removed imbibed 20 and 17 gra of water per 100 seeds, 
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respectively. The pea seeds without coats demonstrated a greater initial 

rate of imbibition, but the rate of water absorption by the seeds with 

coats soon equaled the rate of seeds without coats. The largest propor

tion of imbibition (approximately 85%) occurred during the first 5 to 6 

hours. 

Shull (1920) found that split pea seeds imbibed 71% moisture 

(expressed as percentage of initial weight) in 3 hours, and that the 

imbibition rate was more or less constant throughout the 3-hour period. 

The imbibition rate of sea oats (Uniola paniculata) was highest during 

the first 10 hours, moderate from 10 through 30 hours, and slight from 

30 through 72 hours (Westra and Loomis, 1966). 

No work was found reporting on imbibition by range grass seeds. 

Procedures 

Small air-dry samples (0.50 gm) of size 1 and 3 alkali sacaton 

seeds were sandwiched between germination blotter papers saturated with 

distilled water. The two sizes of seed were used to determine if imbi

bition would vary with seed size. After the seeds had imbibed for the 

desired time the blotter covering the seeds was removed and the blotter 

holding the seeds was placed on a dry blotter to eliminate free water. 

The seeds were then scraped into a weighing vessel and weighed. The 

percentage of weight change (dry weight basis) was determined at intervals 

ranging from 5 minutes to 72 hours after the start of imbibition and a 

Mitscherlich curve (Snedecor, 1956) was fitted to the data. Separate 

samples were used for each determination. 
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Results and Discussion 

The large seeds gained 47% of their dry weight during the first 

half hour after the start of imbibition (Figure 2). They continued to 

gain weight at a constant, though less rapid rate through the fourth 

hour and at the end of four hours they had gained 81% of their dry 

weight. The large seeds lost weight during the fifth hour decreasing in 

weight from 81 to 73%, and gained only 5% in weight from the sixth 

through ninth hours. The large seeds gained weight at a relatively 

rapid rate during the period from 10 through 36 hours after the start 

of imbibition and had gained 118% of their original weight by this time. 

Some of this gain was, of course, due to weight gains by the developing 

seedlings. The weight increase from the thirty-sixth through the 

seventy-second hour was only 8%. The first visible evidence of sprouts 

from the large-seed seedlings occurred during the twenty-eighth hour. 

There were no unusual weight changes associated with the appearance of 

sprouts, however, it should be noted that weight changes which occurred 

beyond the toenty-eighth hour were due to weight changes of the 

developing seedlings and not to imbibition by the seeds. 

The weight of the small seeds increased more rapidly, and their 

final percentage increase in weight was greater than that of the large 

seeds (Figure 2). The small seeds gained 71% of their original weight 

during the first half hour after the start of imbibition and they 

continued to gain through the fourth hour having gained 100% of their 

original weight by this time. The small seeds did not loose weight 

during the fifth hour as did the large seeds. However, the rate of gain 
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Figure 2.  Imbibit ion by two sizes of alkali  sacaton seeds. 



slowed down during this period and during the fifth and sixth hours. 

This period of slow gain corresponded to the period during which the 

large seeds lost and gained only slightly in weight. The weight of the 

small seeds increased from the tenth hour through the thirty-sixth hour, 

corresponding to a similar period of increase in weight of the large 

seeds. From 36 through 72 hours weight gain of the small seeds was 25% 

as compared to only 8% for the large seeds. 

The first visible evidence of sprouts from the small seeds 

occurred during the thirty-second hour. There were no unusual weight 

changes associated with the appearance of sprouts, however, weight 

changes which occurred beyond the thirty-second hour were due to weight 

changes of the developing seedlings and not to imbibition by the seeds. 

The decrease in weight of the large seeds during the fifth hour 

and the limited increase during the sixth to ninth hours, and the limited 

increase in weight of the small seeds during the fifth and sixth hours, 

may be due, at least in part, to solvation of the seed coat and exudation 

losses. A mucilaginous type substance was present on the blotters after 

the seeds that had imbibed for more than an hour were removed. Micros

copic examination revealed that the outer portion of the seed coat of 

alkali sacaton is transformed to mucilage upon wetting (Figures 3 and 

4). Also, a brown exudate was present on the blotters after the seeds 

had imbibed for more than two hours; the extent of staining increased 

through the seventh hour after which time no apparent increase resulted. 

Exudation losses appeared to be slightly greater from the large seeds 

and this probably accounts for a part of their loss in weight during the 

fifth hour after the start of imbibition. 



Figure 3. Large, medium and small alkali sacaton 
seeds (X33), sizes 1, 4 and 7, respectively, after 
2 hours imbibition. Note that the thickness of 
the mucilaginous membrane is inversely proportional 
to seed size. 



Figure 4. The appearance of size 1 alkali saca&on seeds (X27) from 
prior to the start of imbibition until shortly after germination. 
(1) seeds dry, (2) five minutes imbibition, (3) one hour imbibition, 
(4) five hours imbibition, the mucilaginous membrane was removed by 
simply swirling the water beside the seed with the point of a 
dissecting needle, (5) twenty-four hours imbibition, (6) forty-eight 
hours imbibition and 1 hour after visible signs of germination 
appeared. Note that the mucilage has begun to separate from seed C, 
apparently due to the action of the radicle and plumule emerging 
from the seed. All seeds were wetted by floating them in distilled 
water. 
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It was initially reasoned that the large seeds lost more 

mucilage than the small seeds and that the loss of this substance 

occurred on about the sixth hour after the start of imbibition. 

However, microscopic examination revealed that this theory is not 

necessarily true because (1) the amount of . mucilage surrounding the 

seeds was approximately inversely proportional to seed size (Figure 3) 

and (2) the mucilage did not separate from the seed at any specific 

time after the start of imbibition; in fact, the mucilage did not 

separate from the seeds at all unless it was forcibly removed by some 

mechanical means. It should be noted, however, that separating the 

mucilage from a seed that has imbibed for about one hour can be accom

plished by merely touching the seed or swirling it about in water. 

The mucilage appears as a film about the seed immediately after 

the seed is wetted and the thickness of the film increases for several 

hours thereafter (Figure 4). Thus it is not altogether clear why the 

large seed lost weight during the fifth day after the start of imbibition. 

If the loss had been due to loss of the mucilage, the loss from the 

small seeds would have been greater as the amount of mucilage in propor

tion to the remainder of the seed is greater. It is possible that the 

technique used to remove the imbibed seeds from the blotters left more 

mucilage on the blotters holding the large seeds but this does not 

appear likely because the same technique was used for both sizes. It 

appears more likely that the weight loss was due primarily to a greater 

amount of exudation loss by the large than by the small seeds. Large 

seeds ptobably have a greater percentage of endosperm and thus a greater 

percentage of water-soluble carbohydrates that are lost during imbibition. 
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After 72 hours the large seeds had gained 12.4% and the small 

seeds had gained 165% of their original weight. The differences in 

the amount of apparent imbibition gain (i.e. the greater gain by the 

smaller seeds) is believed due to the fact that their composition 

contains a greater proportion of mucilage. Obviously this mucilage is 

highly absorbent and as a consequence, the small seeds imbibed a higher 

percentage of water. 

Conelusiona 

In this study imbibition of water by alkali sacaton seeds 

progressed through three phases: (1) an initial period of rapid uptake 

lasting for approximately four hours, (2) a tapering-off period of slow 

or negative uptake (the large seeds actually lost weight during this 

period) lasting approximately 7 hours in the large seeds and for approxi

mately 2 hours in the small seeds, and (3) a period of gradual increase 

lasting until the twenty-eighth hour (the time when sprouting became 

evident) in the large seeds and lasting until the thirty-second hour 

(the time when sprouting became evident) in the small seeds. 

It appears that the second stage was due to exudation loss and 

possibly some loss of the mucilaginous membrane which envelops the seeds. 

The composition of the smaller seeds contained a higher proportion of 

the highly absorbent mucilage and thus imbibed more moisture and at a 

faster rate than the large seeds. 



CHAPTER VIII 

MOISTURE-STRESS STUDIES 

The purpose of this study was to determine if the germination 

of alkali sacaton at different levels of moisture stress varied among 

osmoticums. 

Literature Review 

The germination of alkali sacaton under conditions where moisture 

available for germination was limited by the use of aqueous mannitol 

solutions was determined in an earlier work (Knipe, 1968). However, the 

application of mannitol as a physiologically indifferent osmoticum, not 

sorbed, is becoming increasingly questionable. The possibility that 

mannitol in aqueous mannitol solution is taken up by plant cells was 

assumed by Burstrom (1953) and Ordin, Applewhite, and Bonner (1956). 

Thimann, Loos, and Samuel (1960) reported a slow uptake of mannitol by 

cells of potato. Excretion of mannitol by guttation was reported by 

Groenewegen and Mills (1960). Kozinka and Klenovska (1965) grew barley 

and sunflower in liquid cultures in which Knop solution was used as the 

solvent for mannitol. They observed mannitol in the guttation liquid of 

the plants. 
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Kahn (1960), in experiments with germination, differentiated 

primary osmotic and secondary nonosmotic inhibition of germination by 

mannitol. Monohar and Heydecker (1964) observed the penetration of 

mannitol into the micropyle and its deposition in the parenchyma of the 

testa, where it caused swelling, with seeds germinating in mannitol 

solutions. Groenewegen and Mills (1960) concluded that mannitol was 

toxic to barley seedlings. Taylor (1964) concluded that mannitol was 

possibly toxic to the growth of soybean. Jackson (1965) demonstrated 

that mannitol is absorbed rapidly and metabolically and that it causes 

a marked decrease in the rate of root hair elongation. Thus it appears 

that the effects of mannitol are both osmotic and ionic and since it is 

not possible to discern between the two, mannitol may not be a suitable 

osmoticum. 

Lagerwerff, Agata, and Eagle (1961) tested 13 substances for 

controlling moisture availability and concluded that a purified high 

2 
molecular weight carbowax was most suitable. According to Monohar and 

Heydecker (1964) carbowax of high molecular weights (nominally 4,000 or 

more) appear to possess osmotic properties with no evidence of toxicity. 

2. Carbowax, produced by Union Carbide Company, is a high molecu
lar weight polyethylene glycol consisting of polymers of ethylene oxide 
with the generalized formula HOCH2 (CH20CH2)n CH2OH, where n represents 
the average number of oxyethylene groups. This material is soluble in 
water and does not hydrolize or deteriorate. Contaminants include not 
more than 0.5 ppm iron, aluminum, magnesium, and silicon, and less than 
0.1 ppm phosphorous, manganese, nickel, chromium, titanium, copper, lead, 
zinc, and silver. 



54 

Procedures 

Large seeds (seed size 1) of alkali sacaton were germinated at 

moisture-stress levels of 0.3, 3.0, 8.0, 12.0, and 15.0 atm. Moisture-

stress levels were obtained by the use of mannitol, Carbowax 200 and 

Carbowax 4000. The study consisted of four replications of 100 seeds 

each per osmoticum arranged in a randoraized complete block design in the. 

germination chamber. The environmental conditions and materials used 

were as previously described (Chapter 11). 

Results and Discussion 

This study was analyzed as a factorial with moisture stress 

considered as factor A (main effects) and osmoticums considered as 

factor B (secondary effects). Tests of significance were made among 

osmoticums averaged over all levels of moisture stress and among levels 

of moisture stress averaged over all osmoticums as well as among 

individual osmoticums in each level of moisture stress and individual 

levels of moisture stress in each osmoticum. 

Differences in germination due to osmoticums (i.e. individual 

osmoticums averaged over all stresses) were not significant (Table 10). 

However, germination of seeds subjected to stresses of 8.0, 12.0, and 

15.0 atm by use of Carbowax 200 was significantly lower than germination 

of seeds treated with mannitol and Carbowax 4000. 

Germination decreased significantly with each increase in level 

of moisture stress (i.e. individual stresses averaged over all osmoticums) 

(Table 10). However, comparisons among levels of moisture stress within 
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Table 10. The effect of three different osmoticums on the 
germination of size 1 alkali sacaton seeds at 
various levels of simulated moisture stress (atm). 

Level of Osmoticum^ Moisture 
moisture 
stress Mannitol 

• • 
Carbowax 200 : 

• 
o 

Carbowax 4000 
stress 

* 
means 

0.3 95a 1 93a2 95a 94 

3.0 89bl 89b2 86b 88 

8.0 68c 54 78c 66 

12.0 38d 26 44d 36 

15.0 23e 10 32 e 22 

Osmoticum 
means* 62.55a 54.25a 66.90a 

*Any two osmoticum or moisture stress means followed by 
the same letter are not significantly different. 

#Any two osmoticum means in the same level of moisture 
stress followed by the same letter are not significantly different. 

+Any two moisture stress means in the same osmoticum 
followed by the same number are not significantly different. 
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individual osmoticums showed that germination decreased significantly 

with each increase in level of moisture stress only in the Carbowax 

4000 treatment; whereas, in the case of mannitol and Carbowax 200, the 

differences between 0.3 and 3.0 atm were not significant (Table 10). 

The results of this study disagree on one point with those of 

previous work. In an earlier work (Knipe, 1968) in which moisture 

stresses were imposed by the use of mannitol, it was found that germi

nation was significantly less at 3.0 than at 0.3 atm. This is probably 

because nonsized seeds (i.e. a mixture of small and large seeds) were 

used in the earlier work whereas only large seeds were used in the 

present study. As shown earlier in this thesis, the germination of 

small seeds is inherently less than germination of large seeds and it 

is possible that this phenomenon becomes more pronounced when conditions 

for germination are sub-optimum such as is the case when the moisture 

supply is limited. 

There is no apparent reason for the differences observed in the 

moisture limiting properties of the three osmoticums. It would seem 

that Carbowax 4000 would have proven most effective in limiting germina

tion because of the relatively large size of its molecules (molecular 

weight of 4000) and that the limiting effects of mannitol and Carbowax 

200 would have been about equal because they possess molecules of about 

the same size' (molecular weights of 182 and 200). As previously noted, 

several authors have found that mannitol is.taken up by plant cells and 

several have suggested possible toxic effects. Metabolic effects were 



not measured in this study, but obviously if either of the osmoticums 

were to be suspected as being toxic, it would be Carbowax 200 because 

of the great reductions caused by 8.0, 12.0, and 15.0 atm solutions of 

this agent. 

Conclusions 

It appears that Carbowax 4000 is a more suitable osmoticum than 

mannitol or Carbowax 2.00; of the three it was the only one that signi

ficantly reduced germination with each successive increase in osmotic 

concentration. However, it could be argued that Carbowax 200 is the 

more effective osmoticum because it reduced gemination more at the , 

higher concentrations (8.0, 12.0 and 15.0 atm) than Carbowax 4000. The 

data presented here is insufficient to fully verify either contention. 

It is the author's opinion the effects of Carbowax 4000 are more logical 

and that the effects of Carbowax 200 at the higher concentrations are 

most likely due to contaminants in the chemical and/or due to its 

interference with physiological activities. 



CHAPTER IX 

TEMPERATURE-STRESS STUDIES 

The purpose of this study was to determine the effect of high 

temperatures (140 to 150F) on the viability of seeds of alkali sacaton. 

Literature Review 

The effect of heat on seeds has been the subject of several 

publications in the past. Cartledge et al. (1936), Davis (1947), and 

Siegel (1953) reported that survival increased with decreasing moisture 

content of the heated seeds and that heating produced a delay in germi

nation and other phenotypic as well as genotypic effects. Nechama and 

Zamenhof (1962) found that heating radish (Raphanus sativus L.) and 

rape (Brassica napus L.) seeds to temperatures in excess of 185F delayed 

and reduced germination and a temperature of 212F killed the seeds. 

They reported that the most conspicuous phenotypic change was the delay 

in germination. Other changes were emergence of the plumule before the 

hypocotyl, elongation of the hypocotyl before growth of the root, appear

ance of dark spots and notches on leaves, fusion of leaves, and delayed 

flowering. 

Capon and Van Asdall (1967) found that several desert annual seeds 

stored at 167F for 4 weeks failed to germinate and that continued storage 

beyond 4 weeks at 122F resulted In a progressive loss in viability. 
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Procedures 

This study consisted of four distinct phases as follows: 

(1) air-dry size 1 seeds of three lots were heated for periods ranging 

from 10 minutes to 6 hours at temperatures ranging from 100 to 160F, 

(2) air-dry size 1 and 3 seeds of one lot were heated for 6 hours daily 

for 3, 6, and 12 days at 130 and 150F, (3) air-dry size 1 seeds of one 

lot were heated for periods ranging from 10 minutes to 6 hours at tem

peratures ranging from 100 to 275F, and (4) air-dry size 1 and 3 seeds 

of one lot were imbibed for periods ranging from 10 minutes to 48 hours, 

and heated for one hour at 145 and 155F. All seeds were put to germinate 

immediately after heating and geminated as described under General 

Procedures (Chapter II). Percentage germination was determined after 72 

hours, but the seedlings were observed daily for 14 days to determine if 

heated seeds produced abnormal seedlings. Nonheated seeds of both sizes 

(seeds that had been stored at room temperature) were germinated simul

taneously for comparison with seeds heated prior to germination. 

Results and Discussion 

For the sake of continuity the above phases will be presented in 

their entirety as though each was a separate study. 

Phase I 

Air-dry size 1 seeds of lots RP64, RP65, and RP66 were heated at 

100, 115, 130, 145, and 160F for 10 minutes, 30 minutes, 1 hour, 3 hours, 

and 6 hours. 
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None of these heating treatments affected germination and there 

were no differences in germination among the three lots tested (Table 11). 

The seedlings which developed appeared normal in all respects. Because 

this study indicated that neither of the seed lots were more susceptible 

to heat than any other and because of a limited supply of seeds, only a 

single seed lot was used in subsequent studies. 

Phase II 

Air-dry size 1 and 3 seeds of lot RP65 were heated at 130 and 

150F for 6 hours daily for 3, 6, and 12 days. 

None of these heating treatments affected germination of either 

size 1 or size 3 seeds (Table 12). The seedlings which developed 

appeared normal in all respects. 

Phase III 

The purpose of this phase of the study was to determine the 

highest temperature the seeds can tolerate without injury. Air-dry 

size 1 seeds of lot RP64 were heated at successively higher temperatures, 

starting with 100F, for time periods of 10 minutes, 30 minutes, 1 hour, 

3 hours, and 6 hours until temperatures which reduced germination of the 

seeds were reached. 

A .temperature of 250F was required to reduce germination of the 

seeds; only a small percentage of the seeds germinated after having been 

heated at this temperature (Table 13). The seedlings which did develop 

appeared normal in all respects. There was evidence that heating for 

3 and 6 hours was more injurious to the seeds than heating for 1 hour 
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Table 11. Germination of three lots of size 1 alkali sacaton 
seeds subjected to various periods of pregermination 
temperatures. 

Pregermination 
temperature 
.. (?) 

• 
• 

Germination 
I after various preheating intervals 

Pregermination 
temperature 
.. (?) 

Seed : 
lot : 10 rain 30 min 1 hr 3 hr 6 hr 

percent 

Check RP-64 98 
RP-65 97 
RP-66 95 

100 RP-64 95 97 98 100 100 
• RP-65 97 98 97 100 99 

RP-66 95 97 97 97 97 

115 RP-64 99 98 98 97 98 
RP-65 97 100 100 97 97 
RP-66 95 95 93 94 93 

130 RP-64 97 98 94 99 96 
RP-65 98 97 99 100 97 
RP-66 97 97 97 92 93 

145 RP-64 98 98 99 99 98 
RP-65 100 98 98 99 99 
RP-66 95 95 97 95 97 

160 RP-64 96 98 98 96 96 
RP-65 98 99 96 99 98 
RP-66 95 93 98 96 93 
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Table 12. Germination of size 1 and 3 alkali sacaton seeds 
(Lot RP-65.) subjected to various periods of 
pregermination temperatures. 

Seed germination (%) 
PreRermination temperature 

Seed 
size 

Days 
heated 

• 

130F : 
• • 

150F Means 

Check 97 

1 
3 

6 

97 

97 

95 

96 

12 97 98 

97 

. None 90 

3 
3 

6 

89 

90 

92 

90 

12 92 90 

90 
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Table 13. Germination of size 1 alkali sacaton seeds 
(Lot RP-64) subjected to various periods of 
pregermination temperatures, 

Germination 
after various pre-heating periods (%) 

Pregermination 
temperatures 

(F) 
10 min 

• • 
: 30 min 
• • 

• • 
1 hr : 

• • 
3 hr 6 hr 

Check 98 

100 95 97 98 100 100 

115 99 98 98 97 98 

130 97 98 95 99 96 

145 98 98 99 99 98 

160 96 98 98 96 96 

175 88 89 95 95 96 

200 85 92 98 97 97 

225 89 96 89 92 96 

250 8 12 6 <» 1 

275 0 0 0 0 0 
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or less at 250F. Thus, it appears that only a few seeds of alkali 

sacaton can survive when exposed to 250F for a period of 3 hours or 

more. The seedlings which developed from seeds heated at 250F appeared 

normal in all respects. .Seeds heated at 275F, regardless of the duration 

of exposure, failed to germinate. 

These results show that dry alkali seeds are remarkably well 

adapted to survival under temperature extremes far in excess of those 

likely to occur in nature. Unpublished data of the author show that it 

is unlikely that soil temperatures in the Rio Puerco watershed area ever 

exceed 155F and it is not likely that soil temperatures exceed 175F in 

any arid or semi-arid region. 

Phase IV 

The purpose of this phase of the study was to determine the 

effect of heat on imbibed seeds of alkali sacaton. Size 1 (large) and 

size 3 (small) seeds were imbibed for periods ranging from 4 to 48 hours 

and heated for 1 hour at 150 and 160F. 

Large seeds imbibed for periods up to and including 24 hours and 

heated at 150F for 1 hour germinated as well as seeds not imbibed nor 

heated prior to germination (Table 14). However, the germination of 

seeds imbibed 28 and 32 hours and heated at 150F was reduced considerably, 

germination of seeds imbibed 36 and 40 hours was negligible, and seeds 

Imbibed longer than 40 hours did not germinate. Germination of small 

seeds was lower but the response was similar. 
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Table 14. Germination of size 1 and 3 alkali sacaton seeds 
(Lot RP-66) subjected to various periods of 
pregermination temperatures after imbibition. 

Time imbibed 
prior to 
heating 
(hours) 

: Germination of imbibed seeds heated 
: for one hour prior to germination (%) 

Time imbibed 
prior to 
heating 
(hours) 

: Seed size 1 Seed size 3 

Time imbibed 
prior to 
heating 
(hours) : 150F : 160F 

• • 
150F : 160F 

• • 

None 97 82 

4 98 96 84 62 

8 100 80 84 42 

12 94 63 84 30 

16 92 63 83 32 

20 94 28 80 26 

24- 96 28 76 9 

28 40 0 48 0 

32 42 0 43 0 

36 7 0 6 0 

40 10 0 10 0 

44 0 0 0 . 0 

48 0 0 . 0 0 
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The effect of heating at 160F after imbibition was greater 

than at 150F and greater on size 3 seeds than on size 1 seeds (Table 14). 

Heating after only 4 hours imbibition reduced germination of size 3 

seeds while 8 hours was required to reduce germination of size 1 seeds. 

Germination of both seed sizes decreased with successively longer 

imbibition periods through the 24-hour treatment after which no germina

tion occurred. 

It should be noted that sprouting occurred 24 to 28 hours after 

the start of imbibition in the case of size 1 seeds and 28 to 32 hours 

after the start of imbibition in the case of size 3 seeds. Approximately 

50% of size 1 seeds showed visible signs of sprouting after 28 hours and 

only 10% of the size 3 seeds showed visible signs of sprouting after 32 

hours. Therefore, a portion of the reductions in germination due to 

heating of size 1 seeds after 28 hours or more of imbibition and of size 3 

seeds after 32 hours or more of imbibition were due to the desiccating 

effects of the heat on seedlings rather than on non-germinated seeds. 

However, the reductions were in all instances greater than the number of 

seedlings present so it is obvious that growth processes had started 

within the seeds at these times and that the seeds within which growth 

had started were as severely affected as those which showed visible signs 

of germination. Also obvious is the fact that there was a point in the 

within-the-seed growth stage at which damage occurred at 160F and not at 

150F. It is interesting to note that the point at which both size 1 and 

size 3 seeds were appreciably damaged by 150F was after 28 hours imbibi

tion—this was after some of the large seeds, but before any of the 

small seeds had begun to sprout. Also, the point at which the small 
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seeds were affected by 160F was after 4 hours imbibition whereas large 

seeds were not affected until after 8 hours imbibition. Thus, the 

large seeds withstood heat best despite the fact that they began to 

sprout sooner than the small seeds. Those seedlings which developed in 

this phase of the study appeared normal in all respects. 

Conclusions 

Dry seeds of alkali sacaton can withstand extremely high tempera

tures without injury; pre-germination heating of dry seeds at temperatures 

in excess of 225F were required to appreciably reduce germination of the 

species. Obviously, dry seeds of this species can tolerate temperatures 

in excess of any that are likely to occur in nature. 

Large seeds of alkali sacaton which imbibed for 8 hours were 

injured by heating at 160F for 1 hour; small seeds which imbibed for 

only 4 hours were injured by heating at 160F for 1 hour. Both large and 

small seeds had to imbibe for 24 hours before they were appreciably 
i 

injured by 150F. 

Imbibed seeds of alkali sacaton are subject to destruction by 

high soil temperatures under field conditions. Precipitation sufficient 

to saturate the upper 1 to 2 inches of soil on one day are often followed 

by a day during which soil temperatures approach or even exceed 150F 

(Campbell, 1969). Thus the seeds may be exposed to moisture sufficient 

for imbibition for 24 or more hours and when this period is followed by 

soil temperatures of 150F or higher, it is certain that many of the seeds 

and/or seedlings will be killed. 



CHAPTER X 

GENERAL DISCUSSION AND CONCLUSIONS 

Certain relationships become evident when the results of these 

and previous studies are considered in light of one another and in light 

of known and previously assumed characteristics of alkali sacaton. 

These relationships point out some possible reasons why alkali sacaton 

is able to become established and survive on certain sites and not on 

others. 

The Age-of-Seed Study (Chapter III) showed that alkali sacaton 

seeds must afterripen for several months before any appreciable numbers 

will germinate. This phenomenon is no doubt of considerable survival 

value preventing germination in the late fall, after dissemination, 

which would probably result in considerable if not 100% seedling mortality 

during the winter months. This survival mechanism is complimented by 

the fact that seeds of the species do not germinate in significant 

numbers at temperatures below 80F or above 90F (Knipe, 1967). This also 

precludes the possibility of appreciable fall germination. Both phenomena 
<0 

preclude the possibility of appreciable germination in the early spring 

from carry-over winter moisture when spring and early summer drought 

which is characteristic of arid and semi-arid regions would probably 

result in 100% seedling mortality. 

68 
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In a previous study (Knipe, 1968) it was found that germination 

of nonsized seeds, i.e. a mixture of large and small seeds, was signi

ficantly reduced by moisture tensions only slightly greater than 0.3 

atm; germination was significantly less at 1.0 than at. 0.3 atm. The 

study reported in Chapter VIII showed that germination of even large 

size seeds of the species was inhibited by moisture tensions of only 

3.0 atm. These results explain, at least in part, why in arid and semi-

arid areas, alkali sacaton is found primarily on flood plain sites. The 

species is simply not adapted to establishment and survival on sites 

other than ones where moisture availability exceeds normal for the area 

as a whole. 

This phenomenon can also be interpreted in the light of survival 

value. Apparently germination of small seeds requires very nearly 

saturated conditions and the requirements for the larger seeds are only 

slightly less specific. Therefore, many seeds (the smaller seeds) of 

the species simply do not germinate unless moisture conditions are super-

favorable; the seeds that do germinate under less ideal conditions (the 

larger seeds) require less time for germination arid develop at a more 

rapid rate. Thus, small seeds germinate only under the most favorable 

conditions - conditions which they most surely need for survival, whereas 

the large seeds germinate under slightly less favorable conditions -

conditions under which they are somewhat better adapted for survival 

than their smaller counterparts. 

Also, as pointed out in Chapter VII, seeds of the species imbibe 

moisture at a very rapid rate when moisture is adequate; large seeds 

gained 81 and small seeds gained 106% of their air-dry weight during 
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the first four hours after the start of imbibition. This characteristic 

may be interpreted to mean that the species is adapted to rapid and 

efficient use of the moisture at the precise moment when it becomes 

available, i.e. the species begins to germinate the instant conditions 

become favorable. 

Light and extreme temperatures probably play a part in the 

germination of alkali sacaton under natural conditions. In Chapter VI 

it was shown that germination of imbibed seeds is delayed by exposure to 

light; in Chapter IX it was shown that dry seeds can withstand tempera

tures higher than any that are likely to occur in nature but it was also 

shown that imbibed seeds and/or developing seedlings were killed by 

150F - a temperature which is common to the soils of the Rio Puerco water

shed area during the summer months. These two factors, light and 

temperature, probably have both favorable and harmful effects, particularly 

with respect to germination and establishment on the slightly elevated 

barren spots that are characteristically interspersed throughout alkali 

sacaton flood plain areas. No doubt most of the seeds which reach these 

barren sites are deposited directly on the soil surface where they are 

exposed to full sunlight and extreme temperatures for several hours 

daily during the growing season, i.e. during the period from July through 

September. It also seems safe to assume that any seedling which develops 

on one of these sites is surely doomed unless rains occur almost daily 

over an extended period of time - an occurrence virtually unheard of in 

the semi-arid southwest. 
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Considered in view of these factors it is obvious that the 

prevention or delay of germination by exposure to light would be 

beneficial rather then detrimental, i.e. the seeds would be prevented 

from germinating in a medium where they have little or no chance of 

survival. Thus, the seeds would be preserved and possibly at some time 

be transported by wind, water or animals to a wore favorable site, or, 

precluding such transport, be retained in place until the occurrence of 

that rare set of weather conditions necessary for survival. 

A less favorable outlook would be to consider that light and 

high temperature are at least partly responsible for the presence of 

the barren sites. This is probably true in the case of temperature; 

there is no doubt that seeds that have imbibed several hours and started 

to develop into seedlings are killed by temperatures in the neighborhood 

of 150F. It seems reasonable to assume that repeated wetting and heating 

at somewhat lower temperatures would also result in mortality. It is 

doubtful that the detrimental effects of light are as profound as those 

of temperature. First, it must be remembered that 24 hours of continuous 

exposure, a condition which never occurs in nature, is required to reduce 

germination by about 40%; thus the worst that can be said with respect 

to the detrimental effects of light is that it may delay germination at 

a time when, if followed by favorable conditions, establishment might 

be possible. Second, there are many other factors that surely hinder 

establishment on the barren sites, e.g. poor infiltration (virtually all 

of the precipitation that falls on these sites is lost in the form of 

runoff), low water holding capacity due to an almost complete absence of 

organic matter and little or no structure, and of course temperature 

extremes. 
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In short it may be said that alkali sacaton is obviously well 

adapted to its environment; this is of course why it remains the 

principal species of flood plain sites such as those of the Rio Puerco 

watershed of west-central New Mexico. The seeds remain viable for 

several years. A high percentage of the seeds require an afterripening 

period for germination. The duration of the afterripening period is 

such that some seeds will germinate the spring following dissemination 

whereas others do not reach the germinable state until the following 

spring or the spring thereafter. These factors combine to assure that 

there is likely to be ample seed in the soil for maintenance of the 

stand - even following years when no seed is produced. The larger seeds 

of any years' crop, by virtue of more rapid germination and development, 

are better adapted to establishment than the smaller ones and thus provide 

at least a moderate source for maintenance of the stand during periods 

when weather conditions are sub-optimum. The seeds imbibe moisture and 

germinate at a rapid rate and thus make efficient use of moisture when 

it becomes available. In contrast, light, limited moisture, and high 

temperatures prevent germination on harsh sites where the seedling would 

have little or no chance for survival. 



CHAPTER XI 

SUMMARY 

Studies were conducted for the purpose of furthering our under

standing of the ecological complexities of alkali sacaton, the principle 

species of the Rio Puerco watershed of west-central New Mexico. Since 

the period from germination through the seedling stage is the most 

critical period in the life of plants in arid areas, the studies were 

concentrated in the area embracing germination and early seedling 

development. 

Age-of-seed studies showed that germination of alkali sacaton 

progresses through four stages: (1) initial rapid increase, (2) little 

or no increase, (3) increase to maximum germination at 12 to 24 months 

of age, and (4) stable high germination (over 90%) for several years. 

Presumably the fourth stage will be followed by one of decline in germi

nation. The age at which the seeds will begin to deteriorate and loose 

their viability is not known at this time; however, the study showed 

that the seeds will remain viable for more than 4 years. The need for 

afterripening was overcome by mechanical scarification. 

Seeds of several lots were separated into six size classes 

by sieving. The number of seeds per pound varied among lots, ranging 

from 1. to more than 2 million. In all lots the percentage was greatest 
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in the largest size class. The larger seeds germinated faster, had a 

higher maximum germination and emerged from deeper depths than the 

smaller seeds. Also, seedlings from large seeds grew at a more rapid 

rate than those from small seeds. This indicates that the success of 

field seeding would be improved by seeding with the larger size seeds. 

Exposure of alkali sacaton seeds to light for a few seconds 

after 30 minutes imbibition delayed germination for more than 24 hours, 

exposure for 9 to 13 hours delayed germination for more than 48 hours, 

exposure for more than 13 hours delayed germination for more than 72 

hours, and continuous exposure reduced germination 40%. 

In a study designed to determine the amount, rate and time 

required for imbibition by alkali sacaton, it was found that this 

process gradates through three rather distinct stages: (1) an initial 

period of rapid uptake lasting for about 4 hours during which time the 

large seeds gained 81% and small seeds gained 100% of their air-dry 

weight, (2) a tapering off period of little or no uptake, believed due 

to exudation loss which nullified weight increases due to imbibition, 

lasting about 7 hours in large seeds and about 2 hours in the small seeds, 

and (3) a period of gradual increase lasting until the time when 

sprouting became evident (after 28 hours for the large seeds and 32 hours 

for the small seeds). From the start of Imbibition to the time when 

sprouting became evident, the large seeds gained 106 and the small seeds 

gained 128% of their air-dry weight. The reason for the higher rate and 

amount of gain by the small seeds appeared due to a mucilaginous membrane, 

apparently highly absorbant, which coats the seeds and is proportionally 

thicker in the case of the small seeds^ 
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The moisture-limiting ability of osmoticums of mannitol, 

Carbowax 200 and Carbowax 4000 was tested at moisture tension levels 

ranging from 0.3 through 15.0 atm. Carbowax 4000 was the only osmoticum 

in which the seeds germinated less at 3.0 than at 0.3 atm. Germination 

of seeds treated with Carbowax 200 solution was less' at 8.0, 12.0 and 

15.0 atm than seeds treated with mannitol and Carbowax 4000 solutions; 

there were no differences in germination of seeds treated with the 

latter two osmoticums at these tensions and there were no differences 

among any of the osmoticums at lower tensions. 

Air-dry alkali sacaton seeds withstood repeated heating and 

heating for extended periods at temperatures through 225F without damage 

(germination was above 90%). However, the seeds were severely damaged 

by heating for 10 minutes at 250F (germination was only 8%) and damaged 

further by 250F for 6 hours (germination was less than 1%). Obviously 

dry seeds of alkali sacaton can withstand any temperatures that are 

likely to occur in nature. However, seeds were damaged by heating for 

1 hour at 160F after 8 hours imbibition and by heating at 150F after 24 

hours imbibition. It seems likely that high soil temperatures one or 

two days following rainfall sufficient to result in imbibition will kill 

many seeds or developing seedlings. Seed size did not affect suscepti

bility to dry heat, but after imbibition small seeds were more susceptible 

to heating than large seeds. 

These studies showed that the specific germination requirements 

of alkali sacaton for light, temperature and moisture, and the charac

teristics of delayed afterripening, prolonged viability, rapid imbibition 



and rapid growth of large seeds will retard its germination during 

unfavorable seasons of the year (fall, winter and spring) and favor its 

germination during the summer rainy season on the better sites. 
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